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Abstract: The shortest path problem is studied for finding the shortest route from a specified source to a specified
destination in a mobile wireless networks with minimizing the total cost associated with the path. Several QoS
measures are proposed to calculate the best path for routing the packets from specific sources to their destination. These
measures are end-to-end delay, bandwidth, and No. of hops. The main goal of this work is to solve the problem of route
optimization between the sender and receiver in a dynamic mobile wireless networks, and formulating the multi
objective QoS measures in such dynamic environment as a multi- objective optimization using weighted sum approach.
A new algorithm based on evolutionary multi objective genetic algorithm technique has been proposed and called
Adaptive Genetic Algorithm (AGA) to find out the optimal route in dynamic wireless networks that satisfied the multi
objective QoS measures. The proposed algorithm is adaptive in the sense that it finds the shortest route even with the
dynamic nature of the mobile wireless networks, e.g. moving nodes and a reproduction operator of the proposed
algorithm which uses six different selection methods that are changing through the generations of the proposed
algorithm and the best selection method is chosen by AGA according to maximum fitness. An experiment has been
made for illustrating the behaviour of our proposed algorithm in wireless networks; in this experiment, the AGA has
been implemented on double objectives QoS. The AGA is implemented online with predetermined initial population
and fitness values. The simulations have been done under MATLAB and Visual Basic environments, and they showed
that our proposed AGA performs excellently and adapts quickly to the dynamic nature of the wireless network and
satisfying all of the constraints and objective measures imposed on the networks.

Keywords: Adaptive Genetic algorithm, Quality of Service (QoS), double objective optimization, routing, end-to-end
delay, shortest path, dynamic networks.

I. INTRODUCTION

Over the past five years, the world has become algorithm and Bellman-Ford algorithm, work effectively

increasingly mobile. As a result traditional ways of
networking the world have proven inadequate to meet the
challenges posed by our new collective lifestyle. If users
must be connected to a network by physical cables, their
movement is dramatically reduced. Wireless connectivity,
however, poses no such restriction and allows a great deal
more free movement on the part of the network user. As a
result, wireless technologies are encroaching on the
traditional realm of "fixed or "wired" networks [1].

Routing is one of the most important design issues of
multi-hop wireless networks, which has a significant
impact on their achievable performance. Hence, efficient
routing techniques should be designed for ensuring that
the data packets propagate in an ’optimal’ manner in terms
of several metrics, such as delay, delay jitter, bandwidth,
number of hops, and packet loss ratio. In conventional
multi-hop networks, all the desired objectives are
optimized together. Nonetheless, in some practical
applications finding multiple solutions, each of which is
optimal in terms of a single metric may be better than
finding a single meritorious solution, which strikes a trade-
off amongst several conflicting factors [2]. Several
shortest Path (SP) search algorithms, such as Dijkstra’s

Copyright to IJARCCE

DOI 10.17148/IJARCCE.2015.4935

for fixed infrastructure wired or wireless networks. But,
they suffer from high computational complexity for real-
time applications in mobile networks with rapidly
changing topology and/or network status. [3].

Quality of Service (QoS) requirements for traffic,
including the cost, bandwidth, end-to-end delay, delay
jitter, packet loss ratio and hop count, etc. The notion of
QoS in networks means the data delivery service should
satisfy certain performance requirements or metrics. These
metrics define the QoS guarantees that a network should
provide. However, originally, the Internet was designed to
support the best effort service for time independent
information streams such as file transfer and electronic
mail, and thus no QoS guarantees can be provided. In
order to support QoS requirements, new challenges for
network routing have emerged to satisfy certain
constraints defined by the QoS requirements. QoS routing
in computer networks is defined as the process of
transferring information from a source to a destination (or
a group of destinations) through network elements,
including hosts and routers, under certain constraints or
performance metrics. It means that QoS constrained
network routing must be able to utilize the network
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resources efficiently while providing the requested QoS
requirements [4]. In MANET, the nodes are free to move
randomly, thus the network topology which is typically
multihop may change randomly in unpredictable time.
Genetic algorithms are an optimization technique that
deals with such uncertainties related with dynamic
environment. Since the network topologies are changing, it
is necessary to change the routes randomly and find out
the optimum path in real time [5].

Researchers have resorted to a wide variety of techniques.
Bahador Bakhshi et al. [6] presented a study on
algorithmic aspects of the QoS routing problem. They
show that the problem of finding a feasible path with only
one QoS requirement, (which is described in terms of end-
to-end bandwidth). Carlos Lozano-Garzon et al. [7]
proposed a routing algorithm based on the Strength Pareto
Evolutionary Algorithm (SPEA) which intends to build the
most efficient routes taking into account the shortest path,
energy consumption and QoS restrictions (delay and
bandwidth). As result, the routing protocol designed could
be used in unicast or multicast schemes, with or without
restrictions and into centralized or decentralized
environments. T. Priyadharshini et al [8], used Genetic
algorithm (GA) to find the optimal path between the
source and destination nodes. GA is uses either crossover
and mutation reproduction. The developed genetic
algorithm uses evaluation of fitness function for cost and
bandwidth in MANET. the simulation of routing protocol
using JAVA and the results obtained showed the optimal
routing path.

M. R. Girgis et al [9] proposed three different approaches
for solving the routing and capacity assignment (RCA)
problem. The first approach uses a GA. The second
approach uses the SA algorithm. The last approach
combines the GA with the SA to improve the performance
of the GA. The objective find optimum path with
minimum delay.

T. Priyadharshini et al [10] applied Genetic algorithm
(GA) to find the optimal path between the source and
destination nodes in Ad-hoc network. GA maintains a
population of candidate solutions, where each candidate
solution is called chromosome. GA is uses either crossover
and mutation reproduction. The steps of GA are
reproduction, fitness evaluation and selection.

Dr. T. R. Gopalakrishnan Nair et al [11] discussed the
implementation of GA in the SP routing problem in
MANET, dynamic optimization problem (DOP).The
implementation then uses GAs with immigrants and
memory schemes to solve the dynamic SP routing problem
(DSPRP) in MANETS. In this algorithm the quality of
service (QOS) is determined in terms of path cost. Results
shows GA with new immigrants shows better convergence
result than GA with memory scheme. The remainder of
the paper is organized as follows: section 2 explains the
genetic algorithm used in network routing, while the
Quality of Services (QoS) presented in section 3. In
section 4 the developed the modeling of routing discovery
in dynamic network using genetic algorithm is proposed.
The Simulation results presented and discussed in Section
5. The paper is concluding in Section 6.
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Il. EVOLUTIONARY GENETIC ALGORITHM

Genetic algorithm provides the solution of optimal path
using the technique which is inspired by the natural
process that is initial population, selection, crossover and
Mutation it can search the solution space effectively and
speedily [12].

A Priority-Based Encoding

How to encode a path for a graph is critical for developing
a genetic algorithm to solve the shortest path problem. As
we know, a gene in a chromosome is characterized by two
factors: locus, the position of the gene, and allele, the
value the gene takes .the position of a gene is used to
represent a node, and the value is used to represent the
priority of the node for constructing a path among
candidates. The encoding method is denoted as Priority-
Based Encoding [13] as shown in Fig. 1.

Posttion:mode | 1 | 2| 3 [ 4|56 7|89 /10
Vue:prosity | 7|3 )4 (62 [5]8 1019

Fig.1: Example of Priority-Based Encoding [10].
B. Representation of Chromosomes

A path (route) is encoded by listing a node from its source
to its destination based on the topological data base of a
network. For example, a path from node O to node 9 is
encoded into a list of nodes along the path (0 12 58 2 9).
If a path cannot be realized on the network , it cannot
encoded into a chromosome , which mean that each step in
a path must pass through a physical link in the network. A
chromosome consists of a path and the its fitness value ,
in case of delay the fitness represent the delay of the path,
and so on with the other cases[13].

C. Genetic Operators

1. selection methods

The selection mechanism determines which individuals
are chosen for mating (reproduction) and how many
offspring each selected individual produces. The main
principle of selection strategy is “the better is an
individual; the higher is its chance of being parent.
"[14].there are many types of selection methods, The
selection methods used in this paper are:

. Roulette Wheel selection RWS: In roulette wheel,
individuals are selected with a probability that is directly
proportional to their fitness values i.e. an individual's
selection corresponds to a portion of a roulette wheel. The
probabilities of selecting a parent can be seen as spinning
a roulette wheel with the size of the segment for each
parent being proportional to its fitness. Obviously, those
with the largest fitness (i.e. largest segment sizes) have
more probability of being chosen. The fittest individual
occupies the largest segment, whereas the least fit have
correspondingly smaller segment within the roulette
wheel. The circumference of the roulette wheel is the sum
of all fitness values of the individuals [15].

. Tournament selection TS: is probably the most
popular selection method in genetic algorithm due to its
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efficiency and simple implementation. In tournament
selection, n individuals are selected randomly from the
larger population, and the selected individuals compete
against each other. The individual with the highest fitness
wins and will be included as one of the next generation
population, as shown in fig. 2. The number of individuals
competing in each tournament is referred to as tournament
size, commonly set to 2 (also called binary tournament)
[15].
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Fig. 2: Selection strategy with tournament mechanism
[15].

. Steady state selection SSS: only a few individuals
are replaced in each generation: usually a small number of
the least fit individuals are replaced by offspring resulting
from crossover and mutation of the fittest individuals [16].
. Boltizmann selection BS:(an approach similar to
simulated annealing), in which a continuously varying
"temperature™ controls the rate of selection according to a
present schedule. the temperature starts out high, which
means that selection pressure is low and vice versa thereby
allowing GA to narrow in ever more closely to the best
part of the search space[16].

. Sigma scaling selection SigSS: which keeps the
selection pressure relatively constant over the course of
the run rather than depending on the fitness variances in
the population. Under sigma scaling, an individual's
expected value is a function of its fitness, the population
mean, and the population standard deviation [16].

. Rank selection RS: Rank-based selection
schemes first sort individuals in the population according
to their fitness and then computes selection probabilities
according to their ranks rather than fitness values. Hence
rank-based selection can maintain a constant pressure in
the evolutionary search where it introduces a uniform
scaling across the population and is not influenced by
super-individuals or the spreading of fitness values at all
as in proportional selection [15].

2. Path Crossover

The path crossover operator exchanges sub routes between
two chromosomes; the chromosomes should have the
same source and destination node to apply the crossover.
Crossover sites for the path crossover operator are limited
to the nodes contained in both chromosomes .A node is
randomly selected as a crossover site from the potential
crossing sites and exchange sub routes when applying the
crossover operator to the pair of chromosomes P1 and
P2[13]. The operation proceeds shown in Fig. 3:
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Fig. 3 shows an overview of the operator applying for a
pair of parents P1 and P2 from node no. 0 to node no.
20.Their potential crossing sites are nodes 7, 11, and
15.We select node 11 as a crossing site .WWhen a common
node in a pair of chromosomes does not exist, a crossing
site is not able to select; Therefore, it is impossible to
perform the crossover operator.

3. Path Mutation

The path mutation operator generates an alternative
chromosome from chromosomes. To perform a mutation,
first, a node is randomly selected from the chromosomes,
which is called a mutation node. Then another node is
randomly selected from the node directly connected to the
mutation node. Finally, according to Dijkstra's Shortest-
path algorithm, an alternative route is generated by
connecting the source node to the selected node and the
selected node to the destination. As shown in Fig. 4,
where offspring V' represents the path resulted from the
path mutation operator [13].

[ Parentv [ 0 [ 3 [ 5 [ 6 [0 7 [ 10 [ 12 [ 15 |

[ Subrouterli | 0 [ 2 [ 4 [ 8 ]

[ Sub router2 [ '8 [ 10 [ 12 [ 15 |

[ OffspringVv' [ o [ 2 [ 4 [F8 ] 10 [ 12 [ 15 |

IHI.QUALITY OF SERVICES MEASURES (QOS)

A routing problem in wireless networks is to find one path
between two nodes, which satisfies QoS requirements , the
problem can be represented as finding a path P*,where P*
is the optimum path. Here in our work we are considering
QoS parameters for real time applications. In real time
applications most important QoS parameters to be
considered are delay and data rate (Bandwidth), and no. of
hops. Our main concern is to provide robust algorithm
than only to provide optimum path [17, 18], and so for this
reason for better routing we applied one of Evolutionary
Algorithm that is Genetic Algorithm. The parameters that
will consider in the proposed routing algorithm are:

1) End-to-End delay,
2) Bandwidth, and
3) Number of Hops.

In this paper an experiment is provision for optimizing
these parameters as double objectives, by taking two
parameters to satisfy its QoS in each time, with respect to
end-to-end delay with number of hops, and with respect to
end-to-end delay with the bandwidth in the second case.

158



IJARCCE

IV.MODELLING OF ROUTING IN AMOBILE
WIRELESS NETWORKS USING AGA

Vol. 4, Issue 9, September 2015

A Dynamic network under consideration represented as a
connected graph with N nodes. The metric of optimization
a QoS of doubly objectives are optimized. This part
presents a simple and effective proposed Adaptive genetic
algorithm (AGA) to find the shortest path with double
objective quality of service (QoS). The details of the
algorithm are given in the following subsections; while the
investigation of the performance is achieved via a
simulation work in the next section. Our contribution in
this work lies in two points: 1. the proposed algorithm
deals with dynamic topology network where nodes are
mobile, and the second contribution is he adaptive
selection method used in the proposed AGA with
proposed selection methods deals with six selection
criteria, each generation is obtained using one selection
method with best fitness.

A QoS of Double Objectives(End-to End Delay and
Number of Hops)
In this case a QoS of doubly objectives are optimized,
which are minimizing both end-to-end delay and number
of hops for a mobile wireless networks.
1. Initial population
This initial process is used to compose the routing tables
(all chromosomes) in the current generation. Each
chromosome includes a random routing table for the given
network topology.
2. Fitness Function of double objectives

The fitness value of routes is based on various QoS
parameters end-to- end delay, number of hops. Clearly it is
a multiple-objective optimization problem; the weighted
sum approach can be represented as follows. The fitness
function operates to minimize the weighted-sum F which,
is given as:

F= (11F1+ U.ze

1)

Weights ay,0, are interpreted as the relative emphasis of
one objective as compared to the others,F; ,F, are the
objective functions which describe the delay, and number
of hops, given by:

F.= min Delay (P(s ,d))

F,= min Hops (P(s,d))
Delay (P(s ,d))<= Dmax
Hops(P(s ,d))<= hops

O]
®)
St.
St.

Where Dmax is the maximum allowable delay.The values
of ay,0, are chosen to increase the selection pressure on
any of the two objective functions, such that:

Yisai=1 (4)

3. Proposed Selection methods

Selection is an operator to select two parent chromosomes
for generating new chromosomes. In this paper, a
proposed selection method of six selection methods the
AGA selected the optimum fitness value (with minimum
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end-to-end delay, minimum no. of hops) of the best
selection method.

4. Path Crossovers and Mutations
Follows the same procedures discussed in section I1.

B. QoS of Double Objectives(End-to End Delay and
Bandwidth)

In this section a QoS of doubly objectives are optimized,
which are minimizing both end-to-end delay and
bandwidth for a mobile wireless networks.

1. Initial population

This initial process is used to compose the routing tables
(all. chromosomes) in the current generation. Each
chromosome includes a random routing table, which
include a path, end-to-end delay, and bandwidth, for the
given network topology.

2. Fitness Function of double objectives

The fitness value of routes is based on various QoS
parameters end-to- end delay, bandwidth. Clearly it is a
multiple-objective optimization problem; the weighted
sum approach can be represented as follows. The fitness
function operates to minimize the weighted-sum F which,
is given as:

F = alF1 + 02F2 (5)

Again the weights al,a2 are interpreted as the relative
emphasis of one objective as compared to the others, F1
,F2 are the objective functions which describe the delay,
and number of hops, given by:

F1 = min Delay(P(s,d)) (6)

F2 = max Bandwidth(P(s,d)) (7)

St.  Delay(P(s,d)) <= D max

St. Bandwidth(P(s,d)) > Bmin

Where Bmin is the minimum required bandwidth for the
network. The values ofal,a2 are chosen to increase the
selection pressure on any of the two objective functions,
such that:

Yil,ai=1 (8)

3. Proposed Selection methods

Selection is an operator to select two parent
chromosomes for generating new chromosomes. In the
paper, a proposed selection method of six selection
methods the AGA selected the optimum fitness value
(with minimum end-to-end delay, maximum bandwidth)
of the best selection method.

4, Path Crossovers and Mutation
Follow the same procedures discussed in section I1.

V. SIMULATION AND RESULTS

Network with 50 nodes were selected for simulation
connection were designed to allow multi path alternate
from source to destination, see Fig. 5 .A network can be
expressed as a weighted graph G= (, E), where V set of
nodes and E set of links.
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Copyright to IJARCCE

TABLE 3 SELECTION METHOD OF DOUBLE OBJECTIVES,

END-TO-END DELAY, AND NUMBER OF HOPS QOS.

DOI 10.17148/IJARCCE.2015.4935

160




ISSN (Online) 2278-1021
ISSN (Print) 2319 5940

International Journal of Advanced Research in Computer and Communication Engineering

LJARCCE Vol. 4, Issue 9, September 2015

Selection | Selection i i TABLE4|NITIALROU'I;I:GH;I)'§§L(EQ(I;(;R DELAY AND NUMBER

no. method :
1 RWS 28.1 18.225 = s o |e
2 TS 28.4999 17.9229 2 path : (g% |2
3 SSS 28.4 18.225 Z 5 -
4 BS 28.7 18.225 1 40|46 | 42| 3 | 6 |21 |41]43| 2 |11] 17.9229 [17.92| 2
5 Sig SS 28.1 18.225 2 | 6(35|50|18 |37 |40 [20[29(30(28| 25.15 [17.92] 2
6 RS 29 18.225 3 (3318 (12|19 (48|10 |9|25(28(31| 2515 [17.92] 2
4 (23|47 |12| 5 | 3922 [24|44|21|26| 26.8 [17.92] 2
3. Multi-Objectives Optimization Results 5 (3904919321201 7 133l 41330 2675 |17.92] 2
The results of applying p_roposed GA using six selection ¢ [12129 [ 16 | 20 | 45 | 31 |25|42|20|11] 2515 |17.92] 2
methods for every generation are as follows: 7 1321 6 (48 125 | 22 |37 (714 [27150] 271 |17.92| 2
. The shortest path from node 1 to node 50 is: 8 [2]34]3|8|16] 6 [36/45/44]49) 279 |17.92] 2
120 38 47 50, as shown in Fig.6 in red line. 9 |21|27 |34 |14|26|25|41|44|47(39] 267 |17.92| 2
008 10 [13[28 |20 | 5 | 38|40 |10{37[42|2| 269 |[17.92] 2
11 [35] 48[ 22| 2349 7 [19]46]15]45] 2545 [17.92] 2
12 |18|35 |10 |36 | 46 | 41 | 8 |42|14 (48| 258 [17.92] 2
13 | 9|14 |11 (22|38 2 |10{20(43|16] 258 [17.92] 2
0.035 14 |18|49 | 5 |24 | 32|22 |2|47|48|46| 27.25 [17.92] 2
15 | 1|37 |43 |50 |16 | 42 |41] 7 [47|23| 25.75 [17.92] 2
E 16 |21| 4 |43 |12| 3 |44 |8|17|1 (38| 2575 [17.92] 2
. 17 38|15 |23 35| 12 | 31 |11(34| 1 [13| 26.75 [17.92] 2
0.03 18 | 1|49 |43 |11 | 8 |30 |14]24|26(41| 27.45 [17.92] 2
19 (42|12 |14 23|45 |27 |5(21|2|8]| 2675 [17.92] 2
20 (26|34 |24 | 5 |50 |49 |4(39(33[19| 262 [17.92] 2
21 (44|30 |46 |49 | 2 |18 |26/10| 6 [45| 27.1 [17.92] 2
%% s 0 15 2 s % 3 40 45 s [22]15] 6 |4710( 20 3 [41]28] 4 [25] 2635 |17.92] 2
23 (37| 1 | 33|50 |41|15|4|2|46[13] 174 | 174 | 3
Fig. 6 Network topology showing shortest path with 24 |10 321 3 | 2713329 |40/43| 7 [28] 2425 | 174 | 3
respectto double ObjeCtiVES: end-to-end delay, and 25 (2939 (48|43 | 21|36|4/|24|42(37] 271 174 | 3
number of hops QoS. 26 [27] 7 |16 | 15| 19| 5 [48[34]47|46] 262 | 174 3
- 27 |12] 15|18 |10 | 34 | 49 |41]26| 9 (11| 262 | 174 | 3
— 28 (31| 8 |13 |26 |36 | 6 |19 7 [44[20| 2675 | 174 | 3
= 20 |41]40 17|49 16| 2 |6]31] 7 |11| 279 |174] 3
e 30 (29|26 |48 |19 |43 |35 31| 92344 27.85 | 174 3
1 31 (3241 (14| 9 [ 37|39 |20{40(45(3| 268 | 174 | 3
600 | 32 (42|23 (32|30 (35| 8 [14[21]50(13| 262 | 174 | 3
— 33 (12|27 |31 |34 |26 |50 |14] 7 [42(24| 234 | 174 | 3
e 34 |27|47 |24 |28 | 42|38 |22|35| 9 (36| 2555 | 17.4 | 3
— ™ 35 (44| 6 | 33| 2 | 32| 5 [22|47|27(45| 234 | 174 | 3
] s . " 36 |29| 1 | 35|45 |47 | 8 |25/39(46(48| 2635 | 17.4 | 3
o "2 . &l . T43 .. |37 [730|25| 3|5 36|42/11|18/8| 234 | 174 3
mn o |*A 7 “1n "2 '3 | 38 [39]34(35(33|38]|23(30[37]3 20| 2545 | 174 3
v 2w | e ' s | e | ctom | 39 28|43 |34 (36| 2 |30|10] 8 |40(20] 274 | 174 3
) ) ) ) 40 | 1]20|38|47 (50|44 (32| 6(24[12| 16.92 [16.92| 2
Fig. 7: Fitness and Pop size correlation. 41 122149 |18 1 48 | 21 | 38 150|36130147| 26.45 |16.92| 2
. The total end-to-end delay is 7.1msec, and the 42 45116 1 | 1111713 24]41)42)12) 269 |1692) 2
number of hops equal to four. 43 |14 23| 45|27 | 5 |21 |2|8(26(34| 27.65 [16.92| 2
44 |24| 5 | 50|49 | 4 |39 (33|19(44(30| 26.45 |16.92| 2
. The best fitness is 16. 92 resulted from selection | 45 |46 49 | 2 | 44| 18 | 26 |10| 6 |45|15| 2645 |16.92| 2
method two, so Tournament selection gives best fitness | 46 | 6 | 47 | 10|20 | 3 |41 |28/ 4 |25|37| 26.35 |16.92| 2
value with minimum delay and number of hops as shown | 47 | 1|33 |50 |37 |41 |15|4]| 2 [46(13| 27.75 |16.92| 2
in table 4. While the variation of the fitness values during | 48 10| 32| 3 | 27|33 | 29 [40[43| 7 [28] 278 [16.92] 2
generations is shown in Fig. 7. 49 29|39 | 48| 43| 21|36 4(24]42[37] 252 [16.92] 2
50 (27| 7 |16 | 15|19 | 5 |48]34[47|46| 2565 [16.92] 2
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51 [40[46 (421 3 | 6 [21[41/43[2 [11] 26.85 [16.92 . Source node s is node number 1, where the

52 |6 3550|1837 |40 [20[29[3028] 26.4 [16.92 destination node d is node 50.

53 (33(18|12|19|48|10|9|25/2831| 26.95 |16.92 2. Population size=50, The proposed genetic algorithm

54 (234712 | 5 | 39|22 24{44(2126| 27.35 |16.92 inial parameters are shown in Table 5. Our goal is to find

55 139(49(19(32120] 7 13314 [ 330 27.25 16.92 the optimum path from 1 to 50 with minimum end-to-end

56 1121291161201 4531 125la2l40111] 28 116.92 delay and maximum bandwidth. The values of al, a2 are

57 32| 6 |48(45(22(37]7]4 [27/50] 25.75 [16.92 0.75, 0.25 respectively.

58 |2 (34| 3|8 |16]| 6 [36/45/44/49 25.75 |16.92 TABLE 5 GA INITIAL PARAMETERS

59 (21|27 (34|14 |26 | 25 |41]44|47|39| 25.45 |16.92

60 [13[28120] 5 |38[4010[37[42[2| 24.7 |16.92 Name Value

61 [3548[22(23[49| 7 [19/46/1545 24.7 [16.92 Pop size 50

62 18]35 | 10| 36| 46| 41| 8 4214148 24.25 [16.92 Selection methods Rwséiggésgg, BS,
63914 (11|22(38] 2 [10[20[43[16] 25.2 |16.92 Soeration T

64 (18]49| 5 24 [32[22]2[47[48la6] 252 |16.92 Crassoer Frobabiiiy o
65|1|37|43[50(16 |42 417 [4723] 26 |16.92 Mutation probability 00

66 21| 4 |43[12| 3 [44|8[17[138] 25.2 |16.92

67 |38|15(23(35|12|31 (1134|113 25.2 (16.92 2. Proposed Selection Methods

6811149431111 8 [30114]24/26l41] 25.2 [16.92 The six selection methods are applied at the same time.

69 142(12114 123145127 512112181 26 |16.92 The fitness value of each method is represented by its

70 1261321241 5 15014914139133[19] 26 1692 maximum and minimum values, are shown in shown in

71 [24[30 12629 2 |18 26/10/ 6 45| 2575 116.92 Table 6, where our aim is to pick the selection method

72 |15] 6 |47(10|20| 3 |41]284 25 25.75 [16.92 with minimum fitness.

TABLE 6 SELECTION METHOD OF DOUBLE OBJECTIVES,
DELAY AND BANDWIDTH

73 (37| 1 |33]|50|41|15|4|2 |46/13| 25.75 |16.92
74110132 | 3 |27]33]2940[43| 7 |28 24.35 |16.92

75 29[ 39 (48432136 |4 [244237] 252 |16.92 Selection Se'ecrf"(’j” Maximum | Minimum
76 27| 7 161519 5 [48[34{47/46 25.75 [16.92 “f' mF‘;\tNg TIT0E 486
77 |12[15[18] 103449 [4126[ 9 11| 25.2 |16.92 5 TS 48037 11841
78 [31] 8 | 132636 6 [19] 7 44200 26 [16.92 3 Sss 17037 12860
79 |41[40(17]49(16] 2 [6[31] 7 11| 26.1 |16.92 2 oS 147037 114862
80 29|26 (48|19 (43|35 31 9 |23l44] 25.75 |16.92 = Sigss | 147037 115001
81 (3241 (14| 9 37|39 [20[4045|3 | 25.95 |16.92 z RS 147037 116055
82 [42[23(32(30(35| 8 [14)21]50[13 27.45 |16.92

83 [12[27[31[34 (26|50 [14] 7 4224 26.35 [16.92 3. Multi-Objective Optimization Results

The results of applying proposed GA using six selection
methods are as follows:

84 |27|47|24128|42|38(22/35| 9 |36| 26.9 |16.92
85 44| 6 |33| 2 |32]| 5 [22/47|2745| 25.95 |16.92

86 129 1 1354547 8 12513926148 265 16.92 . The shortest path from node 1 to node 50 is 1 15
: : 48 50, as shown in Fig. 8 in red line.
717 2 42/11(1 25.2 (16.92 ' . .
8 3012513 | 5 136 88| 25 69 . The total end-to-end delay is 6.6 msec, while the

88 139134 |35|33|38|23(30[37|3 |29 26.5 |16.92
89 128|43|34|36| 2 | 30|10 8 |40[29 28.1 |16.92
9011|20|38|47|50| - [-|-|-|-] 17.92 |16.92
91 122|49|18|48| 21|38 [50[36|30/47| 26.35 |16.92
92 |45/16| 1 |11|17|1324/41]42]12| 26.9 |16.92
93 (14|23 |45|27| 5 |21|2|8|26{34] 259 |16.92
94 (24| 5 |50]49| 4 |39(33]19/44(30| 24.35 |16.92
95 |46(49| 2 |44|18|26|10| 6 |45[15| 27 |16.92
96 |6 (4710|120 3 |41|284 |25[37| 26.5 |16.92
97 |1(33|50|37|41|15|4|2|46{13] 26 |16.92
98 |10{32| 3 |27[33]2940[43| 7 |28 26.1 |16.92
99 129|139 |48 |43|21|36|4|24|42]37| 27.85 |16.92
100|27] 7 |16|15|19| 5 [48)34/|47]46| 28.8 |16.92

bandwidth is 1.8565 Mbps.
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B. End-to End Delay and Bandwidth QoS Measure

1. Initialization

The network model used in this simulation is shown in
Fig. 5. The simulation network parameters are chosen as
follows:

1 200 00 &0 ‘B0 1000

Fig. 8: Network topology showing shortest path with
respect to double objectives: delay, and bandwidths QoS.
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TABLE 8 INITIAL ROUTING TABLE FOR DELAY AND NUMBER 51 134/33149] 2 | 5 1471211352813 10.38 |8.92) 6
OFHOPS Q0S. 52 |46]48 184549139436 30 14.70 [8.92] 6
_ 5330 7 |15|27| 4 |23|3(26/43[18 13.72 [8.92] 6
3 %“ = B[54 [43] 4 481650 226|18[30/46 13.78 |8.92] 6
2 Path 2 |2 &P S[5510[18]19]28] 1 |46[2426]7 |13 14.48 [8.92] 6
°© I ©ll'56 [32[40[29[10| 5] 6 [4]9]45]1] 12.69 |8.92] 6
1 |34]33[49] 2 [ 5 [47 21[35[28[ 13| 11.18 [11.18] 2 |(e= 1 Toateo a0 121 & (723 1 31 1562 8921 6
2 |46[48]1845[4913[9[436 30| 12.18 [11.18] 2 |[eaog11 o0 20 2 (155 o (6 a6 1311 18921 6
3 1301 7115127 4 123|3|26/43|18| 13.81 |11.18| 2 |Fpq745155 131 (4320 (39 [1942] 9 [21] 14.70 |8.92] 6
4 [43[ 4 [48[16]50 | 22[6[18[30[46] 12.42 [11.18] 2 |[eoto 7 11 110 16 38 2232132148 14 55 T8.92 | 6
5 |10[18|19]28| 1 |46 24267 13| 12.69 |11.18| 2 |61 1513(33(35 44 |17 4827|4223 13.38 |8.92| 6
6 32/40]29110| 5 | 6 |4]9 45 1 | 1269 |11.18| 2 |65 17948 5 (4526 |21 [2220[2510] 13.11 [8.92] 6
7182415014914 5 |7)23)1|31) 12.69 |11.18] 2 |63 411 [40(15] 1 |17 [21/23[39/47] 13.78 [8.92] 6
8 [29]11]50120| 2 |1525/9 |8 |46| 13.45 |11.18] 2 |I"6413117 16 (36|18 |41 [25/24]1249] 14.70 [8.92] 6
9 [4622[31[43]20(39[19142[9 21| 1113 [11.13[ 5 |[ec{oel461 0 122 4 (2118 1213703 12 12 (8021 6
109 7 | 1 [19[16]38[22/32[34[45| 12.30 [11.13] 5 | (e 117134 321 3 (24 4814 501114 1470 18921 6
11[12]13(3335[44 |17 48/27/42] 23| 13.11 [11.13] 5 || o> o0t 401 1 10110 14142 7 2645 1346 18 92 | 6
12 [20[48] 5 |45|26] 21 [22[20[25{10( 1257 [11.13[ 5 | c5 {13l 6 148 28137 36141261196 1326 (8921 6
13[4 11[40[15] 1 17211233947 1857 [11.13] 5 | [ cot1al17Ta3 35 39 31 15 la0l12la7| 1336 T8.92
14 [31]27]16(36 | 18|41 [252412[49| 1357 [11.13| 5 | (=0 1201351 5 129 T34 47 17 1o7120028 1326 T8.92 &
1525|469 |22 4 |21|8|12)37|23| 13.62 |11.13| 5 | 5975147 12113820 [37/2427(2| 13.36 |8.92| 6
16 (173432 3 |24[48[4[50[11[14] 1358 [11.13] 5 || = ool 35 25150 a7 1014012 6 131 1362 T8.92
17 [29[49 1 [10]19[14142]7[26[45| 1153 [11.13 5 | (=5 {14130T2a 11513 T2 135 8 10041l 1138 T8.92 6
18 [13] 8 |48(2837 36 41/2619] 6 | 13.81 [11.13| 5 || =1 (11116 Toa 141241 3 1216 298 1090 T8.92
19 (18] 17]33[36 |39 31[5(20[12[47| 1381 [11.13 5 |[=c 155151 Taa 33 (29" 2 [5la7l3clos 1165 T8.92 6
20 [30[32 2 |2934[47]727/40] 28 12.30 [11.13] 5 | s 113746 145 (16145 4919123 6 o 3.08 T892 6
21 [15/41 (12| 1138(2037]24]27] 2 | 14.00 [1113] 5 |- 301 7 115 (271 4 [2313 2612318 1442 T892 6
22 [28]3833[50 [ 4719 |40[14]6 | 3 | 14.70 [11.13] 5 | 5431 4 145 (16150 221 6 183046 1470 T892 6
23(14]30(44[ 15| 3 [12[35(8 [10]41| 14.70 [11.13 5 | =9 11018 19 (281 1 [46 o426 7 13 1442 T892 6
24 [11[162414]44] 3 |2]6[2935[12.300411.13] 5 | g5 125130 (2910 = T 6 1410125 11 1308 892 &
25 (4221 (34]33[49| 2 |547/35/28 12.30 [11.13] 5 |51 Tg F2a 150 2011415 17123 1 61 1333 802 @
26 [13]46 48] 1845(49943/6 (30| 13.72 [11.13 5 | g5 50T 11120 (201 2 (1565 o (8 4el 3.0 T892 @
27|30) 7 |15127)| 4 |2332643)18| 14.70 |11.13| 5 |\"a3746155 [31]43 [ 20|39 [1942| 9 [21] 13.33 [8.92] 6
2843 4 [48]1650(22|618/30/46| 13.30 [11.13] 5 |55 7 1 1 T191 16 28 oo32/34e 13.01 (802 &
29 |10/18119128| 1 |46 24126| 7 |13| 11.90 |11.13| 5 |\a5™75173133(35 [44| 17 [48)27[42]23] 11.35 |8.92] 6
303240129110/ 5| 6 4]9]45/ 1 | 11.90 |11.13| 5 | a6 591485 |45 |26 | 21 [22/20[25[10] 13.65 |8.92] 6
31/8124]50149/14] 5 |1123|1 /31 11.90 |11.13| 5 |74 (11 [40[15| 1 |17 |21/23[39/47] 8.92 |8.92] 6
32 |29]11]50]20| 2 |15[25/9 |8 |46| 13.57 |11.13| 5 |Iag737157 (1636 | 18|41 [25/24[12/49] 13.11 [8.92] 6
33146/ 2231]43|20(39|10/42/9 [21| 11.32 [11.13] 5 | 591551 461 6 To31 4 [211 81123703 1442 (8021 6
34197 | 119]16(3822[32/34]45| 11.32 [11.13] 5 | o5 111241321 3 |24 14612 5ol 11ia 10.90 T892 6
35 |12[13(33]35 | 44[ 17 [48[27142]23| 1358 [11.13] 5 | o1 1501401 1 110110 [1aa2 7 2642 13.08 T892 6
36 [29[48 54 52(6 211 2[220[25(10] 1132 [1113] 5 | o 131 6 (28 25 37 364126119161 1317 (8921 6
374 11[40]15] 1 |17 p1[23/39]47 1381 [11.13] 5 | 05115117133 (36139 3115 20/ 1247 13.26 T892 &
38 [31[2716]36 | 18[41[25[24]12]49| 13.58 [11.13] 5 | o4 T30l 301 2 To9 134 4717 12713008 12.63 T8.021 &
39 125|469 |22| 4 |21|8|1237]23| 13.58 |11.13] 5 |Foe™95147172 (11 38|20 [37|2427(2| 13.08 |8.94| 6
40 [17]34(32| 3 [24]484|50[11[14] 11.32 [11.13] 5 | For1atoe 110 (37134 5 b7 1 14359 1464 T892 &
4129149 1 [10[19]1442[7 [26]45| 12.30 [11.13] 5 | o= ol 17131 2 140 29 bolasla s 1138 (8021 @
42[13] 8 [48]2837]3641[26[19] 6 | 13.58 [11.13] 5 | o527 3 110 (60131 (39 4036143 e 1236 T8.02 6
43[18[1733]36 39|31 |5 |20[12]47 13.58 [11.13] 5 | o9 1521291 8 (21120 a5 aola2l34e 1440 T892 6
44(30[32 2 [20(34]47]7|27]40] 28 14.58 [11.13] 5 | o577 T1eag eal - T -1t - T-1 1165 (802 @
4511541112111 38|20 37)24)27| 2 | 11.32 |11.13] 5 4, Discussion: In this section the simulation results
46 |14/25|19|37|34| 6 27/143|39| 11.32 |11.13| 5 of the two experiments applied on route optimization in
47 |50{1731) 2 |40|4922145/47/28| 11.32 |11.13| 5 | mobile wireless networks using Adaptive Genetic
48 [47] 3 [10]50]31|394038/43|15| 13.58 |11.13]| 5 | Algorithm (AGA) are discussed as follows:
19 122129 8 12112035 89423415 13.98 1113} 5 . End-to-end delay and no.of hops: There are 50
50]1]15[48|50]36]46[3043]17| 2 | 892 |8.92| 6 possible paths from 1 to 50 as initial populations. The list
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is shown in Table 1. Table 3 illustrate the six different
selection criteria used in this simulation, where all of them
are evaluated at the same time for each generation in
proposed AGA, the minimum and maximum values of the
fitness function are evaluated using these criteria, the best
selection method is picked for that generation which has
the minimum fitness value which is the case of case study,
because our QoS is the optimization of the path that has
minimum end-to-end delay, no. of hops. The simulation is
terminated when the number of generations reached for
optimal solution is 100. The optimal path obtained is
shown in fig. 6 is1 20 38 47 50 with minimum total delay
equal to 7.9 msec, no. of hops=4, resulted from selection
method two, tournament selection (TS). Fig. 7 show the
value of the fitness versus the population size.

o End-to-end delay and bandwidth: There are 50
possible paths from 1 to 50 as initial populations. The list
is shown in Table 5. Table 6 illustrate the six different
selection criteriaused in this simulation, where all of them
are evaluated at the same time for each generation in
proposed AGA, the minimum and maximum values of the
fitness function are evaluated using these criteria, the best
selection method is picked for that generation which has
the minimum fitness value which is the minimum of case
study. The simulation is terminated when the number of
generations reached 100 generation. The optimal path
obtained is shown in fig. 8 is1l 15 48 50 with minimum
total delay equal to 6.6 msec, no. of hops=3, resulted from
selection method six, Rank selection (RS). Fig. 9 show
the value of the fitness versus the population size.

. The work in this research can be compared with a
previous work done in the same field but with single-
objective QoS measures [19].

VI.CONCLUSION

This paper presented adaptive genetic algorithm for
solving the shortest path routing problem. The proposed
algorithm is more suitable and convenient to update with
the development in the routing difficulties in contrast to
other traditional methods like, such as Dijkstra algorithm
which works with static network topology only.
Intuitively. While our proposed AGA adapts very well and
so fast with dynamic network environment like wireless
networks with moving nodes such as MANETS. Also the
proposed AGA is capable to solve the double objectives
problems and reaches the optimum solution faster than
traditional methods, whereas Crossover and mutation
operators explored the search routes space where selection
operator reduced the search areas within population by
discarding poor routes.

The different selection strategies used in the proposed
AGA in this work significantly affected the performance
of the algorithm. Whereas it is widened the search space
and improved the selection process. Our proposed AGA
performs better and effectively even to changes in the
network due to node mobility and topology changes and
give optimum path with best results.
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	 The shortest path from node 1 to node 50 is 1 15 48 50, as shown in Fig. 8 in red line.
	 The total end-to-end delay is 6.6 msec, while the bandwidth is 1.8565 Mbps.

