ddd
Ll G ol S
ds g s O\anasud| 83 0as
Qe g'»\.'ﬁ\ 30|

2022t 5812
ISSN 2074-5621

AL A G
Jsa sl sixa 2 ]

AL A ) quild
ad) y) ules BYKER r |

2AN pa
Olal 2 gana o 2o \

2011 4 719 (3L g 9 sl I b Ela) A8
[ ad jal) LgliSy alal) Giadl g Alad) andail) 35159 S (pa Lo i yina daalad) ) i) 4408 Alaa ]

(2014/ 4/7) 2 £ .5all9 (3059/4 <)




Quality of Service Multicast Routing in Ad-Hoc Networks

Based on Genetic Particle Swarm Optimization

Algorithm
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Abstract. With a large number of emerging multimedia in high-speed networks,
multicast has become one of the key technologies for the Ad Hoc network to support multimedia
services. Aiming to overcome the drawback of slow convergence and premature to solve
Quality of Service multicast routing problems in the existing genetic algorithms (GA), and on
the basis of the core ideas of particle swarm optimization algorithm (PSO) and GA, this paper
combines the two algorithms and proposes a genetic particle swarm optimization
algorithm(GPSO) basing on the improved particle swarm optimization algorithm as the
mainline, and the mutation idea of GA to avoid the algorithm from falling into local optimality.
In the establishing and maintaining of ad-hoc network multicast process, the proposed
algorithm is implemented to accelerates the convergence speed of the GA and enhancing the
ability to avoid premature maturity. Finally, simulation experiments prove that the GPSO
algorithm can accelerates the convergence speed significantly and enhances the ability to
avoid premature maturity in solving the QoS multicast routing problem of Ad Hoc networks.

Keywords: Ad-Hoc Network; Quality of Service; Multicast Routing;, Genetic
Algorithm; Particle Swarm Optimization Algorithm.

1. INTRODUCTION

Ad Hoc is a multi-hop system consisting of a mobile routing and forwarding system with
a collection of mobile nodes. The network nodes movement makes the network topology
constantly change, the bandwidth and energy of the nodes are limited. Therefore, The quality
of service multi-cast routing protocol for wired network design is no longer applicable. How
to design a multicast routing protocol that satisfies multiple quality of service constraints has
become one of the keys and difficult points in the research of Ad Hoc networks [1].
Due to the dynamic change of the Ad Hoc network topology, finding a path that meets the QoS
requirements becomes a multi-constrained NP problem. Nowadays, particle swarm algorithm
is commonly used to solve this multi-constrained NP problem [2]. Compared with genetic
algorithm and ant colony algorithm, The idea of particle swarm algorithm is simple, with few
parameters, easier to improve, and can better meet actual needs.
Genetic algorithms have been widely used in recent years, but most of them use standard
genetic algorithms, and seldom used hybrid genetic algorithm in solving QoS multicast routing
problem. The algorithm proposed in literature [3] is easy to "premature", and no measures are
given to suppress the phenomenon of "premature". The initial population in literature [4] and
[5] adopts randomized, in this way, the fitness value produced is not very ideal, and the close
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relative combination between the better evolutionary chromosomes loses the sign of group
diversity.

In recent years, many researches have merged GA and PSO to form a hybrid algorithm. There
are three hybrid forms. First, maintain the independence of PSO and GA, divide the sample set
into multiple subgroups, and perform genetic algorithm and particle swarm respectively. The
algorithm compares the optimal fitness value to obtain the global optimal fitness value and
samples; second, the genetic operator will be introduced into the fourth of the particle swarm
algorithm, using cross search and adjusting the inertia weight, after the evolution to a certain
degree, the partial the particles undergo mutation processing to solve the non-linear and multi-
extreme problem in engineering problems; third, after all individuals in the population undergo
PSO smaller algebraic evolution, select the best particles for genetic replacement, The initial
population of GA is generated by the optimal individual in PSO. After genetic manipulation,
the speed and position of the individual are updated by PSO to achieve two information
exchanges [6-8].

With the increasing application of mobile ad-hoc networks, the distribution in addition to the
multicast capability of the network, the real-time application also requires service quality
assurance, such as ensuring a certain bandwidth requirement, meeting end-to-end delay, and
minimizing communication costs, and other optimal routing schemes under different quality of
service constraints [9]. This puts forward new requirements for the application of mobile Ad
Hoc networks, that is, to have multiple quality of service constraints.

Literature [10] proves that quality of service multicast routing problems based on multiple
irrelevant addable metrics are NP-complete problems. Generally speaking, The solution to this
problem uses heuristic algorithms, but due to the large computational cost of the algorithm, it
cannot be applied to large-scale networks. Researchers have explored the introduction of
intelligent algorithms into the solution of the quality of service multicast routing problem in
wireless networks. Literatures [11,12] respectively proposed the quality of service multi-cast
routing problem of wireless network basing on GA and ant colony algorithm, and achieved
good convergence, but due to the low initial pheromone of ant colony algorithm and the
premature phenomenon of GA, Which affects the selection of the optimal path for the
convergence speed of the routing algorithm. Literature [13] proposes A hybrid ant-colony
algorithm to solve the wireless network multi-cast routing problem. The algorithm combines
the ant-colony algorithm with the GA, uses the GA for generating the pheromone distribution,
and then uses the ant-colony algorithm for finding the global optimal solution, which can
effectively improve the search and the speed of the shortest route. Literature [14] combined
chaos and GA to optimize the wired network multicast routing, which effectively overcomes
the premature problem. literature [15] proposing a quality of service routing algorithm basing
on a GA. Literature [16] uses different coding methods and proposes a particle swarm-based
quality of service routing algorithm. However, various algorithms themselves have certain
Advantages and disadvantages, for example, the PSO has the advantages of few setting
parameters, fast speed calculation, simple and easy implementation, but it is easy to be trapped
into local optimal solution in the later stage of evolution, and the GA has the characteristics of
large search range and parallelism. The algorithm is relatively complex and the search speed is
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slow [17]. Therefore, many researchers have begun to combine different intelligent algorithms
and achieved good results. This paper proposes a kind of ad-hoc network quality of service
multi-cast routing algorithm by combining the characteristics of PSO and GA and proposes a
fusion based on PSO and GA, the algorithm makes full use of the rapidity and global
convergence of PSO to accelerate the GA in route discovery and maintenance. The mixed
algorithm has the following characteristics: 1)While improving the genetic operator, the PSO
idea is applied to the mutation operation; 2)In the mixing process, the information is
transmitted, and the speed and location of the individuals who are not selected for mutation are
updated again to further the individuals, the perfection and maturity.

QUALITY OF SERVICE MULTI-CAST ROUTING PROBLEM MATHEMATICAL

MODEL

The quality of service multi-cast routing problem is usually described as a directed graph
G (V, E) where V represents set of network nodes, while E represents set of two-way link, and
s € V is the multi-cast source point. , M € {V. {s}} is the set of multicast endpoints, R
represents positive real numbers. For every link e € E, define three metrics which are: delay(e):
E >R, cost (e): E >R and bandwidth(e): E > R. For any network node n € V, two metrics were
defined, namely delay (n): V >R and packet loss(n) :V >R. Then for a given source point s €
V, the multi-castTree T(s, M) consists of the destination set M, s, and M has below relationship
[18]:

1) delay( pT (s.5) = Zeepr(sy delay ()+ Teepr(sy delay (n) (1)
2) cost( T(s,M)) = Xeer(s,m cost (e) (2)
3) bandwidth( pT (s,t)) = min(bandwidth(e) ,e€pT (s,t)) (3)

4) packet_loss (pT (s,t)) = 1 - [Inepr(s,p(1 — packet loss(n)) (4)

In which, pT (s,t) is the routing path from source point s to destination point t on the multi-

castTree T(s, M).

The consequence for Quality of Service multi-cast routing is to found a T(s, M) that satisfy:

Delay constraints: delay (pT (s,t)) <D

Bandwidth constraints : bandwidth (pT (s,t)) = B

Packet loss constraints : packet loss (pT (s,t)) < PL

In all multicast trees that satisfy the conditions (1 to 4), cost T(s, M) is the smallest.

Where, B represents bandwidth constraint, D, PL is the bundles of the multicast endpoint delay

and packet loss rate respectively. In this paper, it is assumed that all the multicast endpoint

constraints are the same.

GENETIC PARTICLE SWARM OPTIMIZATION ALGORITHM DESCRIPTION
Particle Swarm Optimization (PSO) is a new evolutionary algorithm proposed by

Kennedy and Eherhaet in 1995. The algorithm is based on the concept of population and

fitness. Each particle represents a candidate solution in the solution space and has a position

and a velocity. The algorithm starts with a group of randomly initialized particles. Through

the selection of generations, the position and speed are constantly updated for optimization.
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The performance evaluation of each particle is based on the fitness function. Each particle has
a memory, which can retain the current individual best position (pbest) of the particle and the
current best position (gbest) of the group. After finding these two optimal solutions, the speed
and position of the particles will be updated according to equations (5) and (6) [19]:
veivr =w *ve; +Lel * randl* (pbest)-p;) + Le2 * rand2* (gbest-p;) (5)
Ppi+1 = pi T VCi+1 (6)
Where vci+1 represent the velocity of the current particle, vci represent the velocity of the
previous generation particle, pi+; is the position of the current particle, p; is the position of the
previous generation particle, and w is the inertial weighting coefficient for balancing the
capabilities of local and global search of the algorithm. randland rand?2 are random numbers
between (0,1). Lel and Le2 are learning factors, usually Lel = Le2 = 2. On the other hand,
the (GA) adopts the evolutionary principle based on the survival of the fittest. The algorithm
randomly generates an initial population, and each individual in the population is termed as a
chromosome. The algorithm repeatedly uses basic GA operations such as selection,
duplication, crossover, and mutation for the chromosomes that contain possible solutions. The
fitness function is used to evaluate and select each individual, and then the method of crossover
and mutation is used to continuously generate a new generation of individuals so that the
individuals continue to evolve toward the objective function (fitness function), and so on until
the convergence condition or the number of iterations is met. Mutation operation is a
remarkable feature of a GA, which can expand the algorithm search space and avoid falling
in the local optimal solution. According to the respective characteristics of the algorithm, the
advantages of particle swarm optimization algorithm and GA are combined to form a hybrid
algorithm. This paper draws on the mutation idea of a GA and introduces adaptive mutation
operators in PSO algorithm to generate new individuals. Effectively avoid the algorithm from
falling into the local optimal solution too early.
GPSO ALGORITHM IMPLEMENTATION PROCESS
4.1. PARTICLE CODING

Adopt the way of path sequence number coding, First, number the nodes in the network,
where Node = [1,2,...,n], in which, n represents the number of network nodes. The individual
particles in the group represent the slave source node. A route to the destination node is
represented by d. Second, the initial path is generated by the depth-first search algorithm. For
example, p = [3,5,4,6,8] represents a path from node 3 to node 8, and passes through node
5,4,6.
4.2. PARTICLE MOTION

The quality of service path optimization problem is a typical discrete problem, and the

typical PSO evolution equation is suitable for continuous functions, so it cannot be used
directly. This algorithm uses particle crossover to replace equations (5), (6). The specific
implementation method is that the individual particle updates the particle by learning the
particle's individual extreme value and the partial fragment of the extreme value of the particle
group by First, randomly select two positions in the individual extreme value or the group
extreme value (start node and the destination node are not including the path). Second,
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combine the path segment between these two positions with the current particle. The specific
operation method is to find the first and last nodes of the optimized path segment by:

(1) If the first and last nodes exist in the current particle at the same time, directly replace it with
the optimized segment (The fragment in the particle).

(2) If the start node of the optimized path fragment is in the current particle, insert the optimized
fragment into the current particle, and then search for a path from the optimized fragment end
node to the destination node.

(3) If the optimized path segment is in the current particle, insert the optimized segment into the
current particle, and then search for the path from the start node of the optimized segment to
the source node.

(4) If the left and right nodes of the segment are not in the current particle, give up learning and
wait for the next step.

4.3. MUTATION OPERATION

To avoid particle swarm optimization algorithm from falling into the local optimum, the
mutation operation can be introduced by referring to the idea of a GA. The mutation method
can expand the search range of particles. In this paper, the adaptive mutation is used and the
mutation probability pm is given by:

1

Pm=1- m ( 7 )

Where, k> 0, A = fuax — fave, and fmax represents the fitness value of the global optimal particle
for this round of selection. fav is the average value of those points in the particle where the
fitness value is better than the average value. The specific method of performing mutation
operation on particles is to randomly select two positions of the particles (excluding the source

node and destination node).
4.4. GENETIC PARTICLE SWARM OPTIMIZATION ALGORITHM FLOWCHART

Figure (1) shows the overall framework flowchart of the GPSO algorithm.
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Change network topology (According to
the bandwidth required by the QoS)

Generate initial particles

Calculatethe fimessvalue of the particle

Meet the mutation
condition?

Mutation of particle

Whether the
iteration is over

Yes

Fig. 1. Flowchart of GPSO algorithm

4.5. ALGORITHM STEPS

Read the network parameters to form an adjacency matrix G.

According to the bandwidth required by QoS, delete links that do not meet the bandwidth
requirements to form a simplified adjacency matrix G.

Randomly use a depth-first search algorithm Generate several paths as initial particles.
Calculate the fitness value of the particles to find the individual optimal and group optimal
particles.

Update the particles according to the method described in section 4.2.

If the variation is satisfied and conditions are met, the particle will be mutated once.

Return to step 4 to continue updating until reaching the convergence accuracy or reach the

maximum number of iterations
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Return to the optimal path found by the algorithm. Figure 1 shows the overall framework flow
chart of the algorithm.
SIMULATION RESULT AND ANALYSIS

To study the multicast routing performance of GPSO algorithm in mobile Ad Hoc
networks, a Matlab programming platform is used for verification. A network simulation
diagram is randomly generated: a network of 15 nodes can select the source node and the
destination node, randomly change the delay constraint D of the destination node, bandwidth
constraint B, and packet loss rate PL. Assuming the existing routing request (5,13); 5 is the
source node, 13 is the destination node, the constraints are D = 16, B = 50, PL = 0.001 and D
=26, B =45 PL = 0.001 (for simplicity, the constraints of all multicast endpoints in the
experiment are the same). The number of selected particles is 10, and the number of
generations is 20. The path calculated by the algorithm in this paper is p = [5,7,2,9,13], while
the traditional method based on the shortest path selects the route is [5,7,1,13]. Since the
bandwidth between nodes [7,1] is only 45, the shortest path method will completely saturate
this link. Figure (2) shows the network topology used in the simulation, shortest path using
PSO and GPSO algorithms respectively, while the relationship between the evolutionary
algebra and the fitness function is shown in Figure (3). It can be seen that the particle swarm
optimization algorithm is initially accepted. The speed is faster, but the convergence accuracy
is poor. This is because the particle swarm optimization algorithm only uses the optimal
solution information in the initial population, and cannot perform a comprehensive search on
the solution space, which can easily fall into the local optimal. The GA adopts crossover and
mutation operation lacks clear guidance, so the search ability to find the optimal solution is
weak, and the initial speed rate convergence is slow. while the speed of the GPSO algorithm
faster and the accuracy is better.

Fig. 2. Network topology
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GA
5 L PSO

Fitness function

0.5 1 1 1 1 1 1 1 1 1 1 1 1

Evolutionary algebra

Fig. 3. Comparison of GA, PSO algorithm, and GPSO algorithm

CONCLUSIONS

This paper combines the advantages of GA and PSO algorithms, the proposed GPSO
algorithm applied to solve the multi-cast routing optimization problem in Ad-Hoc network with
multiple quality of service constraints, By improving the mutation operator among genetic
operators and introducing the idea of particle swarms to improve the running speed of the
algorithm, the optimal solution is better obtained. Compared with GA and PSO algorithms, the
optimization performance of GPSO is more prominent. The excellent performance of the
algorithm is verified through simulation experiments, where the network load evenly
distributed, has better convergence speed and accuracy than pure GA or PSO algorithm in the
selection of optimized path in Ad Hoc networks.
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