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Abstract

Mobile networking refers to the technology utilized to transmit speech and data between specific mobile network
nodes across wireless channels. In general, ”mobile” refers to the purposeful, lightweight, and portable technologies
that moviegoers may carry. To enhance the MANET routing protocols, a hybrid swarm optimization model has
been suggested in this study. The suggested optimization establishes the MANET network as the ideal setting. The
suggested approach combines cat swarm optimization (CSO) with particle swarm optimization (PSO). MANT network
also called mobile sensor network and utilizing the research’s technique, the improvement mechanism (s) that could
be employed to end degraded routing concerns and enhance act may be identified. Compared to both PSO and CSO,
the results produced by the suggested model are the best.
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1 Introduction

Mobile ad hoc network also called wireless ad hoc network (WANET), are wireless network that join groups of
mobile devices spontaneously and without any previous design [22]. There are various applications for it, including
[6, 22]: Smartphone ad hoc network (SPANs), Vehicular ad hoc network, and wireless sensor network (VANETs).
MANT and WANET are called ”ad hoc network” since they do not rely on preset pathways and network (unfixed
infrastructure).

Given that each node contributes to routing by interacting with other nodes, the decision of which nodes send
messages is dynamic and dependent on network availability and the steering computation utilized. A group of mobile
devices that can communicate and interact with one another without relying on any predetermined structure constitutes
an ad hoc mobile network (MANET). In a MANET, essential criteria are the total nodes’ number, the total connections’
number, and the mobility rate [4]. MANET has a less uniform and centralized organization [15]. Instead of employing
permanent infrastructure, they link via self-organizing, self-managing, and self-creating network [1]. Because each
node’s wireless transmission range is restricted, every node functions as both a host and a router. Figure 1 is a
diagram illustrating the MANET architecture.
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Figure 1: Example of MANET

MANETs have a specific advantage that allows them to react to circumstances. That advantage is that they could
be deployed to any location quickly and immediately. As a direct result of these significant advantages, the military,
police, and emergency services have demonstrated a rapid interest in MANETs, especially in settings that are either
chaotic or dangerous [17, 22]. Enterprise applications have been present for some time, and ever since their beginnings,
they have depended on constantly increasing standards like IEEE 802.11 as their primary support mechanism. The
protocol suite that underpins MANET provides support for both static and dynamic routing [4]. The static routing
protocol is implemented into the fixed network architecture. A LAN network’s physical connection between its two
fixed end nodes is an excellent illustration of a static routing method, which occurs when both of the network’s end
nodes are permanently installed [12]. A network is said to be ad hoc and utilizes a dynamic routing system if its node
and link topologies can be moved. The exchange of data between devices linked to the same network is governed by
a set of predetermined guidelines that make up what is called a network protocol [19].

On network, routing, data transfer, communication, and the sharing of resources are not possible without the use
of protocols. Both reactive and proactive routing protocols govern the routing on the MANET network. Reactive
routing protocols are the more traditional form [22]. The two reactive routing algorithms that are utilized the most
often are called Dynamic Source Routing (DSR) and Ad Hoc On-Demand Distance Vector (ADOV) [3, 20, 22]. The
family of proactive routing protocols called ADOV includes the Ad Hoc On-Demand Distance Vector. The many
topology-based routing approaches are demonstrated here in Figure 2.

Figure 2: Routing protocols depending on the topology

Reactive routing group techniques are still very significant for dynamic network topologies, even though proactive
routing group methods are more suited for reducing bandwidth utilization and attaining speedier convergence times
[20]. Compared to the first topology-based routing protocol, the DSDV routing protocol requires a central processing
unit (CPU), memory, bandwidth, and battery power (AODV and DSR).

Cat Swarm Optimization (CSO) and Particle Swarm Optimization (PSO) are common examples of metaheuristic
algorithms, which demonstrated to be very effective in the resolution of a widely complex optimization issues in different
sectors [2]. Because there are restrictions placed on the progression of the search (exploitation and exploration), the
Metaheuristic algorithm may experience considerable setbacks if it becomes stuck at a locally optimal solution [23].
Exploitation and exploration were essential to get from one kind of toxin to the most effective treatment [7, 14]. Both
exploitation and exploration were essential to get from one kind of toxin to the most effective treatment.

1.1 Motivation

Issues with the routing of ad hoc network have more than one solution, but they are all intended to be as efficient
as possible. Poor choices in network design may lead to less effective routing guarantees than expected, which links
between the numbers of nodes could cause stop length and link nodes. These connections could be lower than planned
[22]. Many ad hoc protocols begin with the assumption that nodes are cooperative and behave appropriately. The



Performance improvements for MANET routing protocols using a combination of cat ... 2823

technique makes this incorrect assumption, so it conducts performance measurements in an ever-changing environment.
Since the fundamental differences between MANETS and wired network, established methods could only be transferred
to MANETS by being updated to execute these protocols in various conditions. This prevents the transfer of established
techniques [3]. It is essential to energy constraints, tackle multiple node functionality, absence infrastructure, erroneous
link-state information, node mobility, limited bandwidth, absence centralized authority, and other MANET-specific
difficulties to provide quality of service (QoS) across MANETs. To build the route, the nodes must often work closely
together [14].

1.2 Contribution

� This research proposes a new hybrid swarm optimization (CPSO) strategy. This method could improve the
MANET routing protocol since it speeds up the progress of the search for the suggested model. The optimization
techniques called (CSO) and (PSO) have been combined in the system that has been suggested (PSO). It is
suspected that CSO and PSO are searching in the same region. When the attempt to find a locally optimal
solution did not succeed, the system switched to PSO and proceeded until the conditions were met. The strategy
that was suggested resulted in various successful outcomes: An adaptive hybrid metaheuristic that utilizes both
the Cat and PSO techniques while dealing with various MANET protocols and situations.

� Determine the optimal path for the MANET mobility environment and the protocols to follow in various sce-
narios.

� Be certain that other network requirements, including those for maximum bandwidth, low latency, low packet
delivery proportion, and low loss of packets, are satisfied.

2 Research Review

MANET routing protocol approaches were created to manage mobile nodes in the most effective manner possible.
Through a great deal of research and development, the performance of the MANET routing technology has been
created and enhanced. Most research efforts are concentrated on finding ways to improve connection when moving
to boost the performance of MANETs. Metaheuristic algorithms are the most effective strategies for optimizing the
interactions’ number between nodes while maintaining a certain pace.

Alnabhan et al. [7] is recommended that swarm ant colony optimization be utilized to locate the most effective
route for the distribution of traffic between nodes in MANT (ACO). The network was managed with the help of the
DSR and ADOV routing systems that are part of the MANET protocol. The essential characteristics of the routing
protocols, including the mobility rate, the connections’ number, and the nodes’ number, should be considered in favor
of optimizing only a single aspect of the routing protocols. MANET environments will not always support the deflated
variables of the protocol.

To determine which location-based routing algorithms are the most effective, frameworks for performance assess-
ment have been developed [9]. In this study, performance evaluation is focused on different criteria, including power
consumption, throughput, latency, and the pace at which packets are sent, a performance assessment technique for
choosing the most effective location-based routing algorithms. The investigation into the performance being carried
out here emphasizes factors, including power consumption, throughput, latency, and the pace at which packets are
sent.

The study’s authors adjusted three characteristics of the VANET network: the transmission time, the frequency
of missed packets, and the quantity of data provided [10].

A difficulty exists with the system that has been suggested, in addition to the issue of stagnation. The authors do
not alter the connections’ number, the mobility rate, and the node count, three of the essential components of routing
protocols.

Lü et al., [16] utilized metaheuristics to enhance the routing protocol configuration before constructing a network.
When utilizing AODV as a routing protocol, the authors explored how the utilization of (PSO), differential evolution
(DE), and genetic algorithms impacted the efficiency of MANET (GA). They demonstrate that PSO has the most
significant influence on the network’s overall efficiency. The issue of leaky stagnation in swarm optimization approaches
could not be solved by utilizing this strategy.

The effectiveness of AODV and DSR in different locations with the same node density was assessed by [6] as
(100 nodes). The protocols’ respective outcomes are equal to one another depending on how the operations of the
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AODV protocol and the DSR protocol interact with one another. There is room for improvement in the variables of
the routing protocol. When evaluating the routing protocol’s effectiveness, the network’s static magnitude should be
utilized.

3 Research Technique

This section may be split down even further, into a total of four primary subsections. In Section 3.1, both the
PSO algorithm and the generic steps technique are detailed for the reader. In Section 3.2, the structure of the LAR
protocol as well as its guiding principles are described. In Section 3.3, the RREQ mechanism is described, and in
Section 3.4, the optimization approach is described.

3.1 Particle Swarm Analysis

The PSO asserts that social animals are the source of inspiration for a portion of the P-Metaheuristic Optimization
method [13]. Compared to other P-Metaheuristics, PSO has lower total optimization number formulas and is easier
to implement [16]. This sets it apart from other P-Metaheuristics in a significant way. In the search technique,
the location and velocity PSO variables are the two that are considered to be of the utmost importance (candidate
solution). Each particle has two possibilities available to it: the best possible local solution often called p-best, and
the solution that is now being utilized (location). PSO stands apart from other metaheuristic algorithms thanks to
its technical process, which distinguishes it from other algorithms [5]. Two solutions inside a single particle enhance
PSO’s capacity for exploration. The particles work together to uncover the finest solution in the whole universe, which
they call G-best. The new particle location in the PSO pool may be found by solving Formula (3.1) [18].

xd
i (t+ 1) = V d

i (t+ 1) + xd
i (t) (3.1)

whereas: xd
i (t + 1) is the particle’s new location, xd

i (t)is the particle’s stated current location, and V d
i (t + 1) is a

new functional velocity.

The Formula (3.2) determines the particle’s new velocity at optimization iteration t+ 1.

V d
i (t+ 1) = w(t) ∗ V d

i (t) + c1r1(pbest
d
i − xd

i (t)) + c2r2(gbest
d − xd

i (t)) (3.2)

whereas: both magnitudes of (r1, r2) are random, and the constants magnitudes (c1, c2) are set to (1.25) [18]. The
V d
i (t) represents the particle’s velocity at iteration t, w(t) weight inertia at iteration (t).

3.2 Cat swarms Optimizations (CSO)

Chu et al. [8] first presented the cat swarm optimizations (CSO) method of swarm optimization in 2006. Chu
locating beats stimulates cats to go hunting. Searching and tracing are the two different technical modes in which the
CSO algorithm may operate [2]. A cost magnitude, a flag, and three magnitude locations are associated with the cat
in CSO. The location of the cat is often a solution that may be implemented and has a reduction that is equivalent to
the optimization issue. The cat’s accuracy or fitness magnitude will define how much it is worth in terms of its cost.
The cat flag may mean searching or tracking [2]. Underpinning the Seeking Mode is Formula (3.3) [8].

Pi =
|FSi − FSb|

FSmax − FSmin
, whereas 0 < i < j (3.3)

While tracking, the cat updated its location and velocity. Formula (3.4) is utilized to update the velocity (vk,d)
[8].

vk,d = vk,d + r1 × c1 × (xbest,d − xk,d), whereas d = 1, 2, ...,M (3.4)

xbest,d is the spot held by the cat with the highest level of fitness in the cat population; xk,d is the location of cat
k. c1 is a constant, and r1 is a random magnitude in the range of [0, 1]

The cat moves to a new location (xk,d) depending on formula (3.4) [8]
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xk,d = xk,d + vk,d (3.5)

Since CSO does not provide the optimum answer until after all of the iterations have been completed, the outcome
will be the best location in one of the cats.

3.3 Ad Hoc Distance Vector on Demand (ADOV)

Reactive routing is possible with ADSV in MANETs and other mobile network [4, 11]. Because of its numerous
beneficial characteristics, including dynamic, self-starting multi-hop routing between mobile nodes that seek to con-
struct and sustain an ad hoc network, it is well suited for MANET network. This is one of its many applications [17].
When nodes are not actively communicating, AODV does not need the routes to be maintained, making it simpler
to create routes to specified destinations [14]. Using objective sequence numbers, AODV can address the challenge of
”counting to infinity.” Therefore, AODV does not include any loops. The AODV routing protocol just supplies the
source and the destination, not the whole network route path between the two points. Figure 3 illustrates the route
request (RREQ) packet transfers inside the MANET network.

Figure 3: Broadcast of AODV

3.4 Routing Sources Dynamically (DSR)

In a MANET, the DSR routing mechanism guides packets from their origin to their final destination. It is simple
for nodes to locate a source route that traverses several network hops and leads to any destination node [4]. Route
maintenance and route discovery are the two most important aspects of the DSR routing system. Before mobile hosts
may begin to transmit packets utilizing the DSR protocol, they must first verify their route cache to identify whether
or not they have a route to the destination they plan to send the packets. If there is a path from the source to the
destination on the network, a packet is sent from the source to the destination [9, 20]. If the host node have no route,
if the route disappear, or if the route has not yet expired, the host node will initiate route discovery by sending a route
request packet. This packet will include the destination’s address, the address of the source mobile host, and a unique
identification number. If the host node have no route, if the route disappear, or if the route has not yet expired, the
host node will send this packet. As a consequence, the DSR routing protocol is consulted by every node in the network
whenever a packet is added to the network to ascertain whether or not there is a path to the destination [4, 21].

Figure 4: DSR broadcast RREQ
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3.5 Cat and Particle Swarm Optimization hybrid proposed (CPSO)

The performance of the MANET routing protocol will be improved with the utilization of metaheuristic optimiza-
tion strategies, which will be the focus of this study. In this investigation, the AODV and DSR routing protocols are
implemented. Utilizing the offered optimization strategy allows for optimal selection and configuration of the MANT
routing protocol settings. One of the most common issues with metaheuristic optimization models is the existence
of a locally optimal solution. In the field of optimization, this phenomenon is referred to as stagnation. To avoid
complacency in the conceptual framework that has been presented, the scope of the investigation is being expanded.
Expanding the possibilities that the metaheuristic algorithm may consider is the most effective method for assisting
it in breaking out of a rut it may be in the hybrid model provides populations with a selection of proposed solutions,
in addition to models that have improved features compared to the methodologies utilized to develop the model. The
proposed method includes the following four stages:

There is a significant correlation between the random population’s size and the proposed model’s initialization. The
optimization issue says that a random population must begin with a size and dimension determined by the individual
utilizing the system.

The COA is free to begin its first search for the local optimum utilizing the technique that has been supplied. If
the first search is unsuccessful, the system is programmed to transition to the PSO search strategy immediately. The
only course of action that will be successful is the PSO.

Suppose the PSO is already at the local optimum, and the candidate solution does not get any better. In that case,
the system will instantly switch to COS and utilize the most recent best solution that the PSO discovered. The system
preserves the population and speed characteristics of swarm optimization approaches and will only alter the optimal
solution once it has switched. Providing that the best outcome is achieved by both swarm optimization strategies
(COA, PSO). The algorithmic variables are going to be modified by the suggested system (population and speed).
Figure 5 illustrates the processes that should be followed while implementing the suggested system.

Figure 5: The Suggesting System
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4 Evaluation Metric

� The recommended technique is assessed with a specialized benchmark, with the primary considerations being the
total broadcasts’ number, received packets, and delay packets. It consists of four primary components: latency,
the packets’ number lost, the proportion of lost packets to successful packets, and the proportion of sent packets
to received packets.

� Exemplification of the Proportion of Items Sent to Those Received (SR) This statistic measures the proportion of
successfully delivered and received packets. Formula (4.1) provides the SR since the recommended optimization
model searches for the objective function that is the lowest magnitude possible.

SR =
1

S +R
(4.1)

R is the packet number that has been successfully received, whereas S is the number that has been successfully
sent.

� The packet number that cannot be delivered to its intended location is the dropped packet (DP). The answer
may be found by taking the packet number sent and subtracting it from the packet number received.

DP = S −R (4.2)

� It is in the system’s favor if it receives packets that are geographically close to the sender.

� R/S stands for the proportion of successful packets. A flawless system would have the same proportion of
successfully received packets as successfully sent ones. To get the function of the smallest object possible, it has
been subtracted R/R from 1. The R/S proportion is determined by applying Formula (4.3) to the data.

R/S = 1− R

S
(4.3)

The object function (f) is constructed by adding the SR, DP , R/S, and delay.

f = SR+DP +R/S +Delay (4.4)

Table 1 displays the interval bounders for the objective function’s parameters.

Table 1: demonstrates the object function’s argument range bounders.

Variables Best Worst
SR 0 1
DP Depending on the packets transmitted and received
R/S 0 1

5 Observation and Discussion

The solution that has been presented makes use of different routing protocol choices for MANT to assess more
than 10,000 possible results. The PSO and CSO metaheuristics, two of the most common types of metaheuristics, are
compared to the model that has been developed. The default settings for the optimization variables are ten iterations,
three sets of progressively simplified issues, and twenty progressively larger populations. Each particle’s maximum
and minimum magnitudes are 5 and -5, respectively. To apply the PSO method, one must adjust the weight inertia
to 0.5 iterations and set the constant magnitudes (c1., c2.) to 1.25. The cats’ number (NUM CATS), the percentage of
seeking cats (MR), the searching memory pool (SMP), and the percentage of seeking a range of the provided dimension
are the critical factors for the CSO technique (SDR). PSO and CSO were given access to the variables of the hybrid
model’s recommended configuration (CPSO). Compared to CSO and the model that has been proposed, the optimum
outcome obtained by the PSO model was the worst of the three (CPSO). The optimal solution for PSO would have the
following node count (19), connection count (10), and speed rate: (10). The scenario of the PSO includes sending and
receiving 162 packets (109). The decision on the matter will be delayed (6023.5 Sec). In terms of outcomes, the CSO
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could not match those of the CPSO. The full case study from the CSO had an average node speed rate. It consisted
of 19 nodes, ten connections, and 132 packets (10). CSO acquired 13 packets after a delay of 52.36 seconds in this
particular instance. Our suggested system is capable of handling the ideal MANET environment since it has (19)
nodes, (4) connections, and a mobile node rate speed of (4). CPSO will take a variety of object magnitudes, including
delay, received (47), transmitted (48), and received (47) packets (6.13 sec). The latency, the dropped packets (DP)
number, and the proportion of successful to dropped packets (R/S) are compared in Table 2 for PSO, CSO, and the
proposed CPSO.

Table 2: Compere results for PSO, CSO, and CPSO over 30 runs

Algorithm DP R/S Delay (sec)
PSO 53 0.346 6023.3
CSO 1 0.0076 52.36
CPSO 1 0.0076 6.13

Since the superiority of the CSO in locating the most effective practical solution in the search area, which the
proposed CPSO inherited to speed up the search process, both the CSO and the proposed CPSO perform equally in
terms of packets number that are dropped. Figure 6 depicts the over scenario’s effects on the dropped packets, which
the PSO, CSO, and CPSO chose.

Figure 6: CPSO, CSO, and PSO compare lost packets.

6 Conclusion

The multi-objective optimization process searches for the optimal route under various conditions, including that
latency, packet loss, pet, and PDR. The primary purpose is to determine the optimal routing for various protocols,
including DSR, AODV, and DSDV. The findings demonstrate that the optimizer is more efficient than the traditional
routing protocol. When developing apps in the future, it has been recommended dynamically implement the NS2
scenarios.
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