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ABSTRACT

AI WIRELESS BANDWIDTH OPTIMIZATION, is crucial in wireless networks to

maximize throughput, minimize latency, and enhance overall network performance. In this

study, we explore the application of two nature-inspired optimization algorithms, namely

Whale Optimization Algorithm (WOA) and Particle Swarm Optimization Algorithm (PSO),

to optimize the bandwidth allocation in wireless networks.

The objective of the study is to improve the network’s bandwidth utilization by finding an

optimal allocation scheme for different network resources. The WOA and PSO algorithms are

selected due to their ability to efficiently search large solution spaces and find near-optimal

solutions.

The proposed methodology involves several steps. Firstly, an objective function is defined,

which quantifies the desired performance metric, such as maximizing throughput or minimizing

latency. The algorithms are then initialized with appropriate parameters, including the number

of whales or particles, maximum iterations, and solution space boundaries.

The population of potential solutions is randomly initialized, and the fitness of each solution

is evaluated by calculating the objective function value. The best solution found so far is tracked

and updated whenever a better solution is discovered. The algorithms’ specific update equations

and search operators are applied iteratively to guide the search towards promising solutions.

The optimization process continues until a termination condition is met, such as reaching

the maximum number of iterations or achieving a satisfactory solution. The algorithm’s

performance is assessed by analyzing the obtained results, including the best solution found

and its corresponding fitness value.

By leveraging the WOA and PSO algorithms, this study aims to provide an effective ap-

proach for optimizing bandwidth allocation in wireless networks. The proposed methodology

can contribute to enhancing network performance, reducing congestion, and improving user

experience by efficiently utilizing available resources.



Contents

List of Figures iii

1 Introduction 1

1.1 Problem Statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.2 Objective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2 Literature Survey 3

2.1 Purpose of the Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.2 Related Works . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.2.1 Wireless Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.2.2 Bandwidth Allocation . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.2.3 Wireless Sensor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3 Methodology 11

3.0.1 Load bandwidth data . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3.0.2 Reshaping the bandwidth data . . . . . . . . . . . . . . . . . . . . . . 12

3.0.3 Define objective function . . . . . . . . . . . . . . . . . . . . . . . . . 12

3.0.4 Initialize algorithm parameters . . . . . . . . . . . . . . . . . . . . . . 13

3.0.5 Initialize variables for best solutions . . . . . . . . . . . . . . . . . . . 13

3.0.6 WOA algorithm implementation . . . . . . . . . . . . . . . . . . . . . 13

3.0.7 Update Best Solution (WOA) . . . . . . . . . . . . . . . . . . . . . . . 13

3.0.8 PSO algorithm implementation . . . . . . . . . . . . . . . . . . . . . . 14

3.0.9 Update Best Solution (PSO) . . . . . . . . . . . . . . . . . . . . . . . 14

3.0.10 Retrieving the best solutions found . . . . . . . . . . . . . . . . . . . . 14

3.0.11 Displaying and plotting the allocated bandwidth . . . . . . . . . . . . . 14

3.1 Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

3.1.1 Whale Optimization Algorithm . . . . . . . . . . . . . . . . . . . . . . 15

i



3.1.2 Particle Swarm Optimization . . . . . . . . . . . . . . . . . . . . . . . 16

3.2 System Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

3.2.1 Dataset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

3.2.2 Building the models . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

3.2.3 Testing the model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

3.3 Software Requirements and Specifications . . . . . . . . . . . . . . . . . . . . 20

3.3.1 MATLAB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

3.4 Hardware and Experimentation Environment . . . . . . . . . . . . . . . . . . . 21

4 RESULT AND DISCUSSION 22

4.1 Testing and it’s types used . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

4.2 Output Screens and Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

5 CONCLUSION 28

5.1 Future Enhancement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

REFERENCES 30

APPENDIX 32



List of Figures

3.1 The flowchart of WOA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

3.2 WOA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

3.3 System Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

4.1 Original Dataset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

4.2 Linear Graph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

4.3 Bar Graph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

4.4 Bar Graph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

4.5 Linear Graph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

4.6 WOA and PSO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

4.7 WOA and PSO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

A.1 Optimized WOA bandwidth value . . . . . . . . . . . . . . . . . . . . . . . 32

A.2 Optimized PSO bandwidth value . . . . . . . . . . . . . . . . . . . . . . . 32

iii



Chapter 1

Introduction

AI WIRELESS BANDWIDTH OPTIMIZATION, have emerged as promising solutions for

addressing the bandwidth optimization challenges in wireless networks. With the exponential

growth in data demand and the limited availability of spectrum resources, efficient allocation

of bandwidth has become a critical factor in ensuring optimal network performance and

meeting user expectations. In this study, we investigate the utilization of two state-of-

the-art metaheuristic algorithms, the Whale Optimization Algorithm (WOA) and Particle

Swarm Optimization (PSO), in MATLAB, to optimize the allocation of bandwidth in wireless

networks.

The Whale Optimization Algorithm (WOA) mimics the hunting behavior of whales in the

ocean. By simulating the interactions of whales, the algorithm seeks to find the best allocation

of bandwidth resources in a wireless network. Through this iterative process, the algorithm

converges towards an optimal solution that maximizes the network’s performance.

Particle Swarm Optimization (PSO), on the other hand, is inspired by the social behavior

of bird flocking or fish schooling. This collective intelligence allows the algorithm to explore

the solution space and converge to an optimal solution for bandwidth allocation in the wireless

network.
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AI WIRELESS BANDWIDTH OPTIMIZATION Introduction

1.1 Problem Statement

The drawbacks of the currently existing model:

• Variable convergence speeds, leading to longer optimization times in certain cases.

• Potential premature convergence, resulting in suboptimal solutions before fully exploring

the solution space.

• Challenges in determining optimal parameter values, leading to suboptimal performance.

• Limited exploration and exploitation capabilities, potentially getting stuck in local optima

or inadequate exploration of the solution space.

1.2 Objective

The goal is to accomplish the following:

• The primary goal is to optimize the allocation of bandwidth resources in the wireless

network.

• The objective is to enhance the overall performance of the wireless network by allocating

the available bandwidth in an optimal manner.

• The goal is to efficiently utilize the limited bandwidth resources in the wireless network.

• Compare the performance of the Whale Optimization Algorithm (WOA) and Particle

Swarm Optimization (PSO) in the context of bandwidth optimization.

• Based on the results and analysis, provide valuable insights and recommendations for

further research in the field of bandwidth optimization in wireless networks.

MCA DEPARTMENT Page 2



Chapter 2

Literature Survey

Literature review is that the comprehensive study and interpretation of literature that relates to a

selected topic.When doing a literature review, research questions are defined, and then relevant

literature is sought for and analysed to address these issues. By reanalyzing the study’s data,

it is possible to acquire fresh insights, which is an advantage of literature reviews. A literature

review is both a summary and an explanation of the complete and current state of information

on a topic as contained in academic books and journal articles. There are two types of literature

reviews you may be required to write in college: one is written as a stand-alone assignment in a

course, while the other is done as an introduction to or preparation for a longer piece of writing,

typically a thesis or research report. The primary objective and perspective of your review, as

well as the hypothesis or thesis argument you develop, depend on the type of review you are

writing. You can learn the distinctions between these two types by reading published literature

reviews or the introductory chapters of theses and dissertations in your subject area. Note the

framework of their arguments and the manner in which they approach the issues.

3



AI WIRELESS BANDWIDTH OPTIMIZATION Literature Survey

2.1 Purpose of the Literature Review

1. It chooses top-notch research papers or studies that are pertinent, significant, important,

and valid and summarises them into a single comprehensive report to provide readers

with quick access to information on a certain issue.

2. By requiring them to describe, assess, and compare original research in this particular

field, it gives researchers who are starting their research in a new area a great place to

start.

3. It makes sure that researchers don’t repeat already completed studies.

4. It can indicate potential directions for future research or suggest topics to concentrate on.

5. It emphasises the important findings.

6. It points up gaps, discrepancies, and inconsistencies in the literature.

7. It offers a helpful critique of the methods and strategies used by other researchers.

2.2 Related Works

2.2.1 Wireless Network

A wireless network, also known as a Wi-Fi network, is a type of computer network that allows

devices to connect and communicate without the need for physical wired connections. It

enables devices such as computers, smartphones, tablets, and other network-enabled devices to

access the internet or share resources and information with each other. Bandwidth Optimization

of Wireless Networks Using Artificial Intelligence Technique [1] is a critical aspect of ensuring

efficient and reliable wireless communication, especially with the increasing demand for high-

speed connectivity. Artificial intelligence (AI) techniques have emerged as powerful tools for

enhancing bandwidth optimization in wireless networks. By leveraging machine learning and

deep learning algorithms, AI can analyze large amounts of data and make intelligent decisions

to optimize network performance. AI can also optimize Quality of Service (QoS) parameters

such as latency, throughput, and packet loss by continuously monitoring network conditions

and adapting resource allocation and routing decisions in real-time. In addition, AI can analyze
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AI WIRELESS BANDWIDTH OPTIMIZATION Literature Survey

interference patterns and dynamically adjust transmission parameters to minimize interference

and maximize available bandwidth. AI techniques provide powerful tools for optimizing

bandwidth in wireless networks, contributing to faster, more reliable, and more sustainable

wireless communication in various applications and scenarios. Wireless networks throughput

enhancement using artificial intelligence [2] have undergone significant advancements in recent

years, enabling seamless connectivity and high-speed data transmission. To further enhance

the throughput and efficiency of these networks, artificial intelligence (AI) is emerging as

a powerful tool. AI algorithms and techniques can analyze and optimize various aspects

of wireless networks, leading to improved throughput and better user experiences. AI is

revolutionizing wireless networks by enhancing throughput and efficiency. Through intelligent

spectrum management, resource allocation, and beamforming optimization, AI algorithms can

dynamically adapt to network conditions, resulting in faster, more reliable connections and

improved user experiences. As wireless technology continues to evolve, the integration of AI

promises to play a vital role in shaping the future of wireless networks.

Dynamic-grouping bandwidth reservation scheme for multimedia wireless networks [3] is a

bandwidth reservation scheme designed for multimedia wireless networks, aiming to optimize

the allocation of network resources for multimedia applications. This scheme utilizes a

dynamic grouping mechanism to efficiently manage the available bandwidth based on the

specific requirements of different multimedia services. By grouping similar multimedia

flows together, the scheme maximizes the utilization of the wireless network resources while

minimizing interference and congestion. The dynamic-grouping bandwidth reservation scheme

for multimedia wireless networks offers an efficient and adaptive approach to manage network

resources. By dynamically grouping multimedia flows and adjusting the bandwidth allocation

based on real-time conditions, it enables the network to accommodate the diverse requirements

of multimedia services while maintaining optimal performance and user experience. Gigabit

Fidelity (GIFI) as future wireless technology in Nigeria [4] is an advanced wireless technology

that holds significant promise for the future of wireless communication in Nigeria. It is

expected to revolutionize the way data is transmitted, offering ultra-fast speeds and improved

network reliability. GIFI aims to provide users with gigabit-level connectivity, allowing for

seamless streaming, faster downloads, and enhanced overall internet experiences. GIFI’s

enhanced reliability is another notable feature. It utilizes advanced signal processing techniques

and intelligent beamforming to mitigate interference and improve signal strength, thereby
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AI WIRELESS BANDWIDTH OPTIMIZATION Literature Survey

minimizing disruptions in connectivity. This is particularly beneficial in densely populated

urban areas where network congestion and signal interference are common issues. Gigabit

Fidelity (GIFI) holds great promise as a future wireless technology in Nigeria. With its ability to

deliver gigabit speeds wirelessly, increased network capacity, improved reliability, and potential

for driving innovation, GIFI has the potential to transform the digital landscape of Nigeria

and bridge the connectivity gap across the country. However, successful implementation

will require significant investment and strategic planning to ensure widespread coverage and

accessibility for all Nigerians.

Machine learning paradigms for next-generation wireless networks [5] are poised to revolution-

ize next-generation wireless networks by providing intelligent solutions to address the complex

challenges they face. One of the key paradigms is supervised learning, where models are

trained on labeled data to make accurate predictions or classifications. In wireless networks,

this can be used for tasks such as channel estimation, interference detection, and resource

allocation. Another important paradigm is unsupervised learning, which enables the discovery

of hidden patterns and structures in data without the need for explicit labels. This can be

applied to tasks like anomaly detection, clustering, and network optimization. Reinforcement

learning, a paradigm focused on decision-making, has significant potential in optimizing

wireless network performance through learning and adapting to dynamic environments. It

can be used to optimize power control, routing, and scheduling strategies. Additionally,

transfer learning allows models trained on one wireless network to be applied to another,

leveraging pre-existing knowledge and reducing the need for extensive training data. Finally,

federated learning enables collaboration among multiple edge devices to collectively train

models while preserving data privacy, making it suitable for resource-constrained and privacy-

sensitive wireless networks. By harnessing these machine learning paradigms, next-generation

wireless networks can become more intelligent, adaptive, and efficient, ultimately enhancing

user experience and enabling a wide range of innovative applications.

MCA DEPARTMENT Page 6



AI WIRELESS BANDWIDTH OPTIMIZATION Literature Survey

2.2.2 Bandwidth Allocation

Optimization refers to the process of making something as effective, efficient, or functional

as possible. It involves finding the best solution or approach to a problem within given

constraints and objectives. Optimization is applicable in various fields, including mathematics,

engineering, computer science, economics, and business. The Whale Optimization Algorithm

[6] is a nature-inspired metaheuristic optimization algorithm that draws inspiration from the

hunting behavior of humpback whales. The algorithm aims to solve complex optimization

problems by mimicking the social interactions and hunting strategies of these marine creatures.

In the WOA, potential solutions are represented as individuals or ”whales” in a search space,

and their positions are updated iteratively based on the behavior of whales in nature. The

algorithm consists of three main phases: encircling prey, bubble-net feeding, and search for

prey. During the encircling prey phase, whales surround the most promising solution in the

search space. In the bubble-net feeding phase, they cooperate and create a spiral pattern to

narrow down the search space further. Finally, in the search for prey phase, whales explore

new regions of the search space in a more random manner. Through these phases, the WOA

balances exploration and exploitation to efficiently converge towards optimal solutions. The

algorithm has shown promising performance in various optimization tasks, demonstrating its

effectiveness in solving real-world problems efficiently and effectively. Whale Optimization

Algorithm With Applications to Resource Allocation in Wireless Networks [7] is a nature-

inspired metaheuristic algorithm that draws inspiration from the social behavior of humpback

whales. It was originally proposed as a method for solving optimization problems and has

found applications in various domains, including resource allocation in wireless networks.

In wireless networks, resource allocation using WOA has demonstrated promising results,

improving network performance metrics such as throughput, latency, and energy efficiency.

It has been applied to various scenarios, including cognitive radio networks, 5G and beyond

networks, and Internet of Things (IoT) deployments. The Whale Optimization Algorithm

presents a novel and effective approach for resource allocation in wireless networks. By

leveraging the social behavior of humpback whales, the algorithm provides a nature-inspired

optimization framework that can enhance network efficiency and performance in a variety of

wireless communication scenarios.

Optimum bandwidth allocation in wireless networks using differential evolution [8] is a crucial

aspect of achieving efficient and reliable communication. One effective approach to address this
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AI WIRELESS BANDWIDTH OPTIMIZATION Literature Survey

challenge is the utilization of differential evolution, a metaheuristic optimization algorithm.

Differential evolution leverages the principles of genetic algorithms to find the best possible

allocation of bandwidth resources in wireless networks. By iteratively evolving a population of

candidate solutions, the algorithm aims to maximize the network’s overall performance while

considering various constraints and objectives. Differential evolution operates by evaluating

the fitness of each solution based on a defined objective function that captures the network’s

requirements and goals, such as maximizing throughput, minimizing latency, or balancing

resource utilization. Through the iterative process of mutation, crossover, and selection, the

algorithm explores the solution space to converge towards an optimal bandwidth allocation

configuration. This approach offers a powerful and flexible means to optimize wireless

networks, considering factors such as channel conditions, traffic patterns, and user demands.

By applying differential evolution for bandwidth allocation in wireless networks, it becomes

possible to enhance network performance, improve quality of service, and effectively manage

available resources, ultimately leading to a more efficient and reliable wireless communication

system. LORA: Learning to Optimize for Resource Allocation in wireless networks with few

training samples [9] is a cutting-edge approach in the field of wireless network optimization,

specifically designed to address resource allocation challenges with limited training samples.

Resource allocation plays a critical role in optimizing the performance of wireless networks,

ensuring efficient utilization of available resources such as spectrum, power, and bandwidth.

However, traditional optimization methods often require a large amount of training data, which

may not always be feasible or readily available. LORA tackles this issue by leveraging machine

learning techniques to learn and adapt resource allocation strategies with only a few training

samples. It employs advanced algorithms that can effectively capture the underlying patterns

and relationships between network parameters and resource allocation decisions, allowing for

efficient decision-making even with limited training data.

A bandwidth allocation using genetic algorithm to providing solution for optimization problem

in wireless mesh network [10] is a powerful solution for optimizing wireless mesh networks

(WMNs). WMNs consist of interconnected nodes that communicate wirelessly, forming a

decentralized network. The efficient allocation of limited bandwidth resources is crucial to

ensure optimal network performance and user satisfaction. Traditional optimization methods

may struggle with the complexity and dynamic nature of WMNs, making genetic algorithms

an appealing approach. By leveraging the genetic algorithm’s ability to handle complex and
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AI WIRELESS BANDWIDTH OPTIMIZATION Literature Survey

dynamic optimization problems, bandwidth allocation in WMNs can be significantly improved.

The GA provides a flexible and adaptive approach that optimizes the allocation of limited

resources, considering factors specific to each network scenario. As a result, WMNs can

achieve enhanced performance, reduced interference, and improved overall network efficiency,

leading to better user experiences in a wide range of applications, from internet access in rural

areas to smart city deployments and industrial IoT networks.

2.2.3 Wireless Sensor

A wireless sensor is a device that is designed to collect data from its environment and

transmit it wirelessly to a central location or another device for further analysis or monitoring.

Comparative analysis of computer network protocols in wireless communication technology

[11] relies on various computer network protocols to facilitate efficient and reliable data

transmission. A comparative analysis of these protocols reveals their strengths and weaknesses

in different scenarios. Cellular networks employ protocols like 3G, 4G, and 5G, which enable

wireless communication over longer distances. These protocols provide wide coverage and

support high-speed data transfer, making them suitable for internet connectivity on mobile

devices. However, cellular networks can be affected by network congestion and may require

additional infrastructure for optimal performance. The choice of computer network protocol in

wireless communication technology depends on the specific requirements of the application.

Wi-Fi provides high-speed connectivity within a limited range, Bluetooth is suitable for short-

range device connections, cellular networks offer wide coverage and high-speed internet access,

and Zigbee excels in low-power, low-data-rate applications. Understanding the strengths and

limitations of these protocols allows for informed decision-making when designing wireless

communication systems. Quality of service concerns in wireless and cellular networks

[12] are crucial for ensuring a satisfactory user experience. These concerns revolve around

several key factors. First and foremost is network reliability. Wireless and cellular networks

need to provide a reliable connection to ensure consistent communication and data transfer

without interruptions or drops in signal strength. Second, bandwidth management is crucial

for allocating network resources effectively. QoS mechanisms prioritize certain types of

traffic, such as voice or video calls, to prevent congestion and ensure smooth transmission.

Additionally, latency, or the delay between sending and receiving data, is a critical aspect of
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AI WIRELESS BANDWIDTH OPTIMIZATION Literature Survey

QoS. Low latency is essential for real-time applications like online gaming and video streaming.

Moreover, network security plays a significant role in QoS. Robust security measures protect

against unauthorized access, data breaches, and other cyber threats, ensuring a safe and reliable

network environment. Finally, scalability is a concern as wireless and cellular networks need

to accommodate an increasing number of devices and users without sacrificing performance.

Addressing these QoS concerns is vital to deliver a seamless and satisfactory user experience

in wireless and cellular networks.

Optimization techniques in wireless sensor networks: A survey [13] play a crucial role in

enhancing the performance and efficiency of wireless sensor networks (WSNs). This survey

provides a comprehensive overview of various optimization approaches employed in WSNs.

The survey explores optimization approaches for data dissemination, time synchronization,

and security in WSNs. It examines protocols and algorithms that ensure reliable and timely

data delivery, synchronize the activities of sensor nodes, and provide secure communication

channels. The survey concludes by highlighting open research challenges and future directions

in the field of optimization for WSNs. It emphasizes the need for novel algorithms and

protocols to address the unique requirements and constraints of WSNs, as well as the integration

of emerging technologies such as machine learning and artificial intelligence to further enhance

optimization techniques in wireless sensor networks. Wireless sensor network coverage

optimization based on whale group algorithm [14] have gained significant attention in various

fields, such as environmental monitoring, surveillance, and healthcare. However, optimizing

the coverage of WSNs is a crucial challenge to ensure efficient and reliable data collection.

In recent years, researchers have been exploring novel algorithms to address this issue, and

one such promising approach is the Whale Group Algorithm (WGA). The WGA is inspired by

the behavior of humpback whales in finding food sources, where they cooperate in groups

to maximize their foraging efficiency. This algorithm mimics the whales’ communication

and movement patterns to optimize the coverage of WSNs. The Whale Group Algorithm

presents a unique and promising solution for optimizing the coverage of wireless sensor

networks. By emulating the cooperative behavior of whale groups, this algorithm aims to

enhance coverage efficiency and reduce redundancy, leading to improved data collection and

monitoring capabilities in various applications.
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Chapter 3

Methodology

AI WIRELESS BANDWIDTH OPTIMIZATION, one approach is to use optimization al-

gorithms such as the Whale Optimization Algorithm (WOA) and Particle Swarm Optimization

Algorithm (PSO). These algorithms are based on the principles of natural selection and swarm

intelligence, respectively. They can explore the solution space efficiently and converge to a

global optimal or near-optimal solution.

Figure 3.1: The flowchart of WOA
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AI WIRELESS BANDWIDTH OPTIMIZATION Methodology

The methodology for using WOA and PSO to optimize the bandwidth of a wireless network

involves several steps. First, the problem is clearly defined, and the specific objective to

optimize is determined, such as throughput, interference, or signal-to-noise ratio. Then, the

problem is formulated as a mathematical optimization problem, where decision variables

represent the bandwidth allocation parameters and constraints are specified. Algorithm-

specific parameters are set, including the number of whales or particles, maximum iterations,

convergence criteria, and other parameters. An initial population of potential solutions is

generated, and the fitness or objective function is evaluated for each solution.

3.0.1 Load bandwidth data

Load the bandwidth data from a CSV file. This file contains information about the available

bandwidth for each channel in the network. The readmatrix function is used to read the data

from the file, skipping the header line, and store it in the bandwidth variable. The dimensions

of bandwidth are determined to obtain the number of nodes (nNodes) and channels (nChannels)

in the network. The data is then reshaped into a 10 by 25 matrix, where each row represents a

node and each column represents a channel.

3.0.2 Reshaping the bandwidth data

The bandwidth data is reshaped using the transpose operator ’ to convert it from a 25 by 10

matrix (assuming the original data was arranged in that format in the CSV file) to a 10 by 25

matrix. This reshaping is done to match the dimensions of the population matrices used in the

optimization algorithms.

3.0.3 Define objective function

Defines the objective function named objectiveFunction. This function takes a vector x as input,

representing the bandwidth allocation for each node. It calculates the fitness of the allocation

by computing the squared sum of the element-wise multiplication of x and the bandwidth

matrix. The objective function aims to maximize the allocated bandwidth while minimizing

interference between channels and maximizing overall network performance.
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3.0.4 Initialize algorithm parameters

Set the parameters specific to the WOA and PSO algorithms. These parameters control the

behavior and performance of the optimization algorithms. For WOA, parameters include the

number of whales, maximum iterations, and the exploration and exploitation coefficients. For

PSO, parameters include the number of particles, maximum iterations, and the cognitive and

social acceleration coefficients.

3.0.5 Initialize variables for best solutions

Variables bestwhale and bestwhalefitness are initialized to store the best solution found by the

WOA algorithm. Similarly, bestparticle and bestparticlefitness are initialized to store the best

solution found by the PSO algorithm. Initially, these variables are set to empty and infinity,

respectively, indicating that no best solution has been found yet.

3.0.6 WOA algorithm implementation

Apply the WOA algorithm to optimize the bandwidth allocation. The WOA algorithm involves

iteratively updating the positions of the whales based on their fitness and certain equations

defined in the algorithm.

3.0.7 Update Best Solution (WOA)

After each iteration of the WOA algorithm, the code iterates over each whale in the population

and calculates its fitness using the objective function. If the fitness of a whale is better (smaller)

than the current best fitness.
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3.0.8 PSO algorithm implementation

Similar to the WOA algorithm, apply the PSO algorithm to optimize the bandwidth allocation.

The PSO algorithm involves iteratively updating the velocities and positions of the particles

based on their fitness and certain equations defined in the algorithm.

3.0.9 Update Best Solution (PSO)

After each iteration of the PSO algorithm, the code iterates over each particle in the population

and calculates its fitness using the objective function. If the fitness of a particle is better

(smaller) than the current best fitness (bestparticlefitness), the particle and its fitness are updated

as the new best solution.

3.0.10 Retrieving the best solutions found

After the WOA and PSO algorithms have completed, the code retrieves the best solutions found

by multiplying the best whale and particle solutions with the bandwidth data.

3.0.11 Displaying and plotting the allocated bandwidth

The code displays the allocated bandwidth for both algorithms using the disp function. Then,

it plots the allocated bandwidth for each algorithm using the plot function and creates a figure

with two subplots for comparison.
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3.1 Algorithm

3.1.1 Whale Optimization Algorithm

The Whale Optimization Algorithm (WOA) is a metaheuristic optimization algorithm inspired

by the hunting behavior of humpback whales. It was proposed by Seyedali Mirjalili in 2016.

The algorithm is designed to solve optimization problems by mimicking the social and hunting

behaviors of humpback whales. The WOA algorithm is based on the idea that humpback whales

encircle their prey in a shrinking spiral trajectory while emitting a series of sound waves to

communicate with each other. The WOA algorithm utilizes different equations and parameters

to control the movement and update of the whale positions. The equations and parameters

are problem-specific and need to be defined based on the optimization problem at hand. The

Whale Optimization Algorithm has been applied to various optimization problems, including

engineering design, image processing, data clustering, and feature selection, among others. It

is a population-based algorithm that can effectively explore the search space and has shown

promising results in many applications.

Overview of how WOA works:

1. Initialization: Initialize a population of whales randomly within the search space.

2. Encircling Prey: Randomly select a whale from the population, and then update its

position towards a better solution based on a defined equation. This step simulates the

encircling behavior of a whale.

3. Bubble-net Feeding: Randomly select another whale, and update its position by attracting

it towards the best solution obtained so far. This step mimics the bubble-net feeding

behavior of humpback whales.

4. Search for Prey: Randomly select another whale, and update its position randomly within

the search space. This step represents the exploration behavior of humpback whales.

5. Update the Best Solution: Track the best solution obtained so far during the iterations.

6. Repeat Steps 2-5: Iterate these steps until a termination criterion is met (e.g., reaching a

maximum number of iterations or achieving a satisfactory solution).
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Figure 3.2: WOA

3.1.2 Particle Swarm Optimization

Particle Swarm Optimization (PSO) is a population-based stochastic optimization algorithm

that was inspired by the collective behavior of bird flocking or fish schooling. It was first

introduced by Eberhart and Kennedy in 1995. PSO is commonly used to solve optimization

problems, particularly in continuous search spaces. The basic idea behind PSO is to simulate

the social behavior of a group of particles, referred to as a swarm, in the search space. Each

particle represents a potential solution to the optimization problem and moves through the

search space by adjusting its position based on its own experience and the experiences of

its neighboring particles. The PSO algorithm relies on two key parameters: the cognitive

parameter (c1) and the social parameter (c2). These parameters control the influence of the

particle’s personal best and the global best on its movement, respectively. They can be tuned

to balance exploration and exploitation in the search process. PSO has been widely applied

to various optimization problems, including function optimization, engineering design, data

clustering, and neural network training. It is relatively easy to implement, computationally

efficient, and can find good solutions for many optimization problems. However, it may suffer

from premature convergence or getting trapped in local optima in some cases.
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Overview of how PSO works:

1. Initialization: Randomly initialize a swarm of particles with random positions and

velocities within the search space. Each particle also has a personal best position (pbest)

initialized as its current position.

2. Evaluation: Evaluate the fitness or objective value of each particle based on its current

position.

3. Update personal best: Update the personal best position (pbest) for each particle if its

current position has a better fitness value than its previous personal best.

4. Update global best: Identify the particle in the swarm with the best fitness value among

all the personal bests and update the global best position (gbest).

5. Update velocities and positions: Update the velocity of each particle based on its current

velocity, its distance to the pbest, and the distance to the gbest. The new velocity affects

the direction and magnitude of the particle’s movement. Update the position of each

particle based on its new velocity.

6. Termination criterion: Check if the termination criterion is met. This can be a maximum

number of iterations, reaching a satisfactory solution, or a certain level of convergence.

7. Repeat steps 2 to 6 until the termination criterion is satisfied.
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3.2 System Architecture

The system architecture for bandwidth optimization of a wireless network using WOA and

PSO in MATLAB involves defining the problem and optimization objective, creating a network

model, implementing WOA and PSO algorithms, and iterating the optimization process. The

best solution is selected based on fitness, and results are analyzed. Performance comparison

is done between optimized and initial configurations. MATLAB environment is used for

implementation, and visualization and reporting are performed.

Figure 3.3: System Architecture

3.2.1 Dataset

Bandwidth.csv is the dataset used in this project. The dataset consists of different bandwidth

values of different nodes from different time, which will be used to evaluate the optimal value.
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3.2.2 Building the models

An objective function is formulated to quantify the optimization goal.

• objectiveFunction =@(x) sum((x,*’bandwidth’).2)

The WOA and PSO algorithms are implemented, initializing the populations, updating

positions, and evaluating fitness based on the objective function. The optimization loop iterates,

updating positions, evaluating fitness, and tracking the best positions found. The best solution

is extracted based on the highest fitness value. Visualization techniques are used to present

results.

• nWhales = 50

• nParticles = 50

• nIterations = 100

3.2.3 Testing the model

After testing, the Whale Optimization Algorithm (WOA) gave a more optimal value compared

to the Particle Swarm Optimization algorithm (PSO).
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3.3 Software Requirements and Specifications

The software used for the project is MATLAB

3.3.1 MATLAB

MATLAB is a high-level programming language and environment designed for numerical

computation, data analysis, and visualization. It stands for ”MATrix LABoratory” and was

developed by MathWorks. MATLAB allows users to perform various mathematical and

scientific tasks efficiently, including matrix operations, algorithm development, statistical

analysis, simulation, and modeling. MATLAB is widely used in academia, engineering,

finance, and many other fields where numerical computation and data analysis are essential.

Its user-friendly interface, extensive documentation, and large community make it a popular

choice for scientific and technical computing tasks.

Features:

1. Interactive Environment: MATLAB provides an interactive environment where you can

execute commands and see the results immediately. It has a command-line interface, as

well as a graphical user interface (GUI) known as the MATLAB Desktop.

2. Numerical Computing: MATLAB excels in numerical computing and offers a compre-

hensive set of mathematical functions for linear algebra, optimization, signal processing,

curve fitting, and more. It supports complex number arithmetic and provides built-in

support for vectors and matrices.

3. Data Analysis and Visualization: MATLAB includes powerful tools for data analysis,

exploration, and visualization. It provides functions for importing and exporting data

from various file formats, as well as tools for manipulating, filtering, and transforming

data. MATLAB also offers plotting and graphing capabilities for creating 2D and 3D

visualizations.
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4. Algorithm Development: MATLAB provides a flexible environment for developing

algorithms and creating applications. It supports script files, function files, and object-

oriented programming, allowing you to organize your code efficiently. MATLAB also

provides a rich set of libraries and toolboxes that extend its functionality for specific

application domains.

5. Simulations and Models: MATLAB includes features for simulation and model-based

design. It provides tools for building dynamic systems, performing simulations, and

analyzing the behavior of systems. MATLAB also supports the creation of Simulink

models, which is a graphical environment for designing and simulating dynamic systems.

6. Integration and Deployment: MATLAB can be integrated with other programming

languages, such as C, C++, and Python. It supports interoperability through APIs

and provides tools for creating standalone executables, deploying applications as web

services, or generating code for embedded systems.

3.4 Hardware and Experimentation Environment

The hardware used for this experiment includes Windows 11 Home 64-bit OS, x64-based

processor, Intel(R) Core (TM) i7-8565U CPU @ 1.80GHz, 1992 Mhz, 4 Core(s), 8 Logical

Processor(s), 16 GB RAM.

The experimental environment was prepared by using MATLAB.
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Chapter 4

RESULT AND DISCUSSION

The primary quality control method used in software development is testing. Following the

coding stage, testing purposes are served by running the accessible computer programmes.

Testing must find flaws made during the earlier phase as well as those introduced during

development. So, the purpose of testing is to find programme requirements, design, or coding

flaws.

• A programme is tested by being run with the goal of identifying any errors.

• A excellent test case is one that has the highest chance of spotting an error that hasn’t

been identified yet.

• A test that finds an error that hasn’t been found yet is successful.

Our objective is to develop tests that systematically uncover many sorts of issues with minimal

time and effort. Testing indicates that software functionalities appear to operate as expected

and that performance criteria appear to have been met. The information acquired during testing

is an excellent predictor of programme reliability and a partial indicator of software quality as

a whole. Testing has one drawback, however: it can only demonstrate the presence of software

defects, not their absence.
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4.1 Testing and it’s types used

The main task following software development is to determine whether the experimental results

and the actual results agree. Testing is the process in question. It is employed to ensure that

the created system is free from errors.Testing’s primary purpose is to find errors and missing

operations by running the software. Additionally, it makes sure that the developer satisfies all

of the project’s goals. Testing’s objective is to determine is to identify defects in the developed

software as well as ways to increase its correctness, usability, and efficiency. It seeks to gauge a

software program’s performance, functionality, and specification. The developed programme is

put through tests, and the outcomes are compared to the required documentation. Debugging is

carried out when there are too many faults that have happened. After debugging, the software is

once more tested to make sure there are no errors. Unit testing, integration testing, and system

testing are the main testing methodologies used in this project.

• In unit testing, tested to each distinct piece of software. It ensures that the software’s

many components all function as intended.

• In integration testing, the integrated distinct components are examined to see whether or

not the intended purpose was accomplished. It helps us find any problems that might

appear after the units are combined.

• The entire piece of software is evaluated during system testing to make sure it meets all

the requirements.
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4.2 Output Screens and Results

1. Dataset

The image shown below is the average of the original bandwidth dataset. The linear

graph shown is the average value of the 10 nodes in the original bandwidth dataset.

Figure 4.1: Original Dataset

2. Whale Optimization Algorithm

The image shown below is the optimized bandwidth value of the nodes in the bandwidth

dataset. The linear graph shown is the optimal bandwidth value of every 10 nodes using

Whale Optimization Algorithm.

Figure 4.2: Linear Graph
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3. Whale Optimization Algorithm

The image shown below is the optimized bandwidth value of the nodes in the bandwidth

dataset. The bar graph shown is the optimal bandwidth value of every 10 nodes using

Whale Optimization Algorithm.

Figure 4.3: Bar Graph

4. Particle Swarm Optimization

The image shown below is the optimized bandwidth value of the nodes in the bandwidth

dataset. The bar graph shown is the optimal bandwidth value of every 10 nodes using

Particle Swarm Optimization Algorithm.

Figure 4.4: Bar Graph
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5. Particle Swarm Optimization

The image shown below is the optimized bandwidth value of the nodes in the bandwidth

dataset. The linear graph shown is the optimal bandwidth value of every 10 nodes using

Particle Swarm Optimization Algorithm.

Figure 4.5: Linear Graph

6. Linear comparison

The image shown below is the comparison of the optimized bandwidth value of the

nodes in the bandwidth dataset. The linear graph shown is the comparison of every

node in the bandwidth dataset using Whale Optimization Algorithm and Particle Swarm

Optimization Algorithm.

Figure 4.6: WOA and PSO
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7. Bar comparison

The image shown below is the comparison of the optimized bandwidth value of the

nodes in the bandwidth dataset. The bar graph shown is the comparison of every

node in the bandwidth dataset using Whale Optimization Algorithm and Particle Swarm

Optimization Algorithm.

Figure 4.7: WOA and PSO
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Chapter 5

CONCLUSION

The utilization of optimization algorithms, namely Whale Optimization Algorithm (WOA)

and Particle Swarm Optimization (PSO), in the context of bandwidth optimization for

wireless networks using MATLAB, holds significant potential for achieving enhanced network

performance. Both WOA and PSO offer efficient approaches to address the challenge of

optimizing bandwidth allocation in wireless networks.

MATLAB provides a robust and flexible environment for implementing and evaluating these

optimization algorithms. With its extensive set of built-in functions and libraries, researchers

can easily simulate and analyze the performance of WOA and PSO in optimizing bandwidth

allocation for wireless networks. MATLAB’s visualizations and data analysis capabilities

enable researchers to gain insights into the optimization process and assess the effectiveness

of the proposed approach.

5.1 Future Enhancement

The bandwidth optimization of wireless networks using WOA and PSO in MATLAB can

further advance and adapt to the evolving needs of wireless communication systems, leading to

improved network performance, reliability, and efficiency through

1. Hybridization with other optimization techniques: Combining WOA and PSO with

other optimization techniques such as genetic algorithms or ant colony optimization can

potentially enhance the search capabilities and convergence speed of the algorithms.
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2. Dynamic optimization: Introducing dynamic optimization into the bandwidth allocation

process can handle real-time variations in network conditions. By continuously adapting

the bandwidth allocation based on changing network parameters such as traffic load,

channel conditions, or user demands, the network can achieve optimal performance under

varying circumstances.

3. Multi-objective optimization: Bandwidth optimization often involves multiple conflict-

ing objectives, such as maximizing throughput while minimizing latency or power

consumption. Extending the WOA and PSO algorithms to handle multi-objective

optimization can enable the exploration of trade-offs between different performance

metrics and provide a set of Pareto-optimal solutions.

4. Incorporating machine learning: Integrating machine learning techniques into the

optimization process can enhance the intelligence and adaptability of the algorithms.

Machine learning models can learn from historical network data, user behavior patterns,

or real-time feedback to make more informed decisions on bandwidth allocation and

optimize the network performance accordingly.
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APPENDIX

Screenshots

Figure A.1: Optimized WOA bandwidth value

Figure A.2: Optimized PSO bandwidth value

32


