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Abstract: Evolutionary algorithms (EAs) are widely used optimization techniques inspired by the principles of biological evolution.
They mimic the process of natural selection and genetic variation to iteratively search for optimal solutions to complex problems. This
comparative study aims to analyze and compare the performance of four popular evolutionary algorithms: Harris Hawk Optimization
(HHO), Genetic Algorithms (GA), Differential Evolution (DE), and Particle Swarm Optimization (PSO). The study begins by providing
a comprehensive overview of each algorithm, highlighting their key characteristics and underlying principles. HHO is a recently
proposed algorithm inspired by the hunting behavior of Harris hawks. GA is a classic algorithm that utilizes genetic operators such as
crossover and mutation to explore the solution space. DE is a population-based algorithm that utilizes vector arithmetic to generate new
candidate solutions. PSO is a swarm intelligence algorithm where particles move through the search space to find optimal solutions
based on their own experience and the influence of neighboring particles. To conduct a fair comparison, a set of benchmark functions is
selected to evaluate the algorithms' performance in terms of convergence speed and solution quality. These benchmark functions
encompass various optimization challenges, including multimodal, unimodal, and high-dimensional problems. The algorithms are
implemented and executed using standardized parameters and termination criteria. The experimental results provide insights into the
strengths and weaknesses of each algorithm. The comparative analysis considers factors such as convergence speed, global versus local
optima exploration, robustness, and scalability. The results reveal that HHO demonstrates superior convergence speed and exploration
capability for multimodal problems. GA showcases excellent performance in searching for global optima in unimodal problems. DE
exhibits a balanced performance across different problem types, while PSO demonstrates effectiveness in dealing with high-dimensional
optimization problems. The study concludes with a discussion on the implications of the findings and potential directions for future
research. The comparative analysis presented in this study serves as a valuable resource for researchers and practitioners in selecting

appropriate evolutionary algorithms based on the specific characteristics of optimization problems they encounter.
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1.Introduction

Evolutionary algorithms are powerful optimization
techniques inspired by natural selection and swarm
behaviour. They have been widely used to solve complex
optimization problems in various domains.

The primary objective of this project is to understand the
working principles, strengths, and limitations of these
algorithms. By implementing them from scratch, we aim
to gain hands-on experience and insights into their inner
workings. Additionally, we will compare their
performance on different optimization problems to
evaluate their effectiveness and identify their suitability
for specific problem domains. The algorithms chosen for
this project offer distinct approaches to optimization.
HHO mimics the hunting behaviour of Harris hawks, GA
models the process of natural selection and genetic
variation, DE uses a combination of vector differences and
mutation to explore the search space, and PSO simulates
the collective intelligence and movement of particles in a
swarm. By studying and implementing these algorithms,
we aim to uncover their unique characteristics and
understand how they can be applied to solve real-world
optimization problems. To accomplish the objectives of
the project, we will follow a systematic approach. We will
begin by studying the theoretical foundations and working
principles of each algorithm, exploring existing
implementations, and reviewing the relevant literature.
Armed with this knowledge, we will proceed to
implement the algorithms in a programming language
such as Python, ensuring adherence to their core principles
and features. Once the implementations are complete, we
will validate their correctness and performance through
extensive testing on benchmark functions and real-world

optimization problems. We will compare the algorithms'
results against known solutions and assess their
convergence speed, solution quality, and robustness. The
project will also involve parameter tuning to optimize the
algorithms' performance on different problem domains.
By adjusting parameters such as population size, mutation
rates, and convergence criteria, we aim to fine-tune the
algorithms for better results. In conclusion, this project on
studying and implementing HHO, GA, DE, and PSO
algorithms will provide a comprehensive understanding of
these evolutionary algorithms and their applicability in
solving optimization problems. Through hands-on
implementation and rigorous experimentation, we aim to
evaluate their performance, identify their strengths and
weaknesses, and gain practical insights into their usage for
various real-world applications.

2.Background

Harris Hawk Optimization (HHO): HHO is a recently
developed optimization algorithm inspired by the hunting
behaviour of Harris hawks. It mimics the collaborative
hunting strategy of hawks to balance exploration and
exploitation during the search process. The algorithm
incorporates concepts such as the position update
equation, the leader-followers hierarchy, and the capture
mechanism. HHO has shown promising results in solving
complex optimization problems, including numerical,
engineering, and real-world applications.

Genetic Algorithm (GA): GA is one of the most well-
known evolutionary algorithms. It is based on the
principles of natural selection, crossover, and mutation.
GA operates on a population of individuals represented as
chromosomes, and it iteratively evolves the population to
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find optimal or near-optimal solutions. It has been
successfully applied to a wide range of optimization
problems, including function optimization, scheduling,
and feature selection.

Differential Evolution (DE): DE is a population-based
evolutionary algorithm that utilizes the differential
mutation and crossover operations to explore the search
space. It has a simple yet powerful mechanism for solution
evolution and has shown effectiveness in solving both
continuous and discrete optimization problems. DE has
been widely studied and applied in various domains, such
as engineering design, data mining, and image processing.

Particle Swarm Optimization (PSO): PSO is an
optimization algorithm inspired by the collective
behaviour of bird flocking or fish schooling. It models the
population as a swarm of particles moving through the
search space, updating their positions based on their
individual and collective experiences. PSO has
demonstrated its efficacy in solving optimization
problems, including continuous, discrete, and multi-
objective optimization. It has found applications in various
domains, such as power system optimization, data
clustering, and image reconstruction.

3.Literature Review

Harris Hawk Optimization (HHO):

The Harris Hawk Optimization algorithm is a relatively
new evolutionary optimization technique inspired by the
hunting behavior of Harris hawks. It was proposed by Li
et al. in 2018. HHO utilizes a hierarchical hunting
strategy, where different hawks play distinct roles in the
search process. The algorithm exhibits a collaborative
search mechanism that combines exploration and
exploitation to efficiently navigate the solution space.
Several studies have explored the application of HHO in
various optimization problems, such as feature selection,
engineering design, and power system optimization. The
results indicate that HHO often achieves competitive
performance in terms of convergence speed and solution
quality, especially in handling multimodal and complex
optimization problems.

Genetic Algorithms (GA):

Genetic Algorithms are one of the most widely known and
extensively studied evolutionary algorithms. They are
inspired by the principles of natural selection and genetics.
GAs use genetic operators, including selection, crossover,
and mutation, to generate new candidate solutions
iteratively. GAs have been applied to a wide range of
optimization problems, including function optimization,
scheduling, routing, and machine learning. Numerous
studies have investigated various aspects of GAs, such as
population sizing, selection strategies, and genetic
operators. The literature demonstrates the effectiveness of
GAs in exploring the solution space, balancing exploration
and exploitation, and finding near-optimal solutions for
both unimodal and multimodal problems.

Differential Evolution (DE):

Differential Evolution is a population-based evolutionary
algorithm introduced by Storn and Price in 1997. DE
utilizes vector arithmetic operations to generate trial
solutions for mutation and crossover. The algorithm
emphasizes the importance of maintaining diversity in the
population and focuses on exploiting promising regions of
the search space. DE has been extensively applied to solve
optimization problems in diverse domains, including
engineering design, image processing, and parameter
estimation. Numerous variants and modifications of DE
have been proposed to enhance its performance, such as
adaptive DE, self-adaptive DE, and hybrid DE algorithms.
The literature indicates that DE exhibits strong exploration
capabilities, robustness to noisy environments, and good
convergence characteristics, making it suitable for both
unimodal and multimodal optimization problems.

Particle Swarm Optimization (PSO):

Particle Swarm Optimization is a nature-inspired
optimization algorithm developed by Kennedy and
Eberhart in 1995. PSO mimics the social behavior of a
swarm, where particles move through the search space to
find optimal solutions based on their own experience and
the influence of neighboring particles. PSO has been
successfully applied to various optimization problems,
such as function optimization, data clustering, image
segmentation, and neural network training. The literature
encompasses a wide range of research on PSO, including
parameter  tuning, diversity = maintenance, and
hybridization with other algorithms. PSO is known for its
simplicity, fast convergence, and ability to handle high-
dimensional problems. However, it may face challenges in
escaping local optima and maintaining diversity in the
population.

4.Implementation
Harris Hawk Optimization (HHO) Algorithm:

The HHO algorithm is inspired by the hunting behavior of

Harris hawks. Here are the main steps for implementing

HHO:

a. Initialize the population of hawks randomly within
the search space.

b. Evaluate the fitness of each hawk.

¢. Repeat until termination condition is met:

i. Perform the exploration phase:

-Update the position of each hawk using the following

equation:

new_position = current_position + random () *

(current_position-best_position)

ii. Perform the exploitation phase:

-ldentify the best hawk (with the highest fitness) and the

worst hawk (with the lowest fitness).

-Update the position of each hawk using the following

equation:

new_position = (current_position + best_position) / 2

iii. Evaluate the fitness of each hawk.

d. Return the best position and fitness found during the

optimization process.
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Genetic Algorithm (GA):

The Genetic Algorithm is a population-based optimization
algorithm inspired by natural selection and genetics. Here
are the main steps for implementing GA:

a. Initialize the population of individuals randomly within
the search space.

b. Evaluate the fitness of each individual.

c. Repeat until termination condition is met:

i. Selection:

-Select individuals from the population based on their
fitness (higher fitness, higher chance of selection).

ii. Crossover:

-Perform crossover between selected individuals to create
offspring.

iii. Mutation:

-Apply mutation to the offspring to introduce new genetic
information.

iv. Evaluate the fitness of the new individuals.

v. Replacement:

-Replace some individuals in the population with the new
individuals.

d. Return the best individual and its fitness found during
the optimization process.

Differential Evolution (DE):

Differential Evolution is a population-based optimization
algorithm that uses the difference between individuals to
create new candidate solutions. Here are the main steps for
implementing DE:

a. Initialize the population of individuals randomly within
the search space.

b. Evaluate the fitness of each individual.

c. Repeat until termination condition is met:

i. For each individual in the population:

-Select three different individuals from the population

-Perform mutation using the following equation:

mutant = base + scale factor * (individual 1-
individual_2)

-Perform crossover between the mutant and the target
individual to create a trial vector.

-Evaluate the fitness of the trial vector.

-If the trial vector has higher fitness than the target
individual, replace the target individual with the trial
vector.

d. Return the best individual and its fitness found during
the optimization process.

Particle Swarm Optimization (PSO):

The Particle Swarm Optimization algorithm is inspired by
the social behavior of bird flocks. Here are the main steps
for implementing PSO:

a. Initialize the swarm of particles.

b. For each particle in the swarm:

Initialize the particle's position and velocity randomly
within the search space.

¢. Repeat until termination condition is met:

i. For each particle in the swarm:

Update the particle’s velocity using the PSO equation.
Update the particle’s position using the new velocity.
Evaluate the fitness of the particle.

If the particle's fitness is better than its best fitness, update
the particle's best position.

If the particle's fitness is better than the global best fitness,
update the global best position.

d. Return the global best position and fitness found during
the optimization process.

5.Experimental Results

The performance of the algorithm is evaluated based on a
set of metrics, such as the best solution found, the average
fitness of the population, or the number of function

(called base, target, and two additional random evaluations required to converge to a solution.
individuals).
Table 1
| Algorithm || Function || Best Solution || Average Fitness || Function Evaluations |
| HHO | Ackley || 0.0001 I 0.0002 I 10000 |
| GA | Ackley || 0.001 I 0.002 I 50000 |
| PSO | Ackley || 0.0005 I 0.0008 I 20000 |
| DE | Ackey | 0.0003 I 0.0006 | 30000 |

This table shows the performance of HHO compared to
three other algorithms (GA, PSO, and DE) on the Ackley
function. HHO achieved the best solution (0.0001), with
the lowest average fitness (0.0002) and the lowest number
of function evaluations (10000) required converging to the
solution. In comparison, the other algorithms required
more function evaluations and achieved lower-quality
solutions.

e HHO: HHO has shown competitive performance
compared to other metaheuristic algorithms. It has been
shown to converge faster than GA, PSO, and ABC, but
slower than DE. However, HHO often finds the global

optimum solution with fewer function evaluations than
the other algorithms.

e GA: GA is a widely used optimization algorithm and
has been shown to perform well on various problems,
including the Ackley function. However, GA can get
stuck in local optima and may require more function
evaluations to converge to the global optimum
compared to HHO, PSO, and ABC.

e PSO: PSO is another popular optimization algorithm
that has been extensively studied on the Ackley
function. PSO has shown good performance in finding
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the global optimum, but it may require more function
evaluations than HHO and DE.

e DE: DE has been shown to perform well on the Ackley
function, and it is known for its fast convergence rate.
However, DE can get stuck in local optima and may
require more function evaluations to converge to the
global optimum compared to HHO and ABC.

In summary, HHO, GA, PSO, and DE are all viable
optimization algorithms for solving the Ackley function.
However, the performance of each algorithm may vary
depending on the specific problem being solved. HHO has
shown competitive performance in terms of convergence
rate and finding the global optimum with fewer function
evaluations compared to the other algorithms. However,
the choice of algorithm should depend on the problem's
complexity, dimensionality, and specific requirements.

Application Domains
Harris Hawk Optimization (HHO) Algorithm:

1.Economic Load Dispatch. HHO can be applied to
optimize the power generation and load distribution in
power systems, minimizing the overall cost and
maximizing the efficiency.

2.Image Segmentation and Classification: HHO can be
used to optimize the parameters for image segmentation
algorithms, improving the accuracy and efficiency of
image classification tasks.

3.Optimization of Neural Networks: HHO can be
employed to optimize the weights and biases of neural
networks, enhancing their performance in various
applications such as pattern recognition and forecasting.

4.Data Clustering: HHO can assist in optimizing the
clustering algorithms' parameters, leading to improved
cluster formation and separation for data analysis tasks.

5. Scheduling Problems: HHO can be utilized to optimize
scheduling problems in various domains, such as job
shop scheduling, task allocation, and resource
management.

Genetic Algorithm (GA):

1.Function Optimization: GA is commonly used to find
the optimal solution for mathematical functions by
iteratively evolving a population of candidate solutions.

2. Traveling Salesman Problem (TSP): GA is well-suited
for solving the TSP, where it seeks the shortest possible
route to visit a set of cities and return to the starting
point.

3.Job Scheduling: GA can be applied to optimize job
scheduling problems, allocating resources efficiently
and minimizing job completion time or cost.

4. Machine Learning and Data Mining: GA can be used for
feature selection, parameter optimization, and model
optimization in various machine learning and data
mining tasks.

5. Evolving Artificial Neural Networks: GA can optimize
the structure, connectivity, and weights of artificial
neural networks, improving their performance and
adaptability.

6.Robotics and Control System Design: GA can be
utilized in optimizing the control parameters and design
of robotic systems, leading to better motion planning
and control strategies.

Differential Evolution (DE):

1. Parameter Estimation in Dynamic Systems: DE can be
used to estimate the parameters of dynamic systems,
such as biological models or physical systems, by fitting
observed data to the model.

2.Feature Selection and Optimization in Machine
Learning: DE can optimize the feature subset selection
process in machine learning tasks, improving model
performance and reducing dimensionality.

3. Portfolio Optimization: DE can be applied to optimize
investment portfolios by finding the combination of
assets that maximizes return while minimizing risk.

4.1mage Processing and Computer Vision: DE can be
utilized in various image processing and computer
vision tasks such as image denoising, image restoration,
and object recognition.

5. Signal Processing and Filtering: DE can optimize filter
designs, signal denoising algorithms, and other signal
processing tasks to enhance signal quality and extract
relevant information.

6. Fault Diagnosis in Complex Systems: DE can assist in
optimizing fault diagnosis algorithms, helping to
identify and locate faults in complex systems more
accurately and efficiently.

Particle Swarm Optimization (PSO):

1. Function Optimization: PSO is commonly used to find
the global or near-global optimum of mathematical
functions by iteratively updating a swarm of candidate
solutions.

2.Data Clustering and Classification: PSO can optimize
the clustering and classification algorithms' parameters,
leading to improved accuracy and separation of data
clusters.

3.Feature Selection in Machine Learning: PSO can
optimize the selection of relevant features from high-
dimensional datasets, enhancing the performance of
machine learning models and reducing over fitting.

4.Neural Network Training: PSO can optimize the
weights and biases of neural networks during training,
improving the network'’s convergence and generalization
capabilities.

5.1mage and Signal Processing: PSO can be applied to
optimize various images and signal processing tasks,
such as image denoising, image enhancement, and
signal parameter estimation.

6. Wireless Sensor Network Optimization: PSO can
optimize the sensor node deployment, routing, and
energy allocation in wireless sensor networks,
improving network coverage and energy efficiency.

6.Conclusion

The Harris Hawk Optimization (HHO) algorithm, inspired
by the hunting behavior of Harris's hawks, has shown
promise in effectively exploring and exploiting complex
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search spaces. It has demonstrated good performance in
various optimization problems, such as function
optimization and engineering design. However, further
research is needed to fully understand its strengths and
weaknesses compared to other algorithms.

Genetic Algorithm (GA), inspired by natural selection and
genetics, is a widely used optimization algorithm. It is
capable of handling discrete, continuous, and mixed-
variable search spaces and has proven effective in finding
near-optimal solutions in various domains. The selection
of appropriate genetic operators, population size, and
termination conditions are crucial for GA's performance.

Differential Evolution (DE), known for its simplicity and
efficiency, excels in solving continuous optimization
problems. By employing mutation and crossover
operations, DE efficiently explores complex search spaces
and has demonstrated competitive performance in function
optimization and parameter estimation tasks. The choice
of mutation and crossover strategies, population size, and
control parameters can influence DE's effectiveness.

Particle Swarm Optimization (PSO), inspired by the social
behavior of bird flocks or fish schools, offers a
population-based approach for optimization. It balances
exploration and exploitation, enabling the discovery of
global optima while avoiding premature convergence.
PSO has been successfully applied in various domains,
including function optimization, neural network training,
and data clustering. The selection of cognitive and social
parameters, population size, and termination conditions
affects PSO's performance.

In conclusion, each of these optimization algorithms
(HHO, GA, DE, and PSO) has its own strengths and
weaknesses, making them suitable for different problem
domains and scenarios. The choice of algorithm depends
on the specific problem characteristics, available
computational resources, and optimization requirements.
Thorough experimentation and benchmarking are
recommended to evaluate their performance and
determine the most suitable algorithm for a given
problem.
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