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Introduction

The Whale Optimization Algorithm (WOA) has emerged as a significant nature-
inspired metaheuristic, designed to solve various complex optimization problems.
Inspired by the hunting strategy of humpback whales, WOA simulates their unique
bubble-net feeding behavior. Its inherent ability to balance global exploration and
local exploitation makes it a compelling choice for researchers. Continuous inno-
vation has led to numerous enhancements and applications, extending its utility
across diverse scientific and engineering domains. The following paragraphs de-
tail recent contributions, highlighting improved variants and their impact in specific
problem areas.

A recent research effort introduces an enhanced Whale Optimization Algorithm
(WOA) engineered for more effective global optimization and real-world engineer-
ing design challenges. This improved variant emphasizes a refined balance be-
tween exploration and exploitation, which in turn delivers superior convergence
speed and accuracy compared to the initial WOA and other metaheuristic algo-
rithms. Its effectiveness is well-demonstrated through various benchmark func-
tions and practical engineering problems, solidifying its reliability and efficiency in
identifying optimal solutions [1].

For feature selection problems, an enhanced WOA incorporates a novel muta-
tion operator. This particular enhancement aims to significantly improve the al-
gorithm’s search capability and its ability to avoid local optima, providing a highly
effective approach for selecting optimal feature subsets. Experimental evaluations
across various datasets confirm that this improved WOA variant surpasses stan-
dard WOA and other common algorithms in terms of classification accuracy and
substantial feature reduction, underscoring its practical utility in data preprocess-
ing for machine learning tasks [2].

A comprehensive survey offers an in-depth review of the Whale Optimization Al-
gorithm (WOA), covering its foundational principles, various modifications, and di-
verse hybridizations. The survey also explores its wide array of applications across
different domains. It systematically categorizes existing WOA variants, highlights
their individual strengths and weaknesses, and discusses open research chal-
lenges that remain to be addressed. This paper serves as an invaluable resource
for both researchers and practitioners, providing guidance for future developments
and applications of WOA in tackling complex optimization problems [3].

In the realm of cyberattack detection, a hybrid model has been proposed, combin-
ing the Whale Optimization Algorithm (WOA) with a Deep Neural Network (DNN).
The WOA component is specifically tasked with optimizing the weights and biases
of the DNN, a process that significantly boosts its learning capability. This inte-
gration allows for more accurate classification of network traffic as either normal
or malicious. The synergy between WOA and DNN improves the system’s perfor-

mance in identifying a variety of cyber threats, showcasing its potential for building
resilient intrusion detection systems, particularly in industrial informatics settings
[4].

Addressing complex high-dimensional optimization problems, a hybrid multi-
strategy improved Whale Optimization Algorithm (WOA) has been introduced.
This advanced algorithm integrates multiple enhancement strategies, specifically
designed to improve convergence speed, global search capability, and overall solu-
tion accuracy. Extensive experiments performed on various benchmark functions
unequivocally demonstrate that this improved WOA outperforms the original WOA
and other state-of-the-art metaheuristics, marking it as a promising tool for solving
challenging optimization tasks [5].

For optimal power flow problems, an improved Whale Optimization Algorithm
(WOA) has been developed, incorporating chaotic initialization and Lévy flight.
These specific enhancements aim to effectively prevent premature convergence
and significantly improve the global search ability of the WOA. This leads to
more efficient and reliable solutions for power system optimization. The proposed
methodology consistently demonstrates superior performance in minimizing gen-
eration costs and transmission losses, thereby underscoring its considerable po-
tential for practical applications within smart grids and energy management sys-
tems [6].

In the medical field, an intelligent diagnostic system for COVID-19 has been pre-
sented, which cleverly leverages a deep learning model optimized by the Whale
Optimization Algorithm (WOA). TheWOA plays a crucial role by fine-tuning the pa-
rameters of the deep learning architecture. This optimization improves the model’s
ability to accurately classify COVID-19 cases from various medical images, such
as X-rays or CT scans. The ultimate goal of this approach is to provide a reliable
and efficient automated diagnostic tool, offering significant assistance to medical
professionals in achieving rapid and accurate disease detection, especially during
public health crises [7].

Further research introduces another improved Whale Optimization Algorithm
(WOA) that integrates chaotic theory and Gaussian mutation specifically for en-
hanced feature selection. The strategic inclusion of chaotic maps contributes to
improving the diversity within the population and is effective in preventing pre-
mature convergence. Concurrently, Gaussian mutation plays a vital role in aiding
local exploitation. This particular variant markedly enhances the algorithm’s ca-
pacity to identify optimal feature subsets, which subsequently leads to improved
classification accuracy and reduced computational complexity in various machine
learning tasks [8].

For optimal resource scheduling in cloud computing environments, an improved
Whale Optimization Algorithm (WOA) has been proposed to tackle this complex
problem. The enhancements are primarily focused on efficiently allocating vir-
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tual machines and tasks with the dual objective of minimizing response time and
maximizing resource utilization. The algorithm consistently demonstrates superior
performance in balancing workloads and notably improving the overall efficiency
of cloud data centers, offering a significant and valuable contribution to the field of
cloud resource management [9].

Finally, research centers on optimizing the parameters of Support Vector Machines
(SVM) by employing an improvedWhale Optimization Algorithm (WOA). TheWOA
is strategically utilized to search for the best combination of SVM’s hyperparam-
eters, including the regularization parameter and kernel parameters, with the aim
of significantly enhancing its classification performance. Experimental outcomes
across various datasets consistently show that the WOA-optimized SVM achieves
higher accuracy and improved generalization ability when compared to traditional
methods, thereby proving its effectiveness in enhancing machine learning models
[10].

These collective advancements and applications underscore the Whale Optimiza-
tion Algorithm’s transformative potential and its increasing relevance across a mul-
titude of domains. The continuous development of novel variants and hybrid ap-
proaches ensures its position as a robust and efficient metaheuristic capable of
providing effective solutions to a broad spectrum of real-world optimization chal-
lenges.

Description

The core of recent research on the Whale Optimization Algorithm (WOA) often re-
volves around enhancing its fundamental capabilities to tackle complex problems.
For example, an improved WOA has been developed to more effectively handle
global optimization and engineering design challenges, focusing on refining the
balance between exploration and exploitation. This leads to better convergence
speed and accuracy compared to the original WOA and other metaheuristic algo-
rithms, with its efficacy proven across diverse benchmark functions and practical
scenarios [1]. Similarly, a hybrid multi-strategy improved WOA was introduced
for high-dimensional optimization problems. This variant integrates multiple en-
hancement strategies to boost convergence speed, global search, and solution
accuracy. Extensive testing on various benchmark functions confirms its supe-
rior performance over the standard WOA and other state-of-the-art metaheuristics,
making it a promising tool for complex tasks [5]. These works highlight a continu-
ous effort to make the WOA more robust and efficient for general optimization.

A significant application area for enhancedWOA is feature selection, a critical step
in machine learning. One approach presents an enhanced WOA that incorporates
a novel mutation operator specifically tailored for feature selection problems. This
innovation aims to improve the algorithm’s search capability and its ability to avoid
local optima, ultimately providing a more effective method for identifying optimal
feature subsets. Experimental results on various datasets demonstrate that this im-
proved variant outperforms standard WOA and other common algorithms in terms
of both classification accuracy and feature reduction, proving its value in data pre-
processing [2]. Another related study introduces an improved WOA that integrates
chaotic theory and Gaussian mutation for enhanced feature selection. The chaotic
maps contribute to increasing population diversity and preventing premature con-
vergence, while Gaussian mutation assists in local exploitation. This variant sig-
nificantly improves the algorithm’s capacity to identify optimal feature subsets, re-
sulting in higher classification accuracy and reduced computational complexity in
machine learning tasks [8].

WOA also finds strong applications in specific engineering and system optimiza-
tion problems. For instance, a hybrid model combining WOA with a Deep Neu-
ral Network (DNN) has been proposed for effective cyberattack detection. Here,

WOA optimizes the weights and biases of the DNN, enhancing its learning capa-
bility and enabling more accurate classification of network traffic as normal or mali-
cious. This integration significantly improves the DNN’s performance in identifying
various cyber threats, highlighting its potential for building reliable intrusion detec-
tion systems in industrial informatics [4]. In power systems, an improved WOA,
which includes chaotic initialization and Lévy flight, has been explored for solv-
ing optimal power flow problems. These enhancements are designed to prevent
premature convergence and improve the global search ability of the WOA, lead-
ing to more efficient and dependable solutions for power system optimization. The
method shows superior performance in minimizing generation costs and transmis-
sion losses, indicating its practical utility in smart grids and energy management
[6]. Furthermore, an improved WOA addresses optimal resource scheduling in
cloud computing environments. The algorithm’s enhancements focus on efficiently
allocating virtual machines and tasks to minimize response time and maximize re-
source utilization, demonstrating superior performance in balancing workloads and
improving overall efficiency in cloud data centers [9].

Beyond direct application, WOA serves as a powerful optimizer for other machine
learning models. An intelligent diagnostic system for COVID-19, for example,
leverages a deep learning model optimized by WOA. The algorithm fine-tunes the
deep learning architecture’s parameters, enhancing its ability to accurately clas-
sify COVID-19 cases from medical images like X-rays or CT scans. This approach
aims to provide a reliable and efficient automated diagnostic tool, assistingmedical
professionals in rapid and accurate disease detection during public health crises
[7]. Similarly, research has focused on optimizing the parameters of Support Vector
Machines (SVM) using an improved WOA. The WOA searches for the best combi-
nation of SVM’s hyperparameters, such as the regularization parameter and kernel
parameters, to significantly enhance its classification performance. Experimental
results on diverse datasets illustrate that theWOA-optimized SVM achieves higher
accuracy and generalization ability compared to traditional methods, proving its ef-
fectiveness in improving machine learning models [10].

The growing body of work on the Whale Optimization Algorithm underscores the
need for comprehensive reviews. A significant survey provides a detailed overview
of WOA, covering its fundamental principles, numerous modifications, and various
hybridizations. It also explores a wide range of applications across different do-
mains. The paper categorizes existing WOA variants, highlighting their strengths
and weaknesses, and discusses open research challenges. This survey is a valu-
able resource for researchers and practitioners, guiding future developments and
applications of WOA in solving complex optimization problems, offering a broad
perspective on the algorithm’s evolution and potential [3].

Conclusion

Recent research explores and enhances theWhale Optimization Algorithm (WOA),
a powerful metaheuristic method, to tackle various complex problems. One focus is
on refining WOA’s core mechanics, aiming for a better balance between exploring
new solutions and exploiting promising areas. These enhancements lead to su-
perior convergence speed and accuracy compared to the original WOA and other
metaheuristic algorithms, with validation across diverse benchmark functions and
practical engineering problems.

Innovations include a novel mutation operator to improve search capabilities for
feature selection, preventing local optima and boosting classification accuracy and
feature reduction. Hybrid models, like combining WOA with Deep Neural Net-
works (DNN) for cyberattack detection, show promise by optimizing DNN weights
and biases for more accurate threat identification. Other improvements integrate
multi-strategy approaches to address high-dimensional optimization problems, en-
hancing global search and solution accuracy.
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Additionally, researchers use chaotic initialization and Lévy flight to improve WOA
for optimal power flow problems, minimizing costs and losses in smart grids. WOA
also helps in medical diagnostics, optimizing deep learning models for accurate
COVID-19 detection from medical images. Further studies use chaotic theory and
Gaussian mutation to refine feature selection, boosting diversity and local exploita-
tion. The algorithm also finds use in cloud computing for optimal resource schedul-
ing, ensuring efficient task allocation and maximizing utilization. Finally, WOA
plays a role in optimizing Support Vector Machine (SVM) parameters, improving
classification performance across various datasets. This collective work highlights
WOA’s adaptability and growing impact across many computational and real-world
challenges.
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