Short Communication
Volume 16:05, 2025

Global Journal of Technology and Optimization

ISSN: 2229-8711 Open Access

Bio-inspired Optimization: Algorithms, Applications,

Evolution

Eva Lorentz*

Department of Embedded Electronics and Control Technologies, Vienna University of Technology, 1040 Vienna, Austria

Introduction

This comprehensive survey delves into the Whale Optimization Algorithm (WOA),
exploring its fundamental principles, mathematical models, and the various im-
provements and hybridizations developed since its inception. It sheds light on
WOA's diverse applications across engineering, computer science, and other
fields, highlighting its strengths and areas for future research and refinement in
solving complex optimization problems[1].

This systematic review offers an in-depth analysis of the Ant Colony Optimization
(ACO) algorithm, examining its numerous variants, strategies for hybridization with
other metaheuristics, and its broad spectrum of applications. The paper catego-
rizes and discusses these advancements, providing researchers with insights into
the state-of-the-art developments and potential future directions for ACO in solving
challenging combinatorial optimization problems[2].

This systematic review explores the application of various bio-inspired algorithms
in the context of sustainable smart cities. It identifies how these optimization
techniques contribute to critical aspects like energy management, traffic control,
waste management, and resource allocation, highlighting their potential to en-
hance urban efficiency and sustainability. The paper offers a clear overview of
current trends and challenges in integrating bio-inspired solutions for urban devel-
opment[3].

This review provides an extensive overview of the Grey Wolf Optimizer (GWO), a
popular metaheuristic algorithm inspired by the hunting behavior of grey wolves.
It covers the algorithm’s foundational concept, its various enhanced variants, and
hybrid approaches that combine GWO with other techniques. The paper also com-
prehensively details the diverse range of applications where GWO has been suc-
cessfully employed, showcasing its adaptability and effectiveness[4].

This comprehensive survey presents a broad landscape of metaheuristic optimiza-
tion algorithms, including many inspired by nature. It categorizes these algorithms
based on their design principles and provides detailed discussions on their oper-
ational mechanisms and core components. The review extensively covers a wide
array of practical applications where these algorithms have been successfully de-
ployed, offering a valuable resource for researchers and practitioners in optimiza-
tion[5].

This survey provides an overview of recent developments and applications of Ge-
netic Algorithms (GAs), a foundational bio-inspired optimization technique. It dis-
cusses how GAs continue to evolve with new operators, hybridizations, and adap-
tations to tackle increasingly complex real-world problems. The paper illustrates

GA's widespread utility across various domains, showcasing its enduring rele-
vance in the field of computational intelligence[6].

This comprehensive review delves into Particle Swarm Optimization (PSO), a
prominent bio-inspired algorithm, offering an examination of its algorithmic vari-
ants, diverse applications, and emerging trends. It explores how PSO has been
adapted and improved to address various optimization challenges, providing in-
sights into its effectiveness and the ongoing research to enhance its performance
and applicability across different fields[7].

This review provides a current perspective on bio-inspired optimization algorithms,
classifying them by their natural inspiration and discussing their underlying mech-
anisms. It highlights their widespread utility across various domains and examines
the increasing trend of hybrid approaches that combine the strengths of multiple
algorithms to overcome individual limitations, offering a clear picture of their evo-
lution and future potential[8].

This review focuses on the crucial role of bio-inspired algorithms in enhancing
the efficiency and reliability of power systems. It discusses their applications in
various aspects, including optimal power flow, fault diagnosis, renewable energy
integration, and economic dispatch. The paper emphasizes how these intelligent
algorithms contribute to smarter grid management and the transition towards more
sustainable energy infrastructures[9].

This comprehensive survey provides a detailed examination of the Bat Algorithm
(BA), a metaheuristic inspired by the echolocation behavior of bats. It meticu-
lously covers the algorithm’s foundational principles, its numerous variants, and hy-
bridizations designed to improve its performance and address specific challenges.
The paper extensively documents the wide range of successful applications of BA
across various engineering and scientific domains[10].

Description

A broad landscape of metaheuristic optimization algorithms, many inspired by na-
ture, has been extensively surveyed. These algorithms are categorized based
on their design principles, with detailed discussions on their operational mech-
anisms and core components. Reviews comprehensively cover a wide array of
practical applications where these algorithms have been successfully deployed,
serving as valuable resources for researchers and practitioners in optimization[5,
8]. The current perspective classifies bio-inspired optimization algorithms by their
natural inspiration, delving into their underlying mechanisms and highlighting their
widespread utility across various domains. There's an increasing trend of hybrid
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approaches, which combine the strengths of multiple algorithms to overcome indi-
vidual limitations, offering a clear picture of their evolution and future potential[8].

Specific algorithms like the Whale Optimization Algorithm (WOA) have undergone
comprehensive surveys, exploring fundamental principles, mathematical models,
and various improvements and hybridizations since their inception. Such studies
shed light on WOA's diverse applications across engineering, computer science,
and other fields, underscoring its strengths and areas for future research in solving
complex optimization problems[1]. Similarly, the Grey Wolf Optimizer (GWO), a
popular metaheuristic inspired by grey wolf hunting behavior, has been reviewed
extensively. These reviews cover its foundational concept, enhanced variants, and
hybrid approaches, detailing the diverse range of applications where GWO has
shown adaptability and effectiveness[4]. Another detailed examination focuses on
the Bat Algorithm (BA), a metaheuristic inspired by bat echolocation. This covers
its foundational principles, numerous variants, and hybridizations designed to im-
prove performance and address specific challenges, documenting its successful
applications across engineering and scientific domains[10].

Beyond these, the Ant Colony Optimization (ACO) algorithm has been systemati-
cally analyzed, with a focus on its numerous variants, strategies for hybridization
with other metaheuristics, and its broad spectrum of applications. Such analy-
ses categorize and discuss advancements, offering insights into the state-of-the-
art developments and potential future directions for ACO in solving challenging
combinatorial optimization problems[2]. Genetic Algorithms (GAs), a foundational
bio-inspired optimization technique, continue to see recent developments and ap-
plications. Surveys discuss their evolution with new operators, hybridizations,
and adaptations for complex real-world problems, illustrating GA's widespread util-
ity in computational intelligence[6]. Particle Swarm Optimization (PSO), another
prominent bio-inspired algorithm, has been reviewed for its algorithmic variants,
diverse applications, and emerging trends, exploring how it has been adapted and
improved to address optimization challenges and enhance performance across
fields[7].

Bio-inspired algorithms find critical applications in various domains. For instance,
their role in sustainable smart cities has been systematically reviewed, identify-
ing how these techniques contribute to energy management, traffic control, waste
management, and resource allocation. This highlights their potential to enhance
urban efficiency and sustainability, providing an overview of current trends and
challenges in integrating bio-inspired solutions for urban development[3]. Further-
more, their crucial role in enhancing the efficiency and reliability of power systems
is well-documented. Applications include optimal power flow, fault diagnosis, re-
newable energy integration, and economic dispatch, emphasizing their contribu-
tion to smarter grid management and the transition towards sustainable energy
infrastructures[9].

Overall, the field consistently sees advancements in these algorithms. Re-
searchers actively explore not only their individual merits but also the power of
combining them through hybridization to overcome limitations and achieve supe-
rior performance. The widespread adoption of these methods across diverse sci-
entific and engineering domains underscores their significant impact on solving
complex optimization problems and shaping intelligent systems for the future.

Conclusion

This collection offers an extensive overview of prominent bio-inspired and meta-
heuristic optimization algorithms, detailing their fundamental principles, diverse
variants, and advanced hybridization strategies. Key algorithms discussed include
the Whale Optimization Algorithm (WOA), Ant Colony Optimization (ACO), Grey
Wolf Optimizer (GWO), Bat Algorithm (BA), Genetic Algorithms (GAs), and Parti-
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cle Swarm Optimization (PSO). Each survey meticulously explores the operational
mechanisms, continuous improvements, and inherent adaptability of these meth-
ods, underscoring their evolution and effectiveness in tackling complex computa-
tional challenges across various disciplines.

The surveys comprehensively document a wide spectrum of practical applications
spanning engineering, computer science, and diverse scientific domains. Notable
application areas feature energy management, traffic control, waste management,
and resource allocation within sustainable smart cities. Additionally, their crucial
role in power systems, covering optimal power flow, fault diagnosis, and renew-
able energy integration, is highlighted. A consistent emphasis is placed on the
capacity of these intelligent optimization techniques to significantly enhance effi-
ciency, reliability, and sustainability in urban development and critical infrastruc-
ture. The ongoing trend of developing hybrid approaches, which synergize algo-
rithmic strengths to overcome individual limitations, emerges as a central theme,
illustrating the dynamic and continually evolving landscape of computational intel-
ligence in optimization.
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