
 



Metaheuristics 
Algorithms: Overview, 
Applications, and 
Modifications 

Saman M. Almufti

Information Technology Department, Technical College of 
Informatics-Akre, Akre University for Applied Sciences, Duhok, Iraq
Department of Computer Science, College of Science, Knowledge 
University, Erbil, Iraq 



                      Published, marketed, and distributed by: 

Deep Science Publishing 

USA | UK | India | Turkey 

Reg. No. MH-33-0523625 

www.deepscienceresearch.com 

editor@deepscienceresearch.com 

WhatsApp: +91 7977171947 

 

 

 

 

 

 

 

 

 

 

 

 

ISBN:     978-93-7185-710-9 

E-ISBN: 978-93-7185-454-2 

https://doi.org/10.70593/978-93-7185-454-2 

Copyright © Saman M. Almufti 

Citation: Almufti, S. M. (2025). Metaheuristics Algorithms: Overview, Applications, and Modifications. 

Deep Science Publishing. https://doi.org/10.70593/978-93-7185-454-2  

This book is published online under a fully open access program and is licensed under the Creative 

Commons "Attribution-Non-commercial" (CC BY-NC) license. This open access license allows third 

parties to copy and redistribute the material in any medium or format, provided that proper attribution is 

given to the author(s) and the published source. The publishers, authors, and editors are not responsible for 

errors or omissions, or for any consequences arising from the application of the information presented in 

this book, and make no warranty, express or implied, regarding the content of this publication. Although the 

publisher, authors, and editors have made every effort to ensure that the content is not misleading or false, 

they do not represent or warrant that the information-particularly regarding verification by third parties-has 

been verified. The publisher is neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. The authors and publishers have made every effort to contact all copyright holders of the 

material reproduced in this publication and apologize to anyone we may have been unable to reach. If any 

copyright material has not been acknowledged, please write to us so we can correct it in a future reprint. 

https://doi.org/10.70593/978-93-7185-454-2


  

Preface 

Metaheuristic algorithms have emerged as essential tools for solving complex 

optimization problems across disciplines such as engineering, logistics, finance, and 

healthcare. Their ability to efficiently explore large, nonlinear, and uncertain search 

spaces makes them highly effective where traditional methods often fail. 

This book, Metaheuristics Algorithms: Overview, Applications, and Modifications, 

offers a structured overview of key algorithmic families—including evolutionary, 

swarm-based, physics-inspired, and human-based approaches—supported by theoretical 

foundations, classifications, and real-world applications. Emphasis is placed on recent 

advancements, hybridizations, and performance-enhancing modifications. 

Designed for students, researchers, and practitioners, the content balances academic 

rigor with practical relevance, aiming to guide both implementation and innovation in 

metaheuristic optimization. 

I am grateful to my colleagues and reviewers for their valuable input, and to Reta N. 

Mussa for the attractive design of the book cover. My appreciation also extends to Deep 

Science Publishing for enabling its open-access dissemination. I hope this work 

contributes meaningfully to advancing research in computational intelligence and 

intelligent optimization. 

 

Saman M. Almufti 

Information Technology Department, Akre University for Applied Sciences 

Department of Computer Science, Knowledge University 

Duhok, Kurdistan-Region, Iraq 

ORCID: https://orcid.org/0000-0002-1843-745X 

 

 

 

 

 

  

https://orcid.org/0000-0002-1843-745X


  

Table of Contents 

Chapter 1: Metaheuristics Algorithms overview ........................................................1 

Chapter 2: Ant Colony Optimization Algorithm ......................................................29 

Chapter 3: Lion Algorithm .........................................................................................40 

Chapter 4: Cuckoo Search Algorithm .......................................................................52 

Chapter 5: Grey Wolf Optimizer Algorithm ............................................................63 

Chapter 6: Vibrating Particles System Algorithm: ..................................................77 

Chapter 7: Social Spider optimization Algorithm ....................................................88 

Chapter 8: Cat Swarm Optimization Algorithm ....................................................108 

Chapter 9: Bat Algorithm .........................................................................................121 

Chapter 10: artificial bee colony Algorithm ...........................................................134 

Chapter 11: Comparative Analysis of Metaheuristic Algorithms for Solving 

Travelling Salesman Problems .................................................................................152 

Chapter 12: Optimization Problem: Models, Methods, and Benchmark Analysis

 .....................................................................................................................................162 

 

 

  

 


