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Preface 

The main purpose of the present book is to develop a general framework for 
population-based metaheuristic algorithms based on some basic concepts of set 
theory. The basic idea of the framework is to divide the population of individuals 
into a number of subpopulations of identical sizes. Then, in each iteration of the 
search process, different subpopulations independently explore the search space and 
do not communicate with each other. The division process is carried out in such a way 
that the diversity in each subpopulation is maintained automatically. Furthermore, 
subpopulations are close to each other in terms of their average fitness values. The 
reason for this is that individuals are fairly distributed among the subpopulations. 
Once an iteration is completed, subpopulations are merged to constitute the popula-
tion of the next generation. However, before the next iteration starts, the population 
is redivided into subpopulations, and then the search process continues. In this way, 
a high diversity is maintained in the subpopulations throughout the search process. 
The main aim of the framework is to maintain an appropriate balance between global 
exploration and local exploitation abilities during the search process. It has been 
recognized for many years that a successful metaheuristic algorithm should be able 
to perform a wide exploration in the early stages and a deep exploitation during 
the final stages of the search process. The proposed framework makes it possible 
that different subpopulations independently explore the search space at the same 
time. As a result, in the early stages of the search process, the candidate solutions 
are scattered all over the search space instead of focusing on a small region. This 
guarantees that different regions of the search space are evenly explored and that the 
search is not limited to a small region, which significantly reduces the possibility of 
getting trapped in local optima and premature convergence. Therefore, exploration is 
favored in the early stages of the search process. In addition, because of the presence 
of different subpopulations, as the search process continues, the search is guided 
towards different promising regions of the search space rather than concentrating on 
the most promising region obtained so far. Therefore, exploitation is promoted during 
the final stages of the search process. The number of subpopulations can change with 
the number of iterations.
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vi Preface

Chapter 1 explains the purpose of the book and provides an overview of the 
remaining chapters. In Chap. 2, the set-theoretical shuffled shepherd optimization 
algorithm is introduced and applied to the optimal design of reinforced concrete 
cantilever retaining walls. Chapter 3 introduces the set-theoretical variants of the 
teaching-learning-based optimization algorithm for structural optimization with 
frequency constraints. In Chap. 4, enhanced versions of the shuffled shepherd opti-
mization algorithm are developed for structural optimization. In Chap 5, a number 
of set-theoretical metaheuristic algorithms are applied to reliability-based design 
optimization of truss structures. In Chap. 6, optimal analysis is used in the service 
of frequency-constrained optimization of cyclic symmetric structures with set-
theoretical Jaya algorithm. Discrete structural optimization with set-theoretical Jaya 
algorithm is discussed in Chap. 7. In Chap. 8, enhanced forensic-based investigation 
algorithm is introduced and its application to structural optimization with frequency 
constraints is examined. In Chap. 9, improved slime mould algorithm is developed 
for structural optimization with frequency constraints. Finally, in Chap. 10, improved 
arithmetic optimization algorithm is proposed for discrete structural optimization. 
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