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Optimization problems widely exist now in human living, scientific research, and
industry. With their development, the complexity of optimization problems
exponentially increases. Meanwhile, traditional exact methods are unable to provide
satisfactory solutions due to their non-linearity and non-convexity. Then, evolutionary
computation inspired by natural biology is proposed to handle the problems. It includes
different algorithms such as genetic algorithm (GA), particle swarm optimization
(PSO), gravitational search algorithm (GSA), and differential evolution (DE), and has
been successfully used to solve real-world applications (e.g., medical and engineering
applications). However, these applications are usually non-linearity, non-differentiable,
and multi-peaks resulting in evolutionary algorithms still suffering from the issues of
low performance, local optima, and premature convergence. Researchers balance
between the exploitation and exploration of algorithms to improve their performance
via new operator factors, self-adaptive parameters, and new learning schemes. In this
thesis, I propose evolutionary algorithms to solve real-world problems (medical and
engineering applications). I proposed a many-objective algorithm to solve protein
structure prediction problem. I also proposed an improved genetic learning particle
swarm optimizer to optimize wind farm layout optimization problems. These are

introduced as follows.

(1) Protein structure prediction (PSP) problems are a major biocomputing challenge,
owing to its scientific intrinsic that assists researchers to understand the relationship
between amino acid sequences and protein structures, and to study the function of
proteins. Although computational resources increased substantially over the last decade,
a complete solution to PSP problems by computational methods has not yet been
obtained. Using only one energy function is insufficient to characterize proteins
because of their complexity. Diverse protein energy functions and evolutionary
computation algorithms have been extensively studied to assist in the prediction of
protein structures in different ways. Such algorithms are able to provide a better protein
with less computational resources requirement than deep learning methods. For the first
time, this study proposes a many-objective protein structure prediction (MaOPSP)

problem with four types of objectives to alleviate the impact of imprecise energy



functions for predicting protein structures. A many-objective evolutionary algorithm
(MaOEA) is utilized to solve MaOPSP. The proposed method is compared with existing
methods by examining thirty-four proteins. An analysis of the objectives demonstrates
that our generated conformations are more reasonable than those generated by
single/multi-objective optimization methods. Experimental results indicate that solving
a PSP problem as an MaOPSP problem with four objectives yields better protein

structure predictions, in terms of both accuracy and efficiency.

(2) The wind farm layout optimization (WFLO) problem optimizes the location of
wind turbines in a wind farm to reduce the wake effect and improve maximum power
generation. Traditional mathematical methods cannot provide a satisfactory solution for
a wind farm due to the high complexity of the problem. Therefore, mete-heuristic
algorithms have been used to optimize it. Genetic algorithms (GA) have been widely
used and obtained success in WFLO problems. However, GA still suffers from the
issues of insufficient optimization efficiency. In this study, a genetic learning particle
swarm optimization with an adaptive strategy, termed AGPSO, is proposed to optimize
WFLO problems. The strategy adaptively adjusts the location of the worst turbine to
improve the conversion efficiency of a wind farm. Four wind scenarios, including
single wind speed with single wind direction, single wind speed with uniform multiple
wind directions, single wind speed with nonuniform multiple directions, and multiple
wind speeds with multiple wind directions, are utilized to verify the effectiveness of
AGPSO and the effect of different wind scenarios for it. Twelve constraints and three
different scales are used to further verify the robustness of AGPSO and the effect of
wind turbine location on WFLO problems. Extensive experimental results demonstrate
that AGPSO performs significantly better than other eight state-of-the-art competitors
in terms of conversion efficiency under different wind farms, wind scenarios, and

constraints.

The thesis is organized as follows. Chapter 1 describes a many-objective protein
structure prediction problem and proposes a many-objective algorithm to solve it.
Chapter 2 presents an adaptive replacement strategy-incorporated particle swarm

optimizer for WFLO problem:s.
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