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ABSTRACT

Enhancing the search capability of evolutionary computation (EC) and increasing
its optimization performance are important but have not completed yet. EC is
applicable to high dimensional, non—linear, non—differentiable, and/or other hard
problems. However, obtaining an optimal performance is still hard for practical
EC applications. For example, user fatigue is a serious issue of applying
interactive EC, and reducing fatigue is a practical requirement for its
applications. As implementing an efficient search method in EC algorithm is one
of the methods for reducing user fatigue, it is valuable to study on the efficient
search methods for EC.

In this dissertation, we propose six novel approaches on this subject and discuss
them within three research directions. They are: (1) approximating fitness
landscape in lower dimensional search space and elite local search, (2) Fourier
analysis on fitness landscape and its enhancement methods, (3) Fourier niche
method for multi-modal optimization, (4) triple and quadruple comparison—based
interactive differential evolution (IDE) and differential evolution (DE), (5) EC
acceleration by the accelerating transition from exploration to exploitation, and
(6) a new EC algorithm — chaotic evolution.

The first research direction among three directions in this dissertation is the
fitness landscape approximation method that tries to obtain the knowledge of the
problem structure and search condition in a search space. Once we obtain these
kinds of information, we can propose specific search strategies, introducing local
search to EC, and others to enhance EC search capability.

The second research direction is developing a new search mechanism. We propose
a new triple and quadruple comparison—-based IDE and DE, not only to enhance IDE
search as well as reducing IDE user fatigue, but also to enhance canonical DE search.
By introducing transition from exploration to exploitation, a new EC mechanism
is proposed to enhance EC research performance.

The third research direction is developing new EC algorithms. We propose a new
EC algorithm based on chaotic ergodicity. This idea is inspired by ergodicity of
chaotic systems to combine with EC.
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