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Abstract

This PhD research thesis proposes novel and efficient combinatorial optimization-based solu-
tion methods for the (a, 8)-k Feature Set Problem. The (o, ()-k Feature Set Problem is a
combinatorial optimization-based feature selection approach proposed in 2004, and has several
applications in computational biology and Bioinformatics. The («, 8)-k Feature Set Problem
aims to select a minimum cost set of features such that similarities between entities of the same
class and differences between entities of different classes are maximized.

The developed solution methods of this research include heuristic and exact methods. While
this research focuses on utilizing exact methods, we also developed mathematical properties,
and heuristics and problem-driven local searches and applied them in certain stages of the exact
methods in order to guide exact solvers and deliver high quality solutions. The motivation
behind this stems from computational difficulty of exact solvers in providing good quality
solutions for the («,)-k Feature Set Problem. Our proposed heuristics deliver very good
quality solutions including optimal, and that in a reasonable amount of time.

The major contributions of the presented research include: 1) investigating and exploring
mathematical properties and characteristics of the (o, 8)-k Feature Set Problem for the first
time, and utilizing those in order to design and develop algorithms and methods for solving large
instances of the («, 8)-k Feature Set Problem; 2) extending the basic modeling, algorithms and
solution methods to the weighted variant of the («, §)-k Feature Set Problem (where features
have a cost); and, 3) developing algorithms and solution methods that are capable of solving
large instances of the («, §)-k Feature Set Problem in a reasonable amount of time (prior to
this research, many of those instances pose a computational challenge for the exact solvers).

To this end, we showed the usefulness of the developed algorithms and methods by applying
them on three sets of 346 instances, including real-world, weighted, and randomly generated
instances, and obtaining high quality solutions in a short time. To the best of our knowledge,
the developed algorithms of this research have obtained the best results for the («, 3)-k Feature
Set Problem. In particular, they outperform state-of-the-art algorithms and exact solvers, and
have a very competitive performance over large instances because they always deliver feasible
solutions, and obtain new best solutions for a majority of large instances in a reasonable amount

of time.
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