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“Dreaming when Dawn’s Left Hand was in the Sky
I heard a voice within the Tavern cry,
"Awake, my Little ones, and fill the Cup

Y

Before Life’s Liquor in its Cup be dry.

Omar Khayyam
Translated into English in 1859 by Edward FitzGerald
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Evolutionary algorithms are general problem solvers that have been successfully used
in solving combinatorial optimization problems. However, due to the great amount of
randomness in these algorithms, theoretical understanding of them is quite challeng-
ing. In this thesis we analyse the parameterized complexity of evolutionary algorithms
on combinatorial optimization problems. Studying the parameterized complexity of
these algorithms can help us understand how different parameters of problems influ-
ence the runtime behaviour of the algorithm and consequently lead us in finding better
performing algorithms. We focus on two NP-hard combinatorial optimization prob-
lems; the generalized travelling salesman problem (GTSP) and the vertex cover prob-
lem (VCP). For solving the GTSP, two hierarchical approaches with different neigh-
bourhood structures have been proposed in the literature. In this thesis, local search
algorithms and simple evolutionary algorithms based on these approaches are investi-
gated from a theoretical perspective and complementary abilities of the two approaches
are pointed out by presenting instances where they mutually outperform each other.
After investigating the runtime behaviour of the mentioned randomised algorithms on
GTSP, we turn our attention to the VCP. Evolutionary multi-objective optimization for
the classical vertex cover problem has been previously analysed in the context of pa-
rameterized complexity analysis. We extend the analysis to the weighted version of
the problem. We also examine a dynamic version of the classical problem and analyse
evolutionary algorithms with respect to their ability to maintain a 2-approximation.
Inspired by the concept of duality, an edge-based evolutionary algorithm for solving
the VCP has been introduced in the literature. Here we show that this edge-based EA
is able to maintain a 2-approximation solution in the dynamic setting. Moreover, us-
ing the dual form of the problem, we extend the edge-based approach to the weighted

vertex cover problem.
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