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Mathematical algorithms have been performing important roles in the
modern society; optimization to find the best solution to mathematical
problems, classification to find groups in observations, and statistical analysis
to find underlying regularities in various phenomena in the nature. In spite of
the great results that these algorithms have been yielding, their mathematical

mechanisms have yet to be so well studied.

In this dissertation, three subjects are analyzed: a genetic algorithm, an
SVM with forgetting factor, and neural spike sequences. For genetic
algorithms, we propose a new analytical method from a network point of view.
First the genetic algorithm is formulated as a network with nodes
representing generations connected by two genetic operations: crossover

and mutation. Then, its characteristic path length is derived mathematically.

For support vector machines, a forgetting factor is proposed and the
asymptotic generalization ability is derived for a simple linearly separable
problem. The learning curve is mathematically derived for two types of
forgetting factors: exponential and factorial forgetting factors. It is proved
that the learning curve of factorial forgetting factors converges to zero in

the asymptotic state.

At last, for the analysis on neuron spike sequences, information geometrical
method is employed to classify neurons in cortical areas. The interspike
intervals of a spike sequence of a neuron is modeled as a gamma process
with a time—variant spike rate, and a semi—parametric estimation problem is
formulated for the parameters and is solved using an information geometrical

method to derive the optimal estimators from a statistical viewpoint.
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