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In this thesis, we studied Bayesian hypothesis testing for singular models theoretically

Hypothesis testing using mixture models has been widely used in various fields, but it is not easy to
give the foundation of it theoretically, due to singularities in the models. Many statisticians have studied
this problem because it is both appealing and challenging

In recent years, the theory of statistical inference for singular models has been developed based on
Bayesian statistics and algebraic geometry. Bayesian singular learning theory has been proved to be a
very useful framework for the theoretical treatment of singular models.

We attempted a theoretical analysis of hypothesis testing for singular models from the perspective of
Bayesian singular learning theory. Technically, the theory of hypothesis testing requires probability
distribution of the test statistic, and it needs some theoretical extension that has not been sufficiently
addressed, due to factors such as the need to include higher—order terms beyond the results obtained for
statistical inference. Such problems have been hardly tackled despite their importance, as far as the
author knows.

This thesis presents several new results obtained through the study. More specifically, we studied the
test of homogeneity for normal mixture, because it is one of the most typical singular models

Our first result is that the asymptotic distributions of the marginal likelihood ratio, which is the test
statistics of the most powerful test in the Bayesian hypothesis testing, are derived theoretically in
several cases.

Second, we applied the variational Bayes approximation for the first time, which is known useful for
approximating the posterior distribution, to the problem of hypothesis testing for singular models. We
could derive the asymptotic behavior of variational Bayesian free energy, which is the test statistics
of our hypothesis testing, ad construct the hypothesis specifically

Furthermore, we analyzed the type I and the type II errors in Bayesian hypothesis testing for singular
models theoretically. The relationship between the errors in the hypothesis test and the real log canonical
threshold, which is important quantities that characterize the geometrical properties of singular models
around their singularities are derived
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