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In statistical inference and statistical learning, the free energy which is
equal to the minus log marginal likelihood is defined for a given probabilistic model, a prior
distribution, and a sample. In this research project, the following results were obtained. (1) The
conventional theory was generalized for exchangeable random variables so that WBIC can be employed
to estimate the free energy. (2) The free energies for the convolutional neural networks using a
ReLU function with skip connection and without skip connection were clarified. And (3) the free
energy of a learning model which has hierarchical structure or hidden variables were clarified when
the data-generating distribution is not realizable.
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