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A multi-dimensional array or a tensor is a common representation of
relational data such as the WWW network and protein-protein interactions.
Given a data tensor, tensor factorization finds low-dimensional features of
it that are useful for the data analysis.

As the first contribution of this thesis, we study a tensor factorization
model for aheterogeneously attributed data tensor such as that contains mixed
discrete and continuous variables. The model can manage the heterogeneity
by employing individual exponential-family distributions for each attribute
of the tensor. The assumption of heterogeneity makes a Bavesian inference
intractable, and we cast the EM algorithm approximated by the Laplace method
and Gaussian process. We also extended the algorithm for online learning.

Next, we discuss a kernel-based framework for completion of a partially
observed tensor. We use the observed elements as inputs for a kernel function.
An efficient conjugate-gradient-based algorithm for prediction is developed,
and it enables us to capture the given tensor on high (possibly infinite)
dimensions with moderate computational cost. We also show that our framework
includes the K-nearest neighbor and the GP-based models as special cases.

We apply the methods to real data tensors and demonstrate their
performances with comparing conventional methods.
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