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Modern big data has the following two properties: 1) High-dimensional data

(i.e. tensors, for example, purchase data, like users x i1tems x time), 2) multiple tensors sharing
the same mode (for example, if we have users® mutual information with the above tensor, these two
information sources share the mode of users). Thus, we developed a general method, which can extract

latent components hidden in given multiple tensors, which share one or more modes. In reality, we
design a norm to represent given multiple tensors, so that this norm allows to formulate
optimization (learning) problems to be solved efficiently. At the same time, we analyzed the
properties of the norm theoretically, and also evaluated the empirical performence of the norms in
the settings of both synthetic and real data. Also, by using the experience we had cultivated
through the development of the norms, we developed numerous solutions for the problems related with
high-dimensional data, i.e. tensors, and matrices.
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