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Statistical mechanical models
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Basic tree transformation. Choose from the three possibilities the one that minimizes
information flow.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kawashima_group.htm]

Recently, the popularity of artificial intelligence, machine learning,
and quantum computing has drawn a lot of attention to computers
in society. Our research group is conducting research to clarify
the mathematical core of computational statistical mechanics and
developing new methods. As applications of these methods, we are
trying to solve vairous problems in statistical mechanics and strongly
correlated electron systems to compare with experimental research. The
quantum Monte Carlo method and tensor network method used there
also have connections with data science through Boltzmann machines
and data compression. In particular, the tensor network method has been
developing rapidly in recent years, and we are exploring the possibility
of applying this method to general data analysis. For example, we have
succeeded in constructing a generative model using a tree-type tensor
network that acquires a probability distribution function that realizes a
given multivariate sample set. This generative model is characterized by
its automatic optimization of the network structure, and we hope that it
will open up new possibilities for machine learning.
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A tree structure generated by learning the rise and fall patterns of stocks included in the

US stock index S&P 500. They are color-coded by industry category. We can see that
stocks in the same category are close to each other on the tree. (©2025 Kenji Harada)
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