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Several methods such as duality, replica method, cavity method and transfer matrix methods are known for analyzing
random systems in statistical physics. Using them, we study random systems, e.g. spin glasses, random spin systems and
Anderson localization. We also propose novel methods for analyzing such systems.

Past studies: phase transition analysis for high dimensional spin glasses by duality, replica symmetry breaking in
random energy model, dynamical property of quantum spin glasses, analysis of Anderson localization by imaginary
vector potential method, spectrum analysis of random matrices by cavity method
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We apply the methods for random systems in statistical physics mentioned in @ to various random models in
information science, and reveal the property of such models.

Past studies: random-matrix based analysis of code division multiple access (CDMA) in multiple user telecommuni-
cation, analysis of multiple input and multiple output (MIMO) telecommunication system, topological quantum error
correcting code, hierarchical error correcting code
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Recently, novel machine learning methods or signal processing techniques, which make use of sparsity in information,
have been proposed and paid much attention. From this background, we analyze sparse systems in information science
and construct novel algorithms for sparse information processing with above-mentioned statistical mechanical method.
We especially focus on the topics of compressed sensing and sparse matrix factorization.
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