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To discuss metal-insulator transition in two-dimensional electronic systems
and electronic state of cuprate superconductors, the Hubbard model on the square lattice is
investigated using the dual fermion approximation, where a newly developed Lanczos exact
diagonalization method as a solver of the effective impurity Anderson model is employed. The strange

metallic state, pseudo-gap state, superconducting state and phase separation in cuprate
superconductors are investigated in relation with the antiferromagnetic fluctuation. Extensions of
software to calculate multi-orbital systems are also conducted. In addition, the electronic states
of some of transition-metal oxides such as LaCo03 and CaCu3Ru4012 are studied in collaboration with
experimental researchers.
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