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I overview recent progress in explorations on efficient algorithms and their applications of neural network for
strongly correlated electron systems. For correlated electron systems, restricted Boltzmann machines com-
bined with the pair-product wavefunctions have shown a state-of-the-art accuracy among other quantum
many-body solvers [1,2]. They have contributed to understanding of quantum spin-liquid phase in frustrated
quantum spin models [2]. Not only to simplified theoretical models, the applications of the restricted Boltz-
mann machine to real materials with ab initio calculations have succeeded in reproducing detailed materials
dependence as well as universality of physical properties observed in experiments for superconductivity in
a number of high-Tc cuprate superconductors [3,4] and for quantum spin liquids in organic salts [5], which
demonstrates that the AI has become NOT the level of the benchmark tests BUT a productive useful tool to
uncover physics of challenging emergent quantummatter. It has also contributed to reveal the mechanisms of
superconductivity and quantum spin liquids, which also enable to proceed to materials design by parameter
search beyond ab initio calculations.
In the Boltzmann machine, the hidden variables are classical, in which the structure of the quantum entan-
glement is hidden and elusive as a black box. I also address recent attempts to quantize the hidden variable
by using fermionic variables to make the entanglement structure more transparent and the solver more accu-
rate, which has been made possible by enjoying the fractionalization of electrons discovered in the preceded
Boltzmann machine simulations [6,7].
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