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Abstract: The statistical mechanical approach is a powerful method for understanding
large degree of freedom problems, but its application is limited to the class of mean-field
models. We try a new general approach; we use an empirical spin distribution obtained
through simulation and extract potentially useful axes by principal component analysis
(PCA). We adopted two- and three-body Sourlas code to evaluate this approach compared
with existing replica theory. The empirical spin distribution projected to these axes showed
distinctive patterns corresponding to the phases of the replica method. Moreover, the first
principal component conditionally coincided with the order parameter of the averaged spin.
These results suggest that this PCA approach could be effective even in more complicated
systems we cannot investigate analytically. We also manage the free energy inversion
phenomenon by the normalization condition of the free energy distribution.
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