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Recently in portfolio optimization problem, the analysis based on statistical mech
anical informatics attracts attention of a lot of researchers in cross-disciplinary fields. In previous wo
rks, the typical behavior of minimal investment risk in the case that return rate of each asset is indepen
dently and identically distributed is investigated sufficiently, however, the minimal investment risk in t
he case that return rates are correlated with one another is not enough. Thus we investigate portfolio opt
imization problem in the correlated case using three approaches, replica analysis, adapted Thouless-Anders

on-Palmer equation and random matrix integral. Furthermore, these analysis techniques are improved in orde
r to treat correlation structure.
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