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Pythagorean theorem of Sharp ratio using statistical mechanical informatics
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We have examined the optimal solutions of ones of the most fundamental
models in portfolio optimization problem using replica analysis and random matrix theory.
Especially, it is known that the optimal portfolio which can minimize the investment risk is hard to

assess using the previous approach based on operations research and its optimal portfolio is not
consistent with the portfolio which can minimize the expected investment risk. In this work, we have
examined that the typical behaviors of the minimal investment risk per asset and its investment
concentration of the optimal portfolio are easy to resolve using replica analysis. Moreover, from
our findings, the Pythagorean theorem of Sharpe ratio was derived easily, and it implies a novel
frontier in mathematical finance.
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