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5. Conclusion and Future work

In the present study, we used replica analysis, which was developed for eross-
disciplinary research, to analyze the duality problem of the portfolio optimiza-
tion problem with several constraint conditions, which has been considered in
our previous studies [11, 12, 13, 14, 15, 16]. We determined a feasible portfolio
that maximizes the investment concentration subject to budget and risk con-
straints, and one that minimizes the investment concentration. We applied a
canonical ensemble analysis to a large, complicated system with respect to this
optimization problem with several restrictions. From a unified viewpoint, we
were able to derive the maximum and minimum investment concentrations from
the subset of feasible portfolios. The portfolio optimization problem considered
in this paper is the dual of the optimization problem discussed in our previous
study [16], and we verified that the optimal solutions possess the duality strue-
ture. In the numerical experiments, we used the method of steepest descent that
is based on Lagrange’s method of undetermined multipliers, and we compared

the numerical and theoretical results to verify our proposed approach.
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