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Research on Risk Optimization of Small Stock Portfolio
Based on the Filtering Method of RMT Using Monte Carlo Simulation
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Abstract . In the framework of classical Markowitz portfolio optimization problem, covariance matrices of stock returns obtained
from historical data contain a high amount of noise, caused “curse of dimensions” , which will forbid the perfect construction of
Markowitz portfolio and the optimization of its risk seriously. According to numerous studies, the filtering approaches based on
random matrix theory are effective in reducing the estimation noise of financial covariance matrices and then achieving portfolio
risk optimization.

Starting from the meaning of Markowitz stock portfolio risk, this work focuses on the accuracy of portfolio risk prediction as the
measure for assessing optimal performance of portfolio risk and interprets the principle of the existing RMT-based filtering methods
for stock return covariances. On this basis, we point out the calculation error of the maximum noisy eigenvalue in the existing
RMT methods, which will turn out to reduce the ectiveness of these methods in the context of risk optimization of small portfolios.
For any practical use of Markowitz portfolio theory, it would therefore be necessary to reduce this calculation error of the existing
methods of RMT in the case of a small number of stocks. We introduce a new filtering method based on random matrix theory,
which determines the theoretical edge of the random part of the eigenvalue distribution by a Monte Carlo simulation. Finally, we
illustrate, on empirical data, the effect of the newly introduced method and the existing random-matrix-theory-hased methods in-
cluding LCPB, PG + and KR on portfolio risk optimization.

Our empirical research has returned the following results. Firstly, whether covariance matrices of stock returns are filtered or un-
filtered, it can be seen that, in general, the experimental results for equally weighted covariance matrices are very similar to
those for exponentially weighted covariance matrices. Secondly, for unfiltered forecasts, the performance of portfolio risk is better
when a smaller number of stocks is used for the estimation. The reason for this could be that the fewer stocks are used, the smal-
ler amount of estimation noise can be in return covariance matrices. Thirdly, if enough stocks are taken into account, the existing
RMT-based filters are superior to the newly proposed filter in terms of the risk optimization performance. However, the fewer the
stocks are, the more inaccurately the maximum noisy eigenvalue in the existing filtering methods is calculated. As a conse-
quence, the ectiveness of the existing filtering methods in the optimization of portfolio risk deteriorates as the portfolio size decrea-
ses. When the portfolio size is reduced to less than 200 stocks, the newly proposed filter begins to outperform the existing RMT
filters. The results show that our novel filter is of great help in improving the ectiveness of the existing RMT-based filters in the
context of risk optimization of small portfolios.

Combining the filtering procedure based on random matrix theory with the Monte Carlo simulation technique, the newly introduced
filtering method can be very powerful in constructing portfolios with better weights allocation and improving the accuracy of portfo-
lio risk prediction. In addition, our method also helps substantially in reasonable design of stock investment strategies and the op-
timization of stock investment risk.

Keywords ; Markowitz investment portfolio; portfolio risk optimization; small portfolio; RMT based filtering method ; Monte Carlo
simulation
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