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Abstract: China's capital markets started late and there are still many problems with securities
trading, adding to the risks for investors. Establishing a portfolio in the A-share market and
reducing non-systemic risks through diversification of investment not only reduces the
volatility faced by investors, but also stimulates the enthusiasm of investors and enhances the
liquidity of the capital market. Therefore, six representative stocks of Yahoo Finance are
selected in this paper, and the adjusted closing price of stocks is collected. The mean-variance
model is used to find the optimal weight ratio of these six stock portfolios through training
sets and test sets. The actual returns are compared with the market to evaluate the outcome of
the portfolio. The model results demonstrate that the Sharpe ratio of the portfolio with the
highest Sharpe ratio is 68.70%, and the weight of Wuliangye is the highest at 73.55%, while
Shenzhen Fountain is only 0.16%. The volatility of the least volatile portfolio is 26.48%, of
which YUNNAN BAIYAO has the highest weight (37.78%), and Hithink RoyalFlush has
the lowest weight (0.73%). The minimum volatility portfolio yields less than the maximum
Sharpe ratio portfolio, but both outperform the market. After excluding the smallest stocks in
the portfolio, the portfolio remains stable. The results displays that the mean-variance model
can play an effective role in constructing the portfolio of A-share market.
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1. Introduction

Investors usually want to obtain maximum with minimum risk. Faced with these two conflicting
investment objectives, the investment decision should be set to invest in several securities
simultaneously. That is, to construct a portfolio and implement diversification of investment. In this
case, the losses caused by the falling prices of some securities can be compensated by the gains caused
by the rising prices of some other securities. Diversification can enhance the welfare of households
by reducing their exposure to any particular risk of speculation undertaken by them. In recent years,
China's capital market has been developing continuously and has begun to become weak and effective.
However, China's capital market is characterized as late start, imperfect laws and regulations,
unreasonable investor structure and numerous factors affecting securities prices, and thus huge risks
have been brought to investors, and social instability has been indirectly increased. The construction
of an investment portfolio can use the negative correlation between securities to offset fluctuations,
stabilize investor sentiment, disperse risks and bring greater utility to investors.
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Since Markowitz pioneered modern portfolio theory in 1952, the development of portfolio theory
has entered a new stage. Modern portfolio theory holds that, based on metrics such as variance and
correlation, an investor can build a portfolio of multiple assets that can deliver higher returns without
increasing risk. This theory assumes that investors are risk averse and that the ultimate goal is to
create the most efficient combination [1]. Sharp (1964) stated that the asset pricing Model (CAPM)
was on the basis of portfolio theory, which became another cornerstone of portfolio management, and
CAPM describes the association between an asset's systemic risk and expected return and is widely
used to price risky securities [2].

Sirtee & Alagidede found that Sterling and Treynor ratios can provide better-performing portfolios,
with the statistical distribution helping investors use them in a proper time [3]. These new methods
help produce an ebtter performance in current indices, and make funds more robust than the capital
asset pricing model that is utilized to analyze investment portfolios [3]. Donghan studied the price-
to-book ratio of stocks under the background of stochastic portfolio theory and presented portfolio
examples and their empirical results, finding that in addition to scale, value factors affect portfolio
performance [4]. In growing artificial intelligence, Jang & Seong take consideration of both the
modern portfolio theory with reinforcement learning theory to solve multimodal problems by
performing Tucker decomposition based on a model using technical analysis and stock returns. It is
found that the proposed method has better performance than the most advanced algorithms with
respect to Sharpe ratio, annualized return, and maximum retract [5].

However, because of the late start of China's capital market, the research on investment portfolios
could be much better, and the current research is closely related to the frontier hot spots. From the
perspective of investment in new R&D institutions, Zhang et al. constructed the Markowitz mean-
variance theory model and used a non-dominated ranking genetic algorithm to simulate and test the
applicability of decentralized strategy in venture capital of new R&D institutions, showing that the
diversified portfolio strategy can effectively reduce the non-systemic risk brought by a single project
of a new R&D institution [6]. Wang et al. introduced the portfolio theory from economics as a trade-
off tool between returns and risks against the background of the "dual carbon" goal and proposed a
power allocation method for wind-view storage stations to participate in the day-before, intra-day and
real-time markets so that wind-view storage stations can obtain maximum returns while bear
minimum risks [7].

In order to fill the gap in the research of mean-variance theory in the Chinese capital market, this
paper selects six stocks in different industries of Yahoo Finance and analyzes their adjusted closing
prices. We divided the adjusted closing price into a training set and a test set, used the mean-variance
model of "maximum return under tolerable risk conditions" to find covariance, correlation coefficient
and other indicators among stocks, and obtained the maximum Sharpe ratio comparison chart and
minimum volatility ratio comparison chart. After removing the least weighted asset in the maximum
Sharpe ratio portfolio, the return of the effective frontier, the return of the maximum Sharpe ratio
portfolio and the return of the minimum volatility portfolio, the return of the effective frontier, the
return of the maximum Sharpe ratio portfolio and the return of the minimum volatility portfolio, the
return of the minimum volatility portfolio are recalculated. Finally, the portfolio is compared with the
market, and the difference between the portfolio constructed by this method and the market's overall
performance is obtained.

2. Data

This paper picks 6 stocks from Yahoo Finance from the cloud, which are Ping An Bank, Yunnan
Baiyao, Wuliangye, IFLYTEK, HITHINK ROYALFLUSH, and Shenzhen Fountain. The reason why
we choose these 6 stocks is that they essentially occupy leading positions in their respective industries
and their excellent performance is favored by investors.
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We select adjust close prices of these six stocks in the period of January 1st,2015 to December
31st,2019, and divide them into training set and testing set. Use the first four years’ data from January
1st,2015 to December 31st,2018 to find the optimal weighting ratio for the portfolio of these six
stocks. Then based on the weighting ratio we get, calculate actual earnings in the remaining year from
January 1st,2019 to December 31st,2019, and contrast them with the market in order to evaluate the
performance of the portfolio model. The basic information of six stocks is shown in Table 1 below:

Table 1: Descriptive statistics of assets.

Min Max Mean Variance

PingAn Bank -0.179119 0.100351 0.00007 0.000467

Yunnan Baiyao -0.281594 0.100039 0.000107 0.000453
Wuliangye -0.100164 0.100025 0.001272 0.0006

IFLYTEK -0.334754 0.100167 0.001067 0.001071

HITHINK ROYALFLUSH -0.450205 0.180802 0.001454 0.001462

Shenzhen Fountain -0.101010 0.101562 -0.000229 0.000756

According to Table 1, both minimum and maximum return belong to HITHINK ROYALFLUSH.
Besides HITHINK ROYALFLUSH has the highest average return while Shenzhen Fountain’s
average revenue is negative during the selected period. In terms of variance of each stock’s return,
Yunnan Baiyao is the lowest, meaning it has no huge fluctuations and is more stable than others,

whereas HITHINK ROYALFLUSH is larger than other five stocks.
3.  Method

As we all know, financial markets change rapidly and there is no single theoretical model that can be
applied to any situation in the securities environment. Therefore, each model has its corresponding
assumptions, so as mean-variance model which assumes following premises [8]:

Each asset portfolio analysis is performed in a specific single period.

Investors evaluate the risk of asset portfolio based on two knowable parameters: mean and variance.

All assets are at risk and infinitely divisible.

Returns on all assets are normally distributed and returns on each asset are linearly uncorrelated.

Investors seek to maximize return for the same risk profile or consider minimizing risk for the
same level of return.

There are two classical types of mean-variance models, one is to obtain maximum return under
tolerable risk conditions and the other is to minimize risk provided a certain level of return is achieved
[9]. Portfolio return is calculated by adding the product of each stock’s return rate and its weight:

E(R,) = Zf., winy )

Where R,, represents the returns of portfolio, w; is the weight of each asset and 7; is the return rate
of each asset. Then we need to calculate the variance of the return we got before to measure its
performance:

03 = var(NS_, wir) = X5, 55, wow,0yy @

Where o is the variance of the portfolio, g;; is the covariance of two assets. Also, Sharpe Ratio
is a common method to measure the risk of our portfolio model:
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Where Ry is the return of asset under risk-free [10]. In this paper we focus on two specific models:
minimum variance and maximum Sharpe rate.

4. Results

4.1. Effective Frontiers

We first implement the Monte Carbo simulation, and the results are shown in the following Figure 1:
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Figure 1: Effective frontiers.

4.2. Analysis the Portfolios and Back Testing

sharpe_ratio

The portfolios with maximum Sharpe ratio and minimum volatility would be a good choice. Portfolio
with the maximum Sharpe ratios strike a good balance between risk and return, while portfolios with
minimal volatility achieve higher returns while reducing risk.

4.2.1.Portfolio with Maximum Sharpe Ratio

By portfolio with maximum Sharpe ratio, we have the Sharpe ratio equal to 68.70%. Figure 2 shows
that Wuliangye is 73.55% weighted. It is the one with the highest proportion. While the Shenzhen
Fountain is only 0.16% weighted.

80.00%

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%

4.15%

|
PAB

weight of portfolio

73.55%

14.30%

7.22%

YUNNAN
BAIYAO

Wouliangye IFLYTEK

Figure 2: Weight of portfolio.
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We combine the above weights and the real return of the assets, calculating the real return of the
portfolio in the test period. Then, the cumulative return is shown in Figure 3:
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Figure 3: Cumulative return.

Through backtesting, we found that the portfolio with the maximum Sharpe ratio yielded
significantly higher returns than the market. Although the portfolio has shown great responsiveness
to market volatility, it can be very profitable when the market is doing well.

4.2.2.Portfolio with Minimum Volatility

By portfolio with minimum volatility, we have the volatility equal to 26.48%. It shows that PAB and
YUNNAN BAIYAO are 37.78% and 37.85% weighted. They are the two with the highest proportion.
While the Hithink RoyalFlush is only :0.73% weighted (See Figure 4).
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Similarly, the cumulative return of this case is shown in the Figure 5:

Figure 4: Weight of portfolio.
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Figure 5: Cumulative return.
The portfolio’s returns are not as high as the portfolio with maximum Sharpe ratio. But it has

shown resistance to market volatility and still has returns over the market. When the market is not
optimistic, it can still guarantee that the losses will not be too large.

4.3. Stability Testing

By removing the stock with smallest proportion in the portfolios, the stability of the portfolios could
be tested. The author would build new effective frontiers without the stocks with smallest proportion
in the portfolios separately.

4.3.1.Effective Frontiers Without Shenzhen Fountain

Through a Monte Carlo simulation, the author generates a large number of random weights and
records the expected returns and variance of the random portfolio (See Figure 6).
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Figure 6: Effective frontiers.

By portfolio with maximum Sharpe ratio, we have the Sharpe ratio equal to 70.71%. Figure 7
shows that Wuliangye is 83.12% weighted. It is still the one with the highest proportion.
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Figure 7: Weight of portfolio.
The cumulative return is shown below in Figure 8:
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Figure 8: Cumulative return.

By portfolio with minimum volatility, we have the volatility equal to 26.87%. Figure 9 shows that
PAB and YUNNAN BAIYAO are 34.45% and 43.30% weighted. They are still the two with the
highest proportion.
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Figure 9: Weight of portfolio.

The cumulative return is shown in Figure 10:
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Figure 10: Cumulative return.

4.3.2.Effective Frontiers Without Hithink RoyalFlush

Through a Monte Carlo simulation, the authors generate a large number of random weights and
records the expected returns and variance of the random portfolio (See Figure 11).
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Figure 11: Effective frontiers.

By portfolio with maximum Sharpe ratio, we have the Sharpe ratio equal to 69.15%. Figure 12
shows that Wuliangye is 80.91% weighted. It is still the one with the highest proportion. The
cumulative return is shown in Figure 13:
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Figure 12: Weight of portfolio.
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Figure 13: Cumulative return.

By portfolio with minimum volatility, we have the volatility equal to 26.39%. Figure 14 shows
that PAB and YUNNAN BAIYAO are 32.72% and 39.74% weighted. They are still the two with the
highest proportion. The cumulative return is shown in Figure 15:
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Figure 14: Weight of portfolio.
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Figure 15: Cumulative return.
Thus, these portfolios are stable while removing the stocks that are not heavy weighted.

5. Conclusion

Overall, this paper uses Monte Carlo simulation to simulate a hundred thousand random portfolios.
Then adopt the mean-variance model to examine two portfolio allocation approaches: minimum
variance and maximum Sharp ratio for 6 selected Chinese stocks. By plotting the expected return
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chart against volatility, the data is visualized, allowing for a clear understanding of the efficient
frontier.

By comparing with CSI 300 Index, it is obvious to find that both two portfolios exceed the market,
with the maximum Sharp ratio portfolio yielding the highest cumulative return. After removing the
smallest share of stocks in the two scenarios, respectively, the maximum Sharpe ratio model and the
minimum variance model still outperform the market in terms of returns, with the maximum Sharp
ratio model earning much higher than others.

In terms of gaining return, there is no doubt that the maximum Sharp ratio model is the best choice.
But such high returns come with a corresponding high risk. Investors should choose the appropriate
investment strategy according to their risk tolerance. When the market is pessimistic, it is
recommended to apply the minimum variance portfolio which is more consistent with the investment
portfolio's goals of taking the least risk.
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