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Abstract. Science and Technology Innovation Board (STIB) and Growth Enter-
prise Market (GEM) are developed plates in recent years, which makes both sectors
full of vitality and have great development prospects in the future. This paper aims
to enrich the research contents of STIB and GEM on the return effect of portfolio,
and promote the performance and development of GEM and STIB in the invest-
ment portfolio. Firstly, the data are made up of two GEM stocks, another two
stocks, which are from STIB, and the construction index. The data, selected from
March 11th, 2021 to May 30th, 2022, go through data processing and testing pre-
pared for model. Appropriate ARIMA model is selected for data prediction, and
then mean-variance model is used to select appropriate portfolio through maxi-
mum Sharpe ratio screening. After the addition of stocks from STIB and GEM,
the increase of return expectation and the improvement of Sharpe ratio both reflect
that the portfolio performs better than the construction index, indicating that the
integration of STIB and GEM improves portfolio returns. To a greater extent, it
shows that the proposal of STIB and GEM can promote the main board market
and improve the performance of the main board market.

Keywords: Science and Technology Innovation Board - Growth Enterprise
Market - ARIMA model - Mean-variance portfolio

1 Introduction

Most of the Science and Technology Innovation Board (STIB) is mostly based on those
enterprises with the content of innovation. The development trend of the STIB is highly
consistent with the general direction of global asset allocation, also Scientific Innovation
Board system arrangement is more conducive to the virtuous cycle of the primary and
secondary markets and closer to the mature capital market [ 1]. Growth Enterprise Market
(GEM) is mostly based on those enterprises with the business model of innovation.
After more than ten years of development, GEM has gradually become mature, but the
development in recent years has exposed some aspects of incomplete development. The
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research of this paper is mainly based on the above environmental background to find
out whether the integration of STIB and GEM can improve the portfolio performance.

The selected models and their characteristics are as follows. Difference operation is
in order to make non-stationary sequences show the properties of stationary sequences
after Difference, so that it can be used in ARIMA model. ARIMA model (Autoregressive
Integrated Moving Average model), is generally used to fit the differential stationary
series [2], just need the endogenous variables and don’t need the exogenous variables,
soitis widely used in stocks forecast. Markowitz solved the problem of optimal portfolio
by means of mean-variance analysis and quadratic programming, and his portfolio theory
isregarded as the cornerstone of modern financial theory. The model mainly assumes that
the utility function of investors is determined by the mean and variance of returns, and
the variance of returns reflects the investment risk [3]. When portfolio return rate follows
normal distribution, mean-variance model can describe portfolio return rate distribution
perfectly, which provides a solid foundation for investment risk management [4].

The research data selected in this paper are from March 11th, 2021 to May 30th, 2022,
which makes the research results more appropriate to the current market. Moreover, the
four stocks, which are sh688317, sh688819, sz300672 and sz300726, are in different
fields, so as to avoid the impact of industry development on stock returns. Also the
construction industry index is used to replace the selection of several stocks, so as to
better reflect its representative for the main market. These data were selected because
they are stationary series and are suitable for time series models to make predictions.
The research mainly consists of four parts, the first step is checking and screening the
data to get basic data, have mentioned, and then the prediction results are obtained by
using the basic data. After that is to constructing combination. The last step to do is
analyzing combination effect.

It has been proved that the integration of STIB and GEM can effectively improve
the performance of portfolio returns, providing theoretical basis for the development of
optimized portfolio of STIB and GEM. It is helpful to provide a basis for investors to
optimize a variety of stock plates through STIB and GEM.

The framework of this paper has the following steps. The second part is data selection
and methods, the third part is results and analysis, and the fourth part is conclusion.

2 Data and Methodology

2.1 Data

2.1.1 Data Sources

The paper uses the closing prices of 4 stocks from March 11th, 2021 to May 30th, 2022,
which are obtained from AkShare database by python. The codes of four stocks are
sh688317, sh688819, sz300672 and sz300726. Also a plate index, about architectonic
and coded 399235, is used in this paper (Fig. 1).
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Fig. 1. Close price of 4 stocks and a plate index

2.1.2 Data Processing

Since determining the optimal portfolio based on the stock return, the compounded return
is calculated through the closing price. The calculation formula of the compounded return
is in Table 1.

ct=In(52) )

V; = prices, C; = Compounded returns.

The main features of data are listed in the Table 1.

The histogram can be used to determine whether the data distribution is normal.

Jarque-Bera test is on skewness and kurtosis of data samples, Jarque-Bera test is
used to evaluate whether the given data obey the normal distribution.

Both the histogram and Jarque-Bera test are in order to find out whether the data is
available for the model.

As can be seen the results from Jarque-Bera test in Table 1, P value is less than 0.05,
and kurtosis of all stocks is greater than 3, suggesting high apex and thickness tail of the
return distribution.

The changes of return for four stocks and a plate index are shown in Fig. 2. It shows
that the data distribution is normal.

2.2 ARIMA Model Forecast
2.2.1 Tests

To make sure the time series is executable, the stationarity tests are mentioned are to
check the stationarity of the sequence.

The most commonly used method to test the stationarity of time series is the ADF
(Augmented Dickey-Fuller) test. Hypothesis test HO means test statistics obey ADF
distribution. If HO is accepted, it means that time series X; contains the unit root, that is,

X, is non-stationary. Rejecting HO means that X is stationary [5]. Finding the p-value
of Augmented Dickey-Fuller test, if P value is less than 0.05, the sequence is stable.

Ljung-Box is used to test whether the sequence within the range of m-order lag is
white noise, and Q statistics obey the Chi-square distribution with m degree of freedom.
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Table 1. Data descriptive statistics

sh688317 sh688819 $z300672 $z300726 399235
Count 294 294 294 294 294
Mean -0.001 -0.001 0.002 -3.00e-04 4.00e-04
Std 0.041 0.026 0.051 0.031 0.016
Min -0.136 -0.083 -0.190 -0.099 -0.064
Quartile25% -0.018 -0.014 -0.024 -0.019 -0.008
Quartile50% -0.004 -0.002 -0.003 -0.003 0.001
Quartile75% 0.012 0.012 0.021 0.017 0.009
Max 0.165 0.180 0.182 0.114 0.051
Skewness 0.863 1.223 0.749 0.479 -0.421
Kurtosis 6.889 10.634 5.682 4.505 5.101
JB-value 221.739 787.169 115.587 39.008 62.750
P-value 0.0 0.0 0.0 3.38e-09 2.36e-14
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If the data is white noise, the data is worthless and there is no need for further analysis.
Only the sequence is not white noise can be used in ARIMA model. HO: the sequence is
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Table 2. Result of ADF test
sh688317 | sh688819 |sz300672 | sz300726 | 399235

Test Statistic -1.13e 4+ 01 | -1.26e + 01 | -9.60e + 00 | -1.20e 4 01 | -6.91e + 00
ADF test 1.53e-20 1.80e-23 1.99e-16 3.58e-22 1.19e-09
P-value
Num Lags Used 1.00e + 00 | 1.00e 4+ 00 |1.00e + 00 |1.00e 4+ 00 | 1.00e + 01
Num Observations Used | 2.92e + 02 |2.92e + 02 |2.92e + 02 |2.92e + 02 |2.83e 4- 02
Critical Value (1%) -3.45e 4+ 00 | -3.45e + 00 | -3.45e + 00 | -3.45¢ + 00 | -3.45¢ + 00
Critical Value (5%) -2.87e + 00 | -2.87e + 00 | -2.87e + 00 | -2.87e + 00 | -2.87e + 00
Critical Value (10%) -2.57e + 00 | -2.57e + 00 | -2.57e + 00 | -2.57e + 00 | -2.57e + 00
Inspection result stable stable stable stable stable
Ljung-Box test 2.00e-04 0.003 0.013 0.022 0.002
P-value
White nose not not not not not

white noise. H1: the sequence is not white noise. While P value is less than 0.05, reject
HO, and the sequence is not white noise.

2.2.2 Set the Order

The Akaike information criterion (AIC) is one of the most ubiquitous tools in statistical
modeling [6]. The minimum AIC criterion is selected as the order determination criterion.
From low order to high order, models are established for different values of P and Q,
and parameter estimation is carried out to compare the AIC value of each model, so that
the model with minimal value can be determined as the best model [7].

AIC encourages good data fitting but tries to avoid over-fitting. Therefore, the
preferred model should be the one with the lowest AIC value.

AIC = 2k + NLN (SSR/ N) 2)

N is the observation number, SSR is the SUM SQAURE OF RESIDUE.

2.2.3 Residuals White Noise Test

The probability of white noise associated with residual sequence also shows that the
residual of each model satisfies the independence hypothesis [8].
Root mean square error (RMSE), also known as standard error. A smaller value of
RMSE, the better fitted the distribution on load profiling data [9].
RSS = I, 0 - ) ©)
RSS is Residual Sum of Squares.
y; = Predicted value, §; = true value.
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Mean Absolute Deviation (MAE) can avoid the error cancel each other, in order to
reflect the actual prediction error accurately. Mean square error (MSE) is to reflect the
degree of difference between two different estimators. Using Ljung-Box test to choose
the effective models, whose residuals are white noise.

2.3 Portfolio of Mean-Variance Model

Risk is defined as the volatility of return, risk and return are taken as two standards to
draw the return-risk chart, and the weight of the point with the largest Sharpe ratio is
selected as the optimal weight of the portfolio. Sharpe ratio using the standard deviation
as the risk measure, and the corresponding risk adjusted returns, in attachment is fund
portfolio and risk-free rate geometric of slope, the value reflects the risk fund unit for
more than risk-free interest rate, the size of the excess return advantage is simple, do not
need to rely on market index can get the result [10].

According to the best choice in real life, we set the risk-free rate of return as the
one-year government load interest rate, which on May 31st, 2022 is 0.019741.

2.4 Result Hypothesis

The integration of STIB and GEM board can improve the investment portfolio to a
certain extent.

3 Results

3.1 Forecast by ARIMA Model

3.1.1 Result of Tests

The result of ADF test in Table 2 can clearly tell that the P value is far less than 0.05,
indicating the series is stable. Ljung-Box test result in Table 2 shows that the P value is
far less than 0.05, indicating the series is not white noise.

3.1.2 ARIMA Model

Based on the minimum value of AIC to choose the model that fit the sequence.

3.1.3 Residuals White Noise Test

Combined with the Ljung-Box test in Table 3, the p value is larger than 0.05, showing
that the residuals are basically noise, which means residual test is passed.

In addition, the first 75% of the sequence is taken as training data and the last 25%
as testing data. By comparing test values and predictions, three evaluation indexes are
got, which lie in the last three lines. It find that the above index values are small in Table
3, so the model is effective.
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Table 3. Sample ordering results

ARIMA model sh688 sh688 sz300 sz300 399

317 819 672 726 235
(p,d, q) (2,0,3) (2,0,0) (4,0,2) (0,0,1) (3,0,5)

Table 4. Statistics of residuals
sh688317 sh688819 sz300672 sz300726 399235

Count 294 294 294 294 294
Mean -2.97e-07 -7.00e-06 7.90e-05 -1.50e-05 5.87e-04
Std 3.83e-02 0.025 0.048 0.031 0.015
Min -1.21e-01 -0.066 -0.174 -0.093 -0.061
Quartile25% -1.83e-02 -0.015 -0.025 -0.020 -0.008
Quartile50% -3.35e-03 -0.003 -0.006 -0.003 0.001
Quartile75% 1.85e-02 0.014 0.021 0.018 0.011
Max 1.64e-01 0.167 0.162 0.105 0.040
White noise test 0.963 0912 0.990 0.423 0.439
p-value
White nose yes yes yes yes yes
MAE 0.037 0.019 0.028 0.021 0.017
MSE 0.003 0.001 0.002 0.001 0.001
RMSE 0.050 0.025 0.039 0.025 0.023

3.1.4 The Result of Forecast

Moreover, models are built for returns from four stock sets and a plate index to get the
predictions in the next 22 days. The main features of 22 days forecast are listed in Table

4.

3.2 Portfolio

3.2.1 The Correlation Analysis of the Portfolio

The annualized covariance matrix. The covariance matrix tells us the volatility of the

stock and is used for the calculation of volatility in Table 6.

3.2.2 Sharp Ratio Portfolio

Randomly generate a group of weights and repeat the scatter plot for 100000 times to
determine the effective boundary portfolio and select the optimal portfolio, which is the
portfolio with the maximum Sharpe ratio (Table 5).
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Table 5. Main features of forecast
sh688317 sh688819 sz300672 sz300726 399235
Count 22 22 22 22 22
Mean -0.001 -0.001 0.001 -0.001 -0.001
Std 0.004 0.001 0.003 0.001 0.008
Min -0.010 -0.004 -0.008 -0.006 -0.011
Quartile -0.004 -0.001 -0.002 -3.00e-04 -0.008
25%
Quartile -0.001 -0.001 0.001 -3.00e-04 -0.002
50%
Quartile 0.003 -0.001 0.004 -3.00e-04 0.006
75%
Max 0.006 0.001 0.005 -3.00e-04 0.011
Table 6. The annualized covariance matrix of forecast
sh688317 sh688819 $z300672 $z300726 399235
sh688317 4.60e-03 -4.00e-04 1.00e-04 6.00e-04 1.10e-03
sh688819 -4.00e-04 2.00e-04 -1.00e-04 -1.00e-04 -1.00e-04
$z300672 1.00e-04 -1.00e-04 3.00e-03 6.00e-04 6.00e-04
sz300726 6.00e-04 -1.00e-04 6.00e-04 3.00e-04 5.00e-04
399235 1.10e-03 -1.00e-04 6.00e-04 5.00e-04 1.56e-02
Table 7. Each weight of the maximum sharp ratio portfolio
sh688317 sh688 $z300672 sz300 399
819 726 235
Portfolio weight 0.047 0.029 0.852 0.061 0.010

The sharp ratio is distinguished by color in order to find the maximum sharp ratio
point and determine the weight clearly. The red point is the wanted portfolio. The

corresponding graphs are shown in Fig. 3.

The optimal portfolio which is based on the weight composition of the maximum
sharp ratio, and the return line are shown as follows, and the determined weighted

portfolio is presented in Table 7.

As it can be seen from Fig. 4 and Table 8, the average return rate of portfolio is much
larger than that of individual stocks.
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Table 8. Equal weight Vs maximum sharp ratio VS plate index

MSR EwW 399235
annual return 0.141 -0.143 -0.195
Volatility 0.048 0.546 0.125
Sharp ratio 0.159 -0.298 -1.720
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Fig. 3. The 100000 groups of weight plot

The Sharpe ratio of different combinations can well show the performance of com-
binations. However, it is worth discussing that, due to the limited amount of predicted
data, data of different time periods are not selected for each parameter in the calculation
process, which makes the value of Sharpe ratio have the possibility of over fitting.

From the perspective of the final cumulative return, the portfolio return of equal
proportion portfolio presents a downward trend, while the optimal portfolio presents
an upward trend. From the perspective of trend, the optimal portfolio has more effect.
Comparing equal weight portfolio, the optimal portfolio and the plate index can be found
that the optimal portfolio has the highest income to prove its performance is better than
equal weight portfolio and plate index. So the integration of STIB and GEM can improve
the portfolio can be proved and help the portfolio to get better revenue.

The portfolio performance is consistent with the previous assumptions, which is
the integration of STIB and GEM board can improve the investment portfolio to a



546 Y. Gao

-0.006 —— Portfolio_EW
-0.007
—-0.008
-0.009
-0.010
-0.011
-0.012
-0.013

accumulative return

o
A S i it T A L e
SR S S s S

date

e 0.010{ Portfolio_MSR
2

2 0.005

Q
2
& 0.000

=

§—04005

v]

o

-0.010

60\ 605 o 6\7:06\ 61 bm‘) b%‘eo\
SR S S S S
date

Fig. 4. Accumulative total return: equal weight Vs maximum sharp ratio

certain extent. The conclusion is that the integration of STIB and GEM can be allocated
appropriately to improve the portfolio return.

4 Conclusions

This paper studies whether the integration of STIB and GEM can improve portfolio
performance, selects four stock data and an industry sector index as research data, and
uses time series model and mean-variance model for processing. After data processing
and screening, suitable data are selected as the basis of the study. Then through the time
series model for prediction and judgment, and check the fitting of the prediction results to
find a usable forecast data. Finally, the prediction data are combined to obtain an optimal
combination result. From the comparison of portfolio performance results, equal-weight
portfolio and construction index itself, it can be seen that the optimal portfolio has the
highest income expectation, and the performance of the optimal portfolio is also optimal
considering the comprehensive income and risk. The results show that the right amount
of stocks in STIB and GEM can improve the performance of investment portfolio to
a certain extent. The research conclusion of this paper can be reflected in encouraging
the integration of STIB and GEM stock. Although the STIB and GEM have a short
development time, they have great development prospects, and it is not difficult to see
that they can play a great role in the promotion of the main board market in the future.
Investors can optimize the stock portfolio and expand the range of stock selection to
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obtain higher returns. It is suggested that investors can also consider STIB and GEM for
a variety of stock plate optimization. It should be noted that this study has limitations on
risk measurement. Standard deviation measures price volatility, which can both creating
risk and generating benefits, is not the accurate risk.
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