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Abstract 
Since the emergence of the stock market, people have tried to study the price 
fluctuations of stocks, and how to accurately predict the trend of stocks has become a 
concern of enterprises and individuals. In response to this problem, this paper takes the 
stock price of a listed company as the research object, uses a model based on long short-
term memory neural network (LSTM) to evaluate the stock future index, and establishes 
a stock price prediction model according to the stock's opening price. Prediction and 
simulation of price trends. During the experiment, the prediction effect of RNN neural 
network and LSTM neural network was compared. The experimental results show that 
the accuracy of the prediction results obtained by using the LSTM neural network can 
reach 90%, which provides a new constructive basis for improving the accuracy of stock 
price prediction. 
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1. Introduction 

The changes of the stock market are inextricably linked with the development of the national 
market, and the stock market has a very important influence on the continuous growth of the 
national economy. The future stock price trend has always been the core issue for investors[1]. 
Correct stock price trend judgment is not only beneficial for investors to make correct 
investment decisions, but also is of great significance for promoting the effective allocation of 
resources and enhancing the effectiveness of the market. Since the emergence of the stock 
market, people have tried to study the price fluctuations of stocks and master the laws of price 
fluctuations. Academia has invented a variety of research methods to predict stocks[2]. 
RNN neural networks were once commonly used to solve stock price prediction problems. 
However, in the training of RNN neural network, with the extension of training time and the 
increase of the number of network layers, the problem of gradient explosion or gradient 
disappearance is easy to occur, which makes it impossible to process long sequence data, so it 
is difficult to obtain high-precision prediction. Results; and an improved recurrent neural 
network, the LSTM neural network, can solve this problem. Compared to RNN neural network, 
LSTM neural network can store more memory[3]. RNNs only maintain a single hidden state, 
while LSTMs have more parameters to better control which memories are kept and discarded 
at specific time steps. Based on the research status of stock price analysis and prediction, this 
paper will use the LSTM neural network to solve the current defects, and combine the opening 
price and closing price of the stock to predict and analyze the future situation. This paper 
mainly describes the process of establishing LSTM neural network and the selection of 
parameters, output evaluation scale, stock price trend chart and forecasting chart, and 
compares LSTM with RNN to highlight the superiority of LSTM neural network in dealing with 
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time series problems. The algorithm provides a better solution strategy for stock price 
prediction and improves the prediction accuracy[4]. 

2. Data Processing 

2.1. Data Sources and Characteristics 
The data comes from the open data of a stock portal website. There are 7 features in the data, 
namely time, opening price, highest price, lowest price, closing price, adjusted closing price, and 
trading volume. This paper selects the opening price as the research object for research[5]. 

2.2. Data Preprocessing 
This article selects the daily opening price and trading volume of a stock from 2012 to 2020, 
with a total of 2,000 data. The first 95% of the opening prices are used as the training set, that 
is, 1900 data, which are normalized (the data points are mapped to the [0,1] interval); the last 
5% of the opening prices are used as the test set, that is, 100 data. 

2.3. Build Training Data and Predicted Values 
In the training process, the opening price of every 60 days is used as the input, and the opening 
price of the first day after every 60 days is used as the output, which is substituted into the 
model as the basic training unit of training, so that 1840 sets of training data can be obtained. 

3. Establishment of Stock Price Forecasting Model 

3.1. Overview of LSTM Neural Networks 
The structure of the long short-term memory neural network (LSTM) is shown in Figure 1. 
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Figure 1. LSTM structure diagram 

 
LSTM can be seen as a more advanced RNN network, which mainly consists of five different 
parts. 
1) Cell state: This is the internal cell state of the LSTM cell. 
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2) Hidden state: This is the outer hidden state used to compute the predictions. 
3) Input Gate: Determines the current input amount sent to the cell state. 
4) Forget Gate: Determines the number of previous cell states sent to the current cell state. 
5) Output gate: Determines the number of cell states that are output in the hidden state. 
(1) The solid line in Figure 2 represents the input gate. 
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Figure 2. The input gate of LSTM 

 
The input gate is used to calculate which information is stored in the state unit, including two 
parts of information, one part is, 
 

 1( [ , ] )t i t t ii W h x b                                                            (1) 

 
This part can be seen as how much information of the current input needs to be saved to the 
cell state. The other part is, 
 

 
~

1tanh( [ , ] )t c t t cC W h x b                                                               (2) 

 
This section is used to add new information from the current input to the cell state. These two 
parts generate new memory states. 
Thus, the unit state at the current moment is the product of the forget gate input and the state 
at the previous moment plus the product of the two parts of the input gate, that is, 
 

 
~

1   t t t t tc f c i c                                                                  (3) 
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The process is shown in solid line in Figure 3 below. 
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Figure 3. LSTM input result 

 
(2) The solid line in Figure 4 below represents the forget gate. 
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Figure 4. LSTM's forget gate 

 
The forget gate is used to calculate the degree of forgetting (retention) of information. After the 
data is processed by sigmoid, it is a value from 0 to 1, 1 means all retention, 0 means all forget, 
the calculation formula is as follows: 
 

 1f ( [ , ] )t f t t fW h x b                                                         (4) 

 
(3) The solid line in Figure 5 below represents the output gate. 
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Figure 5. LSTM's output gate 

 
The output gate is used to calculate the degree to which the current moment information is 
output, that is: 

 

 1( [ , ] )t o t t oo W h x b                                                         (5) 

 

 tanh( )t t th o c                                                           (6) 

 
The output of the final hidden state is related to the hidden state of the previous sequence, the 
current input, and the current unit state, which is compressed between -1 and 1 by the tanh 
activation function. The previous hidden state and the current input value are converted by the 
sigmoid function, and then multiplied by the compressed value of the current unit state, the 
previous state information and the current input information will be retained or discarded, and 
a new hidden state value will be obtained. In the stock price prediction model, the 2012-2020 
time series data is used as input, and LSTM is carefully designed to avoid the gradient vanishing 
problem of RNN. Therefore, compared with the RNN neural network, the LSTM neural network 
can improve the prediction accuracy and reduce the error. 

3.2. Building Stock Price Prediction Models 
When building the model, add two LSTM units with 64 and 32 neurons respectively, the former 
returns the hidden state of each step, the latter returns the hidden state of the last step; then 
add 2 Dense layers for faster convergence, the number of nodes is 16 and 1, respectively. Use 
the Adam optimizer to calculate the gradient of the loss function at each epoch, so that the loss 
function can quickly and accurately approach the minimum value; set the loss function to 
mean_squared_error. When training the model, set the BATCH_SIZE value to 1, the epochs value 
to 20, and set the callback function, where the patience value is set to 3, that is, 3 epochs are 
trained. If the model effect is not improved, let the model stop training in advance; select 
val_loss as Detection Indicator. The model training process is shown in Figure 6. 
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Figure 6. LSTM neural network model flow chart 
 
The model training results are shown in Table 1 below. 
 

Table 1. Training results 
Layer (type) Output Shape Param # 
lstm(LSTM) (None, 60, 64) 16896 
lstm_1(LSTM) (None, 32) 12416 
dense (Dense) (None, 16) 528 
dense_1 (Dense) (None, 1) 17 
Total params: 29,857 
Trainable params: 29,857 
Non-trainable params: 0 

4. Solution of the Model 

4.1. Evaluation Scale 
In order to measure the error and accuracy of the model, quantitative evaluation of the model 
is required. Three evaluation scales, mean square error, square root error, and mean absolute 
error, were introduced to evaluate the model effect. The smaller the three, the better the model 
effect. As shown in Table 2 below, it can be seen that the model effect is in line with expectations; 
the model accuracy reaches 89.99%, which is high. 
 

Table 2. Evaluation scale 
Evaluation scale Output value 

mean squared error 15.40 
square root error 28.27 

mean absolute error 21.04 
Model accuracy 89.99% 

4.2. Stock Price Chart 
The trend of the output predicted opening price and the actual opening price is shown in Figure 
7, and there is a verification set curve for comparison. Predicting the data from December 2019 
to April 2020, it can be seen that the prediction effect is very good, and the predicted value is 
roughly consistent with the actual value. 
 

 
Figure 7. Predicted and true value of stock opening prices 
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4.3. Stock Price Forecast Chart 
Refine the forecast data from December 1, 2019 to April 15, 2020, as shown in Figure 8. It can 
be seen that the prediction effect is good and in line with the actual trend. 
 

 
Figure 8. Stock price forecast chart 

4.4. Comparison of LSTM and RNN Prediction Accuracy 
Under the same conditions, the prediction accuracy results of using LSTM neural network and 
RNN neural network are shown in Table 3. Compared with RNN, the accuracy of LSTM is 
improved by 5%, which is in line with the experimental expectations. 
 

Table 3. Comparison of LSTM and RNN prediction accuracy 
Neural networks Output value 

LSTM 89.99% 
RNN 84% 

4.5. Analysis of Output Results 
Through the output images and data, it can be found that the LSTM model has greater feasibility 
in processing time series data; compared with the RNN neural network, the prediction error of 
using LSTM is lower and the prediction accuracy is higher. The experimental results verify that 
Model validity and applicability. In addition, by optimizing BATCH, epoch value and other 
methods, the accuracy of prediction results can be improved to a certain extent, and it can be 
properly optimized within the allowable range of conditions. 

5. Conclusion 

LSTMs are widely used for many sequential tasks, including natural gas load forecasting, stock 
market forecasting, language modeling, machine translation, etc., and perform better than other 
sequential models such as RNNs, especially when there is a large amount of data. However, in 
the actual application process, we need to choose the appropriate prediction model according 
to the needs. If the amount of data is not large or the target efficiency is not high, neural 
networks such as RNN and GRU can be selected. If the amount of data is large or high-precision 
results are required, LSTM neural network can be selected. This is because LSTM also has 
shortcomings such as time-consuming calculation and disadvantages of parallel processing, 
and these factors need to be fully considered when selecting. 
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