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Abstract 

In the past, neural network has become a popular tool in stock market research, 
especially in forecasting. As one of the classic models of deep learning technology, long-
term memory (LSTM) neural network has a great advantage in mining long-term 
dependence of sequential data. In order to explore the role of neural network in the 
stock market, this paper uses AutoML technology to build a suitable neural network 
model based on LSTM, combines the data of financial statements, macroeconomic 
indicators and stock technical indicators into different feature combinations and applies 
them to five stocks in different industries of NASDAQ, which provides a reference for the 
selection of feature values for the future prediction of stock prices. In this paper, neural 
network is applied to the stock value prediction, which provides a new idea for the 
construction of an effective market. 
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1. Introduction 

Due to its commercial attractiveness, stock market forecasts have aroused great interest among 
scholars and researchers in various academic fields. However, due to the uncertainty, non-
linearity, dynamics, non-parameters, inherent noise environment and non-linear 
characteristics of the stock market trend, it is generally considered to be an interesting and 
challenging task. For so many years when the stock market has emerged, people have tried to 
use various methods to predict future stock prices. To make stock market forecasts, we must 
first admit that there is a certain repeatability in the stock market, that is, regularity. These laws 
are completely hidden in historical data. From a mathematical point of view, they appear as a 
kind of functional relationship. The purpose of prediction is to find out and use these laws. Since 
the neural network can autonomously find the law between the parameters from the complex 
data, it has strong function approximation ability. In fact, the use of machine learning (ML) 
algorithms to model and predict stock market behavior has been an active research topic in the 
past decade. One of the most important and widely used methods is the model based on 
artificial neural network (ANN). Artificial neural network is considered to be one of the most 
advanced regression and classification techniques. The ability of neural networks to perform 
complex nonlinear mapping and noise tolerance in stock time series has been established. Some 
researchers have studied various techniques for using neural networks to predict the stock 
market and provided a comment on the application of neural networks in stock market 
prediction to determine what can be done in the future [1] Autoregressive moving average 
model, as well as two types of back-propagation neural networks and multi-layer perception 
are used to predict the stock market [2]. Jabin [3] applied artificial neural networks to form a 
useful tool for predicting stock price movements 
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For the role of the stock market, there has always been an efficient market hypothesis, which 
was put forward by Fama in 1964 [12]. According to the EMH, based on historical stock data, 
future stock prices are unpredictable. When new information enters the system, unbalanced 
stocks are immediately discovered, and the correct changes in prices are quickly eliminated. 
There are three forms of efficient market hypothesis, namely, weakly efficient market 
hypothesis, semi-strongly efficient market hypothesis and strong efficient market hypothesis. 
In the case of weak EMH, use historical data to predict stock prices. In the semi-strong EMH, in 
addition to historical data, all current public information is used to predict stock prices. In the 
strong effective market share, all data, including historical data, public information and private 
information, such as inside information, are used to predict stock prices. Therefore, the two 
commonly used methods of stock market forecasting are technical analysis and fundamental 
analysis. Technical analysis is a digital time series method that attempts to mine information 
from historical data to identify patterns, sometimes called mining time series [5]. Fundamental 
analysis is the study of factors that affect supply and demand [6]. Fundamental analysis believes 
that the collection and interpretation of information is the main process of stock price 
prediction. This analytical trading opportunity takes advantage of the gap between the 
occurrence of an event and the market’s response to the event. The important data used for 
basic analysis are the company's economic data (such as annual and quarterly reports), 
auditors' reports, balance sheets, and income statements. News also plays a role in fundamental 
analysis, because news also reflects the current market supply and demand chain. Picasso [4] 
combines the news and technical indicators in the fundamentals to predict the price of stocks. 
Compared with the previous single input, it has a more obvious advantage, indicating that 
multiple feature combinations can allow the neural network to predict prices more accurately. 
However, research that combines financial statements, macroeconomic indicators, and stock 
technical indicators as inputs has not yet appeared. 

On the other hand, in the past time, various models have appeared in the development of neural 
networks, such as ANN, CNN, RNN and so on. Among them, RNN is a special neural network 
used to learn time series or time-varying patterns [7]. LSTM recurrent neural network is a 
special and important network structure of RNN, which is good at memorizing long-term or 
short-term values [8]. Jia [9] studied the effectiveness of LSTM neural network in stock market 
forecasting. Chen [10] and others used LSTM to predict the return of Chinese stocks. The 
historical data of the Chinese stock market is transformed into a 30-day sequence with 10 
learning features and a 3-day yield label. Xie [11] found that RNN is effective in predicting stock 
prices, and it is useful for stock market investors to make investment decisions. 

There have been many researches on the price prediction of stocks by neural networks, but 
there are very few stock valuations at present, which is an area with less research. In this 
research, we assume that the neural network is combined with information input variables, and 
based on the AutoML algorithm, to provide a more effective and reliable stock market 
forecasting system. On this basis, we proposed and verified a stock closing price prediction 
model based on LSTM and basic stock data. Finally, the main contributions are as follows: (a) 
Effectively applied the most commonly used structure LSTM network in RNN to design the 
stock price prediction system, and added more characteristic variables (financial statements 
and macroeconomic indicators) to break through the tradition and rely only on some Technical 
indicators for forecasting, research may support the further development of financial time 
series analysis, especially in how to use neural networks to predict the closing price of stocks; 
(b) through the combination of financial statements and LSTM to predict the value of stocks, 
provide for the establishment of an effective market refer to. (c) Analyze the effectiveness of 
the Nasdaq stock market by combining the valuation results with prices. 
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2. Model design 

The main purpose of this article is to explore the application of neural networks in stock market. 
It is mainly divided into the prediction function and valuation function, see Figure 1. It is divided 
into two models, one is to predict the value of stocks, based on the valuation information done 
by past institutions, as training data. The input is the financial statement of the stock, and the 
output is the value of the stock, which is the value of the next quarter. The second model uses a 
combination of financial statements, macroeconomic indicators, and technical indicators as the 
input to the neural network, and the output is the closing price of the next day's stock. The 
neural networks of the two models are both superior models constructed based on AutoML and 
use MAE and MSE as evaluations. Finally, the actual value and predicted value of the stock are 
compared with the actual price and the predicted price. To observe the effectiveness of the 
market. The following mainly introduces LSTM and Randomized SearchCV. 

 

 
Figure 1. Framework of model 

 

2.1. Long Short-Term Memory (LSTM) 

LSTM has a new structure called a memory cell. A memory unit contains four main components: 
an input gate, a forget gate, an output gate and a neuron unit. The neuron unit is a central linear 
unit with a fixed self-circulating connection. Memory cells decide what information to store by 
opening and closing three doors, and when to allow reading, writing and forgetting. These three 
gates are implemented using activation functions to calculate values. The input gate controls 
the degree to which the new value flows into the memory cell. The output gate controls the 
range of the value used to calculate the output in the memory unit. The forget gate controls the 
range of values retained in the memory cell. How data flows through the memory cell and is 
controlled by its gate is illustrated in Figure. 2. 
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Figure 2. Structure of LSTM 

 

2.2. Randomized SearchCV 

For the neural network, the adjustment and use of parameters is very important. If the 
superparameters are not selected properly, the problem of under-fitting or over-fitting will 
occur. When choosing a hyperparameter, there are two ways, one is to fine-tune based on 
experience, the other is to select parameters of different sizes, bring them into the model, and 
select the parameters that perform best. There are two main popular methods for machine 
selection: GridSearch and RandomizedSearch. GridSearch is a grid search, which 
programmatically tries each set of hyperparameters one by one according to a preset step and 
interval and then selects the best one. RandomizedSearch, a method proposed by Bergstra in 
2012 [13], has the following search strategies: 

(a) random sampling based on a given distribution for a hyperparameter where the search 
range is distribution; 

(b) For a hyperparameter where the search range is a list, the sample is moderately 
probabilistic in a given list,) If the given search range is a list, the sample is not put back n times 

(c) Traverse through N sets of sampling results obtained in steps (a) and (b) 

In this paper, RandomSearchCv is used to build the neural network and cross-validation is 
added on the basis of the paper to improve the accuracy of the model. 

3. Experimental process and results 

3.1. Presentation of the data 

This article selects five stocks from five industries in Nasdaq, as shown in Table 1. The data is 
divided into four categories: financial data, value data, price data and macroeconomic indicator 
data, as shown in Table 2. Since the economic macro indicators for 2020 have not yet been 
announced, the data for 2019 will be used instead. The stock technical indicator data is obtained 
from Yahoo! Open price, highest price, lowest price, closing price and trading volume. Based on 
these indicators, a total of other derivative indicators, such as KDJ and MACD, etc., are calculated. 

 

Table 1. Stock information 
Code Company name Industry 
AAPL Apple Inc. Technology 

GM General Motors Company Automobil Industrie 
XOM Exxon Mobil Corporation Oil & Gas 
MMM 3M Company Industrial group 
MCD McDonald’s Corporation Restaurant business 
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Table 2. Data Information 
Data Source 

Financial Statements https://www.eastmoney.com 
Valuation data https://fmpcloud.io/ 

Technical indicators Yahoo 
Macroeconomic indicators https://data.worldbank.org/ 

 

3.2. Valuation results 

The financial data and institutional valuation data are fused as the input of the neural network, 
and the neural network is trained by using Randomsearchcv. The predicted value of each 
quarter is the value of the next quarter. Finally, the trained data are used to predict the value 
data from June 30, 2019 to June 30, 2020. The prediction results are shown in Figure 3. 

On the whole, the predicted value of neural network based on LSTM is close to the value 
provided by the Agency. Except XOM and AAPL, the predicted value of AAPL is deviated from 
the actual value in 2020, while XOM is deviated from March 2020. After analyzing the AAPL 
data, we find that the book financial data in 2019 is not very ideal, but the market and 
institutions are still optimistic, which indicates that the input data may need more references. 
While XOM's financial data on the books is very good, but because of the impact of COVID-19, 
the oil industry is under attack, so there will be a lower institutional value. However, there is a 
phenomenon that there is a difference between the valuation provided by agengcy and most of 
the actual stocks, and the value of stocks is overestimated. 

3.3. Price prediction 

In order to analyze the input characteristics of price prediction, the financial data, 
macroeconomic indicators, and technical indicators are divided into four combinations as the 
feature value input, as shown in Table 3. In previous studies, macro indicators and financial 
statements were not considered as input. 

 

Table 3. Feature combination 
 Version 1 Version 2 Version 3 Version 4 

financial statement  √  √ 
Macroeconomic indicators   √ √ 

Technical indicators √ √ √ √ 

 

Table 4. Comparison of accuracy 
MAE/MSE GM MCD XOM MMM AAPL 

mae1 0.84108 74.2854 1.35323 4.11063 107.303 
mae2 0.64567 19.1879 1.25065 5.37747 41.1028 
mae3 0.91728 83.9589 1.57083 4.20357 126.170 
mae4 0.64139 16.7439 1.35681 3.97603 35.0955 
mse1 2.03052 6102.61 5.14062 28.3936 17814.6 
mse2 0.91044 403.354 2.64587 38.2969 1795.82 
mse3 2.25910 7672.97 5.15040 41.0914 23976.0 
mse4 0.9013 300.791 3.25730 22.9688 1316.44 

 

Through the visualization results, we found that in general version 2 and version 4 are closer 
to the actual stock price, while version 1 and version 3 do not perform very well on AAPL and 
MCD. This phenomenon may indicate that for the stock market, the financial situation of stocks 
The report may have a greater impact, and although macroeconomic indicators have a certain 
impact, the impact is less. 

Table 4 shows the prediction accuracy of MAE and MSE under the four versions. We found that 
version 4 has the best accuracy for any stock, indicating that the combination of financial 
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statements, macroeconomic indicators and technical indicators can more accurately predict 
stocks The price of, compared with the previous relying only on technical indicator forecasts, 
there is a greater improvement. 

 
Figure 3. Predicted value results 

 

3.4. Comparison of price and value 

In order to study the relationship between the price and value of the Nasdaq stock market, our 
forecasted value and price in the last year are plotted against the predicted price and the actual 
price on a chart respectively. Among them, the price predicted by version 4 is the most Accurate, 
so the predicted price only shows version 4. Figure 4 shows the predicted value and price, We 
found that among the five stocks, AAPL and GM have their prices fluctuating around their value. 
This shows that the Nasdaq stock market is not completely effective, and that the price of the 
most recent quarter has deviated from the value. This shows that the stock market has been 
affected by the new crown epidemic. However, the price of stocks has gradually risen in the 
past month, showing a good trend, and the effectiveness of the stock market has played a certain 
role. 

4. Conclusion 

In order to explore the prediction and valuation functions of neural network with multi-feature 
input, the valuation model and price prediction model are developed based on LSTM and 
automl technology. In this paper, the previously unused input features such as financial 
statements and macroeconomic indicators are combined with the previously commonly used 
technical indicators to significantly improve the predicted price, And it also has excellent 
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performance in valuation. Finally, the valuation results are combined with the predicted price. 
At present, NASDAQ is not a completely effective market, but it has certain effectiveness. 

 
Figure 4. Comparison of predicted price and prdicted value 

 

Based on the results of valuation analysis and stock prediction, we find that the neural network 
has more relevant inputs and can get more accurate results. This is due to the characteristics of 
the neural network. It can simulate various decision-making surfaces in theory. As long as the 
time is long enough and the data is large enough, the super parameter search algorithm can 
help researchers obtain the best model faster, This is the advantage of neural network in the 
stock market. On the other hand, because the neural network belongs to the black box, it can 
effectively avoid the problem of financial fraud in theory, but it needs a lot of data, which is the 
field that relevant scholars need to pay attention to in the future. 

There are still several problems in this paper: (1) although the accuracy of valuation 
information comes from institutions, it is not authoritative institutions, and there is a certain 
error (2) The number of stocks is small, selected from stocks from five industries, but the 
coverage is not wide enough. This is the deficiency of this study and will continue to be 
improved. In the later research, it will be added to the investment strategy to explore the more 
role of neural network. 
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