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Abstract: The revolution in neural networks is a significant technological shift. It has an impact on
not only all aspects of production and life, but also economic research. Neural networks have not
only been a significant tool for economic study in recent years, but have also become an important
topic of economics research, resulting in a large body of literature. The stock market is an important
part of the country’s economic development, as well as our daily lives. Large dimensions and
multiple collinearity characterize the stock index data. To minimize the number of dimensions
in the data, multiple collinearity should be removed, and the stock price can then be forecast. To
begin, a deep autoencoder based on the Restricted Boltzmann machine is built to encode high-
dimensional input into low-dimensional space. Then, using a BP neural network, a regression model
is created between low-dimensional coding sequence and stock price. The deep autoencoder’s
capacity to extract this feature is superior to that of principal component analysis and factor analysis,
according to the findings of the experiments. Utilizing the coded data, the proposed model can
lower the computational cost and achieve higher prediction accuracy than using the original high-
dimensional data.

Keywords: neural network; stock exchange; accounting systems; finance

1. Introduction

The stock market is a market closely related to our daily lives, and it is very important
to the economic development of our country and even the world. As important participants
in the stock market, changes in people’s sentiments will be quickly reflected in the market.
In recent years, with the Internet and the rapid development of technology, the speed and
channels of information dissemination are also increasing, and the ways for investors to
obtain information are becoming more and more diversified (Hecht et al. 2020). Financial
news, social media, etc. have gradually begun to affect investors’ investment decisions.
Therefore, stock prices will not only be affected by politics, the economy, and the military,
but also by “emotional” factors (Lu et al. 2012; Craighead et al. 2009). With the influence of
news, Weibo, blogs, post bars, forums and other social networks, financial news is more
rapid and intuitive. This induction magnifies investors’ attitudes towards the stock market,
leading to great uncertainty and volatility in stock prices, making stock price prediction a
major problem for research (Brandt and Brandt 2004).

In recent years, neural networks (Hecht et al. 2020) has become a learning boom. After
decades of development, neural networks have become a popular technology (Garnet et al.
2002), and have continued to make breakthroughs in various fields, such as stock price
forecasting (Brandt and Brandt 2013), time series forecasting, text analysis, computer vision
(Van Velthoven et al. 2005; Zohar et al. 2002), etc.
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Financial data modeling is a method of abstract representation of financial time series.
The most important purpose of this task is to predict the future trend of financial series
based on current data and to help decision-makers formulate strategies. It is currently
widely used in accounting, business investment, stock valuation and other fields. Among
them, the stock market has a higher rate of return on investment compared with other in-
dustries and has attracted the attention of a large number of investors. However, the strong
volatility of stocks also causes many potential risks. Therefore, being able to accurately
predict stock prices can not only obtain considerable profits, but also avoid potential risks.

The stock market has the characteristics of non-linearity, instability, complexity and so
on. Regarding stock forecasting methods, scholars at home and abroad have conducted
much research. At present, the methods of stock forecasting are roughly divided into two
aspects: forecasting methods based on news and forecasting methods based on historical
data. In the forecasting method based on news, Hai Nguyen et al. (2015) predicted the
trend of stocks by mining people’s sentiments about stocks from social media. Li et al.
(2015) proposed a method of using news digests of stock-related reports to predict stock
prices, and its effect is better than the method of using complete articles for prediction.
Prachyachuwong and Vateekul (2021) designed a stock prediction model that combines
word embedding and deep learning methods. This model can extract effective information
from news and has higher accuracy. The research methods are based on historical data
originated earlier, and are more diverse. Rundo et al. (2019) used an improved ARMA
model to predict stock prices. The authors of (Chopra and Sharma 2021) used a model
combining gray neural networks and Markov methods to study stock prices. Li et al. (2017)
used a deep-belief-networks-based stock forecasting method, and introduced the concept
of “intrinsic plasticity”, which significantly improves the forecasting effect of the network.

Because the domestic stock market is not yet sound, there are many misleading factors,
and retail investors participate more; thus the method is complicated. The research methods
based on the existing literature are not suitable for the domestic stock market. Compared
with the information based on the news, the historical trading data of stocks is more true
and objective, and has reference value. Therefore, this article uses the method based on
historical data to study stock prices. First of all, this paper constructs a deep autoencoder
to reduce the dimensionality and feature-extraction of stock index data, then uses a BP
neural network to build a regression model, predicts the stock price based on the DAE
dimensionality reduction coding sequence, and finally verifies its effectiveness through
experiments.

2. Deep Autoencoder

An autoencoder (AE) is a type of neural network. Unlike other neural network
models, AE is an unsupervised learning algorithm that does not require additional label
information during training. AE has an input layer, a hidden layer & and an output layer,
and its structure is shown in Figure 1.

Input Encoder Decoder

Figure 1. Autoencoder structure.
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The AE uses the same structure of input and output, and through repeated training,
the function h_(W,b) (x) = x is trained to make the input and output as similar as possible.
The hidden layer added after training is also called an encoder, and the output of the
encoder is the result of encoding the input data. The output layer is called the decoder,
which can decode the encoded data, but usually does not pay attention to the output of the
decoder. The working principle of an AE is expressed as follows:

Encoder:

h=f(Wx+0) 1)

Decoder:

£=f(Wh+V) )

Among them, x is the input data, f is the activation function, W and b are the weights
and bias values and £ is the output of the decoder.

The use of autoencoders can achieve the purpose of feature extraction and feature
dimensionality reduction. By setting the number of hidden layer nodes, dimensionality
reduction can be achieved for any dimension. At the same time, the output of the encoder
also expresses the higher-level features of the input data.

A deep autoencoder (DAE) is a deep neural network formed by stacking shallow
autoencoders. It contains multiple hidden layers. Compared with shallow autoencoders, its
advantage is that it can learn features in the data layer by layer. For example, we can input
raw data into the DAE network, and generate a coding sequence in the first layer of the
network. By analogy, the k-th in the DAE extracts features layer by layer based on the code
of the k — 1 layer output. As the number of network layers increases, the extracted features
become more abstract (Wang et al. 2016). Deep autoencoders usually have better feature
extraction capabilities than shallow autoencoders, and can extract non-linear features in
the high levels of the data. The structure of the deep autoencoder is shown in Figure 2.

Input Encoder Encoder Decoder Decoder
Figure 2. The structure of a DAE.

Although a DAE has the same structure as the multilayer feedforward neural network,
its training strategy is different from that of the multilayer feedforward neural network.
DAE uses a layer-by-layer greedy training method to pre-train the weights of each layer.
Then the pre-trained weights are substituted into the corresponding layer. The global
optimization algorithm fine-tunes the weight to obtain the final weight of the DAE.

Deep autoencoders are currently widely used and have been successful in many
fields; for example, in the field of image recognition, deep autoencoders are used for
feature extraction (Xu et al. 2016; Gao et al. 2015) and image compression (Hinton and
Salakhutdinov 2006). In the field of natural language processing, deep autoencoders are
used for semantic hashing (Salakhutdinov and Hinton 2009), text generation (Babic et al.
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2020) and speech processing (Araki et al. 2015). By using the deep autoencoder to reduce
the original data, the algorithm becomes more efficient in the low-dimensional data space.
Therefore, the deep autoencoder is an important tool and method in deep learning.

3. Proposed Model
3.1. Dimensionality Reduction of Stock Data Based on DAE

There is often multiple collinearity between stock indicators and indicators. For
example, the ] in KDJ (a stochastic indicator) is obtained by linear operation of K and
D. Although these indicators with multi-collinearity provide convenience for technical
analysis, they do not have much practical significance in the calculation of neural networks.
Instead, they increase the computational cost of the model and the risk of overfitting.
Therefore, it is necessary to reduce the dimensionality of the stock indicators to eliminate
the multi-collinearity, reduce data redundancy, and greatly reduce the calculation and
complexity of the model. This paper constructs a DAE model based on a Restricted
Boltzmann Machine (RBM) and uses it for dimensionality reduction and feature extraction
of stock index data. The structure of the model is shown in Figure 3.
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(a) Trained layer by layer using RBM (b) After fine-tuning

Figure 3. Proposed model based on RBM.

A DAE is a deep neural network. Although the error back propagation algorithm
can be used to train a DAE, the training effect is not ideal. As the number of neural
network layers deepens, the gradient disappears when training the neural network using
the error back propagation algorithm (Glorot and Bengio 2010). Aiming at the problem of
the difficulty of deep neural network training, the literature (Le Roux and Bengio 2008)
gives a method based on the RBM training method.

The training process is mainly divided into three steps:

(1) First construct multiple RBMs, as shown in Figure 3a, and pre-train the models
separately using a layer-by-layer greedy training strategy. Among them, X is the
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original data; each RBM uses the output of the previous RBM as input, and W is the
pre-trained weight.

(2) Stack the pre-trained RBM layer by layer to build a symmetric model as shown in
Figure 3b. The first to m-th layers of the model are called encoders, and each layer of
the encoder uses the corresponding W as weight. The m + 1 layer to the 2 m layer of
the model are called decoders, and each layer of the decoder uses the corresponding
WT as the weight.

(3)  Use the BP algorithm to fine-tune the model and update the weight to W + e to make
the final output X of the model as similar as possible to the input X; the output of the
m-th layer is the coding result. The following describes the RBM-based DAE training
process in detail.

The RBM is an undirected neural network model based on statistical mechanics, and its
structure is shown in Figure 4. The RBM has two layers that are the visible and hidden layer.

h

Figure 4. RBM model structure diagram.

For a set of states (v, h) given by the visible layer and the hidden layer, the energy
function of the RBM in this state can be defined as:

Eg(v,h) = —a'vo —b"h — hTWo (3)

Among them, a, b, W are the parameters of the model, a represents the bias value
of the visible layer, b represents the bias value of the hidden layer, and W represents the
weight matrix between the visible and the hidden layer.

Based on the energy function defined by Equation (3), the joint probability distribution
of (h, v) can be obtained:

e—E(vh|6)
) = e @
where
0 ={W, a,b} )

With the joint probability distribution of (k, v), the marginal distributions of & and v
can be calculated separately. In practical applications, the probability distribution of the
visible layer is more important. The distribution function is expressed as:

¥, e~E@hlo)

P(v]0) = ¥, e E@H0)

(6)

The process of training the RBM is essentially to find a set of 6 so that the output of the
visible layer is as similar as possible to the distribution of the training sample S. In order to
achieve this goal, the likelihood function is defined:

s
InLys = E In P(v;) ?)
i=1
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A set of optimal parameters 0 can be obtained by seeking the maximum value of the
likelihood function, where v; is the i-th neuron in the visible layer, and 75 is the number of
training samples. In order to calculate the maximum value of Equation (7), it is necessary
to derive it, and the joint probability distribution P(h|v) appears in the derivation result,
because P(h|v) is difficult to calculate directly. Therefore, Gibbs sampling is used to
approximate it.

The RBM has good properties. For example, given the state of neurons in the visible
layer, the activation conditions of neurons in the hidden layer are independent. Similarly,
given the state of neurons in the hidden layer, the activation conditions of neurons in
the visible layer are also independent. Therefore, as long as the RBM model is designed
reasonably, any discrete probability distribution can be fitted (Hinton 2002). Based on the
above properties of the RBM, when the state of the neurons in the visible layer is known,
the activation probability of any j-th hidden-layer neuron can be obtained:

P(hj=1

0, 9) = O'(ZUZ‘W,']' + b]) (8)

where ¢ is the sigmoid activation function. Since the RBM has only two layers, after
obtaining the state of the neurons in the hidden layer, the state of the neurons in the visible
layer can be calculated in the same way. The activation probability of the i-th neuron in the
visible layer is:
P(v; =1|h,0) = U(Zhjwij+ﬂi> 9)
]

Repeating k times using Equations (8) and (9) can express the k-th sampling result,
and obtain an approximate joint probability distribution P(h|v), and the RBM training can
be completed after m cycles.

Based on the above-mentioned RBM training method, the problem of training a DAE
can be simplified to the problem of training multiple RBMs. In the actual training process,
the contrast divergence (CD) algorithm is used to train an RBM, and the sampling results
of a few Gibbs samples can be used to approximate the joint probability distribution of
(h, v). It greatly reduces the training cost for an RBM.

The trained RBMs are stacked into a DAE network as shown in Figure 3b. At this time,
the DAE network weights have not reached the optimal state, and the weights need to be
fine-tuned. The specific method is that the original stock data X is input to the DAE, and
the error back propagation algorithm is used to fine-tune the network to minimize the error
of the output decoded vectors X and X. After fine-tuning, the weight in the DAE network
reaches the optimal value, and the output of the m-th layer encoder in the middle of the
network is a share-coded sequence X’ after dimensionality reduction of ticket data.

3.2. Stock Prediction Based on BP Neural Network

A BP neural network is an algorithm based on delta learning rules. Its principle is to
use the method of gradient descent to transmit the error generated by each training forward,
update the weight and bias value of each layer in turn, repeat iteratively, and finally achieve
the iteration ends after the convergence condition. The BP neural network uses a non-linear
activation function, so it has good non-linear fitting ability. The stock system is a complex
non-linear dynamic system. Its price trend has strong volatility, and there are many factors
that affect the price. The linear model cannot solve the stock prediction problem well.
Therefore, the neural-network-based model is very suitable for the stock system.

This paper uses a BP neural network to build a regression model to predict stock
prices. The model is divided into three layers: input layer, hidden layer and output layer.
The neural network structure is shown in Figure 5.
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Figure 5. Illustration of BP neural network architecture.

The input of the model is the result X’ of the stock data dimensionality reduction of
the previous day, and the output is the predicted price Y’ of the stock from the next day,
where f(x) is the activation function.

3.3. Algorithm Description
The proposed algorithm flow to predict the stock price is as follows in Algorithm 1.

Algorithm 1 Proposed algorithm for stock price prediction

: For num in layer

: Initialize RBM (num) weight W and b offset value

: Enter stock data X

: for I in epochl

: Use the method in Section 3.1 to train RBM(num)

: W.append(W), b.append(b)

:Return W, b

: Use the trained RBM to construct a DAE with a symmetrical structure
: Load W and b into the corresponding DAE network

: for i in epoch?2

: Input stock data X to DAE network to fine-tune network parameters
: End

: Input stock data X to the trained DAE network

: Obtain the encoding result X’ of the intermediate layer encoder

: Divide X’ into training and test set

: Build BP neural network

: For i in epoch3

: Input the training set to train the BPNN

: End

: The BP neural network uses the test set to predict the stock price Y'.

© NI ONUl W N e

—
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Steps (1)~(7) of the proposed algorithm are the process of training the RBM layer by
layer. Steps (8)~(12) are the fine-tuning process of the DAE network, and steps (13)~(15) are
the code reduction of the original stock data. In the process of dimensioning, steps (16)~(19)
are the training process of BP neural network, and step (20) is the prediction process.

4. Experimental Results
4.1. Data Set

This article uses the real transaction data of Kweichow Moutai (600519) as the data
set. The data set contains 48 dimensions of data, including commonly used indicators in
technical analysis. They are OBV (OBV.OBV, OBV.MAOBYV), HSL (HSL.HSL, HSL. MAHSL,
VRSI.RSI1), VRSI (VRSI.RSI2, VRSL.RSI3), PSY (PSY.PSY, PSY.PSYMA), WAD (WAD.WAD,
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WAD.MAWAD), VR (VR.VR, VR MAVR), CYR (CYR.CYR, CYRMACYR), CCI (CCI.CCI),
RSI (RSL.RSI1, RSI.RSI2, RSI.RSI3), BIAS (BIAS.BIAS1, BIAS.BIAS2, BIAS.BIAS3), CYF
(CYE.CYF), DKX (DKX.DKX, DKX.MADKX), MARSI (MARSI.RSI10, MARSI.RSI6), DMA
(DMA.DIF, DMA.DIFMA), ATR (ATR.MTR, ATR.ATR), DPO (DPO.DPO, DPO.MADPO),
PAVE (PAVE.CV, PAVE.MCV, PAVE.DIFF), CYE (CYE.CYEL, CYE.CYES), EMV (EMV.EMYV,
EMV.MAEMV), MACD (MACD.DIF, MACD.DEA, MACD.MACD), MTM (MTM.MTM,
MTM.MTMMA) and ROC (ROC.ROC, ROC.MAROC). There are a total of 1156 trading
days in the data set; 900 pieces of data are divided into the training set, and 256 pieces of
data are used as the test set.

Due to the different dimensions of the data of different stock indicators, the data with
larger dimensions has a greater impact on the final result, whereas the data with a smaller
dimension has almost no effect on the original result. Data for different dimensions will
cause great interference to both the dimensionality reduction stage and the prediction stage,
so it is necessary to unify the data to the same order of magnitude. This article uses the
linear function normalization (Min — Max scaling) method; the normalization method is:

y = X—min_ (10)
max — min

Through the normalization operation, the data is compressed to between (0, 1), which
eliminates the influence of a large amount of dimensional data on data dimensionality
reduction, and prevents the phenomenon of gradient saturation of neurons when the
logistic and tanh activation functions are used.

4.2. Comparison of DAE Dimensionality Reduction Effects of Different Depths

The autoencoder can be trained as a deep autoencoder with multiple hidden layers.
Generally, the more layers of the deep autoencoder, the more abstract the extracted features,
and the encoded result represents a higher layer in the data. In order to compare the impact
of encoding results of different depths on the prediction results, this paper designs five
DAEs, and the number of layers is gradually increased from two to six. The results of the
five DAE encodings are respectively used for stock price prediction, and the prediction
results are shown in Table 1.

Table 1. The prediction effect of using different depths of DAE encoding.

D%fr?ci::;)rk Nelj;::}?fa(;fers Training Error (MSE) Test Error (MSE)
48-5 2 0.00051 + 0.00021 0.0054 £ 0.0009
48-24-5 3 0.00041 + 0.00016 0.0030 £ 0.0004
48-24-12-5 4 0.00036 + 0.00015 0.0025 £ 0.0007
48-30-20-10-5 5 0.00047 + 0.00012 0.0034 £ 0.0005
48-40-30-20-10-5 6 0.00670 +£ 0.00170 0.0220 £ 0.0040

From the prediction results in Table 1, it can be seen that the results of using different
depths of DAE encoding sequences to predict stock prices are different. Among them, the
data after the use of four-layer-structure DAE dimensionality reduction is more effective in
stock prediction, and its training error and test errors are all the smallest.

In order to further measure the encoding effect of encoders with different depths, this
paper obtains the results X after DAE decoding of different depths, calculates the Euclidean
distance between X and X to find the reconstruction error, and uses the reconstruction error
to measure the degree of information loss in the DAE encoding—decoding process. The
calculation results are shown in Table 2.
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Table 2. Reconstruction error of DAE at different depths.

Network Structure Reconstruction Error
48-5 20.60
48-24-5 17.10
48-24-12-5 15.60
48-30-20-10-5 16.70
48-40-30-20-10-5 19.79

The formula for calculating the Euclidean distance of a vector in a multidimensional
space is:
n

dip = | Y (xne — xk)” (11)
k=1

Among them, n represents the dimension of matrix X.

Under normal circumstances, as the number of layers of the DAE deepents, its ability to
abstract and generalize becomes stronger. A shallow DAE can complete the dimensionality
reduction of the data through only one encoding, and some important information will
be lost during the encoding process, so the reconstruction error is relatively large. The
deep DAE extracts features layer by layer, which can more completely retain the important
features in the data, with less information loss, so the reconstruction error is small. However,
the depth of the DAE is not at its maximum. As the number of encodings increases, the
extracted features will become more and more abstract, and the detailed information in the
data will be lost, so the reconstruction error will be larger.

4.3. Comparison with Other Dimensionality Reduction Methods

Principal component analysis (PCA) and factor analysis (FA) are two commonly used
methods in multivariate analysis, which are usually used for dimensionality reduction
analysis of observation samples.

PCA is a linear dimensionality reduction method. The principle is to remove the data
in the original high-dimensional space from the data with smaller variance dimensions and
simplify it into low-dimensional data, and then rotate the low-dimensional data into the
low-dimensional coordinate system. In the coordinate system, the data of each dimension
is a linear combination of the original data (Bakshi 2010), the purpose of which is to
make the reconstructed data closer to the original data. Therefore, PCA is also called
linear autoencoding.

FA is also a method of linear dimensionality reduction. Its principle is to synthesize
variables into a few common factors according to their correlation, and replace a group
with a strong correlation with one factor. The correlation of variables between different
groups is weak, and the correlation of variables in the same group is strong. Similar to
the idea of clustering, the original variables can be expressed as a linear combination of
common factors (Kaiser 2016).

Different from the above two methods, the DAE used in this article is a non-linear
dimensionality reduction method. The reason it is called non-linear is that a non-linear
activation function can be used between the layers of the DAE, such as sigmoid, tanh, relu,
etc., to achieve non-linear mapping of input data and output data. As the number of DAE
layers increases, the more times it performs non-linear mapping, and the more abstract the
extracted features.

Using the PCA method to reduce dimensionality, when the number of principal
components is five, the cumulative variance contribution is 88.27%, so the five-dimensional
dimension is selected as the final dimension after dimensionality reduction. FA and DAE
are based on the dimension after PCA dimensionality reduction. It is also reduced to
five dimensions, which is convenient for comparing the dimensionality reduction effects
of different methods. Among them, DAE uses the best four-layer structure model in
Section 4.2.
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Using the above-mentioned dimensionality reduction methods to reduce the stock
data to five dimensions, the coding sequence of each dimension is shown in Figure 6.
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Figure 6. Coding sequence of stock data after dimensionality reduction.
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Intuitively analyzing the sequence encoded by the three methods in Figure 6, it can
be found that the characteristics of the encoded sequence after using PCA dimensionality
reduction are not obvious, and it does not reflect the basic situation of the stock trend. The
coding sequence after dimensionality reduction using FA and DAE contains the character-
istics of stock price trends, among which DAE’s stock price trend characteristics are the
most obvious (as shown by f; in Figure 6¢), which can be inferred because the effect of
dimensionality reduction using FA and DAE data forecast is better.

In order to verify the above statement, the sequences obtained using the above three
methods are used as the input of the BP neural network, and the prediction results are
generated using the BP neural network calculation. The prediction results are shown in
Figure 7.

1.0

—real
09 F|---PcA_LST™M
08}~ -FA_LSTM

<<<<< DAE_LSTM
207}
E
06}
0.5
0.4 fyy
03 A i A A A
0 50 100 150 200 250

time (d)
Figure 7. The results of predicting stock prices with different coding sequences.

In order to measure the error between the predicted result and the real result, this
article uses three error evaluation indicators, namely MSE (Mean Square Error), MRE (Mean
Relative Error) and MAE (Mean Absolute Error). The calculation results of the three errors
are shown in Table 3. Analyzing the data in Table 3, we can see that the proposed algorithm
has a better prediction effect, whereas PCA-BP and FA-BP have poor prediction results. The
single-day rise and fall of the Chinese stock market is only 10%, and the relative error of
using the PCA dimensionality reduction code to predict the stock price has reached 17.9%,
far exceeding the upper limit of the stock’s rise and fall. Therefore, the PCA dimensionality
reduction code is used. Predicting stock prices has no practical significance. The data after
dimensionality reduction using FA barely meets the practical requirements, but still has a
large relative error. The proposed model is used to reduce the dimensionality of the stock
data. The reduced data has a higher prediction accuracy and meets practical requirements.

Table 3. Errors in predicting stock prices with different coding sequences.

Error
Algorithm
MAE MSE MRE
FA_BP 0.062 0.0045 9.72%
PCA_BP 0.127 0.02 17.9%
Proposed DAE_BP 0.043 0.0025 6.94%

In order to explore the reasons why different encoding methods have different effects
on the prediction results, this article further analyzes the encoded sequence. Stock sequence
is a time series with strong volatility. From a theoretical point of view, the variables
used to predict stock prices also need to have similar strong volatility in order to predict
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stock prices well. Variance is used in statistics to measure the degree of dispersion of a
sequence. The larger the variance, the greater the volatility of the sequence. Similarly,
the smaller the variance, the smaller the volatility of the sequence. Therefore, this paper
calculates the variance of the coded sequence after dimensionality reduction by various
dimensionality reduction methods, which is used to measure the degree of fluctuation of
the coded sequence after dimensionality reduction. Among them, Di represents the i-th
dimension of the coding sequence.

Through calculation, in Table 4, the variance of the stock price sequence is 0.061. Anal-
ysis of the data in Table 4 shows that the variance of the sequence after DAE dimensionality
reduction is the closest to the variance of the stock price, so the following conclusions can
be drawn. The DAE should be used to compare stock data to perform dimensionality
reduction, and the FA and PCA methods should be used for comparison. When the data is
reduced to the same dimension, the DAE can retain more useful information in the original
data, and the extracted features are more in line with the main features in the original data.

Table 4. The variance of the coding sequence of stock data after dimensionality reduction.

Variance
Algorithm
D1 D2 D3 D4 D5
FA 0.049 0.027 0.039 0.030 0.015
PCA 0.039 0.015 0.038 0.009 0.018
DAE 0.053 0.073 0.086 0.051 0.056

4.4. Comparison with Different Forecasting Methods

This article compares the prediction results of the DAE-BP model with the three com-
monly used models of Multilayer Perceptron (MLP), Support Vector Regression (SVR)
and Multiple Linear Regression (MLR). The MLP, SVR and MLR use stocks without di-
mensionality reduction. The index data predicts the price, and the prediction results are
shown in Table 5. From the data in Table 5, it can be seen that although the MLR has the
shortest running time, its prediction effect is the worst. Compared with other prediction
models, the proposed algorithm has better performance in terms of prediction accuracy
and running time.

Table 5. Comparison of prediction results of different methods.

Error
Algorithm Running Time
MAE MSE MRE
SVR 9.16 ms 0.056 0.0039 7.71%
MLR 0.13ms 0.160 0.029 22.9%
MLP 0.44 ms 0.063 0.0047 9.98%
Proposed 0.29 ms 0.043 0.0025 6.94%

5. Conclusions

This paper designs a stock prediction model based on the DAE-BP neural network.
Since the original indicator data of stocks has a high dimensionality and there is multiple
collinearity between the indicators, directly using the original indicators to predict stock
prices will greatly increase the complexity of the model and computational overhead. Thus,
this article uses a deep autoencoder to reduce the dimensionality of stock data. The effect
of DAE dimensionality reduction is related to the number of layers. If the number of
layers is too deep or too shallow, the reconstruction error will increase. The DAE with a
four-layer structure has the best dimensionality reduction effect. This article also compares
the dimensionality reduction effects of the three dimensionality reduction methods of
DAE, PCA and FA. When the data is reduced to the same dimension, the data after DAE
dimensionality reduction can retain the more essential characteristics of the data and use
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it for stocks. It has high accuracy when forecasting. In comparison with other prediction
models, DAE-BP has more advantages in terms of running time and prediction accuracy.

Using the model designed in this paper to predict stock prices still produces a large
error; the relative error reaches 6.94%, and although this is less than the single-day limit of
stocks, it is still misleading in practical applications. Therefore, the next step is to adjust
and optimize the prediction part of the model to further reduce the prediction error and
make the model more practical.
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