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Abstract
To further explore the research of financial time series prediction and broaden the application
scope of Gaussian distribution probability density equation, based on the nonlinear differential
equation of Gaussian distribution probability density, the semi-supervised Gaussian process
model is taken as the research object to discuss the application of semi-supervised Gaussian
process model in the stock market. Shanghai 180 Index, Shanghai (Securities) Composite Index
and the yield of three stocks are studied in detail. The specific results are as follows. The
prediction accuracy of Shanghai 180 Index is 83%, and the prediction accuracy of Shanghai
(Securities) Composite Index is 78%. The stock yield series curves of the three stocks have
the characteristics of peak and thick tail, which do not obey the normal distribution. Among
the three models of semi-supervised Gaussian process model, initial Gaussian process model
and SVM algorithm model, the prediction accuracy of semi-supervised Gaussian process model
is the best, and the prediction accuracy of the yield of three stocks is 82.45%, 85.03% and
84.53%, respectively. The research results can fully prove that the semi-supervised Gaussian
process model has good application effect in stock time series prediction. The research content
can provide scientific and sufficient reference for the follow-up research of financial time series,
and also has important significance for the research of Gaussian process model.

Keywords : Gaussian Distribution; Gaussian Process; Financial Time Series Research; Nonlinear.

1. INTRODUCTION

Due to the development of Internet technology and
the gradual deepening of machine learning research,
researchers fully analyze many mathematical mod-
els and apply them to solve practical problems,
which achieve good application results.1 Among
them, Gaussian process (GP) is widely concerned
as a very important model.2 GP model fully com-
bines the relevant theoretical basis of statistics and
machine learning, which makes the model have
the advantages of both statistical learning method
and machine learning method.3 GP model has a
strict basis of statistical learning theory, which is
a natural extension of the traditional multivariable
Gaussian distribution from vector to function. GP
method has strong applicability and generalization
ability for high-dimensional nonlinear small sample
data. Moreover, in GP, related concept of kernel
function is used to make Gaussian function have
obvious nonlinear characteristics.4 In this way, it
can ensure that Gaussian function can better deal
with many complex and changeable problems, and
the calculation cost and the calculation time can be
further reduced.5 With the extensive attention of
researchers on GP model, good application results
of GP model have been achieved in many fields.
For example, there are GP application examples
in the aspects of image classification technology,

classification theory, target object recognition, fault
anomaly detection and target state prediction.6–8

At present, with the deepening of the research,
the theory of mathematical model is gradually
popular. Researchers find that many scenes in mod-
ern life can be explained by mathematical mod-
els, among which time series model is one of the
most common mathematical models.9 The so-called
time series data refers to the dataset arranged
according to the time sequence of each observa-
tion record, which can also be a special kind of
data.10 Datasets in financial securities, e-commerce,
biomedicine, DNA sequencing, atmospheric fore-
casting and many other fields can be regarded as
a time series.11–13 In the related research in the
financial field, the effective storage, analysis, pre-
diction and utilization of financial time series data
had become a hot issue.14 The financial industry
has the characteristics of high risk and high income.
Therefore, it is of great practical significance to
understand the changing law of the financial mar-
ket, carry out effective financial management and
improve the efficiency of financial investment.15

The use of financial time series prediction can pro-
vide sufficient reference for relevant national depart-
ments and financial enterprises to make relevant
decisions, formulate reasonable capital plans and
investment programs, and improve the level of
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marketing. Therefore, it is particularly important to
explore a reasonable model to further improve the
performance of financial time series prediction.16

Based on the theory and technology of GP, semi-
supervised GP (SSGP) is taken as the research
model and its mathematical derivation process and
model principle is discussed in this exploration.
Meanwhile, in the aspect of stock market research,
the prediction results of the SSGP model on the
Shanghai 180 Index, Shanghai (Securities) Compos-
ite Index and three Shanghai stocks are explored,
and the prediction accuracy of the SSGP model is
analyzed.

2. METHOD

2.1. Basic Concepts of GP

The original GP is also called normal stochastic
process. In a random process, if the distribution
of random variables at any time is Gaussian nor-
mal distribution, the random process is GP.17 GP
can be a finite dimensional or infinite dimensional
Gaussian distribution, in which each subset of the
infinite dimensional Gaussian distribution conforms
to the Gaussian distribution. GP is to establish the
prior probability of the model through probability
method, in order to learn the kernel function, and
finally gives the output function.18

With the rapid development of computer
network, machine learning and deep learning,
researchers have successfully applied the concept
of Gaussian distribution to the field of statistics
and machine learning. Moreover, with the deepen-
ing of the research, its application scope is con-
stantly expanding, which has brought significant
impact to various industries. Among them, Gaus-
sian distribution has good application effect and
research prospect in the research of time series.19

The most famous is the application of Kriging
method (GP regression). Kriging method is one
of the most widely used prediction analysis meth-
ods in the field of geographic information, which
has good application in remote sensing monitor-
ing, mineral exploration, environmental protection
and other aspects.20 GP is a learning method based
on Bayesian theory. Its output is a random vec-
tor which obeys joint Gaussian distribution. GP is
uniquely determined by the covariance function and
the mean function of the set. Equation (1) is its
specific expression.

f = (f1, f2, . . . , fn) ∼ N(μ,N), (1)

where fi is a random variable.
For any GP, it can be determined by the mean

function and covariance function of a random
process f(x).

f ∼ GP (m(x),K(x, x′)), (2)

m(x) = E[f(x)], (3)

K(x, x′) = E[(f(x) − m(x))(f(x′) − m(x′))],
(4)

where xi is a random variable, m(x) is a mean func-
tion and K(x, x′) is a covariance function.

GP is expressed as any combination of function
variables and obeys the Gaussian joint distribu-
tion with zero mean value. The expression of one-
dimensional GP can be expressed as follows:

p(f(x)) ∼ gp(m(x) = 0,

K(x, x′) = exp(−0.5(x − x′)2)).
(5)

In the above equation, the value of the mean
function m(x) is 0, and the covariance function is
in the form of radial basis function.

GP is a nonparametric kernel method based on
Bayesian probability framework, which is mainly
used in supervised learning regression and classi-
fication problems.21 At the same time, GP is a set
of random variables, and any number of random
variables in the set obey the joint Gaussian distri-
bution. The main advantages of GP model are as
follows. First, GP is a nonparametric probability
model, which can not only predict the output of
unknown inputs, but also give the accuracy param-
eters of the prediction. Then, GP can express the
prior knowledge of the process in the form of prior
probability, so as to improve the performance of GP
model. Compared with neural network, support vec-
tor machine (SVM) and other methods, GP model
parameters are significantly less, so parameter opti-
mization is relatively easy, and it is easier to con-
verge.22,23

2.2. Derivation of Probability
Density Function of Gaussian
Normal Distribution

Normal distribution is the most widely used con-
tinuous probability distribution because its analyt-
ical equation of probability density function is as
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follows:

f(x) =
1√
2πδ

e−
(x−μ)2

2δ2 . (6)

In the derivation of Gaussian normal distribution
probability density function, the following assump-
tions need to be determined first. It is known that
the function

L(θ) = f(x1 − θ)f(x2 − θ) · · · f(xn − θ), (7)

ln L(θ) = ln f(x1 − θ) ln f(x2 − θ) · · · ln f(xn − θ).
(8)

The maximum value problem of Eq. (7) is equal
to the maximum value problem of Eq. (8). There-
fore, the left and right sides of Eq. (8) can be
derived, and the result is 0. Then, the following
expression can be obtained:

f ′(x1 − θ)
f(x1 − θ)

+
f ′(x2 − θ)
f(x2 − θ)

+ · · · + f ′(xn − θ)
f(xn − θ)

= 0.

(9)

According to the fact that the arithmetic mean of
the observed value is the most reasonable estimate
of the true value, it can be obtained that

θ̂ = x̄ =
x1 + x2 + · · · xn

n
. (10)

Equation (10) should be the value of the solution
obtained in Eq. (9). After the two equations are
combined, the following results are obtained:

f ′(x1 − θ̂)
f(x1 − θ̂)

+
f ′(x2 − θ̂)
f(x2 − θ̂)

+ · · · + f ′(xn − θ̂)
f(xn − θ̂)

= 0.

(11)

At the same time, the auxiliary function is intro-
duced.

g(x) =
f ′(x)
f(x)

. (12)

Therefore, the following equation can be
obtained:

g(x1 − θ̂) + g(x2 − θ̂) + · · · + g(xn − θ̂) = 0.
(13)

Since f(x) is an even function, if n = m + 1, and
x1 = x2 = · · · = xm = −x, θ̂ = 0. When the above
conditions are brought into Eq. (13), the following
equation can be obtained:

g(mx) = mg(x). (14)

The equation holds for all natural numbers m and
real numbers x. In addition, because it is known

that the continuous function g(x) is an odd func-
tion defined on R, for any natural number and real
number, there is g(mx) = mg(x). Then

g(x) = cx. (15)

That is
f ′(x)
f(x)

= cx. (16)

According to the related theorem, it can be
obtained that

[ln f(x)]′ =
f ′(x)
f(x)

, (17)

ln f(x) =
1
2
cx2 + c0. (18)

Therefore, the following expression can be
obtained:

f(x) = e
1
2
cx2+c0 = Me

1
2
cx2

, (19)

where M = ec0 and M is greater than 0. The func-
tion f(x) decreases with the increase of the absolute
value of x, so c must be less than 0. Therefore, it
can make

c = − 1
σ2

(σ > 0). (20)

Therefore, the following equation can be
obtained:

f(x) = Me
x2

2σ2 . (21)

According to the related theorem, the integral
value of the density function on the whole real num-
ber is 1, so it can be obtained that∫ +∞

−∞
Me

x2

2σ2 dx = 1. (22)

At the same time, the following assumptions are
set in the exploration:

t =
x√
2σ

, (23)

dx =
√

2σdt. (24)

Therefore, the following equation can be
obtained: ∫ +∞

−∞

√
2σMe−t2dt = 1. (25)

According to the relevant equation, it can be
obtained that ∫ +∞

−∞
e−t2dt =

√
π. (26)
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Therefore, it can be obtained that

M =
1√
2πσ

. (27)

In conclusion, the analytical expression of the
density function of error normal distribution is as
follows:

f(x) =
1√
2πσ

e−
x2

2σ2 . (28)

2.3. Regression Prediction Based on
GP Model

The basic definition of regression prediction is as
follows. In the n pairs of continuous vectors xi, and
yi of a given training dataset D, for the new input
value x, its distribution function value or its output
value is predicted, and the prediction probability
function and parameter estimation are given. The
targets to be studied are Gaussian noise with zero
mean value, and the difference from the real input
value is ε. Then, the relationship between the target
value y to be observed and the potential function
can be expressed as follows:

yi = f(xi) + εi. (29)

The expression of likelihood function is as follows:

p(y | f) = N(f, σ2I). (30)

In GP regression, if the sample data can get its
GP prior probability, and the mean value of the
multivariate Gaussian normal curve obeyed by sev-
eral subsets in any range of the sample set is zero,
the kernel function is

p(f |(x1)(x2), . . . , (xn)) = N(0,K), (31)

where f is the vector and X is the covariance
matrix.

The edge distribution of p(y) can be obtained by
synthesizing the above equation. The specific equa-
tion is as follows:

p(y) =
∫

p(y | f)p(f)df = N(y | 0, C), (32)

where p(y) is subject to the GP regression model,
and the elements in the covariance matrix C are
denoted as

C(xn, xm) = K(xn, xm) + σ2δnm. (33)

For the input x, to predict its specific value y,
that is, to predict the probability distribution of a
given sample, XN is recorded as the matrix com-
posed of the input vector of the observed sample,

and yN is the corresponding output value vector of
the observed data. The specific expression is as fol-
lows:

XN = [x1, x2, . . . , xn], (34)

YN = [y1, y2, . . . , yn]T , (35)

YN+1 = [y1, y2, . . . , yn, y∗]T . (36)

Equation (33) is the assumption of GP regression
prediction, and the joint probability distribution of
the sample data can be obtained as follows:

p(yN+1) = N(yN+1|0, CN+1), (37)

CN+1 =
(

CN K

KT c

)
, (38)

K = {k(x1, xN+1) · · ·
(xn, xN+1)}|n = {1, 2, . . . , n}, (39)

c = k(xN+1, xN+1) + σ2
n, (40)

where CN represents the covariance matrix of N∗N ,
the quantity K is composed of N related elements
corresponding to the covariance matrix, and c is a
scalar.

For N training samples including input x and
output y, the joint probability distribution is as fol-
lows:[

y

f0

]
∼ N

([
K(X,X) + σ2I K(X,X∗)

K(X∗,X) K(X∗,X∗)

])
.

(41)

Among them, K(X,X) is the N ∗ N order
symmetric positive definite covariance matrix;
K(X,X∗) is the N ∗ 1 order covariance matrix of
sample test data points and all observation data X
of training set; K(X∗,X∗) is the covariance of test
data itself.

Therefore, when the test point and training set D
are given, according to the Bayesian posterior prob-
ability, the conditional distribution can be deduced
as follows:

p(f∗|x∗,X, yN , k) ∼ N(f̄∗, cov(f∗)). (42)

The expressions of mean and variance are shown
in the following equation:

f̄ = E[f∗|X, y,X∗], (43)

cov(f∗) = K(X∗,X∗) − K(X∗,X)

× [K(X,X) + σ2I]−1K(X,X∗). (44)
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2.4. Nonlinear Analysis in Financial
Stock Market

Among the core analysis methods of modern finan-
cial market, there are many traditional linear anal-
ysis methods such as efficient market theory and
CAPM model.24 These techniques are to use the
method of linear mathematical statistics to guide
financial investment, and have a certain application
effect in financial market research. However, with
the deepening of research, the traditional linear
analysis method is unable to meet the existing com-
plex situation, and cannot explain problems such as
the US stock market crash.25 Compared with lin-
ear system, nonlinear system is more complex. In
the related research in the field of financial market,
the introduction of nonlinear model can not only
deeply understand and analyze the relevant theo-
retical knowledge of financial market, but also inter-
pret and analyze more abstract economic problems
through model prediction, parameter comparison,
system simulation and other means.26 At the same
time, prediction of the corresponding problems can
be put forward and the corresponding solutions can
be given.

Many studies show that China’s stock market
has a very significant volatility.27 Specifically, the
volatility of China’s stock market is mainly reflected
in three aspects: state persistence, correlation and
volatility periodicity. The main performance is as
follows. First, in China’s stock market, it often
shows a continuous upward or downward trend. If
the sequence is up in the previous interval, it is also
up or down in the next interval. Therefore, in prac-
tice, the stock market often presents a continuous
upward or downward trend.28 Then, in practical
application, it is found that the correlation scale
of Shanghai and Shenzhen stock markets is usually
not equal to zero, which proves the correlation of
stock price volatility. Moreover, the fluctuation of
stock price is affected by historical information to
a certain extent. Therefore, investors tend to pay
more attention to stock history information when
they invest.29 Finally, the current event information
can affect the future stock trend for a long time,
and the measurement of cycle length refers to how
long it takes for the impact of a single period to be
reduced to a degree that cannot be measured.30

In the research of stock market in China, the
most commonly used theory is chaos theory. The
so-called chaos refers to a seemingly irregular and
random phenomenon in the deterministic system.31

Chaos is not a simple disorder, but has no obvious
period and symmetry. It has an ordered structure
with rich internal levels. It is a new form of exis-
tence in nonlinear systems. The main definitions of
chaos theory are as follows.

First, V is set as a compact metric space. In this
case, it is assumed that V satisfies the following
conditions:

(1) Sensitive dependence on initial value: If there is
σ, any ε > 0 and x ∈ V , there is y and natural
logarithm n in the field of x, which make:

d(fn(x), fn(y)) > δ. (45)

(2) Topological transitivity: for any pair of open
sets X and Y on V , there is k > 0, which make:

fk(X) ∩ Y = ∅. (46)

According to the above conditions, the sensitive
dependence on the initial value means that no mat-
ter how close x and y are, their orbits may be far
apart under the action of f . In the vicinity of each
point x, the point y which is very close to it but
finally separated can be found. Based on the above
situation, if the orbit of f is calculated by computer,
any small initial error will lead to the failure of the
calculation results after several iterations.

2.5. Theoretical Analysis and Model
Discussion of Financial Time
Series Prediction

According to the different methods and theories
of models, financial time series prediction methods
can be divided into linear and nonlinear meth-
ods. At present, the widely used linear meth-
ods include moving average method, exponential
smoothing method, multiple regression method
and autoregressive conditional heteroscedasticity
method; the commonly used nonlinear prediction
methods include nonlinear prediction method based
on phase space reconstruction, artificial neural net-
work method, wavelet method, SVM prediction
method and nonlinear tracking method.32

There are three most important characteris-
tics of linear financial time series: stationarity,
autocorrelation and volatility aggregation test. Sta-
tionarity test is the basis of time series analysis.
Different modeling methods are selected according
to whether the time series are stationary or not.33

Time series cannot be described only through one
or more random variables, and its dynamic change

2240084-6

Fr
ac

ta
ls

 2
02

2.
30

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
74

.1
05

.3
6.

76
 o

n 
09

/2
1/

23
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



2nd Reading

March 4, 2022 15:18 0218-348X 2240084

Financial Time Series Using Nonlinear Differential Equation

process must be investigated. The dynamic change
process of this kind of random phenomenon is called
random process, and the financial time series is a
random process. Autocorrelation mainly refers to
dynamic correlation, that is, the correlation of the
same variable in different time domains. Volatil-
ity aggregation means that volatility is larger in
a certain period of time and smaller in another
period of time. Although the volatility of finan-
cial time series cannot be directly observed, it
has generally accepted characteristics. For exam-
ple, volatility aggregation, leverage effect, contin-
uous changes of volatility over time and stable
volatility.

The nonlinear characteristics of financial time
series are mainly reflected in the following aspects.
The most important thing is that the change of
financial time series data flow has strong positive
correlation, long memory and self-similarity, which
indicates that the trend change of financial time
series has great correlation with its own historical
data.34 Then, information is usually presented in a
nonlinear way, and financial investors usually pro-
cess the information in a nonlinear way. At the same
time, the change of financial market will be reflected
in the price of financial products through the trad-
ing activities of financial market, which makes the
price change of financial products nonlinear. In non-
linear time series theory, there are many analysis
models, including SVM model.35 SVM is developed
based on statistical theory. The core idea is to map
the nonlinear sample data into high-dimensional
space, so that it can be transformed into classifi-
cation or regression problem which can be dealt by
linear method. That is to say, the nonlinear prob-
lem in low-dimensional state is transformed into lin-
ear problem in high-dimensional state by nonlinear
transformation. Figure 1 is the specific feature form.
This exploration will also focus on the application
effect of SVM model.

SVM function mainly uses kernel function as l
stock sample data with independently identically
distribution, so that the main expressions for pre-
dicting the expected risk are as follows:

Q(a) =
n∑

i=1

ai − 1
2

n∑
i,j=1

aiajyiyj(xi, yi), (47)

f(x) = sgn{(w · x) + b}, (48)

where f(x) is the decision function; Q(a) is the loss
function; a is the weight vector.

Fig. 1 Solution idea of SVM model.

SVM is composed of three layers, in which the
input layer is used to obtain the original stock sam-
ple data; the middle layer is used to map the nonlin-
ear sample data in the low-dimensional state to the
high-dimensional feature space by kernel function,
so that it is linearly separable; the top layer is used
to construct the decision function f(x). Figure 2
shows the structure of SVM.

Fig. 2 SVW structure diagram.
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2.6. Financial Time Series Prediction
Model Based on Semi-Supervised
Gaussian Distribution

Common learning methods include supervised
learning, semi-supervised learning and unsuper-
vised learning. Semi-supervised learning is not only
learning from training data with labels, but also
developing structural information from other unla-
beled data.36 It improves the performance of the
classifier through the joint probability distribution
of labeled data and unlabeled data. Semi-supervised
learning has the following advantages. First, it can
effectively use domain specific knowledge to assist
analysis; then, it can improve the effect of data clas-
sification; at the same time, it can classify special
shapes or standards according to different tag infor-
mation.37 Users can use less known information to
guide the classification process, which can better
reflect their needs. Figure 3 shows the relationship
between the three learning methods and the sample
dataset.

The main time series prediction method in this
exploration is SSGP time series classification algo-
rithm. The calculation form is as follows:

Fig. 3 Relationship between data sample set and learning
style.

First, dataset X = {Xl,Xu} is given, where Xl

is the labeled data sample and Xu is the unlabeled
data sample. There is the following expression:

f = arg min

{
1
l

l∑
i

C(f, xi, yi) + Ω(‖f‖)
}

. (49)

Among them, the C-cost function represents the
matching degree between the function f and the
given data sample.

For semi-supervised learning, it is necessary to
consider both labeled data and unlabeled data.
Therefore, it can be obtained that

f = arg min

{
1
l

l+u∑
i=1

C(f, xi, yi) + Ω(‖f‖)
}

. (50)

At the same time, for SSGP, there is also the
problem of hyperparameter learning. First, the log-
arithmic marginal likelihood function needs to be
Laplacian approximated. The specific equation is
as follows:

L = log p(y | f̂ , θ) − 1
2
f̂K−1f̂ − 1

2
log |B|. (51)

The maximum value of θ can be obtained by cal-
culation

θ∗ = arg max
θ

log q(y|X, θ). (52)

In conclusion, it can be concluded that the func-
tional dependence of the approximate marginal like-
lihood function on the hyperparameter θ consists of
two parts.

∂ log p(y|X, θ)
∂θj

=
∂ log p(y|X, θ)

∂θj

+
n∑
i

∂ log q(y|X, θ)
∂θj

∂f̂i

∂θj
. (53)

The classification principle of SSGP algorithm is
to use semi-supervised information to inject the cor-
responding class label information into unlabeled
data, and continuously expand the set of labeled
data samples to construct a reasonable classifier.
The prediction results of unlabeled data samples
can be used to guide the next data classification
and prediction. Figure 4 is the main schematic dia-
gram.

2.7. Research Data Sources and
Test Environment

In this exploration, Shanghai 180 Index prediction
analysis and Shanghai (Securities) Composite Index
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Fig. 4 Principle of SSGP classification and prediction.

prediction analysis are mainly carried out. At the
same time, three stocks in Shanghai Stock Exchange
are selected to study and analyze their stock yield.
The Shanghai 180 Index, also known as the SSE
Constituent index, is a result of the Shanghai Stock
Exchange’s adjustment and renaming of the original
Shanghai index. Its sample stock is the most repre-
sentative sample stock selected from all the stocks in
the market. It has been officially released since July
1, 2007. The Shanghai (Securities) Composite Index
is a weighted composite stock price index compiled
by the Shanghai Stock Exchange, which takes all
the stocks listed on the Shanghai Stock Exchange
as the calculation range and takes the issuance as
the weight.

The Shanghai 180 Index selected in this explo-
ration is from the data research of Shanghai Stock
Exchange (http://www.sse.com.cn/) from July 15,
2014 to December 31, 2015, with a total of 100
data between 171 and 270. The Shanghai (Secu-
rities) Composite Index data selected in this explo-
ration are also the data of Shanghai Stock Exchange
(http://www.sse.com.cn/) from July 15, 2014 to

Fig. 5 Prediction results of Shanghai 180 Index.

December 31, 2015. A total of 100 data of Shanghai
(Securities) Composite Index between 431 and 530
are predicted. The data of three stocks of Shanghai
Stock Exchange analyzed by in this exploration is
from July 15, 2015 to December 31, 2015.

3. RESULTS AND DISCUSSION

3.1. Prediction Analysis of Shanghai
Stock Index

(1) Prediction analysis of Shanghai 180 Index
Figure 5 shows the prediction results of Shang-

hai 180 Index. The black line represents the pre-
dicted value of 100 data, and the red line represents
the actual value. The comparison with the actual
value shows that the prediction accuracy of Shang-
hai 180 Index can reach 83% by using Gaussian dis-
tribution probability density equation. Experiments
show that the prediction effect is good.

(2) Prediction analysis of Shanghai (Securities)
Composite Index

Figure 6 shows the prediction results of the
Shanghai (Securities) Composite Index. Similarly,
the black line represents the predicted value of the
Shanghai (Securities) Composite Index data, while
the red line represents the actual value of the Shang-
hai (Securities) Composite Index. In the predic-
tion of Shanghai (Securities) Composite Index, after
Gaussian distribution probability density equation
is used, the prediction accuracy of Shanghai (Secu-
rities) Composite Index is slightly lower than that
of Shanghai 180 Index, which is 78%.

Moreover, the research results reveal that the
selection of input variables has a very important
impact on the prediction results. In fact, the input
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Fig. 6 Prediction results of Shanghai (Securities) Compos-
ite Index.

variables refer to the basic factors that affect the
change of stock price. The choice of input variables
reflects the choice of influencing factors of stock
price. Different input variables will lead to differ-
ent prediction results.

3.2. Stock Yield Analysis

In this exploration, the distribution of the yield of
three stocks is mainly tested. Figure 7 shows the
specific results. Among them, Fig. 7a shows the dis-
tribution and fitting curve of A stock yield; Fig. 7b
shows the distribution and fitting curve of B stock
yield; Fig. 7c shows the distribution and fitting
curve of C stock yield.

Figure 7 shows that the prediction effect is good
when the data sample size is 100. At the same time,

(a) (b)

(c)

Fig. 7 The fitting of the stock yield of three stocks.
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Fig. 8 Comparative analysis of stock prediction accuracy
using different methods.

after Gaussian fitting, the prediction results of A,
B and C stocks show the characteristics of peak,
and the stock yield has the characteristics of right
deviation. To sum up, the stock yield series has the
characteristics of peak and thick tail, and does not
follow the normal distribution.

3.3. Comparative Analysis of SSGP
Model and Other Methods

In this exploration, SSGP model, original GP model
and SVM algorithm model are studied respectively,
and the accuracy results of yield of three stocks are
obtained and compared. Figure 8 shows the specific
results.

Figure 8 shows that three methods are used to
predict the stock yield. Among them, the predic-
tion accuracy of SSGP model for three stocks is
82.45%, 85.03% and 84.53%, respectively; the pre-
diction accuracy of original GP model for three
stocks is only 74.28%, 75.37% and 77.59%, respec-
tively; the prediction accuracy of SVM model for
three stocks is 80.39%, 79.43% and 81.31%, respec-
tively. According to the above results, the predic-
tion accuracy of SSGP model is the highest, which
is significantly better than the original GP model
and SVM model. It proves that SSGP model has
good application effect.

4. CONCLUSION

In this exploration, the relevant prediction results
of the financial time series by using the Gaussian
probability density nonlinear differential equation
(SSGP equation) are fully discussed. The specific

research conclusions are as follows. First, the Shang-
hai 180 Index and the Shanghai (Securities) Com-
posite Index are predicted. The results show that
the supervised GP equation can effectively predict
the two indexes. The prediction accuracy of Shang-
hai 180 Index is 83%, and that of Shanghai (Secu-
rities) Composite Index is 78%. It is considered
that the selection of input variables can directly
affect the prediction results. Then, the yield of three
stocks is fitted. The results show that the curve of
yield series has the characteristics of peak and thick
tail, so it does not follow the normal distribution.
Finally, the accuracy of SSGP model, original GP
model and SVM algorithm model for the prediction
of the yield of three stocks is analyzed, respectively.
The experimental results show that the prediction
accuracy of SSGP model is better than the original
GP model and SVM model. Under the SSGP model,
the prediction accuracy of the yield of three stocks
is 82.45%, 85.03% and 84.53%, respectively. It is
proved that SSGP model has good application effect
in stock time series prediction. Meanwhile, there
are still some problems need to be improved in this
exploration. In today’s big data era, the demand for
the data amount in data analysis increases, which
puts forward higher requirements for related techni-
cal methods. Therefore, how to continue to improve
the accuracy of the algorithm in the case of large
sample size will be further explored, which is also a
key issue in the follow-up research.
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