
YUHAN ZHANG: STOCK MARKET PREDICTION BASED ON DIFFERENTIAL EVOLUTION ANALYSIS METHOD 

DOI 10.5013/ IJSSST.a.17.42.45                                               45.1                                 ISSN: 1473-804x online, 1473-8031 print 

Stock Market Prediction Based on Differential Evolution Analysis Method 

Yuhan ZHANG 
 

Department of Business School, University of Birmingham, Birmingham, B15 2TT, UK 
 

Abstract — How to analyze the features of stock price accurately and master the regularity of stock price changing with time 
quickly and effectively is of great theoretical and realistic significance and is an important research direction in financial field. For 
complicated non-linear and periodic variations of stock prices, a parallel computing model is proposed in this paper based on stock 
prediction algorithm of least squares support vector machine (LSSVM) . The experiment has proved that the new method ensures 
the accuracy of prediction and also shortens the prediction time greatly, which can be adopted in large scale data processing and 
prediction in financial field extensively and is of great application value. 

Keywords - prediction algorithm; stock price trend; simulation analysis; least squares support vector machine; finance 

 

I. INTRODUCTION 

Stock is barometer of national economy and is one of the 
tools for investment; therefore, the fluctuation of price 
attracts attentions of millions of people. However, the stock 
price is affected by various factors with casual and time-
varying features, in addition, the change is very complicated 
and it is also affected by psychology of people, therefore, the 
prediction of stock price is always the focus studied in 
financial field [1]. Stock is the product of market economy, 
which attracts the attention of millions of investors since its 
birth. High risk and high return are features of stock 
investment; individual investors and institutional investors 
care about the stock market, analyze financial data and try to 
predict the development trend of stock all the time. Stock 
market is a complicated and non-linear dynamic system and 
prediction effect with traditional time series prediction 
technology is not ideal. Neural network is an adaptive 
function estimator not depending on model and it can realize 
any function relationship without model. At present, neural 
network has become a powerful tool for non-linear dynamic 
system prediction and modeling. This paper looks for the 
combination point between data mining technology and 
stock prediction through studying the application of data 
mining algorithm (neural network) in the prediction of stock 
price. This paper has proposed stock price prediction model 
based on BP neural network with the approximation capacity 
of neural network for non-linear function and verified the 
feasibility and effectiveness of BP neural network algorithm 
for stock prediction through comparing traditional time 
series prediction method. 

II. TIME SERIES STOCK PRICE PREDICTION 

PARALLEL COMPUTING METHOD 

A. LSSVM Prediction Algorithm 

Least Squares Support Vector Machine (LSSVM) is the 
improvement for SVM and its main advantages include: first, 
it changes inequality constraint in traditional support vector 
machine into equality constraint; second, improve prediction 
accuracy by taking the loss function of error sum squares as 
empirical function of training set; third, change solving 

quadratic programming problem into solve linear system of 
equations directly. Just because of this, the core part of this 
algorithm is easy to be placed on GPU device for parallel 
computing. 

In weight w space, set training set 
 D= ( , )| 1,2,k kx y k N  , in which n

kx R  is training 

sample input of stock data, ky R  is stock training sample 
output, in this algorithm, it adopts RBF as kernel function 
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We only need to confirm the shape parameter and penalty 
parameter( ,  )of kernel function, the parameter search 
space is degraded from three dimension to two dimension 
and speeds up the modeling speed. 

Optimal decision problem of least squares support vector 
machine can be described as following: 

Objective optimization function is, 
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Its constraint conditions are, 

[ ( ) ] 1     1, ,T
k k ky w x b e k N                  (3) 

The method used for solving quadratic programming 
problem with equality constraint is lagrangian multiplier 
method, 
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In which, lagrangian multiplier k R  , optimize formula 
(4) that is to make partial derivative of w, b, ek and αk as 0. 
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Formula (4) changed to solving the following matrix 
equation: 
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Meanwhile take Mercer conditions into TZZ  , it can 
get: 

( ) ( ) ( , )T
kl k l k l k l k ly y x x y y x x               (7) 

Therefore, the decomposition of formula (2) can be 
attained from formula (6) and (7). The optimal decision 
function of the least squares support vector machine is: 
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B. Stock Prediction Model 

The description of GPU parallel computing model of 
LSSVM algorithm stock prediction designed in this paper is 
as following: 

(1) Read specified stock data information online, select 
the opening price and closing price of this stock during 
selected time slot as two-dimensional training sample data 
and take daily benchmark price in recent time as test sample 
set; analyze prediction system, optimize and verify shape 
parameter and penalty coefficient of LSSVM and construct 
learning sample of LSSVM (including input and output data). 

(2) Transfer sample data and parameter information into 
GPU data structure with adoption of Gdouble() and Gsingle() 
functions in Jacket function library. 

(3) Select kernel function, input learning sample into 
LSSVM for study and attain mapping relation of input and 
output sample data; input new testing sample data into 
LSSVM for prediction. 

(4) Copy prediction result data to CUP terminal, 
prediction data is the prediction for stock benchmark price in 
coming few days. 

Package the process with high complexity in algorithm 
into a whole, copy all their needed input sample and 
parameters into GPU storage, make parallel computing on 
GPU device in way of assembly line, accumulate all the 
attained results and then save in the host; cycle this process 
to improve the model prediction ability. 

GPU parallel computing model of LSSVM is as shown in 
figure 1. 
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Figure 1. GPU Parallel Computing Model of LSSVM 

Place on GPU terminal for parallel computing through 
optimizing division based on above algorithm, transferring 
input sample, test sample, shape parameter and penalty 
coefficient to GPU storage and adding, multiplying, 
inversing of matrixes in LSSVM algorithm, matrix 
accumulation operation and other processes with 
complicated calculation. 

Because in process, the calculation process of kernel 
matrix is the most complicated and the most time-consuming. 
Calculation at CPU terminal usually adopts kernel matrix, 
which is a positive definite matrix, judges the method of 
assignment with matrix pointer and avoids time loss brought 
about by repeated calculation, however, the time consumed 
is not satisfactory. When put the solution process of kernel 
matrix to GPU terminal, it can adopt the great computing 
advantages of GPU to solve problem. Make block processing 
for kernel matrix and make the calculation of one sub-matrix 
responsible for matrix in each thread block proceed memory 
allocation based on block; each thread calculates one element 

of sub-matrix. The specific process of each tread 
implementation is that first, makes each thread load 
corresponding element of partitioned matrix and then 
calculates the corresponding element of target kernel matrix; 
each thread accumulates computing result into register and 
writes results to global memory after implementation 
accomplished. Algorithm content with the longest time 
consuming makes parallel computing through GPU terminal 
with a lot of stream processors and the efficiency can be 
improved significantly. 

It is found out that the data is non-stationary after making 
stability test for test, and then we need to process raw 
material and make it stable. 

Features of non-stationary sequence pattern 
(1) Instability is at a constant level or with obvious trend, 

or even without any obvious trend, but do not go back to one 
constant level; 

(2) Variance is not a constant and tends to infinity with 
the increasing of time. 
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(3) The prediction is not converged to mean value; 
The method handling non-stationary sequence before 

Box and Jenkins is to select deterministic function of time t 
from sequence, which believes mean value is the polynomial 
of t and takes sequence after extracting confirmed trend as 
stable and random sequence and then establishes ARMA 
model for stationary sequence. 

The meaning of behaving like this is to believe that the 
trend is confirmed, but economic sequence usually presents 
random trend. When the trend is random, this behavior is 
wrong. For this, Box and Jenkins proposed difference 
conversion method. 

Non-stationary sequence difference can be transferred as 
stationary sequence with one time or several times of 
differences. Times of difference are called as order and this 
sequence becomes secondary non-stationary sequence. This 
sequence is described with autoregressive integrated moving 
average model and expressed as ARIMA (p. d, q), d is the 
times of difference. 

ARIMA process(Autoregressive Integrated Moving 
Average) 

Let 1 ） , W  is a ARMA(p,q) process. 

Φ Θ                              (9) 

Process  is called as ARIMA(p,d,q), usually 
difference times are smaller or equal to 3. 

It can be seen that 
When d=0, the model of ARIMA(p,d,q) is ARMA(p,q) 

model actually 
W p=0, the model of ARIMA(p,d,q)can be recored as 

IMA(d,q) model 
When q=0, the model of ARIMA(p,d,q) can be recorded 

as ARI( p,d ) model 
The essence of ARIMA model is the combination of 

difference operation and ARMA model, which explains that 
for any non-stationary series, it can make ARMA model 
fitting for series after difference as long as achieving 
differential stability through suitable order difference. 
However, the analysis method of ARMA model is very 
mature, which means that the analysis of differential 
stationary sequence will be very simple and reliable. 

III. ANALYSIS OF SIMULATION EXPERIMENT 

A. Experimental Environment and Evaluation Standard 

Experimental environment is made on PC with 
Intel(R)Core(TM)I3-530@2.93GH processor, 2.0GB 
memory and Windows XP SP3 operation system. PC 
computer is with single GPU, model NVIDIA Quadro 
FX580, memory 512MB, 32 stream processors and the 
compute capability is 1.1. Programming environment is 
MATLAB R2010B, CUDA driver version is 275.89, CUDA 
toolkit version is 4.0 and Jacket version is v1.8.1. 

The data of algorithm experiment is from stock data of 
New York Stock Exchange on yahoo website 
(http://finance.yahoo.com/). Select the dynamic and real-time 
fluctuation data of one or several stocks during a period of 
time and predict the benchmark price in future n days based 
on opening price, closing price and benchmark price T days 
before. Select data on N, T days earlier respectively (opening 
price, closing price and benchmark price) to establish 
prediction model, data of n, T days later will be used to 
verify the model prediction effect. 

Adopt root mean square error, 
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Assess and evaluate the prediction results; attain 
computing time based on time function embedded in the 
program and compute corresponding acceleration ratio. 

B. Analysis of Algorithm Simulation Results 

The experimental data in this paper is selected from 
historical stock data of New York Stock Exchange. Select 
stock data of Microsoft (code “MS”) from Jan. 1st 2008 to 
Jan. 1st 2010 as sample input and predict the stock change in 
next ten days. 

In the following, we select 100, 200 and 500 sets of data 
as sample input through simulation experiment, predict stock 
value data in 5 days and 10 days and attain comparison data 
through experimental algorithm as shown in table 1: 
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TABLE 1. SITUATION OF ALGORITHM ACCELERATION RATIO AND RMSE 

Sample day Prediction day CPU (time)/s GPU (time)/s Acceleration ratio RMSE(CPU) RMSE(GPU) 

100 5 0.281 0.073 3.85 0.942 0.942 

200 5 0.664 0.168 3.95 0.601 0.603 

500 5 1.398 0.347 4.03 0.483 0.481 

100 10 0.311 0.079 3.94 0.795 0.793 

200 10 0.739 0.184 4.02 0.578 0.576 

500 10 1.552 0.381 4.07 0.406 0.404 
 

LSSVM prediction map

LSSVM stock forecast error curve

Actual index value

LSSVM predictive value

 
Figure 2. Prediction map and error map of Microsoft stock value 

In the table, CPU and GPU are CPU serial execution and 
GPU parallelization execution algorithm respectively. 
Because LSSVM algorithm is with excellent prediction 
effect, so we do not improve the prediction performance of 
LSSVM, algorithm prediction root mean square error after 
GPU parallelization is basically the same as original 
algorithm. With the increasing of training samples, the 
computing time for both CPU serial and GPU parallelization 
is increasing, but calculation through GPU parallelization 
keeps the increasing of steady acceleration ratio. 

In the stock market with fast changing and huge amount 
of data, it is an urgent target for us to select stocks with good 
development trend in a great number of stocks. We compare 
the time consumption between CPU and GPU through 
increasing the total amount of predicting stock with 
algorithm. Data in figure 3 is sample trained in 500 days and 
predicted in 1o days. 

Residual series test, self-correlation and partial 
correlation coefficients are all within the range of two times 
standard deviation and P value is bigger than 5% significant 
level, that is accepting original hypothesis with correlation 
coefficient of zero, which indicates that residual series is 
white noise series already (pure random sequence) and the 
model has already absorbed series information fully. It can 
be deduced from figure 3 that when we face prediction task 
with more training data and more stocks, LSSVM algorithm 

optimized by GPU parallel technology is with more 
distinctive advantage, while the growing of stock quantity as 
well as increasing stock sample data is just the development 
trend of stock market, therefore it is with broad application 
prospects. All variable coefficients as shown in figure 4 pass 
significance test, statistical amount of model F is bigger 
(50072.27) and overall equitation is significant. 
DW(1.977789)is close to 2, indicating that self-correlation 
does not exist. The characteristic root reciprocal of model in 
unit circle is as shown in figure 4, indicating the built model 
is stable. 

 
Figure 3. Comparison prediction time between CPU serial and GPU 

parallel 

 
Figure 4. All variable coefficients 
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IV. CONCLUSION 

Stock price prediction in financial market is a popular 
issue among investors. With the growing of stock data size 
and sample dimension, people have higher demand for the 
prediction speed of stock prediction algorithm besides 
ensuring accuracy. This paper has proposed LSSVM stock 
prediction algorithm with adoption of GPU parallel 
computing technology and compared it with traditional 
LSSVM prediction algorithm with adoption of CPU for 
computation. The results have shown that gray support 
vector machine has improved the prediction accuracy of 
stock price and is an effective prediction method for stock 
price. The improved algorithm has improved training speed 
and solution speed of kernel function effectively while 
keeping excellent prediction accuracy of LSSVM originally, 
decreased time consumption significantly and is with 
excellent application value in financial market. However, 
even so, we still can’t make full use of the computation 
ability of GPU, the GPU parallel technology needs to be 
improved in an further way and our parallel thought needs to 
be deepened. 
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