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Abstract 
As financial time series are inherently noisy, non-stationary and deterministically 

chaotic, it is one of the most challenging applications of modern time series forecasting. 
Due to the advantages of the generalization capability in obtaining the unique and global 
optimal solution, support vector regression (SVR), has also been successfully applied in 
time series prediction, especially in the financial time series forecasting. In the modeling 
of financial time series using SVR, one of the key problems is the inherent high noise. 
Therefore, detecting and removing the noise are important but difficult tasks when 
building an SVR forecasting model. To alleviate the influence of noise, a two-stage 
approach by integrating independent component analysis (ICA) and support vector 
regression is proposed in this research for financial time series forecasting. ICA is a novel 
statistical signal processing technique that was originally proposed to find the latent source 
signals from observed mixture signal without knowing any prior knowledge of the mixing 
mechanism. The proposed approach first uses ICA to the forecasting variables for 
generating the independent components (ICs). After identifying and removing the ICs 
containing the noise, the rest of the ICs are then used to reconstruct the forecasting 
variables which contain less noise. The SVR is then applied to use the filtered (or denoised) 
forecasting variables to build the forecasting model. In order to evaluate the performance 
of the proposed approach, the Nikkei 225 opening index is used as the illustrative example. 
The experimental results show that the proposed model outperforms the SVR model with 
non-filtered forecasting variables and random walk model. 

Key words: Independent component analysis, Support vector regression, Financial time 
series forecasting, Stock index 



 163 

(High 
frequency Inherently noisy Non-stationary (Chaotic)

(Deboeck 1994; Yaser & Atiya 1996)

(Qualitative) (Quantitative)

(Delphi 
Technique) (Jury of Executive Opinion) (Historical 
Analogy)
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& Holmes 1995; Jung & Boyd 1996; Parisi & Vasquez 2000; Balachandher et al. 2002; 
Kwon & Kish 2002)

(Lee 
& Chen 2002, Lee & Chiu 2002)
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(Zhang et al., 1998; Vellido et al. 1999)

(Local optimum)
(Topology) (Cao 

& Tay 2001; Lee et al. 2003; Cao 2003; Kim 2003)
(Statistical learning theory)

(Support vector machine, SVM)
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(Texture classification) (Image recognition)
(Hand-written digit recognition) (Data mining) (Bioinformatics)

Burbidge et al. 2001; Kim et al. 2002; Chang et al. 2003; Norinder 2003; Li et al. 2003; 
Shin et al. 2005 Drucker et al. (1997) Vapnik et al. (1997)
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SVR robust SVR(Chuang et al. 2002) weighted Least Square 
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(Independent component analysis, ICA) 

(ICA)
(Blind Source Separation, BSS) (Lee 1998; Hyvärinen & Oja 2000; Cichocki & 
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(Bartlett & Sejnowski 1997; Park et al. 1999; Vigario et al. 2000; Jung et al.
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2004; Lin et al. 2004; Kim et al. 2004) Visser & Lee(2003) ICA
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detection) Ikeda & Toyama(2000) ICA
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Déniz et al.(2003) ICA SVM
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(Support vector regression, SVR) 

(Support vector machine, SVM) (Statistical learning 
theory) (Structural risk minimization inductive 
principle) (Margin) (Vapnik et al.
1997; Vapnik 2000) SVM (Quadratic programming, QP)

Drucker et al.(1997)
Vapnik et al.(1997) ε-insensitivity SVM

(SVR) SVR
(Koike & 

Takagi 2004; Karras & Mertzios 2004) Thissen et al. (2003) SVR ANN ARMA

SVR ARMA ANN Mohandes et al. (2004) SVR
(Multilayer Perceptrons, MLP) RMSE

SVR MLP Pai & Lin(2005) SVR SARIMA(Seasonal ARIMA)
(General Regression Neural Network, GRNN)

SVR GRNN SARIMA
Tay & Cao(2001)

Kim(2003)
SVR BPNN (Case-based reasoning)

(KOSPI) SVR 57.83%
Cao(2003) SVR

(Self-organizing feature map network)
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(Santa Fe Institute)
SVR SVR

(ICA) (Comon 1994; 
Lee 1998; Hyvärinen & Oja 2000) ICA
(Latent variables)

(Latent sources) ICA
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(Independent 
components, ICs)

T
M ]...,,[ 2,1 xxxX = ix NM × NM ≤

ix N×1 ICA (Hyvärinen & Oja 
2000) 
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==
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i
ii

1
saASX 1

ia MM × (Mixing matrix)A i (Column 
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WXyY == ][ i 2

iy Y i (Row vector) iy
(Independent component, IC) W
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ICA (Hyvärinen & 

Oja 2000) ICA
W W

IC
IC (non-Gaussian distribution) IC

(Hyvärinen & Oja 2000; Hyvärinen et al. 2001) IC (non-Gaussianity)
ICA ICA

(High order cumulants) (Mutual 
information) (Negentropy) (Hyvärinen et al.
2001; David & Sanchez 2002)

(Entropy)

( ) y )(ηyp
y H ηηη dppH )(log)()( −= yyy  (Cover & Thomas 1991)

(Hyvärinen et al. 2001)
H H

J (Negentropy) (Hyvärinen et al. 2001)
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6 QP (Lagrange Multipliers)
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RHD RHD
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7941× 4 (IC1-IC4) 3 TnA

4 1 TnA RHD
4 IC 1 4 IC IC1 RHD

1.7531 IC1
1 IC1 IC3 RHD

1.4346 IC1 IC3
IC1 IC3 IC2 IC4 IC1

IC4 1 4
4

( 0)

≠=

∧
≤≤=

M

kii
ii Mk

,1

1,yaX 8

T
M ],...,,[ 21

∧∧∧∧
= xxxX NM × i

∧
x

ia A i (Column vector) 1−= WA iy i
k

1 151 301 451 601 751

2 4 7941×



172

1 151 301 451 601 751

IC

3 2 4
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RHD RHD
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SVR RBF SVR

(Lin et al. 2003; Cherkassky & Ma 2004) RBF
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SVR Chang & Lin (2001) LIBSVM
( 225 ) (Scaling)

SVR C Cherkassky & Ma (2004)
0019.0=ε C=1.25 ε 92− C 12 ( )2,2 19 == − Cε

3
SVR 3 19 2,2 == − Cε

MSE SVR
4 3 4

ICA 3
SVR

( )2,2 19 == − Cε 4
4 37 2,2 == − Cε

MSE
5 SVR

5 RMSE NMSE MAD 56.76 0.0026
40.86 SVR

SVR
DS CD CP 87.53% 88.77% 86.09%

6 3
50 6
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SVR ( 307, 322 349) SVR

6 50
ICA SVR
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3 SVR

C MSE  MSE 
12− 0.0000319491 0.0000248156 

12 0.0000291671 0.0000214102 132−

32 0.0000279661 0.0000240622 
12− 0.0000319861 0.0000247999 

21 0.0000291736 0.0000214540 2-11

32 0.0000280469 0.0000239275 
12− 0.0000323087 0.0000273171 

12 0.0000294424 0.0000230685 92−

32 0.0000282242 0.0000221947 
12− 0.0000426816 0.0000335855 

12 0.0000346765 0.0000342352 72−

32 0.000031965 0.0000290501 

4

C  MSE  MSE 
12− 0.0000547405 0.0000279631 

12 0.0000535331 0.0000304249 
32 0.0000528961 0.0000396468 

2-11

52 0.0000525349 0.0000469127 
12− 0.0000546991 0.0000258684 

12 0.0000537528 0.0000284480 
32 0.0000529974 0.0000344395 

92−

52 0.0000526340 0.0000400822 
12− 0.0000554437 0.0000202124 

12 0.0000544119 0.0000198950 
23 0.0000538615 0.0000191902 

2-7

52 0.0000533897 0.0000202790 
12− 0.0001088290 0.0001002030 

12 0.0001415800 0.0001092080 
32 0.0001368980 0.0000906426 

52
52 0.0001514900 0.0001442630 

5 SVR Nikkei225

RMSE NMSE MAD DS CD CP

137.85 0.1431 105.77 50.43% 54.26% 45.96%
SVR 60.53 0.0285 43.71 83.67% 86.17% 80.75%

ICA SVR 56.76 0.0226 40.86 87.53% 88.77% 86.09%
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Actual values
Random walk
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ICA+SVR

6 3 - 50

(Taiwan stock exchange capitalization weighted stock index, TAIEX) TAIEX
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781 2003 1 2 2005 3 17 546
69.9% 2005 3 18 2006 2 27 235

( 30.1%) 7 TAIEX

(Balachandher et al. 2002; Leigh et al. 2005)

(6 days-relative strength indicator, RSI6) 10 (Total 
amount weight stock price Index, TAPI) (SGX-DT 
MSCI Taiwan opening index futures) (TAIFEX 
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7 TAIEX

6 SVR TAIEX

RMSE NMSE MAD DS CD CP

53.21 0.1692 39.88 46.15% 45.22% 47.93%
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