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Figure 1. Heterogeneous Financial Market Structure
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Figure 2. Fourier power spectrum on a log-log scale of
Korean Won/U.S. Dollar (1992. 1. - 1996. 6.)
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Figure 3. An Example of Using Fourier Transforms
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Figure 4. Daubechies Wavelet with Order 4
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        a) Lowpass Filter           b) Highpass Filter
Figure 5B. Fourier Transformed Time Series
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        a) Lowpass Filter          b) Highpass Filter
Figure 5C. Wavelet Transformed Time Series
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 : Stornetta et al. Model[1988]      : Elman Model[1988,90]
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Figure 6. Recurrent Neural Network Architectures
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Figure 7A. Integration of Time Domain Filtering
Methods and Neural Network Learning Algorithms
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(1) Single Recurrent Neural Network (RNN) Model Combined with
Frequency Domain Filtering Method
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(2) Multiple Recurrent Neural Network (MRNN) Models Combined
with Frequency Domain Filtering Method (Output = lowpass
filtered data + highpass filtered data)
Figure 7B. Recurrent Neural Network Model Combined

with Time-Frequency Filtering Analysis
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Figure 8. Correlation Dimension vs. Embedding
Dimension

� � '��� ���� �
�	��� �
��	��� �	����
� �� 	
�����
� ������ ��	

���
����� ������
�	�� �������� ��	�
� ��������� 1��

������
�	� ��������� ���� ������ �
�	�� ���� �	����
� ��

����	���������������	�����������
�����
����
�����%���	

�
� �
����� ��� ��	
������� ���
��� ������ �
�	��� �
��	��

 $F#�

� � '�
� 	
����� ��� �
� ������ ��������� ��� *���� F� ������
� �

���	����� 
��
���� ��	� �
���		
���������
������� �
�����

�� �� �	����� ���
������ ��� ����� A�� '�
� 
��
�����

���
���������
���
����
����������
�����
�����
���	������

���	���������
���		
���������
����������	�%����8�

'�
� 
��
������ ���
������ ��� 8� ������
�� ��� "� ���

�����
������������
�	����
��	�����	
�����
�8�����

����� ��� �
� ��
� �
	�
��� ���� ����
� �
� ���	)
	�

�	
�������� �	
� ��� �	������
� �������
� ��	� �� ������� ��


�
	�
����
��������	��
��������������	����
��
����
�����


���������
�����
���		
���������
������

"����#�������$��%��&�'���
(��%��������
'��

� � ;�� ���� �
�������
� ����� �
����
�� ����������	��
��� ��

����
�������1&�1����
�������1&�1����
	���'�
	
��	




�
�
	����
�	��������������
�	�����	�
	����������
�1����


;���	������ =	�
	���� �1;=%�� �����	�:�� ���
����

=	�
	���� ���=%�� *�	��� ���
�� ��� �
� �����	�� ������ �


�
�
��1&�1�4�$%��	��1�$%����
������
��������1&�1

���
��������������'���
�$�

Table 1. Estimates of ARMA Parameter Identification
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  a. Residual Standard Deviation,
  b. AIC = -2ln(maximum likelihood) +2k,
  c. SBC = -2ln(maximum likelihood) + kln(n),
  (k= the number of total parameters, n = sample size).
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Table 2. Performance Comparison of Non-Filtered
Forecasting Models as Benchmark Models Using Root

Mean Square Error (RMSE) Measure
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� a. Stornetta et al. Model (1988), b. Modified Elman Model (1988,
1990), c. Jordan Model (1986, 1989), d. (I: Input Units, C: Context
Units, H: Hidden Units, O: Output Units).
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Table 3. The Integration Performance of ARMA Filters
and Modified Elman RNN Models (Unit: RMSE)
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 a. (I: Input Units, C: Context Units, H: Hidden Units, O: Output
Units).
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Table 4. The Integration Performance of Joint Time-
Frequency Filters and Modified RNN(2) Models (Unit:
RMSE)
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 a. Lowpass Fourier Filter + Single Modified RNN(2),
 b. Highpass Fourier Filter + Single Modified RNN(2),
 c. Lowpass Wavelet Filter + Single Modified RNN(2),
 d. Highpass Wavelet Filter + Single Modified RNN(2),
 e. Both Fourier Filters + Single Modified RNN(2),
 f. Both Fourier Filters + Multiple Modified RNN(2)s,
 g. Both Wavelet Filters + Single Modified RNN(2),
 h. Both Wavelet Filters + Multiple Modified RNN(2)s,
 i. (I: Input Units, C: Context Units, H: Hidden Units, O: Output

Units).
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Table 5. Comparative Analysis of Different
Forecasting Models using Test Set

(a) The Average Performances (RMSE) of Different Forecasting
Models
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(b) Paired Samples t -Test for the Differences in RMSE
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  *. significant at 10% level , **. significant at 5% level,
  ***. significant at 1% level, a. AR(1) Filter + Modified RNN(2).
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Figure 9. A Proposed Integration Model Framework
of Joint Time-Frequency Analysis and Neural Networks
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