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1. dynamics
2. deterministic
3. random

� ."�����4/ ��� �\WY �� ��	����S� *� q&��
 t��
 � �_!�����8 � c&4/ U�   *_� ��(_��" �� F/ Bamoul and 
Benhabaib (1989)	
 � ���) IJLM (���� *�Y"�
.
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�
 5��) �<=��. �� �<=��8 ���E��" ��8.3

 6�"�
 F&
�/d3&
 ���"�' F�&� �<=��. F&
�/ �"�� ��"&)��"� �� �!�W�&4 ���E��" . �&S�
 6�" �"��
�
"���" F"&), ���"�' ARMA��"� �� �<= ���=�� e'� 5�Y "� l�� � ��8 Z�"�� �!,�/  F&
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 ���"�' �" 0m�� ��!��� �� ��� �� "�ARMA�  *��� ��8 . ! �P"U� �<= ����D���"�  *`���U
 ���"�'ARMA��"� �" �4�� ��4 e'� �!,4�� �!��� �� ����D���"� �&Y� �. �" �<=�� F�&� "�'���

d3&
��"� ��&� �!"&= �! . �� �Em 2�' �P" 6�"����� 6�"F&
�/ ,����'��() ��&�  F"�'���d3&
 �
 9�
 ��!��� ��ARMA,�&4 �� , �<=��. ���"�' �&Y� ���
 *� ) *�$�
"W3"��&4/  (��"� ��5�" �!.

F� !�4 *�EP *8 �&],H��
/ F&
�/ BDS �D�� ! 9"�D��" �" �`��) 5�" . 9"�D��"
`m�' *7��" 9� ��" �D�� !U �" �� 8 ���' ���' �� h`�O
 ���
 �� �" *<B� �� ε ��"��" "� �4�� 

�
`m�' 1�"W'" �� ,���PU���� �S� ��&
 ε�� �� C��<
 W�� 9� ��" 6�"  ���-) ���' ���' �3��8"�' ��
�
��8 .��:
 �"��UX& +
 ;� ���� "���" �D�� ! 9"�D��" Um*S'�� ��"� �" �" �" ���E��" �� "� �!

) ��&a)67�{�"� 0�7	) .
<�"� �" �D�� ! 9"�D��" U�
 *��:
 ��� �&4:

1. correlation integral
2. independent & identical distributed
3. S.Barnett (1996), Dechert (1996)
4. Tacken  Theory
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mTX& +
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 *�=�� �
 F�	� "� �&4�!�:

1+−= mTTm

ε��:
 �� *8 "� *<B� �� *`m�' ��8"�� U�
 ���E��" �D�� ! 9"�D��" �
 F�	� �&4� �!
�),( TCm ε*�& � �D�� ! 9"�D��"  n+� *� �"T � m q�:
 ���5�".

>�-�
 ;� �P" *8 ���"� F�	� F"�D�� � j"���IID�4�� ,��
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 ��!��� �� �"�� *8 ARIMA�"��" *� 5�" ��4 *��:
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�4��,�
 i2�' F"&)��8 �� �<=��. ���"�' �" ���/ 5��) 0��B
 �� "� �!��� �� F�&� �'��() .

�+#+� .-F� �5�"6@1F�G H

74 F&
�/U5�"� �(X z) I�L� (
 ���E��" �<=��. ���"�' 6�'�� �"����&4{� | ."� F&
�/ 6

 *8 5�" �"&��" ��
 6�" ����
 ��4 ��!�	
 ���
� ��� ; *� ��"&)�<= 1O�θ'tX 1O� � 
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q

j j X γψβ∑ =174 9�
 ;� �" *8 U�&4 *�W+) 5�" ��4 0m�� �(X  . 6�"�����

�
54&� F"&):

1. Heviside function
2. Neural-Network Test
3. White
4. Guarda, Salmon, M. (1996)
5. J. A. Jungeiliges (1996) 
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 ,�4�� �Em 
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/ �!"&= ��  ."������6,74 F&
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qjj ,...,, 10 ==β dO	
 ����B
 �"�� Nq) ������ �"��)�% �
 *���� (�),...,,( qγγγγ 10=
�
 F&
�/ "���8.
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١-ty�  ��� �� �<= ��&m *� "tX���/��,���8 ttt eXy += ϕ'�4 ���/�� ��!��� �� � ,H

F/"�)( te
∧

�
 ���=�n��8.

٢-�"���jγ �" 0B��
 "� ty� tX� � ���8 c�O��"  ��!�"��)'( jtX γΨ � ��"� 0�7	) "� 

l��,te
∧

 ��� �� "� tX � tΨ ���/��,���8)( ''
tttt Xe ελϕ +Ψ+=

∧

 ��!��� �� �

,��4 ���/��)t
∧

ε(�
 ���=� "�n��8.
٣-�v�'U�� "� �Em ��
/H2NR�
 F&
�/ n��8 .N � �"�!�	
 �"��) 2R�v ��) ���D�� ! 6�

��P�� ��� F&)M(5�"  .
٤-�v�' 5:)U74 F&
�/ ,6�D���
 �� ���"�' F�&� �<= �Em U� �(X  * e��&) �" ���+
 �&]

)(q2χ�
 5��)�
 *8 ��8F"&)��8 F��� f�"�P% ���v �� "� F/ .

$+#+� .I5?5�	/J �	�? �5�"6K

 ��&4/ ��!���"�' �`m" ����Pf�� �" �7�5>����� ��"�4 *� 5�� ���/ ���4 *>�3>�"" *� ,5�" � 6
��
� *8 �-) ;���� ��WY ��\�"�4 �� � �3>�"�U� ;"�'����&4/�-) ��s� "� F/ ���� �"�����" ���

���8,:� *� &� *8 � ;"�'���$̂ 
�8"W+
 � 0B��
 ��
 �S� *� ���� . �
 N�O	) �"�� *`��� 6���

 �&Y�5>����� ��"�4 *� 5�� *>�3>�"f�� ��!� � �" ���E��" ��&� n���� ;� �� H V&�&���3 5�" *8 
�v��� V&�&���3 n���� F�� ��./ �� ���� F"�)I��K ( }�<
��� .��" 5`X *� V&�&���3 �� � Z�� *7

1. Lyapunov Exponent Test
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 �" �� ��3�
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)�()(loglimmax MV
MM 12
1

∞→=λ

" ���*<�"� 6,)(MV1(O	
 �"�B
 6���P�W� Uil��)�
 M
T
M PP � 11 JJJP MMM ...−= ,

tXt DFJ )(= �0X
MDF )(il��)�
 i6��&8"�  �� ��4 ������" e��) 0X5�".

$ .����	�
" ���B:) 6�"�� C����� � �" F"��) �"���� k"��" G�&� �"��� �� c&4/ �&Y� ��(=�4�!���� � � *�"��� 
D�E!�d08� � F"��) #��� 5 )TEPIX (��� ��H��
� �9>�"IJKK�� �) � F�IJLM
 ���E��" ��&4 .
"������6,*�& � n+� �!�B:) �� ���E��" ��&
 � CI��M"�� ��!�	
 � � *�"��� N=�4 J�J ��!�	
 
"���D�E! N=�4 �5�" .

1. direct method
2. Jacobian method
3. Nychka & et al (1992)
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ε
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sd×�/��x/yz��/y�z{�y/{x�I/�M
sd×I{z/yz{�/y{{z/y||�/y�I�/ML
sd×�/Izx/yz��/yz�x/yy�z/yy�/MM
sd×M�y/yx{�/yx��/y�yx/y�K�/I�
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ε
./012
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sd×M�|/��x/��/�z�/��K/L

6�"�� 9��Ym�� ��,q�:
ε`m�' ��8"��U� ���' ���' �� *<B� �� 6�� sd*�& � ����
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1. identically and independently distributed
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ε
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sd×�/���/���/�|�/�y�/xx��/I�
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sd×�/Ix�/��y/��{/�|�/�IJ/I�
sd×M�x/�z/��z/�x�/�MJ/�
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sd!���� N=�4 �� ��4 Z�"�� 9�
 ��!��� �� �"�� ��� ��"�� *�"����/�!���� N=�4 �"�� � �
 ��"�� �D�E!�I�/�5�" .
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ARCH� ���� !�� e'� �"�� �"��4 ���E��" l�� .iF&
�/ARCH� LM ��!��� �� *8 �"� F�	�
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),( 11GARCH!���� N=�4 �� ��4 Z�"�� �!���� N=�4 � *�"��� � ���� !�� �"�"� �D�E! 

������ l����"� .� ���X *��� e'� *� ���� ��4 Z�"�� 9�
 ,�D�Pf�. �<=��"�'���5�" ��&�  . ��
`��
U ,��� �!��� ���i9�
 ),( 11GARCHiZ�� �� BDS 6�" b���� *8 ���4 F&
�/ ���&
�/ �� 

 9��Y)� ( 9��Y �)�(5�" ��4 *\"�".
F� !    �
 F�	� h`�O
 ��!���� �"�� ���&
�/ b���� *8 �&] F�&� n8�� �� ��
 �Em U�v�' ,�!�

 p&� �" �<=��. ���"�'GARCH��"� ��  ��!D�E! � *�"���� �<� �� N=�4 � %� � �� �&4) H��
/
�&)� �<� �� ��"�����" 9�
�� e� % ��"����/I5�"  .(��"� �d3&
 ���"�' ,6�"�����!���� N=�4 ��!�

 ���"�' �" $%� ��" �D�E! � *�"���GARCH�
 5��) ���8.
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��	��<.������  !�"# BDS(	#�789 '� ��	� ��),( 11GARCH )*�+ '� $	+ :�'� 
(%���- �#��& TEPIX

m
ε

./012
sd×�/���/y�{/���/���/�I/��
sd×I��/�z/��|{/����/��ML/I�

sd×�/Ix�/���/����/��y�/x��J/I�
sd×My�/��|/���{/����/��II/I�

��	��2.  ������  !�"# BDS   ��	� ��(	#�789 '� ),( 11GARCH     )*�=+ '� $	+ :�'� ∗

(%���-4"5( -TEPIX
m

ε
./012

sd×�/�{�/xy/x�x/x|/yI�/J
sd×I�y/���/���/�x�/xMK/I
sd×�/I|�/��x/�{�/���/�LK/�
sd×Mx�/�x�/�xx/�z{/���/�

∗ �"�B
sd9�
 ��!��� �� �"�� �!�GARCH ��"�� I5�".
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),( 21ARMA!���� N=�4 �� � 9�
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GARCH �� �! �� ��(=�4l�� � ��4 Z�"�� ,74 �" ���E��" �� U(X �. 1O� �<=�� q&��
 
�!��� �� *�� 9�
 ARMA�!��� �� � ��4 ��"�����" Hi9�
 GARCH��� �� � ���/�� �5,�'  2

�
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 ��
/ ,�&4H 9�
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 �<� �� N=�4 �� �! �� ��4 Z�"��� % 9��Y H��
/ �")5672
53 // =χ (5�" ��P�W� . ,6�"�����
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 ��!��� �� �� �<=��. ���"�' �&Y� #�X �� ��
 �Em 2�'ARMA�
 �� �&4 . #�X �>
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 ���(=�4 $%� ��" ,6�"�����GARCH�
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��	��>. �"# !�?@ �A�+ �����  -�& '� ��B?*�+�(%��� -4"5( � �#��& -TEPIX
�BC	�

�B?*�+ �	�ARMA �	�GARCH

!���� N=�4�*�"��� IM/JJ��/|
!���� N=�4�D�E! �x|xy/�

$+& .	�? �5�"6�J / I5?	�	
/ 6�" #�+�" �"�� F"�D�� � h3� Z�� �" F&
�)I�L� (#�� � �"W'"MATLAB6.55�" ��4 ���E��" .

�� *�"��� �!���� N=�4 ��� �� F&
�/ 6�" b���� 9��Y)L (�� �D�E! �!���� N=�4 �"�� � 9��Y
)� ( ��"� F�	�5�" ��4.

��	��D.�7# �����  !�"# �C �$%% ��& '� E�#�9� ��( �#��& )*�+ ,�*TEPIX∗∗∗∗

m
ε

./012
sd×�/�xxy�/���/�x/�x�|/�II�/�

sd×I�x|/��{/���/��z/��J/�
sd×�/I�x|/����{/��x�/��I�/��II/�
sd×M�{{/���x|/�����/���|/���I/�

∗ �"�B
sd ��"�� ���/�5�".

��	��F ."#4"5( )*�+ ,�* ��( $%% ��& '� E�#�9��C ��7# �����  !�-TEPIX∗∗∗∗

M
ε

./012
sd×�/�{��z/����z/�{��y/xx�|z/x�KK�/I
sd×I��|�/�����z/��y�x/��{z�/�K��J/�
sd×�/I��|�/�����z/�����/�J���/��K��/�
sd×M{�{|/��z||�/��x�y�/��x���/�MI��/�

∗ �"�B
sd ��"�� �I/�5�".



,� 1��"	2 34	� �� 125�6 0
��� �57� 1���2                                          ...

��� *� *Y&) ���� � F&
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