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��� �� ������� ����� ��� ��� !" #�$%&'()� %!)&(ANN) #�$'*�� %+�,  -  �� �-����
./� �(/��0�1 %(/,���  , #'*�� 3(� �� 45& 6�7 8�'9 ���, ����: ���; </4=	 - >'��? ��'�

� !" �, �@���� �� %A+ >'/��:�%&'()� %!)& #�$ ,./� #��, %5�� ��� 0�1 %(/,) �, >���� ����
� ���? ��=�� 8C��� �C� (%� ���; %���, ��'���/: . %A+ >'/��:� #�$'*��F7�, �-� �� �(	��!&G

 H(/ (I)��@!5$ �'+ ��"�!1� J�=�� �/*1�/� #'*��( �, K4�L� M��)	 �� - %���)	 N�: �(���� 6
 ���+ 8��; #�,��, ���O1 P���)PPP .( ��? �7 ��� �/Q�� ��� >'��? 6����� ��� %49� R�$

� !"��S, 3���1 #���� 6%A+�/T U,�-� ��-��, >�'	 �, %&'()� %!)& #�$./� �� �@���� <,�; -  %(/,
�, 6%�(� #�$'*�� �, �!@1 ��� 0�1%���)	 N�: #'*�� V')+ #��, �'7�� �@���� W�/+ �� �1�

X�� #��, �1'51 �� Y��+ - �$'*�� ��-��, 6�1'51 <+�� 8��$�Z�./� #�$[� #'4I �, -� %(/, - ." 6
%� N�\1� �$�� ����-������ .�, 3���1 6%47 ���] ���./� >�', ��'"� �� %7�] ���? ����� 0�1 %(/, ,

��� �(/�� ��� �� %4!; 8�^��A� �, _($�5$ 3���1 ��� 6��� #��)�;� #���+�� #�$'*�� U�'	 . ���,
#'*�� �7 8�'9)�(���� (./� �� %�'� #���+�� #�$'*�� �, �!@1 %���)	 N�: �� 45& �� ��� 0�1 %(/,

��� ����'+�, #��S,` .@���� ����� �� 45& a/��@� �#�$)%A+ ( #�� - #���+�� %\(���)�;�
� !" �, %1���%!)& #�$)%A+�/T (���� �, -��� 6�1�$�� #�$� !" #�$ b'Q- �, %&'()� %!)& #�$

./� �(/�� �� #��Z/, 8��; ���1����'+�, ��� 0�1 %(/, .
��!c #�(,JEL :B23 ,C22 ,C19 .

 �e�- �/47 :./�  �� 0�1 %(/,     ���+ 8��; #�,��, 6�)PPP( '*�� 6   � !" 6#��)�;� #���+�� #�$  #�f$
��� 6%&'()� %!)&%A+�/T - %A+ #�$ .

∗���/" ��*Z1�� %54& 8g/$ 'h&.
∗∗/$ 'h&���/" ��*Z1�� %54& 8g.
∗∗∗���/" ��*Z1�� �"�� %��("��7 #'\Z1��.

1- Meese and Rogoff (1983), Meese and Rose (1991), Baro and Cavalli (1996), Qi and Wu (2003).
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�
./�  -� �, %(/,  - %�/7 8�'9  � N�\1� %57% ����f� . ./f�      �f, %f�/7 %f(/,

  %��1�'	 - �,�\	$ ����� #�   - ./�       i,�f	 �f, %57 %(/, if��'	      �f$ ��f5�]�  ��f���
 %*�@ff,���� .:%ff	��\`) `jjk (./ff�%ff(/,�� <ff/4=	 �� %ff5S� .ffL, �ff$#
��)ff�;��%\(%ff� ��ff1� 6 �� %ff+�, #��ff, ->�ff��=�ff�5S� ���� �5@ff; � aff4&
��)�;��%\(  6./�  %(/, �f�� . ���f���
) lmno (   �f�� �f��^�:” 	   �fS( >'f��?

    ��� q� ��!�&� #��, r��(�  6@�����./�%(/,   >?   ��� s��\	 �,�“   6  �/f(u5$
  ���: �, �(, �  �(/� 8�,��   - q� /,-� </1����4�v) `jj`( :”$      ��+�f� �� %4f9� R�

'*��$>'/��:� #� 6./���� %(/,.“
./�%(/,6   ��-��,    ��5�]� %5w   x'f;- ��f;- �� i ? �          P�f�� �f, �fw �f�� ��f(

     %� N�\1� ��"�: - ��] 8�&yc��'" .��  ./f�  %f(/,  6       ��f"�: - ��f] 8�f&yc�
   #'*�� r��;��   �� [	  �(z����^�  #�-     #�f� #'f*�� ��    %1�f�� #�f$      �f(z - [f	 

��/{��k  %� >�/, �1'" .     ./� �� ���? ��� �, 8�&yc�%(/, %� ��      |�fc �f, >�'f	
    ��� ���; ������� ��'� K4�L� .   ��,��7 [�./�  %(/,  �//^	 %Z� U+  �f�-� #�$

- .L,  %9')+  ���  .}�Q�� ./� C�, N�'	 0�1 %(/, , P��� �, �'I-I�', �@w�
C�, ,  �~5� @� ���� �� >C-    ��� �I'�� ��g@�       - ���� �//{	 �� �I�', �7 �(w   �f,

      �($� , ��(�?�� %��Q� N�'	 �� r/	�	 ��� .     ./f� qf� �f�      #�fQ��	 .��Hf�� %f(/,
   N�+ ��1 #��, %1�SI 6%�Zw ��� �~5�  �� >���f� X�'Zf	    �+�f� �� �fw �f(w

   ������ ��H, %��1 #�$�~1�	: �((w #��� . ����f���    ./f� �� N-�  f(/,    - a/fO(	 %
M/=)	 ���1�, #�$'*�� ��� #H�� ., � � r/	�	 ��  6   ./� �w a/������ ��:�$%(/, �$

�� �-� ���   %^;�- #�$ ����: �49���1�,   �O1���\	 '*�� �� %� a/f(w  6      <;��f] �f, �f	
./� �� �A+a/��, %(/, .

1- Gujarati, p.941.
2- Friedman, p.14.
3- Ibid, p.7. 
4- Robert, S. Pindyck And Daniel. Rubinfeld, p.17.

kG  , N�C � ��� �7�  6���  %1��� #�� #�$  ��/{�� �(z ��� <��" ����^� �(z #�$ �(1�� �, #� 'f*��  #�f$var  Hf/1 
%��1'".
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43��5� ��� � 6�
78 
��5�
���� 9��� ��	��	 

/Q���   ���+ 8��; #�,��,   6��,�     <f��7 -��f�': �� ����� [� - s��7 [� �� �`

  ��� �� #��'� >����)�;� #�$lmlm - lm���" b�A�  . 0�1 �7 ��7 �/7g	 #-
      �5/; %�'5& MA� .��H�� �, r��(�� ���    %f� �-Hf1 �$ �f(7. ���f,    �f:� rf/	�	 

�5/;  #�'Z7 �� �$)   #�'Z7 -� ��)�;� [� (     �f5/; - �'" �,��, -�     Y��f+ �� �f$
�( 1 �//{	 6��" �$�'+ K)1 Y��+ �'� �, �!@1 �'Z7 �'� ���
 .

��O1�       >? 8�1�f�'1 - ��� ���^	 0�1 M/Q'	 #��, %Z"'w ���+ 8��; #�,��,  6
      >��'1 - �5/; %�'5& MA� X��c ��   >?    ��� K4�L� #�$�'Zw �� .   �f��O1 ���

  ��*1� ��� �,�             %(/^� ����� ���+ #��, �'� %(/^� ����� �w ��� ����: ���� ���� 
w ��� ��/1 ��'� K4�L� #�$�'Zw �� C� .   �f��, �'f� %(/^� ����� �*�� 8��!& �,

�"�, ��"�� K4�L� #�$�'Zw �� %S,�Z� ���+ 8��; 6�����  �w ���+ 8��; ���,
�'� %(/^� ����� 6�"�, �,��, K4�L� #�$�'Zw �� .

��5� �� :�! "�
���� 9��� ��	��	 
/,�� �� }�!��T ���O1 ��� �� <~" -���'� #��)�;� 8�%� ���; ���������/::

)< (6>?� :�!:
)l(t

*
ttt uLnPLnPLnS +−=

tLnS:��� 0�1 #�S, a����*� 
tLnP: >���� �� %��)� #C�w �5/; �+�" a����*� 
*

tLnP:�~���? �� %��)� #C�w �5/; �+�" a����*� 
tu: �� R��=1� ppp�-� �� �t���  645I >�5$ ����A+ 

)4 (� �� :�!:

)�(t
*

ttt uLnPLnPLnS +∆−∆=∆

1- Cassel. G.
2- Baillie. R and Mc Mahon. P.
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   �\(�� ��∆       #�f� a����*� �� �-� �!	�� <Q��	 �*1�Z1        MAf� - ��� 0�f1 #�f$
 �5/; �+�"�$ ���  .     �� ���O1 X4A� <~"  �$>���  6   f, ��� 0�1     �� �'Zfw -� �/

    �5/; %�'5& MA� �, �!@1  %f� �/f/^	 �'Zw -� ��� �� �$ �f(w .   %!@f1 <~f"
       %���^	 ��� 0�1 �, N�'	 8���� �, ���O1��- ���� ��w .%��*($     #�'Zw -� �'� �w 
          �O1 �� �� ���� �'I- �S1? �� N�'	 �w,           0�f1 �f, �,��, -� ��� %^/!c ��� 0�1 a��/*

�H/� �!@1 ��,�Q %4!; ����', �$�'+ �'Zw -� �� N�'	 >` .
 %� ���  /Q�� ��� �'"�     �� %49� .�1 ���O1    ���� ��� 0�1 �//^	 #�$ .���O1

      �f��+ 8��f; #�,��,)PPP (                �fS1? �� �f7 %f,�\	 8�f^��A� �� #��f�� ���f^	 �f,
>'��?  ���� �, �c',�� #�$��:��� �$���  6��� ��" H7�5�� .  �f(/�� ��� �� 3���1

    �"-� - M��9@/1�           8��$�Z� %1�-��� - ��-� - ������� ��'� �-� �, %*�@, - 
���� .                  �f, �f7 �(&'fQ'� �f�� ��f((7�/��	 %f,�\	 �f^��A� ���(z %47 ���] ��

   ��� #'; ��5�]����O1a$ ��1�/:�, ��       �!@f1 - %5f�� ��� 0�f1 �/f, %*�f"�!1�
�5/;8���(4, �� �$���  .

A3      �����B C�D+8 " ����E�� 
 ��� ����� ��" ������� ��� b�" �, �1�$�� ���� #�� �� �� �^��A�:

    #��'� ����, %5�� ��� 0�1 :����   %5�� ��� 0�1 #�$)        8C�f�� �C� �f, >���� ����
��ff=���ff~���?  (  �-� #��ff, ��/ff� ����ff, �ff� #��'ff� ����ff, ����ffS� `�kj �ff	

#�`�
`%��"�, .����        ��� ��" �+� #Hw�� q1�, �� �/{�� ��� �$  -}C'5^�  0�1 
%51 Ny&� %5�� 8�'9 �, #��'� ����, %5�� ����'" .

  R�)� �5/; �+�"��((w :����       >���� #��, ��((w R�)� �5/; �+�" #�$
�-� #��ff, - �ff1�$�� 8�'ff9 �ff,��ffS� %1�ff�� `�kj�ff	#� `�
`�ff��  . #��ff,

i5I ���� #�-?       �� %��)f� 8���f+ - C�fw #�fS, <fw �+�" �� �/{�� ��� #�$
           %f� �Z�(� - �!��=� #Hw�� q1�, U�'	 �w >���� #�S" Xc�(�    �����f�� �'f"

��� ��" .���� ��� ���� ��� �$`������  .

1- Chacholiades M, International Monetary Theory and policy, ch 8. 
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����     R�)� �5/; �+�" �, �',�� #�$        ��f=�� 8C�f�� #��f, ��((w  �f~���?
        %��� ���1���? �� - ��-� �/5$ #��,�/,445��%)IFS(  ��� ��" Y��L���  .���� #�$

 �/{�� ���  ��� r@]�,   �(	-���� ���� #�$  6  �w  ��  ���� ��� r@]�, ���S1`jj�
 ��" r	���1� .       C�, #�$�/{�� %��5	 �� #�$'*�� �� �f, 8�'f9      �fO1 �� %5����f*� 
 ��" ����:�1� .     ��f� �� �w %=/Q'	 #�$�/{��       %f� �����f�� %fA+ #�f$  �1'f"

)   %1��� #�� - %\(���)�;� ( �~!" ��      >�'(& �, H/1 %!)& #�$����   �~!f" #�f$
�, ��7��� ���� .

F3 G���� '+��B�(�" 
H�� ���
      ��� ����1���� 3���1 �� #��/@, �$�/{�� >�', �w���/T  ���)f�;� #�f$( �� %\

%, %� ��!�&��(w  6   �, >�" ��z� �� #�/:'4I #��, - < Z�s��w >'/��:�` 6 ���,
  �ff$�/{�� %1�ff�� #�ff� %*�ff"�!1� �ffI��>'ff��?�'ff"  . �!ff��=� #��ff, �ffA,��

a$ /Q�� %*�"�!1��   ���+ 8��; #�,��,   6      �Zf�� ��f"�� ��f=� �� ��f�,� #�f� �$
  �]�->'��? %� �1'" .     �� �^��A� ��� ��>'��?      ��'f� %f~��  ��-Hf��
) ����Zf/� ( -
>'��? F�/4/�  -  >-�� �  %,����� #��,  %���@��    <Q��	 - b'A�  !	�� �   �$�/{�� �-� 

%� ��������'" .\/�1 �7�%��S1  >?  �����5" �-�I) l(��-? ���� ��" v .

�"�,<3����E�� �I�!� �� 
,�� 

Order of  IntegrationDeterministic Component5Variable

I(1)C+TLs

I(1)C+TLpI

I(1)C+TLpU

I(1) C+TLpr
�+g� : #�	'/���w 3���1�$�/{�� >'��?

1- Spurious Regression
2- Augmented Dickey- Fuller (ADF)
3- Phillips and Perron (PP)

vG#��, ��)�+� ��] �-��I>'��? �, �',�� N�;�� - �$�/{�� %���@�� ��Z1 ���-? �\(�� �� �1�.
kG %^A; #�HI�)�1-� - ��!� �� ��&.(
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Ls :#��'� ����, %5�� ��� 0�1 a����*� .
LpI :�>���� �� ��((w R�)� �5/; �+�" a����* .

LpU :��=�� 8C��� #��, ��((w R�)� �5/; �+�" a����*��~���?  .
Lpr :%!@1 �5/; a����*� .

J3K� �I�!� ��
  a$ #��)�;� N'S��               �f, %1�f�� #�f� �f(z �� -� %�;- �7 ��� ��� %*�"�!1�

       %� ���� ��!	�� �*�� � �, #�O1 %1�!� P���[� �	 �1'"A,�� �  8�f��(4, %���^	 
  �($� < " ��  6     #�� ��� �'+ ��� � 5� �(z �$�$ %���)	 �1-� #���� %1��� #

�("�,  6        �((7 ��!1� %,'+ �, >��� �'c �� �� �*�� �)a$F1�7��(,  �1': �,   �7 #�
 �S1? �/, <Q��	��@�����  .

   �-��I �� <9�] 3���1 ��5" �) l(         !1� ��'f� �� %f,�\	 3���1 �, ��:���   %*�f"�
      %5�� ��� 0�1 �/{�� - �5/; �+�" ���           %f4!; 8�f�/�=	 Uf�'	 �fw )  - �4��f	

[�>��``j

  -�(1y:  ��-�7 - %�
`jj� (�/�g	   �f�� ��"  .   ��@f�� �/f9�+� %
#��%� N'4^� �$���� �7 �(7 �$ ���, %4 " �z �,)  <fQ��	 �f� MA� �� >? #�f$ (

�1'" ��� ���-.
  #�f^, N�;    ��-��f,      � �f^, - �f$'*���   >'f��? >?   af$  %*�f"�!1�  �f��  .  <f/4=	

a$    %� ���I� �� �, %*�"�!1�   #�f$�/{�� �/f, 8���(4, �A,�� ��? a��!, %� �7 �$�
                   ���f^	 [f� ��f\�� #��f, N�C U���f" W�f/+ �f� ���� �'I- [� �I�� �� ��"�!1�

 #��, 8���(4,PPP  6              �fI�� �� %*�f"�!1� �fI�� #���� ��� %5f�� 0�1 �7 �@(��
   %!@1 �5/;)�1          af$ %!@f1 �f5/; - ��� %5f�� 0 ��f"�!1� ( �f"�, .   #��f,  <f/4=	

a$       �4]�� -� �\1�: - <*1� �-� U�'	 %*�"�!1�        M/=)f	 #'f*�� ��'f� �� - #�
 - �@1�$'I �-� �� �A+I ��S, H/1 P'/4/�'����:a�� .

1- Taylor and McMahon.
2- Glanna and Cavalli.
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L3�	��8 ���+IM� 
   .L, ��   #�O1 %1�!� �, �',��  6 < " -�  A,�� �� �     ���+ 8��; #�,��, )PPP(
  a���w >�/, �� :       %!@1 - X4A� 8�'9 �, ���+ 8��; #�,��,  6  ���5@;  �f$'*�� %�

   %� M��)	 - �//^	        /fQ�� �f���� <~f" -� <��f" �fw �1'f"�PPP 6   #'f*�� qf�
M/=)	   /Q�� #�(!� �, �A+�     �f��+ 8��f; #�,��,   6        Fw�f, �-� �f, 'f*�� qf�G

      �� <~" -� - H(/~(I�(���� %���)	 N�: ), - 8��!& �,>-�8��!&.1�� `($�@�( .
�(����    %���)	 N�: }C'5^�   ��� �� %�]  ��/u/� #�$       #�f�S, 3��f�1 %1'/f��:� �	

 %� ������(w .r4T��(����  f��� - ��/^� >�'(& �, %���)	 N�: �   ��f~45& - .\(f� 
./� 8��;%� ���; ������� ��'� �$'*�� %(/,��/: .

   '*�� ." ��� ��~45&  �~!f" �,       �@f���� ��'f� %!)f& #�f$    %f� ���f;  ��f/: .
           ��f" �����f�� %fA+ #�$'*�� M��)	 �� �w %=/Q'	 #�$�/{��      >�'f(& �f, �f1�

���� #�-�- #�$)   %!@1 �5/; �+�"(R�$ - ) ��� %5�� 0�1(�~!"  %!)& #�$
   %� ���; ������� ��'� �f1�/: .       %!)f& �~!f" ��f� �f�  ��1-�Zf/� 
     a���'f*�� �f, 

 F� #�/:��� �A+ ��Z�1��  $�'+ ����, (�"�, !" �~   /fQ�� #�f(!� �, %!)& #�$�
  X4A�)PPP(  6�(�����/!" a�@/� q� - %���)	 N�: ��" #���  #�f� P��� �, 
%1���  ��� 0�1  .          #���+�f� %\(���)f�;� #�f$'*�� %���, �� <!;)PPP (   #�f� -

7 �7� �� %	� 1 �-� -� ��� 8-��	 ��'� �� ��� ��S, %1���a/( .
      �$'*�� s�L�1� </�� �, �^��A� ��� ��  �/{�� [	 #�    %1�f�� #�f� v  6 %f�  >�'f	

8-��	�; �-� -� ��� �/, �� %��$��" <:
      �$'*�� �� ��!c ��� ��)   ��/{�� [	 %1��� #�� (         �/f$ �f7 �f�� ��� �, ���

��,�� %	�&yc� �1':� �=	 �� %���, ��'� �/{�� �7 %^;�- #�/1� %�4& U,�-� �/�g	
 %� ���;�$�  6a����1 .  ��%��]�7  6 #�$'*�� ��    %\(���)f�;� )  ��f� -    #�f� #�f$

  ��/{�� �(z %1���(              �/{�� �(z �� - [� �� i,�	 [� 8�'9 �, %���, ��'� �/{�� 

1- Drift Term.
2- Feed Forward.
3- Back-Propagation Error.
4- Univariate Time Series Analysis.

Archive of SID

www.SID.ir



 $%&'� (�� ��%�
�)�*+������ ��,����-�+ .+ /0 )1��2 �... �

%� >�/, %=/Q'	�'" .
      ./� %1��� #�� </4=	 �� %49� R�$      ��� ���(7 �^, �4]�� �� - %(/, . �7

                ����f�� F1�f7�� -�f54; �� </4=	 H/1 - >��� -�54;�� </4=	 #��, �-� ��� �� �
%��'" .  ��%��]�7           %\(���)f�;� �f�/�- ���f�5S� ��� N'4^� ���:�1  >'f��?

  %,�\	���O1    - Y��+ >�SI �� #��)�;� #�$>'��?���-�=�   - ��f" ��5&� #�$
 �O1 ��'� ���  .  <��>'��?     #H(/7 R�)� i,�	 �� [� �,��, r��Q ���-�=�  . ��

%��]   ���-�=� ��� �, >�1�����? �7%51 �/5$� �$($��) ��=��� ���>'��?  #�f$
 #���? ���,�"�, M/=9 6����? </!;��#�$t, F, .  .(#�� - ��/{�� [	 %1��� #�$ 6

F1����- %1�@5$�1 - %AL5$ </!;�� %	y Z� #����...�@/1 �( .
./� ����,�(,%(/,,%\(���)�;� #�$'*�� #�$��,��7 �� % � U�� ���  . ��Z/,

	 - �//!	 �� �$'*�� ��� ��</4= 6 - #���*���/���'�?%� ������� �'" .
   ./� �� %\(���)�;� #�$'*��  R��=1� #���� %(/,#�$) #�A+ (  �!@f1 #����

#�� #�$'*�� �,   �f/{�� [f	 %1�f�� �(�@f$ .     #�f$�/{�� �� �f$'*�� �f�� �� ��f��
  %� ������� %=/Q'	   ./� #��, - �'"  ��@,�- �/{�� %(/,  6 � ���,��  #�$�/{�� ����

%=/Q'	  ���,./�        ./� �� ��� � 5� ��� ��� �7 �1'" %(/,   ��@f,�- �/{�� %(/,
�L��"�, �	 ../�=1� [� #���� %=/Q'	 #�$�/{�� �� N��7 �$ %(/, R��)�A+ (

     - ��', �'+ V�+ �����S1   ./f� �� #��f�� R��f=1� �&�,     ��@f,�- �f/{�� %f(/,
�"�$�'+ .

      %� �� �-� -� ��� Ry�+� �*��   /� X�� �� >�'	.     �@f1�� �-� -� ��� %(/, 6
      8���(4, U,�-� %\(���)�;� #�$'*�� ����) [/	���� - (��    ��-��f,  %f�   �f((w  �� -

   ./� #��, �SI ���%(/,            #�f� �-� �f7 %	�'f9 �� �1��!f��(� 8���(4, #�$
     ./f� #��f, ��Z/, %1��� %f(/,     8�f� ��f	'7 #�f$) ���� [f/��(�� �f$ (   3��f�1 �f,

  %� ��� #��!��(��(,�� . Q ��          ��)f�;� �f, �'f,�� U�� %1��� #�� </4=	 �5 6
             ����@f: Kf/c ��- ��'f!1 �f��� N'f4& - %&�5�I� N'4&   N'f4& �� #�  6 �f, V')f+

 8��,�L� - [/1-�� ��%� ��������1'" .
��ff� ��lm�� >�ff1�����? )<ff/4=	 ��#��)ff�;� #�ff$ ( 8�ff��O1 ��>�)ff)L��

Archive of SID

www.SID.ir



 $%&'� (�� ��%�
�)�*+������ ��,����-�+ .+ /0 )1��2 �... �

    , - �1��7 ������� %\(���)�;��F ^�  6   "�: �, �\/�1 ��      �, �-� -� ��� >��� �
��" [��H1 a$�1� .

  ��\/�1�         %��("������ �� %\(���)�;� - %1��� #�� </4=	 %49� Ry�+� `

%�  ��7 '\�@I >�'	 .      �/Q�� P��� �, �� �'+ ��� % �  - �f(, �$�/{�� ����� �� #�
  %� �&�� #�*��            #�f/1� �� 45& %*1'*z �� %=/=9 }y��7 J�� ��: �/$ �7 �(7

1 %^;�-a���� .

N3����� ��� " ������� ���������� ���+IM� 
 � ��  �, �5@; ��  %^!	 < " %���,      %f� %fA+ >'/f��:� #�$'*�� a�����f� .

        ��5" �-�I �� ��" ����� ��� �/�-� - �/�-��) � (�/Q��       %!@f1 - Xf4A� #�f$
ppp   �� ��  ���� <~"    >?   %� .��51 �, �f1���:  6     4/f�- �f, �fw   >? �    ��� 0�f1)  �f�

8�1��'1  ��� 0�1  ( �5/; �,   %!@1 #�$)   %!@1 N�'	 0�1 �� (      %*�@f, �'Zfw -� �/,
 %� ��/��(w .   A,�� q� �-� ����          Xf/!A	 - <��f^	 N-� ��f� - ��@�� - 8���(4, 

��	'w%� >�/, �� 8���(w .
     �fA+ M/=)f	 ��f� qf� N'� ���
) ECM( �f��   �fw  ���f^	  - 8�f��(4, 

��	'w q/��(��%� r/w�	 a$ �, �� 8���(w . ��� q� �, ���"� N��Sz ����(����
                q� �-y& �, ��'+ �� <!; ��-� q� ���� �, �� �/{�� q� �w ���� %���)	 N�:

"'  %� �',�� ��(w .  %:��� �/& �� 6  ��f� ��� }C'f5^�    #��f, - N�Sf� ����f, �� 
./� �5/; %(/,     %� ���; ������� ��'� ��/@, �$           �� �f�S, ���'f� %f+�, �� - ��f/:
���   %� <5& ��/u/� #�$�(w  6      ��5f" �-�I �� ��� ���+? -�) �(  6    ��f� qf�

ARIMA        ./� �� ���w - �-���� ��� q� �w ��� �$�/{�� %(/,���  .   �'fc �f,
 ��� %4w    ./� �� %1��� #�� #�$%(/,   ��f	'w #�f$    ��f� �f, �!@f1 8�f�  #�f$

���w ����� #��S, 3���1 %\(���)�;��1� .
     �w ��� �w� <,�;�(���� �:   %���)f	 N  6 'f*�� #��f�        %1�f�� #�f� [f� #��f,

1- phenomenology.
2- Error Correction Model.
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��@ff���/T - ARIMA %1�ff�� #�ff� [ff� #��ff, #��ff� ��ff� ��@ff���ff��  6 -
#'*��ARIMA(1, 0, 0)  >�5$ �(������� %���)	 N�:  68��!& �,  #'f*�� �*�� 

       F7�, �-� �� V�+ ���] [� %���)	 N�:G  ��� H(/ (I  .����,�(,  �� >?    �f=	 
#'*��ARIMAH/1%� =	 �'"  ��f7 <f/4 .    M��)f	 - �/f/^	 �� �/f(u5$  N�f5	
���   |'� #�$  ���,  a$ </4=	 X,�A�   '" ���� M/Q'	 %*�"�!1�1�  6  �f1�5/;�, %(^��

OLS    ����? �, �I'	 �,   #�$% ��G ��'�     �f���� a/5^	  - >'f��?  �/f,�-� G   �@f	�- 
 %^5\5$ >'/��:�  6��  a$ �'I- ��'�  %*�"�!1�)        >�'f, �w�f� �f*�� %	��!& �,

45I�;�, �1�5/����  (�'" %���, .
�I'	 <,�; ��~1���  �w %��5	>'��?#�$|'�  ����? -� #���� F-  LM) r��Q

�1��:C ( �(�@$ U�� �\(�� �� �7���? ���F��� ��" �������  .

 �"�,O3��� ����� ��� " ���������� ���

lG #'*�� %5����*� %A+G���MA
t*

t

t
00t u

P
P

LnLnS +









β+α=

�G #'*�� A+%5����*� %G %4Q��	 
t*

t

t
11t u

P

P
LnLnS +










∆β+α=∆

oG� �#'*M/=)	�A+( ) t1t2
*
tt1t2t uuLnprLnpr)L(bLnS)L(aLnS +β−∆+∆+α=∆ −−

�G #'*�� %���)	 N�:t1t33t uLnSLnS +β+α= −

nG �-� Fw�,G(I ~H(/t
n

t
km u)L(B)LnS(D)L(A =

m)L(A :�45I �(z q� r@] �, #�m  ��@,�- �/{�� �/+�	 
n)L(B :�45I �(z q� r@] �, #�n�A+ �45I �/+�	 
tu :�A+ �45I
kD :<Q��	 ���^	 �*1�Z1 MA� �� ��@,�- �/{�� �� #�/:) �!	�� <Q��	kN� (
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)L(a   - )L(b �45I�(z    @~� 8�I�� �, #�   r@]�, >�L  %f�   - �(f"�,L  �f*45& 
��� ��;- .

tu :%� ���: H/1 %���)	 #�A+ �/(u5$ - <��@� �y�+��'" .
∆ :�-� �!	�� <Q��	

��P! �"�,/Q32R " '+��B���������� �?� ���+IM� �R��� 9RP, �� �#� 

'*��2RAR ARCHNORMRESETD-W

lG%5����*� %A+ #'*�� GMA��� mm/��l/�lo/�l/nm�/lmm/l

�G%5����*� %A+ #'*�� G%4Q��	 ln/���/���/��o����o/�m�/l

oGM/=)	 #'*�� �A+��/��o/�l�/�G�n/���/l

�G.1�� �45I �, %���)	 N�: mm/�om/o�n/�G��/���/l

nG�)	 N�: .1�� �45I >-�, %��mm/��n/o��/�G�� /��n/l

�GFw�, �-� GH(/~(I mm/���/�oo/�Gn�/omm/l

�+g� : ����, #�	'/���w 3���1��'*�$

R2 :�//^	 r��Q
AR :>'��?%����� %*�@!5$ 

 ARCH :>'��?%1�@5$�1 F1����- 
NORM:>'��?>�', ����1 
RESET:>'��? #H�� `) >'f��?               <~f" <f,��� �� �� 'f*�� %fA+ <~f" #Hf�� 

 %A+�/T>'��?%� �(w(

1- Ramsey.
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  ��5" �-�I ���)�(>'��? ��@�� �      #�f$'*�� #�A+ 8y5I % ��-��f,   �f���� #
��"��@�� �*1�Z1 �w ���� MA� �� �S1? %)0(I�', �$�'+  . ���>'��?  �f, R-�^� 

>'��?�4]�� -� �\1�: - <*1� #����  .

�"�,S3 G���� ��B'+ " :I�� T"� 
	 �?� '+���U� ���+IM� ��?� 9RP, ������� 

>(�� "� ����U��

%(/5L	 8C��^�ECMARIMARWRWdPPPrPPPa MA� �� %1��=, �����l%

 >'��?ADF#���?n/lnG��/�G��/�Gm�/�Gmo/�Go�/�Gn�/�G
�+g� :�$'*�� ����, #�	'/���w 3���1

PPPa: ��ff; #�ff,��, #'ff*��    #�ffA+ M/=)ff	 �ff, Xff4A� 8�'ff9 �ff, �ff��+ 8
%*�@!5$�'+

PPPr:%!@1 8�'9 �, ���+ 8��; #�,��, #'*�� 
RWd:45I �, %���)	 N�: #'*�� �.1�� 
RW:��)	 N�: #'*�� �45I >-�, %�.1�� 

ARIMA:Fw�, �-� GH(/~(I 
ECM:/Q�� ���� �, �A+ M/=)	 #'*�� �X4A� ���+ 8��; #�,��, 

   ��1 �� �w >�(u5$3�   ��-��,      %4w ���] �� ��� N'4^� �$'*��  6   #�f$'*�� M��)	
  ��� K/^Q %\(���)�;� .       ���+ 8��; #�,��, #'*�� �� }y�� �f, 8�'f9  %!@f1  6

A,���       aS� ��/@, �w '*�� #�HI� �/, 8���(4,   �f��   6      �� - ��Zf1 �f���: �fO1 ��
       ���(" <,�;�/T - �����1 N�� �, %^,�	 �\/�1�   �� %�O1    � ����� �� %A+ %�$� . ���

%� x'Q'���/*, 8gZ1 %A+�/T U,�-� ����: �����1 �� �1�'	 .
              �f$'*�� �f�� �f��� �fw x'fQ'� ��� ��]�$ �,) %\(���)f�;� (  �� �f��O1  #�f$

    ��� ��� 0�1 ���� #��)�;�  6  >�-��� �/5$� #����  �', �$�'+  .  �����g@�     �f�� �f, 
         �$'*�� M��)	 �'!S, #��, �w ���� ���"� ��~1  ���,{��   %f���� #�f$�/)  #�f$�/{��
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 >yw ��)�;� (    U�'	 �w #�*�����O1    �*�� #��)�;� #�$'*�� - �$   ��� 0�1 �//^	 
��" >�/,�1� 6��w ������� . q� s�L�1� X/�=	 ��� �� ��!�����O1%��(!� </�� �, 

 <9����� #���%=/Q'	 #�$�/{�� %�A(�`./� �� %�?��7 .��H�� -%(/,���  .
  ��"�: ��� ��  6 �'I- �, ���   �w          ��f=� �� �f� #���+�f� %\(���)f�;� #�$'*��

  �(4~Z� #���� M��)	  6   ��f�? �, �(, %�-�t  ��-��f,  ��fQ�  �f(	�!��, �f$'*�� r .  8�f!�
��Q�         ./� N�\1� %(^� �^, �4]�� </4=	 N�\1� #��, N�C ��" q� r  �f�� �, %(/,

 #�$'*����� #��-��, .

V3���  � �# 
� ! ���)ANN(O

�������  ��� ��  �~!" #�$   �� �-� �*�� %!)& #�$ ./�       �f�� �� ��� 0�1 %(/,
��������  .�~!"a�@/� �� ��" ����:�, %!)& #�$��� %~�e'�'/, %!)& #�$ 6

  ���1�, �=	 �w  ���/� #�	'/���w #�$ %� #����'" .����$ �~!" #  %!)f& #�f$ 6
     ./� �� #���? #�$'*�� %49� r/;�  ��!c - %(/,#�(,��1  6     - %�'� #�$����, �� �w

    ���; ������� ��'� ��/@, %���%��1�/: .���   �~!f" #�f$        <f/�� �f, %!)f& #�f$
         %f:��- #���: �w - �/LZ	 �/4,�; �'+ V�+ ���+��       �� �'fI'� V�f+ #�f$

   �� ����) �1': �,  �@f/1 >�@f1� U�'	 ��-� <,�; �w #� (���� .    �f�� �fw� >���f"
  �-� ��� K^Q �A�1 6!" ��/u/� ������~ �f��   �fw  >? ��   - �/��@f] <f/4=	

�/�g	          ��/� �!^I [� �(1�� �, - �@/1 �LZ� <��& �$ #���:�  %� <5& �(w .  �f,
  %I-�+ ��] ���   a�@/� #�$�,8�'9��~"?  6 ?��w �@f$�( . ��f�  #�f$ANN �� 

  %f� �/f(u5$  ��f� �ff, >�'f	 ���� #�f$G   �f/!^	 %ff9�+ ����f�  ��fw #���� �ff7 
%:��-�$   �/45& N�\1� �(1�� %�   ���� ��/@, a\] �, 8 �f, 8�'f9   �����f� - #��'f� 

 ���� %A+�/T  �$(�@$� .   � !f" �f��            �*f"����� �f9�(& #��f�� ���f^	 rf4T� �f$
%A+�/T1�       � !" �(1�� %	�!��=� �^, �� #����� ��=� �� �7 � %^/!c %!)& #�$

��+�� ��" �1�  6  �$�*"������,�4/�- >�-        - �(�@$ <)�� �*�� � �, K4�L� #�$

1- Principle of Parsimony.
2- Artificial Neural Network.
3- Black Box.
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&'1 %c �� }��(�����//{	 #�/:��� %� �(,�� .
 ��� ��,��7 #�$ANN ��)�;� a4& �� r4T�./� �(/�� ��  #�(, ���� - %(/,

�ff5/; <ff/!; �� %�'ff� - %��ff� #�ff$����, �� �ff$�/{��N�Sff� #�ff$ 6 �ff� - ��� 0�ff1
�I��    �Q�; |��-� #�(,��', ���  . � !" �� ./� #��, %!)& #�$#�� %(/,  #�f$

 %4& %1��� %���@�� </!; �� %A���" �7 %��I V')L��)  ��� �f7 #�*�� U���" ��
   #��, ���,#�/:��7 [/( 	       %f� a$��f� [/f�y7 #�$ ���f�(       �f� - �@f/1 ���f;�,

#���$  ��/u/� %1��� # ���    ��" ������� ��/@, ��� . </�� ��5&   >?   ���? �'I-
        ��� %��7 %��1�'	 N�& - �$����, ��� �� >�-���   �'I'� #�$   ./� - �//!	 ��  %f(/,

��� %�'� #�$�/{�� ����� .
���   �~!f" #�f$            ���+�f� �� >�Zf&'(	 afT� �f, %!)f& #�f$   %S,�Zf� %f4w

�1����'+�,  6 ~!" q��    %&'()� %!)& }C'5^�     �f�C �� ��) ����f,# (    rf/	�	 �f,
���'51 ��5" �)l(  %� </~Z	 �1'" .C�� #�-�- ) ix(  �$�]�- <��" �  %    ���f^	 �f,

   ��f� %=/Q'	 #�$�/{��  �f��  . �f�C   %1�f/� #�f$)jz( -  %fI-�+)ky( f" <��
�]�-$   �(�@$ 8�&yc� ������ #� .�� �$�]�- ���  6  8�!��=�)8�/45&#�!I( �, 

     - ����: 8�'9 #�-�- 8�&yc� #-�\/�1�        �f, �f��I #�-�- q� 8�'9 �, �S1? 
#�$�]�-   ��C �� �*��   %� ����� #�^, #�$�'" .�C #�$�]�-� f,��� �, %I-�+ �

    ��� �� ��@,�- #�$�/{�� >�5$  �(�@$ >'/��:� #�$   ����f�� �fw    ��-��f,  �f"�
    %� <�'=	 �� ��@,�- �/{���($� .�C�      ��� ����'+�, #���� �/5$� �� %1�/�   6 ����

 � .�1�    #�/:��� �� #��)��-��,(  ���� ��� M/=9%��(w . ��C ���^	  - %1�/� #�$
���^	 ������ #�$�]�-    � !f" �� >-�f1 ���f^	 �/f/^	 �&�'; %+�, aT� �,   #�f$

 %&'()� %!)&  6 �� �'($>'1�;   %51 �/^!	 %9�+ #�(��((w.     h;  �, �(, %�- ��#�
  8�!����"`         �f�C �f�� �� %�~� ���^	 �w %	�'9 ��     �� �$�f]�- - �f$    ��f� qf�
�~!"   � �'I- %!)& #�$ �("�, ��"�  6 ���; ���   f1':�$ �', �$�'+�     �/f, ��f!	�� 

����� - �����;� �, �� �$��" �//^	��/*, ��� 6�*�� 8��!& �, ��-��,  �� %=/=9

1- Ramelhart Hinton, William and Kolmogorov.
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A,������� �/, ����� - �$ ����� �$�(w` .

���+P�<

  .L, ��� ��  6  �~!" ��� �� %&'()� %!)& ��1-�Z/�   �� �,     #�/:��f� a���'f*
F�    ./� #��, �w �A+ ��Z�1�        %f]��c >��f�� �� #��'f� ����f, %5�� ��� 0�1 %(/,
��"��� 6%� ������'" .��� ��� %]��c <]������ b�" �, �$���  .

             8��!& �, �� - #�-�- ��C #�$�]�- ���^	 �//^	 �� �@	��!& �-� �4]��
�*��  6    ��f� %=/fQ'	 #�$�/{��  �f��  .  �f/,�� ��       #��)f�;� #�f$��,��w �f/+� 8

�~!" %!)& #�$  6      ��" ���"� x'Q'� ��� �, %���� �,     s�L�1� 8�'9 �� �w ���
 �C #�$�]�-�        qf� P�f�� �, #�-�-  �f��O1          #��f�? 8�/9')f+ �f� - #��)f�;� 

#��  �f/5$� �f, ���'� �*�� - %���@�� <�� ������� ��'� #�$ 6    rf	��� �f, 3��f�1
    �$�'+ ���& #��S,�"
 .��� ��-�  6��� �� #�-�- ��C #�$�]�-   �fO1 ��'f� #�$

         ��� 0�1 #��)�;� #�'�	 ���� �, H/1 ��) �\(�� ��  6 /fQ���      �f��+ 8��f; #�f,��, ( 6
�(����             �/!f" a�@f/� qf� �/f(u5$ - %���)f	 N�f:       ��� 0�f1 #��f� �f�� . -�
#'*��PPP   - �(����   �� %���)	 N�:  .L,       �f���: ���; �=, ��'� <!;  �f1�.  ���f, 

 � r/	�	   %!)& �~!" K4�L� ��� � 6      ��� 0�f1 #���+�f� 'f*�� P�f�� �f, %f~� 6
   P����, #�*���(����            qf� P�f���, %!)f& �~!f" ��f� ���+? - %���)	 N�: 

 �/!" a�@/�       - %f]��c ��� 0�f1 �w�] #���    ��-��f,  �1�f" .     �f*�� 8��f!& �f, 6

1- Zhong. G (2003), Whte. H (1988 &1990). Laurene, F. (1994).
2- Swanson and Whit (1997), Faraway and Chatfield (1995), Moshiri and Cameron (2000).

X1
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Z1
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Y
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ff�;- �� �ff(	��!& �-� ��ff� #�-�- #�ff$�/{��� �ff5/; �+�ff" �!@ff1 a����ff*� 
R�)��((w            ��f=�� 8C�f�� �� ��((w R�)� �5/; �+�" �, >���� �� �  �f~���? 

)A,���o(  6     �;- �� �@	��!& N-� ��� ���      ��� 0�f1 a����*� ) fA,���� (    ��f� �� -
            >��� �^, �� ��� 0�1 �*1�Z1 �w %1��� �1-� q� N'����)  fA,���k(  6   <~f" �fw

%1'/��:���� b�Z, |'� U,�-� ��� :

)o(t*
t

t
iijjjhht u

P

P
LnwbfvbgabLnS +










































+++= ∑ ∑ ∑

)�(( )( )∑ ∑ +++= − t1tiijjt uSLnwbfvbLnS

)k(( ) 256,...,1TuTwbfvbLnS tiijjt =+++= ∑ ∑
 �ff�C �ff�� �ff7� <ff,�;#�-�- #�ff$)T,)S(Ln,)

P

P
(Ln( 1t*

t

t
− �ff(1�� �ff, 

    �f�C - %=/Q'	 #�$�/{��  %fI-�+ #�f$)LnS( t     �� ��@f,�-  �f/{�� �f(1�� �f, 
  %� �/@�	 %\(���)�;�  ��C %�- �1'"      !f" �� %1�f/� #�f$�       �/f$ %!)f& #�f$

              �� %1�f/� %\���1 >�'(& �, U�� - �1���1 %\(���)�;� 8�/,�� �� %���^� �f(����
 %I-�+ �!��=� �(�@$ �$  6    if,�'	 -f - g         %fA+�/T |'f� Uf,�-� �� ) [/�@f\� (

%��("�, .
   ��� �� �$ ��  6    ��'	 �]�- q�)45I� r���  (   ����� �,`    �f,�� ��& >�'(& �, 

A,��    ��" ����: �O1 �� � ���  .4]��� N-�   6        f&'5\� #��f, �f1'51 af\] �//^	�
#�/:���)��-��,(  6&'5\��     &'5\� �/(z a$ - ��!�&� �>'��?) ./� %f(/, ( �f�� .

�-� 8��$�Z��lonm:�%�� lo��:l�&'5\� >�'(& �,���'�? 6�-��lo��:ll
  %��lo�l:l�       �f&'5\� >�'f(& �,  >'f��? - `�       %���)f	 8�'f9 �f, ��$�Zf�  �� 

&'5\��:��� &'5\� >�'(& �, #�/���!�&� ��� ��" s�L�1� .
4]���   #�^,          �f�� %1�f/� �f�C - %I-�+ ��C #�$�]�- ���^	 �//^	 .  ���f^	

 �C #�$�]�-�    �~!" ��� �� %I-�+  q� �$ ���       %5�� ��� 0�1 a����*� �*1�/, �w 
��� .    ��C #�$�]�- ���^	)��C#�$ (    ��f� %��5	 #��, %1�/�      �-� Xf��c �� �f$
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��?>'�" �LZ� �A+ -  .

�"�,J3
� ! �(��W /�7�� 9X��� �X� 
	 '���� ���� ���	 � �# ��������B �W�"� /
Y:<QJZ32A[\:2\

(1, 4, 1) 
(1, 3, 5, 1) 
(1, 10, 1) 

1) Random Walk Model
2) Linear in the Log - Levels(PPPa) Model
3) Simulation Model of Exchange Rate

�+g�:�~!" ��'�? #�	'/���w 3���1 %&'()� %!)& #�$

        ��C �� 8�&yc� ������ #�$�]�- ���^	 �//^	 ��'� �� %1�/� #�$>�5$�1':
  �7}y!;  �" �7�   6�,  �'��� �~1? aT�  %��$#��,��� 8�/,�� �� ��� ���   �~!f" #�$

   ��" ����� %&'()� %!)&�1�  6     �-� a$ �'($ %�->'��?    	���� �-� �A+ -   �, #�
 %� �O1��� . ��]�$ �,  6       �f~5� %1�f/� #�$�f]�- ��f�� ��/@f, �� aw ��/@, ���^	

             ./f� .fL, �� ��f�- �f, s'4A��1 �\/�1 �, �\(� ���   %f(/, �'f" .    afw ���f^	
 %1�/� #�$�]�-)>�S(� (%� C�, �� #�/:��� �&�� �w �(z�$ ��� �~5� %�- ��,

  �	 �'" �&�,�(����N�\1� �;�1 8�'9 �, #�/:���   ��f� - ��" �� �� ./f�   %f(/,
  ������� >�'	�1� .�*�� R�c �� 6    �fw �f(z�$ %1�f/� #�$�]�- ���� ��/@, ���^	

      �� %,'4A� �\/�1 ��� �~5��(����  #�/:��f� ) ��-��f, (     �f"�, ��f"�� ��f�  6  �f��
  }C�5�]����?    ./� �4]�� �� %,'+   �"�� �$�'L1 %(/, .  �����g@�   >�-H�� �(1�� �,

%, �$�/{�� ��-�          .��H�� �&�, <5& ��� �7 ��� %\(���)�;� #�$'*�� <��@� #
      ./f� ��� �� #'; ��5�]� �, %�- ��" '*�� %:�($� M/Q'	 %f(/,   <f5& rf��(�

 ��7 �$�'L1 .  ��� 8�/,�� ��             <~Zf� �f�� %&'()f� %!)f& �~!f" #�f$”  �f�]
>��w“`   %� ��/��1 ��� �'" . �w %���    x'f1  8�fc�!	��    �f$�/{�� �/f,    ��   >-�� ��
�1'51   ��-��,   }���9  �"�, ���w ��]  6          �fw �f��I U���" �� �', �$�'L1 ���;  �f/O1

����1 %L���	 6F~&�$� >�Z1 %,'+ <5^�� .
 N��Sz �4]��  6             <f/!; �� ��f� >-�� �f9�(& - �$������� #�� q� �//^	

1- Memorization.
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#�/:��� r��Q 6���~	 8�^��`���  6 #�A+ �������'�? x'1 �/(u5$ - s'4A� 
<��!	 i,�'	)��^���#� (��C ���$��� %I-�+ - %1�/� # .

  �4]���+?  6  ��� #�/:��� ��&�; >��w �LZ� .   %!)f& �~!f" ��� ��
   F� a���'*�� �, %&'()�   �fA+ ��Zf�1�  6 }C'f5^�     r/f" >'1�f; ��   %f�-H1 
   �����f�� 

%ff��'ff" .��!1'ff� �-� �� �ff\(�� ��G�'w��ff� ��) LM(��ff�� ��ff" �����ff�� .
�,��w    � #�/:��� �-� ��� #�/: %� rI'        �� ��^��� r	��� �, ��� 3���1 �w �'"

r/" #�/:��� �-� �w %��*($%�-H1 �, ��w%� ����: �'" 6 �1'f" �/�'	 . �-�
LM       �(/S, ��&�; �� r���	 q� ��/�] ��  P�: %,��G  �	'f/1 v    �fw �f��    -� �f$ 

r/" #�/:��� �-��	'/1 �!" - %�-H1 %� �, �� H/1 �� ��/: .
    ��� �� ��� �w� >���"��   �~!f" �� ���       Zf/� %&'()f� %!)f& #�f$��1-�   �f, 

 F� a���'*��   �A+ ��Z�1��,8�'9 ��@!5$�'+ )AR (     �f" �����f�� Hf/1  6   �fw ��
\/�1  �AR(3) ����S,    ��-��,  ./� -       ��@!5$�'+ #�$'*�� �*�� �, �!@1 �� %(/,

    ��� ��� >�Z1 �'+ ��      ���� �� ��)�+� ��] </�� �, �     - �'w�f� %!)f& �~!f" ��f� 
���13 >?  ��� ���� ��� #����'+���wa�� . #��, �/(u5$��'�?�~!"  %!)& #�$

 a���'*�� ��    �-� </!;�� %	-���� #�/:��� #�$   #��f~�,� #�f$k  6 >�f����:  N�'f	 �  - 
 �	'/1 �!"�  �" �������  . �/!" #��,  #��������	  6����   �f&'5\� #�f$ ��'f�? �� 

�,8�'9  %��	 ����-� )�1C�� (    ��� �� -`�
� �,    �~!" �, <!;      �fw a���w ����� �$
  ���/1 �'!S, 3���1 . �~!" �� }�(5Q �����f�� ��'� %&'()� %!)& #�$ 6  #�$�f]�-

            �(f��5	 �� #�f^, ��C #�$�]�- �, <��w 8�'9 �, ��C �$  6     �f�� �fw ��g@f�  �� 
�/!" �~!" #����/5$� #���� �$���   ./f� 3��f�1 -    �f=	 �� %f(/, �/�gf	  ���f; 

%��$� .
� ��� � #��, �^��A���'�?) ��-��,(��� �~!" #�$N�1 �� %&'()� %!)&��H��

1- Epoch.
2- Gradient Descent. 
3- Levenberg - Marquardt.
4- Gauss - Newton.
5- Heuristic.
6- Conjugate Gradient.
7- Quasi - Newton.
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MATLAB 6.5��� ��" �������  .%� ���I� ���1�, ����~!" �	 �$� %!)& #�$
      ��H,� �!^I �� ������� �, %&'(�� %&'()�`  a/(w ��\��  .      �f��1�, �f/4,�; �/f(u5$

   �~!" ��\�� #��, %@�'1  ��"�� �� �$  6      f�� �� �,��fw �fw       - ��f�(w #���� 8�'f9 �
�1�'	�                    ��f/� �f�	�� Hf/1 �~!f" %��f1�'	 �f\/�1 �� - �f�� #��Z/, ���'� s�L�1� %
%��(w .        �~!" %@�'1 ���1�, <~" �� �� ����� ��� ��  �$�,</���/4,�;  >? ��Z/,  6

���w �������a��
 .

]3$�% 
���
� ����� ^� �� ���	 ��
 ./� ��~45& �� %(/,�   " - %A+ #�$�~!       %���, �5@; -� �� �� %!)& #�$

%�a/(w .   1'51 >-�� �� �-�� ���� �$ -      f1'51 �� Y��+ N-�     ��-��f, �  - �/!f" #��f�
����$ .(�����1'51 #�$ ��-��, ./� -#���+�� %\(���)�;� #�$'*�� #��, %(/, 6

���     �~!" H/1 - %1��� #�� #�$  >�@~� %!)& #�$ ���  .      8��f; %,�f���� #��f,
>-��� �A+�-�\� �/*1�/� �Z�� ��/^� �� %,��  ��f� 8��f; .\(� #��, -   �� �f$
>-�,%,��)./� %f(/, (          �fA+ X4A���f; �/*1�f/� ��f/^� �f� ��v  6   �/*1�f/� �Zf��

�A+�-�\�k    8��//{	 M/=9 �/@� - �  ����: ��S, a�� .       <f+�� �� �fz �$��/^� N�5	
    >? Y��+ �z - �1'51 6./� ���������1� �� M/=9 %(/, #�/:%��((w . %49� R�$

  ��~45& �@���� ��)./�%(/, (���    %fA+�/T - %A+ #�$) �~!f"    %!)f& #�f$
%&'()�(���  .

N3$�% ��	�+P� :��� �� �
) '"���	��(
   ��� ���� ��� ���  ./� #��, �$    �1'51 �� Y��+ X�� %(/,6    ��-��f,  ��f" �f1� .  �f��

   >-�� 8��; %,����� #��,    ��'� H/1 %,�� >'f��?    f� ���f; % �f1�/: 6 %f�   �f�: >�'f	

1- Tool Box.

G:�(1�'+%� >���'� �� ��Z/, 8�&yc� r@7 - %���, #��, �(1�'	���1�, ��� �$��'� �, ��(��51 �!	� � ����� >.

3- RMSE.
4- MAE.
5- RMSE.
6- Correct Directional Change (CDC).
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>-��    q� �'+ %,��>'��?   ��� ��!�&� #��, �$ ���  .    �f�� 3���1 >'f��?  �-�fI �� 
��5"�)�(  ��� ���?  .               #'f*�� �/f, �� �f�� �LZf� �-�fI 3���1 �� �w �1'*1?

��)�;�    %1��� #�� - #���+�� %\(�  6 M/=)	 #'*��    >-�� ���f�S, �fA+   �� %,�f�
  �!	� - ����   #�^, #�$�,r/	�	            8�'f9 �f, �f��+ 8��; #�,��, %�'� #�$'*�� �, 

X4A�  6#'*��ARIMA  6�(����   45I �, %���)	 N�:� .1��   6      8��f; #�f,��, #'f*��
 �+? �� - %!@1 8�'9 �, ���+�(����45I >-�, %���)	 N�: �.1��  6���� X4^	 .

   ��� �/, �@���� ��      %A+ %1'/��:� #�$'*�� - %!)& �~!" #�$  6���  #�f$
>-�� 8��; %!)& �~!", %,��S #������1 .

�"�,L3'"�� �	����� ��� �	�����_� �	 ��RMSE �� /�7�� 9X��� �X� 
	 '���� ���� ���	 
�"�/Y:<QJZ32A[\:2\

RMSENeural NetworksRMSELinear Models
0. 0374
0.0228
0. 0440

ANNp
ANNrw
ANNs

0. 1176
0. 3250
0. 2698
0. 5363
0. 2339
0.0588

PPPa
PPPr
RWd
RW

ARIMA(3, 1, 4)
ECM

�+g� :�/!" - ����, #�	'/���w 3���1��� #����$

ANNp:��� �, %!)& �~!" ��� �/Q�� �X4A� 8�'9 �, ���+ 8��; #�,��, 
ANNrw:��� �, %!)& �~!" ��� �/Q�� a/5^	 ����w �����, ���� %

ANNs:    �, %!)& �~!" ���  ��� ��/!"#���    ��� 0�1 )      8C�f�� �C� �, >���� ����
��=�� (��/� ����, ��

  ���>-��  ��� ��S, %,��     �f*�� #�f$'*�� �f, �!@f1 %!)& �~!" #�$ ��  3��f�1
    ��� ��O�1� ��'���  ����@/1  6   ./� >�'	 ��5S� �~4,        �� Y��f+ �� �f$'*�� ��� %(/,

�1'51 ��-��, ��� �$��� .
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`3$�%  �� ���	
�+P� �� a���)'"�	�	��(
./�     ��� �4/�- �, �1'51 Y��+ %(/,   �-� %c �w %��$��:`�kjGlo��:l�

  ��-��, �/!" - ��" #���  %� N�\1� �1�/:   ./� �� - �� ��� �� N��w�$ �, %(/, �, �$
%� N�\1� ��� b�"����� .

`G ./f�       �ff$�� qf� %1�f�� Xf�� �ff, 'f4I �f, -� %f(/,)�-��``:`�
�G
lo��:ll  (


G./�%(/,                 �f$�� .f" %1�f�� Xf�� �f, 'f4I �f, -� )�-��``:`�
�G
lo�l:�   (
�G ./�               �f$�� ����-� %1�f�� Xf�� �f, 'f4I �f, -� %(/,)�-��``:`�
�G

lo�l:l�  (
���    ./� �� ������� ��'� #�$   ��, q� U�� %(/,   ��-��, %�      �f$ #��f, - �1'"

./�   ��� %(/,<5& ���~	  %51 �'" .     %f� ��f� �/f(u5$     ��f� ������f� �'f"  �f$
)��ffQ�>�- - r�ff$ (�-� %ffc ���./ff� �(�@ff$ 8�ff!��, %ff(/, . %ff4w �ff��] ��

./�%(/,     %� N�\1� q/��(�� �-� �, �$����� .   ./� ���] ��� �� %f(/,    #��f, �f$
��� �-� ��� �/�-� �� �^, #�$�./� %(/, 6./� ������ �� ������� �,%4!; ��" %(/,

%� N�\1� ��;- �, #�$�/{���'" .
 X�� �� q� �$ #��, ./f� #�$ %f(/, 6  ��f/^� �f�RMSE 6MAE- CDC

 %� �!��=��1'" .  ./� >�'	 �	 X�� ��� �� q� �$ �� �$'*�� %(/,  �'f" %,�f���� �$ .
    ��f/^� -� Uf�'	 ��f" Y��L�f�� ���&� >�', [��H1 </�� �,RMSE- MAE ��

 ��" �!��=� ���&� U�� �\(����/^� U�'	RMSE%� ����� �'" .
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�"�,Y3���	 
 8� $�% '�+8 ���	����� ����� 6b� 
� �� �� �
��� /���"� " $! �	
���_� c�(RMSE

�+g� :�/!" - ����, #�	'/���w 3���1��� #����$

�!	� ����� #�(,��/^� �� ������� �, �$CDC, ����� ��� ��� 3���1 �a��`:
`G      ��� %��5	 �$�� q� %1��� X�� ��  �$#��,        %�f��� �, �� ��� 0�1 8��//{	 
./����w %(/,�1� .

G     ��� �$�� ." %1��� X�� ��  #�$PPPr   - ANNs  6�� %    ��f� �f/�, -  �f$

k� % �� 8��//{	�,%����./� ���w %(/,�1� .
�G./�����-� %1��� X�� �, %(/, ��� �$��PPPr - ECM 6�k % �� �/T �, -
 ���ANNs �w v
 %./� �� ��� 0�1 �SI 8��//{	��� ���w %(/, 6��� �/�, �$

�� % �� 8��//{	�,%����./� ���w %(/,�1� .

Z3
���� ���U
    ����? ������ �, �I'	 �,   #�f$RMSE  6MAE   - CDC     ��f� �/f(u5$ -  #�f$

 ��-��,%� ��"���: �\/�1 >�'	:
 r��(� ��~45& ��� �	  %!)& �~!" #�$)���  %fA+�/T #�$ (     �f, �@f���� ��

    X�� N�5	 �� %A+ #�$'*��         �fI�� �� %fA+�/T U,�-� �'I- �*1�Z1 %1��� #�$ #�

`G#��,  �7� 3���1 U�� ��)�+� ��] "-��I - �� �c',�� ������1��Z�1�.

12 Month6 Month1 MonthModels
0. 1566
0. 0806
0.0494
0. 1138
0. 0701
0. 1354
0. 0068
0. 0116
0.0000

0. 1054
0. 0539
0.0275
0. 0611
0. 0418
0. 0912
0. 0055
0. 0097
0.0000

0. 0224
0.0049
0. 0051
0. 0137
0. 0095
0. 0175
0. 0018
0. 0030
0.0007

PPPa
PPPr
RWd
RW

ARIMA(3, 1, 4) 
ECM

ANNp
ANNrw
ANNs
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 �w ��� �, ��w  #�/:��-��, ��f((w         �~!f" �f(1�� �f, %fA+�/T #�f$    %!)f& #�f$
%&'()�ANN     ./f� �'f!S, �&�,   %f� %f(/, �'f" .  �~!f" ��f~45&  !)f& #�f$ %

      ��� %��5	 �, %4w ���] �� %&'()�          Hf/1 %1�f�� #�� #�$'*�� - ���� #�	�, �$
#���+�� %\(���)�;� #�$'*�� �� %w�1� 6r��(����w <5& �	�1� .

    r��(� ��~45& <�C� �� %~�  �~!" ��� �	   %!)& ANNs      ��f� -� �, �!@1 
�~!"    %� �� �*�� %!)&       ���� ����f, >��w ����1 �, >�'	 �f$#  ~!f"    ��� �!@f1 � .

    �� <!; %(^���'�? �~!"   6   R�f$ ����f,)    ��� 0�f1 a����f*� (    ���fw ��f��1 �� af�� 6
    #��, �~!" ����,�(, ��'f�?             8��f; �fw ��f" ��f��1 R�f$ ����f, qf� �� �'f+ 

#�/:���)��-��, (  %� .��H�� ��  %� ������� �$��(w . %� �\/�1     8�'f9 �� a��f/:
   P�/�� - <��!	 >�~��#�(,`)   � >��w ����1����$  6��@��   �+�f" - #��� #��f� (

       -� �$ �� - R�$ �� #�-�- #�$����,  6   ��� ��~45& �'!S, �&�,    %!)f& �~!" #�$
 %� %&'()��'"  6  F/w������1� 3���1 �w
)`jj
 (       �f$����, #��f� ����? ��'� ��

�~!" �� �49�] 3���1 �'!S, �� �� %!)& #�$�/�g	%� �(w .
   %A+ #�$'*�� ��'� ��  6��~45&       ���+ 8��; #�,��, %�'� ��:��� K/^Q 

�,8�'9 X4A� )PPPa (  X�� %��5	 ��  ./f� #�$     f, �!@f1 %f(/,�     %�'f� #'f*�� 
    ���+ 8��; #�,��,�,8�'9 %!@1 )PPPr(  6    %���)	 N�: #'*��)RW (   #'f*�� -

M/=)	  �A+)ECM (  r4A� ��� �*1�/, �f��     ��� 0�f1 ��f��� }C-� �fw )  �� <;��f]
 8�� ��	'7 ( '� #�������  <��^	 - % #�f$           #�f$'*�� �f(1�� �f, 8�f� ��f	'w PPPr 6

ECM - RW ���   6            �'f4/	 - �f��1-� qf� 8�f^��A� 3��f�1 �, �w)`jjv (    - Hf/� -
R'ff:�)`j
� (���� �ff�,�A� .}�ff/1�� R'ff:-� - Hff/� �ff^��A� ) #�ff$'*�� ��'ff� ��

 %A+ >'/��:� (           %�'� ��:��� �, �!@1 %���)	 N�: #'*�� ��S, ��~45& �, %(!�
 � ��       q� %1��� X�� �� HI �, >���� ��'      Xf�� �f/�, �� �f$��      �f������ %1�f�� #�f$
%��'" .

1- Scaling.
2- Anastasakis.
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  ���? -� P����,�>'��?���- ������ - ��� `%�    0�f1 �/f, �w ���: �\/�1 >�'	
       A,�� q� %!@1 �5/; �+�" - %5�� ���� a$          �f, ��� �fw ���� �'fI- %*�"�!1�

%�'� ��:��� ��!�&�PPP8���(4, �� ���  .�'I-A,�� ��� �a$%*�"�!1� N'S�� �, 
   �/{�� �w ��� ���     %�'� #'*�� U�'	 ��" %��^� #�$PPP       �f, %f5S� ��� #���� 

    �(�@$ %5�� ��� 0�1 MA� .         fA,�� �fw �f"�� �fI'	 ���, ��!���       - ��� 0�f1 �/f, 
�/{��  #��)�;� ����/(, #�$)�+�"   ��((w R�)� �5/; #�$ (�,   >?    �fw %:���

  �,��, %�'� #'*�� U�'	�@/1 �" ���� >�Z1 ���+ 8��; # .   ����f, �f�� P��� �,
a$  %*�"�!1��,��� %� ���? M/=)	 #'*�� q� >�'	  #���� �fw ��w %]��c �A+

 ./� 8��;       �f/�-� %�'� #'*�� �, �!@1 #��Z/, %(/,  �f��  .       ��f=� �� 'f*�� �f��
./�       r��(� ��~45& #���� ��� 0�1 �SI 8��//{	 %(/,   �� �	�(����  ��)f	 N�f:  %�

>-�, �!(I �� ��� ���%,���A�1%51 #��(w ��/� �!4T %���)	 N�: #'*�� �, �1�'	 .
      3���1 �w ��� �w� >���"�,���  ��� �� ���? ����� #�(!� �,  �f��O1  - ���f� 

    ��] �/& ������PPP ���  .   %� 3���1 �'!S, #��,   �� >�'	���O1     �fS1? �� �w %��$
     ; �� #�*�� %���� #�$�/{�� ��</!  6��?�� %!@1   6  ��S, 0�1 <Q��	  6    �'f� �fQ�&

   #��\	 ���	 - �'Zw -� %!@1 6 ... ������� ��" , �f��: q5w,”    ��f� qf� >'fz
      �/^;�- X/;� K/9'	 �, ���; ��: �/$)     �@f$ �fw �'c >? ( �@f/1  6   #��f, %f(^�

       ��/u/� ��� >�(z �', a/$�'+ �'!\� X/;� K/9'	          �f;�� �fw a/f(w �f���� �� #�
 ���� ����~z'w  �"�, %45&  . ���f�         f��1�, �f$ �� �f��\	 - #��f�� ��f� #��f�

��� �����1 s�(�I� .%=/Q'	 #�$�/{�� �4; <9� �A,�� ��� �� 6%� a~] �w �(w
 ��� q�  6        �'f" �f���: �fO1 �� ���f� �f�� �~5� �w �\1? �	 .   >'f�4/� �fu1�(z

 %� ��������'::”  �/Q�� q� )��� (         �f�� �w �', �$�'+ aS� - ���� �, %1��� ��
  �//{	 �� #�����$   4/�- �, �� �        �f$� M/fQ'	 �$�/{�� �� %5w ����� “ .   �f��  rf4A�

   %� �//!	 �� %�/^;�-�(w ���, �w    ���� %���� ������� #��, �  �^��A� �=	   6  �fS(	
       ���- </4=	 �� �� #�/4w #�$�/{����w -   ���f,          - %���)f	 8��f�� N�f5	 �4/f�- 

`G#��, >'��? ��� �, �',�� �-��I - U,�-� ��)�+� ��] ��Z1 ���-? �\(�� �� �$�1� .
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HI��y+� HI �, �� %tu��w �'=� ` .
}C'5^�       !	 �� #���+�� %�'� #�$'*�� K^Q <�C� /  ./� - �/   0�f1 %f(/,

  %� �� ���   ��w >�/, �/(z >�'	 : %\(���)�;� #'*�� <~" M/=9 s�L�1� N�& �-�
        %���'� >�H/� �O1 �A�1 �� %���, �=	)4��^	�S  �//{	 - �$   8�� ��	'w ��  ( �'O(�
           ;� <~Zf� qf� ��Zf/, �fw '*�� �� ��"   �f�� %\(���)f� .     %�'f� #�f$'*�� N-�

       ��=� �, �w ��� �~5� #���+��#�O1      �(f"�, ��f" %]��c U4T H/1 #��)�;�  .
       ���" %�'� #�$'*�� K/^Q ��~45& ����,�(,�,�c�+       �fw %f5S� #�$�/{�� R�] 

�, ��-? ��� ���� >                  ��'f"� ��/@f, �f� - �@f/1 �f~5� �f� �fS1? �f, �'f,�� #�f$
���)�(1�� 68-�� 6q@�� 6.  (..�"�, .

�~/�  6q�   �-- ��$ - ���1-�
  %� >�/,  �w �1��� :      ��" N�\1� 8�^��A� �, �I'	 �,
 (/�� ���                      �f$� -� %fc �f(/�� �f�� �� ��f" N�f\1� #�f$��w %���, �, - ��� 0�1 
��"�:  6  �'($���O1                   - rf��(� %f,�\	 3��f�1 �f, �f\(� �fw %)fLZ� - i��fI 
���Q�����1 �'I- �'Z, .L, .

  �/(u5$%�   ��� �'!S, #��, >�'	 � !" #�$    �f$�/{�� �� %!)f&  6 � !f"   - �f$
a���'*�� #�$��'�?��7 ������� 8-����  6     8��$�Zf� �� �����f�� �f*�� R�fc ��

      ���� %1�-��� .��H�� �&�, �1��-� - %*��$ %� �$   �7 �'"  ��   �f��S1 �f&�,   �'f!S, 
 � !" �� 45&   %f� %!)& #�$ �'f" .    %f� �f+? ��      Xf/�=	 �f�� >�'f	  ��'f� �� ��

�'���7 .����? H/1 �*�� #�$�'Z7 .
     3���1 �, �I'	 �,�,���              �,�Zf� 8�f^��A� ���f� - �f^��A� �f�� �� ��f�?   6 ��

 %� x'5\�   ��7 �O1 ��S�� >�'	,          ./f� �f, �'f,�� �f7 %��fI�	     #�f$�/{�� %f(/,
 %� #��)�;� ��� �'"           ��f� %,'f+ �f, �f1���; %!)f& � !" #�$     �� 3f��� #�f$

 &� %\(���)�;�    #�� - #���+�� �� a  %1����� ./� %(/,        Hf/1 �f�S, %�] %$�: - 
 �((w <5& .����,�(,  6%�     ��*�f�� �f, >�'f	 �f$    ./f� �-�@f� #    #�f$�/{�� %f(/,

   ��S(Z/� #��)�;���w    ��� ��� �� �	     ���� ��(7 �� <;��] �$   %�(� �-���� �$'*��

1- Gujarati.
2- MacDonald and Hallwood (1994).
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�(�'I ��S, H/1 .
    A,�� ����: �O1 �� �,�    %5�� ��� 0�1 %A+�/T         ��)f�;� #��f/(, #�f$�/{�� �, 

) %!@1 �5/; (       ���� �f, �f��+ 8��; #�,��, #'*�� �� 45& �'!S, �/(u5$ -  #�f$
    �-� �!	�� %4Q��	)            �� ��f" �����f�� #��)f�;� #�$�/{�� >��� �^, �� 8��//{	

  #'*��PPP   #'*�� - %!@1 ECM(  %f� �f\/�1 ��� �,       [f� >�'f(& �f, �f7 a/f��
��S(Z/�  6 �, �,#�/:��7 '*��  �, %�   ��-��, %A+�/T)�$������� (A,���    H/1 - 8���(4, 

   ���� %���'� >��7 �'=4� �� �$ >?  ,         ��� 0�f1 �/f/^	 %�'f� #�$'*�� ��'� ��  6  �f,
   %!��(� #'*��#��, ./�     ��� 0�1 %(/,  %� ��/� ���a/(w .   �, ���</�� K^Q  #�$

% /( 	)%\(���)�;� (    ����/1 ��� aS� ��� �,a�� .   � ��� �/�� �����(�?�  6    �f, �f,
�-� #�/:��7�-� �'!S, - �	���I #�$a/,�/, ��� ��� ��� �, �'I'� #�$ .

 </�� �,             �� %1�f�� #�� - %\(���)�;� #�$'*�� %��5	 �� ������� >� �� N�& 
��� </!;#�$VAR` 6GARCH
 6STAR�-ARFIMA v ��f� �/(u5$   #�f$
%A+�/T  6  �^��A� ��� ��  6%51 �\/�1 >�'	  #�/:��w    ��f� �f7    � !f" #�f$  #�f$

   - %47 ���] �� %!)&�,>�'(&        #�f$'*�� �f, �!@f1 �'5f" >�fSI �f\/�1 [f� 
   - %\(���)�;��,V')+ ���      ./� �(/�� �� %1��� #�� #�$    #�f$�/{�� %f(/,

�1��� X4A� #�	�, #��)�;� .
 �� ��,��7� � !" #�$    �=� ��)�;� �� %!)& #�$  ./� �, �- %51 %(/,�'" . ��

 �� ���� %� �$    #��f, >�'	 >'f��? -�          - #��)f�;� #�f$�/{�� �/f, %fA+�/T Uf,�
 -�: �/(u5$�    ������� H/1 �S1? #�(, ��fwk .� �f(/�� �    �f� Hf/1 |'f� #�f$�  #�f$

� !"   � >�Z1 %!)& #�$��� �7 �1�      �f� ���f� �f, �!@1�   �f�� #�f$     rf/;� - �-�
%!@1 #�	�,��1�� .

1- Vector Autoregressive Model.
2- Generalized Autoregressive Conditional Heteroskedasticity .
3- Smooth Transition Autoregressive (STAR).
4- Autoregressive Fractionally Integrated Moving Average.
5- Ahmadi (1994), Moshiri, Kohzadi and Cameron (2000), Kuwan white (1994).
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 d��.be	���
lG </, 6�?   '@~I 6%	 - >,)`�
�(,  �~!" �, %��("? %!)& #�$  6      6#��f!�� �f�w� �f5I�	

 6�'5=�K��" %�^(9 ��*Z1�� %54& 8���Z�1� �@��� .

G  �f/5] 6%5Z��,� ,)`�
`( , ��)f�;��    #��,��fw %\()   ��'f1 #�f$��~�-�(   8���Zf�1� 6

��*Z1��>��S	 .
oG%1���    %�	 �5=� - >���" 6    %f	 %	 �/$�"  ,)`���(, ./f�       f��� �f�1 �f5/; %f(/, #�

��5" %��/� �4\� 6–���5" 6#��)�;� l��Gl��V 6��oG�l� .
vG         6>��f�� %�yf�� #�'fS5I #Hw�� q1�,     #Hfw�� qf1�, �f��1���	 - #��)f�;� ���Hf: 6

���8-���� #�$.
nG#�S� 6#'�	 ,)lo�l(,�/, �/���<45��G�/, %�'� U,�-� <45�����	 �Z1 6 .
�G �/5] 6����'��+ ,)lo��(,���   ./� - %A+�/T #���      ����, �� N�S� �5/; ����� %(/,

P�',>��S	 ��7� ���1 >���� 6#P��� �/,�	 ��*Z1�� 6 .
�G�/,-�  - </1�� 6�4/�   68�,�� �(/��q�,)`jj`( ,   ./� - %\(���)�;� #�$'*��%(/,#�$

#��)�;�5I�	 6��5� 8���Z�1� 6>�/1�/w �/���5=� .
�GK��" %�A)� 6%!(��,)`��
(, �~!" ��,��w %!)& #�$  ./� ��  %f(/, :   �f�1 �f5/; 6
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P�P*2

Dependent Variable: LNE
Method: Least Squares
Date: 04/26/04   Time: 17:11
Sample(adjusted): 1359:08 1380:10
Included observations: 255 after adjusting endpoints

Variable Coefficient Std. Error t-Statistic Prob .

LNE(-1) 1. 001734 0. 000560 1787. 464 0. 0000
R-squared 0. 995822     Mean dependent var 7. 413164
Adjusted R- squared 0. 995822     S. D. dependent var 1. 034439
S. E. of regression 0. 066864     Akaike info criterion -2. 568407
Sum squared resid 1. 135572     Schwarz criterion -2. 554520
Log likelihood 328. 4719     Durbin-Watson stat 1. 754133

Dependent Variable: LNE
Method: Least Squares
Date: 04/26/04   Time: 17:13
Sample(adjusted): 1359:08 1380:10
Included observations: 255 after adjusting endpoints

Variable Coefficient Std. Error t-Statistic Prob .

C 0. 044547 0. 030168 1. 476600 0. 1410
LNE(-1) 0. 995829 0. 004038 246. 6247 0. 0000

R-squared 0. 995858     Mean dependent var 7. 413164
Adjusted R-squared 0. 995841     S. D. dependent var 1. 034439
S. E. of regression 0. 066709     Akaike info criterion -2. 569145
Sum squared resid 1. 125869    Schwarz criterion -2. 541370
Log likelihood 329. 5660     F-statistic 60823. 76
Durbin-Watson stat 1. 758742     Prob(F-statistic) 0. 000000

Dependent Variable: D(LNE)
Method: Least Squares
Date: 05/31/04   Time: 13:03
Sample(adjusted): 1359:08 1380:10
Included observations: 255 after adjusting endpoints

Variable Coefficient Std. Error t-Statistic Prob .

C -0. 003621 0. 004652 -0. 778416 0. 4371
D(LNP) 1. 364339 0. 204627 6. 667457 0. 0000

R-squared 0. 149451     Mean dependent var 0. 013686
Adjusted R-squared 0. 146089     S. D. dependent var 0. 066718
S. E. of regression 0. 061652     Akaike info criterion -2. 726810
Sum squared resid 0. 961645     Schwarz criterion -2. 699036
Log likelihood 349. 6683     F-statistic 44. 45499
Durbin-Watson stat 1. 906924     Prob(F-statistic) 0. 000000
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Dependent Variable: LNE
Method: Least Squares
Date: 08/10/04   Time: 22:34
Sample(adjusted): 1359:08 1380:10
Included observations: 255 after adjusting endpoints
Convergence achieved after 5 iterations
Backcast: 1359:07

Variable Coefficient Std. Error t-Statistic Prob .
C 8. 791899 0. 039814 220. 8270 0. 0000

LNP 0. 995595 0. 023915 41. 62973 0. 0000
AR(1) 0. 825993 0. 038203 21. 62092 0. 0000
MA(1) 0. 147123 0. 070649 2. 082446 0. 0383

R-squared 0. 996756     Mean dependent var 7. 413164
Adjusted R-squared 0. 996717     S. D. dependent var 1. 034439
S. E. of regression 0. 059270     Akaike info criterion -2. 797877
Sum squared resid 0. 881736     Schwarz criterion -2. 742328
Log likelihood 360. 7293     F-statistic 25706. 70
Durbin-Watson stat 1. 998366     Prob(F-statistic) 0. 000000
Inverted AR Roots . 83
Inverted MA Roots -. 15

Dependent Variable: LNE
Method: Least Squares
Date: 12/27/04   Time: 21:09
Sample(adjusted): 1359:12 1380:10
Included observations: 251 after adjusting endpoints
Convergence achieved after 8 iterations
Backcast: 1358:09 1359:11

Variable Coefficient Std. Error t-Statistic Prob .
C 13. 74918 11. 78964 1. 166208 0. 2447

AR(1) 1. 064028 0. 062417 17. 04711 0. 0000
AR(2) -0. 202385 0. 067403 -3. 002587 0. 0030
AR(5) 0. 135691 0. 034608 3. 920782 0. 0001
MA(7) -0. 128380 0. 062362 -2. 058621 0. 0406
MA(11) 0. 149089 0. 061924 2. 407614 0. 0168
MA(12) 0. 141982 0. 062048 2. 288263 0. 0230
MA(15) 0. 132491 0. 061947 2. 138767 0. 0335

R-squared 0. 996340     Mean dependent var 7. 439607
Adjusted R-squared 0. 996234     S. D. dependent var 1. 020917
S. E. of regression 0. 062647     Akaike info criterion -2. 671237
Sum squared resid 0. 953700     Schwarz criterion -2. 558872
Log likelihood 343. 2403     F-statistic 9449. 853
Durbin-Watson stat 1. 991354     Prob(F-statistic) 0. 000000
Inverted AR Roots 1. 00 . 41 -. 56i . 41+. 56i -. 38+. 37i

-. 38 -. 37i
Inverted MA Roots . 90+. 21i . 90 -. 21i . 62+. 59i . 62 -. 59i

. 47 -. 66i . 47+. 66i . 13 -. 88i . 13+. 88i
-. 29 -. 88i -. 29+. 88i -. 60 -. 61i -. 60+. 61i
-. 80+. 36i -. 80 -. 36i -. 85
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