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1- Autoregressive Integrated Moving Average. 
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1- Multilayered Feedforward Neural Network. 
2- Wong et al., 2000. 
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1- Target Value. 
2- Backpropagation. 
3- Wrebos,1974; Le Cun, 1985; Parker, 1985. 
4- Zhang, Patuwo and Hu, 1998. 
5- Darbelly and Slsma, 2000, Swanson and White, 1997, Qi, 2001, Tkacz, 2001. 
6- Zhang et al.,1998. 
7- Swanson and White, 1997. 
8- Moody,Levin and Rehfuss, 1993. 
9- Tkacz, 2001. 
10- Qi, 2001. 
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1- Takagi-Sugeno. 



  �*�   ������� ������! "�#$ / %
���&' / ���($	 �) 

  4*X4�  �J��  '��- ����   '�.     �'��D 4 ��
�=� ��=�   8*�N!�-	 ���    8�4���	 4 8

 �� '4�+���� *
�. 

   O�+�� ������  '�.   '��D IR�� 4 ��=� ��         ,�-* ����+�� X�
�� X4� B


  	��58*�+   V
	�+ ��  �
	 ;�
6 _��  ��          4� ,�+�U K��9�. �X�
�� �4* �. �* ���+ 

�� 
3:� �:4�7�. 8�$ '  �. ��     
< �� '*�� ;�
6� �7� ��-�>�  ��      ���- 4 �&
��

{7�� �.        ��-�>� �R7 ;����� i
�#� �
�!�+ X4� }-
� �#�!& '  ���  �&
�� .

 ��	*	 �*�           4� ,"�$��� �* ��R7 ���-�>� �	 ��5   ���           '4� ��� ��R7 ,�%�& O�)�

{7��  � '�.          �R7 �?4C& O�� X4� �	 8*�N!-	 �� 4 8�� /05 y��     ��@&� �	��)� 

`�>=��� *
� .  

 ��=� V!%�-\  	� '��D  �� �	
� ��    �	 ���+�� �	
�� ANN    y���!�-	 V!%�- 4

'��D(FIS)   2
��� *�+. ��    �
	 V!
�
9?	 O����  '�.       '	��� ��=�� ����� '��$*�


  �����{7�� �.  'FIS 8*�N!-	  �� *
� .     	 V�@� ����: B
     V!%��- ��+ ,%��
� 

  8����*  ��&	
1» �G�$	. ..8�9&� « '��D �    '�!"�� ��%N�   �e	�	       ]��-	 ��� 	��
� ��.*

 '��D V!%�-�    V@�� ��3� V�.�N� 8��&	*�$�� � ,-	  .      '	��� ��N3!0� '�.��!7��-

8*��5    '��-     ����� }-
� '��D V!%�- B
   '��.     ��� *�@�"��5 ��=��8   ��&	  ��+

�&
�&  '	� �* �� �	� _�  �e	�	 8��,-	�.  

��=� ���� B
\�	 ������� �+ �,-	 8�� _��"� `R- ��5 �	 '��D :  

�\ �
< '*4�4��  

�\ �
<'��D  '��-��  

�\ �
<�1 8������ ��  

n\ �
< �:4�7'��D �4   

�\ �
< �:4�7�.  

___________________________________________________________________  
1- Vague. 
2- Abraham and Nath (2001). 
3- Input Layer. 
4- Fuzzification Layer. 
5- Rule Base Layer. 
6- Fuzzy Outputs. 
7- Output Layer. 



  34
 ���56! "78�6$  �6� ���ARIMA"95� �6�
�: 4 ���...  �*-  

  

 �������	
��
 ���� �� ���� 	����   

���.  �
� +  �  jQ�1 ��� 8���	   X4�  �3�6	 X�
��  ��� ��   '��.   '���D ��=��� 

    ,-	 �R7 ��"!&	 �5 X4� .          ��R7 �?4C& O�� V!
�
9?	 �	 8*�N!-	 �� X4� �
	 �*

 �R7 �	�)� ��   '*4�4 ,�-  /05 �. �� *
�   4 {7��  �. ̀ �>=�   ���  �&
�� .  ��
	

 X�
�� X4��         ���� �* 8*�N!-	 *�
� '�R7 ��"!&	 �5 X4� ��&��.   '�. ��=�

,-	.  

  �
��  8����*��. 
B    �
�D �	 /�5  ��� '���� � ��       J��� 8�	��&	ARIMA   F�>� 

 ���� 8�"& .     
 ��&�	�� �	 ,%����� X4� �
	B    '
�9?	  ��9&����  ��>!� �   I��N3� 

   �� 8��*
7 -�$�
�� ��   8*	* ��
�#��.   4��    ,-*       ����� ��(�
� '
�9?	 �*�4�

,-	 .
B   J�� ARIMA   *�	* ¢C: �-  :[ (*
7 -�$�  �
�^ (     4 �9!����&	 ������

o (��9&��� �>!� � .    '*���� J�� ���!7�-ARIMA        ��3U�� ���@G ��� _�!"� 

       �	 �������� _�U	�� ��
	 �,-	 :[ (       �J��� �
��-���4 ���:
�^ ( *�4	���  {7��� 

o(  J�� ,D�
 �* 4 {�0"�� (��
E� �/�5 ����*
� �)R�� 4 �. 

___________________________________________________________________  

1- AutoRegressive. 

����� ���

����� ���!�"�

���#$��� ��%�
�& 

��!�" ��!�' �

������ ��



  �).   ������� ������! "�#$ / %
���&' / ���($	 �) 

"� #�� ��
$%�&� 
�  ��
'�!& �(�! 
�  

8*	*  '�. y
��� I�)>� ��   	�!�	 '�(�)��        �	��@� �@�� �* �9&�7 '�@� ��$ 

!%.  �� �+ �* �      �0
���� �3�6�D[/[/[ou^    ��� ^u/[h/[ouo  ���      ��9!N. ;�
�6

��:  '�4� �� 8�&	.  8*	* �
	 �.�� ;�
6� �* 4 8*
� �&��� '�- � _)^ ( 8*	* ��"&

��8�&	.  

0

500

1000

1500

2000

2500

1 11 21 31 41 51 61 71 81  

������ �	����� ������ 
���� !��� "��#� ��$   

    �)��R� ��?�R� �*X4�   ��.     �R7��M 4 ��R7 '  � '	���  /��5   ����   '��(�)� �

	�!�	�       X4� 4* �	 �'�@� ��$ ARIMA ��       �� X4� 4 �R7 X4� �	
���� '�.

 '��D ��=� ��       ,-	 8�� 8*�N!-	 �R7��M X4� �	
�� .��    �
	    '�
�?
5
� ��
�b��

�� O-����� '�. 4 '��D ��=�ARIMA �-��� ��,-	 8 .  

    ��� ����	 
�ARIMA  �
��� ������ ��   ���� p  �d   � q ��  �
��    ��� � ������ 


!" �����
� ������ � �#
��$ ��(MSE, RMSE, MAE, MAPE, NMSE, R2) �@&� 

      �
*�)� �
�!@� 4 8�� �%
�)�p  �d   4 q  �� ��0!&	 8  �+ �&	    ������ � *
�7  �-�$� 
�

(p)   ��	�� �^   ����� ���9&��� �>!� �   J�� (q)   ��	�� ^        J��� �3�(�N� ����� 4 (d) 

 ��	��[ ,-	 .J�� '��� ARIMA��   �
� Y����  ,-*,-	 8���:  

)[(  2t1t2t1tt 3106.05599.0y2792.0y6672.0379.3y −−−− ε−ε++−−= 

   �� J�� �U	�� �*��  '�.   �� �	 '��D ��=��      ��
< ��G ��=� � /��5   �
�7 

(MFNN)             �� 
�$
- '��D x�!�!-	 V!%�- 4 �R7 ��"!&	 �5 '��$*�
 V!
�
9?	 �� 



  34
 ���56! "78�6$  �6� ���ARIMA"95� �6�
�: 4 ���...  �)�  

   '*4�4 ����"   
�9�- ���� 4* ;4�N�
�� "        '	��� 4 ��R7 ��:4�7 ���� 4  ���M    '���D

*�+    ���� �	 ���9&��� �>!� �   8*�N!-	 �� .   �U	�� '	���b&  �� ���@� K�  ��=� �

      �
< *	��� K4	�� ���d� I
�� �	 �'��D ��.     �4��& *	���� 4   '��. ��
<   '��.  ����@�5

  �� O-��� '�
?
5
��    �-��� ��=� ���          ,

~�� ���	
� K4	�� ���d� I
�� �	 4 

      O-��� V!%�- �,

~� ��	
� *	��� 4 23!0�       ��� ��U	�� '��D x�!�!-	 8�9
�5  .

         �I�)>� �
	 �* 8�� 8*�N!-	 ,

~� ��	
� *	���oq ����  ,-	   4  ����.   �
��  �+ �

       �	 '*4�4 ���� '	�� ��� 8���	"   
�9�- ���� 4* ;4�N�
�� "      �	 ��:4�7 ���� '	�� 4

'	�� 4 �R7 ������M  '��D *�+ ���� �	 ���9&����>!� � 8*�N!-	 ��,-	 8.  

��  �
� 	�!�     3�� '�.����� �7�� �	 �J4�      '��$*�
 �9&
9G �*	* ��"& '	�� *�

y����	  �. 8*	* '�.  �� �*�   8*�N!-	 '��D ��=� � �� *
� .  '	��_
�%� /�5  ��� ��

   �.����� �
	O3M	 y
���  ��    �:4�7 ��� '�R7  '�. /��5   ����      ��:4�7 4 8��� �

  ,-	 ��1	4 �
3R� .  ��D+  
 '	�� ���B    '*4�4 '
9?	 P)   ���
�#� �	   '��.
9?	 

P(   �:4�7 �/�5  ���  
 8�� �B O=� ZP      ���1	4 ��:4�7 �dp   4  ��9&����   �	��)� 

      �.
9?	 ����� �* ��1	4 �:4�7d  ,�-	  .   J4��:[      3�� '��.����� �	 ��7��  �� *�

 _
�%� '	�� J4	�!�/�5 �����"& 	� ��� �.* . ;��-�>� 8*	
&�7 �	 J4	 *�
� �-

��9&���   ��!%. *�	�&�!-	 '�R7  :  ������9&���     *�	�&�!�-	 '�R7)MSE(   ����� �

  �4S#���9&���   �R7 )RMSE(    ���� 4 ���9&���         8��� J����& *�	�&�!�-	 '��R7 

)NMSE .(    ��
�: '	�� �.�R7+          ��c�7 '	��� 4 ��C�� '�.�R7 �*� �+   ��L	 �*�

     �N�� 4 ,�c� �
*�)�;4�N�  �. ��    ��-� 4* �	
�8�&	. �R         ��� 4 ,�-	 ������ O
�( 

NMSE  *�	* y����	   4 �R\[NMSE= .  �	�)��R    
 �� �N6 ��� B      �	��)� 4 ,�-	 


B ��"&  8��.*   I��R� +_�� 8*	*   �.   �* �,-�?�U   ��+      �N�6 �	��)�  ��"�&   8���.* 

3���   ,-	 '*�+� ��     8*�N!-	 �	 �	
���9&���     ��1	4 �:4�7 �	�)� d  ���    �	
���

  '����/�5  �����.  ,�	* ��b!&	 .         ��!%�. I�3R� '�R7 *�
� �* '��� ����� 4* :

��9&��� 1     �R7 I3R� ��)MAE (  4��9&���         ��R7 ��6�* I�3R� ��1 )MAPE .(

    �� _��1 �	 �.����� �9
*+    C�& �R7 I3R� ��1 V�
C�       �	C��� �*	* ��"& '	�� O3M	 

3��� J�� *� ��   ��+ �� �&4� .   �#&� �	+  
 �. �B    3�� ���
��	 '�.����� �	 �  ���: �*�



  �)�   ������� ������! "�#$ / %
���&' / ���($	 �) 

    ���
��	 	� �6�7��  �+    3�� ����
��	 '	�� �� ��  ��� *��   �	 �       ������ /�� ��. <��� 

 ,-	 8�� 8*�N!-	 .3�� ���
��	 '�.����� �
�!& ��  '	��� *�8*	*  '��. ����/
��  ��� 

 �	 8*�N!-	X4� �.23!0� '� J4�: �* )[ (�+T,-	 8�� .  

 %�!&'	(�
 
)����� ��*��+�, �����, � ���) ��-�� �*.(�/, �  

 ������ ��	
  RMSE MSE  NMSE  MAPE  MAE  R2  

���� ����	�
 ���
 ����/�  �����/��  �������/�������/� ����/�  �����/�  

ARIMA) � � � � �(  ���/��� ���/�����������/� ����/��  ����/��� �����/�  

���.  �
� +    J4�: �* �)[ (8�.�"� ��   �� X4� �*
���  '�.    �	 '���D ��=�

�b&    3�� '��.����� �����  ��*��     X4� ��� ARIMA   *�	* '�����  .    �
��!& �%�
�)�

/�5  ���   �� '���� �� ���  '�.   �'��D ��=�ARIMA       J4��: �* ��1	4 �
*�)� �� 

)^ ( � 4�  _)o (   ,-	 8�� 8*	* ��"& .  �
*�)�/�5  ���  �� �� ���  '�.  '��D ��=�

j��
�)���!%. ��1	4 �
*�)� �� I�R�� .  

  

������ �	 
��
� ������ ��� ����� ����� �� ��� ������� ! �"�# ARIMA�$%�! ������ ��   

0

500

1,000

1,500

2,000

2,500

1 11 21 31 41 51 61 71 81

 ��� ���� 

��� �����	
 ���
 �

 



  34
 ���56! "78�6$  �6� ���ARIMA"95� �6�
�: 4 ���...  �)*  

 &!'()	 
��
� ������ ��� ����� ����� �� ��� ��� ! �"�# ����ARIMA �$%�! ������ �� 

������� 

ARIMA 

������ ��	
 �

��
� 
����� ���� ������ �

ARIMA 

������ ��	
 �

��
� 
����� ���� 

��/��� �/��� ��	 

 �� 	/���� ���� � 
��/��� �/��� ��� 
� ��/���	 �/���� ���� � 
��/��� 

� 

� 
� ��/���� 
/���	 ���� � 
�	/
�� �/��
 ��� 
� 	�/���� �/���� ���
 
 
	�/��	 	/��� ��� 
	 �	/���	 �/��
� ��
� � 
��/��
 ��� ��
 
� 	�/��
� �
�� �
�� � 
		/�
� ��� ��� �� 	�/���� ���� ���� � 
��/��� �/	�� 	�� �� �
/�	
� �	�� �	�� 	 
��/��� �/	�� 	�� �� ��/���� ���� ���� � 
	�/	�� ���� ���� �� ��/���� �
�
 �
�
 �� 
��/��
� �/���� ��� �
 	�/���
 ���� ���� �� 
��/���� 
/��� ��� �� ��/��	� �/�	
� �	
� �� 

��/��� ��� ��
 �� ��/���� 	/��	
 ��	� �� 
��/	�� ���� ���� �� ��/��
�  �/���� ���� �
 
��/���� �/���� ���� �	 ��/��	� �/�
�� �
�� �� 
��/���� ��
� ��
� �� ��/���
 �/���� ���� �� 
��/��	
 �/		� 			 �� �
/���� ���� ���� �� 
��/��� 	/��
� ��
� �� ��/���� ���� ���� �	 

�/��� �/���� ���� �� 
	/���� �/	�� 	�� �� 
��/���� ���� ���� �� ��/�	� �/��	 ��	 �� 
��/���� �/�	� �	� �
 ��/�	� �/��� ��� �� 

�	/��� 
/��� ��	 �� ��/��� 
/��� �
� �� 
��/��	 �/�	� �	� �� 
	/��� �/��� 	�� �� 
��/��� 	/
�� 

� �� ��/��� �/	�� 	�� �
 
��/��� �/


 
�� �	 ��/	�� �/��� ��� �� 

�/��� �/
�� ��
 �� ��/	�	 �/		� 	�
 �� 
��/��
 	/��� ��� �� �
/��� ��� ���	 �� 
��/��� �/��� ��� �� ��/�
� 
/���� ���� �	 
	�/��� �/��� ��� �� ��/���� 
/��
� ��
� �� 
	�/��� ��� ��� �� ��/���� 	/���� ���� �� 
��/��� �/��� ��� �
 ��/���� �/	
� 	
� �� 

�/��� 
�� 
�� �� �
/	�� 	�� 	�� �� 
��/
�� 	/��� ��� �� 	�/��	 �/��
 ��� �� 
�	/�
� �/��
 ��� �� 
�/�	
 
/��� ��� �
 
�
/��� �/�	� �	� �	 ��/
�� �/��� ��� �� 
��/��� �/��� ��� �� 
�/��� �/��
 ��� �� 
��/��� �/��� ��
 	� 
�/��� �/��� ��� �� 
��/��� �/�
� �
� 	� 	�/��� �/�
� �

 �	 


/�
� �/��� ��� 	� �
/��� �/��� ��� �� 
	�/�	� �/

� 

� 	� ��/��� 	/��� ��� 
� 
�
/
�� �/�
� �

 	
 ��/��� �/��� ��� 
� 
��/��� �/��	 ��� 	� ��/��	 	/��� ��� 
� 
��/�
	 ��� ��� 	� ��/��
 �/��� ��� 
� 



  �))   ������� ������! "�#$ / %
���&' / ���($	 �) 

 �:
� �� ��  �
	  �+ �� ��  '�.  ,�%& '��D ��=� ��    X4�ARIMA     /�� �. �* 

  3�� ���
��	 ������     �	 �*�	* '���� *�  �
	  X4��  '	�/�5   ����    	�!��	 '��(�)� �� 

    8��
� 8�� '	��)�  ��� �!N.  (8*�N!-	 �� *
� .  �
*�)�/�5  ���   '	�� �   ;��� ��
	 

 J4�: �*)o (,-	 8�� 8*	* ��"&.  

 %�!&0	 1+2 3+)����� ������ 
"�� ��3�, �) 
�4 5�, ���) �� ��* 
��
����  

��������	
 ��
� � ���� 
���/��� � 
���/��	 � 
��
/��� � 
���/�	� � 

�� ����� 	�
�  

    I�)>� �
	 H�.*�4	��  	�!�	 '�(�)� �     4 '�@� ��$   �e	�	   ��-��� J��'	�� 

/�5  ���    8��
� �* �(�)� �
	 � ,-	  �� �� +            ��
	 �	 '���%�� ��� ��&	
!� ��$ �3� ,

"��      }
	�� 4 8��� Ie�D ;Q�=�V���$    ���R��& �!?�U �	 	� ' ��     ����R� �!?�U

_
��� +�� .         ����� �* �!D�$ ;�
6 ;�)�)>� �	 �b& H�6/�5  ���     ��
	 H��. ��

 ��� I�)>�+    ��-
� �� CX4�  '�./�5  ���  �I�1*  ��  ����!�� 4 ,-	 .��   �
	 �
b��

   2�� 4*X4�  �.  4 �R7 ' ��M     �-��� �R7��8  �&	    X4� �	 4ARIMA ��   �	
��

  X4�    �� X4� �	 4 �R7��   '��.   ��
�=�� ��=���  ���    X4� �	
���  ���M    ��R7

/�5  ���     4 8�� 8*�N!-	 �   a�>? �	  /� 3�� ����� ��  *�MSE  �RMSE  �NMSE �

MAE  �MAPE   4 R2     �%
�)� V. ��  ����& .     I��)>� �
��!& ��"�&   ��$    ,%�&�  �+ �

����  '�.         3�� '��.����� ������ a��>? �	 '��D ��=� ��     X4� ��� *�ARIMA 

 *�	* '���� .   ���#� �
�!&      ���"� ;�)�)>� 4 I�)>� �
	 *	* ��"&8  �&	   ��+��+  O��

����  '�.             *��#
	 4 '���D I�R�� 4 ��
�=�� ��=�� �����   '��.   '���D ��=�� 

,�)D
�  C���     F��� 4 8*
� +      '�R7 �* �:
� _��1 /.�/�5���      ,�-	 8��� � �+ �

�=�=7  '�.  �* �@:
� _��1       4 <�� ,1* ��
�- �
	�9�.   �
�&	
�  O
�)�  ���� '
1



  34
 ���56! "78�6$  �6� ���ARIMA"95� �6�
�: 4 ���...  �)+  

*�	* .       ���� V!%�- �+ �#&� �	 ��
	 �� 84Q�  '�.     8*	* �������& '���D ��=�  '��.

        8*	* �	 �$�C� �&
�& 4 8*
�& ��R1 4 `
�6�.   �*�	�& ���& 	�  ���    ��&	
� /��5 ���� �

 	 ��
7�       ������	 4 �.* �e	�	 K�@- ,��1 {7��  ��        ,�%�& X4� ��
	 ��+ �.* 

�� X4� '�. B�-Q+/�5��� �O-��� ��	 ,-.   

 �
	�������  

1-  Abraham, Ajith and Nath, Baikunth, (2001), "A neuro-fuzzy approach 
for modelling electricity demand in Victoria", Applied Soft Computing, 1  
127–138. 

2-  Darbellay, G. A., & Slama, M., (2000), “Forecasting the short-term 
demand for electricity: do neural networks stand a better chance”, 
International Journal of Forecasting, 16  71– 83. 

3-  Desai, V.S.& Bharati,R., (1998), “A comparison of linear regression and 
neural network methods for predicting excess returns on large stocks”, 
Annals of Operations Research, 78  127-163. 

4-  Dhar,V.& chou,D., (2001), “A comparison of nonlinear methods for 
predicting earnings surprises and returns”, IEEE Transactions on Neural 
networks, 12(4)  907-921. 

5-  Heravi, Saeed, Osborn, Denise R. and Birchenhall, C.R., (2004), “Linear 
versus neural network forecasts for European industrial production 
series”, International Journal of Forecasting, 20  435– 446. 

6-  J.M. Zurada, (1992), “Introduction to Artificial Neural Systems”, PWS 
Pub Co, . 

7-  Jang, J. R. and Sun, C., (1995), "Nero Fuzzy Modelling and Control", 
Proc. of the IEEE, 78-405. 

8-  Kuo, R.J., Chen, C.H. and Hwang, Y.C., (2001), “An intelligent stock 
trading decision support system through integration of genetic algorithm 
based fuzzy neural network and artificial neural network”, Fuzzy Sets 
and Systems, 118. 

9-  Leung,M.T., Daouk, H.,& Chen, A.-S., (2001), "Forecasting stock 
indices: A comparison of classification and level estimation models”, 
International Journal of Forecasting, 16, 173-190 

10-  Moody, J., Levin, U., & Rehfuss, S., (1993) “Predicting the US index of 
industrial production”, Neural Network World, 3 791–794. 

11-  Qi, M., (2001), “Predicting US recessions with leading indicators and 
neural network models”, International Journal of Forecasting, 17 383–
401.  

12-  Qi,M., (1999), “Nonlinear predictability of stock returns using financial 
and economic variables”, Journal of Business & Economic Statistics, 



  �),   ������� ������! "�#$ / %
���&' / ���($	 �) 

17(4) 419-429. 
13-  Qi,M., (2001), Predicting US recessions with leading indicators via 

neural network models. International Journal of Forecasting, 17(3) 383-
401. 

14-  Swanson, N. R., & White, H., (1997a), “A model selection approach to 
real time macroeconomic forecasting using linear models and artificial 
neural networks”, Review of Economics and Statistics, 39 540– 550. 

15-  Swanson, N. R., & White, H., (1997b), “Forecasting economic time 
series using adaptive versus nonadaptive and linear versus nonlinear 
econometric models”, International Journal of Forecasting, 13 439– 
461. 

16-  Tkacz, G., (2001), “Neural network forecasting of Canadian GDP 
growth”, International Journal of Forecasting, 17 57–69. 

17-  Tong, R. M., (1997), “A control engineering review of fuzzy systems”, 
Automatic, 13(6) 559-569. 

18-  Wang, L. X., Mendel J. M., (1992), “Fuzzy basis functions, universal 
approximation and orthogonal least-squares learning”, IEEE 
Transaction on Neural Networks, 807-814. 

19-  Wang, J.-H. & Leu, J.-Y., (1996), “Stock market Trend Prediction using 
ARIMA-based neural networks”, IEEE international Conference on 
Neural networks, 2160-2165. 

20-  Wittkemper,H.& Steiner,M., (1996), “Using neural networks to forecast 
the systematic risk of stocks”, Europran Journal of Operrational 
research, 577-588. 

21-  Wong, B.K., Jiang, L. and Lam, J., (2000), “A bibliography of neural 
network business application research: 1994-1998”. Computers and 
Operations Research, 27(11) 1045-1076. 

22-  Zadeh, L.A., (1973), “Outline of a new approach to the analysis of 
complex systems and decision processes”, IEEE Trans. Systems Man 
Cybernet, SMC-3 (1) 28-44. 

23-  Zhang, G., Patuwo, B. E., & Hu, M. Y., (1998), “Forecasting with 
artificial neural networks: the state of the art”, International Journal of 
Forecasting, 14  35- 62. 

24-  Zimmermann, M. J., (1996), “Fuzzy Set Teory and its application”, 
Kluwer Academic Publishers, Boston. 




