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1. Just equal 
2. Weakly more important 
3. Strongly more important 
4. Very strongly more important 
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 . �*+��� s��+ %������3 �����

    4�*_*� 4������ /���< #�O��. � ��*I�+   � �����O
  ����'��� $�_?( E�� �� /��_A�� �� %������3 �����3

  
 #�*� ���2� %������332   >�13 #������ �� �_'

#(  ��
    ,�����O X���" e�3 #(�� 
  H���*!J+ � %����7&+/��� ����
   � 4�����O X�����M

4*�
� ����O �2< . ��| %� ��b

     #�����' -1���� 4���0 %��� 4����
���-.�� $�
  ,/�� n���K

-.�� ��� �
 �� %���J�
 $���-.�� ��� �


      ��� ek�� ,4���� -*�91+ ��~!~� $��� ��" T�
���"� H���+ n���� � $��� Na�� B*
�_� �� /��_A��

 �
a^ ���"� %� $���
 $���)Fuzzy (   �� %�� �'��� H���+ �
a^ ���"� %�

  �� %���7O �
 /�� �
a^ $��� ���"� P�: W��&�
 ���
+���3 #�O��
�

-.�� �
  ���( 4�� %�
)Crisp ( P�: W��&� �� 7*'

 ���
+ �� %��7O���3
����( .  �� T����
 #�� #����� 7�b�����' 4���0

-.��  ��
 ,#��  $��

 W��&� �� G*+�+

-.����� ����� B*���6F+
���-.�� $�
   #�� )��A��*� ���� �� /�� )**
+

 n��0 �� N��a�2
2-  4�04��?��

,P�*
�   /���	' N��a� % �� ��A.�� ��A��
����O . W�' ���� �� ek�

������O ���<��R ��� %��������3 ,BA��6*�
%������3   ��3     4����.�� BA�6*� #��O��. �� �_'

���� X�����^ ,    4��*J0�� ������ �� �� ����. $���

-.��   �	A�6��� � H����" ,�!M� $�
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 �_*� X����" H��� ��t� ��*F�
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 �A�*� 4*�
�
"=���^ ��*6� �A�*� 4*�
�

/��� H*!J+ ��*F� )�� �

 n��0 �� N��a� ,�D��A� �~!~�

                   

,��-� ���.� &��� 
) �#�3
�LM� 0�1 89�: 

�1 89�:
�;  ��2�9#  

V��Q� +#�X.  1C 

R��H @
W�c� ���.� () [�#
3  2C 

+�"'��' V�%�W# � [B#*  3C 

!�
�"' *�9  4C 

O�0
��� �)�  5C 

!�= q�>]B#  6C 

���� � !"��# r"1
.  7C 

��
��� �Q-�  8C 

!��;�) � 4
�"'  9C 

V#�
X� � I�B#�O  10C 

+�"'��' 	;��H  11C 

0��' (.�s#  12C 


3��' <)#��- ��
.��'  13C 

��' +��
S  14C 

��' 0�#�:*  15C 

0# (A�t� �.�)  16C 

[XB �* u��-�  17C 

!G"1��1  18C 

R'
�� � (S��  19C 

!G��9  20C 

CN: () (O�%  21C 

+�"'��' 	
GB  22C 

I�5�� ()
_�  23C 

(7.�=  24C 

!�9�": !3��h��  25C 
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 \�3 �+� *? /�A6O $���� %������3 ,����O

)B� ��*6� 4*�
� ,B�
4*�
� �� ��*6� (��� .

    4�*_*� 4������ /���< #�O��. �
  ����'��� $�_?( E�� �� /��_A�� �� %������3 �����3

$b�� 70 ��� �M��.  
 #�*� ���2� %������3

 %� ��31  ��" ��#(
  H���*!J+ � %����7&+
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 B� 4*�
�

 4��S1- ,��-� ���.� &��� 
) �#�3
�LM� 0�1 89�:
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!B��B# C�#�%  1  

2  

3  

4  
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6  

 C�#�%

!B��;��  
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8  

9  
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12  

13  
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16  
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!"1J C�#�%  19  
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 ������� ,�� ��� . ����+��^)��+  >�1� 

 Xt �� %� 4� B*��9+  $��*O  ��
�O  s������ ����  %��  d��:�   #���'

  T�*� + )�� %�'  ����+   %�6��F�  ��0��  ����
��� �� %� � %"��&�.��-   ����^ �!M�

��� ,  %� !� B*��9+  /��'�*O ��   ����^
 X���M      �����+ %�6��F� %�� HFA�6�

 ���0��  Xt���
+ ��  ������k� ]11[. 
4�� ��� d�� %� E�� )�� H<���:  

  �������� -.���  $��
    ���� � �!�M�
��2O�*UV+ �� T6�� ��A�� P�*
�.  

-.�� 4*�
� %0�� )**
+   �!�M� $�

 )*� �	A6��� �*
 %� ��� )�� ��#( �
 ����' ��0�.  

�� ��� %!<�� )�� ��  B*���*
 %'�O  � �	A6���
 -.��� )�� )*� �!��
+    �����' ���0� ��
 .  e��+���

      H* ��+ ���
 %�� %�0�+ ��� �� �

     X��6��F� n����0 �� T�� ��
 %� �&'( ��
 ,4�� /����O H*� + #�O��. �� �_'

 0�1 +;� !��"1 I�GB��� �crisp  �fuzzy  

@R����
B  

   

0�1 +;� !��"1 I�GB���  

@�: @R����
B  crisp  �fuzzy  

 057947/0 

 056812/0 

 056361/0 

 05533/0  

 054618/0  

 054618/0  

 052733/0  

 052094/0  

 051475/0  

 050288/0  

 04793/0  

 046575/0  

 043649/0  

 039414/0  

 037672/0  

 	
��12 	
��� 
4 ���� � ��� 
1394  

��D�0 

  H�*!J+ ���(�� T*� + �� % ��� $�   $����
 � ��0�� X�6��F� 4�0 �~!~�   )*��c�
 � ��
��*


   % ��� B*���+ =�A���' � �
��*
� )*� �	A6��� )**
+
���3 N*_!+  �� C!A1� #�O��. $�


Analytical Network Process ( ����
  H���*!J+ �� /��_A�����E�A���6O %���A���  y���'�@
 [ 4���� %��A��O ����&'� . $�����

-.��  ��
  �  -.��� ����  ��
   #���� ��
Visual Basic ��  s*��J�����' ��7���� 

  
 	
��
 ��  ����� :E�� ANP 

E�� %A���������*3 %1������6' AHP )Analytical 
Hierarchy Process (  �A"���� s����+ %��� 4����

 ����� ������
�]10[.  E��ANP  $������
$���+  %���#( �� ���
  $��*��6� ��

 ��
 �  )*��c�
    ��'��� f���+��
,4�� %A��O ���^ /��_A�� ����  E��

 E��ANP   X��R��+�� ����+ ��
  T*+��A�6*�  %���:� ���    Xt���
+ #����

/�F?�� ,�	A6��� $�

B*�9+ $�*O ������� ,

E�� ANP )�� � Xt �� %� 4�
%� �'��
 �*c*3�O
�� �
� .  T�*� + )��

-.�� ��
��� �� %� �
 ) �� �'����� ���

�� ���� �+  %��  X���M
���-.�� $�
  ���0��

4�� ��� d�� %� E�� )�� H<���
 %!<�� 1 .  ��������

-.�� $�
 ��2O�*UV+
%!<�� 2 .-.�� 4*�
� %0�� )**
+

 )*� �	A6��� �*
 %� ��� )�� ��
�� ��� %!<�� )�� ��
 -.��� )�� )*� �!��
+

-.�� X�6��F�       H* ��+ ���
 %�� %�0�+ ��� �� �

�� B*
� .     X��6��F� n����0 �� T�� ��
 %� �&'( ��

 s��+ �0��3  ,4�� /����O H*� + #�O��. �� �_'

# 
) @�: 4�)
6 0�1 89�: T��
� 0�1 +;� Y��crisp �fuzzy  0�1 +;� !��"1 I�GB��� �

�1 89�:
�; ?�B   @�: @R����
B +;� 
crisp  

+;� @R����
B

 @�:  fuzzy

+�"'��' V�%�W# � [B#*  05761/0 05834/0 

S��R'
�� � (  05619/0  05744/0 

!G��9  05571/0 05702/0 

V��Q� +#�X.  05514/0 05552/0 

V#�
X� � I�B#�O  0542/0  05504/0 

+�"'��' 	;��H  0542/0  05504/0 

0# (A�t� �.�)  05228/0  05319/0 

CN: () (O�%  05178/0  05241/0 

!��;�) � 4
�"'  05132/0  05163/0 

��
��� �Q-�  04985/0  05073/0 

+�"'��' 	
GB  04789/0  04797/0 

!�
�"' *�9  04644/0  04671/0 

���� � !"��# r"1
.  04395/0 04335/0 

��' 0�#�:*  03962/0  03921/0 

��' +��
S  03812/0  03723/0 
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   % ��� B*���+ =�A���' � �
��*
� )*� �	A6��� )**
+
����O /��_A�� .���3 N*_!+

 E��ANP )Analytical Network Process

  H���*!J+ �� /��_A�����
)1992,1996] (8,9 [

 #�� %���J�-.��
%����'�� ���6��' Visual Basic

Excel �� /��_A��.  
  ������ ������ 	
��


E�� %A���������*3 %1������6'
Hierarchy Process

)1996 ( ����� ������
�
n���� $���
 /���*c*3 $���+
�.���$�
�� -.��  ��

 )*�-.�� �
 ,4�� %A��O ���^ /��_A�� ����
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%�  X���M   T*+��A�6*�

 4��S2- # 
) @�: 4�)
6 0�1 89�: T��
�

(>��  89�:
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1  3 C  

2  19 C 

3  20 C 

4  1 C  

5  10C 

6  11 C 

7  16 C 

8  21 C 

9  9C 

10  8C 

11  22 C 

12  4C  

13  7 C 

14  15 C 

15  14 C  
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   #���*� H����FA� �	A��6��� %��� �a������ ��#( ���
 

 ��� ,/�� �������  ����� . �+����e �
� �*4  ��6'� 
    	A�6��� )A���O ��v' �� ����  �!.��� 

5 4�� /�� /��� #��'.  

-.�� 4��?�� )**
+    �� ��� �!�M� $�

 #�*� �	A6��� )A��O �v'#( �
.  

-.�� ��6' 4*�
� %���   ��� �!M� $�

 #���*� �	A��6��� )A����O ���v' ��#( ���
  4���� ��b

 ������ �� 1W   ���� P��: .  /�
����
       #( �� %�� �A?��< ��� 4�?�< )��� )*�� %�

-.�� #�*� �	A6���      ���� /��� %�A��O /�����' �

�� /�
��� $�����
� X��_+ ���.  

���!J� #�� )*��*
+ )local Weight( 
�� T6�� ��A�� P�*
�.  

= W1 × W2 =  �0.21580.31170.06140.4110� factorW 
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 !�M� H���"�     	A�6��� )A���O ��v' �� ���
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+
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   s����� H�*!J+ � %�7&+ ���  )*����    BA�6*� H����"
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�� %*�+ ��� %������3 � %A.���3 .  %�������3 )��
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  /�*&��� B
 %� 4�6' #( #�A� � �a� ��
       � 4��� ���O 4��
 H���� T�*� + )��

 s��+ ,4���'����' ��7�� G!A�  � /�� H*!J+
$��23�*UV+  �$��2O�*UV+ -.�� ��� �
 

  ��� j��1A��� �	�� � %� 4�6' .   /����� n���07 

!w$w� 0;�. Y�/-� Y��X�  

)1,1,1(  

)1  ,3/2 ,2/1(  

)2/3  ,2/1 ,5/2 (  

)2/1  ,5/2 ,3/1 (  

(S�� () a�1  

!B��B# C�#�% !B��;�� C�#�% 

)1,1,1( 0 ,33/0( 

)03/3 ,154/2 ,5/1( ( 

 )667/0 ,464/0 ,333/0( ,4/0( 

)497/3 ,666/2  ,2( 1  ,1( 

   !G���)#� I�.
�3 
7B �* �) !$K# C�#�% !>�B ���1# l�
���

 C�#�% 

!B��B# 

 C�#�%

!B��;�� 

!B��B# C�#�% 20/0 22/0 

!B��;�� C�#�% 33/0 33/0 

!$N: C�#�% 03/0 04/0 

!"1J C�#�% 45/0 41/0 
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     e��+��� �� /��_A��� ��� %�!<�� )�� ��  X��6��F�
 ��� ��6' 4��?�� ,�0��-.��  $��
   -.��� ��
  

�� %���J� -.�� #( %� %0�+ �� �!M� ���.  
���!� #�� )*��*
+ )Global Weight (
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� ��A�� T6�� ��.  
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   ������ %�� ,T*� + )�� T�� %�
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 n��0 �� e��+�� T�
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 %� 4�6' #( #�A� � �a� ��
�� �'��� ,       � 4��� ���O 4��
 H���� T�*� + )��
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  s��+ ,4���'��
 X�� \��A'$��23�*UV+

  ��� j��1A��� �	�� � %� 4�6'

 4��S3- ���1# 0#
) !��' Y��X�  

���1# 0#
) !B�);  !w$w� 0;�. Y��X�  

)1,1,1(  
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SMI(  )2/5 ,2  ,2/3(  
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)667/0 ,464/0 )3 ,154/2 ,5/1(  )5/0 ,375/0 ,286/0( 

)1,1,1( )5/2 ,651/1  ,1( )1 ,606/0 ,4/0( 

)1 ,606/0 , )1,1,1( )667/0  ,404/0 ,286/0( 

)5/2 ,651/1 )497/3 ,474/2 ,5/1( )1,1,1( 
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!"1J 
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                     ������� ��        	
��

70  ��#
� k��l ��D�

     e��+��� �� /��_A��� ��� %�!<�� )�� ��
 ��� ��6' 4��?�� ,�0��

�� %���J� -.�� #( %� %0�+ �� �!M�
 %��!<��6 .���!� #�� )*��*
+

 H���"��2O�*UV+ P�*
� ��A�� T6�� ��
-.�� #�� #���' P�: �� H���" �!� #��

�!M� )rotcaFW( ) /�� %���J�
 ��� ��6' #���� ��-.��

 /��%!<�� �� B&�3 (
 X����J� )�� \��A'

�U`� �� T6�� ��A�� 
4�� /�
��� H��^.  

3 .  $��2�3�U� � $��2O�U� X�� )**
+ 4�0
-.�� �
  ��� +*T DEMATEL

    7*?��'( � 4.��� $���� g��0 E�� T� T*� + )��

 Y��X����1# 0#
) !B�);


)#
) <X. )JE(  


�5�) ���1# y�A�-s )WMI


�5�) ���1# y���O )SMI


�5�) ���1# y���O ����) )

 

!B��B# C�#�% 

!B��;�� C�#�% 

!$N: C�#�% 

!"1J C�#�% 

@��GB 2- !>�B ���1# 0#
) !B�); Y��X�



 

 

 

 
 

 
 

 
 

 

12 	
��� 
4 ���� � ��� 
1394  

71  &��� ���.� ,��-�)�]9 (�) *
/��� ...

����� $�
  �� -1�� ,%A��O X��M
-.�� $�
  �!M� ��2�O�*UV+  ���   T�6��

    ,$���� % ��� H�*!J+ E�� ���� �� ,P�*
� ��A��
411/0(   )��A��*� �*UV�+    ���A�� ��� ��
 e�3 #(��   �'������ H����" ,)312/0( ,

216/0( �!S� H���" � )061/0 (  %��
$�
 ��A��O ���^ $�
� .  )*�� ��  ����

  HS�� %�� %^t" ,7*' )192/0( �	A�6. , 
  #������� X�"tR� � >'�� �)115/0 (  %��

#�� �
  � %A��� ��4*�
��3 )��+  ���
��� %�-.�� $�
 %� %^t"  � HS�

%��"��&����   ���'��� ����
| H�����" .
 %��� %��0�+ ���� ,#�� $���
 %��� 4���� /����( ,

  �� $��
� 4���?��  $��
    ����^ $��
�
  \���A' ���� �� )*�c�
 %��  4���  /���(  ��

DEMATEL , )��A���*�-.���� $���
 
 ,4����� ��
+ ,G*+�+ %�#������ E���( ,

#������ X�"tR� , X����� #��F� , '���^*)  �
 ,������$  ����    #������� E��	' �

�1 89�: 
�; !$' � !$D� +;� � !$K# 0�1 89�: +;� 

!$D� +;�  !��QB +;�  

/0 115/0 

/0 074/0 

/0 027/0 

/0 084/0 

/0 063/0 

/0 054/0 

/0 107/0 

/0 004/0 

/0 035/0 

/0 008/0 

/0 019/0 

/0 003/0 

/0 116/0 

/0 192/0 

/0 099/0 

                     ������� ��        	
��12

!��
) � C�$D� 89�: 0�1 
L�� 
) &���

     �� %�������3 %�� #��O��. �� ��_'
 #��' ,�'���' H*� +��  ��
� .  )���/���  ��
   s���+

 ������F� � /���� H��*!J+ G��!A�)R( ,)J( ,
��( 4�� %�.  

   H������" �� T���� ����
 $������
  4�*�
� ,BA6*�)#�� (  �� H���" #(

�
� .���F�)R (���$    H���" ��

 $��2�O�*UV+     ����� ��� H���" #(

���F� � BA6*� H���")J (��A��D  #( �� #��*�  /����� 
 H�����" ������ �� ���2��� H����"

)��������� )R+J (-1���� /������ 
 �$��23�*UV+  �� �v' ���� H��"

      )��A��*� %�� �!���" �+����" %��
  H����" ���� �� �� H��
+ )��A�*� ,4�� ���� �� ���F�

�' ���F�     ��� H���" ��
 $��2�O�U� ���
   H�:�_+ �� 7�*' BA�6*� �	�� H���" %"��&�)R-J (

 n���08  �9    #���' �� �����F� )��

	���� ��  
 %� %0�+ �������

 %�)*� �� -.��
    ,$���� % ��� H�*!J+ E�� ���� �� ,P�*
� ��A��

"��
| H��� )411
 �'��� P�*
� e�3
�'�6'� H���" )216

 �� G*+�+%�+� $�

-.�� �
   HS�� %�� %^t" ,7*'

)116/0 (  #������� X�"tR� � >'�� �
 )��A�*� G*+�+#��

-.�� �
 �'�� ��� %�
 �� �	A��6.%��"��&����

e��3 #(�� %��� %��0�+ ���� ,
���-.�� $�
   �� $��
�

��A��� .  \���A' ���� �� )*�c�

� +��*T DEMATEL

��2O�*UV+  ,4����� ��
+ ,G*+�+ %�
� >'�� #������ X�"tR�
X���F� ,	A6. ,�

4��S 6-  �1 89�: 
�; !$' � !$D� +;� � !$K# 0�1 89�: +;�

K# 0�1!$  ���-� 
�;  !$D� +;�

!B��B# C�#�% +�"'��' V�%�W# � [B#* 532/

V��Q� +#�X. 341/

!�
�"' *�9 127/

!B��;�� C�#�% V#�
X� � I�B#�O 269/

+�"'��' 	;��H 203/

!��;�) � 4
�"' 172/

� �Q-���
�� 342/

���� � !"��# r"1
. 013/

!$N: C�#�% 0# (A�t� �.�) 573/

��' 0�#�:* 123/

��' +��
S 304/

!"1J C�#�% R'
�� � (S�� 008/

!G��9 282/

CN: () (O�% 486/

+�"'��' 	
GB 242/

 

 X���*A�� %'�*�4      �� %�������3 %�� #��O��. �� ��_'
 #��' ,�'���' H*� +

����' ��7����  ������F� � /���� H��*!J+ G��!A�
)R+J ( �)R-J (��( 4�� %�

 W�����&�)R+J(    H������" �� T���� ����
 $������
H* �+ /��
�   4�*�
� ,BA6*�

 #��' �� BA6*��� �
�
#��' /��
�  #�7*� $��2�O�*UV+

���F� � BA6*� H���"
 X����$��2��3�*UV+  H�����" ������ �� ���2��� H����"

 4���� BA��6*� �)���������
 W��&�$��2O�*UV+  �
 BA6*��� ���� .      )��A��*� %�� �!���" �+����" %��

  H����" ���� �� �� H��
+ )��A�*� ,4�� ���� �� ���F�
���� BA6*� .�' ���F�

   H�:�_+ �� 7�*' BA�6*� �	�� H���" %"��&�
 HM�<�� ���.  n���0

�� �
�.  
  
  

89�: K# 0�1

!B��B# C�#�%

)216/0( 

!B��;�� C�#�%

)312/0(  

!$N: C�#�%

)061/0( 

!"1J C�#�%

)411/0(  



 

 

 
 

 
 
 
 

 %� #������� -*91+ ��	�
 ��4�6^ $�
  C!A1�
  � ������ %A��� %0�+ %A ' )�� %� ��
      %�� X��"tR� #��� ��� 4����' ���0� %^t" )�� �O�
 �� ���� ,��
� H � �� ��0� �� �� %^t" )�� ������

T DEMATEL   HS�� %�� %^t" ,
��23�*UV+    #������� X��"tR� � >'�� �
��2O�*UV+ 4��.  
-.�� ���  )��A�*� ,�	A6.�*UV+  �� ��

   %�0�+ ��� ,��� #��' BA6*� �� P�*
� ��A�� T6��
 ,#������� ��� X�"�� #�7*��� #��+  ��

    )*���c�
 ,d���_� � ����� ,W����A� ������� ����&��
 '�O�� ,�?���M� �'�����*@ � T��*��#��� %'�������  ��

 � 4��� #������� �	A6. #�7*��*UV+    H���" )���
��� >
�� �� �_�� . �� $��*6� �� ��� )��4���  ��
 

4�� %A��O X��M �*'� l�7�.  
$��2O�*UV+  )*� ��-.�� ��� �
  ���
+ ,

DEMATEL

  

+�
"'

��'
 V

�%
�

W#
 �

 [
B#*

 

(S
��

 
R'


�
� �

 

G�
�9

! 

  C3 C19 C20 

 V�%�W# � [B#*

+�"'��' 
C3  1 0/5 

(S�� R'
�� � C19 1/5  1 

G��9! C20 0/5 3/5  

V��Q� +#�X. C1 1 0/5 0 

B#�O�I V#�
X� � C10 1/5 1 0/5 
	;��H +�"'��' C11 3/5 1/5 1 

�.�) t��(A #0 C16 0/5 2 2/5 

(O�% CN: () C21 0 3/5 3 

4
�"' ��;�) �! C9 0/5 1/5 0/5 
�Q-� ���
�� C8 3 1 1/5 

	
GB +�"'��' C22 0/5 1/5 2/5 
 *�9!�
�"' C4 0 0/5 1 

r"1
. #�"�!  �

���� 
C7 1 1 0/5 

�#�:*0 ��' C15 2 2/5 3/5 

S�+� ��' C14 2/5 3/5 4 

 	
��12 	
��� 
4 ���� � ��� 
1394  

��D�0 

-.�� $�
  ��2�3�*UV+    G�*+�+ %��
7���+ � %0�+ ,� y�
������ 4�t� � ,

 4���%_*D� $� ,  ������ � n��A�� � �

����  

     $h��'� ��*?�+ >�1� �� %�
?�a� % ��� %� %0�+ ��
   ���2�� >�1� � 4��O X��M #���+ 4_' /�	��b�3
  %�A��O �v' �� �+�*!�" BA6*� ��

� %� 4��O %&*A' 4*!��^ n�� )�
>1� $�
  �� �+�*!�" � $�*?�+

     � �������� X��"tR� N�*FJ+ )��� ��
 4�0 BA6*� #b�56� � #����� ��*A.� �� $�*_�

B*�9+ $�*O    ,4���O ����^ =t~��   ����
 )��A�*� HS� %� %^t"�*UV+   T�6�� �� ��

 BA6*� P�*
� ��A��   #b�5�6� )�������� ,��� #��'

 %� #������� -*91+ ��	�
 ��
 ,#������� '��+  � ������ %A��� %0�+ %A ' )�� %� ��

      %�� X��"tR� #��� ��� 4����' ���0� %^t" )�� �O�
 �� ���� ,��
� H � �� ��0� �� �� %^t" )�� ������

 \��A' ����� +*T
.�� T� -��23�*UV+

 -.�� T���2O�*UV+
e3 #(�� -.�� ���

   %�0�+ ��� ,��� #��' BA6*� �� P�*
� ��A�� T6��
 %���" �**S+  ,#������� ��� X�"�� #�7*�

    )*���c�
 ,d���_� � ����� ,W����A� ������� ����&��
 '�O�� ,�?���M� �'�����*@

 � 4��� #������� �	A6. #�7*�
��� >
�� �� �_��

 �#����� $�
 4�� %A��O X��M �*'� l�7�
 )��A�*�$��2O�*UV+

DEMATEL   4��S7- &�"/� !S�; V����X� !��QB l�
���   

V
��Q

� +
#�X

.
 

B#�
O

�
I 

V
#�


X�
 �

 

	
;�

�H
 

+�
"'

��'
 

�
.�)

 
t��

(A #
0 

(O
�

%
 

C
N:

 (
)

 

4

�"'

 
��

;�)
 �

! 

�Q
-�

 
���
�

� 

	

G

B
 

+�
"'

��'
 

C1 C10 C11 C16 C21 C9 C8 C22 

3/5 3 1/5 2/5 3/5 2/5 1 2/5 

0/5 0/5 1/5 2 1 3 1 0/5 
0 0/5 3 3/5 1/5 2/5 0 3 

 1/5 0/5 0 4 2 0/5 0/5 
0  2/5 3 2/5 3/5 2 2/5 

3/5 3  3/5 4 1/5 0/5 3 

0/5 1/5 0  3/5 2 1 1/5 

1 0/5 1 0/5  2/5 0/5 3/5 

0/5 1 0/5 1 1/5  1/5 2/5 
1 3/5 3 1/5 1/5 3/5  3 

1/5 2 0/5 2 3/5 4 1/5  

0/5 2/5 2 1/5 2 3/5 0/5 0/5 
1 2 0/5 2/5 1/5 3 2 1 

0/5 1/5 1/5 4 2/5 2/5 1 1/5 
1 1/5 2 2/5 3 3/5 0/5 1/5 

 

 

                     ������� ��        	
��

72  ��#
� k��l ��D�

 )��A�*� � �'���-.��
�0�#� ��� ,7���+ � %0�+

HS� %� %^t" , 4���
�?�A����. �'���.  

  
 �  ��	!��" ����

     $h��'� ��*?�+ >�1� �� %�
?�a� % ��� %� %0�+ ��
   ���2�� >�1� � 4��O X��M #���+ 4_' /�	��b�3

%� #���" %'��' $�   %�A��O �v' �� �+�*!�" BA6*� ��
 4�� /���� #��+ � %� 4��O %&*A'

/��*3 $���  ���� ��>1�
 ������ ���� .     � �������� X��"tR� N�*FJ+ )��� ��

 4�0 BA6*� #b�56� � #����� ��*A.� �� $�*_�
%��'�� $7��  �B*�9+

-.��  )��A�*� HS� %� %^t"
 BA6*� P�*
� ��A��

 *�
9

!
�
�

"'
 

r
"1


.
 #�

"�
! 

�
��

� 
�

 

�#�
:*

0 
�'� 


S�
+� 

��' 

C4 C7 C15 C14 

2/5 4 3 2/5 

3 0/5 2/5 2/5 

3/5 0 3/5 3 

4 1/5 1 2/5 

0/5 4 1/5 3/5 

2/5 3/5 4 3 

2 1 0/5 1/5 

3/5 1/5 2/5 1/5 
4 3/5 2 2 

3/5 2/5 1/5 1/5 
4 3/5 0/5 1 

 2 1 3/5 

2/5  0/5 1/5 

3 0/5  2 

1/5 2 1/5  



 

 

 

 
 

 
 

 
 

 

12 	
��� 
4 ���� � ��� 
1394  

73  &��� ���.� ,��-�)�]9 (�) *
/��� ...

 ���� ��� #���0 -.��      T�� ��(���� �� #���' %��
 � )��� �� !�" � BA6*��U`� 4�� #(.  

X�F*FJ+ ��  /���(�� '��+    ������ %�� ���

R+J R-J 

1 05/4 3008/1 

2 8464/3 351/0- 

1 2139/4 3885/0 

1 751/2 4204/0 

1 308/4 4198/0 

1 6745/4 4471/1 

2 0478/4 805/0- 

2 8289/4 804/0- 

3 0526/5 427/1- 

1 7853/3 4647/1 

2 431/4 0316/0 

3 9821/4 479/1- 

 1084/4 784/0- 

2 3754/4 2706/0 

2 0563/5 094/0- 

0
���
�L�� � 0�#�3
�L�� 
7B ;# �1 89�:
�; T��
�  

89�:
�; +#�"% 

��
��� �Q-� 

+�"'��' 	;��H 

+�"'��' V�%�W# � [B#* 

V��Q� +#�X. 

V#�
X� � I�B#�O 

!G��9 

��' 0�#�:* 

+�"'��' 	
GB 

��' +��
S 

R'
�� � (S�� 

!"��# r"1
. ���� � 

CN: () (O�% 

0# (A�t� �.�) 

!��;�) � 4
�"' 

!�
�"' *�9  

                     ������� ��        	
��12

!��
) � C�$D� 89�: 0�1 
L�� 
) &���

    4�*�
� �� #���' %�� %���'��  $7���  ��
 ,
  � 4�� BA6*� T� �� #�����
  )*� ��  -.��� ����  ��
  ���� ,

 ���� ��� #���0 -.��
 � )��� �� !�" � BA6*�

 #�FFJ�X�F*FJ+ ��

 4��S8-  
�*�X�R+J, R-J, R, J  

 
�*�X� 4��SR , J , R+J , R-J 

�1 89�:
�; +#�"% R J 

+�"'��' V�%�W# � [B#*  675/2 3746/1

R'
�� � (S��  7477/1 0987/2

!G��9  3012/2 9127/1

#�X.V��Q� +  5857/1 1653/1

V#�
X� � I�B#�O  3639/2 9441/1

+�"'��' 	;��H  0608/3 6137/1

0# (A�t� �.�)  6214/1 4264/2

CN: () (O�%  0123/2 8166/2

!��;�) � 4
�"'  8128/1 2398/3

��
��� �Q-�  625/2 1603/1

+�"'��' 	
GB  2313/2 1997/2

!�
�"' *�9  7516/1 2305/3

���� � !"��# r"1
.  6624/1 446/2 

��' 0�#�:*  323/2 0524/2

��' +��
S  4814/2 5749/2

  

 4��S9-  0
���
�L�� � 0�#�3
�L�� 
7B ;# �1 89�:
�; T��
�

0
���
�L�� � 0�#�3
�L�� 
7B ;# �1 ���-� 4��S 

R-J �����# T��
� 0��2�9# ?�B 

4647/1 1 C8 

4471/1 2 C11 

3008/1 3 C3 

4204/0 4 C1 

4198/0 5 C10 

3885/0 6 C20 

2706/0 7 C15 

0316/0 8 C22 

-094/0 9 C14 

-351/0 10 C19 

-784/0 11 C7 

-804/0 12 C21 

-805/0 13 C16 

-427/1 14 C9 

-479/1 15 C4 

 

��� 4�����     4�*�
� �� #���' %��
�� !�" � X��*�9+ 

 )��A�*�$��23�*UV+ 

0��2�9# ?�B 

C3 

C19 

C20 

C1 

C10 

C11 

C16 

C21 

C9 

C8 

C22 

C4 

C7 

C15 

C14 

e�B 

�#�
3


�L�
� C

�#�
%

 

�

��

�

L��
 C

�#�
%

 



 

 

 
 

 
 
 
 

Turkey. Expert Systems with Applications
14–24. 

12. Wu WW, Lee YT. Developing global 
managers’ competencies using the fuzzy DEMAT
method. Expert Systems with Applications
(2): 499–507. 

13. Lee  WS, Huang  AY, Chang YY, Cheng CM. 
Analysis of Decision Making Factors for Equity 
Investment by DEMATEL and Analytic Network 
Process. Expert Systems with Applications
No.38 : 14-24. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 	
��12 	
��� 
4 ���� � ��� 
1394  

��D�0 

��� #�*� s���� %� �'����k� � -.���  $��
 
P�*
� ��A�� T6�� ��  �� ek� � �
� #��' ��

 ���� ��T*� + $�
  H*!J+ %� %R����

 )*FFJ� ,)*�c�
�� '��+ �� ������� $�
   ���.
-.�� $�
  �A< � �A�*�-.�� �
 

 �� $���	��%��� ����v��  � �������
���� ]�J? P�*
� ��A�� T6�� �� $��2O�U�. 

1. Lack WR. Safety,health and asset protection: 
essential management. Second version. 

2. Asgharizadeh E‚ Ghasemi A‚ Behrouz M. 
Accident assessment based on controlled indicators of 
safety performance by EVAMIX‚ case study: Gas 
pipelines. Crisis Management; 
Persian]. 

3. Le Coze JC. Outlines of a sensitising model for 
industrial safety assessment. Safety Science
51:187–201. 

4. Alimohamadi  I, Jahani hashemi H
al. Test reliability observation of  safety culture 
questionnaire in detergent, industries. Ira
Occupational Health Quarterly. 
Persian] 

5. Dag˘deviren M, Yuksel I, Kurt M. A fuzzy 
analytic network process (ANP) model to identify 
faulty behavior risk (FBR) in work system. Safety 
Science. 2008;46(5):771–783. 

6. Ozgüven E. Organizational Psychology
: PDREM Publication; 2003. 

7. Sabanci A. Ergonomics
Publication; l999;13. 

8. Chang D. Extent analysis and synthetic decision. 
Optimization techniques and applications
325. 

9. Chang DY. Applications of the extent analysis 
method on fuzzy AHP. European Journal of 
operational research. 1996;95(3): 

10. Saaty TL. Decision making with dependence 
and feedback: The analytic network process. 
Pittsburgh: RWS Publications; 1996

11. Sevkli M, Oztekin A, Uysal O, Torlak G
Turkyilmaz A, Delen D. Development of a fuzzy 
ANP based SWOT analysis for the airline industry in 

Turkey. Expert Systems with Applications. 2012;39: 

Developing global 
competencies using the fuzzy DEMATEL 

Expert Systems with Applications. 2007;32 

Lee  WS, Huang  AY, Chang YY, Cheng CM. 
Analysis of Decision Making Factors for Equity 
Investment by DEMATEL and Analytic Network 

ems with Applications; 2011, 

 

                     ������� ��        	
��

74  ��#
� k��l ��D�

n�� ��
��� #�*� s���� %� �'����k� �
�U`� P�*
� ��A�� T6�� ��

 N��RFANP  ���� ��
#( �
 �'����k�.  

 )*FFJ� ,)*�c�

-.�� �
 ��� �-.��

��� �-.���� $���
  �� $���	��
���� ]�J? P�*
� ��A�� T6�� �� $��2O�U�

  
  

!��	� 

R. Safety,health and asset protection: 
essential management. Second version. 2002.  

Asgharizadeh E‚ Ghasemi A‚ Behrouz M. 
ccident assessment based on controlled indicators of 

safety performance by EVAMIX‚ case study: Gas 
ment; 2012;57(5). [in 

Le Coze JC. Outlines of a sensitising model for 
Safety Science. 2013; 

, Jahani hashemi H, Farshad A, et 
al. Test reliability observation of  safety culture 

onnaire in detergent, industries. Iran 
. 2010;4(4):33–42. [in 

Dag˘deviren M, Yuksel I, Kurt M. A fuzzy 
analytic network process (ANP) model to identify 
faulty behavior risk (FBR) in work system. Safety 

Ozgüven E. Organizational Psychology,  Ankara 

Sabanci A. Ergonomics, Adana: Baki 

Chang D. Extent analysis and synthetic decision. 
Optimization techniques and applications. 1992;1(5): 

Chang DY. Applications of the extent analysis 
method on fuzzy AHP. European Journal of 

): 649-655. 
Decision making with dependence 

and feedback: The analytic network process. 
1996. 

Sevkli M, Oztekin A, Uysal O, Torlak G., 
Development of a fuzzy 

ANP based SWOT analysis for the airline industry in 



 

 

 

 
 

_________________________________________

Iran Occupational Health, Vol. 12

 

Abstract 75 

Analysis of Indicators Affecting the Faulty Behavior Risk with Fuzzy 
Multiple Criteria Decision Making (FMCDM) Approach in energy 

production unit of oil refinery coopera

Received: 2014/10/26                              Revised

 

 

Abstract 

Background and aims: Faulty behavior may be lead to results such as negative effect
and efficiency of operational systems, system safety, health of labor and continuous production. 
Therefore, the aim of this research is surveying and analyzing the indicators that are effected on Faulty 
Behavior Risk in the operational sy
(FMCDM) in one of the departments of Tehran oil refinery cooperation.
Methods: This research is an analytical and descriptive study. There are three questionnaires that were 
used in this research the first questionnaire is completed by 
indicators the second questionnaire is completed by 
completed by 4 experts. Then in order to determine weight of 
subcriteria FMCDM techniques like ANP approach and Visual Basic programming technique were used. 
Finally in order to determine severity of influencing and being influenced of sub
technique and Matlab software we
Results: Research findings showed that among four main identified indicators, indicator of subjective 
factors has the maximum weight and effect
factors and occupational factors re
maximum weight and effect, followed by fatigue and knowledge of workers sub
severity of sub-criteria effecting to each other management commitment and employee t
identified respectively also in view of severity of influencing sub
focus sub-criteria were identified respectively. 
Conclusion: According to research findings and determination of weight and severity of i
being influenced sub-criteria  relative to employees 
will be obtain valuable  information which can be used in planning and decision making of that unit or 
same units regarding declining risk and increasing safety and productivity.
 
Keywords: Safety, Faulty behavior risk
analysis network procces (FANP),
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: Faulty behavior may be lead to results such as negative effect
and efficiency of operational systems, system safety, health of labor and continuous production. 
Therefore, the aim of this research is surveying and analyzing the indicators that are effected on Faulty 
Behavior Risk in the operational system with method of Fuzzy Multiple Criteria Decision Making 
(FMCDM) in one of the departments of Tehran oil refinery cooperation. 

: This research is an analytical and descriptive study. There are three questionnaires that were 
the first questionnaire is completed by 32 staff of energy unit in order to screen 

indicators the second questionnaire is completed by 3 experts of that unit and the third questionnaire is 
Then in order to determine weight of 4 main indicators and screened 

subcriteria FMCDM techniques like ANP approach and Visual Basic programming technique were used. 
Finally in order to determine severity of influencing and being influenced of sub-
technique and Matlab software were applied.  

: Research findings showed that among four main identified indicators, indicator of subjective 
factors has the maximum weight and effect and then followed by indicators of institutional factors human 
factors and occupational factors respectively. Also among sub-criteria, interest in job sub
maximum weight and effect, followed by fatigue and knowledge of workers sub

criteria effecting to each other management commitment and employee t
 also in view of severity of influencing sub-criteria workflow and attention and 

criteria were identified respectively.  
: According to research findings and determination of weight and severity of i

criteria  relative to employees ś behavior, managers and decision makers of this unit 
will be obtain valuable  information which can be used in planning and decision making of that unit or 

risk and increasing safety and productivity. 

Faulty behavior risk, Fuzzy multiple criteria decision making
, Decision making trial and evaluation laboratory (DEMATEL)
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and efficiency of operational systems, system safety, health of labor and continuous production. 
Therefore, the aim of this research is surveying and analyzing the indicators that are effected on Faulty 

stem with method of Fuzzy Multiple Criteria Decision Making 

: This research is an analytical and descriptive study. There are three questionnaires that were 
 staff of energy unit in order to screen 

 experts of that unit and the third questionnaire is 
indicators and screened 15 

subcriteria FMCDM techniques like ANP approach and Visual Basic programming technique were used. 
-criteria DEMATEL 

: Research findings showed that among four main identified indicators, indicator of subjective 
 and then followed by indicators of institutional factors human 

criteria, interest in job sub-criteria had the 
-criteria. In view of 

criteria effecting to each other management commitment and employee training were 
criteria workflow and attention and 

: According to research findings and determination of weight and severity of influencing and 
 behavior, managers and decision makers of this unit 

will be obtain valuable  information which can be used in planning and decision making of that unit or 
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