
 ����������� :18/03/84 –   �����	
��� :16/12/84                     1                    ��� ���� ����� ���� ��� ���� � ��� ����!"�#�1385 

  
  

 	��!��� $���
%&� '�
� $ ��%�'
� ()� ��*+)LRT(  
  
  

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

E-mail:esmaeel@ayati.co.uk 
  

�.%79  
 ��� ��� ��	
�� ���� ����� � 
����    ������ ���	 �
����� �	 ���
��� ���  ��� ��!  �"���� #����$   �
��

 %�&�
'� (�� ���� ��� ��	�)*�� �	
�� �
��� ����� �� ���� ���	 (+, . �
�� -�� �	�"��� �� �
�,    � %��%. �
��
�
'&  ���� (+, � (�� �	 /�!� �
������� #01� ���� . �2�!3 4� %�&�
'  �����    	 #�)��� (�+, � (��� �"���� �

/�!� �
���� �"��� � ���� 45� �
1�)LRT(1 ���.    -��� ��� 6)���� ��� 7�
5� �� #8�   �"���� ��,)3    �9:��� �
��
��� �"��� -�� �	 6)1* #�
����� � �85� #���$ .  �
"*
�� #3%��;�< � 	
0�� #3�!� ��� �� #�' �)$ ���   4��  ��

=#�
����� �9:�� (� ���� #���>? � (�� 6)1* .� ���� @��� (+,	��%, 	) .  A%�� #0�� B�+>? -�� �	     ��� ��' ����
� (�� 6)1* #�
����� �9:�� %�	 �� ���� @��� (+,A
3 �2���  C�)<  �� �� A	
�"�� 
� � 	)� �"���D, ��
� E1�

�09
1� 	�)��  F%� #��� G�
2� (� ���� �2������ ���� �
1� 6)1* �85� #���$ H9:��� �)�	.  
  

�;��'.%<= '�": �) *+
 �,���LRT-)./ �������0� �1 ����� ��2� � �	( �3�+) �(�� ����  
  
1 . ��.��  

4�0�
 �(��1 �  ����50�� � ��0� 6��7' ��8� &�9���' ��:  �5: �
&
� 3%.' �.� �� .������ 6�� � <=) �4�	>'    *5� �5� �����?

    5:��7� �&����5�� ���5�" ���57' �3��: ��@ A��'  �5��� �5�B ��  
3��9: ����? �"���� 3����
 ��:  � ��5�" ��0� ��    �����5� C!�5��

 3�������� &
�. 

 3� ���.�� 3D �)� ".�: E�.? 3� �8�8�' �(   �"���5F� 3GH50� 65��� 
���� �.%�. Gendreau  ����	: �]1[�   &5�7��� 6�� ���� 6	J

 3D A��5
 �2� � �	( 4�0�
 �(��1 � 3GH50� ��   ���5	:   �5�� �5�
4�	>' ���K�/  �.�� �� � ���?    �5� $L.5' � 35��?��@ M��:� � $�5�  

�"���� ������B ���.� �����	1� 3����
 ����?   ��N? �!5D   ��5D �
"�� &
� C��� �� ���O� ���D P� 3D     �5(��1 ������5
� ��5:

655�� �55( ���55� 3�+55)� ��55�K�/ �Q�550� 355�.? �55� R955� ��557���       
 ���D�����0:. 

�.%� 6�� ��� P�  ��:   �5� C�5�8	� � S5�2�' .'�� 5�  S5��1 "� �
    35��9? ���5�"� � �5�G.' ���5� ��9�� ���� 4:���  �5:   358(�� �

)�� �����) *	D �(��1�� .  
 3� ��G�6��        3GH50� �5� T+'�5� ��5:��7� 35	: 6���5? �U� � 3D

 ��550� �55(��1 �     *55� VW.55	7� �&55
� ��55�� ��550� ��55D            
 3558(�� �� �55��  ��   �55�" C.55X 355�  �55(��1 ���55���550�               

 ���� �D 3��� )�. ]2[ :  
1- �D ^�.% ��G.'�  � ��8X� ��:��7� 6���? �U� � �� 

2-  6����� ^�=��� ��0�3��9? ���� "�    �5: 35� 3%.' �� �.%.� ��:
 �� _.���7���: �"���� ���� �"���� ������B � ���?   S5��1 "� ���?

3��9? ����"� �:.  
 C���� �:�? A��
 �2�� �	( 4�0�
 ��`�� "� M�:� ��%3% ���

3� �����0� "� ����" ���7'�D C.X�  �ab� ��� ����� ]3[.  6�� ��  



 $?�@'
+�� � 

 ����!"�#� ���� � ������ ���� ���� ���� �� ��1385                   2 

#�
� M�: �?�� ����     � M�5: 65�� ��5)�� ��d�� ��0� *� ����
��   ��5) ���� -)./ &�7	% ���D 3����� C.X 3� ��.'  T5
.'

 ��0���D ����.  
  
2.   �?��A B��%�C�
� '��
�  

    H50� �5( ���5� 35D ���:�D 6�G�� "� ��� ��5�� 3G    e.5,f ���5�
 ��) $�`�� A��
 �2� � �	( 4�0�
»     6��5�	D �5� ���50� 6���5�

 g8�=� �.�� &�' �>2� 5 L�+� 6�� 3��9:« �.� ]4[.  ��7� �D �
Current   �.U���5�@ P��5D *� ��.�7��   ���50� �   �iD��5( �5�

 ��0� j.1 ����( � -)./�.� ��� ��� 37G�,� ]5[ .�j�
   ��:
 ��f�3
 � P����� 3GH0� ���� �����    3�+5) "� ��50� *� ����

  -5)./ ��?��� �� A��
 �2� � �	( 4�0�
  35� &5�7	%�   �5U��
6���? �:���0�� 6�� �X�.� &������   ��5J�2' 6���? �U� � �

�+� l�- �>2� �� 5�  &5
� ��5) 3 .   T5
.' P� 6�5G��Bruno  �
�� ����	:� 3)   �5	( 4�50�
 �5� m�� 38�
� ���' �� � 3D �  �

�.� �>=) 38�
� ����	: �2� .�� j�� 5�   357G�,� 65�� � ��5) 3 
j�� ���� 3� &+0� �: �7���       �5�� �5� S5+,�� ���5�+� ���� � �5'

&
� ���0�� ]6[.  T
.' ��7� P� Dufourd �� ���5�	: � 5� 3
3D �) "� �� � 4��.�G� ».��' �.`�0% « &5
� ��) ���d�
� ]7[. 

.
 T
.' ������ P� 6��Bruno  �5) ������/ ����	: �.  �
38(�� �� P� *� "� 37G�,� 6�� ���� ���� ��    �58� ��50� ����

�55) ���d�55
� ]8[.  6�55�K	:Wirasighe   ���550��.' ���55�	: �
  ��.5	� �2� � �	( q�:�	: ��0� *� ���� 3�0�����B ��:��r��

���D ���/ 3���� C.X 3� � #.�.'� � �8� ]9[.  
3�+) �(��1 3G�0� 4�0�
 ��:  �2� � �	(�8� &������ ��  �:

 M��:� � ��.?��.? ���	:&
�  "� �t7� 3D�� �: �	� � ��.'  
�"���� ��( �� � ���� ��)� 3� ��D ���? . u�: �J�( j�( �

 3�+) �(��1 3GH0� �( �����.' 3D ���� �.%� �8�8�' P�
�2� � �	( ����	:  �� � A��
3	: �)�� 3�)�� �� ��7��.  3	:

P� &2�2( � �.%.� ��) 3�f��) ��: ���� ����  *� ����
 3�+) "� ��d�� ��0��� �D 3� �� .6��������  �8X� 3GH0�) �(��1

3�+) ( �: ������0� 3�*�  3�+) ��d�� ��:��0� "�)3�+)��" (
 ���+'�� �.). ��)� ���� 3GH0� �( "� x/ &
�  e.,f ����
3�+) �� � 3�+) ����D ��.'P� �� � ���� ��:  �.@ 31.���

3�+) *����' <�>=' ����	: ��:-  ������f��D ����"� ]10[.  
���� � P� ���� �2� � �	( 3�+) ��:��0� ����  �D 3� ���:

��G.' �����.' 3D �.) 3���? ����7' z
�/   *� 3� �m
���z
�/ �
 ����� ����"� �����)�� 3�)�� � .P� 3���" 6�� � ��:�  {�%�'

�� ���� �.)  "� ���.��f *� 3Dz
�/ 3%.' �� � m
��� ��:  
��D ��G.' 3GH0� �8X� ��7� 3� .xF
�  6��z
�/  3� 3%.' �� �:

 ����"� �:��7� ���
����.)� 4�	>' &���� � � �� ����?  ����.'
 6�� "� � m
��� ^�.%z
�/ ���D ^�=��� ��) ������/ ��: ]10[.  

  
3.  �� 	���D�&�  

38(�� �� ��� *� 3G�2� 6�� �  �( ���� ���?��� 6�� �� ���+� ��
     &5
� ��5) 35���? -�5/ � ���5) �,� ������0� 3GH0� .  6��5�

��0� j�� "� ���d�
� �� .U�� - ��)./2    35%.' �5� j�� 38(�� �
 ��0� N? ��0���/ 3D ���:����D ����=��� ��7� 3�LRT  ��� �

�� ���
��) � �.)  6�� C��!1� "� ���d�
� �� $�� 38(�� � xF

���D�3�+) ��9`� ��:   ���5� ��0� ��@ ���) ��LRT   ����5��/

�� �.).  
 j�� 38(�� �    3�+5) ���5� ��5) g��7' A���� 3� -)./ P�

�� ���d�
� �:����D 6���� ����    65�� $�� 358(�� � xF
 � �.)
 4��.�G�)   35���� 4�5	7' 4��.5�G� ( �( ���5�   3�+5) &5G)  m5�D�'

��d�� ��:��0� (�� 3���? �D 3� �.)�   ��50��� 38(�� 6�� � ���"
�.) ���
��) m�D�' 6����� .    358(�� �� �5: � �5D ���+� P�

� ��) g��7' A���� 3� -)./ � 3�+)&
 .  
  
4. E"�#� F�� �� ���G?�� ���� '�"��%H�  

� �	( 4�0�
 ��`�� "� �8X� M�:  5��% �8� �2�3 ���5%   ���57'
�D C.X 3� �����0� "� ����"�  5� �b &5
� �a.     m5�'�' 65�� 35�

�� ��� &�.G�� � ���:��0� ��?� � �	( �d
 ��J�2' 4`( 3D �
 � ��.	� �2���    �5)�� �5��7� ��52� "� -�� �:.  "� .5
  �5��� �

3�.? 3� ���� ����	: �2� � �	( 4�0�
   �5� ��!� 3D ��D �	� ��
-�/ ��J�2' l�J� ���� ��) ������   � �:�d5
 �D "� ������ 4�


�:� |�>�f� �.f 3� 9�� .�� 3D ���:��7� "� ��� 6�������   �5��.'
3��9? ����"� � �8� g8�=� ��: ���)   ��5�? ��� ���d�
� �.�

�� � ��D }�,� ��" C.X 3� ��.':  
1-“<=�� ���? �� 6�� �8� ��0� ) ��5+� l-  �5>2�  (  m5%.�

�55J� � -��955��� ���d�55
� ��55J�2' D �552� � �55	( "� ��?�55��    
�.) ����	:.”  

2-  "�.
 �8� ��0� &f�
 ���� ����"��� 3��9:  ��0� �G�� ��:



 	�� ()� ��*+ ��%� $���
%&� '�
� $!���. . . 

3                    ��� ���� ����� ���� ��� ���� � ��� ����!"�#�1385 

&
� ���".  �6������� ���� �:��0� 6��� �( ���	D "� ����   "� ���5:
 ���d�
� 3�+)���D )�� 3�)�� ���	: 3� � 3��9: 6���	D 3D���  ��5�" 

���' �:��0� 6�� �?�    35� 35%.' ���� � �d
 ��J�2' ��9�� #�
���
���55���f &55�7�.� � _.55� �4�550�
 _.55� ��550� &f�55
 P� � 

����0��   �5:) �5�"  6�5�"�   6�5�" {,5
 ��( �…   .5) 3�f�5
� �
3��9:  ��0� ��:����" :�.f j�+�� 3� ��&)�� �.    �5�7� 6�����5��

�� ��" C.X 3� � ��7� ��D }�,� ��.':  
“ A����
 ��0� &f�   35��9: �5��� �58�   ��5:�  �5�D 35�%.' � � � 

 &+0� <f�) �����3� 3��9:)
C
B (�)�� �iD��(.”  

3- 3��9? ����"� $���: 3D ����� ��7�    �&5
� }�5,� �8� ��:
���d�
� �
��
� ��9��   4�50�
 3� ��?���D    ���5�	: �52� � �5	(

&
� .A��� �� 3�.? 3� ���� �8� ��0� )�� �� 3D � ��9�� �
��
�
 "��� �.�&��f 3D � �����D ���� �:� �� �5)�� .�=
�/ ��D .

��!�   �52� � �	( �Q�
� ���� �� ���� �U� �.� �8� ��0� 6����
��.%.� �4�0�
 �D � j!�f� ��`�� ����  3@�F��.)�.  

      &5�G�7� ��5) g58�=� S1�5�� � 35D 65�� &8� 3� A��� �   ��5:
 �82� � �	( g8�=����� �.%� &�G�7� �����  ��: ���9	:�� e.�

3�  ����5�/ 6�����    ��5>=)  35�82� �Q�5
�  �#.5�.'�  �50D�'…  �
6�������    �5��� �58� ��0�  35�.? 35���   �5(��1 .5)    65�� �5� 35D �
&�G�7� �)�� �?"�
 �:. �� � ��" ��:��7� m�'�' 6�� 3�   � ��.5'

&��? �U�:  
“���� "� ���� �8� ��0� ���:)��? :���(     6��5��� 35� 35D ��D .+�

���d�
� #��
� ���� .�� �)�� ��?���D.”  
4- “      ���� e�52� �5� ���:�5	: � m5
��� e�5+'� ���� �8� ��0�

���	� ����� � �d
 ��`�� � W�� ��0���/]2 �6 �11[.”  
  
4-1 JK�� �L�.�� '�" "��%H� '
%A�$���L�� '  

��7�8B� -:�~/ 6�� � ���d�
� �.� ��:   � 3�5)�� �5d�D 3+�% m
����� ���� ��B ���?���0: .6�������  ������7� ���+'  &5G�( "� �:

�"���� � -`�
 ���� 3D �	D 3� �d�D 5)�� ���?� � <f�5)   ��5:
4��D �� g��7' � ��" :  

���
� 6�� �    ���5���f  3�+5) ���8	� �.� � ��" C��!1� �����
 3��' ���� ��))�:  

-  *����' 4`(�7� j���	D �� ��.
 q�0	: �3�+) ��:  
-  4555`( j��5557� *555����'�Q�555
� ��.555
 q�5550	: 3555�82� 

����	:)�#.�.'� ���� #.� ( ����	D �� �3�+) ��:  

-  ���7' C�7��� �	( �����0� ��) ����/ � �.
    ���5�	: �52�
����0�� � �:.  

  j�5
 ��J�2' <�>=' ����� "� �.� C��!1�1385    3�+5) ��
 ������f   5� ��5�� ��5) �.%.� AJ� ����
.�.'� � 3  &5
�� ��5� 

&
�.   C�5�!1�  3�8D 3D &
� �DO 3� $"W   "�5�� �.5�  ���"�5
 "�
� �	( ��) *����' � �2����   &5
� ��5) &���� ����   65���

����  &5
� ��) P"���/� �����? 3G�2� 6�	: ���� ���X �:]11 .[
�$�� "� ��
� 6���9��  EMME2�d�
��� �).  
�$��9�� EMME2         35� *5����' �"�5
 3�+5) ���5� ��95�� $�5�

 *�/.�
��D�� C.X&
�. �   x5/ A���   C�5�!1� P"���5/"�
����D 3� e.��� j�� "� ���d�
� �� 6��" g8�=� ��:    ��5>��� ��5:

j�� ����� �`�
  ��5J�2' ����� ���� $"W ��:  �d5
�   ��5J�2'
S�� ���� �d
 ) �� ����� g8�=� ����" ��: � �.$�� T
.'�9�� 

EMME2 �J�2' 6��    �5� ���� <�5>=' 3�+5) 3�  �.5).    65�� 35�
    35	: � ��5	D �5: "� .+� �d
 ���" � 3�82� ���
� 4`( m�'�'

�.) �� 3+
��� �:��0�0  
���� C��!1��  &5��? ��� -:�~/ 6�� ���f� � 3D    }�5) 35�

 ��"&
�:  
- �������' �(�.� &�7	%  
- ������' �(�.� �B�) &�7	%.  
  

  M�5: j�
 �� e�+'� � C��!1� 6�� 3��' ����)1385(  ���"�5
 �
�%��f "� ���� �����) *����' � �2� � �	(   $�5� ��5:   �95��

EMME2  j�5
 ��	)�
 �   ��5:1375   �5'1380    *5��� � 35D
j�
 ��.�� 3� ���"�
 �� �'��!1�     ���d�5
� ���� �.5%� �5�+� ��:

�55��55�D .355�.	� .55�9� C�55�!1� "� ��j��55% �   ��55:1  �2        
�� ���� �.) .  

  
 ��.M1.  L� $!N�  B�OPQ�.!� $����%K �7)�  

 ��?
�����  

 ��?
�����  

 j.1
��	D  

4`(  
 4: q�


��.
  

 4`(
 4: &�9���'

q�
 ��.
  
170  923  35/0  1034  113  
171  3  22/0  1126  0  
171  16  4/0  2318  133  
171  183  7/0  1558  406  
172  173  16/0  4472  722  

  



 $?�@'
+�� � 

 ����!"�#� ���� � ������ ���� ���� ���� �� ��1385                   4 

��.M 2.  L� '
R�� EN�  B�OPQ�.!� $����%K �7)�  
 ��	)

��?  
�.
 ���7'  

����/ �  
&�7	%  

&�7	%
�B�)  

170  2823  7340 7039 
171  1328  10208 5467 
172  91  0 0 
173  1260  6038 3735 
174  0  4767 2689 
175  379  0 0 

  
 �� �.� C��!1� "� ���d�
� �� <f�) ��.'  ��" ��: � �5�  �5: ��

    }�5,� ��5:��7� ��5�:� {�5J.' 3D ��0�    &	50� � ��5)4  �
{�J.'  �)�� �������/ �J�� j�� ���:�g��7' � 3+
��� �.	� :  

  
gG�-  �5
� 4`( �� j��7� ��.
 q�0	: *����' 4`(��   35�82� 

  ����	: ����	D �� �:��0� �: �  
��  &d? ��.' 3D��0� �:�   <f�5) 65�� "� ������ ��2� 3D  �

 3�)�� �)�� ��0������ &
�. � ��0� ���� C�+� 3� 3 &
������ 
���� "� �:� ����	: �2� � �	( �����0� 3D &
� ���D .+� �� �

���� ��� ���d�
� �.� ����� � ���.    �52� � �5	( ��`�� �� 6�������
�� ��0� 6�� � �8�    ���5� � m5
��� � $"W C���f ��.'��   �5:

 � �.	� 3J��!� �� �� ��  �5
� ���5' 4`( -:�D ���  � �5	( �
���� � #.�.'� ����� ����	: �2� �� �:��0� 6�� � #.�   "� ��.5'

��	D �B.8) &
�D 9�� ��0� 6�� ��:.  
  

^-  4`( �D��0� �: ��.
 q�0	: *����'  
�+� <f�) ����� 9�� <f�) 6���    *5����' 45`( _.	`� j��7�

��	D �� ��.
 q�0	:    &5
� ��50� ��5:.     65�� ��.5� ��5���
�� 9�� <f�) �)�� ��0� ��.� m
���  ���:� ���� ���.'.  6�� �

�� &G�(  &d? ��.' 3D      ��5��� C!��50' � C�5����� ��50� 65��
   �55	( 4�550�
 355� &+550�    .55%.� A55J� ���55�	: �552� ��              

&
� ���D ��`�� .  
 &G�( 6�� � �5�      35D &5)�� �5U��� ��.5'   ��50� 65��  "� �5�=�

���d�
� 
� ��?���D     5D ^N5% �.5f 35� � �5>=) 3�82� �Q����  �
  ��55	D 655�� � *55����' 4D��55' -:�55D m55%.� � �55:  355`��� �

3��X ���d�
� �d
 ���" � ��.%     � �5>=) �Q�5
� "� ��?�5��D
 �:��0� 6�� 9���.��.  

�- ��0� &f�
 3��9:  
 �&5
� ��0� j.1 "� ��.7X �7��' ��0� &f�
 3��9: 3D �`�� "� 

� � ��0� j.1 �`���3        35��9: ��5�:� ��5�� 35D �5>f�) ��.5��
 3���? �U� � &
� &f�
�� �.).  

  

�-      � ���5�	: �52� � �5	( �����50� ��) ����/ � ��.
 ���7'
����0�� �:  

     �����50� ��5) ���5�/ � �.5
 _.5	`� �� &
� ����� <f�) 6�� 
� ����	: �2� � �	( ����0�� ���: 3D ��0� �� ��) A��� � �5� .

����� <f�) 6�� <f�) &
� ���� �)�� ����� 3@ �: �8+� ��:. 
  ��55�:� ��55�� ���550� 6�55�@�55��   �55U� "� &55�	:� �55� ���55:

���d�
� &
� ����	: �2� � �	( ��?���D �   ��5�:� ���� ��.� 3�
��55�� � ���55� m55
��� ���55:���55�	: �552� � �55	( 355� �55
��
          

 9��&0:.  
  

5: - ������' �(�.� �B�) &�7	% � &�7	%  
 ���� 6��"� %38	 ��d
 ��`�� � 4�� � �
�
� ��:��r��  &�7	%

 �B�) &�7	% ��&
� 3�(�� � . �8� ��0� 3K���@ m�'�' 6�� 3�
���� "�          ���5� � ���5�" � m5
��� e�5+'� 35D �5�D .5+� ���5:
&�7	% ^.8,� ��D ��`�� ������' g8�=� �(�.� � A��� ��:   �5'

&
�� ���" �� &)�� �U��� ��.' 3D 	% "� ��=�&�7  � A��� ��:
 � �.f ��:�d
 ���� ������' �(�.� 6���   �58� 4�50�
 "� ����

  ���5��� &�7	% �� �(�.� 3� ��0� 3@ �: 6������� � ���D ���d�
�
m
��� �:� -)./ &
� �'.  

f�)< D �� *����' 4`( ����� �8+� ��: 5	��   3�+5) ��5:�   �5�
����0�� � ��) ����/ � ��.
 ���7' .'� 3�+) ��:   A5J� ����5
.�

��.%.� ��	D �� T+'�� �'��!1� ? � �:��    ����50: 3�+5) ��5:   �5��
&
� ������' �(�.� 9D��� 3� e.��� �B�) &�7	% � &�7	%.  

�� <f�) 3� 3%.' �� ��:��� �: <f�) 3D �.)   $�� � j�� ��5:
��7� ������ ��.� 3� 3��9: M�7� $.
 <f�) �j�� )  �5�7�$��( 

<f�) �  � $��@ ��:$��@ � $.
 ��:��7� �����	� 4`�/� �5�. 
<f�) 6�� "� ���d�
� �� �� �:   35��9? ��5�8	� ��.'   58�=� ��5: g

 30��2� ������ �� � �8���D.  
  
5 .$���
%&� '�
� '���!%� $S��� �.�  

   &����5�� ����57'� ��5�7� ��@ M�: A��' *� ���) j�� 6�� 

.' T  �5� ����5��/ 3G�2� 6�� ��?��0�.�  ���5?    35���? ���5% "� �



 	�� ()� ��*+ ��%� $���
%&� '�
� $!���. . . 

5                    ��� ���� ����� ���� ��� ���� � ��� ����!"�#�1385 

 ����&
� :� ���� g��7' ���� ��)�� �� 9�� ������ M��:  
  
)1(                                �

�� djAji
ijj XPMax

,),(
  

  
)2(                                �

�� djAji
ijj XEMax

,),(
  

  
)3  (                  ij

Aji
ijPub XVMax *)(

),(
�
�

  

  
)4  (                  �

�Apji
ijiji XVMax

),(
Pr *)(  

  
)5(                     �

�� djAji
ijjAB XVMax

,),(
)_( )(  

  
)6 (                               �

�Aji
ijij XCMin

),(
*  

 

)7 (                               1
.

��
� oNj

ojX
ts

  

  
)8(                                           1��

� dMi
idX  

  
)9(        dokXX

kk Mi
ik

Nj
kj ,0 ��� ��

��

  

 
1.0�ijX                                                   )10 (  

���� �:  
P�=  ��? 3� ��) ���� <�>=' &�7	%j  3�+) "�  
Ej=  ��? 3� ��) ���� <�>=' �B�) &�7	%j 3�+) "�  

(Vpub)ij=  ��	D� ��.
 q�0	: &�9���' 4`()i,j ("� �3�+)  
(Vpri)ij=       ��5	D� ��.5
 q�50	: 35�82� 38�5
� 4`()i,j ( "�

�3�+)  
(V(B_A))j= ( �����550� ��55) ���55�/ � �.55
 455`( �552� � �55	

 ��? � ����	:j �3�+) "�  
Cij=  &f�
 3��9:LRT  ��	D 3� e.���)i,j (�������f 3�+) "�  
Xij=  ��r�� �dX ��*��   ��5	D ��.� �� ��.+� A��� ���:� ���� 3D
xij= � �U� �.� ��0�LRT  �&
�  

d=  ��0� ������ ��?)�>2�(�  
O=  ��0� ������ ��?)��+�(�  
A= ��	D 3�.	`� ) ��:�������f 3�+  

Ap= �	D 3�.	`�� �.%.� 3�+) � &�9���' 3�+) ��:�  
Ni= ��? 3�.	`�    ��5? 35� ��	D *� �� 3D 3�+) "� ���:i   �5X�

��)  ��? �i &
� ��	D �� ������ ��?:  
  

Ni={k; (i ,k) �  A}) )11                                       (  
  

Mj= ��? 3�.	`� �:   ��5? 35� ��	D *� �� 3D 3�+) "� ��j   �5X�
 ��? � ��)j &
� ��	D �� ������� ��?:  

 
Mj ={k; (k ,j) �  A} )12                                       (  

  
 T���1 �'6 M�: A��' ��      35��9: � g58�=� A��5�� ��5�:� ����

&
� �U� �.� ��0� &f�
 .&������  ��:7�8 �� ����   35D ��D
 ��? "� �U� �.� ��0� �d5X )   L�5+� ��.5�� 35� (   ��5? 35� � _��5)  

d)�>2� ��.�7� (�.) 4�f.   35,��9   95��  �.�=5
�/  &����5��
��	D ���
.�/ �:Q � &
��� ����' � ��0� *� 3D :���.  

��	: 3�.? �� ��:��� 3D   �� �5J�� j�5� ��.) 5�   65�� � ��5) 3
 &	0� ��5���?��� 6   &5
� M�5:.  P� "� �5���    ���5�"� ��5:

 �.) ���d�
� 3��9? 6����� 6��7' ���� ���7���@]12[.  
  
6. .�9 $���L�� ���%H�  

3GH0� � 3D ��  6��3G�2� ��) 3�f���/ �� 3��     �5(��1 3GH50� *5�
&
� 3�+) .3��9? ����"� 3�+) �(��1 �   #�5
��� g8�=� ��:
�55�7� *55� �� &55
� ^.8,��55� ��.55� "� ���550� � �55�  �55��.'

 �,��� &0�" ����	�%� C!��� ��( � �5
��
   *�~'���5
� �
� ���0� 3M�: "� ���0� �� �� ���� �� � 37��% ��:  3���" 6��

�)�� ��t' �.    � 35D &5
� $"W � 65�� "�   35��9? ^�5=���  ��5:  
� �	( P� "� ����� ���� m
��� �2�  �5�@ ����"� ��:   ��5�7�

���55? ���d�55
�. 55U� "��55� � ���7��55�@ ���55�"� �55J�� �  ��.55'
3���� 3GH0� C.>� &).� ��" ����� �"�
:  

Max  �( x1…xp) =[z1(x1…xn),…,zp(x1,...xn)] 
s.t:      (P) 
gi (x1,…xn)�0,  i=1,…m )13                                (   
xj�0 , j=1,2…n 

� 3D ��:  



 $?�@'
+�� � 

 ����!"�#� ���� � ������ ���� ���� ���� �� ��1385                   6 

 Z= M�: A��' ���� ��:1 z �...zp�  
 gi=  &������i $��  
 Xj=  ���? 4�	>' ��r��j &
� $�.  

  
 38�0� (p)       ��5��� �'�5+� 35� �5� &50�� 35���� ^�.% *� ����

�	� &0��� 3���� �� ���� � |�f ^�.% *� ��.'.  
&G�( � 3�+G� � ��" �~�� ��: 3&
� ^�.% 6����� �����  "� ��

#��
� &0��:  
  
1- M�: �?�  �	�� M�: A��' ���� ��:  �5� 45: �.� �5� .   65�� 35�

 ��7� �.���:� "� ��� ���� 3���� ^�.% 3DM  M��5:� ��.� 3���� �
�� 6�	t' 9�� � ���� ��D� � C.X 6�� :  

  
(Maxz)�(Maxz1)�(Maxz2)�……. )14                    (  
 

2- M�: �?�  �.� ����5�� � $�B�� ���� <=�� �+Q��J �� �: �5� 
 �����   35D &5)�� �.5%� ����� 6�� ��       �5,f A��5' *5� 35� � �5:
A	%  ���+' ��N/� 4��D 3���� 3GH0� *� 3� 3GH0�   ��5�7� *� �"�


 ���+' �)� � #��
� ���� 9�� �� 3���� ^�.% �.�.  
� P� M�: ����7���@ ��:� 6����� 3�.	`� 6����   65�	� ��:

&
�� ^�.% ���� 3D ��7� 6�� 3� �: M�: 3�    "� �5�	D 3GH50� ��:
.% 6�����^�    �5� &5
� 65�	� ��: ��� 5�� �   5�.	`� �.5f �E 

^�.% 6����� 6�	� ��:� �	� �� � 3��9? *� ��.'  {�%�' �����
���. 

P�  3,��5J��@ �Q�0� �( ��:   �5� P!5' �� �D 5� � �5'   6��5���
M�: "� �:��2� �� � g8�=� ��:��)�� 3�). 6����� 3�.	`�   ��5:

� 6�	� ^�.% &0/��B ��:3 ���.? .� 6�� �P "� �7� �:  65�� 
^�.% 3D  �5) <=�� &0/��B ��:    65�� "� ��@.5D 35�.	`� �

^�.%  5� �: 3  ̂ �.5% ��.5��   ��5:    ����5��/ ^�5=��� ���5� �m5��  
��.)� �]12[.  
  
6-1 T%�U� �?&&A '�"
%V?� �� ��.".�9 '
%A  

   5��:��@ ��5�? 4�	5>' ���0� 38	% "�3     �3�500? ��5:��r�� �5�
 ��+� 3� e.��� �Q�0�
� �2� � �	(& .�� 3�.	� ����   35� ��.'

��@ ����"�  ��:��7� #�
��� g8�=� ��0� �.?��.? ��)� �5D� .
� ��� �.� 3GH0� 3D �`�� "�  ������0� 3� e.��� 9�� 37G�,� 6��

�  ����� �&
� m
��� �8� ��:��0� 6��7'  {�5J.' � ��5>�=� 

4�	>' �� 3,��  �� 3�500? ��:��r�� �� 3��:��@ ���? 5� �5) 3� � 
 P� 65�� 38	% "� 3D ���	: ��8�' P� xF
  � &5
�:   ���5�

3��9? 6��7' � �8� m�� ��:       ��5� ���d�5
� �.5� 357G�,� 65��
�� ���? ���7� ��)�:�.f. � 33GH0� 6��@ �8D.1  �5� � ��   ��.5'

� 3j.��� C.X �� ��" ����� 3�D�:  
  

Max z = (z1,…..zp) 
s.t    x �  R )15                                                      (  
X�0S 

� 3D ��:  
 X= �&
�:����/ ����  
 Zi=  "� �7��'X  &
�)i=1…..p(�  
 R= ^�.% 3�.	`� ����� ��: &
� ��N/.  
  
� �� j���� ��) 3  6��3G�2��  C��+�1 �' 6     M�5: A��5' ���5�

(Z) �&
. &������  ��:7  �'9 A���   ��5	D ��5)    ^�5=��� ��5:
  6�	5t' � 3�+) "� <=�� ��? �� 6�� ��0� *� �� ��))R( � 

4�	>' ��:��r��      ^�5=��� $�5� �5� ^�5=��� ���?)�X=0/(   *5�
�� x�7�� � 3�+) "� ��	D �D� ]12[.  

  
6-2 $���" �%<C�  

P� 38	% "� ���	: ��8�' P�  35D &
� 3��:��@ ��8�' ��: 
� 3��9? �� 2� #�
��� �: �.� M�: A��.' 3���" � �� 3� �� 30��

3+' ��U� �� ���� .)�� .����/ ����/ j��% #�
��� ��8�' 6��   �5:
3��9? �� �� C.X g8�=� ��:  ��5�? .�     "� *5� �5: P� 65��

    �"� 65�� 35D &5
� �5�"� ���� M��:�   �5� � �5:    ���5�� "� ��.5'
���"�
 �� #��)�D � g8�=� ��: 3��� &
�. 

 �: �����"� 4�0�
 �� g8�=� M��:� �� �:� �� ��.'  <f�)
 3+
��� � ��"�D�:  
$���" JK��4: ���� 3D &
� �>f�)    *5� ��5'�� ��9�� ���:�
3��9? �� 3��9? &
� ���� ��:.  

$���"�� JK��5: 3��9? ���� T80' ���:� ����  �.� 3��9? �� �:
&
� �U�.  

<f�) "� ���d�
� �� ���	:�� � ���	: ��:� �) 3�f�
 T80' <f
�� 3��9? "� *��: ��'�� ��9�� 6��7' � 3D �.)    ���d�5
� �.5� �:

�� ��� ���? .�9?3� �D �	� ���� T
.�� "� 3D ���:�9? �� 35��   ��5:
�� ������ T80� .)�� .  



 	�� ()� ��*+ ��%� $���
%&� '�
� $!���. . . 

7                    ��� ���� ����� ���� ��� ���� � ��� ����!"�#�1385 

 ���D ���Zij    M�5: A��5' ��2�j     35��9? ���5� $�i  $� �  ���5�
M�: U� �.� ��  3����� 3D ���:�)�� �&
� � :  

kjZk

ij
ij max

Z
  r � )16                                                (  

  
M�: ���� &
� �U� �.� �� 3��	D 3D ���:.                                      

  

kjZk

ij
ij max

Z
 1 r �� )17                                         (  

  
 C.X 6�� � rij�:  ����3  ��" �?~��&
�:  

rij  �(�� ���� �:� 6������� �&
rijM�: ���� �:  ���� g8�=� ��:
�� 30��2� .)� :  

0�rij�1 )18                                                           (  
  

 ����� ��2�rij ^.8,� &
� �'.   
 ���	: 3�.	`� ��)C(  ���	:�� �)D(    35��9? �5: ���� �i  �i' 

���D g��7' ��" C.>�:  
  

Cii' ={j| rij�ri'j } )19                                               (  
Dii'={j| rij � ri'j } 

  
�.� g��7' �:  

 j : M�:j –M�: A��' � $��  
 Cii: M�: 3�.	`�   � 35D &5
� ���:  M�5: ��  �5:�   35��9?i  "�

 3��9?i'� &
� ���� ���	: 3�.	`� �� 3� ���.?.  
 Dii :M�: 3�.	`� � 3D ���: M�: ��   35��9? �5: i'   35��9? "�i 

� &
� ���� ���.? ���	:�� 3�.	`� �� 3� .     g5��7' 35� 35%.' �5�
.�� ���	: <f�) � 3�� g��7' ��" C.X �.):  
 

 iiwjCI
iCij

ii ��� �
��

�)20    (                               

              
� 3D ��:  
CIii'= ���	: <f�)  
Wj=   M�555: ���555� 3555D &555
� �555�"�j 3555���? �555U� � $�  

&
� ��))1w( j� �
j

.  

�� � ���	:�� <f�) 6��K	: � ��.' 3��D g��7' ��" C.X:  

m
D

rrwj
DI

iDij max
jiij

ii � ��

�
�

��

�
	



��

�
�
 �

� )21                         (  

  
 DIii' :���	:�� <f�):  

jiijj.i.i
max rrwjmaxd �� �� )22           (                           

� �'iii.i Dmaxm ��  
  

���"  3,�� 6�� � |Dii'| 3�.	`� �X��� ���7' Dii' &
�.  
�� ��:��� �.� g��7' 3� 3%.' ��   3D �.)1�  0�DIii'.  

<f�) "� ���d�
� �� �� �.� ��:  j��5% ��.'   <f�5) ��5:   ��5:
 ���� � ���	:�� � ���	:�:' ��" }�) 3� 3��9?��D 3��:  

  

��
��

�
��

� ��
ii

ii
ii

iii CICINCI)23                             (  

)24                            (��
��

�
��

� ��
ii

ii
ii

iii DIDINDI  

���� � 3D:  
NCIi=  3��9? ���	: <f�) <G�f ��2�i�  
NDIi=  3��9? ���	:�� <f�) <G�f ��2� i&
�.  

   &5+i� ��52� �.� T��� 3� 3%.' ��NCIi  52� �  �5d�� ��NDIi 
3��9? ����  i&
� ^.8,� .3��9? 6�������  35D ���:  ����0>NCIi 

�0<NDIi )���� �� �	� T
.�� "� ���� D� �5� � ��  �� ��.5'   � �5:
��D �28' T80� 3��9? ]12[.   

  
7 .� �DX&� �� T?���RD  

38(�� �� ��� 3��/�� 4��.�G� 6�� #�
� ��  3D &
�  ��?��50�.�
 3G�2� 6�� ��� �3�)N? C�7G�,� �
�     65�� ���5� � �5�" 4��.5�G�

 �55� ����55��/ -:�~55/�55��D: )�55�4��.55�G� 6   T55
.' �����55��/
 ��?��0�.��  ��) }�,�  �����D&
�(.   

 ��A
GY  : �"�
 �����  
�: 3��9:        35��9: � ��5	D �� j.51 35� 35%.' �5� � 3�+) "� ��	D

 Tf ���.8�D �: &f�
LRT ���D 3+
��� .  
 ��A1 :����� � ��D ��0� ���7' *� ��G.'  ��N/)  45D ���57' 3� (  �5�

��0� &f�
 3��9: ��7� 3� 3%.':  
 4��.�G� "� ���d�
� ��K� ��'.D ��0� 6��'� K� ��'.D   ��50� 6��'

 ��? �� 6��O  �D  #�
��� � j.1���D 6��7'.  j��%)3(   ��95��
�D�3��9? S8,� �� �: ���� �: "� *� .' �8� ��0� �� ��5) ��G  �



 $?�@'
+�� � 

 ����!"�#� ���� � ������ ���� ���� ���� �� ��1385                   8 

�� ���� �:�.  
 ��A2 : ��0� 6����� ^�=���)�:��0� (  ��5) ��G.' ��:��0� 6�� "�

 $�? �1 <f�) 3� 3%.' �� �� ��:� &	0� � ��) 34-1:  
     -5=� �5J�� j�5�  $�5? 6�� �5     3G�50� �5( 4��.5�G� ���  

 �.) ��  
- �: ����  "� *�K  M��:� "� *��: *� $�? � ��) ��G.' ��0�
6�?�� j�� M�: A��' 3� 5�  � ��5) 3    �����5��/ �5J�� j�5� �

���D 3+
��� .  
- 4�0�
 3�"� ��:  ���� g8�=� ��  M��5:� "� *5��: )   ��5�� 35D

&
� M��:� "� *��: &�	:� ���:� (���D <=�� � .  
- ��8�' P� "� ���d�
� ��  :	 &	0� � 3D ���6-1 �� 5�  ��5) 3

M��:� "� *��: ����2� 6��K	: � &
� 6   "� *5��: ���� 3��?K  
��0� , � m
��� ��:��0� ^�=����D��.   

  
7-1  .!� 
� $����%K �7)� '�
� T?���RD� �
���=  

3� �.� 4��.�G�  35����� ���" �� *	D   T�5�� � �50�.� Visual 

Basic  � Excel ���+')� . $�? j�� 3�����1   ��5%� �  4��.�G� "�
��  ' �5����� $�� 3����� � ��D �5�8�  : 5	 � ���  �5�  ��:��50� ��

 �5� $�`�� j�� 3����� T
.' ��) ��G.'  �5:�.     �5�8�' $�5`�� ���5�
     6�5�7' A5��.' "� *5� �5: �"� ���� ���	: .5)� .   357G�,� 65�� �

 j�
 ���� �8� ��0� �(��11385 &
� ��) 3���? �U� �.   
  
7-2  .!� 
� $����%K �7)� '�� T?���RD� '�
M� Z��?�  

 3%.' ���� 4��.�G� 3�� &	0� � ��) 37  $�? �0   ��5? �� �����
�� 6�� ���� �8� ��0� 3D 3�+) "�  <=�� �.) ���(� �:.)� .  

   4��.5�G� ��5�8	� ���� ��5�� ���� -:�~/ 6�� �    � ��5��� ��5?
 Tf ������)LRT( �) ^�=��� ���� ��) &f�
 &
� �.  

�� m�'�' 6�� 3�  "� ���� &
�� ����� ��.'  �� �5� � 4��.5�G�   35@
 T55f &f�55
 ���55� 6�55��/ C�557G�,� �55��H' �.55�LRT &55
��  

 30��2��D� ]11[.  

  
7-2-1  ��A '�
M�
GY  T?���RD� L�  

 ����� ��? ��	)380     �5���� ��5? ��	5) �788    35D �5) ^�5=���  
� 3��? m�'�'  ��0� ������ � ����� ��:LRT  ��) &f�
 &
� �

&55
� ��55��.  �55? ��N55? ��	55)� ��55	D � �55:  ��55�+� �55� �55:  
 �d��7' � ��N? ��	) �
     �52� � �5	( A��5% C�57G�,� 3D &

  ��5) ������f 3�+) ���� *����' ���"�
 � g��) ��7�X �������
 3��' �����D&
� ��.     .5) �5�G.' �5��� 35D ���:��0� ���7'�  �5' �

 ��.�� $�? �2� �� �� ���	: ��8�'   ��5�? C.X �:10   ��50�
��? �U� ��) 3� ]12[.       �� 6�5� 385X�� ����5( -:�~5/ 65�� �

&
� ��) 3���? �U� � ���.8�D *� ��0� .  
  
7-2-2  ��A '�
M�1  T?���RD� L�  

 ��7� 3� 3%.' �� ��N/ ����� � ��D ��0� �� ��G.' $�? 6�� "� M�:
 &55
� ��550� &f�55
 355��9:�   4��.55�G� "� ���d�55
� �55� �55�7�K  

��'.D ��0� 6��'�  �����0�  3D��'.D  6��'  ��5)��   ��5? 6�5�380  �
788  "� �+��J 9�� &f�
 3��9: 3D �.) �� 3�f�
 j.1 #�
���

&
� j.1.   ���7' 4��.�G� "� $�? 6�� �10    ��5? 6�5� ��0�380 
� 788  ��G.'�� �.).  ^�=��� �.��10    4��.5�G� #�5
� �5� ��0� 

K ���'.D  ��7� ��0� 6��'10  3D ���0� ��5'.D   6�5� 6��5' O �D 
1 #�
�����'.D j. �� ^�=��� m�'�' 3� 6��'   6�5� "� xF
 � �.)

 6��10 � ��0�P� "� ��� 3D ���	: ��8�' #�
��    �5�8�' ��5:
&
� ���7� ��@� ��0�      ��52� ���� ���5��� ���57' 35� 35D ���:

 ���	:�� <f�) �d�� ��2� � ���	: <f�) &+i� ^�=��� �)��
�.) ��.  

j��% � )3( �: � *� "6 3� e.��� M�: 10     ��5) �5�G.' ��50�
&
� ��) P�9? .�� j��% 6�� "� ���d�
� ��  $�? ��.'2  $�`�� 3D

 �� ���	: ��8�'10     &5
� ��5) �5�G.' 35��9?� �   � ��� $�5`��
3��9? �� 3��9?  ���7� � �'�� ��:�D� ]12[.  

  
 ��.M3. ��= [�\%�@���\A ]<*� $� '�
� �"  (� 
"  

<�� 
%&� �� L��.� .%D�� $  

 &�7	%
�B�)  &�7	%   � �.


��) ����/  

 4`(
 &�9���'
 q�0	:
��.
 

 4`(
 q�0	:
��.
  

 j.1
Tf   

28510 39359 43081 19469 58042 4/19 1
5282  58246  6683  2642  61106  41/20 2 
33215  27344  24506  11871 59585  43/21 3 
21866  21660  31527  20568 58086  45/22 4 
24295  36382  48012  20833 87239  48/23 5 
45934  119249  46293  21650 54962  55/24 6 
45755  104581  48414  14352 57122  56/25 7 
48477  115626  57253  16863 52810  56/26 8 
19429  66584  30498  11827 55106  61/27 9 
28812  82836  32581  4973  81502  72/28 10 



 	�� ()� ��*+ ��%� $���
%&� '�
� $!���. . . 

9                    ��� ���� ����� ���� ��� ���� � ��� ����!"�#�1385 

7-2-3   ��A '�
M�2 ���RD� L� T?  
���?  g8�=� ��:�� �
��)�D <>='    �5	( � *5����'   �52� �

���55) ���� �55��� &550�" T�55� ��55>��� �55��55���.'  6�55�@ �
37G�,�  ���	: �����D . �:? ���    � � �.5f �5U� ��5
��)�D "�

 M�: A��' � M��:� "� *� �: &�	:� �.�) 4: 4`( �Tf j.1
	% ��.
 q�0	: &�9���' 4`( � ��.
 q�
 &�7	% � &�7

��) ����/ � ��.
 ( ����	� P� #�
��� �:���� 3�D��.  
�: �U� #�
���      A5��.' ���5� �"� 3�5
� *5� ��
��)�D "� ���?

�� M�:��� 3  �.5) . 5�3  �5:   �"� 3�5
� "� *5�     4�50�
 *5� �5:
�"� �� 3�d? �:� �.) .�"� 4�0�
 �: #�
���  <G�f ����2� �:�

<f�) � ���	:�� � ���	: ��:     xF5
 � 3+5
��� ��50� �5: ���
�� ���7� �'�� ��:��0� �� ��0� �� #�
��� .)� . -:�~/ 6�� �

7 �"� 4�0�
 :�      j��5% � 35D �5) 35���? �5U� � �)4( � 5�� 3
��) &
� .��	: �� ��:��� 3D .1   4�50�
 "� �5�� � �.)   ��5:
3�"� ���  ���0� M�: A��.' 3	: �"� �5���� � 

6
1     35���? �5U� �

 � � ��)6   35�"� 4�50�
  �5��� ���     �5���� �� M��5:� "� *5��:
���� M��:� �"� &
� ��) �:�.  

  
 ��.M4. $���" �%<C� $"� [L� T?&%�  

 &�7	%
�B�)  &�7	%  

 � �.

 ����/
��)  

 4`(
 &�9���'
 q�0	:
��.
  

 4`(
 q�0	:
��.
  

 j.1
Tf   

167/0 167/0 167/0 167/0 167/0 167/0 W1 
142/0 142/0 142/0 142/0 142/0 285/0 W2 
142/0 142/0 142/0 142/0 285/0 142/0 W3 
142/0 142/0 142/0 285/0 142/0 142/0 W4 
142/0 142/0 285/0 142/0 142/0 142/0 W5 
142/0 285/0 142/0 142/0 142/0 142/0 W6 
285/0 142/0 142/0 142/0 142/0 142/0 W7 

  
���	: ��8�' �� �     � ���5	: <f�5) <G�5f ��52� &+i� ����2

��2�         &5
� ^.58,� ��50� �5: ���5� ���5	:�� <f�5) �5d��.   
j��% )5 ( �'�7�� ���7' �     4�50�
 ��"� 35� ��50� *5� 35D   ��5:

�"�  �:�       � ���5	: <f�5) <G�5f &5+i� ��52� ���� g8�=�
&
� ���	:�� <f�) <G�f �d�� ��2�� ���� ��  �5:� .   65�� 35�

 �� ��0� m�'�' 6����� ���:��0�� ���� ������ C�7�� 3� 3D &

  <f�5) <G�f �d�� ��2� � ���	: <f�) <G�f &+i� ��2�

�)�� ���	:�� ]12[.  

 ��.M5. _<&� '�"
%&� �O��`�  

 C�7�� ���7'
��) T80�

  

W
7 

W
6 

W
5 

W
4 

W
3 

W
2 

W
1  

6  1  0  1  1  1  1  1  1  
0  0  0  0  0  0  0  0  2  
0  0  0  0  0  0  0  0  3  
2  0  0  0  1  1  0  0  4  
7  1  1  1  1  1  1  1  5  
7  1  1  1  1  1  1  1  6  
7  1  1  1  1  1  1  1  7  
7  1  1  1  1  1  1  1  8  
0  0  0  0  0  0  0  0  9  
0  0  0  0  0  0  0  0  10  

  
  
 ��	: j��% � 3D .1 )5( �� ��:���   ��50� �.5) ��:5 �6 �7 �
8  ��0� �7� 38(�� � �1    35��9? �5��� 35� &+0�  �5:    C�57�� 35�

 ������ ����+i� ��2�  <f�5) �d�� ��2� � ���	: <f�) &
 ���	:����.� � � 3    ����5��/ &f�5
 ���5� m
��� ��:��0� ��.��

�� �.) .     358	% "� 95�� ���5) *+5
 �,� &f�
 &
� � ��0�
&
� �'�� ��:��0� .   �5� m5�'�' 65�� 3�      35D &5��? 35`��� ��.5'

 ��5�� 3���" � 3D �'�7G�,� �� 4��.�G� ���8	�     �58� ��50� ���5�
$�`�� ��)� &
� �?"�
 ]11.[  

C��!1� ��� $�� .��� � 35� e � 35����Visual Basic    6�5�K	:
��)  ��:1  �'5 � � ��) ^�=��� ��:��0� 3D�� ���  �:� 6�� �

�� ��:��� -=��.):  
  
  

  
  


���= L� B�OPQ� ���� �
�  



 $?�@'
+�� � 

 ����!"�#� ���� � ������ ���� ���� ���� �� ��1385                   10 

  
  

 �7�1.  
%&�1  ��.M L�3 .!� $����%K �7)� '��  
  
  
  

  
  

 �7�2.  
%&�5  ��.M L�3 .!� $����%K �7)� '��  
  
  
  

  
  

 �7�3.  
%&�6  ��.M L�3 .!� $����%K �7)� '��  
  

  
  

 �7�4.  
%&�7  ��.M L�3 .!� $����%K �7)� '��  
  
  
  

   
  

 �7�5 .  
%&�8  ��.M L�3 .!� $����%K �7)� '��  
  
8. �`%?� '
%A  
�  6��S�2�'    �5	( 3�+5) �(��1 ���� �G�� 3��� 6	J  �52� �

 �5D �)� ����) A��
�   A��5
 � �5��+�    -5)./ 4��.5�G� �5�  
  3�+) A���� 3�����   �5) 35��� 3���� ��:��0� 6���� � 3GH0� �( .

 P� 6�� � 3D ���:��7�����   ���5� 6��K	: � �:��0� ����"�
   �5) 35���? �5U� � 3GH0� M�: A��' 3+
������  -5)./  �iD��5(  

 � �d
 ��J�2' 3�&�7	%  �4`( ��	D �� &�9���'  � �: 45`( 
 �.
� ����/  � ��)���0��� �:  �����(  3��9:���.�.  
� ����� 3  �5� � S5�2�' 6�� � ���� &
�      �5�" C.5X 35� ��.5'

��D 3X!f:  
1- P� ��) 3����    A��5
 �5)��     ���5
��) ���5� �� ����5D

����D�:  m
���&
�.  
2- 6��  j���� ���.'  �����(��1 ��._� +)3�  ��5:    �52� � �5	(



 	�� ()� ��*+ ��%� $���
%&� '�
� $!���. . . 

11                    ��� ���� ����� ���� ��� ���� � ��� ����!"�#�1385 

 � ���� ����	: A��
LRT 3� �.) 3���? �D.  
3- 6��  P��� ���.'   ��:��50� �� ��.%.� � �������/ ��:��0�
� 3  P� ���5
 "� ��5�� &
�    358	% "� ��5:"�    C�����5��/ S5��1

 3�G�� ^�.% ��.�� 3� � �
��)�D �
���D ���� �    �.5+�� � �5:
��=�.  
P� -)./ +) A���� 3�3�� 3� &�2�.� .1 �9���   ���5� �5(��1 
 3�+)LRT ��)  �D 3� ����3���?      65�� "� �5X�( ���5�� � �5)

       �.5� ��5�� ��5) ���5� �52,�� ���:��50� �5��7� ����D . �5iD� 
3�+)  � &�7	% ��	� e�2� �������/ ��:4`(   ��5) � &�9���'

�� ��� -)./ &�' � :���.  
  
9 . aM�
�   

1. Gendreau, M., Laporte, G. and Mesa, J.A. 
(1995) "Locating rapid transit lines�, Journal 
of Advanced Transportation, 29, PP.:145-
162. 

 
2. Laporte, G., Mesa, J.A. and Ortega, F.A. 

(1994) �Assessing topological configurations 
for rapid transit networks", Studies in 
Locational Analysis, 7, PP. 105-121. 

 
3. Blackledge, D.A. and Humphreys, E.M.H. 

(1984) �The West Midland rapid transit 
study�, Proceedings of the Planning and 
Transportation Research and Computation, 
Sussex, PP. 71-84. 

 
4. Dicesare, F. (1970) "A system analysis 

approach to urban transit guideway location" 
PH.D dissertation, Department of Electrical 
Engineering, Carnegi-Mellon University, 
Pittsburgh, PA.,USA. 

 
5. Current, J.R., ReVelle, C.S. and Cohon, J. 

(1985) "The maximum covering/ shortest 
path problem: a multi-objective network 
design and routing formulation.", European 
Journal of Operational Research, 21, pp 189-
199. 

 
6. Bruno, G., Ghiani, G. and Imporeta, G. (1998) 

"A multi-modal approach to the location of a 
rapid transit line.", European Journal of 
Operational Research, 104, pp. 321-332. 

 
7. Dufourd, H., Gendreau, M. and Laporte, G. 

(1996) "Locating a transit line using Tabu 
Search",  Location Science , , Vol.4; No.1/2, 
PII : S0966-8349(96) 00008-3., pp1-19 pp. 1-
19 

 
8. Bruno, G., Gendreau, M. and Laporte, G. 

(2002) "A heuristic for the location of a rapid 
transit line", Computers and Operations 
Research, Vol. 29, pp 1-12. 

 
9. Wirasighe, S.C., Hurdle, V.F. and Newell, 

G.F. (1997) "Optimal parameters for a 
coordinated rail and bus transit system", 
Transportation Science, 11, PP.359-374. 

 
10.  Laporte, G., Mesa, J.A. and Ortega, F.A. 

(2000) �Optimization methods for planning 
of rapid transit systems�,  European Journal 
of Operational Research, 122, pp.1-10.  

 
11.  � �2� � �	( C�2�2�' � C�7G�,� 9D�)6��	�( � ����:�~/

	( �2� � � g��) ��7�X �������) ��� ��1382 (»  4�50�

     ��5��� ���5� �����5��/ ���5�	: �52� � �	( :   *+5
 �5,�

���) �   ��5) 35@�F�� ����	: �2� � �	( 4�0�
 C�7G�,�
����«�  ��	) P�9?05- 82� g��) ��7�X ������� .  

  
12. �(�55��� 6550��� )1381 (»P� ���7��55�@ ���55�"� ��55:« �

����/ 3��� �)� �
��)�D� g��) ��7�X �����������' �.  
  
  

�" b�����:  
1-Light Rail Transit 
2- Covering - paths 
3- Non- inferior 
4- Concordance index 
5- Non-concordance index 

 
 
 
 

 
 



Coverage Method for the Location of a Light Rail Transit (LRT) 
 

E. Ayati, Associate Professor, Department of Engineering, Ferdowsi University of Mashhad, 
Mashhad, Iran 

M. Bagheri, Lecturer, Azad University, Department of Civil Engineering, Torbat-e Jam 
Branch, Torbate Jam, Iran 

E-mail:esmaeel@ayati.co.uk 
 
 

ABSTRACT 
Due to the large number of urban trips and the importance of people's value of time, 
transportation planners are quite concerned about the design of efficient transportation 
systems. Therefore, the need for a new and efficient transit system for large cities is a must. 
Light Rail Transit (LRT) is one of transit alternatives for such cities. One of the important 
issues in the context of LRT development is network design. The core of the problem, which 
is designing a transit network capable of transporting a large number of people efficiently and 
cost effectively, is highly complex. In operations research, the problem belongs to the class of 
network design problems, but due to their very large sizes, integrality restrictions and non-
linearity, they can not be solved by means of standard network design methods. There is not 
yet any analytical method available to solve this problem. Gendreau and his co-researchers 
have expressed the fact that design of a rapid  transportation system is a procedure 
accompanied by complex trend of decision-making, multi-restraint and multi-objectives, 
uncertainty, non-measurable elements, heavy investment, and long period activity. They have 
then concluded that the standard traditional methods of network design are insufficient for 
such complex problems with big dimensions. Nonetheless, however, operation research 
methods might be of great importance and help at different stages of design, by developing 
and utilizing tools for production and evaluation of alternatives. Usually in practice, a two-
stage procedure is used in locating the railway line, as following: 
1- Developing the efficient answer, considering the basic criteria, and 
2- Locating the best line amongst the existed alternatives by evaluating them and 
considering both measurable and non-measurable criteria. 
The studies conducted by Current (1985), Bruno(1998 and 2002), Dufourd (1996), Wirasighe 
(1997) and Laporte (2000); are all discussed and the relevant outcomes are fully considered 
in this study. 
In locating the transportation lines, those methods would be suitable to be employed, which 
possess the required capabilities of producing a number of suitable answers (and not only one 
answer) to be evaluated at the final step. In this regard those methods are preferred which 
produce a family of suitable answers based on the basic criteria. At the next stage, these 
answers would be evaluated based on other criteria, and finally the best answer would be 
chosen. 
The method employed in this study, is a two-stage procedure which is based on the explained 
view. For this purpose, at the first stage the covering-path method is used, and those corridors 
which potentially might contain LRT line, would be recognized. Then at the second stage, a 



generalized algorithm for the network case (combinations of single lines) is used. The 
objective at this stage is the recognition of the best combination. The basic idea in both stage, 
is the covering method for the defined benefits in the network. 
The criterions used in this study might be summarized as following:  
1- Causing more demand for transit rail and promoting public satisfaction,  
2- Minimum cost burden and maximum benefit-cost ratio, 
3- Maximum public access to the lines, and 
4- Transit line is expected to contain a systematic and coordinated relationship with points 
of potentially high trip production. 
Data needed for this study, are the results of the trips in 1385 (21 March 2006-20 March 
2007), which are assigned on the existed transportation network in the city of Mashhad. All 
required information is provided by the Transportation and Traffic Organization of the city of 
Mashhad. Using econometric and trip demand models, the magnitudes of temporal trip 
demand are evaluated and then by utilizing EMME2 software, this demand is assigned to the 
network. EMME2 is the software for microscopic simulation of traffic volume. Thus, the 
volume of vehicles and trip time for passing each segment in each line is estimated. The 
mathematical model is totally developed by authors, and is solely used in this study. This 
model is also capable to be expanded for more objectives as following:  
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Pj: the population assigned to node j of the network, 
Ej: the worker population assigned to node j of the network, 
(Vpub)ij: equivalent passenger car of transit volume at the arc (i,j) of the network, 
(Vpri)ij: equivalent passenger car of vehicle volume at the arc (i,j) of the network, 
(V(B-A)j):  the volume of passengers of transit line at node j of the network, 
Cij:  the cost of LRT construction related to link (I,j),  
Xij:  a variable equal zero or one, indicating that the link is or is not on LRT line, 
d:  the node at the end of the line, 
o:  the node at the start of the line, 
A:  the total of the links of the network, 
Aj:  the total of the transit links of the network, 



Ap:  the total of the transit links of the existed network, 
Ni:  a sum of network nodes which are connected to node i with one link and node i is at  
                the start of that link, 
Ni={k; (i ,k) �  A} 
Mj:  a sum of network nodes which are connected to node j with one link and node j is at  
                 the end of that link, 
Mj ={k; (k ,j) �  A} 
 
The quantities of 1 to 6 in the objective function, show different benefits as well as the costs 
of LRT line construction. Restrictions 7 and 8 express the idea that the line starts at node zero 
and ends at node d. Relation 9 satisfies the required continuity of the links which constitute 
the line. 
The presented model in this study includes six objectives. This requires employing multi-
criteria evaluation techniques to find the best alternative. 
The resulted algorithm was converted to visual basic and excel. The first one conducts step 1 
and the second one. In this study the first and last nodes are purposely selected the same as 
the LRT line, which is under construction in the city of Mashhad. This enable us to compare 
the outcome with the results in previous study in Mashhad. In this study a practical and 
versatile heuristic method based on covering is applied to solve the problem of optimum 
network design of Light Rail Transit. 
 
   
Keywords: Light Rail Transit (LRT), covering, network design, heuristic method, location 

 


