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  d�� ���% �#�� ��   ��'      V� �# ���@ �      �4/� #� �"��F  ���A ���@�"
�"�9. �C��# 0+��# a�$ 0� �@ J�	
� �Q��P [��  )1 (���.  
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    �@ #� 0&h         � ��49��� -�.4�� ����% 0���"�� �    ��4��H 7�4$
 044& �44�� ���44�	* 044��3� 2��44��44� 0 7#'44� 

h
1

�� �44��� 

h   0���"�� 5������%  ������� .K        [4�%'  �49I�� ���#�4< .�� 

     J���� 0& ��'� ���9
2

2

hs
h   � �4��  Sh       �#����4�� #�4��� )��4N�� �

��� .� ��#�< !��� ���9 [��  .�� k��� .  
2-     ��#� ����H c�� ���"�1�  � 0�     [�%'  U����� ���1�  �'4��'<

  0"�9 �/� #�      �4�� ��4$      c�4� X4�'� � J�T4$�     04��3� 0��4�� 
      ���4�  �4��� ��'	� ���"�14�         ���14�� #� ��49��� 248�� j  04&  

 0+��# U�����)2(�  0���@ ������  .  
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 �@ #� 0&z bi ����  ���"�1�  � ��4$ #�'� z ai   ���4�  ���"�14� 
   ���1�� #� ��$ ����<i ���.     7?�4	
� U�����     !��4� ��4C��#

  ���� ���"�1�      0��3� 0���� 28�� ���%        �#�� V4� #� 0& �Q�
 #�
%     ���� ���T  �"�1� ����H c�� �����   [�%'    �'��'<   J�4��� >����3 

�+8 �� �'$. ]5[  
]6[  Vansteenwegen &Van Oudheusden  %� ���E�� ��

� V��  �* 0����� !  �+8 !.�#LP2   0��$ :�# �� K�&�  #�  �!%��
 0����� J�� !.�#    �4&�
      !��4$ ���4� !�4*#�+,3      )�4* �4� �# 

              5��4�� 04� ����4�� � �����4� 0� ����# ���8 l+� M��."�
           ���4& 2,��
 !���# #� -�.�� � �&�
 !������% 0����� J���H

    0��.* � �"�1� J���  !�����%  �*   ��% %� �$�� !    #�4/�� � ���"�14� 
   �1�� #�  0� ���#�@ ��� .           J�4� %� ���E4�� �4� �V4���  5�� #�

0��44$   U�44���� !�44�����% L44�D� J���44H ���44$ 044��  !%�44�
        ��$ 01��3� ������ �� 0��.* � #�/�� ���% !�*#����   � � ���  0  � 5�

0"�� �'��� J���H �K� �  ��� .  
!��44� 0��44$ !�44*  !�44*#�+,  ���44� !��44$  .44�� 44�� U�44�3�          

 V444P'& ��444  V444���   0��444$ !%�444�  �����444�  X444�'                       
]7[  Vansteenwegen &Van Oudheusden   !�4��# #�

  �#� 7���8 �'����    0� ��$ 0���"�1�   -�(�� ���$ ���  .  7�43�3N 
       #�/�� ���% 5���  !��� .�� ���������"�1�    ����4�'�' � �14��   

 04444� :�#0��4444$  %�4444�  X4444�'  �4444�,�� X���4444$ !                          

]8[  Teigen & keren   ��4�% �4� �AO� 2��'� ������$ )�* �� 
              7#'4� ��4$ 046�#� 7���8 l+� M��."� � �@ M*�& � #�/��

 ��� 0"��;< .  ���� !'� %�    � ����N� X���$ !��� �  0  �I�� ��,�'�
 0����< 0&  �*  ���1�� �   �*  !2	
  �  23�   %� �� ��'	�     �"�14� -�
� �#

 �# 0�    �� ����     5"�49 �4/� #�          04�	H %� �4�	�� m�48 X���4$ 
�H��8  �*         04��D  �����4� � !#��+4C� ! ���"�14�   � �4�Q�+� �

X�' ]9[ Chow & Candy0��$ !���� �� 0& ��$ -�(��   !%��
 ����S X���$  01��3� �        ���N� G',� X���$ �� �@ !���  � 0�  �4�

 #�/�� ���% ��#�@���"�1��* #� ��� ��'� �Q�
 ��  .  
  
3. �C� L!>�! �� 2�(4� 2'��  

 0��$ J��         �4C��# J�� %� m�8 ��'� �!%��      04& �4�� �14��
           ��4�% �$;9 �� ��,�� �1�� ���@�" ����	� %� !���3  U�����

  #�&�� ��& ]10[. J��  0��$ !�*   >�
]+�� �!%��       !��Q�4� -�4� 04� 
!��#� -   ��#'��� .�� �H��8� ���%   '� -'��� ��     �4�% !��#� ��
�1�� ���*  >]��3� 0& 2	� �� ����& 5��      �# �14�� �H��8 ��Q��

  �� ��� 0� ��*�.     0��$ !��Q�� ��& #'S 0�   �� �# !%��     04� ��'4 
��# ��% a�$ !���& ��: ]11[  

- ��'< 2��3� #� �1�� !��Q��  
-   !�*�44��@�" 244��3� #� �44�+, !�*�44��@�" �44� �44��� !��Q�44�

�"��F  

-  0119 !��Q��0�'�< 2��3� #� 

  0��$ !�1�� J��   0��$ 0& !%��      'Q#�4& �4�'� !%�4�  .4��    ��4����
�44� 044/NQ #� �144�� )�44�� ��'44$ �44�� ��44�% %� m�448 !� .        

   ��� �$�# 'Q#�& ��'� 0&   �@ #�   #'/�� 0�        26�14� ���4& 24

��\             M43� n�4* ���% �$;9 0& �"��F  26�1� �8�� �� �"��F 

    %� ��#��� ���@ #� ����� �4� ���E�� �"��F  �����  �'4$. ]12[  #�
   0��$ !��'< !��Q�� �2��3�        ��$���T  0� 0H'  �� �# ��	1�� �!%��
    �� �"��� ���% �$;9 �� ���& .0��$       ���"�14� #�4/�� ���% !%��

���1�� #� ��� !�*�0�'	�   !�0��$ %� ��� ��'< !%��.  

 0��$ !��Q��        �# �"��F  ��T� 0�'9�* ���� !%��   !��Q�� ��# #�
  �� #��, ��+, ��*� .      �����#� %� �FD�� 0�'	(� ��+, !��Q��

     04�'	(� 04� 0& ��#��        �4� �4��H��8 %� 04���� !� ��(�� 4�� .  J�4�
  �"��F 0��$  !%���          !��#� 0Q.�� 0� �# �"��F  ��T� ��P �� V� 

  �#�� �� #� .��#�      �"��F  !���H��8 0� �"��F  !����� ��(����. 
  F  ���H��8 �'P�"�� ����   �4� ���          %� ���4*�#�@�� �# �4��@ ��'4 
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     �#�@ #�	$ 0� �1�� ��,�� !���9I�� .0��$  !%��    ��4�  >?'4	�� 
� 5�44� �"��F44  !�� �44� �44� ���44	* �"��F44  !�� �44� � ��#� �

���8 �*� ��� .5������� #� 0��$  !%�� �"��F � !�*#���� H��8 �
    �/�� ���"� ����  X�'� ����� �    � 7�� X�'�    �* #�/��"�1�  �# 

 !#��@ ���*�#�@�� ����& �3�  �1�� ��,�� !���9I�� %���.  
Q�
 !�*��T� 0& ��� �	1�� 0119 �1��4#� ���  �@ #� �  

  

0�'	(�   ̀ �3� %� !�    ��4�% 0119   �4��T   �4�  �4�&.  ���48   !�4�9
���"�1��1�� %�  ��� 0119 �1�� �#'� #� �Q�k� ���� ���%   

  �  �Q�
 ��T�         ���14�� �4* #� �4/�� �"�14� ����     �4��T  ���4�% 
��           '�� �#�� #�+, �� � ��$ ���1�� �#�� �"�1� 0& ��& ��  �'4$ .

 2��3� #��      ��� �	1�� 0�'�< �1�� &      #� �4Q�
 !�4*��T� 0
��&���T  ���% �S 0�'�< 7#'� 0� �@ .  

  
  

  
  
  
  
  
  

    
  
  
  
  
  
  
  
  
  
  

      
          

  
  
  

  
  
  
  
  
  

 ;�1. >@�C%� H�!
N C��O
� 2E �C��(4� 2'�� ��$%�! &��' &!
��,��
%�   

    

شبكه

ر و ح  م

ستگاه ي ر ا طا   ق

ت ك ر ح مه نا ر ر ب ف س س ي ر ت  ما

د ا د ع ا د لي و ت
في د صا  ت

به ر ف سا م د و ر و
ستگاه ي ا

ر سي م يي سا  شنا

ر طا ق يي سا  شنا

بين ر ف سا م دل تبا
و سك و ر طا  ق

ر ظا نت ا ن ما ز
و سك ر  د

في صي و ري ت ا د و م  ن

ن ما ز نگين ميا
ر ظا نت ا

ر ف س د ا د ع ر ت ف س ت ع ر ن س ا ر ف سا م
ده ن ما جا

ستگ ي راها و ح  شبكه م

ت عا طلا ا
دي و ر  و

ش ز ا د ر  پ

جي و ر خ ت عا طلا  ا
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4 .   �(4� �C� H���� 	��      ��Q$%�! &��' 2'��
 &!
��,�  

J�44� G�'44�� �44"��� 044���% #� ^'44" 7�N�44C'  !�44��� �44�  !�44*
0��$       0��$ J�� 0& �$ _D�� �!%��            04� 04H'  �4� ��4� !%�4�

            < �01419 !��Q�4� ��# #� ����"�14� #�4/�� ���% _8�$   � �4�'
  �� #��, �"��F   ���9 .           `�4� #� �4�� -%? �J�4� 54�� #� 5�������

  _8�$ 5�� �3+��          �4H��8 !�4*��T� �4� !��#� !�4*   #��4,��
 �'4$ . >?'4	�� _8�4$       7�F4D�� ��4���9 �4� #� !��#� !�4*

       � #�4+, ��49��� ��4&�
 !�*��1� � `'+8 0��$ ���� ���.�"
           � ��4� !�4�����% 04����� �4��� �����4��� 7�FD��    � �4&�
 

   o��� h�� ��-          J�4� �4H��8 !�*��T� � ��� ���"�1� �F3� 
 _8�$ �.��               �4(
 ���4�% ����4� �4��� �1�� !����	� !�*

�����@ ���/� � ��$ �(��H �"�1� .  
     0��$ J�� �
��S )�* �� �5�������          !��4$ #�4+, �14�� !%�4�

)���(              �4���� 04� 04& �$ J�� !Y'Q��� 5���  0� -��,� �1D� �
���� J��             !��#� 7�4�]S� M4D� 0� !�#�� �j��# !�*)  2��4$

  !�*��T��AO�   �1�� ����	� �� (   :%���< �)   !��� �C��# X���#
   _8�$ 7����N� � 2��N   �* (    �H��8 7��]S� �):#�.9    b�4*

     _8�$ ����3� J���H � �*#��'	� 2��$   �4* ( �4�� .    2�4$ #�1 
 ����& ��'F  0� J�� �
��S -�(�� ���@�" !Y'Q������ ��$.  

  

5.     �(4� �C� 2!
R! � H�!
N       ��Q$%�! &��' 2'��
 &!
��,�  

        �1D� ��/� �#'� !Y'Q��� !�*���@�" !���� ��  -��,�  �
��S 0�
 7��]S�!��#�0��$ J�� 0�   ��% a�$ 0� !%���$ :  

1-           �* � �4��.�" #�8�4� 7�F4D�� 04� `'��� 7��]S� 4�� �
)���A (2��$: 

-  0��$  
- ���� J�
 #� !�*#'N� ������� !# 

- ���1�� �*J��" ! 

-  ��9����'H'�  
2-     ���� 7�FD�� 0� `'��� 7��]S�      ����	� � !#����)��T� (

2��$: 

-   o��� !�*�E� h�� ��-   �F3� ���"�1�  �#�� �S     ����% !�*
_D��  

- 0����� �*#�+, �&�
 -�.�� � !������%   
           �4
��S ��� -%? ���#�& X�'  !��#� 7��]S� 2�	�  %� h<

  � :%���< �'N�   -�(�� 7��]S'$� .   ��� 0& 0�
�� 5��   MD� 5�� 
 0��$ J��     ��#'�Q� 2��$ ���� !%��         � ��4��N� � �4C��# !�4*

         �#� c�4� ������$ #'/�� 0� �"��F  ����� ��Q'  !���  � ���"�14� 
  J�� ����1�� 0�     ��#� �3+�� �#�@�� ���"�1�       �'4N� ����14�� 04� 

        #�4/�� ��4�% 7����N� ��*#�+, ������$ �"�14���   !�*'�4� #�      
 V44��E  044� ���144�� �44*���"�144��Q��44�  � �44H��8 �!��#�            

�*#�+, 5����.   
  U��� 5�� ���            X4���# �4
��S � 7��4��N� ���� 7#��C 0� �/� 

             04� -��4,� 0���� #� �^'" J�� 7��]S� :%���< 0� `'��� �C��#
 ��� l���             �4�Q'  ��#'4�Q� �4��� 04�
�� 54�� !�*�����# 5��  

        � ���14�� 04� �"�14� ��#� �4��@�" �43+�� J�4� ��"��F  �����
 #�/�� ���% 0���N����"�1���� ��$  .  

  �9I�� %� ���  �*    J�� �* !0��$  !%��  �    �4�� �"��F4  7����T  .
�44��� ��449I�� �44* !��44� �"��F44  ����443� �44�Q'  #'44/�� 044� 044� 

0�'	�        �48���< �@ ��/� J�	
� [�%'  %� !��9 .   ��4��	* :�#
8         �#�� #��, ���E�� �#'� !���� :�# �* %� M�� �+ .   �4Q'� 5��

 J���� #��1� !�����% #�0��$ !%��2��, %� SLAM ARENA 

� SIMSCRIPT M��44�%@ �#'44� 2�F44E  044� 044& �#�� �'44H�       
��,��� ��$ 08��$ ���� � 0"�9 #] .13[  

        e�C 2	� 0� !%��� �� 2�Q� 0� :�# 5���     ��H'4  2��, ���� 
#���08���< �@ l���  0� �0���� #� 0&   �� �'$.   
  
5-1 H���S� �!C�� � �!CT! C(@>�  

   #�& ���#5��P      0Q���� V� 0& ��� n     �4���� ��� X1� X2�..... � 
Xn  �"��#� �#   0�3� �    ���� 0Q����Xn+1� Xn+2� .....    �4�Q'  �#
�� ��& .0+��# %� ���E�� :�# 5�� #� #��3� ��Q'  U���3��� .   
  

)3(          Mod m , i=n+1,n+2, …  
  

L���  Z�S�0+��# mod m  ) b  (� a      04& �4�� 54�� J��4��
��1443  ��44��	�,�� ��6'44��  )b-a ( �44� m�44�� �E44� !��144� .       

0+��# %� ���E�� ��:  
)4(                    i=n+1,n+2,…    

  

��  ����	* :�# U��� �� ��' +8� )   p�4" ��m = 100(  
V� � �E� 5�� �"��F  ����� ��Q'  0� ��& -��,�.   

� 	niii XXX �� 
� 1

m
XR i

ni ��



��.%,�! �� &!
��,� ��$%�! &��' ()+� �(4� 9(�;� '! ���<%�! �# �
%� 2�� 2'�� 

   21                   �� ��������� � �� ��� ����� ����� ���! ��"#� 1387 

 5�� 0�   K� �       :�# %� ���E�� ��        01419 �"��F4  #��43� �4�Q' 
   J��H :�# 0� �����< ��9�    ����  �������"�1�    �
�� #� !��#� 
   ���1�� V��E  0� ���%           �4$ �4$���� 04�'	� ��'4�� 04� �*   #� � �
  ��*��� ������" �'�   ��A  �$ .        �4�����" !�4�� �'4� #� hi�

  ��1�) ������" ��#� (       0�4��N� ��	(  ������" ��#� 0���� #� � 
�$ .   ��� �����     #� d#�4�� ����3� 48@      �4�����" �4�#� �'4� �

 ��	( 100 % V� �����.  
  

)5(  
  
  

  
  

            �E� 5�� !#��3� ��$ ��Q'  �"��F  ��� 0& 5�� 0� 0H'  �� J�
 
�    �#�� V�) �8@ �'�(  �     �4� _D�4� 5�����4��      ��4� 04& �'4$ 

  5�� #'�.� �"��F          ��	(  ������" ��#� �'� #� ��� �� -��&       
 �� #��,  ���9       q#.� ��� #��3� �0�
�� 5�� #� 0&        ?�4� �4
 �4� �4  

       �4�����" #��3� � ��$ _D��)  J�� �'4� (      04� ���4D�� #��43�
�� e�D�� ��#� !������& ��� ��'�� �'$.  

  
  
  
  
  
  
  
  

5-2 ��.%,�! �# 
��,� ���� �%��>.@! KA��:  
  ��#� Z+�����"�1�      #��34�� �4  ��4���8 l+4� %� ��#� 24N� %� 

     -�.4�� !'�� !�# �� �"�1��    2��4$  [S�43�       04& �4�� �4E�D� 
 %� 7#���) 1 (   ���� 0�� )           � �4��� 54$��� �4� 54$�� V��E  0�

 !#���� 7#�&(  �)2 (����<          ��14� �4S !��� ���1�� 28�� #� !�# 
      � '�� !�# #��3�� � )3 (       ��#� �4�H ���4� �4� 04� #�/�� #�

  h���� � #�+,   �� !��9  �$��.     4� �
��S !�*��T� �#'/�� 5��� 0
a�$ J��H  1  ��$ �"���   ��� .          %� #'4/�� �4�� l�4C'  04� -%?

  0��$ -�9 ���%   !%�� )Ti(          !'4� %� ��4$ L���  ����% [S�3� �
   0��$ !��H� ��H ��#�&   !%�����  � 0&      !�*���4��# �@ U�4���

0����� � J��& ��� 0��$ 28�� �� !.�# �'$. 
 
U@! . ��.%,�! �# ���� V�.�� �F H�!
��,� �4��+��()#C��!C�  

             ��4��� �4,�" ���C� 0� !�#�� ���1�� 0� ��#� ��� #� ���"�1�
  ��144* !#�44��� 7#�44& !�#�� �44� � �44��� !�#�� . %� 044�� �@

    �'� ���� �,�" 0& ����"�1�             0�4�9 04� �4��� �4��� 04��  �4�H ��
���& 0�H��� ���� :��" .  

 ��CR1. 
(W%� H�
?� ����.%,�! �# 
��,� ���� 2!
# H�!
N 2 

U��� 
(W%�  
(W%� X
�  U���  
(W%�  
(W%� X
�  

1  N  �"�1� ����   13  Nvk(t)  
 !�#�� �"�1� ���� ����0� !��#� %� � #�&   J��&

7#�&  
2  Nvg(t)  � �"�1� ���� 0��9 0� !��#� %  14  Ncks(t)  '�� � J��& 5�� �"�1� ����   
3  Rg   !#�;9�� c������0��9   15  Nbn(t)   0& !��#� �"�1� ���� ������#���   
4  Ngc(t)  J��& 0� 0��9 %� �"�1� ����   16  Nbd(t)   0& !��#� �"�1� ���� ������#��   

5  Nvc(t)  
!�#�� �"�1� ����  ����0� !��#� %�  

&��J  
17  Nkd(t)  ��#�� 7#�& 0& !��#� �"�1� ����   

6  Lg(t)  0��9 L� J'S  18  Ti   -�9 ���%0��$ !%��  
7  Lc(t)   J��& L� J'S����  19  T=t   ���%0��$ !%��  
8  Rc   J��& c������  20  Tvg  0��9 0� !��#� %� !�# ����< ���% 7��  
9  Lk(t)  J��& L� J'S  21  Tgc  �9 %� !�# ����< ���% 7��J��& �  0�  
10  Rk  7#�& J��& c��  22  Tvc  J��& �  !��#� %� !�# ����< ���% 7��  
11  Nks(t)  J��& ��9 %� !#'�� �"�1� ����   23  Tvk  7#�& J��& �  !��#� %� !�# ����< ���% 7��  
12  Ncs(t)   J��& ��9 %� !#'�� �"�1� ���� ����  24  Tcks  7#�& J��& %� !�# ����< ���% 7���   '�� ���1�� 

if if% � if% 1
� iRi i�



2C��! �H��"4"# �(�� � ��!' I! 

�� ��������� �  ����� ����� ��� �����! ��"# �1387                  22               

             0�4�9 �4  ���14�� !��#� %� !�# ����< ���% �9�vgT    %� ��4��
    :%���< -�9 ���%iT �$���  -�9 ����    �*       �4� !�# ���4�< �Q��& !

 0+��# %� ���E��6  0���N��$.   
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Y.  �("� �>+� �4��+�#�()��(Z '!  

  -���*����#   �"�1�  0��9 0�  �   ���� :��" c�� �9�gR q#.�   �
   !��#� ���"�1� ����  %�vgN       !��#� L� #� �/�� ���"�1� � 

-�449 �44��,gL �44$��� ��44(�� �E44� �44��� :%���44< -�449 �@ #� 
�	�     � ���"�1� 0��& � �'$     ���� 0��9 % �� 0��       �	4� 04� � ���&

J��& ��9�� �&�
 ����  ���&) . �Q�
1(  
���  � #'� #�       V4P'& �4��� :��" c�� 0&        � ��#� c�4� %� �4 

    �$�� ���, L� #� ���� �    ����"�1� ����  &  � Z"'� 0    �4��� 0��  0
    �� :%���< -�9 �* #�          �4$��" �4��� c�� ���� �%���� 0� ��'$

�� �'$) . �Q�
2(  
�  �Q�
 5�� #�  �"�1� ����  ��        c�� )]8� �� ����� L� #� �/�� 

      � ���, L� #� ����  � ��#�  !#�;9�� c�� �     ��� 0��9 #� ���� 
 0+��# X�'  0&7��� ��$ 0���N�  .  

  
  

    ggvg RtLtN ��
 )1()(  
                   

  
  
  

  

  
   0� -%?!#�@��� ���  0&    ����    0��9 %� 0& ����"�1�� ���    04��  �

�� ���& � hi�       �4� �4&�
 ���� J��& �	� 0�   �4��&  -�49 #� �
    �� 0S'��� ����%���"�1�           >�	�314� � 04$�� �4��� 24�, %� 0& �  %� 

  �� �&�
 ���� J��& �	� 0� !��#� �� [	H ����&   04& ��'4$ 
       !��� X���$ l�C'  #� K�+� 5��)        �4��� 24�, %� 04& ����"�1�

��#�� (��� ��$ ��#�@.  
  
  

[ .C� 2!�!� 2���� &!
��,� H��4��+� ��()#   
      >�	�314� �4��� !�#�� !��#� ���"�1�       ��4� ���14�� !��#� %�    

0�  ��9 �	�   ���� J��& !�*   �4� �&�
  �4��&.     [S�43� J�4�& 
����<        �Q�
 ����� 0� .�� X���$ 5�� #� !�#      %� ���E�� �� ���� !�*

X���# 8 �  10�� 7#'�  ���;<.  
  
  
  
  

  

  
  

��	*       ���, ���C� #� 0& #'S���� �$ � "�1�      h4< ���� �,�" ���
  %����8 ����           ���� !�#�� ���"�1� 0� ��$ 0���N� ����% -�9 #� �

 �	� 0� � ��$ 0"�C��%��#� �� �&�
 ���� J��& !�* ���&.   
  

                                           

)()()( tNtNtN vcgcc 
�  
  

   %� #'�� 0���N� X���$ �%��#�   J��& ����      �� #� L� 2���  � 
>�3�,� �Q�
 ���, ���C� Z��+� ���.  

  

                                     
  

                       
  
  

  
   
  

� .�F H�!
��,� �4��+�2��4%T! \��F ���� V�.��  C��!� 

#��$@   ���    04& 04��       �!��#� ���"�14� %� !� >]�4,  7#�4&    !�4*
 �� !#����7   ���& 0��  #��             � �4��� 04��  L4� #� � �4��9  0�4�

#��, 0S'��� �	� ����9 .�$�� ��*�'8 0�
�� 5�� #�:  
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<= 0  (1)   
 
> 0   (2) 

<= 0  (1)  
 
>  0   (2)  
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  !���        !#�4��� 7#�4& J��& ��9 %� #'�� 0���N�   4��# %� �4  0+12 
�$ ���E�� :  

  
  
  

  
  

kkvkkkks

kkvkks

RtLtNtLRtN
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5-3  �4��+�C�>;� �� &!
��,� ��$%�! &��' \  

 �(�@ %�   0&      ���% #� ���, #�+,t           #�4+, � ��4$ d#�48 ���14�� %� 
    ���% #� !���T    �4� ���1�� �#��   �'4$� @   ��4��    ���"�14� ���4� 

     �# ���, #�+, %� ������HNsb(t)     �# '�4� !�# ���"�14� ���4�  �
Ns(t)   ������ �'P �      !�4����% 5�4� t   � T    ���4�  m+1   �#'4&# 

�H �4$�� ��*�'8 ��#�� �'H� ��:  T= t+(m+1)ti  �@ #� 04&� 
%  :%���< -�9 ���= ti�      %� '�4� !�# ���"�14� #�4/�� ���% 7�� 

 ���%t �Q� T= Ts (t,T) ���.  
   J��H #�2�            '�4� #� ���"�14� #�4/�� ���% 7�� 0���N� �'N� 

��� ��$ ���� ���� .  
  

 ��CR2.
��,� ��$%�! &��' �4��+� �>+� �%��>.@! >;� �� &!  
TrainNsb  Ns  clock 
out Nsb(t)Ns(t)  t  
  -  Ns(t+ti) t+ti 

  -  Ns(t+2ti)  t+2ti  
  ......  ......  ......  

In -  Ns(t+(m+1)ti)T=t+(m+1)ti 

  

 5�� 0� K� �  �'N� 0���N� ���% #�/�� 2&       ���4�% 0�4��" 5�� #�
 2�r a�$ 0� #�+, �� ����#�$ J����:  

  
     

  
  
  
  
  
  

  
  #�  �0����    #�/�� ���% 5������  ���"�1�   �* !�#'��      04� 04H'  �� 

  G'	(�  ����     !'�4� %� #�4+, 0� ��$ #�'� !��� �/�� ���"�1�
               ��4�% 7�4� � ��'4�& :%���< ���% �  ���� ���1�� #� �/� �#'�

  :%���< -�9 �*      0+��# U��� 5�� �� 14      �@ �
�� 0& ��$ 0���N�
 03�,����.  

  

�

�

�

�

�

steps

c
s

steps

c
s

jidcN

steptimejidcN

1

1

),,(

_),,(
     

  
�# # 044+��)14(� time_step  � :%���44< -�449 �44* ��44�% sN 

'	(���� !#�H -�9 �  '�� !�# ���"�1� G. Ci , id, j  04� .�� 
 �/� �#'� !'�� �& � #'N� �& ����1�� �& K� � ��� .  

  
6 .�]��% 2!
R!�C�  �(4� 2'��   

 S 044� �:%���44< 044�
�� 244�	�  %� h44<44
�� J�44� �44H��8 �
0��$    �$ 08���< !%�� .   �U��� 5����-��     J�4� #�."� 0��4$   !%�4� 
���METSIM4       �I4�� ��4�% %� ���E�� ��  �14�� J�  V6    � 04��  

   �$ 5��� 0&        [	H %� 2��
 !��#� 7��]S� %� ���E�� ��   !#�@
        0��4$ #� �"�14� ��#� 7��]S� � #��@      ���4�  ��4�)  7�4�]S�

��T� (    7�4�]S� ��4/�  �           .4H� � 0��4$ #�8�4� 04� `'4���  !�
   �@ � ��]S� ) ���A 7��]S�(    0� -��,� � 0��4$   !%�4�     ��4�% J�4� 

#�444/�� ���444� %� ���"�1444� 6 �444Q� 10 l�444� )d�� ���444�       
   !��� %�# V� �*��N�� (  ���1�� 0��& #�          �4� ��4� J�4�" !�4*

  `'+81 � 2   � 5     �� sQ�� 0& 30 ���1�� 5      �'�$ %� ���E�� �� ����
	    !#�	$ -����      ����% [S�3� #� 5 03�,�     !���$     ���@ 2���  �� � 
  0�-�9  !�*    ���4�% 1  043�,�              �J�4� 04� !��#� ���� ��'4�� 04� �!�

�#���44$ .hi44� �44H��8  ����144�� M44D� 044� #� 044����� !�44*         
     06�#� 0��$ � #'N��$��     :#�.49 KQ�, #� �@ j��� %� ��D� 0&

     ��$ ��/�  ��% a�$ 0� #'N�  �4�� .  ���4	   !�*�4��   � �4�]S� 
  :#�.9 #� 0�����      �� 0� �H��8 !�*  !��'F4  2�$    �E�4�'  � 

�#��     0����� ����#�& �  ��� ��$ 0           ����43� 04� �4���� �4� ��]4�
  044����� �44H��8 Z44�,�0��44$ !%�44� j��44� %� !�'�44$ t#� �          

��$ K1&  .����$�� 0$��.  
    

<= 0  (1)  
 
> 0   (2) 

Time_wait(c,m,j)= 

) 13 ( 

) 14( 

kkvk RtLtN ��
 )1()(
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#�  :#�.9 MD�   �*           !��4� 04��9 04� `'+8 V��E  0� #'N� !
        ���1�� �&r �� X8 �* 0� `'��� 7��]S� �����       ��14� J'S !�*

  ��� ������ 2��, .            2��4$ :#�.49 54�� ��4�*� 2���4  !�.4H�
 ���1�� ����"              #� #�4/�� ��4�% 5����4�� -�	u�� 0� X8 �* !�*

'���         ����  � ���1�� 0� !��#� �"�1� ����       %� ��4��� �H �"�1�
                 J��4H #� 04& ��4�� ��49�� � �4"# ��1� V��E  0� #�+,3  

��� ��$ 0��#�.  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

              �� � V4� `'4+8 -�.�� 5�� !�����% ���� � ����� 7��C�" %�
      ����� 0& ��� !��$ ��#�5 �,� 4    �4$ #'4/�� 03�   4
 #� 4   04& �Q�

 !��� X850�'
   !�15 p�" 03�,� �$.  
                 �4�& j��4� ���4� 04��9 04� `'4+8 :#�.9 J��H 0� 0H'  ��

  �*#'N�) ��� 0��$ (    J��H a�$ 0�4   !��'F  06�#� �  %�    04� �@ 
 2�$ a�$4��� .  

  

 ;�2 . � '! HR�
^ 	�!_Z ��>���(4� �!_�! V
2'��)METSIM(H�(�^ V��! ��.%,�! 
��,� �!C?� 2!
# 1 

 ;�3 .�(4� �!_�! V
� '! HR�
^ 	�!_Z ��>��2'��)METSIM( H�(�^ V��! ��.%,�! &!
��,� ��$%�! &��' 2!
#1  



��.%,�! �� &!
��,� ��$%�! &��' ()+� %� 2���(4� 9(�;� '! ���<%�! �# �
 2'�� 
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 ��CR3.��>��  �(4� �C� HR�
^ '! 2! �>+� 	�!_Z `@�a �� 2'��  
��(a� �# ��$%�! &��' b(.��(� 2���� &!
��,� �!C?�  � �!C?��C����R &!
��, 

��.%,�! V�� 
��� ��Z
# ��� ��Z
# ��� ��Z
# 

�������� 0 979/2  0 12397 0 0 

��F� 0 231/2  0 8157 0 0 

���� ���$ 286/3  85/2  96 3071 0 0 

lE� ���$ 209/3  3 91 2117 0 0 

��  �E* 09/3  3 321 4362 0 26 

       

���@ ��� 979/2  209/3  11788 157 0 0 

e�F, ��	��'H 3 262/3  6133 24 0 0 

!#��$ 917/2  0 17733 0 0 0 

5������ 09/3  83/2  4786 2916 4 2 

0�,��� 646/2  0 36911 0 0 47 

�$�S 958/2  136/3  3011 631 0 0 

L��$ ������� 957/2  111/3  5717 2032 12 0 

  
 

     

���@ 51
 101/3  979/2  830 961 0 0 

���	8 -���2 066/3  957/2  1376 27646 0 31 

��� 205/3  896/2  17 364 0 0 

���#��� 0 917/2  0 7532 0 0 

5������ 01/3  75/2  5476 4177 1 7 

����  0 938/6  0 20925 0 58 

���P 2/8  812/7  1323 206 0 0 

�#�'8 ����� 867/7  188/8  535 40 0 0 

�#�@ �#� 938/7  8 1883 299 0 0 

d�& 375/7  0 16879 0 36 0 

�����5� 85/7  73/7  5155 5368 7 12 
 

��CR4 .��>��   �C� HR�
^ '! 2!�(4� 2'���;4� 	�!_Z `@�a ��   
 �*#�+, -�.�� 5�� ���%)03�,�(   ���"�1� #�/�� ���% 5������)03�,�(  

��9��  �"#  ��9��  �"#  
 -��#'N�  #'N� �&  

5  5  83/2  09/3  !# ��$ 0� ��������  1  
5  5  75/2  01/3   0� 0�,������#���  2  
15  15  73/7  85/7  d�& 0� ����   5  
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 ;�4.��>��   �C� 2
�>S� HR�
^ '! 2!�(4� 2'�� 
(W%� 2!
#  ›› ��$%�! &��' b(.��(�&!
��,�‹‹   
  

7.��4%T! ���H �C�  
   5�� 0� 0H'  ��    %� #'&;� J�� 0&        U�4�3� q#.4� !��Q�4� ��4�� 

         !�4�� �J�4� �4H��8 !�4*��T� 0��& J��& � ��#��  � #�'4$�
���% �� ���.   5�������    ���14�� 7�43�S 5�4� ���"�1� J���  ��.��

   ���	8 -���          �"�14� J��4�  � ��� X8 �� �,]  2N� ���� ��H
    �E� #'N� ���T )    �� � V4� X8 (          �4�H �4��� �4�T� ��'4�� 04�

 e�D�� � ������$ J�� #���� ��#���$.  
�'�%@  0��4$   !%�4�     ����4�� 7�4��	� �  �@   !��4� ����     #�4�@ �4$

���"�1��   ���� 0� `'���   �*        ��4� #r@ �*�.�4� %�# !1384  ��'4�  �
�%��   ����%   .�� #��@ �$����    ���� %� 6    �4Q� 10      l+4� #� l�4� 

  ���	 ���1��  !�*      0�'
 � ����  !��� ) V� `'+8   j�< � �� � (
���.    5�� 0� 0H'  �� 0&          24N� �4��	8 -�4�� ���14�� �4,]  ��  
#'N� ����  1�� 5�������   �����$���      �4��	8 -��� ���1�� �� 0� 1 

)   J�	$ X8 ����� #�-    V� e'�H (     �4��	8 -��� �2)    ���4�� #�
���\ X8-�� �,�$  (��13  ��� ��$ .   

 5�� 0� 0H'  �� J�
      ��49�� � �4"# ��14� �� #'4N� �* #� 0&
          ���1�� �� 5�� �"�1� 7?���  5�	� 7?�
 5������� ��#�� �'H�

��% a�$ 0� ��� �$ L:  
  
  
  

  
e .���#��� #'N� 0� !# ��$ #'N� %�  
d .  0�,��� #'N� 0� �������� #'N� %� 

� .  ���#��� #'N� 0� �������� #'N� %� 
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ABSTRACT 
With the increasing demand for public transportation due to congested city highways and 
streets, the rail systems and especially metro have become one of the most viable alternatives 
for daily commuting. While city planners are excited with the increasing public transportation 
ridership, they are also challenged with a higher volume of passenger flow and longer 
queuing lines at the existing stations and of course, metro platforms. 
One of the most useful features for improvement of the current situation and plans for the 
future, is using simulation tools to help the planner to evaluate system operation design, 
queue management, fare equipment design and fare policy impacts, all in virtual and real 
world. 
In this study, co- ordination of headways between entrance of passengers to metro station, 
and arrival of metro trains that travel by fixed scheduling is proposed. The objectives for the 
study are development a simulation model to analyze the passenger waiting time of urban 
metro stations with other modes of feeder services. Urban metro system is characterized by 
its comparatively short headway and fixed schedules. Thus, the behavior of passengers in 
urban metro is significantly different from the behavior of passengers in intercity train or bus 
system. If the entrance of passengers from other modes likes buses, taxies, walking and etc. 
To metro station considered as a major feeder system for the urban metro, passenger waiting 
time and related behaviors of the urban metro station should be influenced by the reliability 
of train scheduling that the most important part is average headway between arrival of each 
metro trains.So, in this study by using simulation technique, a reliable simulation model for 
passenger and metro train that named as "METSIM Software", where designed. 
Results provide planners with an analytic model for accurately quantifying the relation 
between passenger waiting time of urban metro system and the reliability of other variables 
like headway of arrival metro trains due to fixed scheduling, passenger flow entrance rate 
from other feeder services to the station, fare policy and the equipment that presented at ticket 
hall for fare collection (like ticket vending machine, waiting in queue lines for buying paper 
tickets or credit cards, and ticket acceptance gates). 
By using statistical data collected fully one normal day from three lines and 30 stations of 
Tehran metro and running the program of simulation model for four hours (6:00 to 10:00 
AM) of a normal day, the Mathematical Relations between passenger waiting time of the 
stations (w) and Average headway of trains (h) where dedicated and the ratio between these 
two parameters as an average of the simulation run time is determined by 0.6 in accuracy of 
0.95 percent for the total Tehran metro network.    
 
Keywords: Metro, waiting time, train headway, simulation 


