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 � C�H �0% >&
  �?�9�  ?EF� �8 ��$! A��)B C���0(?�
&)�$H  I��� �<���K�� .��KD � ;$H /� ���� ��]Sq � SS [ ��$!
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�) �$. �0N� �! -�6�%&
 &��0Z  �Z��$+  . �&�!� �� ��$! ��$!
���'	*�+ a��)B C���0(?� �����H a� �! <D �$���=  F��6�  ! �

 �����!� �$. M��  ! G00� #��!�� �� �0N0� �����!� �$. M��GP 
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���� ���	����� ���	�  ������ ��� ���������� ��� ����
���� ������� �
���� ������� �  �� ��� �  (��%�)� *+��� �� �� �� ����(��%�)� *+��� �� �� �� ����                      ...                      ...��"-�./ �0#)� % ��%�& ,"	                          5C  

  

&�  E�"��$ (����� % F���: �-��&� �11#�� *"� ���G&�  E�"��$ (����� % F���: �-��&� �11#�� *"� ���G ��HH ��HH5ICJ5ICJKK �1L  �1L >>>>KK 2��#M  2��#M 55  

 �0%  h � �%�0� )q__d (  ?EF� �8 ��$!MO-FJSP� �!  $j)��
 ��.$LO�9�)� #����= �$�R+�Z��$+ C���0Z J�� >&
  I��� � .

 �����h <��� <�*) �! @w���'	*�+ C���0(?�  ! �&�! e�! �� �
 ��$! �$���=a��)B C���0(?� -�6�%  ?EF� �8 ��$! ���'	*�+ 

 �) �$. �0N� �!�Z��$+ C���0Z . e�! ��� �� �!��;�� 4�) �� ��
 �?�8G�v)� �4v�&
 &��0Z  .  

  h ������ ��� ��
�� $j)�� �! �F�) �?�8 �� ��h  ?EF�
O�9�)� ���L��h >&
 >�� �?�8 $�R+ �� -�6�%  ?EF� ;� ��  h 

>��� ��&�% <D �� ��
�� ��$! �$�� G&= ���  $g� ��(R=0) 
��  �$���= J&
�!� �! ���'	*�+ a��)B C���0(?� ���K�!� �$. M�

RKGA��KD � ;$H �0%  h )q__W (��  F��6� >&
  I��� �0
 .
 @w   � �� �a� ��.$L $j) �� �! -�6�%  ?EF� �G�� �?�8 ��

 ��
�� $� ��� $! �) ��?��.(R=1,2,3)  �.$L ��$�  �?�9� ��0� 
 <������ � 0I�L >��g�� ��0� YZ�
 a�h  ! <D ;� ���8 f���) �

)q__^ ( �! /�� �?�8(R=0)  F��6�  &��0Z &
]d .[  
  

  

  

  

  

  

  

  

  

B. �S��]  ���L� %_����c ���/ ���  

BK5._����c �S��]   ��� �-��� ���� ���/ ,+���'�� ������

���&�G"� N"+O  

 e�! ��� �����'	*�+ a��)B C���0(?� �����H ��$! ��$!  ! �
� �! <D �$���=  F��6� �����!� �$. M�GP �0%  h �0� � �% 

)q__d (  ?EF� �8 ��$!MO-FJSP� �Z��$+ C���0Z.  
  

BK>.2��� �"��$  ����A$ ���  

 &�?0% ��$!>��� ��� /�&N �! -!�9� $�����+ >�;�� �.��i% )c ( ;�
 >&
 ����	
  ?EF��� . P9 ��� #�2�H$%  �� ���H �?�8��

 �F% &��0Z&
 ./�&N  !  N0% �!) c (��  j8r�   H �0
cq 
  H ���� �0N� �*���;D �0���	c_ ;� G�&H $� ��$! >���  =0�v� 

 �8$� � ��H #�2�H$%��� &�?0%  �0
 . �!  �'����0(?� ;� G�&H $�cq_ 
>&
 �$N� �>&
 &�?0% >���  =0�v� &)�.  

 9%�L5 .�1D	� R���/ Z��- MO-FDJSPM   

States Values Parameter 

1 100%(FJSP-100) ; 50%(FJSP-50) ; 20%(FJSP-20) [1×m] ; [0.5×m] ; [0.2×m] Flexibility 

1 10×5,20×5,50×5,20×10,50×10,100×10,50×15,100×15 and 200×15 nJobs×nMachines 

1 U[(nMachines)/2,(nMachines) ×2] Processing time (
kjip ,,
) 

1 5 ),( ,,,, tjikji ppdev  

1 U[m/2,m] # of Operation 

1 If nJobs ≥  50:U[0,40]; Otherwise, U[0,20] Release Date (
ir ) 

3 1.2 (tight), 1.5(moderate), 2(loose) Tightness factor of Due Date( c ) 

1 ∑
1

in

j
iji pcr

=

×+
 Due Date (

id ) 

2 Variable Constant Machne distribution 

2 U[1,4]     -    U[1, n] 2         -          n # of miachines (
iL ) 

1 U[1,3] Speed of machines  

12  Number of Scenarios 

  

BKI. ���+����� ,"��$   

�*���;D ;� ���8 f���) 3�� $! ���$�����+ C�j	% ��$! # f���)
 $���6� $()��! Q�%$%  ! #�*���;Dq_ % �_,d �_,_q � _,_qX��$!  

���$�����+ )(µ ′�)( cp�)(
1mp � )(

2mp��  &
�!.  
  

BK<.���/ !�G����c `�d� e%�   

C���0(?� �F�) >&
  I��� ��� <�!;  ! C++ A� �! � >&
 &H 
$%0�w��HPentium IV (CPU 3 GHz, 1 GB of RAM) �� 
 ����Borland C++ 5.02�� �$N�  &)0
 . �'����0(?� ;� G�&H $�

)GA � ���'	*�+ GP ( <��� �!cq_ �>&
 &�?0% >���  =0�v� 
�� �$N� &)0
 . F��6� ��$!  GAC���0(?� �! ���'	*�+   ���GP 

�� �� �0N0��� >��g�� �);� :0�v� `!�% $���6� ;� #��! �0
 .
`�N ���$�����+ C���0(?� ��$N� ;� >&
 ���D  ��  �rZ �09! ��

/��&N q �% W�� >&�D ]Sd[.  
  

BKB._����c f��+  ���/ ���  

W��.
���� g�-  *"��� ��� �  

C���0(?� ��$!  H �� Q?�9� ��� &��� P9 ��� �� ��: 

ck  GA'	*�+  YZ�
 3�� $! ���»O&� `!�% ��&6� ��$��H «
 ��()��� �! Q�%$�! ��4! � �0�� �at0h ���!� ��q,^X% �

S,c^ % �X,U_ % ��()��� �! �h �� � �02'!S,U_ % ��02'!
  ! �2F) �0F�� �$%$!GP���� . 
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>J            ���� ���	����� ���	�  
���� ������� ������� ��� ����
���� ������� ������� ��� ����  �� ��� �  (��%�)� *+��� �� �� �� ����(��%�)� *+��� �� �� �� ����                    ...                    ...��"-�./ �0#)� % ��%�& ,"	   

 ��HH&�  E�"��$ (����� % F���: �-��&� �11#�� *"� ���G ��HH&�  E�"��$ (����� % F���: �-��&� �11#�� *"� ���G5ICJ5ICJKK �1L  �1L >>>>KK 2��#M  2��#M 55  

qk »O&� `!�% ��()��� «C���0(?� �!��;�� ��$! ����� ��$�'!   ! ��
�� $j) &� .GA'	*�+  ���!� �� YZ�
 ��� 3�� $! ���

 ��()��� �! Q�%$%  ! ��4! � �0�� �at0hW,SW% �S,^W % �
X,SW % ��()��� �! �h �� � �02'!W,U_ % �$���= ��02'! &���

 C���0(?�  ! �2F) �$�'!GP���� . 

 C���0(?� #0�  96) �'	%GP  ! �2F) GA  !  N0% �! ���'	*�+ 
/�&N f���))q ( �$�L$j)�� �! ���!� �� �8 <��; ��()��� YZ�


�� <����)  ?EF� ��4! � �0�� �at0h �0
 . ����02'!  �2?�
 �0%  �.$L #�0�GA ���  H �� ����; p��2F) <��; ����'	*�+ 

 C���0(?�  ! �2F) C���0(?�GP�� \�0N <�$H �&�+ O$�   �� �&	H
��  �N0% &���) ./�&N f���)  !  N0% �!  �2?�)q (�  j8r��  �0


 �?�8 ��$%&! ��  HGA ��4! �I�F� �8 ��$! ���'	*�+ b,dU 
�� >�$H �$w <��;  6���.  

  

h.
���� g�-   i-�+� ��� �  

C���0(?� ��$!  H �� Q?�9� ��� &��� P9 ��� �� ��: 

c.  GA  YZ�
 3�� $! ���'	*�+»O&� `!�% ��&6� ��$��H «
 � ��4! � �0�� �at0h &�!   $� �� ��&�% A�Kg%  !

 ��()��� �! Q�%$%  ! ��8�$�S,bb% �S,UW % �X,UW % � �02'!
 ��()��� �! �h ��W,XU %  ! �2F) �� �0Z �����H ��02'!

 C���0(?�GP �� <�*) &��. 

q. GAYZ�
 3�� $! ���'	*�+ »O&� `!�% ��()���  « ���!� ��
����� ��()��� �! Q�%$%  ! X,XU% �W,bb % �X,XS % � �02'!

 ��()��� �! �h ��X,SS %  ! �2F) �$�'! �$���= ��02'! &���
 C���0(?�GP���� . 

S. O�9�)� ;� P9 ��� �� ��  j8r� p��&v� 4�) �$�R+   H �0

 C���0(?� #0�  96) �'	%GP M��  ! �2F) GA ���'	*�+ 

 ���!� �� �8 <��; ��()����������  ?EF� ;�  &
�! . ��$�*�!
  H �)��;GA���'	*�+ ��  	�'! \�0N ��.�� O$�   �! &	H

>���  !  N0%  /�&N ���)S ( $!�$!b,b^��  6���  &
�! .  �2?�
 �0%  �.$L #�0� ����02'!GA  H ����; <��; ����'	*�+ 
 C���0(?�  ! �2F) C���0(?� ���GP�� \�0N ��.�� O$�   &	H

��  �N0% �� &���). 

��!�  !  N0% �! <��; e��4.� ��� ���$!�	! �02'! <�4�� �  ?EF� �
��  �N0% �!��  �.$L #�0� &
�!. 

  

9%�L >.���L� �� R:�S ���/ f��+ �	��7�  GA���&�G"� % GP �1D	� ���� FJSP-20   
M�� ����$"�&� 5 10 15 

��� ����$ 10 20 50 R� 20 50 100 R� 50 100 200 R� 

�"'�" *

1�"����� � 

�+&��* 12.53 20.40 43.34 12.53 105.68 300.32 549.04 105.68 542.72 1006.63 1754.17 542.72 220.31  F��$


�� �"'�"* 16.90 21.24 56.09 31.41 115.66 305.47 561.87 327.67 542.50 1027.48 1804.64 1124.87 494.65 

��'��
�

+O ,
+

"
� \
"

��&�G
� 

G
A

 

�"'�" RS ���� *

)�j"�( 
0.35 0.88 8.61 3.28 0.71 12.09 69.21 27.33 28.18 170.89 521.18 240.08 90.23 

�+&��* 12.12 21.35 46.53 12.12 105.26 315.23 578.82 105.26 580.82 1067.48 1854.89 580.82 232.74  F��$


�� �"'�"* 16.51 23.33 59.93 33.26 116.02 322.01 594.38 344.13 598.38 1087.47 1906.42 1197.42 524.94 ��'��
�

 ,
+

G
P

 

�"'�" RS ���� *

)�j"�( 
0.0200 0.0280 0.0350 0.0277 0.0200 0.0312 0.0412 0.0308 0.0230 0.0342 0.0538 0.0370 0.0318 

�+&��* -3.35% 4.45% 6.84% 2.65% -0.40% 4.73% 5.15% 3.16% 6.56% 5.70% 5.43% 5.90% 3.90% ��.&� k
�

 

 F��$


�� �"'�"* -2.37% 8.98% 6.41% 4.34% 0.31% 5.14% 5.47% 3.64% 9.34% 5.52% 5.34% 6.73% 4.90% 

  

9%�L I. ���L� �� R:�S ���/ f��+ �	��7� GA  % ���&�G"�GP  �1D	� ����FJSP-50  
M�� ����$"�&� 5 10 15 

��� ����$ 10 20 50 �� 20 50 100 �� 50 100 200 R� 

�"'�" *

1�"����� � 

�+&��* 10.75 21.20 53.09 10.75 94.20 227.31 514.93 94.20 443.29 781.86 1627.94 443.29 182.75  F��$


�� �"'�"* 12.46 23.64 54.61 30.24 97.92 243.04 525.47 288.81 454.33 829.03 1686.45 989.94 436.33 

��'��
�

+O ,
+

"
 \

�"
��&�G

� 
G

A
 

�"'�" RS ���� *

)�j"�( 
0.36 0.90 8.78 3.34 0.72 12.33 70.59 27.88 28.74 174.31 531.60 244.88 92.04 

�+&��* 10.66 22.41 57.12 10.66 95.77 238.05 545.93 95.77 472.09 829.82 1731.01 472.09 192.84  F��$


�� �"'�"* 12.32 26.05 59.79 32.72 100.84 257.73 559.23 305.93 484.95 865.01 1796.44 1048.80 462.48 ��'��
�

 ,
+

G
P

 

�"'�" RS ���� *

)�j"�( 
0.0200 0.0280 0.0350 0.0277 0.0200 0.0312 0.0412 0.0308 0.0262 0.0374 0.0538 0.0391 0.0325 

�+&��* -0.81% 5.40% 7.06% 3.88% 1.64% 4.51% 5.68% 3.94% 6.10% 5.78% 5.95% 5.94% 4.59% 

��.&� k
�

 

 F��$


�� �"'�"* -1.12% 9.24% 8.65% 5.59% 2.89% 5.70% 6.04% 4.88% 6.31% 4.16% 6.12% 5.53% 5.33% 
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���� ���	����� ���	�  ������ ��� ���������� ��� ����
���� ������� �
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l.
���� g�-  m�� ��� �  

C���0(?� ��$!  �� �� ��� P9 ;� H �� ��� &���  ?EF�:  
c. GA  YZ�
 3�� $! ���'	*�+»O&� `!�% ��&6� ��$��H «

�()��� �! Q�%$%  ! ��4! � �0�� �at0h ���!� �� �S,WX% �
W,_U % �^,cq % ��()��� �! �h �� � �02'!W,XX % ��02'!

  ! �2F) �0F�� �$%$!GP ����. 

q. »O&� `!�% ��()��� «C���0(?� �!��;�� ��$! ����� ��$�'!   ! ��
�� $j) &� .GA  ���!� �� YZ�
 ��� 3�� $! ���'	*�+
����� ��()��� �! Q�%$�! S,db% �W,cd % �X,bX %�� � �02'! 

 ��()��� �! �hW,^_ %  ! �2F) �$�'! �$���= ��02'!GP 

����. 

S.  ����K% C���0(?� #0�  96) �'	% 4�) �v	�� ��GP   ! �2F)GA 

���'	*�+� <����) �8 <��; ��()��� YZ�
 ��.$L $j) �� �! 
�� �0
 .O�9�)� �?�8 &	)��� 4�) �8 <��; ��()���  $�R+����+ 

 ��0�� � 4�) �?�8 ��� ���!���� $j)  ! /02�  &�. 

BK>._����c �S��]   �� Q"7)$ ���	� RS ���� ���/ ���

( n�� ��L%  

W��.e%�   �	��7� ����  

 ��e�! ��� �$���= a��)B C���0(?� �?�8 �� �� ���'	*�+ 
&
 &��0Z �!��;�� .�v)D ;���O�9�)� ���L��h ��h  ?EF�  �  $�R+

>&
 >�� �?�8 �� -�6�%  ?EF� ;� �� >��� ��&�% <D ��  h  ���
��
�� ��$! �$�� G&=  $g� ��(R=0) �� &
�! . ��� �� �R?

�?�8�  �$���= ���K�!� �$. M�� �! ���'	*�+ a��)B C���0(?�
RKGA ��KD � ;$H �0%  h )q__W (  F��6� >&
  I���

�� �0
 .  
 ��?��.   � �� �a� ��.$L $j) �� �! -�6�%  ?EF� �G�� �?�8 ��

 �) ��
�� $� ��� $!(R=1,2,3)  f���) �  �.$L ��$�  �?�9� ��0�
 <������ � 0I�L >��g�� ��0� YZ�
 a�h  ! ���8)q__^ ( �!

 /�� �?�8(R=0)��  F��6�  �0
]d.[  

  
9%�L <. ���L� �� R:�S ���/ f��+ �	��7� GA  % ���&�G"�GP  �1D	� ����FJSP -100  

M�� ����$"�&� 5 10 15 

��� ����$ 10 20 50 R� 20 50 100 R� 50 100 200 R� 

�"'�" *

�1"����� � 

�+&��* 8.73 20.43 47.11 8.73 102.29 228.18 489.14 102.29 407.51 773.51 1529.05 407.51 172.84  F��$


�� 
�"'�"* 12.99 22.34 51.05 28.79 105.05 243.42 511.18 286.55 412.27 803.21 1562.26 925.91 413.75 

��'��
�

+O ,
+

"
 \

�"
��&�G

� 
G

A
 

�"'�" RS ���� *

)�j"�( 
0.36 0.91 8.90 3.39 0.73 12.49 71.51 28.24 29.11 175.57 538.52 247.73 93.12 

�+&��* 8.61 21.76 49.96 8.61 102.93 242.00 519.92 102.93 432.37 816.40 1650.60 432.37 181.30  F��$


�� �"'�"* 12.78 23.69 55.08 30.52 104.88 260.11 545.39 303.46 442.46 844.51 1659.08 982.02 438.66 ��'��
�

 ,
+

G
P

 

�"'�" RS ���� *

)�j"�( 
0.0200 0.0305 0.0479 0.0328 0.0200 0.0608 0.0866 0.0558 0.0083 0.0900 0.1170 0.0718 0.0535 

�+&��* -1.47% 6.11% 5.70% 3.45% 0.63% 5.71% 5.92% 4.09% 5.75% 5.25% 7.36% 6.12% 4.55% 

��.&� k
�

 

 F��$


�� 
�"'�"* -1.68% 5.70% 7.31% 3.78% -0.17% 6.41% 6.27% 4.17% 6.82% 4.89% 5.84% 5.85% 4.60% 

  

 9%�LB.���L� ���� R���/ Z��-  GA  h.2��� �"��$  ����A$ ���  

 &�?0% �0j	�!>��� ����&N -!�9� $�����+ e
 �F�) ��.��i%  /
)X(�� ����	
  �0
 . � ;$H ;� �F�) $�����+ f	+ ��$!  ���09!

��KD )q__W (��
�� M;��$+ �=$ ��$! �  � �&)��')  !�*� ��
<���2= )q__U ( `�;0%)S�c(U��  �.$L $j) ��  �0
.  $! <�4.�

���$�����+  /�&Nc � �� �a� �$g� |$*! $(�� �?�8 ��'t ��&�% �
� ��� $! �) ��?��.   ��
�� $(R=1,2,3) >&
  �.$L $j)�� 

��. &
 &��0Z �F% |09 ��� #�2�H$%  �� ���H �?�8 ��. 
e���;D G�v)� �'N  ��&�% ���&= ���qbb<���� 0���	   �0N� $�R+

 ��&�% 0���	 $� ;�  h ����c_�� >&
 &�?0% /���  . �� ���$!�	!
 ��&�% :0�v�qbb_e���;D �� �$N�  � �0N� ��&= ������ .

 <�!;  ! ���'	*�+ a��)B C���0(?�C++ � >&
 �F�0)&h  G�&H $�

 

R���/ Z��- R���/ 

^ c__ – S_  ����H ��&�% 

$���� �!�~ $���� �!�~ 0%��
�� `�; ��  

U( W� c ) – U( ^� c ) ^ k q  U( W� c ) – U( c_� c ) c_ k q  
 ��&�%

��
�� ��  

b – W – q  �8�$� ��&�% 

U( d_� X_ ) – U( c__� q_ ) M;��$+ ��')��; 

U( S� c ) ��
�� M;��$+ �=$ ��  
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 <��� �! C���0(?� �� ��� ;�qbb �$N� �>&
 &�?0% >���  =0�v� 
�� &)0
.  

 

l.�+����� ,"��$ ��  

 �2
 ;� ���8 f���)  !  N0% �! G�;0��$H ��&�% $���6� ��;� ��� 
��1�6% �$)�Y�i�%  �
� ��$! e'N /���8� � e'N /���8� 

 $���6� Q�%$%  ! �?�0% ����% ��$!q_ % �_,d �_,_q � _,_W ��.  
  

�._����c f��+  ���/ ���  

 G&= �?�8 �� ���'	*�+ a��)B C���0(?� �����h ��F�)  �8$� ��
��
�� ��� $! �) ��?��. �0N�  ��(R=0) ���K�!��$. M�� �! 

RKGA �� >&
  F��6� ./�&N ��  H  )0()��� ^  j8r� �
��  YZ�
  !  N0% �! ���'	*�+ M�� ��0
»O&� `!�% ��()��� «

 ���!� ������� ��()��� �! Q�%$%  ! c,SS% �c,Sb % �q,cq %
 ��()��� �! �h �� � �02'!c,^c %  ! �2F) �$�'! �$���= ��02'!

RKGA ���� . YZ�
 3�� $! >&
  I��� a��)B C���0(?� ��	x��
 `!�% ��&6� ��$��H ��()��� �! �h �� O&�_,UW %  N0% �! � ��02'!

 ��()��� �! �h �� O&� `!�% ��()��� YZ�
  !^b :0�v� �� � ��! 
 �!^_U ��! ) ;�dq_�$N�  ( ��bW,Xb % ;� �02'!RKGA �� $%���h .

  I��� �8 M�� �$���= $! �) ����&�� /��=� $�~�% G��  �8$� ��
&�% ��.$L $j) �� �! Q�%$%  ! >&
 $! �) ��?��.   � �� � a� ��

��
�� $� ���(R=1,2,3) ��� ;� ���8 f���) � >&
 ��$! 
e���;D ��  F��6� �) ��?��. �0N� G&= �?�8 �! �� �0
 . ��� ��

 YZ�
 a�h  ! ���'	*�+ �8 M�� �����h �?�8» #&� $�h�&8
��?��. G�v)� <��; ��
�� ��� $! �) ��� �� « � 0I�L �0%  h

<������]d [ /� ��q__^ ���L��h ��h  ?EF� �8 �'N �
O�9�)�  >&
  I��� ��
�� $� ��$! �$�� G&= >��� a� �! $�R+

�� ��$! ��0! �0
 . /�&N ��  h  )0()���d��  j8r�   ��0

 :0�v� �!  F��6� �� O&� `!�% ��()��� e��4.� <�4�� �0��

��?��. G�v)� <��; #&� $�h�&8  ���!� �� �) ��� � �0�� �at0h
�� �$��h $���6� ����� ���4! . �#�2��� f���)  !  N0% �! @+

 <�0! ���h �  �
�� O&� `!�% e��4.� <�0! 4�t�) $! �?�� $�� ���
�� <�*) �� �2�h$% M�� &��.   

 O&� `!�% ��()��� YZ�
 3�� $! ���'	*�+ �8 M�� ���$!�	!
 ���!� ������� ��()��� �! Q�%$%  ! ^,cX% �X,bX % �q,_q %

 ��()��� �! �h �� � e��4.�W,^b % �2�	� �$���= �e��4.� &���
���� . #��g% ��8 <��; ��()��� YZ�
 ��.$L $j) �� �! ��	x��

 �0N� G&= �?�8 �!  F��6� �� �) ��?��. a� �0N� ��! �)�&	t
��)  j8r� �) ��?��.  �0
 . ��?��. �0N� G&= �?�8  F��6� ��

�8 �! �) /��&N  !  N0% �! ��) ��?��.   � �� �0N� �?b � U �
��  j8r�  �� O&� `!�% ��()��� e��4.� <�4�� �0��  h �0


��?��. G�v)� <��; #&� $�h�&8 :0�v� �!  F��6�  �����h ��) ���
�� &��E% �� �2�h$% M�� &	h . ��()��� ��.$L $j) �� �! ��	x��

 �0N� ��! �)�&	t #��g% �8 <��;  F��6� �� �) ��?��.   � ��
��)  j8r� �) ��?��. �0N� G&= �?�8 �! �0
 . �f���)  !  N0% �!

 �?�8 �� O&� `!�% ��()��� YZ�
 3�� $! ���'	*�+ M��
 ��()��� �! Q�%$%  ! �) ��?��.   � �� �a� �0N�W,^b% �U,Wb %

 �cc,dX %�� ����0Z$! �!0�9� �$���= ;� e��4.�.  

  

 9%�LT._����c f��+ �	��7�   e%� % ���&�G"� N"+O ,+���'�� ���RKGA  

 ���&�G"� N"+O ,+���'��)R=0(  e%�RKGA  ��.&� ��o"�)�:��( ��.&� !���� ����$ ��.&� !���� �:�� 

�1
D	
� 
��
��
�

 

 ����$

��p 

 ����$

RS��� 
 *��+#p

F��$ 


�� 

 *"'�"�

F��$ 


�� 

 *"'�"�

����  RS

)�"�j( 

 *��+#p

$F�� 
�� 

 *"'�"�

F��$ 
�� 

 *"'�"�

����  RS

)�"�j( 

 *��+#p

F��$ 


�� 

 *"'�"�

F��$ 
�� 

 *��+#p

F��$ 
�� 

 *"'�"�

F��$ 


�� 

 *��+#p

F��$ 


�� 

 *"'�"�

F��$ 
�� 

2 119 207.33 0.10 122 211.45 0.04 2.46% 1.95% 66 65 81.25% 78.75% 

4 244 319.73 0.25 236 318.17 0.04 -3.39% -0.49% 48 60 57.50% 72.50% 6 

8 479 562.70 0.99 491 577.38 0.05 2.44% 2.54% 74 71 90.00% 86.25% 

N
��
p

 

N��p ��� *"'�"� 280.67 363.25 0.45 283.00 369.00 0.04 0.50% 1.33% 63 65 76.25% 79.17% 

2 223 807.30 1.31 218 809.31 0.28 -2.29% 0.25% 57 62 68.75% 76.25% 

4 304 901.13 3.44 313 905.22 0.25 2.88% 0.45% 78 71 96.25% 86.25% 30 

8 553 1183.16 18.23 556 1225.13 0.24 0.54% 3.43% 65 71 77.50% 96.25% i
-
�+
�

 

i-�+� ��� *"'�"� 360.00 963.86 7.66 362.33 979.89 0.26 0.37% 1.38% 67 68 80.83% 86.25% 

2 605 2754.29 11.53 622 2762.17 1.67 2.73% 0.29% 78 59 95.00% 71.25% 

4 701 2833.54 37.26 702 2935.18 2.53 0.14% 3.46% 60 75 73.75% 91.25% 100 

8 963 3630.34 242.47 992 3727.26 2.93 2.92% 2.60% 69 75 85.00% 93.75% q
�o
�

 

q�o� ��� *"'�"� 756.33 3072.72 97.09 772.00 3141.54 2.38 1.93% 2.12% 69 70 84.58% 85.42% 

����� �"1p *"'�"� 465.67 1466.61 35.06 472.44 1496.81 0.89 0.94% 1.61% 66 68 80.56% 83.61% 

��.&� !���� ����$ Rp 595 609   

��.&� !���� Rp �:�� 
 

82.64% 84.58%     

 *�� 2���� ��G �s�� ���/� t�� 9%�L �� e%� ��$RKGA��M�� �� . 
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 9%�LY ._����c f��+ �	��7�  (��S �� ���&�G"� N"+O ,+���'�� ���R=0 �� R=1  

 (��S �� ���&�G"� e%�R=0 (��S �� ���&�G"� e%� R=1 
 _��o�� ��o"�

)�:��( 
( ���P+�� ,+���'�� �����p uv�M 

�1
D	
� 
��
��
�

 

��
p 
��
�
�$

 R
S
��
� 
��
�
�$

 

 *��+#p

 F��$


�� 

� *"'�"

 F��$


�� 

 *"'�"�

 RS ����

)�"�j( 

 *��+#p


�� F��$ 

 *"'�"�


�� F��$ 

 *"'�"�

 RS ����

)�"�j( 

 F��$ *��+#p


�� 

 *"'�"�

 F��$


�� 

 _��o�� ��o"�

 F��$ *"'�"�


�� 

 ("���� `�d� ���� !���wp��S x�#d�

( ��� 

2 119 207.33 0.10 123 224.21 0.13 3.25% 7.53% 14.31 116 14.305 116 

4 244 319.73 0.25 270 344.17 0.36 9.63% 7.10% 27.76 119 27.7625 119 6 

ك 119 51.65 119 51.65 3.83% 5.52% 1.21 585.12 507 0.99 562.70 479 8
چ
كو

 

 118 31.23917 118 31.24 %6.15 %6.13 0.57 384.50 300.00 0.45 363.25 280.67 ميانگين بعد كوچك

2 223 807.30 1.31 254 857.43 1.77 12.20% 5.85% 39.93 118 39.93 118 

4 304 901.13 3.44 383 962.88 3.63 20.63% 6.41% 78.71 119 78.705 119 30 

8 553 1183.16 18.23 623 1249.18 21.78 11.24% 5.28% 100.41 117 100.4125 117 

تو
م

ط
س

 

 118 73.01583 118 73.02 %5.85 %14.69 9.06 1023.16 420.00 7.66 963.86 360.00 ميانگين بعد متوسط

2 605 2754.29 11.53 715 2855.61 13.06 15.38% 3.55% 116.82 117 116.8225 117 

4 701 2833.54 37.26 821 2890.68 41.21 14.62% 1.98% 119.44 119 119.4425 119 100 

گ 120 119.9475 120 119.95 0.55% 14.40% 252.45 3650.31 1125 242.47 3630.34 963 8
زر
ب

 

 118.6667 118.7375 119 118.74 %2.02 %14.80 102.24 3132.20 887.00 97.09 3072.72 756.33 ميانگين بعد بزرگ

 118.2222 74.33083 118 74.33 %4.68 %11.87 37.29 1513.29 535.67 35.06 1466.61 465.67 ميانگين كليه ابعاد

  
 9%�L? ._����c f��+ �	��7�  (��S �� ���&�G"� N"+O ,+���'�� ���R=0 �� R=2  

 (��S �� ���&�G"� e%�

R=0 
(��S �� ���&�G"� e%� R=2 

 _��o�� ��o"�

)�:��( 

 ,+���'�� �����p uv�M

( ���P+�� 

�1
D	
� 
��
��
�

 

��p ����$ RS��� ����$ 
 *��+#p

 F��$


�� 

 *"'�"�

 F��$


�� 

"'�"� *

 ����

 RS

)�"�j( 

 *��+#p

 F��$


�� 

 *"'�"�


�� F��$ 

 *"'�"�

 RS ����

)�"�j( 

 *��+#p

 F��$


�� 

 *"'�"�

 F��$


�� 

 ��o"�

 _��o��

 *"'�"�


�� F��$ 

 x�#d�

 !���wp��S

 `�d� ����

( ��� ("���� 

2 119 207.33 0.10 124 225.10 0.13 4.03% 7.90% 
44.78 236 

4 244 319.73 0.25 265 362.98 0.36 7.92% 11.91% 
58.24 234 

6 

8 479 562.70 0.99 516 608.15 1.22 7.17% 7.47% 
40.25 233 

N
��
p

 

N��p ��� *"'�"� 280.67 363.25 0.45 301.67 398.74 0.57 6.38% 9.09% 
47.75 234 

2 223 807.30 1.31 312 912.80 1.74 28.53% 11.56% 
131.30 237 

4 304 901.13 3.44 407 984.43 3.65 25.31% 8.46% 
78.26 234 

30 

8 553 1183.16 18.23 617 1376.08 21.92 10.37% 14.02% 
207.31 240 

i
-
�+
�

 

i-�+� ��� *"'�"� 360.00 963.86 7.66 445.33 1091.10 9.10 21.40% 11.35% 
138.96 237 

2 605 2754.29 11.53 734 2994.43 13.01 17.57% 8.02% 
237.64 237 

4 701 2833.54 37.26 797 3128.18 41.27 12.05% 9.42% 
236.94 236 

100 

8 963 3630.34 242.47 1120 3886.47 252.61 14.02% 6.59% 
236.11 239 

q
�o
�

 

q�o� ��� *"'�"� 756.33 3072.72 97.09 883.67 3336.36 102.30 14.55% 8.01% 

236.90 237 

�"1p *"'�"������  465.67 1466.61 35.06 543.56 1608.73 37.32 14.11% 9.48% 

141.20 236 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

25
-0

5-
10

 ]
 

                            10 / 13

https://ijiepm.iust.ac.ir/article-1-592-en.html


><            ���� ���	����� ���	�  
���� ������� ������� ��� ����
���� ������� ������� ��� ����  �� ��� �  (��%�)� *+��� �� �� �� ����(��%�)� *+��� �� �� �� ����                    ...                    ...��"-�./ �0#)� % ��%�& ,"	   

 ��HH&�  E�"��$ (����� % F���: �-��&� �11#�� *"� ���G ��HH&�  E�"��$ (����� % F���: �-��&� �11#�� *"� ���G5ICJ5ICJKK �1L  �1L >>>>KK 2��#M  2��#M 55  

 9%�LC ._����c f��+ �	��7�  (��S �� ���&�G"� N"+O ,+���'�� ���R=0 �� R=3  

 (��S �� ���&�G"� e%�R=0 (��S �� ���&�G"� e%� R=3  _��o�� ��o"�)�:��( v�M ( ���P+�� ,+���'�� �����p u 

�1
D	
� 
��
��
�

 

 ����$

��p 

 ����$

RS���  ��$��h
O&� `!�% 

 `!�% ��()���
O&� 

 <��; ��()���
 �8) �)�~( 

 ��$��h
O&� `!�% 

 `!�% ��()���
O&� 

 <��; ��()���
 �8) �)�~( 

 ��$��h
O&� `!�% 

 `!�% ��()���
O&� 

 e��4.� <�4��
 `!�% ��()���

 O&� 

 #&�$�h�&8 :0�v�
 ��?��. G�v)� <��;

�) ��� 

2 119 207.33 0.10 124 236.23 0.13 4.03% 12.23% 
0.81 1 

4 244 319.73 0.25 275 366.45 0.31 11.27% 12.75% 
0.58 1 

6 

8 479 562.70 0.99 509 619.15 1.04 5.89% 9.12% 
0.90 1 

�p
N
�

 

N��p ��� *"'�"� 280.67 363.25 0.45 302.67 407.28 0.49 7.07% 11.37% 0.76 1 

2 223 807.30 1.31 316 888.75 1.49 29.43% 9.16% 
0.69 1 

4 304 901.13 3.44 412 1102.93 3.93 26.21% 18.30% 
0.96 1 

30 

8 553 1183.16 18.23 625 1357.73 21.44 11.52% 12.86% 
0.78 1 

i
-
�+
�

 

i-�+� ��� *"'�"� 360.00 963.86 7.66 451.00 1116.47 8.95 22.39% 13.44% 0.81 1 

2 605 2754.29 11.53 727 3116.39 14.49 16.78% 11.62% 
0.95 1 

4 701 2833.54 37.26 805 3230.75 40.46 12.92% 12.29% 
0.74 1 

100 

8 963 3630.34 242.47 1115 3921.23 253.01 13.63% 7.42% 
0.85 1 

q
�o
�

 

q�o� ��� *"'�"� 756.33 3072.72 97.09 882.33 3422.79 102.65 14.44% 10.44% 0.85 1 

����� �"1p *"'�"� 465.67 1466.61 35.06 545.33 1648.84 37.37 14.63% 11.75% 
0.81 1 

  

T.F#L  �d"+ % ���� ��"�  

<��; ;� �2�h$%  ?EF� a�  ?�6� ��� ��  ���L��h ��h �&	!
O�9�)� �.&�&	t ��
�� �! $�R+  ���L��H ��H ���� �� �;�0� ���

��0+(MO-FDJSPM
1
) ��
�� ��$! �) ����&�� � &
 �.$�� �� .

 ���Z�  H &
 ��'	*�+ �K��)B C���0(?�  ?EF� �8 ��$!  ���� ��
�L��� 3�� $! <D   ?EF� ���MO-FDJSPM �� >&
 �8�$1 �

 4�) $(�� ���K�!� C���0(?� A� �<D ��  H�0j	�! �)  ?EF�$�; �8 
&
 ��'	*�+ .���0(?� Q����  !  N0% �!C  �A�rH A��)B  C���0(?�

 �0% a��)B  �.��   h &
 ��'	*�+ ����$�����+� �?$�	H <D  ! 
 	�'! &	�D$. /01 �� A���	�� �01 �� $���% �;� 	h& . �8�$1

e���;D  �����h ev	 �0j	�! � �4v� e�! �� �� ��&= ���
 ��$! ���'	*�+ C���0(?� �����h ev	 4�) � ���'	*�+ C���0(?�

 �8�) �$. �0N� �! -�6�%  ?EF���.$L #�0�  . ;� ���8 f���)
 �� ���'	*�+ C���0(?� ���! �����H � �=$ $()�*)  �0% ���
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