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Keywords                                         ABSTRACT 
 

 

In this paper, three-stage assembly flowshop scheduling is considered 

with respect to minimizing bi-objectives, namely mean flow time and 

mean tardiness. This problem is a model of production systems, which 

several production operations are done simultaneously and 

independently, and then produced components are collected and 

transferred to an assembly stage for the final operation. In this model, 

by considering sequence-dependent setup time and components 

transformation times in order to make a real situation for the 

considered model, a lower bound (LB) is introduced to completion 

times of all the jobs. Further, due dates are generated randomly in a 

determined interval for some examples. To validate the proposed 

model, the Lingo 8.0 software and an enumeration technique that is 

coded in MATLAB are used. Comparison between the results of the 

Lingo 8.0 and enumeration technique shows that in larger problems 

(say n>8, where n is the number of jobs) the results obtained by Lingo 

do not have the good efficiency and cannot be compared with the 

enumeration technique in terms of computational time and deviation 

from the minimum objective function. For example, in some large 

problems, the objective function values obtained by the Lingo 8.0 

software have 20% deviation from their minimum. Therefore, to solve 

such a hard problem, a meta-heuristic method is required as future 

research. 
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$��� @�>%� �(��� � ?�-�� $��� ������ �(��� ����< �� �-* ..�� �+378� �3�� �� A�84� '�( 

'�43-% B�� +� �� $	 C�4;>D '�43-%  �%��E���-2 +< $��/>( � F6�8� @�G�� �� ���-* "H� 

C�IJ0 '�43-%� �>1'��	 
�* � +< +;��� :���-� '��< C�4;>D ����� F6��� �� ��-* .�� .�� 

K�� �I� 
�* B�� �< �� �L� .�&�� $��� 
���	 '��� +�8<�� +< �3�-% � $��� F>� � F6� 

�C�IJ0 K�� ����2 
�* +< ?4M� �I0�� N��/� ��-* "H� N� �� .4��# '��< $��� @�>%� 

+4;� �(��� +O��� ���-* �� +���� '��< +3�8�'�( �+�->�  �� �&��5% C�-� +< �(��� F�-M% �D-�

 
�* .44I% 
��<�43-% ����-* .'��< �G����9�D� K�� �'����4# �� @�� ��/&� +�4�< '���  -��43P 

 ��/&� @��  ?4M� �� +� F��� Q��>* Q�� � MATLAB  
��E��� ������ �8�-� +����<���-* .

?�-% F� �� 
��	 B��< R���� +8��6�  -��43P �� $�� F��� Q��>* �+3�8� �� +� �(� '�(

 ����/< ��I<� �<) �(������I%)n( �Pn>(F� � ?�-%  -��43P  �=�( �<�% ���6� =��M�� � $��� �L� ��

 �;� +�4�< ���6� ��)F��� Q��>* Q�� ��(��� �B�� �%��	�� .+3�8� �� �UI< �� +� '�-2 +< '�(

+< =�( �<�% ���6� V�/< -��43 �� 
��	 B��P �F��� Q��>* Q�� +< B98�WX % $�� =��M��

���(� .�� ����4# .���<��<� F� $��� )(�� '��< �-*  =�( �<�% ���6� �� =��M�� $��� A�

��A���-�3� �� $�-%�(' � 
��E��� '��Z�<���&�->..  

  
  

  .���6�  

 $	 �� +� B�� �94��% '�43-% A�84� N� �:���-� �(����� $���1

�� @�G�� $��/>( � F6�8� �-2 +< �%��E�� '�43-% C�4;>D  ���-[*

 �[� F6��� :���-� ?, +< � 
�* '��	 �>1 '�43-% C�IJ0 �"H�

��-* .+D->G� �+3�8� .�� ��    '�[43-% \-[J, ?[�-% C�IJ0 �� '�

3-% F6�8��� �4    K-[5M� +[< :�[��-� +;��� ?�-% ����� �� � ��-*

  �[���� �[� F��9% �L� ��-� .   A�[84� �� ]-[� .[��   '�[43-% '�[(� 

�� ':���-� ̂ [��# '��< �;� 
�� �-, +<-� +< ����-%    ��[& +[< ��-[�

��*�< ]-��� C_-5M� �43-% '��< ����< .   '��[< ��[4� � ����1 B<�0�

+��/( K�����,��� �'�43-% '�(�� `-� ��>� +< �� C�G�  �[% �(�

    � C�[[IJ0 a[[4��% �[[< +[[� �[[��� �[[���2 '�-[[2 �� C_-[[5M�

]-��� C_-5M� ����-�< ��I�� � $-���-� '�(:���-����  �[43-% '�%

�� �(���,�� ]-� .�� ���-& .�����/< �� �Z� ��� .�� �����>��*�<.  ��

    ]-[� .[�� �'�[�9���� 
����� A�[84�    [��1 �[���� '�[43-% '�[( $�

+;��� �� :���-� �(������� '��� K�� '���-* .  .�&�[� �L� �� �<

�>1 $���  �[<  :���-� +;��� +< �43-% +;��� �� C�IJ0 F>� � '��	

�I0�� K�� +[;��� �� :���-� �(����� $���1 +378� �� '�%  +[< �� '�

�* A4(�-, �� .��+;��� a3�0 �� �� b�& .�� $�-%   .4[< ��/[G� '�

3-% +;������G�� :���-� +;��� � �4 .�� a4%�% .��< +< �� K�� $�-%

+;��� +� K�� N� �< � ��� N��/� B4I0���* �� +< �� '� .  

378�+;��� +� :���-� �(����� $���1 + �� +�&�� A4>I% B3�� '�

+;��� �� ':���-� �(����� $���1 +378�B�� '� . $���1 FO�8� ��

+;��� �� :���-� �(����� '� �� ��� �( +� B�� .�� �< b�&m 


�* F4Z% +IJ0   '�� +� B�� m �43-% F6�8� '��-� .4*��

���>1 '��< ��4� ��-� $��� � c��-* F>� � '��	 m F4>Z% d/1

 b�& .�� +� �B�� /4e�� @�� +;��� +< K�� +;��� �� �
�*

 �(����� $���1 FO�8� �� +� ����� f-5, +< B�� a������

:���-� �� '+;���+49* '��< '�A�84� '��� ��e �< '�43-% '�(

 ��I�� ����)+��,��� ( ���� N� �)+��,��� (�-* 
��E��� �:���-� .

A�84� .�� ���>1 ��I�� C�G��,��� �� �;�� '�(:���-� ��� �(

�� '��	 ��-*��< �' 3-%4��� K-5M� ���  F6��� :���-� +��,��� +<

����-*. 4;>D N� �+G4�� ���>1 F��* +� ���4� C� K�6��� � '��	

 C�4;>D .�� '��< 
�* =�� $��� $�/4� � ��4� C�-� ���< B��

�>� �� ���4�B*���� 
����� $�-% . +< a;g� ���4� C�4;>D +< ��4�

F��� +;4��A�84� �� 
��E��� ��-� '�(=�JI�� '�43-% '�( ��h#

�� =�2�<�-* .�>1 +E4i� �F��� '��	 m�# d/1 \-<�� +�&�� $��

$	 '��h���< � F>� "H� � K�� +;��� �� ��� �( +<  '�� �< �(

���� 
��D +< �� :���-� .4*��.  

+;��� +� :���-� �(����� $���1 +378� �+3�6� .�� ��  �[L� �� �< '�

�>1 $��� .�&��    @�� +[;��� a[3�0 �� +[� ��� F6� � F>� � '��	


���	 $��� /4� � �B�� 
�* 
���G��     '��[< �3�-[% +[< +�[8<�� '���

.4*��    +[� B[�� '���-[� +;>1�� �K�� +;��� F6�8� � '��-� '�(

�� '��93-��& +3�6� .�� �� $	 �j��� K���-* . �� +378� +G4�� ��

      K�� +[;��� �B[�� 
�[* F4Z[% +[;��� +�m    � '��-[� .4[*��

C�4;>D � C�IJ0 �43-% +< +� F6�8� ���3-k� �(��� +< \-<�� '�(

�� 
�* �43-% C�IJ0 F6� � F>� +;��� �@�� +;��� +;��� � �*�<

B�� C�IJ0 :���-� +;��� �@-� .  

B����� l�* +< +3�6� .�� ���,��:    ���[� +[< @�� )[n<��   C�[4<��

�� +�,���#�-*.      �� �[L� ��-[� +37[8� F[��� �&�I� +< @-� )n<

B����M� � C�4j�& �+378� o��I% +;>1  [� �&�I� � =��(� ��( K�

 $���1 +378��(�����  �:���-�  

 ���� $���1 $��� ?�-��  

 ������� $��� ?�-��  
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�� '����4#�����# .  .4��[# �� +9��M� q��% +< @���e )n< ��

�� +�,���# +378� '��< '����4#�-* .  
��E�[�� �< AG�# )n< ��

 ��/[&� @�� ��   -[��43P        F[� N[e-� 
���[�� �� 
�[* �[43-% FO�[8�

��  )n< �� ��-*A* +G4�� /4��� $�4< '�4��-*.  

 

# .��
� E���1� I�:��  

$���Z>( � �3 ]r[        �� :�[��-� �(�[���� $�[��1 +37[8� +[I3�J� +[<

+;���    .�&�[� �[L� �� �[< '�W    �[��,���# K�� +[;��� �� .4[*�� .

 "48���H��� � s��_-�]W[   +[� �(����� $���1 '��9���� +378�

+;���+�4>� =�( �< �� :���-� '� �� �(��� @�>%� $��� �t���� '���

�L� < B3�� .��%�< B98� �� � ���&��A���-�3� '��   '��[Z�<� '�[(

    F[4;M% ��-[�  �� B[�� 
�* +�&�� �L� �� +378� '��< +� '��I��

���0  $���Z>( � $�#���-% ���� 
���]u[ +;��� �� '��9���� +378� '�

.[[�� �� :�[[��-�    �� $�[[�� $��-[[� ]-[[>G� ��[[Z;>D ��[[4I� �[[< ��[[<

$���1   +[����< +[� ����� $�� � ���&�� �L� �� ��(��� B,��  '�[(

�����1 '��9����v   �
�[* $�4< =�( �< +378� '��< �+;��� �( ��

'����4# +378� '��< .4��# �� N� /4� � ����� ���4e   +[O��� $�[*

����� .w� � '/�_�  '���]x[  $���Z>( � $�#���-% +378�]u[   �[< ��

+�4>� =�( @�G�� $��� F� '���n    ��[���� '�[�9���� ��[� $	  �[(

9* A���-�3�+4���9% '���y   ]-[�>� '-G�[81 � ]-�>� '-G�81 �

�94��%z     �[���� ����[4# �[;� ���-[� '��< �� .w�   '/[�_� � '���

]{[A�84� �� �� �(����� $���1 '��9���� FO�8�  +[�&�� ���-% '�(

����< ��� +< 
��� 
����# .  +[�4>� �[���< ��-� =�(   �t���[� '��[�

 �(��� @�>%� $���)Cmax (�*�< �� .  �[�e +378� .�� '��< .4�|>(

     
-[9�� C��} '��[� +[�4�< A���-[�3� �� 
��[>( +< ���4e +J<��~  �

 �[���� ����4# $	 F� '��< ]-�>� '-G�81 . w� � '/[�_�  '���

]�[  '� +;��� �� :���-� �(����� $���1 '��9���� +378� ����< +<


���	 $��� .�&�� �L� �� �<  @�G�� �3�-% �� F6�8� '���   �[< ��[(���

        N[� � �[�� +[�,���# ��[���� $�[�� .���[4< '��[� +�4>� =�(

  �0�[9J�� �-[, �;48���E�� �;��Z% '��Z�<� A���-�3��    F[� '��[< ��

����� ����4# +378� .    FO�[8� +[�4�� �� +[�&�� C�-� C�646M% ��

+;��� �� :���-� �(����� $���1    �[� �=�[( �<�% N� �� )4< �< '�

p46M% +< $�-% w�  '/�_� � '���]�[ �<     $�[�� �t���[� '�[(��4I�

 Q�� �� $	 �� +� ��� 
��*� �(��� @�>%� $��� .4���4� � �(��� @�>%�

 =�( �<�% �� ���� ]->G�)=��(� a4��% (    
��E�[�� K�[� F[� ��


�* B�� .$	 +49* '��Z�<� A���-�3� +� �(   A���-[�3� ����9% '���

$��e�-�� ��Z% '��Z�<� A���-�3� �   �� �0�[9J�� �-[, �;48���E�� �;

��� 
��� ����4# +378� F� '��<.  

                                                 
١-  Permutation 
٢-  Simulated Annealing (SA) 
٣-  Hybrid Tabu Search (HTS) 
١-  Particle Swarm Optimization (PSO) 
٢-  Self-Adaptive Differential Evolution (SDE)  
٣- Ant Colony Optimization (ACO) 

% .��5
� �� �,�-��. +�	
" (��)���* ��J3� /�0��� (�  

  K% .���3� L	
7�  

 ��[[[� �[[[(njJ j ,...,2,1, =   +[[[D->G��� '� 
�[[[4G�� F��[[[*

C�4;>D),},,.....,({ ,,,,1 jAjTjmj OOOO �*�< �� .  C�[4;>DjiO , 

�� �< ���< .4*�� 'miM i ,...,2,1, =  �����4� � �-* @�G��jiP, 

��*�< �� ����� ���� . .4*��iM   $�[�� �[��� �� ���-% ��   �[��%

 �[(� @�G�� �� ��� N� .    K�[6��� � '��	 �[>1 F[>DjTO ,   '�� �[<

.4[[*��TM  � �-[[* �[[� @�[[G�� 
jPT  K-[[2 +[[< ���[[�� �[[���

�� ���G�� . :���-� F>DjAO ,  .4*�� '�� �<
AM  �-* �� @�G��

 �jPA ���G�� �� K-2 +< ����� ����.  

    ��[[[[[� �[[[[[( '��[[[[[<i  �k �ki ≠,mk ,...,2,1= , 

mi ,...,2,1= C�4;>DjiO ,   �jkO , �nj ,...,2,1=�� �  ����-%

��-* @�G�� $��/>( C�-� +< . F>DjTO , �-* �� ��g	 ����� ���%

 $��/>( '�( C�4;>D @�>% +�jmj OO ,,1 ,.....,   � ��[��< @�>%� +<

 F>DjAO , F>D @�>%� �� �I<jTO , ��    �-[* ��[g	 �[��-% .  +;4[��

 K�6��� � '��	 �>1TM   �� ��� N� d�/1� @�>% B���� �� ���-% ��

��� �G<�1 $��� N� �� .:���-� .4*�� +<�� �-2 +<
AM   ���-% ��

  �[��>� :�[��-� $��� N� �� �� ��� N� d�/1� @�>% .  FZ[*r    )��[>�

B�� �L� ��-� K�� �� '� 
���.  

  
 4F�  .����� ��	2
M *� N����� O	���  

  

# K% .P��,�  

 �� ��%��9D +378� =��(� :  $�[�� ?�-�� '��� +�4>� @�[>%�  �[(��� 

)C (��� $��� ?�-�� �  �(��� ���)T.(  

  

% K%. E�:�
Q� �, �	1��R� �  

C�j��E�   �[� ��� ���-� 
�* +�&�� �L� �� K�� '�( B����M� �

�*�<:  

• .4*��+����< p&� ]��* �� �(�� s���� �� '/����*�<. 

• +����< p&� ]��* �� �(��� +>(�� s���� �� '/����*�<. 

• ��G� �( C�4;>D �� ��8Z* �4(    +[� �[�I� .��< �*�< �>�

���< @�>%� +< +E0� $��< ���< �
�* ]��* C�4;>D �� N� �(. 

• ����� �-1� '��� @�G�� '��< ���-3�� �4(. 
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