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از در اين مقاله فرض مـي. پردازدمي اي در محيط جريان كاري منعطفزمانبندي دستهاين مقاله به بررسي مسئله34*��- شـود كـه برخـي
و صنايع اتومبيل. ماشينها قابليت پردازش همزمان چند كار را دارند  سـازي كـاربرد اين مسئله در صنايع مختلفي از قبيل صنايع توليد فنر، سيم

م. دارد و سپس سئله بيان مي ابتدا مدل رياضي عدد صحيح مختلط سـه الگـوريتم ابتكـاري. شـود بودن مسئله نـشان داده مـي NP-Hardشود
به به H1 ،H2 ،H3نامهاي به و يك كران پايين مي منظور حل مسئله در انتها نيز به مقايسه الگوريتمهاي. شودمنظور مقايسه الگوريتمها توسعه داده

مينتاي. شودارائه شده با يكديگر پرداخته مي .دهد نسبت به ساير الگوريتمها نتايج بهتري را ميH3دهد كه الگوريتمج نشان

 الگوريتم ابتكاري- دسته- توالي عمليات- جريان كاري منعطف-زمانبندي : 6'���)�5.��

Batch Scheduling in Flexible Flow Shop 
 

M.R. Amin Naseri, I. Nakhaee, and M. A. Beheshti Nia 
 

Department of Industn Engineering, Faculty of Engineening, Tarbial Modarres University  
 

Abstract: In this paper, the problem of batch scheduling in a flexible flow shop environment is studied. It is assumed that 
machines in some stages are able to process a number of jobs simultaneously. The applications of this problem can be found in 
various industries including spring and wire manufacturing and in auto industry. A mixed integer programming formulation of 
the problem is presented and it is shown that the problem is NP-Hard. Three heuristics will then be developed to solve the problem 
and a lower bound is also developed for evaluating the performance of the proposed heuristics. Results show that heuristic H3 
gives better results compared to the others. 
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 فهرست علائم

cji �9 :3�;< =��>i�?@5� " j

cmax 5AB �?@5� " �C�9 :3�;< =��> 5D9��@ 

d b,k,j:3�;< =��>bE3��� #� ���" E3��k	�?@5� "j

i	�9 FA��i=1,2,…,n 

j	�?@5� FA��j=1,2,…,m 

k	E3��� FA�� jl,...,2,1k,j =∀

lj �?@5� " �!�3��� "��G<j
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pijk > M�� #�5H N>O =�� �J9 K>�"5Li�J?@5� " j	"
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�� 53Z " � Y�E5�Q 5H�5H M7Q)�� 
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_J�7< �JH E3(�� `aG�� #�9 =��5^ �?\1� "�7(�J� ]�[
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 >"7�]�[	5D6� M��3�]< �?\1J� #� `JaG�� #�J9 =�J�5^	

 Q�A #�!��"��]� E�*5W 5I� " =��H ��J� SJ95��� �J��."

M��3�]< ��� >� �GH�iii	��"��]� �<��$ #�!  <����� " S3�

��*5W 5I���� ���.

Y����]o["�J$ #>�1J(�� p�J�� 5JH � nJ3[" K� YJ� 

_?�0� q3]Qo#�C5*�H �H `aG�� #�9 =��5^ �?\1� :@ #�5H 	

)J�� �"�" �Jm��  JC�5W #�J�T���> � "��J]�  ��3� .� SJ�5r39
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 �H >� tL � �"56 :��T< #>�7� �"�J8� 	�JC�9  (�7< ="�B )�"

  J� :��JT< `aG�� #�9 =��5^ �?\1� Y� �H � =B �J�9 .� >5J9

 E3;��]�[#�J9 =�J�5^ �?\1J�  �5H �H 5JI� " �JH `JaG�� 

 (�7< �H ��1H�� #>�� �"��B #�!���> E�*5W�K5JL ="7JH >�8� �

#�JJ!���7e(� >� ��JJ�" �JJ� � �JJ�A�"5L :JJ@�5�  JJA5H >� �JJC�9

 �"�" �m�� 5I� "7� �?\1� :@ #�5H � #�;�H� �J�� .#�J!���7e(�

 �H �^7< =��H � �!�3��� �H �C�9 �"�� F3P0< ���L 5H ��� ���"

�!���> ���7��� �!�B K>�"5L #.#�J!���7e(� �J��L 5JH N�" ��J�"
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5H="5J9 �J�3�9 k�JC lH�J< �JH `aG�� #�9 =��5^ �?\1�  �

 ��A�"5L �C�9 :3�;< =��> 5D9��@��� .�J�5I� ���L 5H �!�B j��7e(�
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�"56 c5* �!�B EJ;�� 	�J?@5� 5JC " M�3?�$ 5C #�5H �9 ���
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  J� ��� �"�" ">�"5JL .=��Jw�C � =��J�^7(]�
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Ly7��� 78�1^ #�!w3�w< ����3T� ��"�" �m�� )0L>�H #>�� ���.

=��w�C � �3� ]�s[_3J]� " #�J�T���> �?\1�  �5H �H

 J�>� lJ�^ E�A�J� �J�3�6 k�C lH�< �H `aG�� #�6 =��5^

 ��A�"5L �C�6 :3�w< =��>��� .�"56  �5H �  �(�@ �!�B �J6 ���
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 " � )J�� �J�*�� ��PJ�A� �?\1J� :@ `?�0� #�!��  �5H
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 � "7� #�5JH N>O =��> M�� �J9 K>�"5JLi�J?@5� " j	"

F3P0< M7Q �HE3���k�H �6 N�pijk J� �"�" =�4�  "7J�

�H 5�> �("�G� >�  � )�"��B.
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v
p

p
jk

ij
ijk =∀=

E3��� �6 )�� �?a� E�� 5e��3H )$5� E��k�?@5� " N�j	N�

 � ���7<vjk " � �JC�6 K>�"5L #�5H >�3� "7�  ���> �@�� 

�C" N�8�� =��> �@�� U� .)$5J� #�5H `�5G< E�� >� �"�����

E3���OB_�7< Mp��O79 � S�5r39]��[)J�� ��� "�!�43L .

 � c5* E�� 5H ���$ �!�3J��� 	:J@�5� >�  JA5H " �J9 "7J�

 � " �J9 �J�C" �5J[ K>�"5L "7� =��S�C � �9 ��d ����7<

 �J��H M��J��� )J�� EJ;�� �!�3J��� )3*5V )(�@ E��)EJ��

  � c5* �9 Y� 5H�5H  (7�G� #�!C�e�1�� #�5H )3*5V"7� .(

 	���1JC U� >� 5�43H )3*5V �H  ��!�3��� #��" �9  ?@�5� "

 �< ����H 5I��� ���H ��� ��5H =���L �H #�9 K>�"5L )�� E;��

�3?9 ��7J� :3�;< ���" =B �H n?G�� #�C�9 #.)J(�@ EJ�� "

 5JJH�5H � =�1JJ;� ��JJ�" 5JJC �JJH nJJ?G�� #�JJC�9 :JJ3�;< =�JJ�>

 ?G�� #�C�9 :3�;< =��> E�5�3�O7X )J�� ���" =B �H n.lH�J<

 " �JC�9 :J3�;< #�J!���> 5D9��@ E�A�� ��3�9 	�?\1� k�C

5AB �?@5� )cmax()��.

;4�':!� ���	<=��+ 

"7� �?\1� _?�0� q3]Q "�$  |�� ��� )�1[ E�� "

  � �m�� �  �5Hj3C" .��� |�� �?\1� _?�0� q3]Q "�$ 

	 �5H "7� ")�� ��� �"�B 5�> .
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#�!��"��]� �$7�8�)�( � E3��< �J9 ��9 �JH :J@�5� #�5JH

 YJ� )J3*5V #��" #�!�3��� 	E3J��� YJ� �JH _J�* �J9 5JC

  � F3P0<�H�� .#�!��"��]� �$7�8�)
( � E3��< �9 ��9

 	U� >� 5�43H )3*5V �H  �3��� #��" :@�5� #�5H ��3[" �9 5C

�H � E3��� Y� �HE3��� =B >� ���" Y� ��PJ�A�  J� �JH�� .

#�!��"��]� �$7�8�)�(E3J��� 5C )3*5V :J@�5� #�5JH � 

 � 5I� " U� >� 5�43H )3*5V �H  �3��� #��""53W .�J$7�8�

 #�!��"��]�)o(�J95C :J3�;< ���J< E3JH ��T<� ���J< �JH

 }?3�;< 5� " � :JT[ �J?@ #��" #�!�3J��� �JH :J@�5� #�5JH

 Y� )3*5V  � 5I� " "53W .J]� �$7�8� #�!��"��)s(E3J�C

 � ��T<� :@�5� #�5H UJ� >� 5�4J3H )J3*5V �JH  �3��� #��"

 �"53W .#�!��"��J]� �$7�8�)�(" �J9 5JC :J3�;< =�J�>

  JJ� 5JJI� " 5�JJQ 5JJH�5H � N5�JJQ �JJ?@5�"5JJ3W .�JJ$7�8�

 #�!��"��]�)u(YJ� =�" #�JC�9 :J3�;< =�J�> E3H ��T<�

 jC �H )T1� �?@5� �H :@�5� #�5H )J3*5V #��" #�!�3J��� �

Y�  � 5I� " "53W .#�!��"��]� �$7�8�)�(� ��T<� E3�C

 :@�5� #�5H 5JI� " UJ� >� 5�4J3H )J3*5V �JH  �3J��� #��"

 � "53W .#�!��"��]� �$7�8�)i(cmax� =�J�> �JH �^7< �H

 JJAB �JJ?@5� " �JJC�9 :JJ3�;<  JJ� E3JJ3G< 5�JJ�9 .�JJ$7�8�

"��]� #�!��)�z(���" :3�;< ���< E3H#�C YJ� �JH nJ?G��
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E3��� 	:@�5� #�5H 	UJ� >� 5�4J3H )J3*5V �JH  �3J��� #��"

 � �5[5H ��P<���9.

�H >�  JA5H " 	�C53��� � �!��"��]� "��G< ="56 j6 7I��

 �!��"��J]� y7J� 	)J�� U� 5H�5H �!�3��� )3*5V �6 �!C�e�1��

 �"59 ��3L 533�<)�� .��JC53��� � �!��"��]� y7�< �d 5W� 5�� E�

  � }��S*� �  � }C�6 � �!�B "��G< ��� 	�C"�C" .�H��JD� 7X

 " �J9  <�3?�$ �?@5� �" �H  T395< #�9 =��5^ �?\1� Y� 5W�

 ��� �?@5�
" � )J�� �J9 �� �!�B �" 5C )3*5V �9 E3��� 

N�" �?@5�
�J��H ��J��" "7^� Y� )3*5V �H E3��� =B 	��JW

�H #�5[5H 7I�� �95C :3�;< ���< E3H ��T<� N�" �?@5� "

 }?3JJ�;< ���JJ< �JJH5� "  JJ� ��� �JJ?@ �JJ$7�8� >� =�7JJ<

 #�!��"��]�)s()J(�@ E�� " �9 "56 �"������z)�"��J]� 

"7� ��*5W 5I� " ���H .�JH 5W� ��� #�!�3J��� N�J�< �J;��� :J3("

 JJ� 5JJH�5H )JJ3*5V #��" N�" �JJ?@5� �JJ$7�8� >� ���1JJC Y

#�!��"��]�)o(=B 	"7� �"����� "��G< ��W�z�J��H )�"��]� 

"7� ��*5W 5I� ".

=��Jw�C � #5W]

[�?\1J�  W�J3�3L �J9 �J�"�" =�4J�

cmaxF3// y7� >� NP-Hard "7J� �?\1J� �J9 �J8�B >� � )�� 

H 	)J�� 79vJ� �?\1J� j3J�G< 	nJ3�]< E�� "  �5H E��5H�J�

 y7� >� :[��@NP-Hard"7H �C�7A .��7^ ="59 ��3L �83�� "

 �?\1J� #�5H �7�G� =��> " ��3!H �J� �� >� �J��H � )J�� E;��

 "56 �"����� =B :@ #�5H #�;�H� #�!?@ .�H�?\1J� �J;��� )?$

 #>�7J� #�!�3J��� �?\1� >�  �3�G< n3�]< E�� "  �5H "7�

 � � �83�� E3�C 	)�� S3� >� =�7<NP-Hard  W�J3�3L ="7JH

 �?\1�cmaxP//�H S3� "�B )�"]
�[.

>4�':!� ?@ ���& ���A�&� ��%����=/<� ���=2 

�?\1J� :J@ 7JI�� �JH #�J;�H� j��7Je(� �� }0H E�� "

  � �"�" �G�7<��7� .	��� #�J;�H� j��7e(�H1  (�7J< UJ� >� 	

#��T���> #�5H ���L  � �"����� ��6 .	N�" #�;�H� j��7e(�H2 5H 	

�!��"��]� ��5I� ���L 	N7� #�;�H� j��7e(� �H3 �J��L 5JH SJ3� 	

#>�7� #�!�3��� �?\1� �H �7H5� #�!���7e(�
s���1C �7��� .

 �  �5H "7� �?\1� :@ #�5H �?\1� 5�> �" �H � =B =�7<

 J0< � �?@5� 5C " �C�9  (�7< E33G< p�J�� 5JH �JC�9 F3P

 �JH  (�7< "7J�� j31J�< �J?@5� =B #�!�3J��� �JH 	��J�B )J�" .

�H �JC�9  (�7< E33G< �?\1� 5�> �" �H  ?Q� �?\1� 5e�" M�T$

 �H  (�7< p��� 5H #��T���> � �?@5� 5C " :��JT< ��J�B )J�"

 �"7� .

#��T���>	=�J�> E3J3G< � �!�3J��� �JH �C�9 F3P0< :�$ 

:3�;< � y�5� )�� �9 5C #�5H.E3JG�  (�7< Y� �3�9 c5*

 �C�9 >� "�" "7^�  � ��JH  (�7J< �J3<5< �H � �C�9 j3C�7A

 j3JC" F3P0< �!�3��� .#�J�T���> )J(�@ �" )�1J[ EJ�� "

�543L�2�51L ��- � =�3H � j3�9.

�<�4(�$�B ���	
�� 

#��T���> E�� " �H �!�3��� �H �C�9 F3P0< �7]�<7Q 

�J?@5� 5C " �9 )��	�J?@5� =B  (�7J< p�J�� 5JH 	�JH �J9 

 � F3P0<  �3��� =B #�5JH � :J3�;< =��> E�5<"�> �9 �H��

 �?@5� =B " �9)�C�9 5��� >� :��1�(�H 	"�B "7^� .5�� E��

 �JJ?@5� =B " �!�3JJ��� ="7JJH �"�JJ�B =�JJ�> �JJH �JJ^7< �JJH N�JJ8��

 � "5�vL.>�"5L )�� E;�� )(�@ E�� " #�JC�9 >�  A5H K

5JI��� �J��H �JC�9 EJ�� �J�� 	�J�5H N��<� �H ���" Y� �H n?G��

 ��7� :3�w< ���" =B �H n?G�� #�C�6 �3?6 �< �����H .lJ[�� "

 �J3?6 �J6 )J��  ���> 	���" Y� �H n?G�� #�C�9 :3�;< =��>

  J� :3�w< ���" =B �H n?G�� #�C�6 ��7J�."��JG< �J6  J�[�

 *�� F3P0< #�C�6 >�  ]3]JQ �5�� �H E3��� 5C #� ��

  � :3w4< �C�6 >� ���" U� 	�3� E3��� =B )3*5V �J6 "7�

 #�JC�9 :J3�;< =�J�> E�5�3�O7JX 5JH�5H ���" =B :3�w< =��>

 )�� =B �H n?G�� .5JC #� ��J�" U� �H n?G�� #�C�6 "��G<

 F3PJ0< �Jw��� 5Je� 	)�� E3��� =B )3*5V �>���� �H E3���

 C�6 �3?6 �J��H ��3� N��<� �H �.)J�� EJw�� )J(�@ EJ�� "

 �JH )T1J� � #5J��6 �J6 "��JG< 	E3J��� 5JC #� 5AB ���"

 ���H :��� E3��� =B )3*5V .nJ?G�� #�C�6 �3?6 :3�;< =��>

  � c5* ���" =B :3�w< =��> 5H�5H � =�1w� ���" U� �H"7� .
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�H 5�> �("�G� >� 	�6 5C y�5� =��> �?@5� 5C " )�" ���B.

)��(}c,avmax{S i,1jjkjki −=

�6jkiS�J6 y�5J� =�J�> 5e��J3H i�J?@5� " jM7JQ " 	

E3JJ��� �JH F3PJ0<k)J�� N� .E3JJ���Cijc ,1−=�JJ�> 5JH�5H 

�J6 :3�w<i�J?@5� " j-1 �jkav ="7JH �"�J�B =�J�> 5JH�5H 

E3���k�?@5� " N�j)�� N�.

C4(�!B ���	
�� 

#��T���> "�51L	�9 5C �?@5� 5C " p�J�� 5JH  (�7J< 

���L �?@5� =B �H ��H �^7< 	�!�3J��� ="7H �"��B =��> M7PJH 

 J� ��P�A�  �3��� �H ��$ �H � 5��J� >� :��1J� �J9 �JH��

5� =��> E�5<5�" 	�C�9=B #�5H � y��9 "7� �^7� .

�JH E3J��� 5JC #� ��*�� F3P0< #�C�6 "��G< �6  �[�

 �C�6 >� ���" U� 	�3� E3��� =B )3*5V >�  ]3]Q �5��

  � :3w4< =�J�> E�5J�WSH 5JH�5H ���" =B y�5� =��> �6 "7�

  � c5* =B �H n?G�� #�C�6 y�5�"7� .nJ?G�� #�C�6 "��G<

 � #� ���" U� �H)J�� E3��� =B )3*5V �>���� �H E3��� U

�J��H ��3J� N�J�<� �H �C�6 �3?6 F3P0< �w��� 5e� .EJ�� "

 >� 	��� ��J�" ��JC�6 "��JG< )�� Ew�� E3��� 5C " 	)(�@

 ���H 5��9 E3��� =B )3*5V .�H n?G�� #�C�6 �3?6 y�5� =��>

 � c5* ���" =B y�5� =��> 5H�5H � =�1w� ���" U�"7�.

#�!���7e(� =�3H �H 	�51L � �543L #�!���T���> =�3H >� tL

 � #�;�H�j�>�"5L.

>4D4���A�&� E���=/<� H1 

�H � �?\1� j��7e(� E��m:��JT< #>�7J� #�!�3��� �?\1� 

 ���9 .F3PJ0< #�5H 	�C�9  (�7< E33G< >� tL j��7e(� E��

����� �543L #��T���> >� �!�3��� �H �C�9��9  � �".

5�Q N�W :

•5C #�5H�?@5�FA�� ρn�5X >� � �("�G� 5�>�3�9 ��1@ .

)�
(m,...,2,1j,*)j( u
l

v jk
1k

jk
j

=∀=ρ ∑
=

•� #>�8� K>�"5L =��> Y� �9 5C #�5H �J("�G� nJ�5X >�

∑
=

=∀
ρ

=
m

1j

ij
i n,...,2,1i,

)j(

p
p~�3�9 ��1@.

Y� N�W :�3C" �5[j=1.

�" N�W :5W�j=1  >�"5JL =�J�> p��� 5H � �C�9 =�4J�>�8� K	

�H 7GQ �3<5<"�3�9 �<5� #.

E�� 53Z " M7Q:

>� :JJT[ �JJ?@5� " =�4JJ?3�;< =�JJ�> p�JJ�� 5JJH � �JJC�9j	

�H #"7GJQ �3<5< �J3�9 �J<5�.=�J�> #��1J< M7JQ "

 #>�J8� K>�"5JL =�J�> �H �6 	 ?T[ �?@5� " �C�6 :3�w<

 �3C" �5[ )�7(�� " � 5��6 .�H  (�7< (�7J< � ��J�B )�"  

�3���H ���L.

�� N�W:�3C" �5[i=1 .

�!d N�W :�3C" �5[k=1�∞min=.

~�L N�W :�9iN� =�J;� �JH � �J��L  (�7< >� kN�  ��J3�  (�7J< >� 

�3C" F3P0<. (�7< p��� 5H �H  ��3� ��J�B )J�"	M�J3?�$ 

���� � �"�" N�8�� � #��T���>cmax T���> EJ�� >� :Q�@ #�J�

�H � ���B )�".

}� N�W :5W� min>cmax 	=B ��W 

�3C" �5[min=cmax�3�9 �53A� � 7HS�  ��3�  (�7< �.

)�C N�W :k=k+1.

)4C N�W :5W�k>i EJ�� 5J3Z " 	�J��5H �J� N�W �H �JH M7JQ

�9 kv@iN� ��3�  (�7< >� 	���5H ~�L N�W �H �"�8� .

�� N�W :" �9 �  ��3�  (�7< �"59 �53A� }� N�W 5I� " � ���

 �3C" �5[ � ��*5Wi=i+1.

�" N�W:5W�i>n E�� 53Z " � ���5H �">�� N�W �H N�JW �JH M7Q

���5H �!d.

�">�� N�W :�"5J9 �5J3A� }� N�W " �9 �  (�7< E�5AB � �J�� 

�H �?@5�  (�7< =�7�$j��53eH 5I� " �3C" �5[ �j=j+1.

�">��" N�W :W�5j>mE�� 53Z " 	���5H �"S3� N�W �H�JH M7Q

���5H �" N�W.

�"S3� N�W:�3C" ��<�A � j��7e(�.
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�H �?\1J� #�5JH  �3��JL =�5J9 	�J!���7e(�  ���9 �1���� 7I��

 �� �"�" �G�7< 79v� .#"��> "��G< #� �!���7e(� >� Y� 5C

 �H  <�T��]� ~���� �9 ���� �5^�  *"�P< :m�1� >� ��J�B )J�"

 #�J;�H� j��7Je(� #5J<5H ���C" =�4�H3 �JC�3G� 5JI� >� 	#

� E3��JJL =�5JJ9 >�  T1JJ� k�5JJ]�� E3e��JJ3� 	�JJ!H�7^ E3e��JJ3�

 #�J!���7e(� 5��J� �JH )T1� 	k�C lH�< #�5H ���� E�5�WSH

 "�" #�J;�H� .#�JJ;�H� �7J* � #�J;�H� #�J!���7e(� �Jm��
i 

5JC " �JC�9  (�7J< E33G< #�5H `?�0� #�!�S3��;� �H `?�0�

  � 	�!�3��� �H F3P0< �� � �?@5���7< �H ���3�> =�7�$ #�5H #�

 "7J� �J�*5W 5JI� " �?\1� E�� #� 5�43H M��3�]< N�8�� ."

lH�< ��d �� �" E�*5W 5I� " �� `?�0� k�C lH�7< E�*5W 5I�

 �H k�C #�5JH ��� �m�� #�!���7e(� �G�7< � =��S�C M7Q

  � �!�B :@ �J�3�> �J��7< �J��H  J<B M�J�3�]< #�5JH 5Je�" #� .

*�|� E3���C � h�J��7� )(�@ "7^� �����  ��!��"��]� ="59 �

� =�J�5�3?�$ �J$�H �9 	`?�0� #��T���> #�!a3]� �395< ��

  J�  JG[�� #�J�T���> :m�1� �H =�� 5�;�"S� �GJ�7< � ��7J�

  � �!�B :@ #�5H ��� �m�� #�!���7e(� �H ���7< �J�3�> =�7�$ #�

"7� ��*5W 5I� "  <B M��3�]< #�5H 5e�".

5�(���
 -

1. flexible flow shop 
2. branch and bound 
3. heuristic 
4. mixed integer programming 
5. total weighted completion times 

6. sequence dependent 
7. traveling sales man 
8. johnson rule 
9. theory of constraint 
10. tabu search 

11. group scheduling 
12. make span 
13. immune algorithm 
14. total weighted earliness times 
15. total weighted tardiness times 
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16. total weighted waiting times 
17. constructive genetic algorithm 
18. meta heuristic 
19. simulated annealing 
20. genetic algorithm 

21. approximation algorithm 
22. preemption 
23. set up time 
24. ready time 
25. parallel machines 

26. forward 
27. backward 
28. run 
29. meta heuristic 
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