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Purpose: There is a direct relationship between the number of machinery in any industrial problem, 

their costs of purchase,  and the space they occupy. Accordingly, due considerations about the 

constraints are required in space and budget. Workshop production problems under uncertainty 

conditions including more than two pieces of machinery are regarded as NP-hard. Therefore, using 

common research in operation techniques, one cannot embark upon modelling and finding the optimal 

answer for such problems. Hence, this study aims to propose a conceptual mathematical model for the 

problem of industrial production. The research problem involves cost limitations while working out 

the solution through simulation studies. 

Design/methodology/approach: First a mathematical model has been proposed for workshop 

production with cost and space constraints. Then by enlisting the help of Arena software, 14 

simulation models have been designed for machine ‘m’ and work ‘n’ of different production 

sequences. Finally, by solving a numerical model example, the problem of nearing the optimal 

condition of the problem, considering minimizing the objective function of the tardiness and earliness 

costs, has been resolved. This measure has been adopted to determine the optimal number of 
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machinery, considering work prioritization laws in work cells by executing the model and scatter 

search algorithm and designing relevant experiments. 

Findings: Solving a numerical example considering the default number of machinery and the LPT 

optimization method resulted in the best answer when the total tardiness and earliness costs were 

intended. In contrast, in the case of increasing the number of machineries, both the LPT (longest 

process time) and CR (critical ratio) methods led to the best answers with the help of dispersed search 

algorithms in simulation studies. The results included the cost and space constraints. 

Research implications: One of the prominent features of simulation is that with the minimum 

distance between the problem and the real world (not removing the limitations and complexities for 

solving the problem, which is usually done by removing the facts in other problem-solving methods, 

to reduce the complexity and the possibility of solving the problem) problem-solving and decision-

making scenarios are applied. This helps managers in decision-making. Most of the time, the physical 

study of systems is very difficult and costly, or even impossible; therefore, an alternative model 

should be used to study the system. 

Originality/value: A careful investigation of previous research and relevant literature reveals that 

none of the studies in the literature have simultaneously dealt with the problem of the number of 

machinery in conditions of cost and space limitations. Therefore, the present study incorporated the 

mentioned constraints in the scheduling problems and adopted simulation problem-solving methods. 

It resulted in delving and enriching the subject further. 
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;	C� X� ;  ED�,  ^�C� ��.��R 
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8��D �r��� E2  7,�� E��H ;7,�� � W	@P� IR-�� �� �O X�pP�     �A� 8�A/0 WA	@P� :A�- d��+0 .0�-� ;h�-  A��  

'�� �����- �	��7$ ;  ��� 6�R �  ��� FCFS     bA� 1 �A� �-A@� :��+A/	  E-�-� )    A2�I� E�A�2� ��AR��D ��A,H 

��R���( � �,-  �27� ���9�  �  E�-� �4�� '��   ����-�  B�A �� k
+\� E������2, �'�� :��+�  �-�\+,- D- Z� .
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��4+=�- �� 1 �2� �-7� ;   ;R E��R E��   �0>�] ��L+0- 8��D2+�-� �   ^	
P���- :�- .�  �� 8�/0   �� A��  �A -�   8��AR 

��4+=�- :�- �� 1 �2� �-7�  ��  ��� ��C�  jO���C_� � b� 1  8��R  8?�� .��� 

8��- � �	��14 )2020;2	�  c+���4�- � 6	+0r c+���4�- E��.+ --�$ '�� �� D- (   ;As��� �0�A
R ED�,    E-�A  ��A�

;��0�  H
<=� ^M 8��D � EI�� ;  ;R ������R E-�  E2          ��AQ��R ;A  i\A/� ^A��P� f���A� �A  � �$��Ap� ���3

��   ���AR ���9+A,- ����R ��R��� � ��R��D 80�,� ^T-M ;  b� �  �2,�    �-� 8�A/0 ;A5	+0 .A0-     �0�A
R c+���A4�-

;s��� �� ^�� 6	+0r c+���4�- D- �+�  ��      ��-��AR ;As��[.� E�A���.��� ;AR �,- �� ���2/	� �:�- �  ��N� .2R

�C=0 -� E�+/	  �� c�-�$ E��$ E����.��� ; .22R  

��?�, � 8-��.��15 )2020 (�� ;��@� E- �  8-�2� »�M-�] 6� X� ;2	�  ED�, �2+C� �  ;	C�  ED�A,  A2s  HA$� 

�$��p� ;  ��L2� ;��0�  EI�� '��$ � ��	
�� �� '��9, �  �2+C� 	��� ���M«� �  ���9+,- D- ��.���  ;A2	�   ED�A, 

�2+C� �  ;	C� �ED�, 6� X� 2s -� ;$� �M-�]  � E�F$  �0A� �-�  ̂ AM  �A� -�  E-�A   ����A@�     �;A2	�  ;A  6A��I0

;  ��L2� ����� � X�+2R �S, E��O�� � �C=0 b�S70- E��(� �� E����+G�, '��$ � �;Y�� �,��  ���R 0-. 

 ) 8-��.�� � ��N�2022( 8��D H
<=� 6� E2  :	��� -� ;+,� 	��� �  :	��� �$��p� � -�G � E-   �,�� ���R

0-��R z�-�0�G �� � �,- ��R z�-�0�G 6� ;  W
7+� ��R �� ;
<=� :�- �� .�   ���A�? 8�A�D     D- ^@+A=� � K�A
7� ED�A,

�� e�$ :	2x�� .��-� ��-�� ;��0�  W$- X�] �� :	��� � -�G 6� ��� �� l�9�- EI��    X�A] � a��A� 8��D � +$-

��$��p� 
<=� b� 1 �� .��-� i\/� ^CT D- � �-�\�� X��+M- 1�D��H ^T-M      � ��AR��D �_R-AM a�A�5� ED�A,

�,����R ��L+0- ���� ��R��� �_R-M . D- ;
<=� :�- ^M E-� X�   8�A�D H
<A=� ED�,   6A� EA2      A	��� �A  :	A���

;+,� ;  8? ^M � �$��p� � -�G � E- 8-�R � ;G�� '�� H
	,� .�,- �� ���9+,-  

^R? � 8-��.��16 )2022( �� ;��@� E- �  8-�2� »;2	� ED�, c� 8��D  ;A��0�   EIA��  6���-�+A,-  E��A	0  �0�A=0- � 

;��0�  EI�� ;40 E�-� ;0-�	4/	� :��.��� ;	C� ED�,-;2	�  ED�,«� 6� U�s��s ;	C� ED�,- ;A2	�   ED�A, -�  ���2A/	� 

�� 22R  ;R �� 8? 6� c+=	, E�-�40 D- ��-�-� E�� �  'D�- >�  D- W��] ;	C� X� �� ;+==Q �-��� ED�, V�	@� 

��I  X� ED�, �� ���. 

8-��.�� � 8���M-17 )2021;  	��� H
<=� z�� �� ( ) 1T��JIT8��D H
<=� ���M �� (    8? �� ;AR ���AQ��R E2 

 ��	
�� ��       HA���O KI
+A=� �8? 	A,��, D- ��A	
�� K���- 8��D D- b-�P0- ;0�Q�� � ��-� i\/� 	,��, 6�

�=O c+���4�- 6� ��,- �	Gw� �� K�42���D � E�O) �	�+� �4��=��VNS ^M E-�  -� (JIT-JSS .0�-� ;h-�-  

8-��.�� � �0�G�	�-18 )2017;��@� �� (  8-�2� �  E-»;	C� ��.��� ED�,- 	� ;2    �� ;A2	�  ��-�A� :+$�� E-�  ED�,

��� �� � � -�G E-�-� ���Q��R 	��� E���� H
<=� E��R« �;	C� K�u�-   E��A.��� 6	+0r c+���4�- � ED�, -�  ���2A/	�

�� 0��R X� �	
 �T ;R ��R ���9+,- ���Q��R 	��� H
<=� �� �� 8? D- 8-�+  ;	C� �  8�     �� .A��  ;+A�-� -� ED�A,

�� E-�  E���2/	� ��.��� �L0 Q:+$� ����P� E�� ;
<=�� ;	C� X� D-    ;A2	�  E-�A  � ED�A,    c+���A4�- D- ED�A,

���9+,- 6	+0r �� .���  

��-Iu � �C��]) 1O�� ��19 �2009 (c+���4�- c+���4�- D- E��.+ --�$ E�� �$��p� E�� 0-     fA,�� :+$�A� E-�A  ;R

�� ��R ;  ;2	�  0��. '��  � ��c+���4�- ;2	�  E�� ED�, +,� �� ; H c+���4�-  WA	T� E��  � c+���A4�-   �AC��@� E�A� 

c	=@� �� E2   .0�� �L0D-�
u�-�R��  8-��A.�� �20 )2019�(  c+���A4�-         ;A2	�  U-�AO :+$�A� ;A  ���AT WA	T� E�A�
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;  W	T� ���3 �0- �� ��-z��  ;2	�  ^h�=� �\, ED�,R ��$�R ��-�� -�      ��A7 - �A  jA,�2+� �A�0? E-�O- 8��D � 0�-0

;  ^h�=� �� ��-I$- ����0 ���3 c+���4�- . �� U-�O :+$�� ;  ���T �C��@� E��  U�G E��)    �� (;A2	�  ;A  6A��I0

-�  ����R ^M 8��D;2	�  ^h�=� E �\, ED�,  .0- c+���4�- �
3- ^./� ��  �E��.+ - E��Q �A	     B�A@0 �� �A�0? 8��A+$-

2	� H  c+���A4�- .�,- B�@0 :�- ;  V���D ��-�4�� ��
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 D- ;R �,- U-�O ;���5� �� ���9+,- 1O�� E�� U-�O ���0? j	R�� �  � 2R �� E�O E��     �A  '�� :A�- .�D�A,

 K�0 ;  ;	��- �	7�O 6� �G�,Pop �� a���  A2R ����?�  -� �	9	R � a�2� E����	7� ��  ;	��- �	7�O :�- .2R g

U-�O D- ���9+,- �  Z[, ;	��- �	7�O U�G E�� ) 1O�� ;���5� 6� �RefSet�� ;+G�, o,�+� zD-0- �  (   .��A�

U-�O U�\+0- E�� �� j	R�� �4�.� �  ;	��- �	7�O D- ��    U-�AO �A� 0�A�       6A� �� ��AC�  a��A� E-�A  ���A�

 � �'�� :A�- �� .22R ��5�- �	7�O �  �2+C� E��.+ --�$ c+���4�-     U-�AO �A	7�O :	A2x�� � 1AO�� HA���5   �A�

;  D�� �� �0�,� .2��  �$�R a�2� � >�  �	9	R E-�-� ��-��� �� 0��  

8��� �	� �� ���/� l�$ ��@	@P� �� ;R ��] c� ��@	@P� D- K-R    8�A�D H
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R �� 8��D H
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jhj hhO ,...,2,1,, =  �,- ;R hjO , 8�/0 z2�� ��	
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��   ���A� E�� 
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�� -� ��-� . K�A50-  ��A	
�� 

hjO , E-�-� 'D-��� 8��D �p\/� ;  ���3 hjP , �,- ;R E-�-� 1�D�� i\/� ��G �,-  ) E-�A    1A�D�� X�A_� 

X���0 �  :	40�	� hj,µ� b-�P0- ��	7� hj,σ.( :	��� )�p+G- �;+$� ;  �� ��	
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����� ���� ���� �� ����  �������� �����  �� 	!"# $� %&'  ���� ���)$�* ��
(� 5/��� $�... /���;� ��#; � ������ 6��7 /121 

K�50- ��	
�� hjO , -� ��-� .�� E-�  �L0 :+$�Q H
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M :6� �� ��I    
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ik :�-7� ��	
��E�� )�p+G-;+$�� ;  :	��� i 

  

 �  ;O��  ; ;���5���� ���+�-��� �+� �E���	 ;
<=� ; ���3 ��D X�  ED�, �����:  

  

)1(  ��� = ��� + ���  
  S.t: 

)2(  �� = ����0, �� − !�" 
)3(  �� = ����0, !� − ��" 
)4( !� = #�,	$ + %�,	$ 
)5( #�,	 + %�,	 ≤ #�,	'(	

∀	� = 1,2, . . . , ; ℎ = 1,2, . . . , ℎ� − 1 
)6( ��.,/ + %�,/. �.,�,	,/ ≤ ��.,/'(	

∀	� = 1, . . , �; � = 1, . . . , ; ℎ = 1, . . . , ℎ�;	
� = 1, . . . , �. − 1; 

)7( ��.,/ ≤ #.,/ + (1 − �.,�,	,/).�	
∀	� = 1, . . , �; � = 1, . . . , ; ℎ = 1, . . . , ℎ�;	
� = 1, . . . , �.; 

)8( ��.,/ + (1 − �.,�,	,/).� ≤ #�,		
∀	� = 1, . . , �; � = 1, . . . , ; ℎ = 1, . . . , ℎ�;	
� = 1, . . . , �.; 

)9( 00�.,�,	,/ = 1
/�

 

∀	� = 1, . . . �; � − 1, . . . , �.; 
)10( 0�.,�,	,/ = 1.,�,	

/
 

	∀	� = 1, . . . �; � = 1, . . . , ; ℎ = 1, . . . , ℎ�; 
)11( #�,	 ≥ 0	∀	� = 1, . . . , ; ℎ = 1, . . . , ℎ�; 
)12( �.,�,	,/ ∈ 40,15 

∀	� = 1, . . . , �; � = 1, . . . , ;. 
ℎ = 1, . . . , ℎ�; � = 1, . . . , � 

 

S -�H 1  	�40� 1 �� ^T-M ;R �,- b� ;2�I� a��5� 8��R       HAS -� � �A,- ��AR��D � ��AR��� E�A� 2  8-IA	� 

��R��D �� ��R -� �� k��7� 2R. HS -� 3 8-I	� ��R��� �� ��R �  HS -�4 8��D ^	�.� �� ��R -�  kA��7�  �A�    A2R .

 HS -� :	2x��5����P� �  E�� �	�  ED�	0 -� �$�7� �� :�- .2R ����P� a��� 8��D �� ��	
�� -�  ;A   K�A��- 

��	
�� ��
CT D- 8��� ��R ��P� ��   HS -� .2R6 :�- K-I�- -� ��O� ;  ��  ���?  ;R 6� :	���   ��R ����3 �� �� 

� �0 1+k �� K�50- -��� ;R ��R 8? :	��� �� � �0 k ;  K���- �	,� ��  .  ;AS -�   E�A�7  �8  :A�-  K-IA�- -�   ;A 

��O� ��  0��? ����3 �� ;R 6� ��	
��   a��� ����� ;R c� ����P� �	�  ED�	0 ) ��	
�� �
CT 8? K���- ;  

�	,� �� ( � c� ����P� :	��� ):	��� ���� D�	0 8? ��.	  �� ( ����� ��  HS -� .2�� 9 jO�� �� ��� 

;R E-�  6� ���	
�� ��2� 6� � �0 D- :	  � �0  E�� :.��  HS -� .��� U�\+0-10 jO�� ��  ��/ ;R  -�A  E  �A� 

��	
�� D- :	��� )�p+G- ;+$�� ;  8? � �0 ���	
�� E-�O- ��	
�� :		7� ;S -� .���  E��11  �12 a�0 ���	�+� 

-� �$�7� ��  22..  
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 �� �>�  o -�� �  ��N� E��O H
<=� ���� ���I$- I	0 ��D ����P� ��� :  

k�-- ;O��  ;  B� �� ����P� :  

)13(  06. . . ≤ 7
8

.9(
 

 l�$ HS -� �� ;Rib  :	��� ��G H2�I�i  �B .�,- V�+,� �� ;O��  ^R  

U- �F$ ;  B� �� ����P�  

)14(  0:. . . ≤ ;
8

.9(
 

 l�$ HS -� �� ;Ris  :	��� D�	0 ���� E�F$i  �S .�,- V�+,� �� E�F$ ^R  

3-2 $��O4� �J�/$ L� �N��  

;	C� X� ��5�- �W	@P� :�- K�50- D- b� ;.2�- ;  ;O�� �      �AY��� XA� 8�A	  :�-� �2  ��,- ED�,   E-�A  �A�2�

���	�+� �	Y�� ���+�-��� � ����P� � ;	C� X� b-�- � �� ;  ;R �,- �Y��� 8� D ;  ED�,{NS3-     ���A�9� XA�

�� ;+9Q �Y��� ��C+�- :�-� �2  ���-0 -� �Y��� X� ^M pT �4/���� � ���      {�AS� �0�A�D �AY��� XA� �52,

�� ;  �Y��� X� ��  �-�T ;R ��� ;	C� X� E�O   .��� ^M ED�,  

3-3 ���� I�$  �!"# Q; ���� ����  

8��� H
<=� �� 8�	  W	@P� E�L0 �0�C� ��=T �� ;R ��] 	��� ���Q��R �� ���M �7ST � �+=�- �  �	  D- �� 

:	��� NP-Hard ;  U�=M ��    � �? ��-�    8��R ^�-�� ��5�- K� �	7ST �  �Q	x	�  ;
<A=�  �A�    �A  .A�-I$-   :A�-

�V�,- �  ���9+,- D- 6	2.�  ����7� E�� W	@P� �� ���	
�� ��0 8-�� ;  X�  ED�, :+$�� � ;2	�  U-�O  E-�A   :A�- 

�+/	  .��R K-T- ;
<=� �
h�=� ;R �� :�- ;2	�D X�  ED�, �� �0- ���9+,- �  D- e�$ E��  �A22R��P�  K-AT-  ;A  

���, ED�, ;
<=� ���R  0- ;R :�- ��- |��  ;
3�$ :+$�Q D- �>�M �7T-� ��     �A,��  H
<A=� �� .��A�  �A�   :A�- ��

l�$ o�-�� �  ��N� W	@P� �� �   ���A �� ;A  D�	0 X��+M- � �-I	�5� � -�G X��+M- �����R K�50- 8��D   E-�-� E��AR

�Q��� �	7ST K� E��   �A� 8-A2s�� -� ;
<=� �Q	x	� a�Y�� :�- ;R 0-    ;A2	�  :�-� �A2  gA2R  ED�A,    �A  �A2+C�

;	C� �� 6�R �4/���� ;  ED�, .2R -	� ;
<=� E-�  -� �C,�2� U-�O �;
<=� �7T-� o�-�� b(M 8�  2R  

3-4 I�$  �� �(
��/.  �� �  

�p�	c  Q	E� z�� �� U�\+0- 6� ��R D-  	: E����R ��O�� �� �k3 �� 8��D �-D?  8� ���	: E-�  E�-(Q��  �  

�8? D- c�� ���: �p�	��� �� P�	o ��Q��R� .�,- �� X�, E�� G-	� '��  E�� D�E�� E-�  -�:  ��AL2� �	 ���2A/  �  

,�� � � D�-� �� �,- ��. �� -�: '�� �� D- 7�	E���� 9
+\�� E-�  ���-��  ��� ;  ����R ���9+,- � E����R  �A  

���-�� ��>�  ����D ��-� ���	: ��  ���. 

�� -�: ;��@� D- �9� 8�0�T ���-��  ��� X�-+� ���9+,- �� �,-  X�O W �S� ;R1 ���C� -0 D- :  
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L��- 1- I�$ ��� ./(
�� ��� �� $�* �O,�) ?��  
Table 1- Prioritization methods 

S�J(� I�$ I�$ ��� ./(
�� ��� �� $�* �O,�) ?�� 

���G D- k3 ;  j	��� ���� FIFO 

���G :��G? E���� ;  8-�2� X�- �O��G k3 LIFO 

�����- ��� �   V�,- ����R :��� 8��D 'D-��� SPT 

�����- ��� �  V�,- �0>�] :��� 8��D 'D-��� LPT 

�����- ��� �  V�,- :�����D 8��D K���- ���� ��L+0- EDD 

�����- ��� � V�,- 8-I	� �0-�P 8��  ��R CR 

�����-�  �����R ^��P� �� �	Gw� 8��D o,�+� V�,-  SLACK 

 

E-�  ���	 8��D K���- ���� ��L+0- E-�  ���9+,- �� 8�0�T ����D�: 8��D  K�A��-  ���A�  ��AL+0-  ���AR D- '��  ̂ AR 

E-�+P� ��R ���9+,- ��  ��� ;R D- HS -� D�� ;  �,� ��  ?�:  

)15(  
�� = <. +0%�,	

	$

.9(
 

  �� -�: ;S -� j���R z���� jd 8��D ���� ��L+0- �\�	: ��D -�  E�P��^ ��Rj�jA8��D ����  ��AR jK- � ijp ,

8��D 'D-��� ��R j�  ���	: i K- �,-  .  

E-�  ;  �,� 8���? ��0 0-�P � D- HS -� D�� ���9+,- ��  ��/ :  

)16(  !=�. =
>�
%�. 

) >�R ^��P� �� �	Gw� 8��D o,�+� 8���? �,� ;  E-� SLACK�� ���9+,- ��D HS -� D- (  ��/ :  

)17(  ;?<!@�. = (>� − <AA�B�C���D�) − %�. 

3-5 �,�� 3�G �� $�U,��� ���� ) �G$�Arena(  

K�0 �-I$- �0�- += H K�0 �-I$-E -� E C�;	 ED�, c+=	, E�� H+==Q ��/	� �,-  ;AR   �R�A� systems modeling 

  -� 8? ;h-�- �-D�  ;���R K�0 � �-I$-E -�  ^��RE  CA� ��7��S� K�50-;	  ED�A,  �A,- �  K�A��  KAT  E�A�  6A�  HA7��S� 

;	C� ED�, -� �0�C	+/� �� 2R- .:� K�0 �-I$- �	
 �T X� ED�,  A��  -�AQ� -�  IA	0 ��-� � ��  :	A�  X�AM  ;A   �A+M-�  �A  

c+=	, ^��� D�2�� �0�C	+/� �� ���K�0 �0�- . �-I$-E �� ��R�E 
 �T � �	 X�  ED�A,  >�A  �  E�-IA -  A2���T  E-�A  

;	C� ED�, �,- ;R ;  8-� ��R �D�O- �� �� �� X� ;	C� ED�, -� ��5�- � E�� 8? ����D?  K�A50-  A2�� � ��  :	A� 

X�M o -� E� ��R �0�,? ��-�.    

3-6 ���� L�  $�U,� 3�G $� ?�� ����Arena 14 

;	C� �-��� ���M �� c+=	, 6� E���� ��+$� 8�	  �ED�, ;  S,-�H    �A4�� �	7AY� ;  �	7Y� 6� D- 8? �R�M

t>�3- .�,- �� k��7� ���	
�� �-�T V�,-�  ;	C� ��   ���9+A,- XA� 6� E�� � ��D�- E-�  ���	[��R D- �ED�, 

�� ��� ��-� 8? �� � ;  �� �Q��� :	�\� ��O � E��0  1A�O XA� �L  �A� E��?  .0�A�  ;	CA�    �� E���	[��AR ED�A,

K�� �Y��� ��� �M-�] 2�-�$ ����27� :���- �� .�,- ���	[��R �  X� :�- ����D? � �7T-� c+=	, D- �@S2�  :�-
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X� D- Z� �I	0 W	@P�      K�A0 �� -� 8? ����AQ��R A	��� H
<A=� ;  B� �� c+=	, ED�,   �-IA$-Arena 14  ���A	�    ED�A,

�� ��-� 8�-� �  X� ��C+�- � �P3 �,��  D- Z� Z[, � c	2R         :	0-�AT �A		�� :	A2x�� � ;
<A=� ;A  E���� E�A�

�����-  � 6��I0 �L0� H2	�  �-@� ;  �����R ;  ����   ^.� .c���1 ;	C� X� D- �/\   ED�=    8�A/0 -� ;
<A=� z�

��  .��  

  
 Q=�1- ���� L� �� ��W�  ���#  �� X�� ���)$�* ��
(� ����  

Figure 1- Part of the simulated job shop production scheduling model 

3-7 ���� L� �N��$��O4� ����  

8����  ;R �,- �Rqz�� �� ��C+�- 52,� C� X�;	 ED�, ��� X� ��- ���M ��;	   8�A  ����AP� E�A�  �AF$ � 

;O��  � ��  ���MH��� FIFO -�O- � �  ;O�� ;  �O��G ;  �,� ��? z�� �� �.� 8��D^	  � ��7STH=��@� 8?   �A 

-��o� 7T-��  ��Q��R ��E	���� 	�w� g� E-�   b� 1 �� X�_�;
<=� ;R  �40�	 ^T-M 8��AR  I� a�A�5� ;A2�   E�A� 

��R��� � ��R��D K�50- ��,����R  ���M ��H��� ;	C�ED�, ���-)�� V�,-�  8��D ���� ����R � �-7� ��O��  �A� 

�I	�5� 1 -�O- � ��E 100  �� ;	C�ED�, �� �� �-�.� (� -�  ^T-M 25/8870 �   �_R-AM95/9315   ��A� AM-�� 

�,- 7T-� ���M �� ;R� - ��Q��R:�  ��9214��� M-�� -) �,- ��� :� �+0d�  X�O ��5  ��\   X�A_�  E�A� 

���/� �0�  .(�,-�2+9Q ��P� a�Y�� �,-��E��  �F$ � ;O�� ; ��L2� HC,�P� �-7� �5��-I	   X�r�A� ��

OptQuest ;$�Y- � -�O- ����� �+0 ;Rd�  8?-� c	�p�8-�	Q �,��  �� 22R.  

4- ���4 L�Z  

;   ��L2�8�/0    HA7ST a�A0 ���s 8? �� ;R �,- �� ;+$�Q �L0 �� E	��� ��Q��R 6� X� ��R��R �KI	0�.� 8�-�

1 �2  �3  �4 �� 	���     �A� .�A,- i\A/� ;7ST �� H0-D�� 	��� 3�� X� :�- �� .��/     A��� ���A7ST D- 6A�

:	��� �  ��7ST .0�-� �p\/� ^��P�  �  �� 8��D :	0-�T V�,-  �p\/� E2 �� �-�T      d2A� ��AQ��R :A�- �� .0�	Q

 X�O W �S� :	��� �� �  X�
, �� �� ;7ST �� ��	
�� 8��D � ��7ST ��-�� .c��-� E	��� X�
,2   :�,-  

  

Create parts

E ls e

25

25

25

Decide to due date

part1
Ass ign due date

part2
Ass ign due date

part3
Ass ign due date

part4
Ass ign due date

start     sequence
staion

order   release  

0      
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L��- 2- ���4 L�Z �� [(�� %�4\]� 

Table 2- Information related to numerical example 

��12  ��/ �
�(�  �7$�  
Q/(0� �4(  

(.4��)  
(L(!� X$�M�) %��12 ��
(� ��/��,  

 	�12 �
�(�1  

20  7  

1  2  3  4      

 	�12  ��1 (���2�)  
� �v  

8 

�_
_�  

8-6-4  

�_
_�  

20-15-5  

 �G-�2.�

 :	 8  ��11  
    

 	�12 �
�(�2  

30  6  

1  2  4  2  3  5  

 	�12  ��2 (���2�)  
 :	  �G-�2.�

10 ��14  

�_
_�  

8-6-4  

�_
_�  

21-18-15  

�_
_�  

12-9-6  

�_
_�  

15-11-9  

 �G-�2.�

 :	 4  ��7 

 	�12 �
�(�3  

25  8  

2  1  3  4      

 	�12  ��3 (���2�)  
� �v  

9  

� �v  

10  

 :	  �G-�2.�

18  ��25  

� �v  

10  
    

 	�12 �
�(�4  

25  7  

2  4  5        

 	�12  ��4 (���2�)  
�_
_�  

10-8-6 

� �v  

7 

�G-�2.�  

 :	 4  ��8 
      

  

 ��-�+� ��7ST ���� �� :	  8��D) a-�0- �����  :	40�	� �  ����0 1�D�� E-�-� (10     �� ;A7ST :	A��- .�A,- ;@	T�

�� ��-� �93 8��D  .��� ;  �	� ��]  X�
, �e�$1 �2 �4  �5 ��        z���A� X�
A, .�A,- :	A��� 6A� ^��A� K-R3 

��R��G :	��� � �+,� :	���) .�,- :	��� �� E-�-�   �� ��R��G :	��� ;R70 8��D 3�� A���	:  +A,�  A2�-�$ ��

�� K�50- -� ���	
�� �� X�
, :	  X�@+0- 8��D .(   ��5/1      ;A  c52A� ��4+A=�- EA	��� ��7ST .�,- �� e�$ ;@	T�

 X��+M-33��  ��� �� ;   �� c��, 8? D- 7  � 0�-� D�	0 E��R   X�
, �+,� :	��� .0�/3   8�A,-�� 1�D�� �  � -�G

 ��0 � 1 �D � ��-� ���, �� ��  �G-�2.� 1�D�� E-�-� 8? �	�7� 8�5  ��-10     ���AR �A� ��AR��� H2�I� .�,- ;@	T�

20  ��R �� ��R��D H2�I� � X�� M-�5   .�,- X�� M-�  

:�,- ��D X�O W �S� :	��� �� ��	T :	2x�� 

L��- 3- ��/U� �� [(�� %�4\]� ���� ��� 

Table 3- Information about the costs of the Machine 

����  (L(� �;��) .M�2  

 X�
, :	���1  800  

 X�
, :	���2  200  

 X�
, :	���3 (�+,�)  300  

 X�
, :	���3(��R��G )  500  

 X�
, :	���4  400  

 X�
, :	���5  500  
  

:	��� �-7�  X�
, E��1  �2 �4  �5  ^T-M1  �_R-M �3  X�
, z�� �� .�,- :	���3   ��AR��G :	A��� �-7� �

 ^T-M1  �_R-M �3  ^T-M �+,� :	��� �1  �_R-M �3 	�w� HO��  .�,- �� ;+$�Q �L0 �� :	���    E-�A  �A�

 �_R-M ��0?8500   .�,- X�� M-�  
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:�,- ��D {�� ;  �0�- �� l�$ ����P� �Y��� HS -�  

)18(    

[Cell 1 Machine]*800+[Cell 2 Machine] * 200+[Cell 3 New]*500+[Cell 3 Old]*300+[Cell 4 

Machine]*400+[Cell 5 Machine]*500 <= 8500 
�,- ��D X�O W �S� I	0 :	��� �� E-�  D�	0 ���� E�F$ :  

L��- 4- ���� .;�# �� [(�� %�4\]� 

Table 4- Information about the area of the Machine 

����  (^�� �O) .;�#  

 X�
, :	���1  50  

 X�
, :	���2  30  

 X�
, :	���3 (�+,�)  30  

 X�
, :	���3 (��R��G)  40  

 X�
, :	���4  45  

 X�
, :	���5  50  

  

:	��� E-�  V�+,� �� E�F$ �_R-M  �>?800 .�,- 1 �� �+�  

:�,- ��D {�� ;  �0�- �� l�$ ����P� �Y��� HS -�  

)19(    
[Cell 1 Machine]*50+[Cell 2 Machine] * 30+[Cell 3 New]*40+[Cell 3 Old]*30+[Cell 4 

Machine]*45+[Cell 5 Machine]*50 <= 800 
 

HS -� 19  8�	 �� 2R -�  ;RE ��� �� X�_�:	  X�
, �� 1T-�6�� 50 �+� 1 �� �F$ D�	0 ��-� � j,�2+� �   �-A7� 

:	��� �� �L0 ;+$�Q �� E-�  X�
, �X�- -:� -I$- �F$�� �� � ��� .:	 -�  a�Y��E X�
,E�� 7 E 0I	   ��AO�

 �-7� � ��-�:	���E�� i	p\� ��-� �� ;  �� �X�
, 0 ���� �M�=� �  j,�2+�D�	 �C0�  ^R ��D- 800 �1 ���+� 

��P� ;R�� �F$��,  D��5�2R.  

5- �O,�/ Q�!0�  ��E/��' �;��] _M* �� E���� �  ��  

5-1 ���� ���-� `/�OG  ����  

8���   ��=T �� ;R ��]�Y��� X� �� 8�	  ;
<=� {��  �,��  ��   E�A2C� �  b� 1 �� E-�-� W	@P� :�- ��

;2�I� a��5�     ;	CA� D- ZA� ;
<A=� :�- ^M E-�  .�,- ��R ��D � ��R��� E��    K�A0 �� ED�A,   �-IA$-Arena 14 �� �

X�
,  �����- :	0-�T ��   �.� k3 ��5�- ���3 �� ;R �,- �� ;+$�Q �L0 �� ����R ��� ��) k3 E-�  :	0-�T D-

X�
, K��� ;  ��  {�AS� E�� H
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Table 5- Simulation results 
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 $������� ����� 	���� � a�� ^��� 	����  �� �-(� �� �-(� �� %&'

./���0 .#- dO/$(e
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���� $� ?��*��� (����  

 c(G
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1  1  

100  

57/9213  

95/9315  

53/9247  

25/8870  

  

219  

1  

78/4858  

2  1  2  

3 �O  1  3  

3 c�T  1  2  

4  1  1  

5  1  3  

LIFO 

1  1  

100 

62/9017  

22/9214  

42/9058  

12/9292  

  

210  

3  

89/4880  

2  1  2  

3 �O  1  2  

3 c�T  1  2  

4  1  1  

5  1  2  

SPT 

1  1  

100 

11/9362  

67/9357  

27/9371  

64/9200  

  

192  

2  

42/4833  

2  1  1  

3 �O  1  2  

3 c�T  1  1  

4  1  3  

5  1  2  

LPT 

1  1  

100 

 

22/9001  

67/8861  

94/8710  

24/9100  

  

177  

1  

64/4769  

2  1  3  

3 �O  1  3  

3 c�T  1  1  

4  1  1  

5  1  3  

EDD 

1  1  

100  

41/8943  

75/9299  

13/9038  

96/9254  

  

206  

3  

58/4791  

2  1  1  

3 �O  1  2  

3 c�T  1  1  

4  1  2  

5  1  2  

CR 

1  1  

100  

84/9314  

64/9187  

94/9710  

03/9274  

194  

1  

64/4769  

2  1  3  

3 �O  1  3  

3 c�T  1  1  

4  1  1  
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5  1  3  

SLACK 

1  1  

100  

07/9230  

25/9474  

9117  

9317  

213  

3  

44/4803  

2  1  2  

3 �O  1  3  

3 c�T  1  2  

4  1  1  

5  1  1  
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 L��-6- gG�/$�� U�
�G'  
Table 6- Analysis of variance 

P-value F-value MS Adj SS DF ^��  

019/0  29/3  92848  577090  6  ./(
�� $(O*�, ����  

    28219  592600  21  �1h  

      1149691  27  Q*  

  

;  ;+,� ��L2� ���Q E2   X�O �� d��+0 � �� ���9+,- �R�� '�� D- ���9+� E��7 :�,- ��? �,� ;   
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Table 7- Classification of results using Tukey's method 

?��)  ?��)  ��eG��  $(O*�,  

  A 9372  6  

  A 9/9322  3  

B A 6/9284  7  

B A 8/9161  1  

B A 6/9145  2  

B A 1/9134  5  

B   5/8918  4 
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M�� �^CT  �-7� :+$�Q �L0 �� �  �	A� e�A$  :	A�����>?  '��LPT  �A  
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Q=� 1���� $��(MG :  I�$ �� ����FIFO ���� ./(
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figure1: Simulation diagram with FIFO method for prioritizing tasks considering space and budget limitations and with the help of 

scatter search algorithm. 
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figure2: Simulation diagram with LIFO method for prioritizing tasks considering space and budget limitations and with the help of 

scatter search algorithm. 
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 Q=�3���� $��(MG :  I�$ �� ����SPT ���� ./(
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figure3: Simulation diagram with SPT method for prioritizing tasks considering space and budget limitations and with the help of 

scatter search algorithm. 
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figure4: Simulation diagram with LPT method for prioritizing tasks considering space and budget limitations and with the help of 

scatter search algorithm. 
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 Q=�5���� $��(MG :  I�$ �� ����EDD ./(
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figure5: Simulation diagram with EDD method for prioritizing tasks considering space and budget limitations and with the help of 

scatter search algorithm. 
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figure6: Simulation diagram with CR method for prioritizing tasks considering space and budget limitations and with the help of 

scatter search algorithm. 
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figure7: Simulation diagram with SLACK method for prioritizing tasks considering space and budget limitations and with the help 

of scatter search algorithm. 
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