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Purpose: In this paper, the flexible manufacturing system lot-sizing with the co-production problem 

is modeled. It is also simplified using the relationships between variables. One of the common 

methods for solving such problems is the fix and optimize algorithm, which is generally used in a 

one-dimensional approach. Also, a two-dimensional fix and optimize algorithm is applied to solve the 

problem. This algorithm is compared with two common algorithms using simulated data series. 

 

Design/methodology/approach: In this paper, Flexible Manufacturing System Lot-sizing with Co-

production problem is modeled using mixed-integer programming. The production of products in this 

flexible system varies with the change of production mode, and a different mixture of products is 

produced for each production mode. Also, the planning interval includes T periods, and the demand 

for each product in each given period is constant. In each period, a fixed setup cost is added to the 

production and maintenance variable costs, if production occurs. The objective function of the model 

minimizes the sum of fixed setup costs and production and maintenance variable costs of inventory in 

each period and each production mode. Problem constraints include setup forcing constraints, 

inventory balance constraints, initial inventory constraints, co-production constraints, production 
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mode constraints, non-negative variables constraints, and binary variable constraints. Among the 

methods proposed to solve this group of problems, the fix and optimize method is one of the most 

effective and general methods. The basic idea of this approach is that due to the difficulty of solving 

the main problem with a longtime interval, a problem with a shorter time interval called the time 

window is solved instead. Except for the variables in the time window, other integer variables are 

considered continuous variables, so the resulting problem is easier to solve. In the following steps, the 

time window variables in the current step are assumed constant, and this repetition will continue until 

the end of the desired periods. Time windows can be considered with or without overlap. In this 

paper, two innovative one-dimensional fix and optimize algorithms based on time and production 

mode variables and a new two-dimensional algorithm based on time and production mode variables 

are applied to solve the model using simulated data at three levels of small, medium, and large scales. 

MATLAB 2016 software is used to code the algorithms of this study, and numerical calculations are 

performed by a personal computer with Intel®Core™i3-7100@3.90GHz processor and 8 GB RAM. 

 

Findings: The research results indicated the significant superiority of the proposed two-dimensional 

algorithm in terms of response time over the two one-dimensional algorithms. It is important to note 

that in terms of the quality of the answer in the studied problems, no significant difference was 

observed. 

 

Research limitations/implications: In many real cases, due to the fact that the cost parameters in 

different production situations (e.g., the oil, gas, and petrochemical downstream industries) are close 

to each other and in practice, determining production conditions in accordance with other parameters 

such as demand is independent of production costs, the efficiency of the proposed algorithm will be 

more visible in this article. The most important limitation in this study was the lack of real data for a 

flexible production system with correlated products, which is why simulated data were used to 

validate the model and test the proposed algorithms. 

 

Practical implications: In the future, researchers can use real-time case studies based on the 

proposed model and algorithms in this paper. They can also add other features to the model, such as 

limited production capacity and allowable shortages. Manufacturing plants that have features similar 

to this study can benefit from the findings to optimize production costs. 

 

Social implications - Applying the results of this research can increase the productivity of production 

units and the use of non-renewable energy resources. 

 

Originality/value: In this paper, a mathematical model (MILP) was proposed for the Flexible 

Manufacturing System Lot-sizing with Co-production problem. In addition, an innovative two-

dimensional fix and optimize algorithm was developed. 

 

Keywords: Inventory management, Lot sizing, Flexible Manufacturing system, Co-production, Two-

dimensional Fix and Optimize algorithm 
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U-����� �� #7�&
 #$ X���+ :_���
    

� �4��� +0�� ��6
���3�0�>� �< +C4 C/�9 �b4��� ��H�0 �� C��V� E�0 �21 C
^��    ����?V� � b?4��� ��H�0 ��6=K 

�6=M  �12=T  K�
; �� �N8�\ c���/ .
� C�"�9 ��, C�2      C��?.� ����?V� |	?U�� K�
?; E�0 �� .�40 �
� CZ0�0

 K�
;1   .�40  

  
 N��Y2-  - � 	&���
���
���� �� �!� !+�Z %� [ A� U��Y �) _���
 ����� �� #7�&
 ��12=T >6=M >6=K(  

�� U��Y  

!+�2+ 
�	J� W0�; ���:  

t�0 >����3�0 W0�;  W >����3�0 W0�;  � >����3�0 W0�;  

/�� ^��. /�%6+�  
 :�
�

������
�  
/�� ^��. /�%6+�  

 :�
�

������
�  
/�� ^��. /�%6+�  

 :�
�
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�  

1  265/0 %16/3 235/0 %59/192 203/0 %21/30 173/0 

2 310/0 %21/7 168/0 %58/125 162/0 %71/41 141/0 

3 214/0 %72/5 187/0 %33/377 153/0 %67/44 122/0 

4 310/0 %74/2 184/0 %14/433 135/0 %60/89 112/0 

5 71/0 %0/0 73/0 %40/12 69/0 %94/19 74/0 

6 223/0 %29/2 209/0 %51/152 145/0 %31/23 140/0 

7 220/0 %11/3 154/0 %97/463 94/0 %25/45 85/0 

8 348/0 %5/3 212/0 %35/189 168/0 %4/30 129/0 

9 113/0 %76/9 111/0 %87/197 159/0 %46/23 140/0 

10 296/1 %32/5 221/0 %66/199 162/0 %83/18 123/0 

11 259/0 %55/4 219/0 %19/228 176/0 %56/43 179/0 

12 267/0 %16/3 231/0 %80/192 197/0 %24/30 178/0 

13 455/0 %28/5 184/0 %62/194 168/0 %1/38 136/0 

14 262/0 %16/3 235/0 %53/192 189/0 %21/30 176/0 

15 259/0 %46/2 226/0 %91/220 195/0 %30/31 175/0 

16 261/0 %47/3 217/0 %65/197 191/0 %75/31 171/0 

17 337/0 %94/3 202/0 %85/182 164/0 %83/30 161/0 

18 333/0 %14/6 199/0 %25/184 149/0 %60/25 143/0 

19 232/0 %60/2 217/0 %36/182 164/0 %24/38 149/0 

20 112/0 %36/20 185/0 %30/142 156/0 %67/24 130/0 

21 264/0 %15/3 223/0 %61/192 194/0 %70/29 174/0 

E	3/�	� 307/0  %46/4 195/0 %50/203 162/0 %46/28 137/0 

  

a�T� ����� �� #7�&
 #$(V 

 ��6
�� �4��� +0����3�0�>� �< +C4 C/�9 ���D� ��H�0 �� C��V� E�0 �21 C
^��   ����?V� �� � ��D� ��H�0 ��12=K 

�15=M  �15=T  K�
; �� �N8�\ c���/ .
� C�"�9 ��, C�3       ����?V� |	?U�� D?	/ K�
?; E?�0 �� .�40 �
� CZ0�0

 K�
; C��.�1 .�40  
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 N��Y3- �
 - � 	&�����
���� �� �!� !+�Z ) a�T� ����� �� #7�&
 ��%� [ A� U��Y �15=T >15=M >12=K(  

�� U��Y  

!+�2+ �	J� W0�; ���:  

t�0 >����3�0 W0�;  W >����3�0 W0�;  � >����3�0 W0�;  

 /�%6+� �B��

/�� ^��.  

 :�
�

����
�

�.  

 /�%6+� �B��

/�� ^��.  

 :�
�

����
�

�.  

 /�%6+� �B��

 ^��./��  

 :�
�

����
�

�.  

1  227/15 %81/20 378/2 %7/95 69/2 %22/37 411/1 

2 554/8 %14/20 481/2 %28/93 281/2 %9/35 476/1 

3 30/15 %88/20 900/2 %11/95 85/2 %24/37 397/1 

4 30/15 %84/28 350/2 %52/110 55/2 %12/65 415/1 

5 252/15 %81/20 856/2 %7/95 120/2 %22/37 419/1 

6 26/15 %86/20 393/2 %42/95 74/2 %40/37 404/1 

7 219/15 %89/20 440/2 %95/86 78/2 %50/37 407/1 

8 701/7 %47/14 407/2 %27/79 871/1 %87/32 428/1 

9 170/15 %66/20 392/2 %4/94 123/2 %99/36 414/1 

10 753/6 %0/22 312/2 %31/123 146/2 %5/45 496/1 

11 743/11 %33/18 627/2 %82/102 307/2 %58/33 452/1 

12 687/8 %38/14 376/2 %50/93 159/2 %82/37 430/1 

13 319/7 %51/21 532/1 %25/108 772/0 %37/38 615/0 

14 265/8 %21/22 364/2 %64/99 322/2 %70/40 369/1 

15 805/13 %76/18 437/2 %40/93 121/2 %64/34 420/1 

16 600/10 %34/18 567/2 %32/167 49/2 %75/46 500/1 

17 51/8 %66/18 572/2 %94/82 292/2 %97/33 678/1 

18 866/13 %89/18 647/2 %72/98 174/2 /%2/33 554/1 

19 3/9 %16/12 476/2 %0/97 190/2 %57/33 388/1 

20 79/15 %82/20 362/2 %17/95 142/2 %24/37 413/1 

21 759/1 %64/7 853/0 %41/70 528/0 %98/29 533/0 

E	3/�	� 292/11  %57/18 368/2 %15/98 996/1 %80/36 365/1 

  

6- b6�  

 K�
;) Oh�, NZ��� ��H�0 �� �	VB� c���/1�� ��./ (        >����?3�0 C?4 W0�?; C?� �
	?4� ��?�: E	3/�	� 
<�

C� �+��15.	� }	���73/0 �64/0  �67/0  E	3/�	� � C	/�d�� >����3�0 �� �	J� W0�; C� �
	4� ���:  �0�?, � C=55/0 

���< .�40 C	/�d  ��~�/0 C, C/�9�� ��� �0� �Oh�, ��H�0 �� N\ �� C5	1� W0�; C� �5�"��&� ���: �� �	J� +�<   �
?4�

      ��?H�0 �� M
?< 7��?� �0
?V� �?6��D/ _����� .��0� �/0�u�< C��.� ��V	VB� ���4 �� c���/ �D	/ �	VB� E�0 [
^�� ��

>����3�0 �Oh�, � +��15.	� +�<C� ��	VB  }	���74/10 �0/88  �56/21     W0�?; M
?< 7��?� �0
V� :0 ��.	� 
8��

C, �40 C
^�� �	J� C�  �}	�����3�0�>� �<  .
/�0� C5	1� W0�; :0 0� C
8�" E����, W � � �t�0 +  

 K�
;) b4��� NZ��� ��H�0 �� �	VB� c���/2�� ��./ (         >����?3�0 C?4 W0�?; C?� �
	?4� ��?�: E	3/�?	� 
<�

5.	�C� �+��1  }	���195/0 �162/0  �137/0  E	3/�	� � C	/�d   �0�?, � C=�?� >����3�0 �� �	J� W0�; C� �
	4� ���:

307/0 C	/�d �� �
<�.� .�40 >����3�0 �C
^�� ��H�0 T�0D"0 �� ���    C?� �
	?4� ���: �~/:0 �	VB� E�0 +��15.	� +�<
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�0� :0 �W0�; +��1� �	Y	, (�0�, � C=�� %��) �	J� N\        +
?H��� >����?3�0 �>����?3�0 C?4 E?�0 E	?� �� � ��0�

  C?� �NZ�?�� �	J� [5	1� �0
V� C� M
< 7��� �0
V� �6��D/ _����� .��0� 0� �/��: ��6
�� E���1� (� >����3�0)   }?	���

��3�0�>� �<�� ��H�0 �� M
< 7��� �0
V� �6��D/ _����� .
/�0� C5	1� W0�; :0 0� C
8�" E����, W � � �t�0 +  �b?4�

>����3�0 C� ��	VB� +��15.	� +�<  }	���46/4 �50 /203  �46/28      �?	J� W0�?; M
?< 7��?� �0
V� :0 ��.	� 
8��

C
^��  
/0C, C� �}	�����3�0�>� �<.
/�0� C5	1� W0�; :0 0� C
8�" E����, W � � �t�0 +  

T<�S� ���4 C��.�%�� �C
^�� ��H�0 T�0D"0 �� �< ���d +��6��0 +�< +:�4-C5	1�  0� +��1� �/��: ��6
�� �+:�4

�� ��./  K�
;) ��D� ��H�0 �� �	VB� E�0 c���/ .
<�3�� ��./ �D	/ (        C?4 W0�?; C?� �
	?4� ��?�: E	3/�?	� 
<�

C� �+��15.	� >����3�0  }	���368/2 �996/1  �365/1  E	3/�	� � C	/�d C=�� >����3�0 �� �	J� W0�; C� �
	4� ���:

 �0�, �292/11 �dC	/ �� �
<�.� .�40 >����3�0 �C
^�� ��H�0 T�0D"0 �� ���     ��?�: �?~/:0 �?	VB� E�0 +��15.	� +�<

�0� :0 �W0�; C� �
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0
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V� C� M
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7-�+ !d Z % �  

 �C��V� E�0 ��4	>�� �< [��Q�< +
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� O� � �4����G  �?< 

 .
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� �I= +�  >?.h 9 ?	� �� +

 ���4��3�0�>� �< N\ +0�E C/�9     O?�, C?� ��D?� � b4��� �Oh�, ��H�0 �� C
^�� [�4� C4 C�0�0 �� ���0� NZ���

��0� �< �"��A� +Q�	C :�4 t
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 �	J� M
< 7��� �0
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 �	J� W0�; [Q4�B� ���: �� C���V� ��C
^��   C?� 0� ��= +���� ��0�, � C=�� %�� C� N?\ �0�  �?<   ��?./ �?	J� +

�� 
<����d C, W >����3�0 ��6
�� c���/ �4��� .   K�?��0 0� +
	��� �	HU� +�� +:�4 ?��  
?5,   �?	Y	, �?~/:0 �

 t�0 >����3�0 :0 �W0�; C� �
	4� ���: � W0�;HU	t �� ��./ � �40 �� 
<� �� N���Q�/ +���� �   >����?3�0 C�

 �� C���V� �� ��� e��0
/ t�0�0� N\  �	J�C
^��  ��H�0 T�0D"0 ��C
^��       C?;�� ��?=�� D?	/ >����?3�0 E?�0 ��?6
�� �

  .�40  

 +0�� �C��V� E�0 +��15.	� >����3�0 C, � >����3�0 _����� �	VB� c���/
^�� [�~/
� ���d � �40   �� �� 0� +:�?4


H�  +
	��� �	HU� � ���:C� ���8 >< ���:  K���0�� 
5,     ��?�: �?~/:0 >����?3�0 E?�0 �	3�.h +���� :0 �,�\ �

�Q�/ �W0�; C� �
	4�  �� C���3�0�>�      NZ�?�� �� W0�?; �?	Y	, �?~/:0 C�Q�0 e�40 �3�� ?4����  �
?�  :0 �,
?/0 �

W0�; �< K�0 >����3�0 +HU	t ��  ��� e�40 C?�  ���?8   ��?3�0 :0 +�	3�?.h    :0 +��	?�� �� .�?40 �?�1� 2�� >��

 +�<���0��� C65�0 C� C;�� �� ��HJ0� NZ���D<�C5 0 �� +HU�	� �< t
�u� +���	
+ )   7��5?8 �� 
?5/�� �?�	�E  �?4� �

 E		H� �N���� � �40 �3�
6� C� O��D/ (��	����� � :�9 ��Y/HU�	� �<     �?<���0��� ���?4 �?� }?4�5�� +
	��� +



108 /�	
�� � 
	��� ����
� ���� ��12 ����� �2 ��	�� �25 � �������1400 

 :0 ���" ��U�V� ��F�<D<�C5 �< 
	��� +�~/
�   
?<0�= >.h C� ��.	� C��V� E�0 �� +��15.	� >����3�0 ��0��, ��40

 .
�G  

�� 2�-/0 0�E T<�S� >1� ���E ��
B���� ��Q/ ��0�  �?<+  ?HJ0��  0�?�+  ?�O 4	 >�?� ��� ?	
+  M�?IH/0  &?���  �?� 

�@�AB� C��Q�< e�40 C� �<	E ��	N� 0��+ -54��Q��0�  K
?� �  ���?�:G  ��?3�0�>�  �?<+ �	 ��15?.+� :0 ��0�  �?<+ 

Q�	C :�4+ �
� ���Y�40 
�.  ��G ��V	VB� +0�� ��VVB��� 
5/0�� ��0� :0 ���Y�40 ��     0� +���?� ��?H��I� ��?HJ0� +�<

>����3�0 � K
� ]�40�� CZ0�0 +�< �9S�� ���4 � 
5<� 2�-/0 �C��V� E�0 �� �
�      �?	"�� ����
?B� ��?F�< ���?<

� 0� ��Q�, ���� :�-� � 
	���CZ0�0 K
� �� E	5F�< .
5�0D"�	� K
� C  K
� +�<���0��� ��
�C�  ���?8    �?~/ �� �?HIJ

 C�"�9
�  C,�� �0��  ��VVB� E�0 �� ��f� .�"�9 �~/ �� D	/ 0� �����\0 +�<�U�V� +
H� ��V	VB� ���� 
5/0��   C?�

 0� �HJ0� NZ��� �K
� E�0 O�,K
� :�4  .
55, N\ � + 

 

References 
Ağralı, S. (2012). A dynamic uncapacitated lot-sizing problem with co-production. Optimization 

Letters, 6(6), 1051-1061. 

Alipour, Z., Jolai, F., Monabbati, E., & Zaerpour, N. (2020). General lot-sizing and scheduling for 

perishable food products. RAIRO-Operations Research, 54(3), 913-931. 

Bayley, T., Süral, H., & Bookbinder, J. H. (2018). A hybrid Benders approach for coordinated 

capacitated lot-sizing of multiple product families with set-up times. International Journal of 

Production Research, 56(3), 1326-1344. 

Ben Ammar, H., Ayadi, O., & Masmoudi, F. (2020). An effective multi-objective particle swarm 

optimization for the multi-item capacitated lot-sizing problem with set-up times and 

backlogging. Engineering Optimization, 52(7), 1198-1224. 

Bo, V., Bortolini, M., Malaguti, E., Monaci, M., Mora, C., & Paronuzzi, P. (2021). Models and 

algorithms for integrated production and distribution problems. Computers & Industrial 

Engineering, 154, 107003. 

Cardona-Valdés, Y., Nucamendi-Guillén, S., Peimbert-García, R. E., Macedo-Barragán, G., & Díaz-

Medina, E. (2020). A New Formulation for the Capacitated Lot Sizing Problem with Batch 

Ordering Allowing Shortages. Mathematics, 8(6), 878. 

Carvalho, D. M., & Nascimento, M. C. (2021). Hybrid matheuristics to solve the integrated lot sizing 

and scheduling problem on parallel machines with sequence-dependent and non-triangular 

setup. arXiv preprint arXiv:2101.04677. 

Carvalho, D. M., & Nascimento, M. C. (2018). A kernel search to the multi-plant capacitated lot 

sizing problem with setup carry-over. Computers & Operations Research, 100, 43-53. 

Cunha, J. O., Kramer, H. H., & Melo, R. A. (2021). On the computational complexity of 

uncapacitated multi-plant lot-sizing problems. Optimization Letters, 15(2), 803-812. 

Cunha, J. O., Kramer, H. H., & Melo, R. A. (2019). Effective matheuristics for the multi-item 

capacitated lot-sizing problem with remanufacturing. Computers & Operations Research, 104, 

149-158. 

de Armas, J., & Laguna, M. (2020). Parallel machine, capacitated lot-sizing and scheduling for the 

pipe-insulation industry. International Journal of Production Research, 58(3), 800-817. 

Devoto, C., Fernández, E., & Piñeyro, P. (2021). The economic lot-sizing problem with 

remanufacturing and inspection for grading heterogeneous returns. Journal of 

Remanufacturing, 11(1), 71-87. 

Ebrahimi, M., Amiri, M. (2017). Developing and Solving a Two Level Lot Sizing Problem. Journal 

of Industrial Management Perspective, 7(Issue 2, Summer 2017), 109-137. 



���� ������ ������
� ����–�� !" ��� #$ ��%� �&
'( �� !�)�*+� ,���+� -  �. 	� ��& ���� 
�. �...  / �0��6�< � �Z�U� ��H��/109 

ElMaraghy, H. A. (2005). Flexible and reconfigurable manufacturing systems 

paradigms. International journal of flexible manufacturing systems, 17(4), 261-276. 

Federgruen, A., Meissner, J., & Tzur, M. (2007). Progressive interval heuristics for multi-item 

capacitated lot-sizing problems. Operations Research, 55(3), 490-502. 

Fleischmann, B. (1990). The discrete lot-sizing and scheduling problem. European Journal of 

Operational Research, 44(3), 337-348. 

Fleischmann, B., & Meyr, H. (1997). The general lotsizing and scheduling problem. Operations-

Research-Spektrum, 19(1), 11-21. 

Gholamrezaii rahimi, M., Khademi zareh, H. (2015). A Model of Production Planning with Multi-

product, Multi time period and Multi-Objective with Fuzzy Parameters. Journal of Production 

and Operations Management, 6(1), 61-78. 

Gicquel, C., & Cheng, J. (2018). A joint chance-constrained programming approach for the single-

item capacitated lot-sizing problem with stochastic demand. Annals of Operations 

Research, 264(1), 123-155. 

Gören, H. G., & Tunali, S. (2018). Fix-and-optimize heuristics for capacitated lot sizing with setup 

carryover and backordering. Journal of Enterprise Information Management. 

Goren, H. G., Tunali, S., & Jans, R. (2012). A hybrid approach for the capacitated lot sizing problem 

with setup carryover. International Journal of Production Research, 50(6), 1582-1597. 

Groover, M. P. (2020). Fundamentals of modern manufacturing: materials, processes, and systems. 

John Wiley & Sons. 

Helber, S., & Sahling, F. (2010). A fix-and-optimize approach for the multi-level capacitated lot 

sizing problem. International Journal of Production Economics, 123(2), 247-256. 

Hossein Mirzaei, A., Nakhai Kamalabadi, I., Zegordi, S. (2011). A New Algorithm for Solving the 

Inventory Routing Problem with Direct Shipment. Journal of Production and Operations 

Management, 2(1), 1-28. 

Jauhari, W. A., & Laksono, P. W. (2017, November). A joint economic lot-sizing problem with fuzzy 

demand, defective items and environmental impacts. In IOP Conference Series: Materials Science 

and Engineering (Vol. 273, No. 1, p. 012018). IOP Publishing. 

Kalay, S., & Taşkın, Z. C. (2021). A branch-and-price algorithm for parallel machine campaign 

planning under sequence dependent family setups and co-production. Computers & Operations 

Research, 135, 105430. 

Kang, J. (2020). Capacitated Lot-Sizing Problem with Sequence-Dependent Setup, Setup Carryover 

and Setup Crossover. Processes, 8(7), 785. 

Khosravi, S., Mirmohammadi, S. (2018). STOCHASTIC DYNAMIC LOT- SIZING PROBLEM WI

TH TOTAL QUANTITY DISCOUNT. Sharif Journal of Industrial Engineering & 

Management, 34.1(1.1), 39-50. doi: 10.24200/j65.2018.5546 

Muckstadt, J. A., & Sapra, A. (2010). Principles of inventory management: When you are down to 

four, order more. Springer Science & Business Media. 

Prasad, D., & Jayswal, S. C. (2019). A review on flexibility and reconfigurability in manufacturing 

system. In Innovation in Materials Science and Engineering (pp. 187-200). Springer, Singapore. 

Roshani, A., Giglio, D., & Paolucci, M. (2017). A relax-and-fix heuristic approach for the capacitated 

dynamic lot sizing problem in integrated manufacturing/remanufacturing systems. IFAC-

PapersOnLine, 50(1), 9008-9013. 

Sel, Ç., & Bilgen, B. (2014). Hybrid simulation and MIP based heuristic algorithm for the production 

and distribution planning in the soft drink industry. Journal of Manufacturing systems, 33(3), 385-

399. 

Schulz, T. (2011). A new Silver–Meal based heuristic for the single-item dynamic lot sizing problem 

with returns and remanufacturing. International Journal of Production Research, 49(9), 2519-

2533. 



110 /�	
�� � 
	��� ����
� ���� ��12 ����� �2 ��	�� �25 � �������1400 

Shivanand, H. K., Benal, M. M., & Koti, V. (2006). Flexible manufacturing system. New Age 

International. 

Stadtler, H., & Meistering, M. (2019). Model formulations for the capacitated lot-sizing problem with 

service-level constraints. OR Spectrum, 41(4), 1025-1056. 

Suzanne, E., Absi, N., Borodin, V., & van den Heuvel, W. (2020). A single-item lot-sizing problem 

with a by-product and inventory capacities. European Journal of Operational Research, 287(3), 

844-855. 

Taş, D., Gendreau, M., Jabali, O., & Jans, R. (2019). A capacitated lot sizing problem with stochastic 

setup times and overtime. European Journal of Operational Research, 273(1), 146-159. 

Tavaghof-Gigloo, D., & Minner, S. (2020). Planning approaches for stochastic capacitated lot-sizing 

with service level constraints. International Journal of Production Research, 1-21. 

Toledo, C. F. M., De Oliveira, R. R. R., & França, P. M. (2013). A hybrid multi-population genetic 

algorithm applied to solve the multi-level capacitated lot sizing problem with 

backlogging. Computers & Operations Research, 40(4), 910-919. 

Tolio, T. (2008). Design of flexible production systems. Springer. 

Vejdani, M., Dolati, A. (2015). Multi-Level Lot Sizing Problem with Deterioration Inventory and 

Disposal Costs. Journal of Production and Operations Management, 6(2), 55-78. 

van Pelt, T. D., & Fransoo, J. C. (2018). A note on “Linear programming models for a stochastic 

dynamic capacitated lot sizing problem”. Computers & Operations Research, 89, 13-16. 

Vincent, B., Duhamel, C., Ren, L., & Tchernev, N. (2020). A population-based metaheuristic for the 

capacitated lot-sizing problem with unrelated parallel machines. International Journal of 

Production Research, 58(21), 6689-6706. 

Wiedemann, S. G., Ledgard, S. F., Henry, B. K., Yan, M. J., Mao, N., & Russell, S. J. (2015). 

Application of life cycle assessment to sheep production systems: investigating co-production of 

wool and meat using case studies from major global producers. The International Journal of Life 

Cycle Assessment, 20(4), 463-476. 

Wu, T., Xiao, F., Zhang, C., He, Y., & Liang, Z. (2018). The green capacitated multi-item lot sizing 

problem with parallel machines. Computers & Operations Research, 98, 149-164. 

Xiao, J., Zhang, C., Zheng, L., & Gupta, J. N. (2013). MIP-based fix-and-optimise algorithms for the 

parallel machine capacitated lot-sizing and scheduling problem. International Journal of 

Production Research, 51(16), 5011-5028. 

 

                                                             
1
 Muckstadt, , & Sapra 

2
 Co-production 

3
 Kalay, & Taşkın 

4
 Wiedemann 

5 Flexible manufacturing system 
6
  Shivanand 

7 Remanufacturing 
8
 Cunha 

9
 Taş 

10 Tavaghof-Gigloo, & Minner, 
11

 van Pelt & Fransoo 
12

 Jauhari, & Laksono 
13 Wu 
14

 de Armas, , & Laguna 
15

 Vincent 
16 Carvalho, & Nascimento 
17

 Ben Ammar 
18

 Bayley 
19 Gören, & Tunali 



���� ������ ������
� ����–�� !" ��� #$ ��%� �&
'( �� !�)�*+� ,���+� -  �. 	� ��& ���� 
�. �...  / �0��6�< � �Z�U� ��H��/111 

                                                                                                                                                                                              
20

 Carvalho, & Nascimento 
21 Service-level constraints 
22

 Batch Ordering 
23

 Stadtler, & Meistering 
24 Cardona-Valdés 
25

 Prasad & Jayswal 
26

 Eimaraghy 
27 Groover 
28

 Co-products 
29

 Ağralı 
30   Suzanne 
31

 Cunha 
32

 Devoto 
33 Bo 
34

  Fix and Optimize Heuristic 
35   Flexible Manufacturing System Uncapacitated Lot sizing Problem with Co-production 
36

 Large-time bucket 
37

 Small-time bucket 
38

 Capacitated Lot-sizing Problem 
39 Kang 
40

 Discrete Lot-sizing and Scheduling Problem 
41

  Fleischmann 
42 The General Lot-sizing and Scheduling Problem 
43

  Fleischmann and Meyr 
44 Sel, & Bilgen 
45

 Special-purpose heuristics 
46 Schulz 
47

 Time window 
48

 Overlapping 
49

 Non-overlapping 
50

  Federgruen 
51

  Helber and Sahling 
52

  Xiao 
53

 Relax&Fix 
54 Goren 
55

 Toledo 
56

 Production status, Production Mode 


