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One of the efforts in a pull system to meet the final goal of Just-In-
Time is reducing Work-In-Process (WIP) without reducing 
throughput rate an service level. This paper proposes a new hybird 
control policy using extended Kanban, Generalized Kanban and 
CONWIP to form the final construction of production plan. 
Simulation of a 3-stage case study with probabilistic parameters 
showed the reduction of inventory level with acceptable service 
quality. Data Envelopment Analysis (DEA) is implemented for the 
evaluation and verification of the proposed model. The result 
obtained indicates that the proposed model is quite efficient and 
applicable to solve real world problems. 
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3 . Supply Chain 

4. Simulation  
5. Data Envelopment Analysis  
6 . Return to Scale 

7 . Efficiency measuring 
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 !��.>�� ��o2c � r�0�.��  . ;�� �GH.� �0��
 �.+ 4�� k��� .�

 �� ����� �� ]�.
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Model S1 S2 S3 C K1 K2 K3 
Service 

level 

CONWIP-1 0 0 0 14 0 0 0 0.99802 

Kanban-1 0 0 0 0 4 3 7 0.99750 

Kanban-2 0 0 0 0 3 3 7 0.99752 

Base Stock-1 4 4 10 0 0 0 0 0.99804 

Base Stock-2 3 3 11 0 0 0 0 0.99951 

Conwip-Kanban-1 0 0 0 12 3 4 7 0.99406 

Conwip-Kanban-2 0 0 0 11 3 3 7 0.99950 

Extended Kanban-1 2 5 7 0 3 4 7 0.99749 

Extended Kanban-2 3 6 6 0 4 4 6 0.99452 

Generalized Kanban-1 3 4 6 0 4 4 6 0.99497 

Generalized Kanban-2 3 3 7 0 5 4 9 0.99950 

Model 1 - 1 1 5 7 10 0 4 7 0.99548 

Model 2 - 1 3 3 7 12 3 6 5 0.99752 

Model 3 - 1 3 3 7 12 2 6 4 0.99950 
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���� 
-�/
$ 0�12� *3�� 

Model 3 - 1 17598.000 1 

Model 1 - 1 18107.000 2 

Extended Kanban-1 18406.000 3 

Model 2 - 1 18996.000 4 

Generalized Kanban-1 19111.000 5 

Generalized Kanban-2 19483.000 6 

Conwip-Kanban-2 19514.000 7 

Kanban-2 19581.000 8 

Base Stock-2 20073.000 9 

Extended Kanban-2 20240.000 10 

CONWIP-1 20755.000 11 

Kanban-1 21366.000 12 

Conwip-Kanban-1 21376.000 13 

Base Stock-1 22396.000 14 

����( . DE ��F G$�&� B	$� �; �3�-; �	-/�� ��3; ��%1

	C�'	; 1"  

;��" !��� �:�� ��F . !��	���9 !�	��� �� �� ,�� ��	�� ����
,�� ��>�� '��� �P ;�+ g����. 

 
�6�,� .DE ��F G$�&� B	$� �; ��3; ��%1 

	-/�� DE ��F G$�&� ��%1 

Model 3 - 1 3.258 1 
Model 2 - 1 3.483 2 
Model 1 - 1 3.521 3 
Generalized 
Kanban-2 

3.528 4 

Generalized 
Kanban-1 

3.530 5 

Kanban-2 3.534 6 
Conwip-Kanban-2 3.550 7 

Base Stock-2 3.769 8 
CONWIP-1 3.775 9 

Conwip-Kanban-1 3.847 10 
Kanban-1 3.885 11 

Extended Kanban-
1 

3.885 12 

Extended Kanban-
2 

4.116 13 

Base Stock-1 4.118 14 
  

����( .��%1 �	�: G$�&� B	$��; �3�-; �	-/�� ��3;

	C�'	; 1" DE 1" 1	H&��  

;��" !��� �:�� ��l. !��	���9 !�	��� �� �� ,�� ��	�� ����
 ��>�� '��� !� ��H�� 8��I 
.+ �� �P �� ����0� %��
 g����

,��. 

  

�6�,� .DE1" 1	H&�� �	�: G$�&� B	$� �; ��3; ��%1 

	-/�� 1	H&�� �	�: G$�&� ��%1 

Model 3 - 1 12.996 1 
Model 2 - 1 13.759 2 
Generalized 
Kanban-2 

13.914 3 

Kanban-2 13.926 4 
Model 1 - 1 14.083 5 

Conwip-Kanban-2 14.089 6 
Generalized 
Kanban-1 

14.110 7 

Base Stock-2 14.691 8 
CONWIP-1 14.869 9 

Conwip-Kanban-1 15.155 10 
Kanban-1 15.462 11 

Extended Kanban-1 15.519 12 
Base Stock-1 16.053 13 

Extended Kanban-2 16.305 14 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

25
-0

7-
17

 ]
 

                             9 / 12

https://ijiepm.iust.ac.ir/article-1-59-en.html


����� ��	
� �
�	�
�� ����� ���� �� ��
� ��	
� ���� �������� ��	
� �
�	�
�� ����� ���� �� ��
� ��	
� ���� ���                                                        �������	 
�� ���
�����������	 
�� ���
��������� ���� 
������ ��� ���� 
������  �  � ���� �������� ����            �4�4  

 

!�( . B	$� �; �3�-; �	-/�� ��3; ��%1DEA 

 ����� ��.��N \�V�� ���	� Q�a�0� !�.� (�I 4�.-6 !�."�DEA 

�� %��.��9 � %����0� ;�� k��� .��
�� .�� ��N 4�� !�.� ,V���
��?0 Ka�� �� �"�.- � !���� !��.�b��  ;��" �� ��z 

,�� <�
 Ka��. 

 

�6�,! . I,6�� 6 �"616 �	C��J&�DEA 

5���� �
-��6	� �
-��6	� �7��� 

 ����� ���)TH(  	
��	� 
���� ) WIP(  

  ����� �� ���)Q(  

 �	���� �	�� �����) T(  

  ��	�� �	!�"� ��#$�)U(  

 %�� &') S( 

  *�+$� �, ,	-� ��./ �	�� 01�)TIS(  
 

;��"y . !�.� �� �"�.- � !���� !��.��� .���3�cl ���	� ;�� 
��� �� %��0.  

 

�6�,( . I,6�� 6 �"616 �	C��J&� ��"	K�DEA 

Models WIP Q T U S TIS TH 
CONWIP-1 20755 3.775 14.869 0.480 4 0.012 0.252 
Kanban-1 21366 3.885 15.462 0.475 5 0.013 0.249 
Kanban-2 19581 3.534 13.926 0.483 5 0.014 0.252 
Base Stock-1 22396 4.118 16.053 0.487 4 0.004 0.255 
Base Stock-2 20073 3.769 14.691 0.491 1 0.001 0.255 
Conwip-Kanban-1 21376 3.847 15.155 0.483 12 0.030 0.253 
Conwip-Kanban-2 19514 3.550 14.089 0.479 1 0.003 0.251 
Extended Kanban-1 18406 3.885 15.519 0.468 5 0.020 0.249 
Extended Kanban-2 20240 4.116 16.305 0.478 11 0.030 0.251 
Generalized Kanban-1 19111 3.530 14.110 0.477 10 0.023 0.248 
Generalized Kanban-2 19483 3.528 13.914 0.482 1 0.010 0.252 
Model 1 - 1 18107 3.521 14.083 0.476 9 0.021 0.249 
Model 2 - 1 18996 3.483 13.759 0.470 5 0.023 0.252 
Model 3 - 1 17598 3.258 12.996 0.469 1 0.000 0.249 

 

 ;��"| ..0 !�."� �`��0 ��&>� (Auto Assess ��:�� ,	" �� 
 !���cl �
�� �� �� <��� ��
�9 &���06 d�� j�.+ 
� ���	� ;�� 

��� �� %��0 ��.  
 

�6�,5 . I,6�� B	$� �; ��3; ��%1DEA 


����  58��
� %���)� *3�� 

Model 3 - 1 1.047849465 1 
Model 2 - 1 1.003726841 2 
Base Stock-2 1.001583064 3 
Generalized Kanban-2 0.999898977 4 
Conwip-Kanban-2 0.999611933 5 
Extended Kanban-1 0.997954756 6 
Base Stock-1 0.991994345 7 
CONWIP-1 0.991815586 8 
Kanban-1 0.991711817 9 
Model 1 - 1 0.990748150 10 
Extended Kanban-2 0.989797060 11 
Kanban-2 0.988650331 12 
Conwip-Kanban-1 0.988487806 13 
Generalized Kanban-1 0.986569615 14 

  

� .���� ���	
  

 �	��� ���	� Q�a�0� ���.� 
� C9 2�
 <����� �	�0� �� �� ��$0�?�
 .� <�
 Q�a�0� !�	��� 5� 5�  2,��- #$� 4�.�U�� k��� .�

0�?� �� ����� ��.��� !�	����� �� 2K-�
 4�.�?	� k��� 2�
 #$� %�&��WIP  � ,>.7 ��.I ���.� ���� 2�
�� �� \�V�� ��

 ��A� !��	���9 �GP� ;�� �� !��"�� #$� �� �
 <��� %��0
 ��- 4�� �� 2,���.>�� �� !��"�� #$� 4�.�?� !���� (�� ;��

��� �� 5��&0 (�)�� �� ����� ��� �� �� ;�� ����&0 . 4��
 !�.� �V��3�r�� %�?� �� !.)�� K-�
  � �P ;�+ g��

 ,>.��9 T��P 2�
�� �� ��.>�� ,�9 �� ���� ����0� %��
 g����
�0��� ���3� 4�.�?� !���� !��	���9 !�	��� %��� 4�� �� 
�� ��.  

 4�� �� ��:��F 4�� ��[� 
� 2�
 Ka�� �V��3� F �� K-�
 
 ��.:�� !�	��� � �:�� 4�.���� !��	���9 !�	��� 2!��.B0� T��P

�� 
� �:�.3��0��� �����-.� ���� !�	��� �� ,:V0 !.���� �:.  
 !��.�����9 4�>.7 .�0 �� ����� �� ������0.��6 �V��3� 4�� 
� C9
 2�0��� �����-.� !.�?� ,�?�� 
� �	06 
� �SA� ���
 �� 2.����

 d�� g��� !��� �:�� ����DEA  
�� �V��3� 4�� �� 2���>.7 ��.I
� �� (�� !��	���9 ;�� !.�.� \� ��� ���H �� 4�� � 2��?0 ����

 ��3� �� ��H�> %���^ T��B� ������ ���3� ��[� 
� �	��� ��3� ��
���
��0 �	���.  <p�.9 4�� �� ��>.7 T��P j�3[� �� �"�� ��

 �� .���� ��.��� !��.�����9 ;�?@� �� �� 2���.7 <�����
 '��� �@�� �� �0�� �� '�9 ��?� �� �	��� 2��.��� !�	�����

� #$� %�&�WIP  � ,��- #$� ���H �� 2�
 ����- \�V�� ��
 '��� Y:� ��- 4�� � ��� �?0 �0���^ T��B� �"�.- /.0

���.7 ����- !��"�� !���	)0 �� �� ���&� . ����� �� <p�.9 4�� ��
 ���.7 �A� 2%6 !�� .� !
�� ��:
 (�`0� ����� �� <��� ;�E� 5�

T�A��X � TU6 4�
�� ���.- ���V� �� �X.> ���� �� 2��.7 �.$� 
��� ��� .���� ,�AI�� ,?� �� �� �� .�� %���9 �� %���@ %���

 ���&� !���� !���> !�	?�V�� 8��3� �� ���� !�	?�V�� 2��?0
 ����� �� �	���� ���A� �	��� �� �� �+.
 �� 2,�� !.�?� !��
 /.0 � ,��- #$� 2������ #$� ��[� 
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 Q�a�0�

"�.-�
�� �����-.� �	"�� 8��I ���3� 
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�
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