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Keywords                                         ABSTRACT 
 

 

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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�Ŷǀƫƺţ�ƩźŤƴĩ�ƽŚƸŤſŚǀſ�Ŝǀĩźţ�ƢƿźƏ�Żř�šŹŚĩ�ƩźŤƴĩ�ŶƿŶū�ƁƹŹ�Ŷǀƫƺţ�ƩźŤƴĩ�ƽŚƸŤſŚǀſ�Ŝǀĩźţ�ƢƿźƏ�Żř�šŹŚĩ�ƩźŤƴĩ�ŶƿŶū�ƁƹŹ����������������������������������������������������������������ŵřĦƳŚƿŹō�ƾƬƣ�ŹŵŚƸŝźǀƯŵřĦƳŚƿŹō�ƾƬƣ�ŹŵŚƸŝźǀƯ��ŵźƟ�ƽƺƤţ�ƾƤţŶưŰƯ�ŵźƟ�ƽƺƤţ�ƾƤţŶưŰƯ��ƹ��ƹ�ŹŚƐƗ�ƩƺſŹŹŚƐƗ�ƩƺſŹ������������������éæéæ��
  

�ŢƯŶųîî��ŵŵźĭ�ƾƯ�ƲǀǀƘţ�Ŷſźŝ���Źŵ�ƵŶƃ�śŚŴŤƳř�ƶƴǀƸŝ�ƽŚƸţŹŚĩ
�ƩƹŶūæ��Ţſř�ƵŶƯō����

�ƩƹŶū�Ʋƿř� ŹŵS� �ƶƿŚě� Ƶźǀųŷ�ƾƫźŤƴĩ� źŤƯřŹŚě� ŚƷ�K�ƽŚƷźŤƯřŹŚě� ŚƷ
�ƹ�ƱŚŞƳŚĩ�ƾƫźŤƴĩCŢſř�ĚƿƺƳŚĩ�ƾƫźŤƴĩ�źŤƯřŹŚě����ƽŵŚƸƴƄǀě�ƽŚƸƫŶƯ

ŝ�ƩŶƯ�šŹƺƇ�ƶæ�ç�ƹ�èŢſř�ƵŶƃ�ƆŴƄƯ����

��
�ƩƹŶūæ���ŢƯŶų�ŮƐſ�ŽŚſř�źŝ�ƵŶƃ�śŚŴŤƳř�ƶƴǀƸŝ�ƽŚƸƫŶƯîî� 

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 

��
é�ë��ƶƴǀƸŝ�ƽŚƸƫŶƯ�ƽŶƴŝ�ƶŞţŹ��
æ�é�ë��ƶŞţŹ�ƽŵƺūƺƯ�ƪĩ�ŮƐſ�ŽŚſř�źŝ�ƶƴǀƸŝ�ƽŚƸƫŶƯ�ƽŶƴŝ

ŚƷźƟŚŝ�Źŵ��
�ƩƹŶū�ƽŶƴŝ�ƶŞţŹ�Źŵç��ƽŵŚƸƴƄǀě�ƽŚƸƫŶƯ�Źŵ�ƶĩ�Ţſř�ŵƺƸƄƯ�ǈƯŚĩ

Ţſř�ƶŤƟŚƿ�ƂƷŚĩ�ƽř�ƶƔůǈƯ�ƪŝŚƣ�ŻźƏ�ƶŝ�ŚƷźƟŚŝ�ƽŵƺūƺƯ�ŮƐſ� 

��

ƩƹŶūç��ƽŵƺūƺƯ�ƪĩ�ŮƐſ�ŽŚſř�źŝ�ƽŶƴŝ�ƶŞţŹ 

ŚƸƫŶƯ ŚƷźƟŚŝ�ƕƺưŬƯ ƶŞţŹ 

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 

ç�é�ë���ƞƇ�ƩƺƏ�ƎſƺŤƯ�ŽŚſř�źŝ�ƶƴǀƸŝ�ƽŚƸƫŶƯ�ƽŶƴŝ�ƶŞţŹ
ŚƷźƟŚŝ�Źŵ��

ƩƹŶū�ƽŶƴŝ�ƶŞţŹ�Źŵè���ƽŵŚƸƴƄǀě�ƽŚƸƫŶƯ�Źŵ�ƶĩ�Ţſř�ŵƺƸƄƯ�ǈƯŚĩ
Ţſř�ƶŤƟŚƿ�ƂƷŚĩ�ƞƇ�ƩƺƏ�ƎſƺŤƯ� 

 
ƩƹŶūè��ƞƇ�ƩƺƏ�ƎſƺŤƯ�ŽŚſř�źŝ�ƽŶƴŝ�ƶŞţŹ 

ŚƸƫŶƯ ƞƇ�ƩƺƏ�ƎſƺŤƯ ƶŞţŹ 

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 
��
è�é�ë� �ƶŞţŹ�ƱŚƯŻ� ƎſƺŤƯ� ŽŚſřźŝ� ƶƴǀƸŝ� ƽŚƸƫŶƯ� ƽŶƴŝ

ŚƷźƟŚŝ�Źŵ�ƞƇ�Źŵ�ŹŚƔŤƳř��
ƩƹŶū�ƽŶƴŝ�ƶŞţŹ�Źŵé��ƽŵŚƸƴƄǀě�ƽŚƸƫŶƯ�Źŵ�ƶĩ�Ţſř�ŵƺƸƄƯ�ǈƯŚĩ

�ƶŤƟŚƿ�ƂƷŚĩ�ƽř�ƶƔůǈƯ�ƪŝŚƣ�ŻźƏ�ƶŝ�ƞƇ�Źŵ�ŹŚƔŤƳř�ƱŚƯŻ�ƎſƺŤƯ
Ţſř� 

��
ƩƹŶūé��ƞƇŹŵ�ŹŚƔŤƳř�ƱŚƯŻ�ƎſƺŤƯ�ŽŚſř�źŝ�ƽŶƴŝ�ƶŞţŹ 

ŚƸƫŶƯ ŹŚƔŤƳř�ƱŚƯŻ�ƎſƺŤƯ ƶŞţŹ 

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 
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Ŷǀƫƺţ�ƩźŤƴĩ�ƽŚƸŤſŚǀſ�Ŝǀĩźţ�ƢƿźƏ�Żř�šŹŚĩ�ƩźŤƴĩ�ŶƿŶū�ƁƹŹŶǀƫƺţ�ƩźŤƴĩ�ƽŚƸŤſŚǀſ�Ŝǀĩźţ�ƢƿźƏ�Żř�šŹŚĩ�ƩźŤƴĩ�ŶƿŶū�ƁƹŹ��������������������������������������������������������ŵřĦƳŚƿŹō�ƾƬƣ�ŹŵŚƸŝźǀƯŵřĦƳŚƿŹō�ƾƬƣ�ŹŵŚƸŝźǀƯ��Ƥţ�ƾƤţŶưŰƯ�Ƥţ�ƾƤţŶưŰƯ�ŵźƟ�ƽƺŵźƟ�ƽƺ�ƹ��ƹ�ŹŚƐƗ�ƩƺſŹŹŚƐƗ�ƩƺſŹ������������éçéç  

 

ê�ë���ŽŚſř�źŝ�ƶƴǀƸŝ�ƽŚƸƫŶƯ�ƽŶƴŝ�ƶŞţŹDEA 

�Ŷǀƫƺţ�ƾƫźŤƴƧ�ƮŤƀǀſ�ƶƴǀƸŝ�śŚŴŤƳř�ƽřźŝ�ƭŶƣ�Ʋƿźųō�ƽřźūřDEA�
ƾƯ�ƱƺſźŤǀě�ƹ�ƱƺſŹŶƳř�ƩŶƯ�ŽŚſř�źŝŶƃŚŝ��ƾƯ�ŹŚƧ�Ʋƿř�ƽřźŝ�ŢƀƿŚŝ

ŵƺưƳ� ƆŴƄƯ� řŹ� ƾūƹźų� ƹ� ƽŵƹŹƹ� ƽŚƷźǀƜŤƯ � ƩƹŶū� Źŵ� ƶĩê�
Ţſř�ƵŶƃ�ƆŴƄƯ� 

 

ƩƹŶūê���ƾūƹźų�ƹ�ƽŵƹŹƹ�ƽŚƷźǀƜŤƯDEA 

ƾūƹźų�ƽŚƷźǀƜŤƯ ƽŚƷźǀƜŤƯ�ƽŵƹŹƹ 

�ƾūƹźų�űźƳ�TH��� ŚƷźƟŚŝ�ƕƺưŬƯ ��WIP���
 �ƎſƺŤƯ�ƞƇ�ƩƺƏ�Q���
 ŹŚƔŤƳř�ƱŚƯŻ�ƎſƺŤƯ��T���
 �ƖŝŚƴƯ�ƩŚƜŤƃř�ƱřżǀƯ�U���
 ŢƟř�žě��S� 

 �ƮŤƀǀſ�Źŵ�ŵŚƸƳ�Źƺƌů�ƱŚƯŻ�šŶƯ�TIS���
 

ƩƹŶūë���ƽřźŝ� řŹ�ƾūƹźų�ƹ�ƽŵƹŹƹ�ƽŚƷźǀŤƯ�źƿŵŚƤƯæé�ƶƴǀƸŝ�ƩŶƯ�
ŶƷŵ�ƾƯ�ƱŚƄƳ���

 

ƩƹŶūë���ƾūƹźų�ƹ�ƽŵƹŹƹ�ƽŚƷźǀƜŤƯ�źƿŵŚƤƯDEA 

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 

 

� ƩƹŶūì� �źƳ�ƽřźūř� ƶŬǀŤƳ� ŹřżƟř� ƭAuto Assess�ƶƴŞţŹ�ŢƸū� ƶĩ�
�ƽŶƴŝæé�ŶƃŚŝ�ƾƯ�ŚƷ�Ƶŵřŵ�ƾƄƃƺě�żǀƫŚƳō�ƁƹŹ�ƢƿźƏ�Żř�ƶƴǀƸŝ�ƩŶƯ�

ŶƷŵ�ƾƯ�ƱŚƄƳ�řŹ���
 

ƩƹŶūì���ƾūƹźų�ŽŚſř�źŝ�ƽŶƴŝ�ƶŞţŹDEA 

ŚƸƫŶƯ�� ƾŗřŹŚĩ�ƵŻřŶƳř ƶŞţŹ 

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 

��

ì��ƽźǀĭ�ƶŬǀŤƳ��
�ŚƸƫŶƯ�ƶƴǀƸŝ�śŚŴŤƳř�ƾſŹźŝ�Żř�žě��Ŷƃ�ƵŶƷŚƄƯ�ŚƸŤƳř�Źŵ�ƶĩ�ŹƺƐƳŚưƷ
�źŝ�ƵŶƃ�śŚŴŤƳř�ƽŚƸƫŶƯ�Ĩţ�Ĩţ���ŢƯŶų�ŮƐſ�ƲƿźţǇŚŝ�ŽŚſř�źŝ

ƳŚưƷ� ƶĩ� Ŷǀƫƺţ� ƾƫźŤƴĩ� ƽŚƸŤſŚǀſ� Źŵ� �ƆųŚƃ� ƲƿźŤưƸƯ� ŽŚſř��Ś
�ŮƐſ�ƱřżǀƯWIP��ƹ�ŢƟźĭ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ��ŶƃŚŝ�ƾƯ�ƮŤƀǀſ�Źŵ

�ƾƴƘƿ�ƽŵŚƸƴƄǀě�ƾƬƇř�ƩŶƯ�Źŵ�ƽŵƺūƺƯ�ŮƐſ�ƶĩ�Ŷƃ�Ƶŵřŵ�ƱŚƄƳ
�ŵƺų�Ʋƿř�ƶĩ��ŢſŚƷźƟŚŝ�Źŵ�ƽŵƺūƺƯ�ŮƐſ�ƲƿźŤưĩ�ƽřŹřŵ�ƭƺſ�ƩŶƯ

Ŷƴĩ� ƾƯ� ĨƿŵżƳ� ƭŚĮƴƷ� ƶŝ� Ŷǀƫƺţ� ƝŶƷ� ƶŝ� řŹ� ƩŶƯ� ƾĪƿŵżƳ� ��Ʋƿř
� ƽřźŝ� ƶƀƿŚƤƯçŤƯ� ƱŚưƷ� ƶĩ� ƽźĮƿŵ� ƆųŚƃ��ƹ� ƞƇ� ƩƺƏ� Ǝſƺ

�ŢƟźƿŸě�šŹƺƇ��ŶƃŚŝ�ƾƯ�ŚƷźƟŚŝ�ŢƄě�Źŵ�ŵřƺƯ�ŹŚƔŤƳř�ƱŚƯŻ�ƎſƺŤƯ
ŶƳŵƺŝ�ŹřŶƤƯ�ƲƿźŤưĩ�ƽřŹřŵ�ƽŵŚƸƴƄǀě�ƽŚƸƫŶƯ�ƱŚǀƯ�Ʋƿř�Źŵ�ŻŚŝ�ƶĩ���

� Ʋƿř� Śŝ� ƶŤŞƫřè� Ʋƿř� ƑŚŰƫ� Żř� �Ŷƃ�ƆŴƄƯ� ƶƀƿŚƤƯ�è�ƶŝ�ƆųŚƃ�
�ŶƿźŞǀƷ�ƽŚƸƫŶƯ�ƹ�ƶŞţŹ�ƲƿźŤƄǀŝ�ƽŵŚƸƴƄǀě�ƽŚƸƫŶƯ��ƽŵřźƠƳř�šŹƺƇ

ţŹ�Żř�ŚŞƿźƤţŶƳŵƺŝ�ŹřŵŹƺųźŝ�ƾŤƴſ�ƽŚƸƫŶƯ�ƶŝ�ŢŞƀƳ�ƽźŤƄǀŝ�ƶŞ���
�ƽŚƷźŤƯřŹŚě�ƲŤƟźĭ�źƔƳ�Źŵ�ŹƺƔƴƯ�ƶŝ�ŚƷƺǀţŚƳźŤƫō�ƶƀƿŚƤƯ�Ʋƿř�Żř�žě
��ŶƳŵƺŝ� ŹřŵŹƺųźŝ� ƽźŤưĩ�ŢǀưƷř� Żř� ŚƸƳō� Żř� ƾƌƘŝ� ŶƿŚƃ� ƶĩ� �źŤƄǀŝ

�ƁƹŹ�Ǝſƺţ�ƽŶƴŝ�ƶŞţŹ�ŵŹƺƯDEA��ŻŚŝ�ƶƀƿŚƤƯ�Ʋƿř�ƶĩ��ŶƴŤƟźĭ�Źřźƣ
ţ� řŹ�ƭƺſ�ƽŵŚƸƴƄǀě�ƩŶƯ�ƽźţźŝ�ƮƷ�ŵƺŝ�ƾƫŚů�Źŵ�Ʋƿř�ƹ� �ŵƺưƳ�ŶǀƿŚ

�ƶǀƤŝ�Śŝ�ƾƄůŚƟ�ƱřŶƴģ�šƹŚƠţ�ƾŗřŹŚĩ�ŹřŶƤƯ�ƑŚŰƫ�Żř� ŚƸƫŶƯ�ƶǀƤŝ�ƶĩ
ŶƴŤƃřŶƳ� ŚƸƫŶƯ���Ƶĥƹźě� Ʋƿř� Źŵ� ƶŤƟźĭ� šŹƺƇ� ƢǀƤŰţ� ƶŝ� ƶūƺţ� Śŝ

�Źŵ� źŤƄǀŝ� ƾƫźŤƴĩ� ƽŚƷźŤƯřŹŚě� ƩŚưƗř� Śŝ� ƶĩ� �Ŷƿŵźĭ� ƵŶƷŚƄƯ
�ƂƷŚĩ�ŦƗŚŝ�ƶĩ�ŶƳƹŹ�ƾƯ�Ƃǀě�ƾŤưſ�ƶŝ�ŚƸƫŶƯ��ƾƫźŤƴĩ�ƽŚƸŤſŚǀſ

Ư�ŮƐſ�ƱřżǀWIP��ƹ�ŢƯŶų�ŮƐſ�ƾƫŚů�Źŵ��Ŷƃ�ŶƷřƺų�ƮŤƀǀſ�Źŵ
�ƂƷŚĩ� ŜŞſ� ŵƺų� Ʋƿř� ƹ� Ŷƴĩ� ƾưƳ� ƾƳřŶƴģ� šƹŚƠţ� ƾūƹźų� űźƳ

Ŷƿŵźĭ�ŶƷřƺų�ƽŵƺūƺƯ�ƽŹřŶƸĮƳ�Źŵ�ŚƷ�ƶƴƿżƷ���ƶŗřŹř�Śŝ�Ƶĥƹźě�Ʋƿř�Źŵ
�Ŷƿŵźĭ�ƾƘſ��Ʊō�ƽƹŹ�źŝ�ƽŻŚſ�ƶǀŞƃ�ƭŚŬƳř�ŹƺƔƴƯ�ƶŝ�ƵŵŚſ�ƩŚŨƯ�Ĩƿ

šŚƘƿŚƋ�ƹ�šǇō�ƲǀƃŚƯ�ƾŝřźų�ƶƫŚƀƯ�ƹŵ�ƾƋźƟ�ŵŹƺƯ�Śţ��ŵŵźĭ�ŭźƐƯ�
ŶƷŵ�ơƺſ� źŤƄǀŝ�ŢǀƘƣřƹ�Ţưſ� ƶŝ� řŹ� ŚƯ� �ƾƯ�ƱŚƿŚě� Źŵ�ƱřƺƴƗ� Ʊřƺţ

�ƶƴƿżƷ�ƽřŹřŵ�ƽŹŚƄƟ�ƽŚƸưŤƀǀſ�ƪŝŚƤƯ�Źŵ�ƾƄƄĩ�ƽŚƸưŤƀǀſ��ŵƺưƳ
�ƾŤſŹŵ�ƶŝ�ŚƸţŹŚĩ�ŵřŶƘţ�ŚƸƫŶƯ�Źŵ�ƶĩ�ƾƏźƃ�ƶŝ� �Ţſř�ƽźŤưĩ�ƽŚƷ
�űźƳ�ƹ�ŢƯŶų�ŮƐſ��ƾŗřŹŚĩ�ŮƐſ�ƑŚŰƫ�Żř�ƮŤƀǀſ�Śţ�ŶƳƺƃ�śŚŴŤƳř

ūƹźųŶƃŚŝ� ŹřŵŹƺųźŝ� ƾƸūƺţ� ƪŝŚƣ� ŹřŶƤƯ� Żř� ƾ� ��ƮƸƯ� ŹŚǀƀŝ� ŜƬƐƯ
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