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Inverse optimal allocation model of manufacturing resource

in grid environment

Zhang Xiangbin, Lin Ping

(School of Management, Nanjing University of Posts and Telecommunications, Nanjing 210023, China)

Abstract: In a manufacturing grid, enterprises have to determine the optimal resource types, quantities and

quoted prices of resources ready for leasing in and out according to the manufacturing plan. Considering the

resource exchange process and its impact on the prices, we establish an inverse optimization model of a linear

programming absorbing resource usage and prices as reference variables, so as to meet market demands and

optimize the enterprise’s overall profit. Owing to the feature of dynamic demands for manufacturing resources

because of the rapid flow in the grid, this model helps the enterprises to determine the quantities and quoted

prices of resources promptly ready for lease in and out according to the changes of market demands. This

model helps the enterprise to achieve the lean manufacturing resources and the integral profit optimization.
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Fig. 1 The process of manufacturing resource transaction
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R =

K
∑

i=1

(Pi − Ci)xi +

T
∑

j=1

(Sj − cj)

(

bj −

K
∑

i=1

Mijxi

)

, (1)
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b
∗

j = bj + α∗

j − β∗

j . (13)

3OyÏS�±Ñu�Ù¦!:è�¦^�]
(� SRj, j = 1, 2, . . . , T �±L«�

SRj = b
∗

j −

K
∑

i=1

Mijx
∗

i . (14)

I�lÙ§!:è�u^�]
(�WRj, j = T + 1, T + 2, . . . , Z, Z + 1, . . . , N�©OL«�

WRj =
K
∑

i=1

Mijx
∗

i − b
∗

j . (15)

�(½Ñè��±Ñu�]
a.Úêþ±9I�lÙ§è�u�]
�a.Úêþ,Ò�±(½Ù
�A�ë�d�.�d,I��âè�]
`z���.�pÖ�`5^�(8)5�ïÙ_`z¯K�..

�]
�Kfd�ë�� y∗Cq(½�,±XêW �Cþ,±XêW Cz���`z8I,±
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ª(8)��å^�,�A�_`z�.�L«�














































Min ‖W
∗

− W ‖

s.t.

T
∑

j=1

Mijyj +

N
∑

j=T+1

Mij(y1j − y2j) > Wi, i ∈ I

T
∑

j=1

Mijyj +
N
∑

j=T+1

Mij(y1j − y2j) = Wi, i ∈ I,

(16)

Ù¥W ��5y¥ x�Xê�þ, W
∗

� y∗¤��.(2)��`)�,XêW ��A�.

-Wi

∗

= Wi + θi − σi, i = 1, 2, . . . ,K,ùp θi > 0Úσi > 0©OL«W i�OþÚ~þ,�Ä
� ‖θ − σ‖ 6 ‖θ + σ‖,Kª(16)�U�¤



































































Min ‖θ + σ‖

s.t.
T
∑

j=1

Mijyj +

N
∑

j=T+1

Mij(y1j − y2j) − θi + σi > Wi, i ∈ I

T
∑

j=1

Mijyj +

N
∑

j=T+1

Mij(y1j − y2j) − θi + σi = Wi, i ∈ I,

T
∑

j=1

Mijyj +
N
∑

j=T+1

Mij(y1j + y2j) − θi + σi = Wi, i ∈ I,

(17)

3��� l1��¹e,ª(17)=C¤�55y(18).














































































Min





K
∑

i=1

|θi| +
∑

i∈I

|σi|





s.t.
T
∑

j=1

Mijyj +

N
∑

j=T+1

Mij(y1j − y2j) + σi > Wi, i ∈ I

T
∑

j=1

Mijyj +

N
∑

j=T+1

Mij(y1j − y2j) − θi 6 Wi, i ∈ I

T
∑

j=1

Mijyj +
N
∑

j=T+1

Mij(y1j − y2j) + σi > Wi, i ∈ I,

(18)

- yj = y1j − y2j, j = T + 1, T + 2, . . . , Z, Z + 1, . . . , N ,Kª(18)�U��














































































Min





K
∑

i=1

|θi| +
∑

i∈I

|σi|





s.t.

N
∑

j=1

Mijyj + σi > Wi, i ∈ I

N
∑

j=1

Mijyj − θi 6 Wi, i ∈ I

N
∑

j=1

Mijyj + σi > Wi, i ∈ I.

(19)
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e θ∗

i , σ
∗

i ��.(19)��`),Kx∗��`¤�Xê�

W
∗

i = W i + θ∗

i − σ∗

i , (20)

Ù¥Wi = Pi − Ci −
T
∑

j=1

(Sj − Cj)Mij ,W
∗

i = Pi −
T
∑

j=1

S∗

j Mij −
N
∑

j=T+1

Mij

bjcj + p∗

jbj′

bj + bj′

, Ci =
T
∑

j=1

Mijcj +

N
∑

j=T+1

Mij

bjcj + pjbj′

bj + bj′

.

òÙ�\ª (20),�n�
T
∑

j=1

Mij(Sj − S∗

j ) +

N
∑

j=T+1

Mij

Pj − P ∗

j

bj + bj′

− θ∗

i + σ∗

i = 0. (21)

¦)�5�§|(21),Ò�±(½è�[Ñu�]
ë�d� S∗

j ÚlÙ§è�u��]
ë�d

�P ∗

j .

4 ���~~~©©©ÛÛÛ

b�,è�Oy)� P1, P2, P3n«�¬,�^��Ê«]
Mi1,Mi2, . . . ,Mi5,Ù¥]
Mi4,Mi5I

�l	Ü��¥¼�.]
¦^�¹XL 1¤«.

L 1 ]
¦^�¹

Table 1 Resource usage

Mi1(�) Mi2(�) Mi3(�) Mi4(�) Mi5(�) �¬d�(�)

P1 2 1 1 1 3 60

P2 1 1 3 2 0 52

P3 1 3 1 2 1 60

]
gkþ 35×103 40×103 55×103 20×103 15×103 —

]
I¦þ — — — bw4 bw5 —

b�½|én«�¬�I¦þX = (5, 12.5, 7.5),�¦�Mi2�Ð÷vI¦,I�	?]
Mi4,Mi5�

þ©O´ bw4 = 25, bw5 = 7.5.é bj?1`z,�¦�α1, α2, . . . , α5, β1, β2, . . . , β5���þ� 0.XJ½|

¾üu)Cz,�A����¬u)Cz(�L 2ÚL3).

L 2 ¾üCzé`z(J�K�

Table 2 The orders’ change influence the optimization results

(x∗

1
, x∗

2
, x∗

3
) (α1, α2, α3, α4, α5) (β1, β2, β3, β4, β5)

(2.5, 12.5, 7.5) (0.0, 0.0, 0.0, 0.0, 0.0) (0.0, 2.5, 0.0, 2.5, 7.5)

(7.5, 12.5, 7.5) (0.0, 2.5, 0.0, 2.5, 7.5) (0.0, 0.0, 0.0, 0.0, 0.0)

(5.0, 10.0, 7.5) (0.0, 0.0, 0.0, 00., 0.0) (0.0, 2.5, 0.0, 5.0, 0.0)

(5.0, 15.5, 7.5) (0.0, 2.5, 2.5, 5.0, 0.0) (0.0, 0.0, 0.0, 0.0, 0.0)

(5.0, 12.5, 5.0) (0.0, 0.0, 0.0, 0.0, 0.0) (0.0, 7.5, 0.0, 5.0, 2.5)

(5.0, 12.5, 10.0) (0.0, 7.5, 0.0, 5.0, 2.5) (0.0, 0.0, 0.0, 0.0, 0.0)

lL 2ÚL 3�±wÑ,�Xx∗�O�,�A� b
∗

�3O�,è�!:�±N�]
Pkþ�u\þ5

÷v)�Oy�¦,��Xx∗�Cz,Lk]
��U¬Ñyá"�G¹.3x1u)Cz�,du�¬P1�

¤¥éMi5�I¦þ��,¤±�A�Mi5]
CzÌÝ��,3x2O\�,duP2�¬�¤¥éMi3�

I¦þ��,
éMi5vkI¦,¤±Mi5vku)I¦Cz,�´Mi3lLü]
C¤
D"]
I�?

1	Üæ	,3x3O\�,duP2�¬�¤¥éMi2�I¦þ��,ÏdMi2l�±é	Ñu¼|��á

�C¤
D"]
I�?1	Üæ	.¢Sþ,duMi2´fÐ÷vI¦�]
,¤±Ø�o¾üêþ~
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�,ÄKMi2Ñ¬l÷vI¦�]
C¤D"]
,I�l	Üæ	,�ÏdÉ½|V���.è�3?1]


���,�½�3½|d��$��¹eõæ	Mi2]
,��¾üêþO\�è�¤��5�Ä�Û

¡.AO´XJùÜ©]
´è�Ø%¿�å,K3ë�d���S,è��ATÈ4	\;�,Jpè�±

YuÐUå.

L 3 ¾üCzé]
êþ�K�

Table 3 The orders’ change influence the resources’ s amount

(x∗

1
, x∗

2
, x∗

3
) (b

∗

1, b
∗

2, b
∗

3, b
∗

4, b
∗

5) (SR1,SR2,SR3,SR4,SR5)

(2.5, 12.5, 7.5) (35.0, 37.5, 55.0, 42.5, 15.0) (10.0, 2.5, 7.5, 22.5, 0.0)

(7.5, 12.5, 7.5) (35.0, 42.5, 55.0, 47.5, 30.0) (0.0,−2.5, 2.5, 27.5, 15.0)

(5.0, 10.0, 7.5) (35.0, 37.5, 55.0, 40.0, 22.5) (7.5, 2.5, 0.0, 20.0, 7.5)

(5.0, 15.0, 7.5) (35.0, 42.5, 57.5, 50.0, 22.5) (2.5,−2.5,−2.5, 30.0, 7.5)

(5.0, 12.5, 5.0) (35.0, 32.5, 55.0, 40.0, 20.0) (7.5, 7.5, 7.5, 20.0, 5.0)

(5.0, 12.5, 10.0) (35.0, 47.5, 55.0, 50.0, 25.0) (2.5, -7.5,2.5, 30.0, 10.0)

òdX = (5, 12.5, 7.5)�©þ�\ª(15)¦�� bw4 = 25, bw5 = 7.5�\ª(4),b��«]
�¤�

Ú½|�dXL 4¤«.

L 4 ]
¤�9½|�d

Table 4 The resources’ cost and price

Mi1 Mi1 Mi1 Mi1 Mi1

¤�(�) 3 4 5 2 3

½|�d(�) 4 5 6 3 4

duMi1,Mi3�^uÑu,dª(5)�±¦�W 1,W 2,W 3©O�(29.44,20.89,29.56).òb��]
¤

��\ª(5),¦� y1, y2, . . . , y5����(0,1.27,0,9.81,6.12),�âKfd� y∗��]
Mi1ÚMi3´è�

!:gk]
�´L{�¤±��� 0,]
Mi2fÐ÷v)�I¦,
]
Mi4,Mi5dugk]
Ø

v,ÏdKfd���,O\Mi4,Mi5ò�è��5�*�|d.

b� y∗�½|�dòu)Cz,Cz��L 5,�\ª(19),�Ñ θi, σi,¿¦�Wi

∗

.

L 5 Kfd��ÂÃ�Cz'X

Table 5 The relationship between shadow price and profit

(y∗

1
, y∗

2
, y∗

3
, y∗

4
, y∗

5
) (θ1, θ2, θ3) (σ1, σ2, σ3) (W1

∗

, W2

∗

, W3

∗

)

(0.00, 1.40, 0.00, 9.81, 6.12) (0.13, 0.13, 0.38) (0.00, 0.00, 0.00) (29.57, 21.02, 29.94)

(0.00, 1.10, 0.00, 9.81, 6.12) (0.00, 0.00, 0.00) (0.17, 0.17, 0.52) (29.27, 20.72, 29.04)

(0.00, 1.27, 0.00, 11.0, 6.12) (1.19, 2.38, 2.37) (0.00, 0.00, 0.00) (30.63, 23.27, 31.93)

(0.00, 1.27, 0.00, 9.00, 6.12) (0.00, 0.00, 0.00) (0.81, 1.62, 1.63) (28.63, 19.27, 27.93)

(0.00, 1.27, 0.00, 9.81, 6.30) (0.54, 0.00, 0.17) (0.00, 0.00, 0.00) (29.98, 20.89, 29.73)

(0.00, 1.27, 0.00, 9.81, 6.00) (0.00, 0.00, 0.00) (0.36, 0.00, 0.13) (29.08, 20.89, 29.43)

dL 5��,]
�Kfd��p,Ù�)�ÂÃÒ�p,�]
�Kfd�ü$��ÿ,ÙÂÃÓÚü

$.Ó��5¿�,du�¬P2¿ØI�]
Mi5,Ïd y5�Cz¿vkéW
∗

2�Cz�)?ÛK�.

du]
Mi1,Mi3´L{]
,è��±��(½Ñud�,Ïd��§| S1, S3���E,æ^�~

¥�b�� 4Ú6,K�±¦)þã�§|.

lL 6�±wÑ,�Kfd�vkCz�,éA�]
Ñu½	ïd�Ä�vku)Cz,��~�b

����,'X y∗

2u)Cz
3 y∗

4 , y
∗

5�±ØC��¹e,�kS∗

2u)
Cz,�Kfd�þ,�,éA�

]
Ñu½	ïd�¥���eüª³,L²�,«]
é�¬�|dK����,è�¤Ï��½|d�

�$�Ð.
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L 6 ]
Kfd�é]
Ñu�	ïd��K�

Table 6 The shadow price influence the price of resources

(y∗

1
, y∗

2
, y∗

3
, y∗

4
, y∗

5
) (W1

∗

, W2

∗

, W3

∗

) (S∗

1
, S∗

2
, S∗

3
, p∗

4
, p∗

5
)

(0.00, 1.40, 0.00, 9.81, 6.12) (29.57, 21.02, 29.94) (4.00,3.88, 6.00, 2.99, 3.98)

(0.00, 1.10, 0.00, 9.81, 6.12) (29.27, 20.72, 29.04) (4.00,4.18, 6.00, 2.99, 3.98)

(0.00, 1.27, 0.00, 11.0, 6.12) (30.63, 23.27, 31.93) (4.00,4.01, 6.00, 0.85, 4.00)

(0.00, 1.27, 0.00, 9.00, 6.12) (28.63, 19.27, 27.93) (4.00,4.01, 6.00, 4.45, 3.98)

(0.00, 1.27, 0.00, 9.81, 6.30) (29.98, 20.89, 29.73) (4.00,4.01, 6.00, 2.99, 3.44)

(0.00, 1.27, 0.00, 9.81, 6.00) (29.08, 20.89, 29.43) (4.00,4.01, 6.00, 2.99, 4.34)

5 (((ååå���

�©¤?Ø����¸eè��E]
`z��¯KÒ´��¤)�?Ö,�±è�­½uÐ�cJ

e,±]
^þÚ]
�´ë�d��ëCþ��55y�..¦)T�.�¢�´�âd½|I¦(½�

�¬|ÜÚ�A�Kfd�,±]
^þÚ]
�´ë�d��Cþ,A^�55y�_`z�{ïáè�

�E]
^þÚ�´ë�d��ûü�..�.Ny
du���¸e�E]
6Ä×��÷vè��½

|I¦Czé�E]
��5I¦�A:.Ïd,A^T�.è��±�â½|I¦�Cz,9�(½è�

uÑ]
�êþÚë�d�,u?]
�êþÚë�d�,¢yè��]
°ÃzÚ�Ã�`z.�~�y


���¸eè�]
(�ûü�.Ú]
�´d�ûü�.��15.

ëëë���©©©zzz:

[1] Buyya R, Abramson D, Giddy J, et al. Economic models for resource management and scheduling in grid computing[J]. Concurrency

and Computation: Practice and Experience Journal, 2002, 14(13/15):1507–1542.

[2] Buyya R, Murshed Manzur. GridSim: A toolkit for the modeling and simulation of distributed resource management and scheduling

for grid computing[J]. Concurrency and Computation: Practice and Experience, 2002, 14(13/15): 1175–1220.

[3] Buyya R, Murshed M, Abramson D, et al. Scheduling parameter sweep applications on global grids: A deadline and budgetcon-

strained costõtime optimization algorithm[J]. Software: Practice and Experience, 2005, 35(5): 491–512.

[4] Kwok Y K, Song S S, Hwang K. Selfish grid computing: Game-theoretic modeling and NAS performance results[C] // Proceeding

of the IEEE International Symposium on Cluster Computing and the Grid. Washington: IEEE Computer Society, 2005: 349–356.

[5] Khan S U, Ahmad I. Non-cooperative, semi-cooperative, and cooperative games-based grid resource allocation[C] //Parallel and

Distributed Processing Symposium. Rhodes Island, Greece,2006: 25–29.

[6] Ferguson D, Yemini Y, Nikolaou C. Microeconomic algorithms for load balancing in distributed computer systems[C] // Proceeding

of the IEEE International Conference on Distributed Computer System. San Jose, CA, 1988:491–499.

[7] o á,4�S,ê¡X.Äu|ÜV�ûñ���]
©�[J].>fÆ�, 2009, 37(1): 165–169.
Li Li, Liu Yuanan, Ma Xiaolei. Grid resource allocation based on the combinatorial double auction [J]. Chinese Journal of Electronic,

2009, 37(1): 165–169. (in Chinese)

[8] Chun B, Culler D. Market-based Proportional Resource Sharing for Clusters[R]. Berkeley: University of California, Technical Report

CSD-1092, 2000.

[9] ±�S, ÐIL, ÇHS, �. ¡��E����E]
`z��üÑïÄ[J].oA�ÆÆ�:ó§�Æ�. 2009, 41(2):

237–244.
Zhou Changchun, Yin Guofu, Wu Yingchun, et al, Study on the tactics of manufacturing resource optimal allocation oriented to

manufacturing grid[J]. Journal of Sichuan University: Engineering Science Edition. 2009, 41(2): 237–244. (in Chinese)

[10] êÈ¥,�RÀ,�äÅ.¡��äz�E��E]
`z��ïÄ[J].O�Å8¤�EXÚ, 2004, 10(5): 523–527.
Ma Xuefen, Dai Xudong, Sun Shudong. Optimization deployment of networked manufacturing resources[J]. Computer Integrated

Manufacturing Systems, 2004,10(5): 523–527. (in Chinese)

[11] ±[|,�=É.Äu�Ã°Ä��E��]
+n�.ïÄ[J].y��Eó§, 2007(10): 20–23.
Zhou Yongli, Chen Yingwu. Research on MG resource management model based on beneficial drive[J]. Modern Manufacturing

Engineering, 2007(10): 20–23. (in Chinese)



256 X Ú ó § Æ � 1 29ò

[12] ���,�¡j,�ÔS.Äu¿dÅ����]
©��{[J].¥I�E&E, 2011(4): 150–152.
Wang Weihuan , Lin Xiaoxian, Wei Wuchun. An approach to allocate grid resources based on bidding[J]. China Science and Tech-

nology Information, 2011(4): 150–152. (in Chinese)

[13] od±,M ¤.Äuø¦'X���²L�.9üÑïÄ[J].ÉÇnó�ÆÆ�, 2009, 31(3): 463–466.
Li Junping, Xu Cheng. On grid computing economic model and the strategies based on supply and demand[J]. Journal of Wuhan

University of Technology, 2009, 31(3): 463–466. (in Chinese)

[14] yê�,Ç #,
 å,�.�Ï"�Ñ!Kfd��Ã�ûüü��U?[J].+n�ÆÆ�, 2012, 15(10): 1–9.
Song Malin, Wu Jie, Yang Li, et al. Undesirable outputs, shadow prices and improvement on inefficient decision making units[J].

Journal of Management Sciences in China, 2012, 15(10): 1–9.(in Chinese)

[15] ê77,$ p.Kfd��A�9ÙO�[J].+nÆ�, 2009, 6(7): 984–987.
Ma Zanfu, Peng Kai. The features and computation of shadow prices[J]. Chinese Journal of Management, 2009, 6(7): 984–987. (in

Chinese)

[16] Zhong J, Liu Z H. A further study on inverse linear programming problem[J]. Computational and Applied Mathematics,1999,

106(2): 345–359.

[17] Yang C, Zhang J. Two general methods for inverse optimization problems[J]. Applied Mathematics Letters, 1999, 12(1): 69–72.

[18] Ü�R,y¡�,ù ².¡�è��`)�Oy��55y2Â_`z�.[J].XÚó§nØ�¢�, 2007, 27(6): 80–85.
Zhang Xiangbin, Song Xiaolin, Liang Ping. Generalized inverse optimal models of linear programming for enterprise optimal pro-

duction plan[J]. Systems Engineering: Theory & Practice, 2007, 27(6): 80–85. (in Chinese)

[19] Zhang Xiangbin, Ni Youyi, Yuan Yamin. Supply chain optimization model based on process and generalized inverse optimization

methods[J]. ICIC Express Letters, 2010, 4(5A): 1701–1708.

[20] ��&,�æ7,oÆ�.üÀ�d�éÉÚyÖ½|�K�[J].XÚó§Æ�, 2007, 16(5): 576–578.
Gu Mengdi, Huang Caijin, Li Shoude. Effects of emission permits price on the tradable green certificates markets[J]. Journal of

Systems Engineering, 2007, 16(5): 576–578. (in Chinese)

�ö{0:
Ü�R(1961—),I,3�3�<,Æ¬,�Ç,ïÄ��:�E��]
`z��ÚøAó+n,Email: zhangxb@njupt.edu.cn;

� ±(1977—),å,4ï¨S<,a¬,ù�,ïÄ��:Ô6�øAó+n, Email: lettertolinping@126.com.


