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Table 2 Data of the illustrative example

1R i Xy x5, x5, 2 z; o o i
A 13 231 33 874 2725 3328.3 568.1 8 304 4.19 54.3
B 95 288 232 446 20 222 20 386 2 664 27 148.6 6.49 69.4
( 35 328 122 002 8 450 10 681 1150 12 351.1 3.45 50
D 14 000 104 000 5 000 8 600 215 5252.4 2.03 28.3
E 33 365 121 173 9 134 11 336 1 165 12 616.4 5.76 82.4
F 30 800 84 432.2 6 364.8 7919.4 610 10 428.7 1.57 31.8
G 28 905 66 339.1 5152.5 6 054 825 86 71.2 3.45 51.6
H 46 900 90 454 8197.5 8970.9 1277.9 14 807.4 2.91 54.9
1 45 404 72 134.4 5312.1 7 582.3 956 12 268.6 2.76 45.5
J 20 767 36 199 2 921 3449.9 465.1 4912.2 3.03 33.9
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Table 3 Comparisons of the evaluation results of different performance measures

o; gt~ grew
PR BE
EH Wi EH Wit EH W

A 1.000 0 1.000 0 1.000 0 0.584 5 1.000 0 0.000 0
B 0.476 4 0.476 4 0.721 2 0.278 2 0.476 4 0.000 0
C 0.5570 0.557 0 0.766 2 0.306 1 0.557 0 0.000 0
D 0.597 8 0.597 8 0.798 9 0.3720 0.597 8 0.000 0
E 0.602 5 0.602 5 0.799 1 0.3256 0.602 5 0.000 0
F 0.5395 0.5395 0.753 6 0.350 4 0.5395 0.000 0
G 0.5523 0.5523 0.758 6 0.307 6 0.5523 0.000 0
H 0.667 8 0.667 8 0.8312 0.3579 0.667 8 0.000 0
1 0.7579 0.757 9 0.878 9 0.397 17 0.757 9 0.000 0
J 0.676 7 0.676 7 0.8315 0.3810 0.676 7 0.000 0

RABMTIEWZENERREHSRL
YN N D G Ve SO Y = o I 1
BERLEEA BEAG S RN A R (BUUE N 1) . X
THAM o A LR EE, Dy B AR A R IR,
A (26) M (27) K B b T UiF ) ST007E 4
RURE S 3k 21 A fe i A K P LSS 2R O

B, X9 BN EER BRI EEA B AR AE AR
FEFERYARA R X T AL R D AL 6 1Y 1
e, VIRMERIEE F AT, VR R IK B R
GCN 1, BRARSCA/NT 1. Ak i s
GO B R BV ASE , BWHEATAEZ R BIRUr

B 7 5.

F4 ERZEMENRFENGEUNBEER
Table 4 Performance distribution results of the centralized system during normal operations
i TilF Hyffior i
HRiEE | SRR
R 5413 o4 A% il T ilE

A 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0
B 0.476 4 0.840 4 0.712°5 0.668 6 0.566 9 0.773 8 0.6157
C 0.5570 0.894 9 0.820 0 0.679 3 0.622 5 0.856 6 0.650 3
D 0.597 8 1.000 0 0.648 4 0.9219 0.597 8 0.805 2 0.742 4
E 0.602 5 0.978 8 0.888 2 0.678 4 0.6155 0.9324 0.646 2
F 0.5395 0.634 1 0.5395 1.000 0 0.850 8 0.5849 0.922 4
G 0.5523 0.8549 0.795 1 0.694 6 0.646 0 0.824 4 0.669 9
H 0.667 8 0.967 7 0.8657 0.771 4 0.690 1 0.915 3 0.729 6
I 0.7579 1.000 0 0.905 8 0.836 7 0.757 9 0.951 8 0.796 3
J 0.676 7 0.919 1 0.7759 0.872 1 0.736 3 0.844 5 0.801 3
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Table 5 Comparisons of the performance distributions of the decentralized system during normal operations

IR F i B ETH N
e
iatiid i EX L i EX i i ARG
A 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0
B 0.773 8 0.6157 0.476 4 0.887 6 0.5338 0.473 8 0.712 5 0.668 6 0.476 4
C 0.856 6 0.650 3 0.557 0 0.945 8 0.465 4 0.440 2 0.8200 0.679 3 0.557 0
D 0.805 2 0.742 4 0.597 8 1.000 0 0.597 8 0.597 8 0.592 3 1.000 0 0.5923
E 0.932 4 0.646 2 0.602 5 1.000 0 0.536 3 0.536 3 0.848 0 0.709 6 0.601 8
F 0.584 9 0.922 4 0.5395 0.9715 0.527 8 0.512 8 0.5395 1.000 0 0.5395
G 0.824 4 0.669 9 0.5523 0.9190 0.574 1 0.527 6 0.789 9 0.695 9 0.549 6
H 0.9153 0.729 6 0.667 8 0.973 0 0.661 6 0.643 7 0.865 7 0.771 4 0.667 8
I 0.951 8 0.796 3 0.757 9 1.000 0 0.757 9 0.7579 0.905 8 0.836 7 0.757 9
J 0.844 5 0.801 3 0.676 7 0.920 7 0.697 7 0.642 3 0.7759 0.872'1 0.676 7
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Table 6 Nash bargaining solutions for the upstream and downstream performances and the system performance at different r levels ( r = 0, 0.1, 0.2, 0.3 )

{i@ r=0 r=0.1 r=0.2 r=0.3

% otz T EY etz Tl E¥ stz T ilE EX stz T EX)
A | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.000 0O
B | 0.7336 | 0.6686 | 0.4905 | 0.7315 | 0.6686 | 0.4891 | 0.7293 | 0.668 6 | 0.4876 | 0.7272 | 0.668 6 | 0.486 2

C |0.8351 |0.6793 | 0.5673 | 0.8335 | 0.6793 | 0.5662 | 0.8320 | 0.6793 | 0.5652 | 0.8305 | 0.6793 | 0.564 2

D | 0.6720 | 0.9219 | 0.6196 | 0.6696 | 0.9219 | 0.6173 | 0.667 1 | 0.9219 | 0.6151 | 0.6647 | 0.9219 | 0.6129

E |0.811 | 0.7096 | 0.6111 | 0.8598 | 0.7096 | 0.6101 | 0.8584 | 0.7096 | 0.6092 | 0.857 1 | 0.709 6 | 0.608 2

F 1 0.5655 | 1.0000 | 0.5655 | 0.562 8 .0000 | 0.5628 | 0.5601 | 1.0000 | 0.560 1 | 0.5575 | 1.0000 | 0.557 5

G | 0.8117 | 0.6946 | 0.5638 | 0.8100 | 0.6946 | 0.5626 | 0.8083 | 0.6946 | 0.5615 | 0.8067 | 0.6946 | 0.560 3

H | 0.8775 | 0.7714 | 0.6769 | 0.8763 | 0.7714 | 0.6759 | 0.8751 | 0.7714 | 0.6750 | 0.8739 | 0.7714 | 0.674 1

I |0.9144 | 0.8367 | 0.7651 | 0.9136 | 0.8367 | 0.7644 | 0.9127 | 0.8367 | 0.763 6 | 0.9118 | 0.8367 | 0.7629

J 10.7937 | 0.8721 [ 0.6922 | 0.7919 | 0.8721 | 0.6906 | 0.7901 | 0.8721 | 0.6891 | 0.7883 | 0.8721 | 0.687 5

F£7 AErKETHLETHSER Nash ABEREHZN(r =0.4,0.5,0.6,0.7)
Table 7 Nash bargaining solutions for the upstream and downstream performances and the system performance at different r levels ( r = 0.4, 0.5, 0.6, 0.7 )
1 r=0.4 r=0.5 r=0.6 r=0.7
%‘% i T S0 ki T BN L T RE L T S0
A | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.000 0 | 1.000 0

B |0.7251 | 0.6686 | 0.4848 | 0.7229 | 0.668 6 | 0.4834 | 0.7208 | 0.668 6 | 0.4820 | 0.7187 | 0.668 6 | 0.480 6

C |0.8290 | 0.6793 | 0.5631 | 0.8275 | 0.6793 | 0.5621 | 0.8260 | 0.6793 | 0.561 1 | 0.824 5 | 0.6793 | 0.560 1

D | 0.6624 | 0.9219 | 0.6107 | 0.6600 | 0.9219 | 0.6085 | 0.6576 | 0.9219 | 0.6063 | 0.6553 | 0.9219 | 0.604 1

E |0.8558 | 0.7096 | 0.6073 | 0.8545 | 0.7096 | 0.6064 | 0.878 1 | 0.6895 | 0.6055 | 0.8770 | 0.6895 | 0.604 7

—

F | 0.5548 | 1.0000 | 0.5548 | 0.5522 .0000 | 0.5522 | 0.549 6 L0000 | 0.5496 | 0.5470 | 1.0000 | 0.5470

G | 0.8050 | 0.6946 | 0.5591 | 0.8033 | 0.6946 | 0.5580 | 0.8017 | 0.6946 | 0.5568 | 0.8000 | 0.6946 | 0.5557

H | 0.8727 | 0.7714 | 0.6732 | 0.8715 | 0.7714 | 0.6723 | 0.8704 | 0.7714 | 0.6714 | 0.8692 | 0.7714 | 0.670 5

I | 0.9110 | 0.8367 | 0.7622 | 0.9101 | 0.8367 | 0.7615 | 0.9093 | 0.8367 | 0.7608 | 0.908 4 | 0.8367 | 0.760 0

J [0.7865 | 0.8721 | 0.6859 | 0.7847 | 0.8721 | 0.6844 | 0.7829 | 0.8721 | 0.6828 | 0.7812 | 0.8721 | 0.681 3
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8 AE r KT THI LTS Nash WHIBERESHL(r =0.8,0.9,1.0)
Table 8 Nash bargaining solutions for the upstream and downstream performances and the system performance

at different rlevels ( r = 0.8, 0.9, 1.0)

r=0.8 r=0.9 r=10
(LIR:
a3 i EY fintl i EY i i R
A 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0
B 0.716 7 0.668 6 0.479 2 0.714 6 0.668 6 0.477 8 0.773 8 0.6157 0.476 4
C 0.8230 0.679 3 0.559 1 0.8215 0.679 3 0.558 1 0.856 6 0.650 3 0.557 0
D 0.653 0 0.921 9 0.602 0 0.650 7 0.921 9 0.599 9 0.805 2 0.742 4 0.597 8
E 0.8759 0.689 5 0.604 0 0.874 8 0.689 5 0.603 2 0.932 4 0.646 2 0.602 5
F 0.544 5 1.000 0 0.544 5 0.542 0 1.000 0 0.542 0 0.584 9 0.922 4 0.5395
G 0.798 4 0.694 6 0.554 5 0.796 7 0.694 6 0.553 4 0.824 4 0.669 9 0.5523
H 0.868 0 0.771 4 0.669 6 0.866 8 0.771 4 0.668 7 0.9153 0.729 6 0.667 8
I 0.907 5 0.836 7 0.759 3 0.906 7 0.836 7 0.758 6 0.951 8 0.796 3 0.757 9
J 0.779 4 0.872'1 0.679 8 0.77717 0.872'1 0.678 2 0.844 5 0.801 3 0.676 7

2 E rKRFTHIHRGE R G L

Fig. 2 System performances of supply chains at different r levels

B4 E r KFETHIBER§E THFSRL Nash R HI#E
Fig. 4 Nash bargaining solutions for the downstream performances

of supply chains at different r levels
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Supply chain performance measurement and Nash bargaining considering the
risk of chain break

CHEN Jin-xiao', CHEN Jian®
1. Chinese Academy of Social Sciences, Beijing 100732, China;
2. School of Economics and Management, Tsinghua University, Beijing 100084, China

Abstract: Any local change in supply chains will affect the overall performance. An accurate performance e-
valuation of the system is the basis to deal with the risk of chain break and improve its stability. The paper,
through a review of three types of common performance measures, points out that the existing measures are not
suitable for supply chains with the risk of chain break. Distinguishing the impacts of intermediate products and
export-oriented outputs on the upstream performance, a new performance measure for supply chains is pro-
posed and its effectiveness in identifying broken chains is demonstrated. Based on the new measure, the distri-
bution of supply chain performance is further discussed. By establishing safety stocks in response to the risk of
chain break, how the upstream and downstream realize benefit sharing is investigated. Nash bargaining method
is employed to analyze the performance decomposition in the centralized system and the performance negotia-

tion in the decentralized system. It is shown that the decentralized supply chain can achieve the centralized op-
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timality through Nash bargaining. An illustrative example further verifies the relevant conclusions. The results
show that the setting of safety stocks can prevent the upstream performance from declining to zero due to chain
break, and that it can also improve the downstream performance so as to enhance the stability of demands.

Key words: supply chain; chain break; performance; measurement; Nash bargaining
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