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Abstract

In the context of frequent failures in emergency supply chains due to profit conflicts among partici-
pants, network equilibrium theory is often used to construct emergency supply chain models to en-
sure decision stability. However, existing models with linear, monotonic, and differentiable constraints
fail to fully capture the complex decision-making behaviors in emergency situations, thereby limiting
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their effectiveness and accuracy in practical applications. To address this issue, we propose an emer-
gency supply chain network equilibrium variational inequality model, innovatively using nonlinear,
non-monotonic, and even discontinuous functions as constraints. Through designed case simula-
tions, we verify that this model can provide stable decisions that meet the profit requirements of all
participants in complex nonlinear environments, significantly enhancing its practical application
value.
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Figure 1. Four-tier emergency supply
chain network
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Figure 2. A typical supplier “e” and downstream
manufacturers
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Figure 3. A typical manufacturer “i”” and its upstream and
downstream participants
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Figure 4. Material center “m” and its upstream manufacturers
and downstream material demand points
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Figure 5. A material demand point “j” and its upstream
manufacturers and material center
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Figure 6. Simulating a four-tier emergency supply chain network
6. RRAUMY R R 2 R M 4%

Table 1. Manufacturers M1 and M2 correlation coefficient

1. HIER ML, M2 BEEREY

%Ujﬁﬁﬁ RPll RPIZ RT| Ci‘Leftl Ci,LeftZ
M1 0.55 0.45 1.0 0.001 0.001
M2 0.6 0.4 1.0 0.004 0.008

Table 2. Cost composition coefficients for all participants

* 2. BEEHMAMBREY

Z5% FC, a, b, CyLen C, 5o
S1 340 0.02 0.000012 0.01 0.002
S2 411 0.01 0.00001 0.02 0.002
S3 350 0.002 0.000002 0.01 0.001
S4 415 0.004 0.000014 0.01 0.0002
M1 100 0.001 0.000003 0.001 0.0001
M2 120 0.001 0.000001 0.001 0.0002
C1 20 0.0002 0.000001 0.004 0.0006

Table 3. The unit transportation cost coefficient for each link

3. BRERNBAIEMAARY

No.(g.k) a, (E-4) b, (E-5) Eg o

1 4 2 0.005 0.55
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2 4 3 0.005 0.65
3 5 2 0.006 0.35
4 4 4 0.005 0.50
5 4 5 0.005 0.52
6 6 2 0.004 0.35
7 4 6 0.004 0.15
8 8 2 0.004 0.65
9 4 4 0.005 0.45
10 7 6 0.005 0.50
11 6 5 0.007 0.48
12 5 6 0.005 0.50
13 7 2 0.0045 0.25
14 6 5 0.006 0.46
15 5 7 0.006 0.45
16 6 6 0.006 0.44
17 2 2 0.0018 0.12
18 3 2 0.0022 0.12
19 2 2 0.0021 0.12
Table 4. Material demand point market pricing coefficient
F 4 MEFRETAENFRE
WK A prax a; bj

D1 70.842 0.045 0.00084

D2 70.970 0.047 0.00090

D3 71.129 0.050 0.00095

BAVMRB T PO CASERTAE % T 80.45995 B MM TE, —AMHE 7 SR s S b SR = 348 30,
M I 2 RS 7 2 R (MMLA) KA 2 20115 H I 28 I fd e 15 7. 3% 5~9 o .

MMLA 3R g MEE A 2 ST Bt AT — IR BB INR, IR R DRI 1 = AN MEFROABERE (4
). B 7 RR T AN BB R RN N R IR . N H A R EUE 2 A S (45) T R
R, WTLUE AR R RIS R IR SR m e sy, et BARREUE R N . &5, MMLA @i
525 M BB, K H bR ek B Y sk F) 5.13030.

75 W RO T Mt 10 S BEREIN M4 1, @I R A RE B R S5 W A1 DA 6, BT DABRIF A2 75 7™
Rl BT 26 . IRATVER IR T 8582 14 A1 15, HABERER T it 2 T S 45 1F

% 6~9 iR 1P AP NS TR 2 5 07 B AR N A . o, R S1 4: 7 14.21700
R —FEAMEL, FELL 23.93720 A AT H B HERRS S3 AR 5.80921 HUE 1055 AR KL, I
DL 92.78687 M A s HIiE RS M1 DL 24.49186 f BN IWSE T 8.24549 BUE S — PR RL, ik
i M2 4373 LL 24.59066 F1 93.14103 [JFANIESE T PR E AR, b4 5= T 11.94302 B E M5, LA
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Figure 7. The trend of the objective function value in all learning stages of MMLA
E 7. MMLA FRBZ M E T BfRRBEN T LSS

Table 5. The equilibrium results of all links
5. FTAMEHENHEER

No. (g.k) Mok W, Pyok) Cy Pos) Poi) ~Co —P o

1 0.57997 0.9236 23.9372 0.55466 24.49186 0 8.24549
2 0.42003 0.66888 23.9372 0.65346 24.59066 0 5.97151
3 0 0 10 0.35 24.49186 14.14186 0

4 0 10 0.5 24.59066 14.09066 0

5 0 0 92.78687 0.52 10.15 —83.15687 0

6 1 0.20264 92.78687 0.35416 93.14103 0 5.80921
7 0 0 10 0.15 10.15 0 0

8 0 0 10 0.65 93.14103 82.49103 0

9 0 0 10 0.45 68.47891 58.02891 0

10 0.11353 0.19797 10 0.5 68.67002 58.17002 0
11 0.478 0.83349 10 0.48 68.67415 58.19415 0
12 0.40847 0.71224 10 0.5 68.66936 58.16936 0
13 0.28061 0.54959 68.22634 0.25257 68.47891 0 3.35128
14 0.24703 0.48383 68.22634 0.46221 68.67002 —0.01853 2.9503
15 0.17209 0.33705 68.22634 0.45132 68.67415 —0.00351 2.05523
16 0.30027 0.58812 68.22634 0.44292 68.66936 1.00E-04 3.58621
17 0.33095 0.75982 68.52899 0.14093 68.67002 9.79E-05 27.73712
18 0.34232 0.78594 68.52899 0.14507 68.67415 9.26E-05 28.69076
19 0.32673 0.75013 68.52899 0.14047 68.66936 —9.99E-05 27.38335
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Table 6. The final decision of the supplier

6. HNERIREIRE

S Qe Qe‘Sold Qe‘Lef‘l Pe,SoId
S1 14.21700 14.21700 0 23.93720
S2 0 0 0 0
S3 5.80921 5.80921 0 92.78687
S4 0 0 0 0
Table 7. The final decision of the manufacturer
7. HEFHNRERK
M Qi Qi,SoId Qi,Lefl Qi,Lefll Qi,LeftZ pi,Buyl pi,BuyZ Pi,SoId
M1 0 0 0 8.24549 0 24.49186 0 0
M2  11.94302 11.94302 0 0 1.82820 24.59066 93.14103 68.22634
Table 8. The final decision of the material center
8. MBEFILRIRLEIREK
C Qm Qm,SoId Qm,Left IDm,Buy |:)m,SoId
C1 83.81123 83.81123 0 68.47891 68.52899
Table 9. The final decision of the material demand point
9. MEFTKAHRLREK
D Pj,Buy
D1 30.68742 68.67002
D2 30.74599 68.67415
D3 30.96955 68.66936

4. Z5ig

ARSI AR IUAT L PR B I 4 S TR TR I H 78 70 IR N SR B T 2 57 IR R R . -
MIESH PE R AR R 20 Bk A i BN ARZR I . ARFIRATARIES: . SRS SR TR TR R 2 A T )
e, PATVHE SR (122 5 AR SR R A O S5 R B AR e e IR, il e A U BRA AT SR . 2%
B R, AV AR S 5T TR & A EOR AR A, I0AIE 1 B RN S
e I 5 P Ay AN R R FL SR AR Z MR AR R A 2k, LRI LI R LB

AT BRSNS, &5 5T R ESEEL TR EEAF I SR o X R WIAE N St R B
T AL RIS AE S BRRAS TR WAT I, IF RIS R A7 A o

T fEREEASERS,  SENEE T P SRS AN ORI T B AL 3T, S LI I A B
M B OR 14088 6 SR TS R MR IR 2 SR R AR AR 2 B 488 e (H LB ) R M A S, A
TREEAN R LN AR RE T 23 oK
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