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Abstract

With the increase in the number of cars in the world, the management and recycling of end-of-life
vehicles has become more urgent. The existing reverse logistics network still has many bottlenecks
in efficiency and cost control, such as complicated process, improper allocation of resources and
high remanufacturing cost. To solve these problems, a multi-level supply chain network equilib-
rium optimization model is proposed in this paper. Variational inequality is applied to reverse
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logistics of scrapped vehicles for the first time, and the interesting game of all parties in the supply
chain is described systematically. Through the solution strategy based on multi-scale model learning
algorithm, the nonlinear and non-convex problems are effectively solved, and the rationality of re-
source allocation and the operation efficiency of logistics network are significantly improved. The
experimental results show that the model not only reduces the cost, but also has efficient practical
application value. At the same time, it takes into account a variety of resource recovery methods
such as remanufacturing and recycling, which enhances the flexibility and sustainability of the
model. This study provides a new way to realize the economic benefit and environmental sustaina-
bility of reverse logistics of scrapped vehicles.
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Figure 1. Diagram of three-layer supply chain network
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Figure 2. Schematic diagram of three-layer supply chain network simulation
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Table 1. The correlation coefficient of the cost

=1L RTHRAZREXRYK

VC =aQ + hQ?
Decisionmaker FC . 0 AHC ATC
sl 20 0.0020 0.0001 0.01 0.001
s2 23 0.0022 0.0001 0.02 0.001
pl 50 0.0011 0.000030 0.0005 0.0005
pl 58 0.0012 0.000029 0.0004 0.0006

Table 2. Disassembly center related parameters (car disassembly for metal, rubber, plastic)

=2 RBROAXNCRIFRBASE. 5K BRHBEXEH

Manufacturer RPi2 RPi2 RTi AHC of material one AHC of material two
pl 0.52 0.48 0.81 0.0011 0.0012
p2 0.49 0.051 0.80 0.0016 0.0015

Table 3. The correlation coefficient of the cost

%3 FREPERBMEMMARY

sn aij bij Cij dij
1 0.0002 0.00001 0.00001 0.1
2 0.0002 0.00001 0.00001 0.1
3 0.0002 0.00001 0.00001 0.1
4 0.0002 0.00001 0.00001 0.1
5 0.0001 0.00004 0.00001 0.1
6 0.0003 0.00005 0.00001 0.2
7 0.0001 0.00004 0.00001 0.1
8 0.0003 0.00005 0.00001 0.2
9 0.0001 0.00004 0.00001 0.1
10 0.0003 0.00005 0.00001 0.2
11 0.0001 0.00004 0.00001 0.1
12 0.0003 0.00005 0.00001 0.2
13 0.0002 0.00004 0.00001 0.1
14 0.0002 0.00004 0.00001 0.1
15 0.0002 0.00004 0.00001 0.1
16 0.0002 0.00004 0.00001 0.1

4.3. PR By LHE
A H 2 RERAR 2 2] A (MMLA), 53X — 8 70 feor 1 I AR 2 P 2 R A R AT SR AR, LIS ZIfE

DOI: 10.12677/m0s.2025.141124 1392 e RSE TR


https://doi.org/10.12677/mos.2025.141124

FNHES T2

JS25E W 25 R I BIR S
PR A Y 22 3

min Y, {1, PA; +( foug, — 1y ) PBY | (44)

TENBWwRE, HHPA8S8a=18 g=2. X HIERECE BTSRRI N E 1 A R AL
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MMLA i K ZIZH0N -

Np =3+ Np1=500. Np2 =150 Npz=130. r,=0.001, rs=0.1. n,=50.
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Table 4. Balanced results for all links
4 TBNENTEER

sn rij Wij Pi i) Cij Pi..j) Pi..i)-Cij=Pia.j) fij

1 1.000000 0.240771 1.449545 0.122976 1.572520 0.000000 38.965163
2 0.000000 0.000000 1.449545 0.100000 1.543156 —0.006388 0.000000

3 1.000000 0.119830 1.443156 0.129436 1.572529 —0.000072 45.169102
4 0.000000 0.000000 1.443156 0.100000 1.543156 0.000000 0.000000

5 0.000000 0.000000 2.850651 0.100000 3.000000 0.049349 0.000000

6 0.491077 0.960159 6.298450 0.201051 6.499909 0.000407 2.478983

7 1.000000 0.173481 2.850651 0.244629 2.995280 —0.100000 58.893986
8 0.508923 0.995053 6.298450 0.201101 6.499890 0.000339 2.569072

9 0.000000 0.000000 20.000000 0.100000 3.000000 —17.100000 0.000000

10 1.000000 0.711352 20.000000 0.200000 6.499909 —13.700091 0.000000

11 0.000000 0.000000 20.000000 0.100000 2.995280 —17.104720 0.000000

12 0.000000 0.000000 20.000000 0.200000 6.499890 —13.700110 0.000000

13 1.000000 0.215527 12.898401 0.101549 12.999850 —0.000100 4.206713

14 0.000000 0.000000 12.898401 0.100000 13.000000 0.001599 0.000000

15 1.000000 0.387566 20.000000 0.100000 12.999850 —7.100150 0.000000

16 0.000000 0.000000 20.000000 0.100000 13.000000 —7.100000 0.000000

MMLA T & iR S O 16 2. Zid i3k 759 A3 B, MMLA WSk B iR & e liif,  Fbs
PRHE T 0.5847903424358925. BT SLIS FEAEINS 2865 ZEFb. — A~ 31 I 75 LA 27 2J 7 B8 o ol oAy
496. 133 il 130.

4.4. GERTH

I MMLA SRARTS 20000 A 25 SRIGTE T A48 P g AR BUTE S B A1 B % ) 248w (1 B 0OR . BT
5 WA B S %32 5t RIRIN 2023 4F BT RIERE T E S, SRS RAE R S
BT T PR B2, WIEATBIPRMR= b 5 AR A RS, ZEBREUN: (1) X TR Tl o k& A
2788 JLAENE, T EL SRS T Ay 2400 TCAFMEE] 2700 ToAFNE,  ERAR TRUIAG & H ) ELSE RS TE RN, (H R
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