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Abstract

This study addresses the flexibility and adaptability challenges of agricultural product processing
and transportation supply chains in complex market environments by proposing a multi-level,
multi-path supply chain optimization model. The model allows suppliers to sell directly to con-
sumer markets or through manufacturers for secondary processing, enabling dynamic and efficient
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resource allocation. The research introduces variational inequality theory, ensuring that the model
realistically captures the complexity of multi-level supply chains without relying on parameter
monotonicity or differentiability. Coupled with a multi-scale model learning algorithm, the model
achieves optimized resource allocation and reduced overall costs. Results demonstrate that the
model not only optimizes resource allocation and reduces costs but also provides a new theoretical
framework and solution approach for agricultural supply chain optimization under complex con-
straints.
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Figure 1. Multi-layer supply chain network topology diagram
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Figure 2. Implementation process of the MMLA algorithm
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Figure 3. Schematic diagram of the constructed supply chain network
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Table 1. Balance results of each path in the supply chain network

=1 RSN EEFRETEHER

600

No. (i, J) Pii.i) Cj Piii) Pii.i) = = Piy)
1 29.3287 0.0042 29.2325 —0.1005
2 29.3287 0.0050 29.2327 -0.1010
3 29.2285 0.0040 29.2324 0.000
4 29.2285 0.0042 29.2327 0.000
5 59.9945 0.0044 59.9939 0.0050
6 59.9945 0.0022 59.9967 0.0038
7 59.9918 0.0023 59.9939 -0.0073
8 59.9918 0.0051 59.9967 0.0011
9 40.0917 0.0041 39.9999 —-0.0959
10 40.0917 0.0031 39.9999 —-0.0948
11 40.0035 0.0050 39.9999 —0.0086
12 40.0035 0.0040 39.9999 —-0.0076

fii
0.5546
0.000
0.0008
0.5634
0.6583
0.3969
0.6906
0.3798
0.3479
0.0768
0.2266
0.1179

23t 606 NETFTBL FRATIA H B B X 2% v 45 2% AR 08 B AR BB AN A8 AN 5 K TR S P ik 31

ad RO P AR Ik 2.0 3% 30 3% 4 AR 5 .

Table 2. Freight cost coefficients for each path in the supply chain network

=2 MM ERREEERBEE

No (ik) a, b, & d,
1 0.0007 0.00005 0.0060 0.0040
2 0.0008 0.00004 0.0060 0.0050
3 0.0007 0.00003 0.0050 0.0040
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4 0.0006 0.00005 0.0060 0.0040
5 0.0008 0.00004 0.0030 0.0040
6 0.0009 0.00003 0.0030 0.0020
7 0.0004 0.00005 0.0030 0.0020
8 0.0005 0.00003 0.0050 0.0050
9 0.0006 0.00008 0.0040 0.0040
10 0.0007 0.00005 0.0030 0.0030
11 0.0005 0.00003 0.0030 0.0050
12 0.0005 0.00005 0.0035 0.0040
Table 3. Balance results of agricultural enterprise decision makers
= 3. RUIREEN &SR
Q Qusots Qj 5ot Qi et P L. Pi.j) r
1 0.9945 0.4247 0.5546 0.0152 29.3287 0.9593 29.3287 0.4333
2 0.9289 0.3444 0.5642 0.0203 29.2285 0.9104 29.2285 0.3959
Table 4. Balance results of processing enterprise decision makers
T4 MIAORRENFELER
Q Qu Qe Pic.p P "
1 1.0553 1.0399 0.0154 29.2325 59.9945 0.0167
2 1.0704 1.0536 0.0168 29.2327 59.9918 0.0441
Table 5. Balance results of consumer market decision makers
5. HBEMIARRENTELSER
d, d,
1 0.5745 1.3489
2 0.5088 0.7768
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