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Abstract: To solve O20 delivery challenges like changing demands and real-time requirements, this study
proposes a two-layer deep reinforcement learning method. The upper-layer agent handles order allocation by
learning from historical orders and road conditions. The lower-layer agent focuses on optimizing delivery
routes for riders. A global reward system connects both layers to share optimization signals. This design helps
balance long-term goals across multiple scheduling periods. In the simulation platform, real and simulated
orders from a certain food delivery platform in Dalian are subjected to multi-scenario real-time dispatching
experiments. This verifies the superiority of the method in considering long-term goals in rolling scheduling
and the efficiency of hierarchical solving, providing an optimized dispatching solution that is both cost-effective

and service-quality-oriented for immediate delivery services.
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Fig.2 Distribution of real orders (a) and simulated afternoon peak orders (b) and evening peak orders (c)
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Table 1 Randomness source table
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Table 2 The parameters used in Monkey Algorithm
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Fig.3 SUMO simulation system interface and map area display
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Table 3 Large-scale comparison of experimental results

BICEES AFS E@(D)(D(r'(I)))  E@ (H)(D('(H)) E@(@0)(D('(9) EW)(DW))
SAC-PNLNS 0.49 (0.02) 0.03 (0.05) 0.18 (0.25) 0.70 (0.28)
SAC-PNLNS(-5) 0.69 (0.11) 0.04 (0.05) 0.30 (0.00) 1.03_(0.06)
DDQN-PNLNS 0.82 (0.01) 0.04 (0.05) 0.38 (0.39) 1.24 (0.43)

stgep e DQN-PNLNS 0.82 (0.23) 0.04 (0.05) 0.34 (0.26) 1.19 (0.07)
DQN 0.82 (0.26) 0.04 (0.05) 0.59 (0.46) 1.45 (0.25)
DP-LNS 0.26 (0.17) 0.66 (0.03) 0.67 (0.27) 1.58 (0.11)
SA-LNS 0.36 (0.03) 0.98 (0.02) 0.71 (0.20) 2.06 (0.23)
SAC-PNLNS 0.42 (0.00) 0.04 (0.05) 0.35 (0.34) 0.80 (0.38)
SAC-PNLNS(-5) 0.80 (0.27) 0.05 (0.06) 0.11 (0.12) 0.95 (0.33)
DDQN-PNLNS 0.82 (0.26) 0.05 (0.06) 0.19 (0.27) 1.06 (0.08)

g eie  DQN-PNLNS 0.82 (0.21) 0.04 (0.05) 0.27 (0.01) 1.12 (0.15)
DQN 0.54 (0.13) 0.70 (0.01) 0.62 (0.15) 1.85 (0.27)
DP-LNS 0.26 (0.16) 0.95 (0.02) 0.46 (0.14) 1.67 (0.17)

SA-LNS 0.29 (0.05) 0.96 (0.03) 0.44 (0.32) 1.69 (0.31)
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Table 3 Continues

Ktk Sk E(r(ID)(D(r'(1)))  E(@'(H)(DE'(H))) E@0)(DE'(9)) EW)(DW))
SAC-PNLNS 0.20 (0.27) 0.02 (0.03) 0.35 (0.50) 0.57 (0.80)
SAC-PNLNS(-9) 0.72 (0.09) 0.03 (0.04) 0.39 (0.38) 1.14 (0.51)
DDQN-PNLNS 0.74 (0.17) 0.03 (0.05) 0.44 (0.48) 1.21 (0.36)

FOS G I DQN-PNLNS 0.65 (0.15) 0.03 (0.04) 0.30 (0.36) 0.99 (0.55)
DQN 0.82 (0.26) 0.03 (0.03) 0.55 (0.64) 1.39 (0.41)
DP-LNS 0.19 (0.07) 0.99 (0.01) 0.48 (0.16) 1.66 (0.19)
SA-LNS 0.23 (0.14) 0.96 (0.02) 0.29 (0.19) 1.48 (0.31)
SAC-PNLNS 0.58 (0.59) 0.01 (0.02) 0.15(0.17) 0.74 (0.78)
SAC-PNLNS(-6) 0.47 (0.67) 0.01 (0.02) 0.33(0.41) 0.81 (1.09)
DDQN-PNLNS 0.55 (0.46) 0.02 (0.02) 0.20 (0.29) 0.77 (0.77)

W10 e DQN-PNLNS 0.38 (0.22) 0.01 (0.01) 0.52 (0.68) 0.91 (0.92)
DON 0.73 (0.14) 0.01 (0.02) 0.30 (0.23) 1.05 (0.38)
DP-LNS 0.41 (0.03) 0.97 (0.03) 0.25 (0.08) 1.63 (0.10)
SA-LNS 0.45 (0.03) 0.97 (0.03) 0.19 (0.15) 1.62 (0.15)
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Table 4 Ablation results

TGS Sk E@'(D)(D('(1)))  E( (H)(D(r'(H)) E@(@)(D('(9) EW)(DW))
1 SAC-PNLNS(JEHE) 0.22 (0.15) 0.19 (0.03) 0.02 (0.02) 0.44 (0.17)
2 R 0.25 (0.10) 0.86 (0.08) 0.84 (0.13) 1.95 (0.11)
3 ~CE 0.45 (0.48) 0.17 (0.23) 0.85 (0.09) 1.46 (0.70)
4 ~LNS 0.15 (0.20) 0.86 (0.11) 0.83 (0.15) 1.84 (0.45)
5 ~PN 0.23 (0.10) 0.74 (0.13) 0.78 (0.13) 1.75 (0.18)
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Table 5 Scene setting

W fe THRH WEH 7k fre TR WER B e TR BT

Al 50 25 Bl 100 20 cl 150 15
A2 50 20 B2 100 15 2 200 25
k=Y iR =ik
feod -, 50 15 PRI g, 150 25 L 200 20
Ad 100 25 B4 150 20 c4 200 15
425200 25 AR

AU
2
000
2
5 2
18
000 o 2000
8 1%
e 0.000
o 160 180 200 0 %0

Fig. 4 Performance contours of SAC-PNLNS in multiple scenarios
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Fig. 5 Represents the adaptability of multiple comparison algorithms in the scene
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