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Real-time Optimization of Instant Meal Delivery
Based on Deep Reinforcement Learning

CHEN Yanru, LIU Keliang, RAN Maoliang
(School of Economics and Management, Southwest JiaotongsUniversity, Chengdu 610031, Sichuan, China)

[Abstract] To address the challenges of tight capacity andbhigh,delayed rate of meal delivery tasks during peak
dining period, a real-time optimization policy based én Deep Reinforcement Learning (DRL) for instant meal
delivery is proposed to improve the long-term customer service level of platforms. First, considering the constraints
of meal preparation time, pickup and delivery seqdence, and time window in meal delivery, the instant meal
delivery problem with stochastic requests istimodeled”as a Markov Decision Process (MDP) to maximize the
expected average customer service level. Séeond, the Proximity Policy Optimization (PPO) algorithm is combined
with the Insertion Heuristic (IH) algetithm to“design an instant meal delivery optimization policy, PPO-IH. A
policy network with an integrated attention mechanism is employed by PPO-IH for matching orders to couriers,
and the network is trained by the PPOvalgorithm. The courier routes are updated with an IH algorithm. Finally,
through comparative experiments with the Greedy, minimum difference strategy, allocation heuristic, and two
deep reinforcement learning algorithms, PPO-IH is shown to perform better in 71.5%, 95.5%, 87.5%, 79.5%,
and 70. 0% days with ‘the. given data, respectively. Additionally, PPO-IH achieves a higher average level of
customer service, shorter average delivery times per order, and a lower rate of delayed deliveries. Furthermore,
PPO-TH demonstrates certain effectiveness and generalization under different rider numbers, order densities, and
order time window scenarios.

[Key words] meal delivery; real-time optimization; Deep Reinforcement Learning ( DRL); Markov Decision
Process (MDP) ; Proximal Policy Optimazation (PPQO); attention mechanism
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Fig.1 Schematic diagram of meal delivery problem
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Table 3 Comparison of algorithms performance

under different capacity challenges
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