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Abstract

Targeting the “last-mile” segment in China-US cross-border logistics, this study addresses the re-
search gap on the collaborative optimization of destination-based consolidation (DBC) and vehicle
routing with time windows (VRPTW). We formulate a bi-objective mixed-integer linear program
(MILP) under multimodal constraints. The model links the destination-based consolidation deci-
sion at the origin end with the vehicle route-time window decision at the destination end, and in-
ternalizes infrastructure constraints such as rail direct/small port berthing availability, schedule
and yard time window; it takes total time and total cost as dual objectives, while taking service level
into account. To solve it, we adopt an £-constraint scalarization coupled with a branch-and-cut
framework, enhanced by a clustering-consolidation heuristic warm start and a Benders-style de-
composition for acceleration. Using enterprise multi-source operational data and reproducible test
instances, we conduct scenario analyses with port congestion (k), inspection delay (4), and capacity
tightness (¢), together with robustness checks. The integrated approach consistently outperforms
sequential baselines in medium-to-high congestion and fragmented-demand settings, and its gains
are sensitive to the availability of rail-direct access and small-port transshipment. The contribu-
tions are threefold: 1) a computable model that captures the DBC-routing synergy; 2) providing a
solution process and performance reporting framework that can be used in engineering; and 3)
providing strategic insights and applicable boundaries for different scenarios, and providing meth-
odological support for the timeliness-cost coordination of cross-border last-mile networks.
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