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Three-stage Lagrangian heuristic algorithm for solving green vehicle
routing problem with simultaneous pickup and delivery

LI Yi-xu', HU Rong't, WU Shao-yun®, YU Nai-kang®, QIAN Bin'

(1. Faculty of Information Engineering and Automation, Kunming University of Science and Technology, Kunming
650504, China; 2. Yuxi Sirun Printing Co., Ltd, Yuxi 653100, China; 3. Faculty of Mechanical and Electrical
Engineering, Kunming University of Science and Technology, Kunming 650504, China)

Abstract: For the green vehicle routing problem with simultaneous pickup and delivery, a mixed integer programming
model is developed with the optimization objective of minimizing the distribution cost with carbon emission cost, and a
three-stage Lagrangian heuristic algorithm combining mathematical programming methods and heuristics is proposed for
solving the problem. In the first stage, the Lagrangian dual model of the problem is obtained using Lagrangian relaxation
technique. In the second stage, an improved sub-gradient algorithm is designed to solve the dual model iteratively, and
a repair mechanism is introduced to repair the solution corresponding to the lower bound obtained in each iteration to
a high-quality feasible solution of the original problem. The feasible solution is then used to update the sub-gradient
direction and step size in the next iteration. In the third stage, a heuristic local search algorithm is designed to optimize
the feasible solution obtained in the second stage and further improve the quality of the solution to obtain the approximate
optimal solution of the original problem. Experiments show that the proposed algorithm can obtain a high-quality solution
to the problem and provide a compact lower bound to evaluate the quality of the solution.

Keywords: green vehicle routing problem; simultaneous pickup and delivery; Lagrangian heuristic; feasible solution
repair; relaxation technique; lower bound
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