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Optimization and simulation for an intermodal routing problem with fuzzy soft
time window under multiple uncertainty

SUN Yan', ZHANG Zheng', ZHANG Xiaran’* | LIU Yunlin', SUN Guohua'
(1. School of Management Science and Engineering, Shandong University of Finance and Economics, Jinan 250014, Shandong,

China; 2. School of Management, Shandong University of Traditional Chinese Medicine, Jinan 250355, Shandong, China)

Abstract; To solve the high cost and low efficiency of the intermodal transportation applied in long-distance and bulk transportation,
this study explores an intermodal routing problem with fuzzy soft time window whose aim is to minimize the transportation costs.
Meanwhile to improve the reliability of the intermodal routing in the actual transportation, this study formulates the uncertainty of the
goods demand of the customer, and further explore the multiple uncertainty introduced by the uncertain demand that includes the
uncertainty of transportation costs and time and of the service level constraints and capacity constraints. Based on the utilization of the
trapezoidal fuzzy number to describe the uncertainty, this study establishes a fuzzy programming model to deal with the intermodal
routing problem under multiple uncertainty, and utilizes the fuzzy chance-constrained programming method based on credibility
measure to realize the crisp reformulation of the model to make the problem solvable. This study further develops an Ant Colony
Optimization algorithm based on network transformation to solve the crisp model efficiently. The results of the numerical case
demonstrate the feasibility of the chance-constrained programming model and Ant Colony Optimization algorithm. The influence of
improving the service level and the confidence level on the costs of the intermodal transportation is clarified by using the sensitivity

analysis. The experimental simulation of the numerical case further indicates the relationship between the confidence level and the

Wr#s B 81 :2024-03-04; [ 4% HH kit 18] : 2025-04-01 06:59:53

E&WA IR ARPEIES T I H (ZR2023MG020) 5 1LZR 4 5 5524 A 0 75 75 AR 01357 41 B (2022RW084 )
E—1EE A (1990— ) T BIBER WA BF5E 05 0] Jyid i R 444k, E-mail : sunyanbjtu@ 163.com

« BISIEE . IKE SR (1986— ) , 2, PEU , 1it  WF53 0 1m) A4 it 5 3L 1 4% 25 B, E-mail ; zhangxiaran@ 126.com



55 6 1 e A5 ST ANEE I N A B ] 7 1 2 s A e 5 05 B 129

reliability of the route that the reliability of the route trends to enhance with the improvement of the confidence level, however, they
are not equivalent, and improving the confidence level will not lead to an absolute reliability enhancement. The numerical case
simulation also verifies that considering demand uncertainty significantly improves the reliability of the routing in the actual
transportation, and further reveals that the economy and reliability objectives of the routing are in conflict with each other. The
customer and intermodal transportation operator can accordingly make tradeoffs among the economy, timeliness and reliability of the
transportation to effectively improve the comprehensive level of the intermodal transportation.

Key words: intermodal transportation; routing; fuzzy soft time window; multiple uncertainty; fuzzy chance-constrained

programming ; Ant Colony Optimization algorithm
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Fig.1 Transformation of the intermodal transportation network
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Fig.2 Procedure of the Ant Colony Optimization algorithm
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Fig.3 Intermodal transportation network in the numerical case
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Fig.8 Transportation costs of the planned routes and actual best routes in the simulated transportation scenarios
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Table 3 Gaps between the planned routes and actual best routes in the simulated transportation scenario
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