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Abstract:To address the randomness of the transportation time and cost of fourth party logistics (4PL)under
complex and changing environments, the routing optimization for 4PL with stochastic transportation time and
cost is studied. Under the constraint of total transportation cost, an expected value model (EVM) and a chance
constrained programming model (CCPM) are established to minimize the total transportation time. Then, to
improve the effectiveness and robustness of the proposed models, the CCPM is transformed into an equivalent
deterministic model (EDM). According to the characteristic that 4PL chooses routes and third party logistics
providers simultaneously, an ant colony algorithm and an improved ant colony algorithm with replacement
strategy are designed to solve the models. Numerical analysis verifies the effectiveness of the improved algo-
rithm, and shows that the EDM can guarantee the robustness of solutions as well as the solution efficiency.
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Fig. 1 Multi-graph of 4PL supply chain routing optimization problem
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Table 1 Results of ACA and IACA for three models

Example Model Algorithm NP NG E(R) Best Bad Mean Robustness Time
EVM ACA 20 10 45.00 50.00 50.00 50.00 0.501 2 0.003 s
EVM IACA 20 10 45.00 50.00 50.00 50.00 0.499 3 0.003 s
CCPM ACA 20 10 47.00 54.18 55.43 54.79 0973 1 0.045 s
E7 CCPM IACA 20 10 47.00 54.07 55.23 54.74 09728 0.107 s
EDM ACA 20 10 47.00 55.43 55.43 55.43 09726 0.003 s
EDM IACA 20 10 47.00 55.43 55.43 55.43 09733 0.003 s
EVM ACA 50 20 57.00 62.00 63.00 62.03 0.500 4 0.030's
EVM IACA 30 15 57.00 62.00 62.00 62.00 0.500 1 0.026's
CCPM ACA 50 20 61.00 67.55 69.32 68.52 0.9522 0.221s
EIS CCPM IACA 30 15 61.00 67.42 69.14 68.42 0.9527 1.032s
EDM ACA 50 20 61.00 69.96 69.96 69.96 0.952 4 0.031s
EDM IACA 30 15 61.00 69.96 69.96 69.96 0.9523 0.028 s
EVM ACA 100 50 96.00 103.00 106.00 103.22 0.8110 0.476 s
EVM IACA 80 20 96.00 103.00 103.00 103.00 0.8105 0.214 s
E30 CCPM ACA 100 50 97.00 107.85 109.60 108.85 0.929 1 1.469 s
CCPM IACA 80 20 98.00 107.81 114.25 109.16 09611 4.806 s
EDM ACA 100 50 98.00 110.60 110.60 110.60 0.960 7 0.482's
EDM IACA 80 20 98.00 110.60 110.60 110.60 0.9637 0.188 s
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