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Abstract

E-commerce-driven logistics demand is characterized by fragmentation, high frequency and strong
timeliness, and the traditional freight transport model is difficult to meet the dynamic resource al-
location needs due to information silos and local optimization. In view of the inefficiency of resource
allocation due to information asymmetry, high transaction cost and local optimization in the freight
market, this paper proposes a heterogeneous bilateral bidding and trading mechanism based on
freight network nodes. First, by deconstructing the freight market, the heterogeneous freight tar-
gets are stratified according to the distance interval and realize homogeneous measurement, based
on the design of standardized trading units of big data and intelligent algorithms: based on the di-
vision of cargo accumulation factor and distance interval, the design of homogeneous pricing model
of the freight volume, the unified freight demand and supply of measurement dimensions, and re-
duce the complexity of the transaction. Secondly, we improve McAfee bilateral auction mechanism,
propose multi-unit heterogeneous bid matching rules, realize price generation and automatic match-
ing through sealed bidding between supply and demand sides, and rigorously prove that the mech-
anism satisfies incentive compatibility, individual rationality and budget balance constraints. The
simulation results show that in the active market, traders can obtain the majority of the transaction
surplus through real quotes (efficiency loss < 0.02), and the success rate of the transaction is signif-
icantly improved with the reduction of the quotes’ variance (up to 98%), which verifies the robust-
ness of the mechanism in the high volatility scenario of e-commerce logistics. By breaking through
the information barriers and efficiency bottlenecks of traditional bidding and bargaining models,
the mechanism in this paper provides theoretical and technical support for digital logistics plat-
forms to deal with heterogeneous transactions at scale and optimize resource allocation.
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Figure 1. Bidding process in the N-M freight bilateral bidding market
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Figure 2. (a) Plot of the mean price of 100 trades with different variances; (b) Mean
of success rate of 100 transactions with different variances
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Figure 3. (a) Mean of 100 R-values with different variances; (b) 100 R-value av-
erages for different speculative ratios
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