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Non-equal-order discrete nonlinear grey multivariable prediction model
and its application

DANG Yao-guo', ZHOU Xin-yan, WANG Jun-jie, XU Ze-dong, YIN Feng-feng

(College of Economics and Management, Nanjing University of Aeronautics and Astronautics, Nanjing 210016,
China)

Abstract: To further improve the fitting and forecasting accuracy of high-order grey multivariable prediction models,
this paper proposes a novel non-uniform fractional-order nonlinear grey multivariable prediction model (DLFDGM).
This model achieves two key innovations: independent fractional accumulation orders are assigned to the system
characteristic sequence and each influencing factor sequence, enabling the model to adaptively optimize data processing
according to the distinct fluctuation patterns and memory characteristics of each driving variable; a nonlinear term in
the form of an exponential function, 3k°, is introduced to capture the marginal diminishing or scale acceleration effects
of driving factors on the prediction outcomes, reflecting nonlinear dynamic behaviors. The modeling mechanism,
parameter estimation, and time response equations of the proposed model are thoroughly investigated, along with
discussions on its degenerative properties under specific parameter settings. The model is then applied to predict the
cargo throughput of ports in Jiangsu Province, yielding a fitting accuracy of 1.05% and a forecasting accuracy of
1.91%. The results demonstrate that both fitting and prediction performance of the proposed model significantly
outperform those of comparative models.

Keywords: fractional order; discrete grey prediction model; particle swarm optimization algorithm; freight volume
prediction
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