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Figure 1 Schematic diagram of the DESN structure
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Figure 2 Schematic diagram of optimizing DESN structure based on DMCP
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Figure 3 Prediction results and error distribution box plots of DMCP-DESN and DESN in the MG prediction task
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Figure 5 Prediction results and error distribution box plots of each model in the MG prediction task
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Table 3 Performance evaluation of DM CP-DESN in the Call prediction task
A WU 19 2% R AR NRMSE RMSE R’ Mc
DESN 1-50-50-50.50-1 0.184 1+0.003 3 0.8352+0.0150 0.966 0+0. 001 2 12. 155 7+£0.014 1
DMCP-DESN 0. 157 7+0. 006 6 0.715 4+0.030 1 0.975 0+0. 002 1 12. 168 0+0. 000 9
DESN 0.173 0+0.001 5 0. 785 0+0. 006 8 0.970 0+0. 000 5 12.103 2+0. 027 7
1-100-100-100-100-1
DMCP-DESN 0. 154 9+0. 001 8 0.702 8+0.008 1 0.976 0+0. 000 5 12. 158 4+0.018 8
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Figure 7 Prediction result distribution ridge plots and error distribution box plots of each model in the Call prediction task
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Table 4 Performance evaluation of each model in the Call prediction task

LAY NRMSE RMSE R’
TCN 0.214 0+0.001 6 0.970 6+0. 007 4 0.954 1+0. 000 7
BiLSTM 0.392 6+0. 000 0 1.781 0+0. 000 0 0. 845 6+0. 000 0
DBN-ELM 0. 389 0+0. 000 0 1.764 6+0. 000 1 0. 848 4+0. 000 0
DBN-SVM 0.388 0+0.002 5 1.760 1+0.011 3 0.849 2+0.001 9
GRU 0. 195 7+0. 002 6 0.887 6+0.011 6 0.961 6+0.001 0
LSTM 0.242 2+0.013 0 1.098 7+0.059 0 0.941 1+0. 006 3
C-DESN 0. 158 9+0. 006 6 0.720 7+0. 029 8 0.974 7+0.002 1
PC-IPMA-DESN 0. 163 2+0. 004 9 0.740 2+0. 022 1 0.973 3+0.001 6
SC-IPMA-DESN 0. 165 9+0. 005 2 0.752 6+0.023 4 0.972 4+0.001 7
DMCP-DESN 0. 154 9+0. 001 8 0.702 8+0. 008 1 0.976 0+0. 000 5
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Deep Echo State Network Pruning Algorithm Based on Detrended Multiple

Cross-correlation

SUN Xiaochuan"*, WANG Yu"?, LI Yingqi"*>, HUANG Tianyu' ’

(1. College of Artificial Intelligence, North China University of Science and Technology, Tangshan 063210, China; 2. Hebei Provincial
Key Laboratory of Industrial Intelligent Perception, Tangshan 063210, China)

Abstract; To address the problem of undesirable prediction accuracy of a deep echo state network caused by redun-
dant structures in the reservoirs, a pruning algorithm for the deep echo state network based on detrended multiple
cross-correlation was proposed. Firstly, according to the detrended covariance function and the detrended variance
function, the detrended cross-correlation coefficient between each two neurons in the selected reservoirs in turn was
calculated, and the detrended cross-correlation matrix was constructed. Based on this matrix, the detrended multi-
ple cross-correlation between a selected neuron and all remaining neurons in this reservoir could be evaluated. Sub-
sequently, the connections from the highly correlated neurons in each reservoir to the output layer were pruned se-
quentially, thus removing redundant components in the network. Finally, the network after pruning was retrained
by least squares regression to obtain the optimal deep echo state network topology. Simulation results showed that
the prediction accuracy and memory capacity of the deep echo state network optimized by the proposed algorithm on
Mackey-Glass time series were improved by 89.80% and 30.93%, respectively, and on Call time series by
14.34% and 0. 10%, respectively.

Keywords: deep echo state network; structure optimization; pruning; detrended multiple cross-correlation; time

series prediction



