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Convergence analysis of inverse iterative algorithms for
neural networks with L, , penalty
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Abstract . Compared with the common existing L, , penalty term for trained neural networks, the algorithm of neural networks
with L, ,, penalty shows more sparse performance and prunes neurons more effectively. However, the L,,, penalty is non-con-
vex, non-smooth and non-Lipschitz continuous, which inevitably leads to numerical oscillations and problems in theoretical
convergence analysis. It is a better solution by using smooth function to approach the penalty. For the proposed algorithm,
the error function decreases monotonously with fixed trained weights. In addition, the weak and strong convergence were
proved. The presented algorithm performs more stable and sparse than the existing inverse iterative neural networks, and is
applicable to more general cases.
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Table 1 Normal irrigation water quantity of lower

Yellow River and influence factors

TR EEVER O WEEX IWREX ERER

Oy kB RV BEBER  BEMER  SIKEs
mm 10* hm®> (m® + hm™2) (m® - hm™2) 10% m?

1983 596 101.3 8355 6150 67.7
1984 704 138.1 7785 418 66. 8
1985 630 134. 1 7410 4065 58.8
1986 381 145. 4 8490 5670 89.1
1987 544 150. 4 9780 5055 81.6
1988 432 156. 4 9165 5280 89.8
1989 460 174.2 7050 6900 120.7
1990 850 166.2 8355 4845 85.2
1991 569 195.3 7830 4405 85.6
1992 514 202.7 7080 5100 100. 6
1993 632 221.5 7185 4155 93.2
1994 694 199.6 6045 4380 79.3
1995 615 192.3 6150 4455 79.9

*2 HEWIAIRMEMESEEATR

HMEM KT EERII L

Table 2 Comparison of calculated results with

regularization of feed-forward neural network

and ordinary feedforward neural network

5:PrBl L,,BPNN L, ,BPNN BPNN #: BPNN &

Z‘g ;T;\ Kk Bk pahg TSR AR
103 m? /108 m? /% /108 m® /%
1983 67.7 68. 25 0. 812 67.7 0.00
1984 66.8 65.77 -1.542 66. 8 0.00
1985 58.8 59. 89 1. 854 58.8 0.00
. 1986 89.1 88.57 -0. 595 89.1 0.00
ZJ?]I_I 1987 81.6 81.63 0.037 81.6 0.00
1 1988 89.8 89. 83 0.033 89. 8 0.00
1989 120.7 119.94 -0. 630 120.7 0.00
1990 85.2 85.37 0. 199 85.2 0.00
1991 85.6 85. 60 0. 000 85.6 0.00
1992 100. 6 101. 14 0.537 100. 6 0.00
] 1993 93.2 91.5 -1.824 86.2 -7.51
X 1994 79.3 80.3 1.261 81.3 2.52
% 1995 79.9 79.5 -0.501 79. 4 -0.63
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Fig.2 Curve of error function for inverse

iterative neural networks with L, , penalty
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Fig.3 Performance of weak convergence for inverse

iterative neural networks with L, , penalty
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