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Abstract

In this paper, the influence of neural network model on the numerical solution of a class of
third-order ordinary differential equations is studied. First, the importance of network structure
in solving ordinary differential equations by neural network model is analyzed. Then, the network
hidden layer activation function of single hidden layer feed forward neural network is explored.
Several orthogonal polynomials are selected to eliminate hiding, and different types of neural
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network models are constructed. The limit learning machine (ELM) algorithm is used to solve the
network weights. Finally, numerical experiments are used to simulate the influence of different
neural network models.
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Figure 1. The neural network diagram
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Table 1. Numerical results using different neural network models

1 RATEHEMNERAHHESER

X KSR AR LNN fi# LNN %% CNN f## CNN %% HNN fi# HNN %%
0  3.000000000000 3.000000000000 0 3.000000000000 0 2.999999999998  1.le—12
0.1 3.125170918076 3.125170918068 6.7e—12 3.125170918068 6.9e-12 3.125170918068 6.7¢—12
0.2 3.301402758160 3.301402758106 5.3e—11 3.301402758106 5.3¢—11 3.301402758107 5.2¢—11
0.3 3.529858807576 3.529858807443 1.3e—10 3.529858807443 1.3e—10 3.529858807446 1.2¢—10
0.4 3.811824697641 3.811824697415 2.2e¢—10 3.811824697415 22¢—10 3.811824697419 22e—10
0.5 4.148721270700 4.148721270350 3.4e—10 4.148721270349 3.5¢—10 4.148721270356 3.4e—10
0.6 4.542118800390 4.542118799868 5.2e—10 4.542118799867 52¢—10 4542118799875 5.1e—10
0.7 4.993752707470 4.993752706743 7.2e—10 4.993752706741 7.2¢—10 4.993752706751 7.1e—10
0.8 5.505540928492 5.505540927546 9.4e—10 5.505540927545 9.4e—10 5505540927556 9.3e—10
0.9 6.079603111156 6.079603109967 1.1e—9 6.079603109959 1.le-9  6.079603109972  1.1e—9
1.0 6.718281828459 6.718281826972 1.4e—9 6.718281826970 1.4e—9  6.718281826984  1.4¢—9
H# 1 LA H, Legendre 140 W28 50345 B (1R 244 4 0(10-8), MSE £12h

5.029218803638438e—19. Chebyshev 145 W 2% 5173759 3] ({1 1% 245 5 N 0(10-8), MSE Z1K
5.042613965704128e—19. Hermite 125 P 2% HA 45 2 iR Z K5 N 0(10-8), MSE 414
4.928755732194928e—19, HE 2 A LAE Y, =M W& iR g MERE ALY, R E LR REA FE A,
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Figure 2. Error curves of comparative example 1 with different neural
network models
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Table 2. Numerical results using different neural network models
2. 6 2 RATREHEMEER K EER

X s ff it LNN fi# LNN i 2 CNN fi# CNN i# 2% HNN fi HNN i 2
0 1 0.999999999999 1.0e—13 1.000000000000 0 1.000000000021  2.1e—11
0.1 0.904837418035 0.904837418032 3.0c—12 0.904837418033 2.2¢—12 0.904837418043 7.9¢—12
0.2 0.818730753077 0.818730753055 2.2¢—11 0.818730753057 2.0e—11 0.818730753056 2.le—11
0.3 0.740818220681 0.740818220628 5.3¢—11 0.740818220629 5.le—11  0.740818220618 6.3e—11
0.4 0.670320046035 0.670320045945 9.0e—11 0.670320045946 9.0e—11  0.670320045924 1.1e—10
0.5 0.606530659712 0.606530659572 1.4e—10 0.606530659573 1.4e—10  0.606530659542 1.7e—10
0.6 0.548811636094 0.548811635885 2.0c—10 0.548811635886 2.0e—10 0.548811635845 2.4e—10
0.7 0.496585303791 0.496585303502 2.8¢—10 0.496585303791 2.8¢—10  0.496585303452 3.3e—10
0.8 0.449328964117 0.449328963742 3.7¢—10 0.449328964117 3.7¢—10  0.449328963683 4.3¢—10
0.9 0.406569659740 0.406569659268 4.7¢—10 0.406569659740 4.7¢—10  0.406569659200  5.3e—10
1.0 0.367879441171 0.367879440587 5.8e—10 0.367879441171 5.8¢—10 0.367879440511 6.5¢—10
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Figure 3. Error curves of comparative example 2 with different
neural network models
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