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Numerical solution of physically informed neural networks for eigenvalue

problems of differential equations

TANG Yu, YUAN Lijun”
(School of Mathematics and Statistics, Chongging Technology and Business University, Chongging 400067, China)

Abstract: For eigenvalue problems of differential equations, an improved physical information neural network solution and a two-
stage training method are proposed. The new method can solve multiple minimum eigenvalues, the eigenvalue problem closest to the
initial value and the multiple eigenvalue problem. Numerical examples of Laplace operator eigenvalue problems in 1D and 2D square
regions as well as L-shaped regions show that the new method is more accurate than the existing methods.
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Fig.1 Results of calculating the first four absolute minimum eigenvalue problems in one dimension in this article
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Table 1 Comparison of numerical results of the first four absolute minimum eigenvalues in one dimension with existing methods
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Table 2 Effect of number of neurons and number of sampling points on error
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Fig.3 Results of the problem of the first four absolute minimum eigenvalues in a two-dimensional square region
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Fig.6 Results of the problem of the first four absolute minimum eigenvalues in an L-shaped region
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Table 6 Comparison of numerical results of the first four absolute minimum eigenvalues in
the L-shaped region with existing methods

A

Ik T REE(E AR iR 22 REAE PR T R 2
N (1.39x107%, 8.76x107*, (3.99x107*, 7.20x107°,
b 9.506, 15.170, 19.743, 29.503
A3k ( ’ ’ ’ ) 3.41x107*, 3.78x107*) 7.42x107° ) 1.24x107*)
. ; (1.06x107", 3.23x107%, (2.0x107*, 2.0x107°,
211757 8.626, 14.711, 19.288, 28.901
SCRR[21 72k ( ’ ’ ’ ) 2.32x107%, 2.16x107%) 3.0x107°, 3.0x107%)
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Fig.7 Results of the eigenvalue A, =165.912 and the eigenfunction in the L-shaped region
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Fig.8 Results of calculating the heavy eigenvalue 197.392 and the eigenfunction in the L-shaped region
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Table 7  Error in solving the dual eigenvalue problem in L-shaped regions

% EAFEE 1 HEHFIFE 2
FHE BRA Y T iR 22 3.39x107° 3.66x107°

FEAEAE B AR R 22 1.71x107 1.79%107
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Table 8 Comparison of calculation time and error between the method in this article and the method in literature

ik R PR Y Ty iR 22 FEAFAE A AR 22 & /s
SCHR[ 2171 1.66x1072 6.27x107° 123.18
ART5 ik 2.40x107° 3.08x10°° 117.94
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Table 9 Numerical experiment hyperparameter

SR mEMHLoUME WERSIREESRGE N, DREEHUREE SRR N, WIZRUEL K ZRESHM

S 1 60 200 5 000 4
SCH 2 80 800 5 000 40
Sy 3 100 10 000 400 20 000 3
Sy 4 100 10 000 400 20 000 5
Sy 5 100 10 000 400 10 000 10
T 6 100 30 000 600 20 000 3
S 7 100 30 000 600 20 000 5
SEH 8 100 30 000 600 30 000 8

10 R PREUCE HUE

Table 10 Loss function weight value

o B Y p
S 1 1 1 10 0
D) 1 1 0 0
SCEG 3 1 1 1 0
S 4 1 1 0 10
SLEG S 1 1 1 0
L 6 1 1 1 0
SLEG T 1 1 1 10
T 8 1 1 1 10
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