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Fig. 1. Domain decomposition schematic diagram.
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Fig. 2. Extended mixed-training physics-informed neural networks (X-MTPINNS).
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Fig. 3. Exact values of two bright solitons in the NLSE and prediction errors from different models.

160201-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 74, No. 16 (2025)

160201

F 1 PIFEIIXS NLSE 52 ST (0 B (e T
EEE S

Table 1.  Numerical prediction results of two mod-
els for two bright solitons in the NLSE.
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Fig. 4. Exact values of third-order rogue waves in the NLSE and prediction errors from different models.
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Table 2.  Numerical prediction results of third-or-

der rogue waves in the NLSE.
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5% A1 = 0.4909737, A2 = 0.9887489 [1.80527,1.12511]
[0.08, 0.60] 0% A1 = 0.4999007, A2 = 0.9997627 [0.01987,0.02373]
2% A1 = 0.4997132, Ao = 0.9992683 [0.05737,0.07317]
5% A1 = 0.4974256, A2 = 0.9973150 [0.51489, 0.26850]
(0.60, 2.00] 0% A1 = 0.5002598, A2 = 1.0001861 [0.05195,0.01861]
2% A1 = 0.4997032, A2 = 0.9999705 [0.05936, 0.00295]
5% A1 = 0.4995049, A2 = 0.9998789 [0.09903,0.01211]
Global 0% A1 = 0.972926, Ao = 0.9987469 [0.54148,0.12531]
2% A1 = 0.5035173, A2 = 0.9971460 [0.70345, 0.28540]
5% A1 = 4.9470665, A2 = 1.0050076 [1.05867,0.50076]
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Solving nonlinear Schriédinger equations and parameter
discovery via extended mixed-training
physics-informed neural networks”
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(School of Mathematics and Statistics, Ningbo University, Ningbo 315211, China)
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Abstract

In recent years, physics-informed neural networks (PINNs) have provided effcient data-driven methods for
solving forward and inverse problems of partial differential equations (PDEs). However, when addressing
complex PDEs, PINNs face significant challenges in computational efficiency and accuracy. In this study, we
propose the extended mixed-training physics-informed neural networks (X-MTPINNSs) as illustrated in the
following figure, which effectively enhance the ability to solve nonlinear wave problems by integrating the
domain decomposition technique of extended physics-informed neural networks (X-PINNs) in a mixed-training
physics-informed neural networks (MTPINNs) framework. Compared with the classical PINNs model, the new
model exhibits dual advantages: The first advantage is that the mixed-training framework significantly
improves convergence properties by optimizing the handling mechanism of initial and boundary conditions,
achieving higher fitting accuracy for nonlinear wave solutions while reducing the computation time by
approximately 40%. And the second advantage is that the domain decomposition technique from X-PINNs
strengthens the ability of the model to represent complex dynamical behaviors. Numerical experiments based on
the nonlinear Schrédinger equation (NLSE) demonstrate that X-MTPINNs excel perform well in solving two
bright solitons, third-order rogue waves, and parameter inversion tasks, with prediction accuracy improved by
one to two orders of magnitude over traditional PINN. For inverse problems, the X-MTPINNs algorithm
accurately identifies unknown parameters in the NLSE under noise-free, 2%, and 5% noisy conditions, solving
the complete failure problem of NSLE parameter identification in classical PINNs in the studied scenario, thus

demonstrating strong robustness.
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