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fi=Im(Ry) = ug,o + a2(vo st + 2pove)
— ag(ug, it + 6poug.s). (39)
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JF R PR A, ZERT ) A4 h i X5 | A SRS 1
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Ak s 2F > R 1073, 248 1000 4 ; L-BFGS
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T PRERL
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B3 6T 2 AR A F4) S 0 R 350t I tanh JE 2.
SEAHAUE W = W, + iW; [ SZ5RHR35043 )R 46
i Xavier #I4Hk:
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PIPRFE S SLMH Xavier IR TT A 22 RE. &
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1
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SHIRWL T KR
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Table 1.  Forward solving errors in the degenerate-parameter case.
i SAHR Lo 1R PrilF1R2E AHOI RS AR YRR a] /s
PINN 1.421 x 1073 1.023 x 10~3 6.738 x 10—3 1.923 x 107 213
PINN-param 1.254 x 103 9.273 x 10~4 6.356 x 10~3 1.152 x 10~7 329
PI-CVNN 1.278 x 1073 9.160 x 10~ 6.869 x 10~3 1.035 x 107 814
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Fig. 1. Amplitude results of PI-CVNN for the degenerate NLSE: (a) Heatmap of exact amplitude; (b) heatmap of predicted amp-
litude; (c) heatmap of amplitude error distribution; (d) amplitude snapshots at different propagation distances.
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Fig. 2. Phase results of PI-CVNN for the degenerate NLSE: (a) Heatmap of exact phase; (b) heatmap of predicted phase; (c) heat-

map of phase error distribution.
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Table 2.  Forward solving errors in the constant-coefficient case.
A SLASE Lo 1222 PRIF IR ARALR 2 ISEES IERE Ve
PINN 2.262 x 1073 1.562 x 103 1.847 x 10~2 8.488 x 1078 251
PINN-param 3.080 x 1073 2.237 x 1073 3.395 x 1072 2.735 x 1077 327
PI-CVNN 2.136 x 1073 1.674 x 1073 2.326 x 1072 7.597 x 10—8 1134
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Fig. 3. Amplitude results of PI-CVNN for the constant-coefficient NLSE: (a) Amplitude prediction; (b) amplitude error distribution;

(c) amplitude snapshots at different propagation distances.
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Fig. 4. Phase results of PI-CVNN for the constant-coefficient NLSE: (a) Heatmap of exact phase; (b) heatmap of predicted phase;

(c) heatmap of phase error distribution.

L% ) BB AN 763 RBE B NLSE 1%
T, PIL.CVNN # [b 280 3 U X 55 1) PINN R 81
HH T G AR S (A 0T B ) R A B 22 A SAIR
VLB S (A2 T | AR5 A & 254 A Bl 1
BB R, B A, B (EE5H
FEHETRFEIR AR ST B R, N AR R T T
BRUAR.

ASCK PI-CVNN [RFFAT AL TR B B, i
Z AR AFR ARV, H—, R SCRETEEMNS
P 25 F g, R EAT AR A B T S BR b R
BRI A — R e R B R, 72 & 2% 1Y) NLSE,

KEE R ERR IR, PDE 5%22 | #11(E 2005 W
BARTTA] REAF /e W B2 5, AT S B00B L 5
s AR el 51 AR TRREEVERL. 522 K/
s AN EVER TR A IS AR SN, DL — 4R T
IR E . =, PIT-3s A TR A 35 DX S il
AT AR BRI P A AR R (B 2 2 XK, I ] 5
N FLE RERAE SRS, K5 B 22 e B 20 i B A A
LR e e Xk, T — AR TN R8RS 5K
RIRE.

JEE ST FL 2 BB 2 5 R 2 B X R B Y

Wi

190001-8


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

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 19 (2026)

190001

fif sk A

# A1 SECRIEE TSRSk s
Table Al. Experimental settings for the degener-
ate-parameter case.
SR PLI-CVNN PINN  PINN-param
o 285 )22 5 5 5
[BES0ES 40 40 40
e 10162 5122 11282
i A M M
Adamill g5k 1000 1000 1000
L-BFGSH A 2000 2000 2000

[wre ¢
‘H"%—B:iﬂja (t, x) [_87 3] X [0’ 1] [_87 3] X [07 1] [_87 3} X [07 1]

B U Vg 5000 5000 5000
HIE REL Ny 50 50 50
RS Ny, 50 X 2 50 x 2 50 x 2
FEHLR T {0,1,2,3,4} {0,1,2,3,4} {0,1,2,3,4}
BHiAs i float32 float32 float32
GPU RTX 3060 RTX 3060 RTX 3060
12 GB 12 GB 12 GB
# A2 BHCGRILIEIE T R sR g
Table A2.  Detailed results for the degenerate-para-
meter case.
Al EiEtan ¥iE P22
PINN AN Lo 228 1.421x1073  2.200x10~%
PINN PRIFIRZE  1.023x1073 1.475x1074
PINN ARLRZE  6.738x1073  1.554x1073
PINN BABR  1.923x1077  1.406x1077
PINN YRt a] /s 213
PINN-param AHX Lo 2% 1.254x1073 2.389x10~4
PINN-param  #RUEIR2E  9.273x10~* 2.144x10~%
PINN-param  AHfi%2  6.356x1073 1.216x1073
PINN-param  IZik  1.152x10~7 2.630x10~8
PINN-param  YIZkATE] /s 329
PI-CVNN  H#I%} Lo #%2% 1.278x10723 1.631x10~*
PI-CVNN PRIFIRZE  9.160x107% 1.274x1074
PI-CVNN IR ZE  6.869x10723 1.417x1073
PI-CVNN BABR 1.035x1077 4.902x1078
PI-CVNN &t /s 814
S ik

(1]
2]

3]

Zabusky N J, Kruskal M D 1965 Phys. Rev. Lett. 15 240
Costa A, Osborne A R, Resio D T, Alessio S, Chrivi E,
Saggese E, Bellomo K, Long C E 2014 Phys. Rev. Lett. 113
108501

Zhu Y, Semisalov B, Krstulovic G, Nazarenko S 2023 Phys.

(6]
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* A3 HRBENEE T LRSS
Table A3. Experimental settings for the constant-
coefficient higher-order case.

SR PI-CVNN PINN  PINN-param
I £ J22 4 5 5 5
P2 G i 80 80 114
E iy 39522 19842 39902
R N Adam+ Adam+ Adam+
PLfesiis L-BFGS L-BFGS L-BFGS
Adam I ZRL%L 1000 1000 1000
_ =] \% N
L-BEGSEAE o500 2000 2000

K (¢, ) [-10,5]%[0,2][~10,5]x[0,2] [-10,5] X [0, 2]

P R Ny 5000 5000 5000
W S BL N, 50 50 50
B EE Ny, 50 x 2 50 x 2 50 x 2
KEHLFN T {0,1} {0,1} {0,1}
ks float32 float32 float32
GPU RTX 3060 RTX 3060 RTX 3060
12 GB 12 GB 12 GB
£ A4 ERBETETE T AR ARES
Table A4. Detailed results for the constant-coeffi-
cient higher-order case.
TR EiEtan ¥fH brifizs
PINN AXF Lo 1222 2.262x1073  4.744x10~4
PINN PRlIRZE  1.562x1073 1.877x10~*4
PINN MfIRZE  1.847x1072 5.586x1073
PINN AR 8.488x1078 4.399x10~8
PINN E it 19842 0
PINN YLt i] /s 251
PINN-param #%f Lo ##2%  3.080x1072% 2.628x10~4
PINN-param  fRIEIRZ  2.237x1073 2.621x10~4
PINN-param  AH{/i%2  3.395x1072 1.227x10~2
PINN-param  BZHIK  2.735x10~7 6.939x10~8
PINN-param ¥ 39902 0
PINN-param Ik /s 327
PI-CVNN X} Lo ##2% 2.136x107% 1.075x1073
PI-CVNN PRlRIRZE  1.674x1073 7.289x10~4
PI-CVNN MfIRZE  2.326x1072  1.749x1072
PI-CVNN BB 7.597x1078 2.358x108
PI-CVNN E it 39522 0
PI-CVNN  ilIIZkAsta] /s 1134
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Complex neural network solution of the nonlinear
Schrédinger equation in fiber optic communication systems”
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Abstract

The nonlinear Schrodinger equation is a fundamental model for describing the propagation of wave packets
in dispersive and nonlinear media. It is widely used in nonlinear optics, plasma physics, and other fields that
involve complex wave dynamics. This paper proposes PI-CVNN, a physics-informed complex-valued neural
network for solving the nonlinear Schrodinger equation. The proposed method directly models the optical
envelope in the complex domain and incorporates the initial condition, boundary condition, and governing-
equation residual into a unified physics-informed loss function. By using complex-valued weight matrices, PI-
CVNN explicitly represents the coupling between the real and imaginary parts, thereby better characterizing
the evolution of the complex envelope. Experimental results show that PI-CVNN effectively approximates the
complex-valued dynamics of optical soliton propagation in fibers. This study provides a useful tool for modeling
nonlinear effects in optical fiber communications and broadens the application potential of complex-valued

neural networks in scientific computing.

Keywords: nonlinear Schrodinger equation, optical solitons, physics-informed neural networks, complex-

valued neural networks
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