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/I HenuHEeHHOCTH B BOJIOKOHHBIX JIa3depax
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/. MerToapl MalIMHHOTO 00yYEHHS

MaremaTunueckoe MOA€e/INpOBaHHUE
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J_  MHoroc ioiHass HEHpOHHAs CECTh

h, h,
g A 1 t ioht output
n
TNV U
=" - : X Wi 1 :
. AP EXE Wi>  y=¢x-W+b)
oW, :
= . . . 't Xg i > ¢ / : OyHKIMS TOTeph:
. ‘ﬁt : wi.r'l : 1 - A2
SN o S T U R PR o
- 1 ' =0
“‘ I L= W . X +b) 1
. W3 o Yi ¢ (kzz1 LK™k | . O = (W1; Wz,Wg)
X . W, W, . S | =S . *
* L

J

Input layer Hidden layers Output layer

YHuBepcaibHasi TeopeMa annmpokcumanuu (Teopema LlpibeHKo, 1989) — HCKyCCTBeHHasi HEMPOHHAsI
CeTh MPSIMOM CBSI3U C OHUM CKPBITBIM CJIOEM MOXET alllIPOKCHMHPOBATh TIO0YI0 HEMMPEPBIBHYIO GYHKIIUIO
MHOTHX ITePEMEHHBIX C TF0O0H TOYHOCTHIO, ITPU YCJIOBHH, YTO Yy HETO TOCTATOYHO HEHPOHOB. 8
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/. MerToapl MalIMHHOTO 00yYEHHS

Dataset Structure for The Learning:

o Only Data Driven Solution (Black Block Approach)

o Model Driven Solutions (Special NN Designs, e.g. solving PDEs)
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/. MerToapl MalIMHHOTO 00yYEHHS

Data Driven Solutions

o Multi Layer Perceptron (MLP)
o Convolutional Architectures (1D, 2D, 3D-CNN)
o Recurrent Architectures (RNN, LSTM, GRU, Reservoir computing)

y(t+2)

P. Freire, E. Manuylovich, ]. E. Prilepsky, and S. K. Turitsyn, Adv. Opt. Photon. 15 (2023)
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Model Driven Solutions
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physical model) or NN Topology!

O. Sidelnikov et all , "Advanced Convolutional Neural
Networks for Nonlinearity Mitigation in Long-Haul WDM
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Dynamics in Fiber Optics”, Laser & Photonics Reviews 12
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Gain-managed nonlinearity (GMN) amplification regime. HecummMeTpuuHbIii uMIy/ibc, GOPMUPOBAHHE
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J  YucaeHHOE MOAETHPOBaHHE
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J  YucaeHHOE MOAETHPOBaHHE
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/U PeKkyppeHTHas HEHPOHHas CETb
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JI_ LSTM: apxuTeKkTypa

Hetiponnas cetsb monroi kparkocpouHoit mamsatu (long short-term memory, LSTM):
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Salmela, Lauri, et al. "Predicting ultrafast nonlinear dynamics in fibre optics with a recurrent neural network."
Nature machine intelligence 3.4 (2021): 344-354-.



JI_ TloaroroBKa JaHHBIX

X data Y data
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/I BakJjloueHHe

o Peann3oBaHbI U MCC/IeOBAHbI IB€ APXUTEKTYPbl HEUPOHHOW CETH IS
npeAcKa3aHUsl JTMHAMHKU 3JIEKTPOMArHUTHOTO TTOJISI B BOJIOKOHHOM
ycunuresne: BiLSTM u Transformer-decoder.

o HeitpoceTs obecrieunBaeT ObICTPOE U TOYHOE MpeiCcKa3aHHe dBOJTIOIINH
HMITy/IbCa B ONTHUYECKOM YCHUIUTE e, 3HAUYUTEILHO IMTPEBOCXOSI
TPaJWIIMOHHbIE YHCIeHHbIE METO/IbI TI0 CKOPOCTH.
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