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Abstract: Optical fiber channel modeling is essential for characterizing fiber transmission characteristics and developing advanced digital sig-
nal processing algorithms. The split—step Fourier method (SSFM), as a physics—based numerical method, provides high accuracy but suffers
from high computational complexity due to its iterative nature, which limits its practical deployment. A low—complexity Transformer—based
architecture for modeling optical fiber channel waveforms is proposed. It incorporates two key modifications to the standard Transformer:
replacing absolute positional encoding with relative positional encoding and substituting global attention with a sliding—window attention
mechanism. These changes enhance the model’s ability to capture nonlinear transmission effects. Results show that the proposed method
achieves an Effective Signal-to—Noise Ratio (ESNR) within only 0.15 dB of that obtained by SSFM, while reducing the computation time by
69.9% compared to the traditional Transformer and by 96.9% compared to SSFM. This verifies that the method maintains high accuracy
while significantly lowering computational complexity.
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