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Abstract

This study aims at the noise suppression problem in high-speed optical fiber communication systems and proposes a combined anti-
noise scheme of probabilistic shaping and digital signal processing. By analyzing the noise characteristics of the system and its
influencing mechanism, it is demonstrated that probabilistic shaping reduces nonlinear damage by optimizing the signal probability
distribution, and digital signal processing compensates for transmission damage through algorithm cascade. The research constructed
a joint optimization framework, clarified the principle by which the two achieve performance enhancement through functional
complementarity, and designed a complete implementation process. This scheme effectively enhances the signal-to-noise ratio
tolerance and nonlinear suppression capability of the system, providing a technical path for the performance optimization of high-
speed optical fiber communication systems.
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