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Abstract: With the deep penetration of big data and intelligent technologies, the data dimensions in fields such as
image recognition, biological information, and signal processing have experienced an explosive growth. The "dimension
disaster" has led to a significant increase in data computational complexity and a decline in model generalization ability,
becoming the core bottleneck restricting high-dimensional data analysis. Probability and statistics dimension reduction
methods focus on the distribution characteristics and statistical dependencies of data, modeling the dimension reduction
process as a probabilistic mapping between high-dimensional observed data and low-dimensional latent variables. This
approach effectively reduces computational and storage costs while retaining key information. This paper systematically
studies the probability and statistics dimension reduction methods in high-dimensional data scenarios. Firstly, it explains
the probability and statistics characteristics of high-dimensional data and the core theoretical basis of dimension
reduction. Subsequently, it deeply analyzes the principles and applicable boundaries of three typical methods: principal
component analysis based on probability, independent component analysis, and Gaussian process latent variable
model. Finally, through comparative experiments, the performance of the methods is verified from three dimensions:
classification accuracy, computational complexity, and reconstruction error. The research results show that probability
and statistics dimension reduction methods can effectively adapt to the distribution characteristics of high-dimensional
data, achieving a balance between dimension reduction efficiency and information retention in different scenarios,
providing solid methodological support for high-dimensional data processing and analysis.
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