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Abstract 

  In large-scale statistical modeling, reducing data size through subsampling is essential for 

balancing computational efficiency and statistical accuracy. We propose a new method, 

Principal Component Analysis guided Quantile Sampling (PCA-QS), which projects data 

onto principal components and applies quantile-based sampling to construct subsets that 

spread retained observations across aggregate cutoff-count profiles derived from leading-PC 

quantile ranks. Across synthetic and real-world datasets, PCA-QS preserves distributional 

structure competitively with uniform random sampling, leverage score sampling, and coreset 

methods while remaining computationally efficient. In our experiments, its largest advantages 

occur when a few leading principal components capture dominant structure in the data; its 

behavior approaches that of simple random sampling when the covariance spectrum is 

relatively flat, so its relative advantage is not uniform across datasets, discrepancy measures, 

and numbers of retained components. The method is intended as a general-purpose, structure-

aware subsampling framework; the experiments delimit when its PCA-guided stratification is 

most useful and when its behavior approaches that of SRS.  
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