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Prediction Interval Estimation under the Conformal Prediction Framework,
with the Application to Breast Cancer Risk Assessment
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Abstract: Conformal prediction is a class of statistical methods that provide uncertainty quantification with
finite—sample guarantees without relying on distributional assumptions. This paper introduces the
theoretical foundation and algorithmic framework of full conformal prediction and further explores
several representative variants, including split conformal prediction, cross—conformal prediction, and
the Jackknife method, highlighting their advantages in improving prediction efficiency and coverage
accuracy. Through numerical simulations and empirical analysis using the Boston Housing dataset,
we compare the performance of these methods in terms of interval width, coverage probability, and
computational cost. In addition, we apply conformal prediction to breast cancer risk assessment us—
ing the Wisconsin Breast Cancer dataset. By integrating principal component analysis (PCA) for di—
mensionality reduction and a kernel density estimation classifier, we implement dynamic updates of
prediction regions. The results demonstrate that conformal prediction effectively captures the uncer—
tainty of classification models and provides reliable predictions, especially when handling complex
datasets.
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