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Abstract The ROC convex hull (ROCCH) is the least convex majorant of the empirical
ROC curve, and represents the optimal ROC curve of a set of classifiers. This paper pro-
vides a probabilistic view to the ROCCH. We show that the ROCCH can be characterized as
a nonparametric maximum likelihood estimator (NPMLE) of a convex ROC curve. We pro-
vide two NPMLE formulations, one unconditional and the other conditional, both of which
yield the ROOCH as the solution. The solution technique relates the NPMLEs to convex op-
timization and classifier calibration. The connection between the NPMLEs and the ROCCH
also suggests efficient algorithms to compute NPMLEs of a convex ROC curve, and a con-
ditional bootstrap procedure for assessing uncertainties in the ROCCH.
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1 Introduction

A receiver operating characteristic (ROC) curve is a graphical representation of two per-
formance measures of binary classifiers, the false positive rate (FPR) and the true positive
rate (TPR). The FPR is the probability of erroneously reporting negative instances as being
positive, whereas the TPR is that of correctly reporting positive instances. The ROC space
is a set of (FPR,TPR) pairs. Traditionally the ROC space is visualized by plotting the FPR
on the x axis and the TPR on the y axis. A classifier that reports a class label corresponds
to a point in the ROC space. To be specific, suppose a diagnostic test uses a continuous
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