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Model predictivity assessment: incremental test-set
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Unbiased assessment of the predictivity of models learnt by supervised machine-learning methods requires
knowledge of the learnt function over a reserved test set (not used by the learning algorithm). Indeed, some
industrial context requires the model predictivity to be estimated on a test set strictly disjoint from the learning
set, which excludes cross-validation techniques. The quality of the assessment depends, naturally, on the
selected test set and on the error statistic used to estimate the prediction error.

In this work we tackle both issues, first by using incremental experimental design methods to “optimally”
select the test points on which the criterion is computed. Second, we propose a new predictivity criterion
that carefully weights the individual observed errors to obtain a global error estimate. Several incremental
constructions are studied. We start with the fully-sequential space filling design (selecting a new point as
far away as possible from the existing design). Additionally, we study the support points and kernel herding
that are based on the iterative minimization of the Maximum Mean Discrepancy (MMD) between the input
distribution and the empirical distribution of different kernels.

Our results show that the incremental and weighted versions of the latter two, based on MMD concepts, yield
superior performance. An industrial use case in the domain of nuclear safety assessment, concerning the
simulation of thermal-hydraulic phenomena inside nuclear pressurized water reactors illustrates the practical
relevance of this methodology, indicating that it is an efficient alternative to cross-validation.
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