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In this work, we study the problem of inferring a discrete probability distribution using both
expert knowledge and empirical data.

This is an important issue for many applications where the scarcity of data prevents a purely
empirical approach. In this context, it is common to rely first on an a priori from initial domain
knowledge before proceeding to an online data acquisition. We are particularly interested in the
intermediate regime, where we do not have enough data to do without the initial a priori of the experts,
but enough to correct it if necessary.

We formalize expert knowledge as a set of priors, e.g., on the marginals or on the support of
distribution. The expert distribution is defined as the distribution of the maximum entropy that satisfies
the constraints set by the experts. In turn, empirical data is used to construct the empirical distribution.

We present a new method for objectively choosing the weight to be given to the experts in relation
to the data. We define our estimator as the projection of the experts on the confidence interval centered
on the empirical distribution. This is the closest distribution from the experts which is consistent with
the observed data. The confidence level is the unique parameter of this method.

We show, both empirically and theoretically, that our proposed estimator is always more efficient
than the best of the two models (expert or data alone) within a constant.

Our estimator allows a bad a priori to be abandoned relatively quickly when the inconsistency of
the data collected with the initial a priori is observed. At the same time, this same mixture makes it
possible to keep the initial a priori if it is good. We prove empirically that our method outperforms a
parametric Bayesian approach in such a task.
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