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Collaborative decision making, such as federated learning or multi-agent control, often involves gathering
and aggregating informations from multiple entities (e.g. votes, interaction metrics, ratings or comparisons). In
realistic settings, data may be subject to epistemic uncertainties (e.g. incomplete knowledge) or noise-induced
variations, which motivates treating them as random variables (with known moments). One natural approach
to this problem consists in aggregating data directly in the infinite-dimensional space of their probability laws,
more precisely a Wasserstein space, leveraging recent advances in optimal-transport-based machine learning. In-
deed, because Wasserstein spaces allow to model distributions as points in a metric space, they are well-suited
to aggregate uncertain data while preserving their probabilistic structure, for instance through probabilistic
generalizations of the mean, known as Wasserstein barycenters (Wb).

In such case, as in the deterministic Euclidean aggregation setting, some agents might adopt an adversarial
behavior and intend to send false data, in order to change the output according to their own agenda. As a result,
the aggregator should be robust to such attack, e.g. by limiting the influence of attackers on its output. In
Euclidean spaces, among various definitions for robustness, Lipschitz resilience appears particulariy attractive.
A Lipschitz-resilient aggregator associates to each agent a “voting right”, such that any group of agents can
only move the output by a distance smaller than their cumulated voting rights, no matter how twisted their
data. In other words, Lipschitz resilience enforces the natural democratic principle “one voter = one vote” [1].
In Wasserstein spaces, so far we are only aware of barycenters robust to noise or outliers [2], without formal
guarantees against adversarial attacks, i.e. the maximal possible impact of adversaries is not bounded.

We propose a new aggregator, called the Quadratically Regularized Wasserstein Barycenter (QrWb), that
combines the collected data with a prior guess on their Wb, in order to enforce a non-trivial Lipschitz resilience
property. Indeed, in Euclidean spaces the usual structure for Lipschitz resilience is strong convexity of the
underlying loss, a property that the Wasserstein distance does not provide. To cope with that difficulty, a
prior µ0 on the barycenter is used to enforce Lipschitz resilience of QrWb while keeping it as close to the
non-regularized Wb as possible. On the technical side, QrWb instances are computed with the moment-sums-
of-squares (moment-SoS) hierarchy, extending prior works on its application to optimal transport [3].

The key advantages of our method are the following: (i) Lipschitz resilience provides formal guarantees
against adversarial attacks, a proprety rarely achieved in Wasserstein spaces; (ii) the moment-SoS framework
applies to arbitrary probability distributions (under the Carleman condition), and not only atomic measures;
(iii) the moment-SoS hierarchy could be parallelized along the agents, distributing the computational burden
(this is still under investigation).
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