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Given a forward mapping Φ : RN → RM and a point x⋆ ∈ RN , the region {x ∈ RN , ∥Φ(x) − Φ(x⋆)∥2 ≤ ε},
where ε ≥ 0 is a perturbation amplitude, represents the set of all possible inputs x that could have produced
the measurement Φ(x⋆) within an acceptable error margin. This set Uε is related to uncertainty analysis, a
key challenge in inverse problems. It describes what can be identified in a system and what cannot. In this
work [1], we develop a numerical algorithm called Jackpot (Jacobian Kernel Projection Optimization) which
approximates this set with a low-dimensional adversarial manifold Mε as described in Figure 1. The proposed
algorithm leverages automatic differentation, allowing it to handle complex, high dimensional mappings such
as those found when dealing with dynamical systems or neural networks. We demonstrate the effectiveness
of our algorithm on various challenging large-scale, non-linear problems including parameter identification in
dynamical systems and blind image deblurring. Systems in the physical, biomedical, or chemical domains can
benefit from this work.
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Figure 1: Illustration of Jackpot manifold, denoted by Mε, approximating the uncertainty region, denoted by
Uε. The Hausdorff distance between these two sets can be controlled. Jackpot manifold can be constructed
using the projection γ(z) of each point z of a tangent space T . Here, the projection is to be considered in a
particular sense.


