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Abstract: The computation of reachable sets is essential for characterizing and verifying the behavior of
safety-critical systems. However, many practical systems are high-dimensional and analytically
intractable, making the exact computation of reachable sets difficult or impossible. We propose a data-
driven approach that uses a finite ensemble of sample trajectories to estimate reachable sets with
probabilistic accuracy guarantees. This method is broadly applicable and computationally advantageous,
as the main cost comes from simulating a predetermined number of trajectories, which can be parallelized
to reduce computation time. We first present a method that uses scenario optimization to construct
reachable set estimates as approximate solutions to chance-constrained optimization problems. Next, we
use a class of polynomials derived from empirical moment matrices, whose sublevel sets act as
nonconvex estimates of the reachable set. These data-driven methods offer scalable solutions for
estimating reachable sets in systems with complex dynamics.
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