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Neural-network control system

Plant
ẋ = f (x, u)

Sampler

Neural-network controller

clk

x(t) t = tk

yk = x(tk)

uk = N(yk)

Example model: Unicycle

42 simulations from different initial conditions.

42 corresponding control signals.

Structured zonotope (SZ)

Characterized by center c ∈ Rn and
generators g1, . . . , g2n ∈ Rn with
gn+1, . . . , g2n axis aligned, it defines
the set of points{

c +
∑

j
ζjgj

∣∣∣ ζj ∈ [−1, 1]
}
.

Challenge & approach

�Compute set of reachable states

� Set propagation through plant
(TMRS) and neural network (SZ)

�Conversion between sets is exact
for SZ→TMRS but only approxi-
mate for TMRS→SZ

�Conversion error accumulates

� Instead construct new TMRS from
previous one and integrate SZ

� Implemented in JuliaReach

�First tool that solved all ARCH-
COMP benchmarks

Taylor model

Characterized by vector of multivariate
polynomials p = (p1, . . . , pn)T , remain-
der ∆ ⊆ Rn, and domain D ⊆ Rn, it
defines an interval tube as the vector-
valued function p(x) + ∆.

Taylor-model reach set (TMRS)

An n-dimensional vector of Taylor mod-
els in one variable (time) with shared do-
main whose coefficients are multivariate
n-dimensional polynomials.
Evaluation at a time point yields an n-
dimensional Taylor model.

Enclosure of a Taylor model
in a structured zonotope.

Enclosure of the reachable states for the example model

https://arxiv.org/abs/2112.09197
https://github.com/JuliaReach/AAAI22_RE

