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Efficient Order Reduction Methods for Polynomial
Zonotopes

Background

Polynomial zonotopes [1] are an efficient set representation for formal verification. They are
closed under a variety of operations and can be computed in polynomial time complexity. Their
applications have been well demonstrated in a variety of fields, including the formal verification
of hybrid systems [1] and neural networks [2].

During the verification process, the order of the set representation usually grows. Thus, it is
necessary to repeatedly decrease the order of the set to remain computationally feasible. Un-
fortunately, there do not exist efficient order reduction methods for polynomial zonotopes yet.
Existing approaches [3] are based on methods for order reduction of zonotopes [4]. These
approaches cannot capture the non-convexity and dependencies between generators of poly-
nomial zonotopes, leading to larger over-approximations.
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Description

Existing approaches enclose the smallest generators by a zonotope of order 1. The zonotope
can be found either by an interval enclosure [5, 4] or a parallelotope [6, 7]. The latter gives
better over-approximations at the cost of computational complexity. An enclosing parallelotope
with minimum volume can be found using the approach described in [8], however, the optimal
generators to enclose by a parallelotope are found at high computational cost by exhaustive
search [7]. Note that the detour to zonotopes destroys the dependencies between generators
stored in the exponent matrix.

The goal of this project is to explore new order reduction methods for polynomial zonotopes.
These methods should be efficient and sound, i.e. the original set should be enclosed by the
reduced set.

Tasks

• Literature research on polynomial zonotopes, their reduction methods and methods for
other set representations

• Familiarize with existing implementations of order reduction methods in CORA [9]

• Develop new efficient order reduction methods for polynomial zonotopes

• Evaluate them in comparison to existing methods on applicable verification benchmarks
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