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A contractor is minimal for narrow boxes
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Introduction

Interval analysis is an efficient tool used for solving rigorously complex
nonlinear problems involving bounded uncertainties [1] [2] [3]. Many
interval algorithms are based on the notion of contractor [5] which is an
operator which shrinks an axis-aligned box [x] of Rn without removing
any point of the solution set X. Combined with a paver which bisects
boxes, the contractor builds an outer approximation of the set X. The
resulting methodology can be applied in several domains of engineering
such as localization [7], SLAM [8] [9], reachability [10], etc.

This paper proposes a new interval-based contractor for nonlinear
equations which is minimal for narrow boxes. The method is based on
the centered form combined with a Gauss Jordan band diagonalization
preconditioning.

1 Illustration

Consider the set

P = {p | ∃ω > 0, f(p, jω) = 0}. (1)

where

f(p1, p2, jω) =

(
−ω2 + 2ω sin(ωp1) + cos(ωp2)

2ω cos(ωp1)− sin(ωp2)

)
(2)
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Take [p1] = [0, 2.5], [p2] = [1, 4],[ω] = [0, 10] and let us characterize
the set P . Using a branch and prune algorithm with a accuracy of
ε = 2−8 with an HC4 algorithm [1][12] (the state of the art), we get the
paving of Figure 1, left. The number of boxes of the approximation
is 43173. Similar results where obtained were obtained on the same
example in [13]. With an accuracy of ε = 2−4, our centered contractor
yields Figure 1, right. The number of boxes of the approximation is
282 (instead of 43173), for a more accurate approximation.

A video illustrating the asymptotic minimality of the contractor is
given at:

https://youtu.be/nM9rR4jDj74
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