
HAL Id: hal-02372387
https://hal.science/hal-02372387

Submitted on 20 Nov 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Set-membership computation of integrals with uncertain
endpoints

Olivier Mullier, Julien Alexandre Dit Sandretto

To cite this version:
Olivier Mullier, Julien Alexandre Dit Sandretto. Set-membership computation of integrals with un-
certain endpoints. NUMTA 2019, Jun 2019, Le Castella village, Italy. �hal-02372387�

https://hal.science/hal-02372387
https://hal.archives-ouvertes.fr


Set-membership computation of integrals with
uncertain endpoints

Olivier Mullier, Julien Alexandre dit Sandretto

ENSTA ParisTech, 828 bd des maréchaux 91120 Palaiseau, France
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Numerical integration is one of the fundamental tool of scientific compu-
tation. Providing a reliable result to such problem is important for validated
simulation [1] or for global optimization with continuous objective function [2].
An important work on inclusion methods for integral equations can be found
in [3]. We propose an efficient guaranteed method for the computation of the
integral of a nonlinear continuous function f between two interval endpoints
[x1] and [x2], define by:∫ [x2]

[x1]

f(x)dx =

{∫ x2

x1

f(x)dx : x1 ∈ [x1] , x2 ∈ [x2]

}
(1)

Two cases can occur whether the intervals [x1] and [x2] intersect or not. If the
two intervals do not intersect, we produce an outer approximation of the set of
possible values for the integral proving the following proposed theorem:

Theorem 1. Let f : R → R be a differentiable function. For [x1] =
[
x1, x1

]
and [x2] =

[
x2, x2

]
two intervals in IR. Then the minimum and the maximum

of set (1) can be defined by∫ [x2]

[x1]

f(x)dx =

[
min

∫ X∗
2+∪{x2}

X∗
1−∪{x1}

f(x)dx,max

∫ X∗
2−∪{x2}

X∗
1+∪{x1}

f(x)dx

]
(2)

using
X ∗i− = {x ∈ [xi] : f(x) = 0, f ′(x) < 0}, X ∗i+ = {x ∈ [xi] : f(x) = 0, f ′(x) > 0}.

When the two intervals intersect, Second Fundamental Theorem of Calculus is
applied. An implementation of the computation of the bounds (2) is introduced
using interval analysis [4] and tested on several examples.
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