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Abstract

One of the interesting, important and attractive problems in applied mathematics is approximation of
functions in a given space. In this paper the problem is considered for fuzzy data and fuzzy functions using
the defuzzification function of Fortemps and Roubens. Approximation of a fuzzy function on some given
points (x,-,fi) fori=1,2,...,mis considered by some researchers as interpolation problem. But in interpo-
lation problem we find a polynomial of degree at most n =m — 1 where m is the number of points. But
when we have lots of points (m is very large) it is not good or even possible to find such polynomials. In
this case we want to find a polynomial of arbitrary degree which is an approximation to original function.
One of the works has done is regression by some researchers and we introduced a different method. In this
case we have m points but we want to find a polynomial of degree at most n <m but not n =m — 1 nec-
essarily. We introduce a fuzzy polynomial approximation as universal approximation of a fuzzy function
on a discrete set of points and we present a method to compute it. We show that this approximation
can be non-unique, however we choose one of them with the smallest amount of fuzziness.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

The interpolation problem of fuzzy data first was introduced by Zadeh [1]. Lowen [2] presented
the Lagrange interpolation problem. Kaleva [3] introduced some properties of Lagrange and cu-
bic spline interpolation. Properties of natural splines and complete splines of odd degrees are
introduced in [4,5]. In interpolation problem there are given n + 1 distinct points in R and for each
points there is given a fuzzy value in R, we find a fuzzy polynomial of degree at most #» which coin-
cides, on these points with given fuzzy values.

In this work we first introduce the basic concepts of fuzzy numbers, and a kind of fuzzy
polynomial P,(x) of degree at most n where x € R. Here we are given m distinct points in R,
and for each points we have a fuzzy value in R. We want to find a fuzzy polynomial of degree
at most n which n is not necessarily equal to m — 1 (in this paper we consider m > n) and
sometimes m is very large. The authors already introduced a method for solving such problems
in [6].

In Section 3 we introduce universal approximation of a fuzzy function and a method for com-
puting it with respect to a specified ranking and using linear programming. But does the universal
approximation of a fuzzy function always exist? And is it unique? We will answer these questions
in Section 4. At last some examples are given in Section 5. Throughout this paper we use standard
difference for fuzzy numbers.

2. Basic concepts

Let F(R) be the set of all real fuzzy numbers (which are normal, upper semi-continuous,
fuzzy convex and compactly supported), and 7F(R) be the set of all triangular fuzzy numbers,
which is
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and denoted by v = (v, vy, v,).
In [7], parametric form of a fuzzy number has been introduced and presented by v = (v(r), 0(r)),
where functions v(r) and o(r); 0 < r < 1 satisfying the following requirements:

. v(r) is monotonically increasing left continuous function;
. 0(r) is monotonically decreasing left continuous function;
co(r) <o(r), 0<r< 1

.o(r)=uv(r)=0forr<0orr>1.
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A crisp number o, can be simply represented by o(r) = v(r) =a, 0 < r < 1.
Let o = (v(r),0(r)), u = (u(r),u(r)) € F(R). Some results of applying fuzzy arithmetic on fuzzy
numbers v and # are as follows:
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