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Approximation of fuzzy numbers by
trapezoidal fuzzy numbers preserving
the core and the expected value
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Abstract. In this paper, we have suggested a new trapezoidal approxi-
mation of a fuzzy number, preserving the core and the expected value
of fuzzy numbers. We have proved that the trapezoidal approximation
of fuzzy numbers preserving the core and the expected value is always a
fuzzy number. We have discussed the properties of this approximation.
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1. Introduction

Many recent papers process and transform imprecise information using the
fuzzy theory. For a more efficient handling of information there is a natural
need to approximate the fuzzy numbers by trapezoidal fuzzy numbers with
or without additional conditions [2], [10], [8], [11], [14]. In [7] the trapezoidal
approximation is a reasonable compromise between two opposite tendencies:
to lose to much information and to introduce too sophisticated form of ap-
proximation from the point of view of computation.

In this paper we have proposed the trapezoidal approximation preserv-
ing the core and the expected value of a fuzzy number. Important properties
(translation invariance, scale invariance, etc.) of this new trapezoidal approx-
imation are studied in Section 4.
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2. Preliminaries

We consider the following well-known description of a fuzzy number A:

A(x) =


lA(x), if a1 ≤ x ≤ a2,

1 if a2 ≤ x ≤ a3,
rA(x), if a3 ≤ x ≤ a4,

0, otherwise,

where a1, a2, a3, a4, ∈ R, lA : [a1, a2] −→ [0, 1] is a nondecreasing upper
semicontinuous function, lA(a1) = 0, lA(a2) = 1, called the left side of the
fuzzy number and rA : [a3, a4] −→ [0, 1] is a nonincreasing upper semicon-
tinuous function, rA(a3) = 1, rA(a4) = 0, called the right side of the fuzzy
number. The α−cut, α ∈ (0, 1], of a fuzzy number A is a crisp set defined as
Aα = {x ∈ R : A(x) ≥ α}.

Every α−cut α ∈ [0, 1], of a fuzzy number is a closed interval Aα =
[AL(α), AU (α)] where

AL(α) = inf{x ∈ R : A(x) ≥ α}, AU (α) = sup{x ∈ R : A(x) ≥ α}
for any α ∈ (0, 1]. If the sides of the fuzzy number A are strictly monotone
then one can easily see that AL and AU are inverse functions of lA and rA,
respectively.

The core or 1−cut of a fuzzy number is defined as core(A) = [a2, a3] .
We denote by F ( R) the set of all fuzzy numbers.
Let A,B ∈ F (R) , Aα = [AL (α) , AU (α)] , Bα = [BL (α) , BU (α)] , α ∈

[0, 1] and λ ∈ R. We consider the sum A + B and the scalar multiplication
λ ·A by (see [5]) (A + B)α = Aα +Bα = [AL (α) + BL (α) , AU (α) + BU (α)]

and (λ ·A)α = λAα =
{

[λAL (α) , λAU (α)] , if λ ≥ 0,
[λAU (α) , λAL (α)] , if λ < 0,

respectively, for

every α ∈ [0, 1].
A metric on the set of fuzzy numbers, which is and extension of the Eu-

clidean distance, is defined by (see [9]) D2(A,B) =
∫ 1

0
(AL(α)−BL(α))2dα+∫ 1

0
(AU (α)−BU (α))2dα.

Fuzzy numbers with simple membership functions are preferred in prac-
tice. The most used such fuzzy numbers are so-called trapezoidal fuzzy num-
bers, given by

T (x) =


x−t1
t2−t1

, if t1 ≤ x ≤ t2,

1, if t2 ≤ x ≤ t3,
t4−x
t4−t3

, if t3 ≤ x ≤ t4,

0, otherwise.
We denote T = (t1, t2, t3, t4) a trapezoidal fuzzy number as above. It is

easy to prove that TL(α) = t1 + (t2 − t1)α and TU (α) = t4 − (t4 − t3)α for
every α ∈ [0, 1].

We denote by FT (R) the set of all trapezoidal fuzzy numbers.
The ambiguity Amb of A ∈ F (R) is defined by (see [4])

Amb(A) =
∫ 1

0

α (AU (α)−AL(α)) dα
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and the value V al of A ∈ F (R) is defined by (see [4])

V al(A) =
∫ 1

0

α (AU (α) + AL(α)) dα.

The expected interval EI(A) of a fuzzy number A,

Aα = [AL (α) , AU (α)]

is defined by (see [6], [12])

EI(A) = [E∗(A), E∗(A)] =
[∫ 1

0

AL (α) dα,

∫ 1

0

AU (α) dα

]
,

expected value is given by (see [12]): EV (A) = E∗(A)+E∗(A)
2 , core of A is given

by (see [1]): core (A) = [AL (1) , AU (1)] . The expected value for a trapezoidal
fuzzy number T = (t1, t2, t3, t4) is EV (T ) = t1+t2+t3+t4

4 .
Another kind of fuzzy number was introduced in [3] as follows:

A (x) =



(
x−a
b−a

)n

, x ∈ [a, b]
1, x ∈ [b, c](

d−x
d−c

)n

, x ∈ [c, d]
0, otherwise,

where n > 0, A = (a, b, c, d)n with the parametric representation:

AL(α) = (b− a) n
√

α + a, AU (α) = d− (d− c) n
√

α, α ∈ [0, 1] .

3. Trapezoidal approximation of fuzzy numbers

The below version of the well-known Karush-Kuhn-Tucker theorem is useful
in the solving of the proposed problem.

Theorem 3.1. (Rockafellar, [13]) Let f, g1, g2, ..., gm : Rn → R be convex and
differentiable function. Then

−
x solves the convex programming problem

min f (x)
s.t. gi (x) ≤ bi i ∈ {1, 2, 3, ...,m}
if and only if exists µi, i ∈ {1, 2, 3, ...,m}, such that

(i) ∇f
(
−
x
)

+
m∑

i=1

µi∇gi

(
−
x
)

= 0;

(ii) gi

(
−
x
)
− bi ≤ 0;

(iii) µi ≥ 0;
(iv) µi

(
bi − gi

(
−
x
))

= 0.

Given a fuzzy number A, Aα = [AL (α) , AU (α)] , α ∈ [0, 1] , the problem
is to find a trapezoidal fuzzy number T (A) = (t1, t2, t3, t4) which is the nearest
to A with respect to metric D and preserves the expected value and the core
of A, that is:

EV (A) = EV (T (A)) , core (A) = core (T (A)) .
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The problem is reduced to minimize the distance between the fuzzy number
A and the trapezoidal fuzzy number T (A)

F (t1, t2, t3, t4) =
∫ 1

0

[AL (α)− (t1 + (t2 − t1) α)]2 dα +

+
∫ 1

0

[AU (α)− (t4 + (t3 − t4) α)]2 dα

s.t.
t2 = AL (1) , (3.1)

t3 = AU (1) , (3.2)

so

2
∫ 1

0

[AL (α) + AU (α)] dα = t1 + t2 + t3 + t4. (3.3)

The conditions for T (A) = (t1, t2, t3, t4) to be a trapezoidal fuzzy number are

t1 ≤ t2 (3.4)

t2 ≤ t3 (3.5)

and
t3 ≤ t4. (3.6)

Taking into account the relations (3.1)− (3.3) , t4 becomes:

t4 = 2
∫ 1

0

(AL (α) + AU (α)) dα− t1 −AL (1)−AU (1) ,

so F (t1, t2, t3, t4) becomes g (t1)

g (t1) = 2t21
3 + 2t1

∫ 1

0
(AL (α)− E (α)) (α− 1) dα + t1

3 AL (1)+
+

∫ 1

0
(E (α))2 dα +

∫ 1

0
(AL (α)−AL (1)α)2 dα,

(3.7)

where
E (α) = AU (α)

+2 (α− 1)
∫ 1

0

(AL (α) + AU (α)) dα−AL (1) (α− 1)−AU (1) (2α− 1) ,

so conditions (3.4)− (3.6) are:

t1 ≤ AL (1) (3.8)

AL (1) ≤ AU (1) (3.9)

and

t1 ≤ 2
∫ 1

0

AL (α) dα + 2
∫ 1

0

AU (α) dα−AL (1)− 2AU (1) . (3.10)

For any fuzzy number the relation (3.9) is always true.
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Theorem 3.2. If A, Aα = [AL (α) , AU (α)] is a fuzzy number and T (A) =
(t1, t2, t3, t4) denotes the nearest (with respect to metric D) trapezoidal fuzzy
number A preserving the expected value and the core, then

(i) If∫ 1

0

[(2− 6α) AU (α) + (6α− 10) AL (α)] dα + 7AL (1) + AU (1) < 0 (3.11)

and ∫ 1

0

[AL (α) + AU (α)] dα ≥ AL (1) + AU (1) , (3.12)

then
t1 = t2 = AL (1) ; t3 = AU (1) ;

t4 = 2
∫ 1

0

AL (α) dα + 2
∫ 1

0

AU (α) dα− 2AL (1)−AU (1) .

(ii) If∫ 1

0

[(2− 6α) AL (α) + (6α− 10)AU (α)] dα + AL (1) + 7AU (1) > 0 (3.13)

and ∫ 1

0

[AL (α) + AU (α)] dα ≤ AL (1) + AU (1) , (3.14)

then

t1 = 2
∫ 1

0

AL (α) dα + 2
∫ 1

0

AU (α) dα−AL (1)− 2AU (1) ;

t2 = AL (1) ; t3 = t4 = AU (1) .

(iii) If∫ 1

0

[(2− 6α) AU (α) + (6α− 10)AL (α)] dα + 7AL (1) + AU (1) ≥ 0 (3.15)

and∫ 1

0

[(2− 6α) AL (α) + (6α− 10)AU (α)] dα + AL (1) + 7AU (1) ≤ 0 (3.16)

then

t1 = −3
2

∫ 1

0

α (AL (α)−AU (α)) dα− 3
4
AL (1)

+
1
2

∫ 1

0

(5AL (α)−AU (α)) dα− 1
4
AU (1) ;

t2 = AL (1) ; t3 = AU (1) ;

t4 =
3
2

∫ 1

0

α (AL (α)−AU (α)) dα− 1
4
AL (1)

−1
2

∫ 1

0

(AL (α)− 5AU (α)) dα− 3
4
AU (1) .
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Proof. Let us remark that the hypothesis of convexity and differentiability
in the Karush-Kuhn-Tucker theorem are satisfied for the function g given by
(3.7) under conditions (3.8) − (3.10). After some calculations we can write
the conditions of Karush-Kuhn-Tucker theorem to minimize the function g,
in the following way:

4t1
3

+ 2
∫ 1

0

α [AL (α)−AU (α)] dα +
2
3

∫ 1

0

(AU (α)− 5AL (α)) dα+

+AL (1) +
AU (1)

3
+ µ1 + µ2 = 0 (3.17)

µ1 (t1 −AL (1)) = 0 (3.18)

µ2

(
t1 − 2

∫ 1

0

AL (α) dα− 2
∫ 1

0

AU (α) dα + AL (1) + 2AU (1)
)

= 0 (3.19)

µ1 ≥ 0 (3.20)

µ2 ≥ 0 (3.21)

t1 −AL (1) ≤ 0 (3.22)

t1 − 2
∫ 1

0

AL (α) dα− 2
∫ 1

0

AU (α) dα + AL (1) + 2AU (1) ≤ 0 (3.23)

If µ1 6= 0 and µ2 6= 0, then the solution is: t1 = AL (1) and

t1 = 2
∫ 1

0

AL (α) dα + 2
∫ 1

0

AU (α) dα−AL (1)− 2AU (1) ,

so

t4 = 2
∫ 1

0

AL (α) dα + 2
∫ 1

0

AU (α) dα− 2AL (1)−AU (1)

or t4 = AU (1) , from (3.17) we obtain that

µ1 + µ2 = −2
∫ 1

0

α [AL (α)−AU (α)] dα

−2
3

∫ 1

0

(AU (α)− 5AL (α)) dα−AL (1)− AU (1)
3

(3.24)

but µ1 6= 0 and µ2 6= 0, so∫ 1

0

AL (α) dα +
∫ 1

0

AU (α) dα = AL (1) + AU (1) ,

by (3.24) , we have

µ1 + µ2 =
∫ 1

0

(1− 2α) AL (α) dα +
∫ 1

0

(2α− 3) AU (α) dα + 2AU (1)

so

µ1 + µ2 =
∫ 1

0

(1− 2α) AL (α) dα +
∫ 1

0

(2α− 1) AU (α) dα

+2
(

AU (1)−
∫ 1

0

AU (α) dα

)
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taking into account Lemma 1 from [2] results that µ1 + µ2 ≤ 0. In fact,
because µ1 6= 0 and µ2 6= 0 we obtain that µ1 + µ2 < 0, so Karush-Kuhn-
Tucker conditions can not be verified, which means that we have no solution
in this case.

(i) If µ1 6= 0 and µ2 = 0, then from (3.17) and (3.18) we obtain that:

t1 = AL (1)

and

µ1 = 2
∫ 1

0

α [AU (α)−AL (α)] dα

−2
3

∫ 1

0

(AU (α)− 5AL (α)) dα− AU (1)
3

− 7AL (1)
3

, µ2 = 0

and from (3.1), (3.2) and (3.3) we obtain that

t4 = 2
∫ 1

0

AL (α) dα + 2
∫ 1

0

AU (α) dα− 2AL (1)−AU (1) .

(ii) If µ1 = 0 and µ2 6= 0, then from (3.17) and (3.19) we obtain that

t1 = 2
∫ 1

0

AL (α) dα + 2
∫ 1

0

AU (α) dα−AL (1)− 2AU (1) and µ1 = 0,

µ2 =
1
3

∫ 1

0

[(2− 6α)AL (α) + (6α− 10)AU (α)] dα +
1
3

(AL (1) + 7AU (1))

and t4 = AU (1) .
(iii) If µ1 = 0 and µ2 = 0, then from (3.17) , (3.22) and (3.23) we obtain

that

t1 = −3
2

∫ 1

0

α (AL (α)−AU (α)) dα +
1
2

∫ 1

0

(5AL (α)−AU (α)) dα

−3
4
AL (1)− 1

4
AU (1)

and

t4 =
3
2

∫ 1

0

α (AL (α)−AU (α)) dα− 1
2

∫ 1

0

(AL (α)− 5AU (α)) dα

−1
4
AL (1)− 3

4
AU (1) .

�

Remark 3.3. Any fuzzy number can apply one and only case of the Theorem
3.2.

Proof. Let us denote

Γ1 = {A : A ∈ F (R) and the case (i) is applicable to A} ,

Γ2 = {A : A ∈ F (R) and the case (ii) is applicable to A}
and

Γ3 = {A : A ∈ F (R) and the case (iii) is applicable to A} .
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It is obvious that Γ3 = (Γ1 ∪ Γ2)
c
, so, the three cases of Theorem 3.2 cover

the set of all fuzzy numbers. On the other hand Γ1 ∩ Γ3 = ∅ because the
relation (3.11) is complementary with the relation (3.15) . Γ2∩Γ3 = ∅ because
the relation (3.13) is complementary with the relation (3.16) . �

Example 3.4. Let A be a fuzzy number Aα = [1 + 99
√

α, 200− 95
√

α] then
the trapezoidal approximation preserving the core and the expected value is
T (A) = (t1, t2, t3, t4) and can be calculated with case (iii) of Theorem 3.2 as
follows: t1 = 923

30 ; t2 = 100; t3 = 105; t4 = 5147
30 .

Theorem 3.5. Let A = (a, b, c, d)n be a fuzzy number and T (A) =
(t1, t2, t3, t4) the nearest (with respect to metric D) trapezoidal fuzzy num-
ber A preserving the expected value and the core

(i) If (n− 1) (d− c) + (17n + 7) (b− a) < 0 and a− b− c + d ≥ 0, then

t1 = t2 = b; t3 = c; t4 =
2a− 2b− c + 2d + cn

n + 1
.

(ii) If (b− a) (1− n)− (17n + 7) (d− c) > 0 and a− b− c + d ≤ 0, then

t1 =
2a− b− 2c + 2d + bn

n + 1
; t2 = b; t3 = t4 = c.

(iii) If (b− a) (1− n)− (17n + 7) (d− c) ≤ 0 and

(n− 1) (d− c) + (17n + 7) (b− a) ≥ 0

then

t1 =
7a− 3b− c + d + 8bn2 + 17an− 5bn + cn− dn

4 (n + 1) (2n + 1)
; t2 = b; t3 = c;

t4 = a−b−3c+7d+8cn2−an+bn−5cn+17dn
4(n+1)(2n+1) .

Proof. Let A = (a, b, c, d)n be a fuzzy number, then AL (1) = b, AU (1) = c
and ∫ 1

0

AL (α) dα =
a + bn

n + 1
;

∫ 1

0

AU (α) dα =
cn + d

n + 1
;∫ 1

0

αAL (α) dα =
a + 2bn

4n + 2
;

∫ 1

0

αAU (α) dα =
2cn + d

4n + 2
.

Applying Theorem 3.2 the result is immediately. �

Example 3.6. For a fuzzy number A = (2, 3, 4, 40) 1
2

applying the case (i) of
Theorem 3.5 we obtain the trapezoidal approximation which preserves the
expected value and the core of A: T (A) =

(
3, 3, 4, 152

3

)
.

Example 3.7. For a fuzzy number A = (−200, 0, 10, 20) 1
5

applying the case
(ii) of Theorem 3.5 we obtain the trapezoidal approximation which preserves
the expected value and the core of A: T (A) =

(
− 950

3 , 0, 10, 10
)
.

Example 3.8. For a fuzzy number A = (1, 2, 3, 100)2 applying the case (iii)
of Theorem 3.5 we obtain the trapezoidal approximation which preserves the
expected value and the core of A: T (A) =

(
− 3

10 , 2, 3, 693
10

)
.
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4. Properties

In fuzzy theory are many approximate methods of fuzzy numbers and an
infinite number of approximation operators. For the present approximation
operator we study some properties proposed by Grzgorzewski and Mrowka
in paper [7].

Theorem 4.1. The trapezoidal approximation preserving the core and the ex-
pected value given in Theorem 3.2:

(i) is invariant to translation;
(ii) is scale invariant;
(iii) fulfills the nearness criterion;
(iv) fulfills the identity criterion.

Proof. (i) If A ∈ Γ1 then the conditions (3.11− 3.12) are verified, so∫ 1

0

[(2− 6α) (A + z)U (α) + (6α− 10) (A + z)L (α)] dα

+7 (A + z)L (1) + (A + z)U (1)

=
∫ 1

0

[(2− 6α) AU (α) + 2z + (6α− 10) AL (α)− 10z] dα

+7AL (1) + AU (1) + 8z

=
∫ 1

0

[(2− 6α) AU (α) + (6α− 10)AL (α)] dα + 7AL (1) + AU (1) < 0,

and ∫ 1

0

[(A + z)L (α) + (A + z)U (α)] dα− (A + z)L (1)− (A + z)U (1)

=
∫ 1

0

[AL (α) + AU (α)] dα−AL (1)−AU (1) ≥ 0,

so A + z ∈ Γ1.
We obtain that

t1 (A + z) = (A + z)L (1) = AL (1) + z = t1 (A) + z,

t2 (A + z) = (A + z)L (1) = AL (1) + z = t2 (A) + z,

t3 (A + z) = (A + z)U (1) = AU (1) + z = t3 (A) + z,

and

t4 (A + z) = 2
∫ 1

0

[(A + z)L (α) + (A + z)U (α)] dα

−2 (A + z)L (1)− (A + z)U (1)

= 2
∫ 1

0

AL (α) dα+2
∫ 1

0

AU (α) dα−2AL (1)−AU (1)+4z−2z−z = t4 (A)+z,

so T (A + z) = T (A) + z, A ∈ Γ1.
It is obviously that for A ∈ Γ2 we obtain that A + z ∈ Γ2 and for

A ∈ Γ3 we obtain that A + z ∈ Γ3 so T (A + z) = T (A) + z, for every
A ∈ Γi, i ∈ {1, 2, 3} .
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(ii) For λ > 0 the proof is immediate because (λA)L (α) = λAL (α) and
(λA)U (α) = λAU (α), α ∈ [0, 1] so T (λ ·A) = λ · T (A) , A ∈ Γi, i ∈ {1, 2, 3}
and from A ∈ Γi results that λ ·A ∈ Γi, i ∈ {1, 2, 3} .

In case λ < 0 we have (λA)L (α) = λAU (α) and (λA)U (α) = λAL (α) ,
for every α ∈ [0, 1] .

If A ∈ Γ1 then the conditions (3.11− 3.12) are verified

λ

∫ 1

0

[(2− 6α) AU (α) + (6α− 10)AL (α)] dα + 7λAL (1) + λAU (1) > 0,

so∫ 1

0

[(2− 6α) λAU (α) + (6α− 10)λAL (α)] dα + 7λAL (1) + λAU (1) > 0

and is equivalent to∫ 1

0

[(2− 6α) (λA)L (α) + (6α− 10) (λA)U (α)] dα

+7 (λA)U (1) + (λA)L (1) > 0

and

λ

∫ 1

0

[AL (α) + AU (α)] dα ≤ λAL (1) + λAU (1)

so ∫ 1

0

[λAL (α) + λAU (α)] dα ≤ λAL (1) + λAU (1)

and is equivalent to∫ 1

0

[(λA)U (α) + (λA)L (α)] dα ≤ (λA)U (1) + (λA)L (1) ,

we obtain that λ ·A ∈ Γ2, so

T (λ ·A) =
(

2
∫ 1

0

(λ ·A)L (α) dα + 2
∫ 1

0

(λ ·A)U (α) dα− 2 (λ ·A)L (1)−

− (λ ·A)U (1) , (λ ·A)L (1) , (λ ·A)U (1) , (λ ·A)U (1))

= (λ ·AL (1) , λ ·AL (1) , λ ·AU (1) ,

2
∫ 1

0

λ ·AL (α) dα + 2
∫ 1

0

λ ·AU (α) dα− 2λ ·AU (1)− λ ·AL (1)
)

= λ · T (A)

then T (λ ·A) ∈ Γ1. λ ·A is in case (ii) of Theorem 3.2 if and only if A is in
case (i) of Theorem 3.2.

For A ∈ Γ2 we obtain that λ ·A ∈ Γ2, so λ ·A is in case (i) of Theorem
3.2 if and only if A is in case (ii) of Theorem 3.2.

Similarly it can be shown that λ · A is in case (iii) of Theorem 3.2 if
and only if A is in case (iii) of Theorem 3.2.

(iii) By the construction of the operator under study.
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(iv) If A = (a1, a2, a3, a4) , Aα = [a1 + α (a2 − a1) , a4 − α (a4 − a3)] ,
then ∫ 1

0

[(2− 6α) AU (α) + (6α− 10)AL (α)] dα + 7AL (1) + AU (1)

= 4 (a2 − a1) ≥ 0
and ∫ 1

0

[(2− 6α) AL (α) + (6α− 10) AU (α)] dα + AL (1) + 7AU (1)

= 4 (a3 − a4) ≤ 0
so (3.15) and (3.16) are verified and the case (iii) of Theorem 3.2 is applicable
to A. We obtain that

t1 = −3
2

∫ 1

0

α ((a1 + α (a2 − a1))− (a4 − α (a4 − a3))) dα

−1
4

(a4 − (a4 − a3)) +
1
2

∫ 1

0

(5 (a1 + α (a2 − a1))− (a4 − α (a4 − a3))) dα

−3
4

(a1 + (a2 − a1)) = a1,

t2 = AL (1) = a2; t3 = AU (1) = a3

and

t4 =
3
2

∫ 1

0

α ((a1 + α (a2 − a1))− (a4 − α (a4 − a3))) dα

−3
4

(a4 − (a4 − a3))−
1
2

∫ 1

0

((a1 + α (a2 − a1))− 5 (a4 − α (a4 − a3))) dα

−1
4

(a1 + (a2 − a1)) = a4,

so T (A) = A,∀A ∈ FT (R) . �

Remark 4.2. Let A be a trapezoidal fuzzy number, the trapezoidal ap-
proximation preserving the core and the expected value does not preserve
the ambiguity and the value of a fuzzy number: Amb(A) 6= Amb(T (A)),
V al(A) 6= V al(T (A)), for any A ∈ F (R) .

Example 4.3. Let A be a fuzzy number A = (0, 1, 2, 3)2 , AL (α) =
√

α,
AU (α) = 3 −

√
α . The trapezoidal approximation which preserves the ex-

pected value and core is T (A) =
(

3
10 , 1, 2, 27

10

)
.The ambiguity of the fuzzy

number A is: Amb (A) = 7
10 and the ambiguity of the trapezoidal approxi-

mation is: Amb (T (A)) = 11
15 , so Amb(A) 6= Amb(T (A)).

Example 4.4. For a fuzzy number A = [
√

α + 1, 30− 27
√

α] the value of the
fuzzy number is V al(A) = 51

10 , the trapezoidal approximation which preserves
the expected value and the core is T (A) =

(
13
15 , 2, 3, 322

15

)
so it’s value is:

V al (T (A)) = 97
18 , then V al(A) 6= V al(T (A)).
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The following example studies the continuity of the trapezoidal operator
which preserves the core and the expected value.

Example 4.5. The trapezoidal operator introduced by Theorem 3.2 is not
continuous, with respect to the distance D. Indeed, if A ∈ F (R) , An ∈
F (R) , n ∈ N such that AL (α) =

√
α, AU (α) = 3 −

√
α and (An)L =√

α + αn, (An)U = 3 −
√

α, α ∈ [0, 1] , then the trapezoidal fuzzy numbers
which preserve the expected value and the core of A and An are:

T (A) =
(

3
10

, 1, 2,
27
10

)
,

T (An) =
(
− 7n + 9n2 − 52

20 (n + 2) (n + 1)
, 2, 2,

27
10

)
, n ∈ N

and

lim
n→∞

D (T (An) , T (A)) =
√

39
12

and

lim
n→∞

D (An, A) = lim
n→∞

√
1

2n + 1
= 0,

so lim
n→∞

D (T (An) , T (A)) =
√

39
12 6= 0 = lim

n→∞
D (An, A) .

5. Conclusion

In the present paper a new trapezoidal approximation of a fuzzy number
was added to trapezoidal approximations already introduced in [1], [2], [7],
[8], [14]. It has multiple advantages: can be easy calculated, has some im-
portant properties: scale invariance, identity, translation invariance, nearness
criterion.

References

[1] Allahviranloo, T., Adabitabar Firozja, M., Note on ”Trapezoidal approximation
of fuzzy numbers”, Fuzzy Sets and Systems, 158(2007), 755-756.

[2] Ban, A., Approximation of fuzzy numbers by trapezoidal fuzzy numbers preserv-
ing the expected interval, Fuzzy Sets and Systems, 159(2008), 1327-1344.

[3] Bodjanova, S., Median value interval of a fuzzy number, Inform. Sci., 172(2005),
73-89.

[4] Delgado, M., Vila, M.A., Voxman, W., On a canonical representation of fuzzy
numbers, Fuzzy Sets and Systems, 93(1998), 125-135.

[5] Diamond, P., Kloeden, P., Metric spaces of fuzzy sets, Theory and Applications,
World Scientific, Singapore, 1994.

[6] Dubois, D., Prade, H., The mean value of a fuzzy number, Fuzzy Sets and
Systems, 24(1987), 279-300.



Trapezoidal operator preserving core and EV 259

[7] Grzegorzewski, P., Mrówka, E., Trapezoidal approximations of fuzzy numbers,
Fuzzy Sets and Systems, 153(2005), 115-135.

[8] Grzegorzewski, P., Mrówka, E., Trapezoidal approximations of fuzzy numbers -
revisited, Fuzzy Sets and Systems, 158(2007), 757-768.

[9] Grzegorzewski, P., Metrics and orders in space of fuzzy numbers, Fuzzy Sets
and Systems, 97(1998), 83-94.

[10] Grzegorzewski, P., Trapezoidal approximations of fuzzy numbers preserving
the expected interval - Algorithms and properties, Fuzzy Sets and Systems,
47(2008), 1354-1353.

[11] Grzegorzewski, P., New algorithms for trapezoidal approximation of fuzzy num-
bers preserving the expected interval, IPMU’08, 2008, 117-123.

[12] Heilpern, S., The expected value of a fuzzy number, Fuzzy Sets and Systems,
47(1992), 81-86.

[13] Rockafellar, R.T., Convex analysis, Princeton University Press, NJ, 1970.

[14] Yeh, C.T., Trapezoidal and triangular approximations preserving the expected
interval, Fuzzy Sets and Systems, 159(2008), 1345-1353.

Adriana Brândaş
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