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Abstract
In this paper, we define correlation coeeficients of interval-valued fuzzy numbers by utilizing Choquet integrals. Also
we discuss some properties of them.
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1. Introduction. 2. Interval-numbers and interval-valued fuzzy
' numbers.

In this paper, we consider interval-valued

fuzzy numbers which were introduced at first In this section, we introduce some results of
by  Gorzalczany([1]) and  Turksen([2]). interval numbers and interval-valued fuzzy
Utilizing Riemann integral, G. Wang and X. numbers about operations and orders.

Li([3]) defined the correlation coefficient of Throughout this paper, let I be a closed unit
interval-valued fuzzy numbers and studied interval, ie., I=J0,1]. Let
some of its important properties. They had M={a=[a",a*]| a- <a* a",a* €I}

been applied to the fields of approximate especially for arbitrary « € I, putting a=[a,a],

inference, signal transmission and control etc. then a e (I] is obvious

The main purpose of this paper is to define _ _ )
. » . For any e=[a", e"], b=[b", b*] € [I], we define
correlation coefficients of interval-valued

fuzzy numbers by utilizing Choquet integral anb=[a"Ab",a*Ab*],
instead of Riemann integral and to discuss avi=[a Vb, a*Vvb*,
some properties of them. a

a/=[1—-a*1—0a7],
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+

a<bifandonly if a <5, a*t<b*, -

a<bif and only if a<? and a=35,

achbifandonlyif b-<a <a*<b*.

Definition 2.1 Let X be an ordinary set, a

mapping A X—-[I] IS called an

interval-valued fuzzy number on X if
1) 4
1y € X such that A(g)=[1,1];

1s normal, i.e., there is at least an

(2) A is convex,

e, A(QAz+(1—-X)y)>A(z)AA(y) for each

z,ye€ X and A € [0,1];
(3) A~ and A* are upper semi-continuous; -

(4) The closure of Ay, is compact.

Let IFN(X) denote the <class of all
interval-valued fuzzy numbers on X. For each

‘A e IFN(X), let
A(z) =[A"(z), A" (z)], A" (z) < A (=),

where ze X and A : X—I (A*:X-I) is

called a lower fuzzy number (an upper fuzzy

number) of A, simply write A=[4", A*].

Especially, A is called a degenerate ordinary
set if A7(z)=A*(z)=1 or A (z)=4"(z)=0
for all z e X.

For any A,B € IFN(X) and z € X, we define
(AAB)(z) = A(z) AB(z),
(Av B)(z)= A(z)V B(z),

A(2) = (A@)'=[1- 4" (@), 1- A" (a)
=[A"(z), A7'(z)],

A=B if

A (z)=B (z), A*(z) = B* (2)

and only if

for all z e X.
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Definition 2.2 Let and

(M Ao] € [1]-

A € IFN(X)

We define

Apag={z € X| A (z) = A, At (z) = A},
App=1{z e X| A7 (z)> X, AT (z) > X},
Apay={ze X| A (z) = N, A% (2) > Ay},
Apoag={z e X| A (z)> A, AY(z) = A}

Then the above ordinary set are called
[A, A2] —cut set of A,
of A,

(M, X)) —strong cut set
[A:, A2)— right strong cut set of A and
(A1, Az]-left strong cut set of A.

Theorem 2.3 ([3]) A € IFN(X) if and only if

A™ and A" are ordinary fuzzy numbers.

Theorem 2.5 ([3]) Let R be the set of all
real numbers and [a,b] an closed interval in
R with a< b. If we take X=R or [a,b] and
If A e IFN(X) and [A,),] € [I}/{[0,0]}. then

(1) A, », is a closed interval in X;
(2) there exists a closed interval [c,d] in X
such that

A(D,O) C [C, d]-

3. Basic properties of Choquet integrals.

A fuzzy measure p on a measurable space
(£,7) is an extended real-valued function
g 7 — [0,0] satisfying

i w(e)=0,
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(i) w(A)<u(B), whenever A,Be7, ACB.
(ii) for every increasing sequence {A,} of
measurable sets , we have

p(US4,) = I u(A,),

n—o0

(iv) for every decreasing sequence {4,} of

measurable sets and u(4,) < oo , we have
p(Naw1dn) = lim p(A,).

n—>00

Definition 3.1
integral

({5,6,71) (1) The

of a measurable function f with

Choquet

respect to a fuzzy measure x on Ee 2 is
defined by

(O [ fau= | w{zeXIA0)> NN E)dr

where the integral on the right-hand side is
an ordinary one.

(2) A measurable function f is called Choquet
integrable if the Choquet integral of f can be

defined and its value is finite.

Instead of (C)/ fdu, we write (C)/ fdp.
X

Definition 3.2 ([5,6,7]) Let f g be measurable
functions. Then we say that f is comonotonic

to g, in symbol f~ g if we have

AOAX) = glo)<g(x’) for all x,xeX.

We say f: X — R* is in Li(g) if and only if

f is measurable and (O f fdu<o. We note

’

"yeX p—almost

The property P(x) holds for

that "xeX p—a.e.” stands for
everywhere”.
x€X p-a.e means that there is a measurable

set E such that p(A)=0 and the property P(x)
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holds all

complement of E.

for x€E¢, where E< is the

Theorem 3.3([5,6,7]) Let fgh: X— R* be
measurable functions. Then we have

M £~ 7,

2) f~g = g~f,

(3) f~ a for all aer* ,

(4) f~gand f~h = f~ (g+h).

Theorem 3.4([5,6,7]) Let

nonnegative measurable functions.

fg: X— R*be

(D) I fzg, then (O [fau<(O) [ gap.
(2) If Ac B and 4,B € 12, then
(O [ fau=(C) [ gdu.
(3) If f~ gand abeR*, then
(O [(af+ b@du=a(O) [ fdut KO [ edu.

4, Main results.
In this section, by utilizing Choquet
integrals, we define an interval-valued
correlation coefficient and discuss some

properties of them.

Definition 4.1 let a,be R* with ea< b and
A,B € IFN([a,b]).

(1) We define
m(A,B) =[m™ (4, B), m" (4, B)]
where

] 1 o 4 e
m(4,B)= —rrs (c)/ A“B 4+ A 'B™)dp
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and m*(4,B) = ) (C)/ A*B*+ AY'B*dp.

-1
u([e,b]

(2) An interval-valued correlation coefficient

}

is called a degenerate

with respect to A and B is defined by
p(4,B)

1

We note that A4

ordinary set if

m” (A, B) m*(A,B)
Vm~ (A, A)m~(B,B) /m*(A,A)m*(B,B)

A (z)=A%(z)=1or A (z)=A*(z)=0

for all z € X.

Theorem 4.4 If A,B € IFN([a,b]) and A~ ~ B~
and A* ~ B*, then we have

(0,0] < p (4, B) < [1,1].

Theorem 4.5 Let A,B € IFN([qa,b]). Then
p(A,B)=]1,1] if and only if A=B p—a.e on
[a,0].

Theorem 4.6 Let A,B € IFN(|e,b]). Then
if and

degenerate ordinary sets g—a.e. on [a,b].

m(A4,B) =10,0] only if A,B are

We remark that (1) if a fuzzy measure g is a
classical measure, then these results and the
results of G. Wang and X Li([3]) are the
same, because Choquet integral is equal to
Riemann integral, and

(2) we consider the concepts of information
of of the
coefficients, utilizing  Choquet

energy by means definition
correlation

integrals instead of Riemann integrals.
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