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Abstract: In this paper we generalize the principles of possibilistic mean value, variance, covariance and correlation
of fuzzy numbers to quasi fuzzy numbers. We will show some necessary and sufficient conditions for the existence
of possibilistic mean value and variance for quasi fuzzy numbers. Considering the standard exponential probability
distribution as a quasi fuzzy number we will compare the possibilistic and the probabilistic correlation coefficients.

I. INTRODUCTION

A fuzzy number A is a fuzzy set in R with a normal, fuzzy
convex and continuous membership function of bounded
support. The family of fuzzy numbers is denoted by F. A
quasi fuzzy number A is a fuzzy set of the real line with a
normal, fuzzy convex and continuous membership function
satisfying the limit conditions [2]

tligloMA(t) =9 t—lginooMA(t) =0

A quasi triangular fuzzy number is a quasi fuzzy number
with a unique maximizing point. Furthermore, we call Q the
family of all quasi fuzzy numbers. Quasi fuzzy numbers can
also be considered as possibility distributions [6]. A y-level
set of a fuzzy set A in R™ is defined by [A]Y = {x € R™ :
pa(x) >}, if v > 0and [A]Y = cl{z € R™ : pa(z) >~}
(the closure of the support of A) if v = 0.

If A is a fuzzy number, then [A]" is a closed convex
(compact) subset of R for all v € [0,1]. If A is a quasi
fuzzy number, then [A]Y is a closed convex (compact)
subset of R for any ~ > 0. Let us introduce the notations
a1 (y) = min[A]", az(y) = max[A]” In other words, ay ()
denotes the left-hand side and as(7y) denotes the right-hand
side of the ~y-cut, of A for any 7 € [0, 1]. A fuzzy set C in
IR? is said to be a joint possibility distribution of quasi fuzzy
numbers A, B € Q, if it satisfies the relationships max{z |
po(x,y)t = pp(y), max{y | pc(z,y)} = pa(z), for all
x,y € R. Furthermore, A and B are called the marginal
possibility distributions of C. A function f: [0,1] — R
is said to be a weighting function if f is non-negative,
monoton increasing and satisfies the following normalization
condition

/Olf(v)cw: L.

Different weighting functions can give different (case-
dependent) importances to ~-levels sets of quasi fuzzy
numbers. It is motivated in part by the desire to give less
importance to the lower levels of fuzzy sets [11] (it is why
f should be monotone increasing).

Fig. 1. A quasi triangular fuzzy number with membership function e~ |l

II. POSSIBILISTIC MEAN VALUE, VARIANCE,
COVARIANCE AND CORRELATION OF QUASI
Fuzzy NUMBERS

The possibilistic mean (or expected value), variance and
covariance can be defined from the measure of possibilistic
interactivity (as shown in [3], [9], [10]) but for simplicity, we
will present the concept of possibilistic mean value, variance,
covariance in a pure probabilistic setting. Let A € F be
fuzzy number with [A]” = [a1(7), a2(7y)] and let U, denote
a uniform probability distribution on [A]", v € [0, 1]. Recall
that the probabilistic mean value of U, is equal to

a1(7) + a2(v)
M(U,) = P
and its probabilistic variance is computed by

(2200) ~ a1 (1))*

var(Uy) = 5

The f-weighted possibilistic mean value (or expected value)
of A € F is defined as [8]

' ! a a2
Ef(A):/O E(U,Y)f('y)dfy:/ a(y) +ax(y)

; 5 f()dy,
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where U, is a uniform probability distribution on [A]” for
all v € [0,1]. If f(y) =1 for all v € [0,1] then we get

E¢(4) :/0 E(U,) f(v)dy :/0 Md%

That is, f(y) = 1 the f-weighted possibilistic mean
value coincides with the (i) generative expectation of fuzzy
numbers introduced by Chanas and Nowakowski in ([4],
page 47); (i) middle-point-of-the-mean-interval defuzzica-
tion method proposed by Yager in ([15], pagel61). In this
paper we will use the natural weighting function f(v) = 2.
In this case the possibilistic mean value is, denoted by F(A),
defined by,

E(A) :/0 al(’Y)‘g@(’Y)zryd,y

1 €))
- / Y(a1(7) + as(7))d.

which the possibilistic mean value of A originally introduced
by Carlsson and Fullér in 2001 [1]. We note here that from
the equality

E(A) = / ar(y) + as(y))dy

[ atlreo,

1
/vdv
0

it follows that F(A) is nothing else but the level-weighted
average of the arithmetic means of all y-level sets, that is,
the weight of the arithmetic mean of a,(y) and as () is just

Y.

Note 1. There exist several other ways to define mean
values of fuzzy numbers, e.g. Dubois and Prade [5] defined
an interval-valued expectation of fuzzy numbers, viewing
them as consonant random sets. They also showed that
this expectation remains additive in the sense of addition
of fuzzy numbers. Using evaluation measures, Yoshida et
al [16] introduced a possibility mean, a necessity mean
and a credibility mean of fuzzy numbers that are different
from (I). Surveying the results in quantitative possibility
theory, Dubois [7] showed that some notions (e.g. cumu-
lative distributions, mean values) in statistics can naturally
be interpreted in the language of possibility theory.

Now we will extend the concept of possibilistic mean
value to the family of quasi fuzzy numbers.

Definition II.1. The f-weighted possibilistic mean value of
A € Q is defined as

-1

! a a2
Ef(A):/O E(U,y)f(fy)d*y:/ @) +ax(7)

; 5 f(y)dy,

where U, is a uniform probability distribution on [A]Y for
all v > 0. The value of E¢(A) does not depend on the
boundedness of the support of A.

The possibilistic mean value is originally defined for
fuzzy numbers (i.e. quasi fuzzy numbers with bounded
support). If the support of a quasi fuzzy number A is
unbounded then its possibilistic mean value might even not
exist. However, for a symmetric quasi fuzzy number A we
get E¢(A) = a, where a is the center of symmetry, for any
weighting function f.

Now we will characterize the family of quasi fuzzy
numbers for which it is possible to calculate the possibilistic
mean value. First we show an example for a quasi triangular
fuzzy number that does not have a mean value.

Example I1.1. Consider the following quasi triangular fuzzy
number

0 ifx <0
pa(z) = 1 :
ifo<cx
vr+1 F0<
In this case
1
al(PY) = Oa a2(’7) = ? ]-a

and its possibilistic mean value can not be computed, since
the following integral does not exist (not finite),

E(A):/O al(v);az(v) oy

(i ()

Note 2. This example is very important: if the membership
function of the quasi fuzzy number tends to zero slower than
the function 1/\/x then it is not possible to calculate the
possibilistic mean value, (clearly, the value of the integral
will be infinitive), otherwise the possibilistic mean value does
exist.

To show this, suppose that there exists € > 0, such that
the membership function of quasi fuzzy number A satisfies
the property,

pale) =0z )
if © — +oo. This means that there exists and xg € R such
that, .

palz) < Mx=27¢,

if © > xog and where M is a positive real number. So the
possibilistic mean value of A is bonded from above by

1
1

M3
multiplied by the possibilistic mean value of a quasi fuzzy
number with membership function T2 plus an additional
constant (because of the properties of a quasi fuzzy number
we know that the interval [0, x| accounts for a finite value
in the integral).
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Suppose that,

0 if <0
fo<zx<1
3¢ ifx >1

A similar reasoning holds fO{ negative fuzzy numbers with
membership function (—2)~ 2 ¢. Then we get,

a’l(')/):oa GQ(V):'Y %757
and since
e—1 41
e+3 7

we can calculate the possibilistic mean value of A as,

La +a 1 -1
B(A) :/ 1(7) . 2(7) 2vdry :/ vl ydy
0 0

1 _57% 1 % 1
— [T Far =+ || —er1r2
0 2 0

Theorem IL1. If A is a non-symmetric quasi fuzzy number
then E(A) exists if and only if there exist real numbers
€,0 >0, such that,

if x — +o0 and

if v — —o0.

Note 3. If we consider other weighting functions, we need
to require that pa(x) = O(x~17%), when x — +oo (in the

worst case, when f(v) =1, — is the critical growth rate.)
0

Example I1.2. Consider the following quasi triangular fuzzy
number,

0 ifx <0
pa(z) = .
1<
z+1 flse
In this case we have,
1
al(’Y) = Oa QQ(’Y) = 5 - 17

and its possibilistic mean value is,

E(A)—/(:Wmdw—/ol <’1y—1>'yd'y

:/0 (1 —7)dy=1/2.

This example is very important since the volume of A can not
be normalized since fooo pa(x)dz does not exist. In other
words, |14 can not be considered as a density function of
any random variable.

Fig. 2. Quasi triangular fuzzy number 1/(x + 1),z > 0.

The measure of f-weighted possibilistic variance of a
fuzzy number A is the f-weighted average of the probabilis-
tic variances of the respective uniform distributions on the
level sets of A. That is, the f-weighted possibilistic variance
of A is defined by [9]

1
Vary(4) = [ var(tr) f0)ay

' (az(y) —a1(9))?

= / B f()dy.
0

Now we will extend the concept of possibilistic variance

to the family of quasi fuzzy numbers.

Definition IL2. The measure of f-weighted possibilistic
variance of a quasi fuzzy number A is the f-weighted
average of the probabilistic variances of the respective
uniform distributions on the level sets of A. That is, the
f-weighted possibilistic variance of A is defined by

1
Varf(A):/O var(Uy) f(y)dy

1 —a 2
:/ (az(v) 5 1(7)) F(y)dy.
0
where U, is a uniform probability distribution on [A]Y for
all v > 0. The value of Vary(A) does not depend on the
boundedness of the support of A. If f(y) = 27 then we

simple write Var(A).

From the definition it follows that in this case we can
not make any distinction between the symmetric and non-
symmetric case. And it is also obvious, since in the definition
we have the square of the a1 (y) and as(+y) functions, that
the decreasing rate of the membership function has to be the
square of the mean value case. We can conclude:

Theorem IL2. If A is a quasi fuzzy number then Var(A)
exists if and only if there exist real numbers €, > 0, such

pale) = O 17%)

if x = +o0 and
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if v = —o0.
Note 4. If we consider other weighting functions, we need
to require that
pa(e) = 0(@=>7),
1
when x — 400 (in the worst case, when f(y) = 1, \7 is
gl
the critical growth rate.)

Example I1.3. Consider again the quasi triangular fuzzy
number,

0 ifx <0
pa(z) = .
1<
r+1 flse
In this case we have,
1
al(’Y) = Oa a2(’}/) = 5 - 17

and its possibilistic variance does not exist since

' (az(y) —ai(v))? P(/y 1)
/0 12 2ydy :/0 12

In 2004 Fullér and Majlender [9] introduced a measure
of possibilistic covariance between marginal distributions of
a joint possibility distribution C' as the expected value of the
interactivity relation between the y-level sets of its marginal
distributions. In 2005 Carlsson, Fullér and Majlender [3]
showed that the possibilistic covariance between fuzzy num-
bers A and B can be written as the weighted average
of the probabilistic covariances between random variables
with uniform joint distribution on the level sets of their
joint possibility distribution C. The f-weighted measure of
possibilistic covariance between A, B € F, (with respect to
their joint distribution C'), defined by [9], can be written as

2ydy = 0.

1
Covy(4.5) = [ cov(X,. V)1

where X, and Y., are random variables whose joint distribu-
tion is uniform on [C]” for all v € [0,1], and cov(X,,Y,)
denotes their probabilistic covariance.

Now we will extend the concept of possibilistic covari-
ance to the family of quasi fuzzy numbers.

Definition IL.3. The f-weighted measure of possibilistic
covariance between A, B € Q, (with respect to their joint
distribution C), is defined by,

1
Covy(A,B) = [ con(X,, ;) ().
0
where X, and Y., are random variables whose joint distri-
bution is uniform on [C]" for any v > 0.

It is easy to see that the possibilistic covariance is an
absolute measure in the sense that it can take any value
from the real line. To have a relative measure of interactivity
between marginal distributions Fullér, Mezei and Varlaki

introduced the normalized covariance in 2010 (see [10]). A
normalized f-weighted index of interactivity of A, B € F
(with respect to their joint distribution C) is defined by

1
pr(A,B) = / P(Xy, V) f (7)Y

where

cov(X,,Y.
p(Xy,Y5) = X 1)

Vvar(X,)/var(Ys)
and, where X, and Y, are random variables whose joint
distribution is uniform on [C]” for all v € [0, 1].

In other words, the (f-weighted) index of interactivity is
nothing else, but the f-weighted average of the probabilistic
correlation coefficients p(X,,Y,) for all v € [0,1]. It is
clear that for any joint possibility distribution this correlation
coefficient always takes its value from interval [—1, 1], since
p(X,,Y,) € [-1,1] for any ~ € [0,1] and fol f(y)dy =1
Since ps(A, B) measures an average index of interactivity
between the level sets of A and B, we may call this measure
as the f-weighted possibilistic correlation coefficient.

Now we will extend the concept of possibilistic correla-
tion to the family of quasi fuzzy numbers.

Definition I1.4. The f-weighted possibilistic correlation co-
efficient of A, B € Q (with respect to their joint distribution
C) is defined by

ps(A,B) = / P(Xy, V) f (7)Y

where

cov(X,,Y,)
p(Xy,Yy) = =
V/var(X,)/var(Ys)
and, where X, and Y., are random variables whose joint
distribution is uniform on [C]" for any v > 0.

ITI. PROBABILITY VERSUS POSSIBILITY:
THE CASE OF EXPONENTIAL FUNCTION

Now we will calculate the possibilistic mean value and
variance of a quasi triangular fuzzy number defined by
the membership function e™*, x > 0, which can also be
seen as a density function of a standard exponential random
variable. In probability theory and statistics, the exponential
distribution is a family of continuous probability distribu-
tions. It describes the time between events in a Poisson
process, i.e. a process in which events occur continuously
and independently at a constant average rate.
Consider the following quasi triangular fuzzy number

() 0 ifx <0
pal®) = e ifx>0

From [;* pa(z)dz = 1 it follows that p4 can also be
considered as the density function of a standard exponential
random variable (with parameter one). It is well-known
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Fig. 3. Quasi triangular fuzzy number and density function of an
exponential random variable with parameter one: e~ %, x > 0.

that the mean value and the variance of this probability
distribution is equal to one. In the fuzzy case we have,

a1(7) =0, ax(v) =
and its possibilistic mean value is

E(A):/0 W?vd'y:/o —(lnv)vd'y:i,

and its possibilistic variance is,

Var(A):/O M}yd'y

By S TSI
o 6 24

Let C' be the joint possibility distribution, defined by the
membership function,

pe(z,y) = e T 2 >0,y >0,

—1In~,

of quasi fuzzy numbers A and B with membership functions
pa(x)y=e*, >0, and pug(y)=e¢ ¥, y>0.

In other words, the membership function of C' is defined
by a simple multiplication (by Larsen t-norm [13]) of the
membership values of p4(z)and pp(y), that is, pe(z,y) =
wa(z) X up(y). The y-cut of C can be computed by

[C]" ={(z,y) |z +y < —Iny; z,y > 0}.

Then )
n-ry
M(X,) = M(Y;) = ==,
2 2 (1117)2
M(X2) = M(Y2) = S,
and,

_ (n9)?  (Iny)?
6 9

_ (Iny)?

18

Similarly we obtain,

(Iny)?
Y =
var(Y,) 18
Furthermore,

(In)?

M(X,Yy) = o
(In )
cov(Xy, Yy) = M(X,Y;) — M(X,)M(Y;) = — 36

we can calculate the probabilistic correlation by

§(X,Y,) = cov(X,,Y,) _

Vvar(X,)/var(Y;)

N | =

That is, p(X,,Y,) = —1/2 for any v > 0. Consequently,
their possibilistic correlation coefficient is,

ps(A,B) = —1/2

for any weighting function f.

On the other hand, in a probabilistic context, uc(x,y) =
pa(z) x pply) = e~ @*+¥) can be also considered as the
joint density function of independent exponential marginal
probability distributions with parameter one. That is, in a
probabilistic context, their (probabilistic) correlation coeffi-
cient is equal to zero.

Note 5. The probabilistic correlation coefficient between two
standard exponential marginal probability distributions can
not go below (1 —m2/6). Really, the lower limit, denoted by
T, can be computed from,

/ / (1—e®—e )T —(1—-e")(1-eY))dady
Te7Ydxdy

- / /e
// (1—e*—e¥)Tdady

0<z,0<y, 1<e~+e~ Y

e [ e

0<z,0<y, 1<e~+e~ Y

Ddady =7
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using the substitutions u = e~ "

2 1
T=-1+ // (—)dudv
u o uv

u<l,v<l,ut+v>1

1t 1
:—1—|—/ f/ 2 — —)dvdu
o UJo v

2u + log(1l — u)

1
:1+/ ——du
0 u

L og(1 —
:—1+/ log(1—u)
O ’LL

,0v=1e"Y we get,

k=1

> 1
=1-> 5

k=1

7T2
=1-—

6

In the case of possibility distributions there is no known
lower limit [12].

If the joint possibility distribution C' is given by the
minimum operator (Mamdani t-norm [14]),

“ev),

x>0,y >0, then A and B are non-interactive marginal
possibility distributions and, therefore, their possibilistic
correlation coefficient equal to zero.

pe(x,y) = min{pa(z), ps(y)t = min{e”

IV. SUMMARY

We have generalized the principles of possibilistic mean
value, variance, covariance and correlation of fuzzy numbers
to a more general class of fuzzy quantities: to quasi fuzzy
numbers. We have shown some necessary and sufficient
conditions for the existence of possibilistic mean value and
variance for quasi fuzzy numbers.
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