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Abstract: The Tchebychev distance on fuzzy sets (FSs) has been proposed to construct a measure
of proximity between two modalities in a two-dimensional statistical description. The parameter-
ized symmetric difference operations and cardinality for intuitionistic fuzzy sets (IFSs) has been
proposed.

This paper extends to intuitionistic fuzzy set the Tchebychev distance and possibility measure
on fuzzy sets. More precisely, we firstly use the parameterized symmetric difference operations
and the cardinality on IFSs to propose a Tchebychev distance measure for IFSs. From these,
we then deduce two examples of metrics. Secondly, we introduce an intuitionistic fuzzy mapping
that preserves the properties of the fuzzy mapping. We use this mapping to propose a Tchebychev
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possibility measure based on IF-cardinality. This leads to define a proximity measure between two
modalities of a given character in a two-dimensional intuitionistic fuzzy statistical description.
Keywords: Intuitionistic fuzzy set, Distance measure, Metrics, Possibility measure, Intuitionistic
fuzzy mapping, Intuitionistic fuzzy statistical description.

2020 Mathematics Subject Classification: 03F55.

1 Introduction

In real life we are faced with situations where the informations are ambiguous and insufficient.
To deal with these situations, Zadeh [29] introduced the theory of fuzzy set (FS). This theory
allows for an element to belong to a group (set) with some degree of membership (partial
membership). Continuing in the same direction as Zadeh [29], Atanassov [4] introduced the
theory of intuitionistic fuzzy sets (IFSs). While the fuzzy set theory is concerned with membership
and non-membership, the concept of IFS allows for the additional term called the degree of
hesitancy. Since then, scholars in several fields use these theories for decision making [2,3,14,21—
23,27]. Possibility measures, distance measures and metrics are great decision support tools in
these theories. The possibility theory [12,30] is presented as an alternative framework to represent
uncertain information. Distance measures and metrics was used in [8, 10, 15,17, 20, 28, 31] for
decision making in several environments such as medical diagnosis and pattern recognition for
example.

In recent years, statistical theory is widely used in fuzziness and intuitionistic fuzziness.
In descriptive statistics for example, when X and Y are crisp characters, (X *(a),Y (b))
is the set of individuals of () that is having both the modalities a and b on the respectively
sets of observations A and B. To summarize the information contained in the pair (X,Y),
we then construct a contingency table where at the crossroads of the row a and the column
b, we have the number of individuals of {2 that is having both the modalities a and b, and
denoted by Card(X = a,Y = b). This is to measure by the cardinal, the importance given
to the pair (a,b) by using quantitative evaluation of the data. However when dealing with
vague and ambiguous information, we need a qualitative evaluation of the data. Then another
measure like possibility measure to evaluate the set (X = a,Y = b), comes into play. Gwet [18]
proposed the distance which extends to the fuzzy case the Tchebychev distance on crisp sets;
then he used this distance to construct a proximity measure between two character modalities
in a two-dimensional fuzzy statistical description. This measure being based on the cardinal
of the symmetric difference between two fuzzy sets. Several authors such as Antonov [1],
Ejegwa [13], Huawen [19] and Taiwo et al. [24] introduced and studied the properties of some
difference and symmetric difference operations for IFSs. Determined from the intuitionistic fuzzy
R-implication operators, Taiwo et al. [24] introduced more general difference and symmetric
difference operations for IFSs and present various characterizations of these operators. They
further derive one property of cardinality of the symmetric difference between IFSs.

This work extends the result of Gwet [18] to the intuitionistic fuzzy case. To be more
precise, we first use the symmetric difference proposed by Taiwo et al. [24] and the notion
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of cardinality of an intuitionistic fuzzy set proposed by Tripathy et al. [25] to propose a more
generalized Tchebychev distance measures based on intuitionistic fuzzy implication. We then
deduce two examples of metrics. That will be the extensions of the Gwet’s distance to the
intuitionistic fuzzy case. Notice that Atanassova [7] proposed on “Remarks on the cardinality
of the intuitionistic fuzzy sets”, the first research on the cardinality of an IFS. Secondly, we give
a definition of an intuitionistic fuzzy mapping and we show that, the properties of the fuzzy
mapping defined by Gwet [18] are preserved by this mapping. At the end we use this mapping
to propose a Tchebychev possibility measure based on IF-cardinality. This help to propose a
proximity measure between two modalities of characters in a two-dimensional fuzzy statistical
description.

The remaining part of the paper is organized as follows. Section 2 gives basic notions of
IFSs. Section 3 deals with some classes of Tchebychev distance measures and metrics based on
intuitionistic fuzzy implication. Section 4 examines the concept of intuitionistic fuzzy mapping.
Section 5 presents the concept of intuitionistic fuzzy statistical description and Section 6 comprises
the concluding remarks part.

2 Preliminaries

In this section, we recall some basic notions that form the background of our theoretical framework.
Throughout the paper, €2 is a nonempty and finite universe, (L*, <;-,V,A) is a complete lattice
with unit elements 0.« = (0,1) and 1, = (1,0) where L* = {(wy,w2) € [0,1] x [0,1] |
wy + wy < 1}, <+ be an order on L* defined by V(wy,ws), (w],wh) € L*,

(w1, ws) <p (W], wy) <= (w; <wj and wy > wh).
The meet operator A and join operator V on L* are defined as follows.
(w1, wa) A (W], wh) = (min(wy,wy), max(ws, w)))

and

(w1, wq) V (W], wh) = (max(wr, w]), min(ws, w)))

We recall now some operators on fuzzy sets and IFSs ( [9, 11, 16,24]).

2.1 On IFS and its operations

In the rest of this paper, T is a fuzzy t-norm and S is a fuzzy t-conorm, I and Jg the fuzzy
implication and co-implication operators associated with T and S, respectively. 7 = (T, S) is a
t-representable intuitionistic fuzzy t-norm (t-representable IF-t-norm), that is, a binary operation
T on L* defined by: Yw = (w1, w2),y = (y1,42) € L*, T(w,y) = (T(w1,41), S(w2, y2)).

The IF-R-implication to the corresponding fuzzy co-implication .Jg associated with S" and
fuzzy R-implication [+ associated with T is defined by: Vw = (wy,ws), y = (y1,¥2) € L*,

I7(w,y) = (min (I1 (w1, 1), 1 = Js(w2,42)) ; Js(wa, ¥2)) -
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In the following, we recall preliminaries on IFS and its operations (Antonov [1], Atanassov
[4,6], Taiwo et al. [24], Tzvetkov [26]).
An intuitionistic fuzzy set (IFS) D on €2 is defined by

D = {{w, pp(w),vp(W)) | pp(w),vp(w) € [0,1], 0 < pp(w) +vp(w) <1, w € Qf,

where pp(w), vp(w) are respectively the degrees of membership and non-membership of w in
D.7mp(w) =1— pup(w) — vp(w) is called the intuitionistic fuzzy index or hesitancy degree of w
in D.If pup(w) + vp(w) = 1 forall w € €, then D is a fuzzy set on 2.

Throughout this paper, F'S(£2) will be the set of all fuzzy sets on 2 and /F'S(£2) will be the
set of all intuitionistic fuzzy sets on (2.

Let A, B be two IFSs defined on (). The intuitionistic fuzzy symmetric difference associated
with 7 of A and B is the IFS on () denoted by A A + B and defined by the membership and
non-membership degrees as follows: For all w € €2,

panyB(w) = Js(vaw) Avp(w),va(w) V vs(w)),
vanr p(w) = min{I7(pa(w) V pp(w), pa(w) A ps(w)), (D
1 — Js(va(w) Avg(w),va(w) Vvg(w))}.

Taiwo et al. [24] showed that: when A and B are fuzzy sets on {2 and, S and T dual,
the intuitionistic fuzzy symmetric difference operator is an extension of the fuzzy symmetric
difference operator proposed by Fono et al. [15]. More precisely, AArB is a fuzzy set (i.e
vanyB(Ww) =1 — pran, p(w) Yw € Q) associated to T and defined by pan, p(w) = pran, (w)
where A A+ B is a fuzzy symmetric difference between A and B proposed by Fono et al. [15].

We have the following classical properties of the intuitionistic fuzzy symmetric difference
operation ( [24]).

Let A, B and C be IFSs on Q2. A — 7 B is the intuitionistic fuzzy difference (IF-difference)
operation defined by Taiwo et al. [24]. The following properties for intuitionistic fuzzy symmetric
difference operations hold:

AN7B=(A—-7rBUB—-7Aj;AAN7B=BA7rAfAC B, thenA A7 B=B—-7A
and A A FA=0.

The following example gives the expressions of memberships and non-memberships degrees
of IF symmetric difference operator associated with t-representable IF t-norms 77, of Lukasiewicz
and 7p product, respectively (Taiwo et al. [24]).

Example 1. Let A and B be two intuitionistic fuzzy sets defined on (2. For all w € (2,

1. The IF symmetric difference between A and B associated with 7, = (T, Sp) is given by:

0, if (pa(w),va(w)) = (np(w),ve(w))
fany, B(W) = 2
(va(w) —vp(W)) V (vp(w) —va(w)), if (pa(w),va(w)) # (ps(w),ve(w)),
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and

; if (pa(w),va(w))

= (uB(w),vB(W))
3)

VAnr, B(w) =

min {1 = (1a(w) = (@) V (15(w) = pa(w)),
1— (va(w) — vp(W) V (vp(w) — VA(W))} else.

2. The IF symmetric difference between A and B associated with 7p = (T p, Sp) is given by:

0, ifra(w) =vp(w)

Haor, BW) =\ u@win@ra@s) _ wai-rs@Vesw-raw) else )
1—va(w)Avp(w) (1-va(w))V(1—rvp(w)) ’ .

and

1, if (pa(w),va(w))

) = (uB(w),vB(W)) )

VArr, B\W) =\ o [ pa@ius(@) | (@) —vs@)V(rs@)—raw))

mm{uﬁ(w)vﬁ(w)’l_ AV s @) } if (pa(w), vaw))

# (uB(W), vB(w)).

In the following subsection, we recall distance propose by Gwet [18] in the case of fuzzy sets.

2.2 On Tchebychev distance measure and metrics for fuzzy sets

We recall here that, the Tchebychev metric d; between crisp sets A and B is defined as follow:
= \/ [ 1aw) = 15(w) |
we

where 1, and 1p are the memberships indicators functions. To extend d; into fuzzy sets, Gwet
[18] proposed the mapping d+ defined as follow: Let A and B be fuzzy sets on 2.

=\ nanraw)
weN

where A+ is a fuzzy symmetric difference operator associated to the fuzzy t-norm T. Under
the fuzzy t-norms T, of Lukasiewicz and T p of product, he proved that dr is a metric. More
precisely, he showed that,

’ MA w (W) ’
dr,(A,B) 6
5 XZ ) ia(@) (6)
and
dr,(A,B) = \/ | pa(w) — ps(w) |, (7
we

which is a natural extension of d;. He called d+ the generalized Tchebychev distance or the
distance of the height of the symmetric difference. It is a formulation analogous to that of the
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distance of the cardinality of the symmetric difference widely used in Data Analysis and recently
defined by Fono et al. [15] as follow:

1 1 <
dr(A, B) = ~Card(A Ay B) = — > pan.sw).
=1

Notice that d’; is a distance measure for fuzzy set. Then it is easy to prove that d+ is also a
distance measure for fuzzy set.

In the following section, we will propose some classes of Tchebychev distance measures
and metrics for IFSs based on the preview symmetric difference between IFSs. We assume that
Q = {wi, wa,...,w,} have n elements.

3 Some classes of Tchebychev distance measures

and metrics based on intuitionistic fuzzy implication

In the following subsection, we extend to the intuitionistic fuzzy case the distance measure d-.

3.1 Generalized Tchebychev distance measure and metrics
for intuitionistic fuzzy sets

We first recall here that Tripathy et al. [25] defined the intuitionistic fuzzy cardinality (IF-
cardinality) of an IFS A on Q2 denoted by C'ount(A) as follow:

Count(A) = (Z palwi), Y (1 - VA(wi»)
i=1 i=1
Let A, B € IFS(). Using a linear combination of the components, of the cardinality, of the
symmetric difference, we propose the following mapping:

n

B(A,B) = 5= 37 (14 sy () — van5(w) ®)

i=1

We then deduce the following mapping:

dr(A,B) = 2\ (1 iass (o) = vas, () ©
weQ
In view of its construction and the definition of the symmetric difference on the basis of IF-
implication, these mappings are in our opinion based on IF-cardinality of the symmetric difference
and on the IF-implication.
The following Definition 3.1 gives definitions and useful properties of distance measures and
metrics between IFSs.
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Definition 3.1. [8,10,28,31] Let d : IFS(Q2) x IFS(QY) — [0, 1] be a mapping.

a) d is a distance measure if for all A, B,C € IFS(Q), the following properties hold: (i)
0 <d(A,B) < 1; (ii)) d(A, B) = 0 ifand only if A = B; (iii) d(A, B) = d(B, A); (iv) If
AC BCC, thend(A,C)>d(A,B)and d(A,C) > d(B,(C).

b) d is a metric (distance) if for all A, B,C € [FS(2), d satisfies the following properties:
axiom (i) d(A, B) = 0 if and only if A = B; axiom (ii) d(A, B) = d(B, A) and axiom (iii)
d(A,C) <d(A,B)+d(B,C).

The following main result shows that, the mappings defined by Eqgs. (8)-(9) are distance

measures.
Theorem 1. d and d7 are distance measures associated with 7.

d is this distance measure which we call the generalize Tchebychev distance measure or the
distance measure of the height of symmetric difference for intuitionistic fuzzy sets. d9- can be
called the distance measure of the cardinality of the symmetric difference.

Let A, B, C € IFS(Q). To prove Theorem 1, we first notice that it is easy to prove the
following additional properties (Eq. (11) and Eq. (12)) for IF symmetric difference by using the
definition, the properties of the symmetric difference and the following well-known properties
(Eq. (10)) of Jg and I, for all a, b € [0, 1],

(i) Js(a,b) =0 ifandonly if a > b (10)
(17) It(a,b) =1 ifand onlyif a <b
AA7B = @ ifandonly if A = B. (11)
If AC B CC, then AA+B C AA+C and BA+C C AASC. (12)

Proof. (i) 0 <dy(A,B) <1since AA7B € IFS(X) = 0 < 1+pan, (w)—van, pw) <
2Vw € Q.

(ii) We prove that d7(A,B) = 0 <= A = B. We recall first that & is an IFS defined by
py = 0 and vy = 1. Thereby (d7(A,B) = 0 <= paa,p(w) = 0and van, p(w) =1
Vw € Q) <= (AA7B = @). From Eq. (11) the result follows.

(iii) We prove that dr(A, B) = dy(B,A). This is obvious duce to the fact that, AA7B
BALA.

(iv) Assume that A C B C (. We prove that dr(A,C) > dy(A,B) and dr(A,C) >

dr(B,C).FromEq. (12) pian, B(w) < pran,c(w), pparc(w) < panrc(w), 1=van, p(w) <
1 —van,c(w), 1 —vparc(w) <1 —wvaa,c(w). The result follows immediately from Eq.

).
O

The following example gives the expressions of d; and dr,,.
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Example 2. Let A, B € [F'S(Q2).
d7, (A, B) = %\/ (max {[ pa(w) = ppW) || va(w) —vp(W) [} + [ va(w) —vp(w) [} (13)

and

i 0. ) = 1 (wnefLUal)—pn ]| Jrae) i) [} |oa) —unte)

pa(w)Vpg(w) " 1—va(w) Avg(w 1—v4(w) Avp(w)

we

Assume that Q = {w;, wq, w3}, A = {(w1,0.8,0.1), (w2,0.6,0.4), (w3,0.4,0.5)} and B =
{(w:,0.4,0. 4) (w2,0.6,0.3), (ws,0.7,0.3)}. Then dr, (A, B) = 1 (0.7v 0.2V 0.5) = 0.35 and
dr(A,B)=1(2vivi) =2

12°

The following result shows that d7; and d7, defined by Eq. (13) and Eq. (14) respectively,
are metrics that extend into intuitionistic fuzzy sets the metrics d+, defined by Eq. (7) and d+,
defined by Eq. (6), respectively.

Proposition 3.1.

1) The mappings dr, and dr, are metrics.
2) If A and B are fuzzy set on €, then d1, (A, B) = d+, (A, B) and d1,.(A, B) = dt,.(A, B).

Proof. Proof of 1) We prove that d, and dy, are metrics. From Definition 3.1 and Theorem 1, it
is sufficient to prove the triangular inequalities. Let A, B, C' € IF'S(£2) and let w € €.
We prove that dr, (A, C) < dr, (A, B) + dr, (B, C). From

{ | pa(w) = pe(Ww) | < | pa(w) = pp(Ww) |+ | pp(w) — pe(w) | (15)
| va(w) —ve(w) | <|va(w) —vp(w) | + [ ve(w) —vo(w) |
Eq. (16) holds.
max{| pa(w) — pcw) |, | va(w) —ve(w) [}
< max{| pa(w) — pp(w) [+ | pp(w) — pe(w) |, (16)
| va(w) —vp(w) | + | vp(w) —ve(w) [}

(
Then Eq. (17) holds since V a, b, ¢, d € R, (a+b)V (c+d) < (aVec)+ (bVd).

max{| pa(w) = pc(w) |, | va(w) — ve(w) [}
< max{| pa(w) — pp(W) |,| va(w) —vp(w) [} (17)
+ max{| pp(w) — pc(w) |,| va(w) —vo(w) |}
Thus
max{| pa(w) — pcW) |,| va(w) —ve(w) [} + | valw) — ve(w) |
< max{| pa(w) — pp(w) || va(w) —vp(W) [} + | va(w) — va(w) | (18)
+max{| pp(w) — pcw) |, | vp(w) —ve(w) | + | vp(w) — ve(w) |}

The result follows immediately since for all elements a;, b; of the finite set,
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We prove that dr,,(A,C) < dr.(A, B) + d7..(B,C). Since d+, defined by Eq. (6) is a metric,
the following Eq. (19) holds.

| pa(w) — po(w) | < | pa(w) —pp(w) | | | pe(w) — pe(w) |

+ \Y Q. 19
pal@)V (@) = pa@) V@) | @) Vpc@) 1

We prove now that the following Eq. (20) holds.
[va@) —vo@) | _ [va@) =vp@) | | 1) =ve@] o o o

l—vp(w)Ave(w) = 1 —va(w) Avp(w) 1 —vp(w) Ave(w)

Leta, b, ¢ € [0, 1]. Then

la—10| B l1—a 1-b,
A—anrazy -GGz
|a—c| B l1—a l1—c
(1—a)A(l—c) _(1—c>/\(1—a>
and
|b—c| B 1-b l1—c

(1= A(1—c) -GG

1—a 1-5b 1—b 1—c l—a 1-0b l1—-a 1-c¢
(1—b>/\(1—a)+(1—0)/\(1—b)_(1—b+1—0)/\(1—b+1—b)
A(l—b+1—b)/\(1—b+1—c)
l—a 1-—c l1—a 1-0b
l—a 1-—c¢ 1-b 1-0b

<
_(1—b+1—b)/\(1—a+1—c)

1—a 1—c¢
< (1 A (1
< +1—c) (+1—a)
c1pizplze
- l—c 1—a
Passing to the complement of 1, we deduce that:
1—a 1—c¢ 1—a 1—-0 1—-0b 1—c¢
1-— A <1-— A 1-— A ) 21
o RN o el G AN ot ot el Co AN Car (21)

By setting a = v4(w), b = vp(w) and ¢ = vo(w), Yw € Q, in Eq. (21), Eq. (20) holds.
By combining Eq. (19) and Eq. (20) like in Eq. (16), Eq. (17) and Eq. (18), the result follows.

Proof of 2) We assume that, A and B are fuzzy sets on 2. We prove that dr, (A, B) = dt,(A, B)
and dr,,(A,B) = dt,.(A, B). Since A and B are fuzzy sets on (2, then vs(w) = 1 — pa(w)
and vp(w) = 1 — up(w) V w € Q. Therefore | pa(w) — pp(w) |=| va(w) — vp(w) | and
1—va(w)Avp(w) = (1—va(w))V(1—vp(w)) = pa(w)V up(w). The results follow immediately
from the expressions of d7; and dt, defined by Eq. (13) and Eq. (7) respectively, and from the
expressions of dr,, and d+, defined by Eq. (14) and Eq. (6) respectively. ]
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The following result shows that, the generalize Tchebychev distance measure d and the new
distance measure dOT are the extensions of the distance measures d+ of Gwet [18] and d’; of Fono
et al. [15] defined on fuzzy sets respectively, into intuitionistic fuzzy sets.

Proposition 3.2. Let A and B be fuzzy sets on Q. If T and S are dual, then d5-(A, B) = d'+(A, B)
and dr(A, B) = d+(A, B).

Proof. Assume that T and S are dual. We prove that d5-(A4, B) = dt(A, B) and dr(A, B) =
dt(A, B). From Taiwo et al. [24], since T and S are dual, and A and B are fuzzy sets on
Q, AA7B is a fuzzy set (i.e van,5(w) = 1 — pran, p(w)) associated to T and defined by
pansp(w) = u AAS p(w). Using these results of Taiwo et al. [24] in Egs. (8)—(9), the result
follows. O]

We must use the cardinality to define the possibility measure on IFSs. This require the
intuitionistic fuzzy mapping.
In the following section, we will propose a mapping on the intuitionistic fuzzy sets.

4 Mapping on the intuitionistic fuzzy sets

A modality a of a character X is observed by the individual w of a population €2 if and only
if X(w) = a. This reflects the fact that a is the image of w by mapping X. This assignment
operation is symbolized by a crisp mapping X.

4.1 Fuzzy mapping

Gwet [18] extends crisp mapping to fuzzy mapping that we recall in this subsection. Let £ and
F' be two sets. A fuzzy correspondence between E and F' is a fuzzy relationship R of E towards
F'. Such relation takes the form of an array with two entries £ and F, where at the crossroads
the row x and the column y, we have the number ug(z,y) € [0, 1] which evaluate a membership
degree with which x and y are related. Given an element x of E, the cut follow z, is a fuzzy set
C(z) defined by:

fio@) (y) = prz,y) Yy € F.

The correspondence R is a fuzzy mapping if

\ tew(y) =1 vz €E.

yeF

This condition shows that on each row of the fuzzy correspondence table, we find at least once
the number 1. Or even that each element of the starting set has at least one crisp image in the
target set.

The image of an element x of F by the mapping X is a fuzzy set X () defined by:
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Let X be a crisp mapping of E towards F' and A be a fuzzy part of E. The extension principle of
Zadeh [29] makes it possible to define from A, a fuzzy part of F' denoted by X (A) by

px () =\ mal@) Alx)=y
zeE

When X is a fuzzy mapping, this principle can be extended in fuzzy case by:

= \/ pa(@) A px ) (v).

z€E
X (A) is said to be the image of the fuzzy set A by the fuzzy mapping X.
Notice that when jix(;)(y) = 1, y = X () is called crisp image of x.

Let X be a fuzzy mapping and B be a fuzzy part of F. The reciprocal image of B by X is
defined by

px-1s) (@) = \/ nB(W) A px (y).
yeF

Then pix-1(y)(7) = fix(2)(y). We notice that a row x of the fuzzy correspondence table represents
the image of x by X and the column y represented the reciprocal image of y by X. Subsequently,
we will write X = y to represent X ' ({y}),

4.2 Intuitionistic fuzzy mapping

Let us now see how we can extend all of these definitions to the intuitionistic fuzzy case. Let
E and F' be two referential sets. An intuitionistic fuzzy correspondence between E and F' is
an intuitionistic fuzzy relationship R of E towards F. Such a relation takes the form of an array
with two entries £ and F' (Table 1) where at the crossroads, the row x and the column y, we
have the pair (ur(z,y), vr(z,y)) € [0,1]? such that ug(z,y) + vr(z,y) < 1, which evaluate a
membership and nonmembership degrees with which = and y are related. Given an element x of
E, the cut follow z, is a intuitionistic fuzzy set C'(x) defined by:

(MC(Z’)(y)ﬂVC($)(y)) = (MR(xvy)’VR(xvy» Vy € F.
Table 1. Intuitionistic fuzzy correspondence R between E and F'

r | .| (pr(z,y),ve(z,y))

The following is definition of intuitionistic fuzzy mapping.

Definition 4.1. Let R be an intuitionistic fuzzy correspondence between E and F. Then R is an
intuitionistic fuzzy mapping (IF-mapping) if

(\V 1ew®): \vew ) = (1,0) V€ E. (22)

yer yeF
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Definition 4.1 coincides with the truth degree of the evaluation function defined in [5]. Eq. (22)
shows that on each row of the intuitionistic fuzzy correspondence table (Table 1), we find at least
one pair of numbers (1,0). Or even that each element of the starting set has at least one crisp
image in the target set.

The image of an element z of E by the mapping X is an intuitionistic fuzzy set X (z) defined
by:

X(z) = C(z)
Let X be a fuzzy mapping of E towards F' and A be an intuitionistic fuzzy set of F. The extension

principle of Atanassov [4] makes it possible to define from A, an intuitionistic fuzzy set of F’
denoted by X (A) by

(xa)y(y), vxay(y)) = (\/MA( N X (z /\VA (1= pux@) (v)))-

The following is definition of image of an intuitionistic fuzzy set by an intuitionistic fuzzy
mapping.

Definition 4.2. Let X be an intuitionistic fuzzy mapping of E towards F and A be an intuitionistic
fuzzy set of E. The image of A by X is an intuitionistic fuzzy set of F, denoted X (A) and defined
by:
(x @), vxn ) = (\ pa(@) A px @), A\ val@) vV xe ).
z€E z€E
Notice that when f1x () (v) +Vx()(y) = 1,y = X () is called fuzzy image of . This extends
in fuzzy case crisp image of x defined by Gwet [18]

The following is definition of reciprocal image of an intuitionistic fuzzy set by an intuitionistic
fuzzy mapping.

Definition 4.3. Let X be an intuitionistic fuzzy mapping and B be an intuitionistic fuzzy set of F.
The reciprocal image of B by X is an intuitionistic fuzzy set of E defined by

(ux-18)(x), vx-1(8)( \/,UB A JX () /\I/B Vvx@)(y) Vo € E.

yeFr yeF

We notice that jix-1(,) (%) = px ) (y) and vx-1¢,)(z) = vx(x)(y). Then a row of = of the
intuitionistic fuzzy correspondence table (Table 1) represents the image of x by X and the column
of y represents the reciprocal image of y by X.

The following is definition of the composite of two IF-mappings.

Definition 44. Let X : E — FandY : F — G be two IF-mappings. The composite
mapping Y o X . E — (G is the intuitionistic fuzzy set defined by

(Hyox(2)(2); Vyox(a = \/MX ) A by (y /\I/X )V vy (2) Ve e B, Vz € G.

yeF yeF
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From the definition of the intuitionistic fuzzy image, we obtain the associativity of the max-min
composition by Y o X (x) = Y (X(x)).

The following proprieties of fuzzy mappings proposed by Gwet [18] hold for intuitionistic
fuzzy mappings.

Proposition4.1. Let X : E — F be an intuitionistic fuzzy mapping, A1, As be two intuitionistic
fuzzy sets of E and By, Bs be two intuitionistic fuzzy sets of F then:

1. X"Y(F) =E;
2. LEJF(X:?J):E;

3. Al C A2 <~ X(Al) C X<A2)7 and By C By <~— Xﬁl(B1> C Xﬁl(BQ);
4. X(Al U Ag) = X(A1> U X(AQ) and X_1(31 U BQ) = X_I(Bl) U X_I(BQ)
5. X(A1 N Ag) C X(Al) N X(AQ) and X_l(Bl N BQ) C X_1<Bl> N X_l(BQ)

Proof. 1. To prove that X ~'(F') = E, itis sufficient to prove that, forall x € E, jix-1(p)(z) =
1 and Vx—l(F)(aj) =0.Letzx € FE.

(1x-1(p) (@), vx-1(py (@) = (\/ 1r (W) A px ), \vr) V vxw )
= (\/MX(J:)(y)v /\VX(x)(y>>

= (1,0) since X is an IF-mapping.

2. Weprove that J (X = y) = E.Itis sufficient to prove that, forallz € E, j1 (j (x=y)(z) = 1

yer yeF

and v ) (x=y)(z) = 0. Letx € F.

yeF

(MU (X:y)( ) VU X= y \/,U/X )7 /\VX(:E)(y>>

ver yeFl yel

= (1,0) since X is an IF-mapping.

3. We prove firstly that A} C Ay <= X (A1) C X(42).

A CA = pa(x) <pa,(x)andva, (x) > va,(x) Vo € E
= (@) A px @) (Y) < pa () A px ) (y)
and v, (T) V Ux(e ()>VA2()\/VX Wy) Ve e EVy € F
— \/ pa, () A pix @) (y \/ oy () A pix () (y)
el el
and /\VAl(ZL‘)\/VX(I)(y)Z /\VAZ( )V ux@(y) Vy € F
el el

and  vx(a)(y)



We prove secondly that By C By <= X '(By) C X (By).

By C By <= pup,(y) < pp,(y) and vp, (y) > vs,(y) Yy € F
= 1B, (Y) N px=y(T) < B, (Y) A pix=y ()
and vp, (y) V vx—y(x) > vp,(y) V vx—y(z) Vo € EVy € F

= \/ 1) A px—y(@) <\ 15, (y) A pix—y ()

yer yeF
and /\VB1 (y) V vx—y(z) > /\V32 (y) Vux—y(z)Voz € E
yeF yeF
= px-1s)(2) < pxisy) (€)

4. We prove that X (A; U Ay) = X (A1) U X (Ay).

pxaua)(¥) = V paua, (@) A pxe(y) Vy € F

reE

= ( VENAI( ) A px@) () v (VEMA2( ) A pix @) (y)) Vy € F
S S

= pixan(Y) V pixag(y) Vy € F

and
Vx(AuAg)(Y) = /\VA1UA2 Vuxe)(y) Vy € F

el

= (A va(@) Vpxe®) A\ va, (@) V vx@w ) ¥y € F
reR reE

= vx(an(y) AN vx(an(y) Vy € F.
We prove that X (B, U By) = X }(B;) U X 1(By).

px-1(B0By) () = \ BB, (Y) A pix=y(r) Vo € E

- ( \G/F'U’Bl (y> A ,UX:y(CU)) \% ( \E/FMB2<y) A :LLX:y(*T)) Ve e E

= px-1B) (@) V pix-1(py(x) Vo € E.

and

vx-15,0B) (®) = A VBB (y) Vvx—y(z) Vo € E

= é\FVBl(y) V px=y(2)) A /E\FVBQ (y) Vvx=y(z)) Vo e E

:I/X_I(B1)( )/\VX ( )v.xEE

5. To prove the last properties for X and X !, we recall that A, N Ay, C A; and BN B, C B;
according to 7 € {1,2}. The third property of Proposition 4.1 gives the result. [
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S Intuitionistic fuzzy statistical description

In this Section, unless otherwise stated, €2 will be a population. An individual of 2 will be
designated by the symbol w. X is the intuitionistic fuzzy character which describes the population
Q2 if and only if X is an IF-mapping to (2 in the set A of observations called set of modalities.

5.1 Descriptor and signification

The following are definitions of descriptor of the individual w and signification of the observation a.

Definition 5.1. The descriptor of w is the intuitionsitic fuzzy set X (w). The signification of the
modality a of A is the IFS X~ *(a).

The intuitionsitic fuzzy description of €2 by the character X is presented in the form of an
array with two entries (Table 2).

Table 2. Intuitionistic fuzzy description of {2

Q\A| .. a

w || (Ex (@), vxw) (@)

The rank row w of Table 2 represents the descriptor of w, and the rank column «a represents
the signification of the modality a. At the crossroads of the row w and column a, we have the
pair of numbers (k(w,a),l(w,a)) = (ix(w)(a), Vx()(a)) which represents the membership and
nonmembership degrees of association between the individual w and the modality a. A modality
a; from A is said to be observed (significant) if and only if

(V 1xe)(@)), ]\ vxw)(a) # (0,1).

weN weN

This means that there is at least one individual in the population that is associated, even weakly,
in the modality a;.
A modality a; from A is said to be clearly observed (or fully significant) if and only if

(V pxw)(@)), ]\ vxw)(a) = (1,0).
weN weN

This means that there is at least one individual in the population that is clearly associated, in the
modality a;.
In this study, unless otherwise specified, a modality will always be assumed to be observed.
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5.2 Possibilistic correspondence

In this subsection, we consider two intuitionistic fuzzy characters X and Y which describe the
population €2 with values in the respective sets of observations A and B. X and Y are also called
intuitionistic fuzzy variables. Let (X,Y) : Q — [0,1]# x [0, 1]Z be the joint variable defined
by

(X, Y)(w) = (X(w), Y (w))-

The join signification is defined by
(X,Y) Ha,b) = (X =a,Y =b)= (X =a)N (Y =b).

The aim of this Subsection is to measure the joint signification (X = a,Y = b) of the pair of
observations (a,b) € A x B.

Notice that when X and Y are crisp characters, the set (X = a,Y = b) is the set of individuals
of 2 that having both the modalities a and b. To summarize the information contained in the pair
(X,Y), we then construct a contingency table where at the crossroads of the row a and the column
b, we have the number of individuals of €2 that having both the modalities a and b, and denoted by
Card(X = a,Y = b). This is to measure by the cardinal, the importance given to the pair (a, b)
by using quantitative evaluation of the data. However when dealing with vague and ambiguous
information, we need a qualitative evaluation of the data. That is the reason why we use another
measure like possibility measure to evaluate the set (X = a,Y = b), just like Gwet [18] does in
fuzzy case. Then this work extends to the intuitionistic fuzzy case that of Gwet [18] in the fuzzy
case.

In the next of this paper, we assume that, X and Y are IF-mappings; that means (X =a, Y =b)
is an IFS on 2. We then obtain a table (Table 3) of possibilistic correspondence (7(a, b))acapen
with 7(a,b) = II(X = a,Y = b), where II is a possibility measure on (.

Table 3. Possibilistic correspondence

A\ B ... b
a m(a,b) AN I(X =a)
i =)

The aim of the following section is to propose a possibility measure on 2 which will help to
construct a possibilistic correspondance.

5.3 Possibility measure

The possibility theory [12, 30] is presented as an alternative framework to represent uncertain
information. It is closely linked to the theory of fuzzy sets and intuitionistic fuzzy sets. Before
coming back to the population, 2 will be the finite referential set.
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The following is the definition of the possibility measure.

Definition 5.2. The mapping 11 : 1FS(2) — [0, 1] is a possibility measure if the following
properties hold: (i) I1(@) = 0, (ii) [I(AU B) = II(A) VII(B) YA, B € IFS(Q) Moreover, if

I1(Q2) = 1, then the possibility measure is said to be normal.

This definition is close with the definition of the possibility measure on fuzzy set. The number
IT1(A) quantifies to what extent the event A C (Q is possible. Note that the possibility measures
satisfy the relation: I1(A) v II(A°) = 1. Where A° is the complement of A in 2.

In reality, it is improbable, even impossible for an alternative w to be in the set A and in the
set B with the memberships and the nonmemberships degrees which verify p4(w) < pp(w) and
va(w) < vp(w). A such alternative will be assumed to be non-existent in this work.

We consider the following mapping:

1

II(A) = 5 \/ (14 pa(w) = va(w)) (23)

weN

In view of its construction and the expression of C'ount(A), this mapping is in our opinion based
on IF-cardinality of A.
The second main result of this paper gives an example of possibility measure for IFSs.

Theorem 2. The mapping II defined by Eq. (23) is a possibility measure.

Proof. 11(@) = 0 and I1(2) = 1 are obvious.

Let A, B € IFS(Q2). We prove that II(A U B) = II(A) Vv II(B). Let wy, w; and wy
such that: [I(AU B) = % (14 paup(wo) — vaus(wo)), TI(A) = % (1 4+ pa(wr) — va(wy)) and
(B) = 5 (1 + pp(ws) — vp(ws)) .

If pia(wo) < pp(wo), then va(wo) > vp(wo), and

(AU B) = 5 (1 + pp(wo) — vp(wo)) < TI(B)

1
2
% (1 -+ ,uAUB(wz) — VAUB(wg)) < H(A U B)

If pp(wo) < pa(wo), then vp(wy) > va(wo), and II(A U B) = TI(A) by using the same
process. Thus [I(A U B) =II(A) v II(B). O

This result shows also that IT(A)(w) V II(A%)(w) = 1 forallw € Q since AU A° = Q.

Remark 1. When A is a fuzzy set, the possibility measure IT become

(4) = \/ pa(w)

we

which is the well known possibility measure in fuzzy set ( [18]).

We deduce the possibility measure of A Ny B defined in [24] by
ANy B = {{(w, T(a(w), np(w)), Salw), vs(w))), w € Q)
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as follows:
(AN B) = % V (1 + T(pa(w), pp(w)) = S(ra(w), vs(w)))

and when 7 = (min, max), we have:

1
(AN, B) =5 V L+ pa(w) A pp(w) = va(w) V vp(w))
wel
We consider now the population 2 and the characters X and Y of the sets of the observations A
and B respectively. We define the proximity in the sense of Tchebychev between the modalities
a and a’ of A as a possibility measure of the IFSs (X, X) !(a,d’) = (X = a, X = ') as follow:

m(a,d) =II(X =a, X =d)=1(X =ang, X =d)

= %w\e/ﬂ(l + px=a(W) A pix—o (W) = Vx=a(W) V Vx—o(w))

Then the possibilistic correspondence between the modalities a of A and b of B is define as
follow:
m(a,b) =1(X =ang, Y =0)

_ %W\E/Qu 4 fx—a(W) A py—p(W) = Vx—a(w) V vy _p(w))

= %w\e/g(l + hx=a(W) A fiy (o) (D) = Vx=a(W) V vy () (1))

Remark 2. In practice, it can happen that we directly obtain a proximity between a and a’ without
going through a population §2. In this case for a, a’ € A,

m(a,d) =I(Y(X =a),Y(X =d))

= %bVB(l + MY(X:a)(b) A MY(X:a’)(b) - VY(X:a)(b) \% VY(X:a’)(b>)7
S

and the possibilistic measure:

6 Conclusion

In this paper, we propose some classes of distance measures based on the cardinality of the
symmetric difference, which extend to the intuitionistic fuzzy set the Tchebychev distance
proposed by Gwet [18] in the fuzzy case. We then prove that if the chosen parameter is the
IF-t-norm of Lukasiewicz or Product, these classes become metrics. To propose a proximity
measure between two modalities of intuitionistic fuzzy characters in a two-dimensional
intuitionistic fuzzy statistical description, we introduce an intuitionistic fuzzy mapping. We show
that this mapping preserves the properties of fuzzy mappings. We finally propose a possibility
measure based on IF-cardinality and we use it to define a proximity measure.

In this study, we have proposed possibility measure for IFS. One possible direction of interest
is to investigate adaptability of our formulations to the case of intervals values intuitionistic fuzzy
sets. These directions are left for future research.
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