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Abstract: Fono et al. [10] determined some classes of difference and symmetric difference oper-
ations for fuzzy sets using fuzzy implication operators. Intuitionistic fuzzy sets are known to be
generalizations of fuzzy sets. So, in this paper, we propose new difference and symmetric differ-
ence operations for intuitionistic fuzzy sets based on intuitionistic fuzzy R-implication operators
and standard intuitionistic fuzzy negation operator. We establish that some common properties of
the difference operations for fuzzy sets established earlier by Fono et al. in [10] and for crisp sets
are preserved by the new obtained operations for intuitionistic fuzzy sets. We display a specific
property satisfied by difference operation in crisp and fuzzy cases and violated in intuitionistic
fuzzy case. The proposed difference and symmetric difference operations for intuitionistic fuzzy
sets generalize the case for fuzzy sets. This strength provides a more dynamic perspective into
the studies and applications of these operations.
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1 Introduction

The framework of fuzzy set provides us with tools to handle problems in which the source of
vagueness is the ambiguity in criteria of class membership rather than randomness [20]. In this
framework, any element of a universal crisp set is allowed to belong to a subset partially with
a membership grade usually between 0 and 1 assigned to it. Furthermore, the sum of the mem-
bership grade and non-membership grade of an element is always 1. But in reality, this case is
not always true because there may be some hesitation degree [9] and this led to the introduction
of intuitionistic fuzzy sets as generalization of fuzzy sets by Atanassov [1] in which the degree
of hesitation is accounted for, so that the sum of the membership grade, non-membership grade
of an element and its degree of hesitation is always 1. Throughout this paper, we consider that
definition of an intuitionistic fuzzy set.

Since intuitionistic fuzzy set theory is a generalization of the fuzzy set theory, a rigorous study
was needful to be able to establish workable results when concepts under crisp sets and fuzzy sets
are transferred. A new set of definitions for set operations needed to be proposed for this field.
Many standard operations (such as inclusion, intersection, union, complement, etc) [2,7,9,11,12]
have been unanimously agreed upon to serve as usual operations on intuitionistic fuzzy sets.
Meanwhile, the need to study these operations in a more mathematical framework which allows
for generalization has motivated many scholars [3-6, 11-13, 17-19] among others to undertake
studies in intuitionistic fuzzy operators and generators. Of these operators which are germane
to establishing results in our current research include intuitionistic fuzzy t-norms, t-conorms,
R-implications, co-implications and negations. Cornelis et al. [5, 6] and Atanassov [3] have es-
tablished many results in the study of intuitionistic fuzzy implications, co-implications, negations
and their properties. Some of these results have provided in great measure some required mathe-
matical background for our current study.

Fono et al. [10] have proposed two classes of difference operations for fuzzy sets and two
classes of symmetric difference for fuzzy sets using the fuzzy implication operators. They estab-
lished that these difference and symmetric difference operations for fuzzy sets of type 1 and 2
preserve the classical properties of difference and symmetric difference operations for crisp sets.
Inspired by their work on fuzzy sets, we introduce new definitions for difference and symmet-
ric difference for intuitionistic fuzzy sets by means of intuitionistic fuzzy R-implications and we
study their properties.

Huawen [15] defined three difference operations for intuitionistic fuzzy sets, one based on
the intuitionistic fuzzy t-norm 7,; = (min, max) and the remaining based on any decreasing
intuitionistic fuzzy generators as follows: For any two intuitionistic fuzzy sets A and B of X,
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A—=1B = {(z, pa(z) Nvp(z), valz) V us(z)) |z € X}, €9
A= B = {(z, pa(z) Np(l —vp(x (1 =p(us(2))) [z € X}, (2
A—3B = {(z, pa(z) Np(l —vp(z (1 —pp(x))) | v € X}, 3)

where ¢ is any decreasing intuitionistic fuzzy generator such that ¢(0) = 1.

However, these definitions do not provide a sufficient endowment to explore the mathemati-
cal extensions of these operations to the more general cases that apply to any intuitionistic fuzzy
t-norm. Huawen’s difference operations preserve only two out of the four properties which are
the minimal conditions (as we have established in the results of Proposition 2) to require for a
difference operation on sets, fuzzy sets and intuitionistic fuzzy sets in general. It is worthy to note
here that the Huawen’s difference operation — is trivially the generalization of the difference op-
eration in the sense of crisp set given by A— B = AN B°. As he noted, if we choose the generator
 to be the standard negator defined by () = 1 — z, then the difference operations —; and —3
reduce to —;. The complement functions (which are special examples of any difference opera-
tion) constructed from the difference operations —, and —3 in Equations (2) and (3) are the same
as the intuitionistic fuzzy complementation and intuitionistic fuzzy pseudo-complementation re-
spectively, obtained by Bustince, et al. [4]. Thus, we can refer to the difference operation —j3
as intuitionistic fuzzy pseudo-difference operation, which in general does not inherit the general
properties of the difference —s.

It is also notable to remark here that, the intuitionistic fuzzy complementation associated to
difference —- defined by Huawen [15] and Bustince, et al. [4] depends largely on the choice of
the intuitionistic fuzzy generator. Thus, with different choice of intuitionistic fuzzy generator,
the intuitionistic fuzzy complementation so defined may yield different result. Meanwhile, the
intuitionistic fuzzy complementation associated to the difference operation we proposed, though
by means of intuitionistic fuzzy R-implications, yet yields the same result for any choice of
associated t-representable intuitionistic fuzzy t-norm.

By these new difference and symmetric difference operations for intuitionistic fuzzy sets we
have proposed, we are able to construct typical examples of intuitionistic fuzzy difference and
symmetric difference associated to the three usual known of intuitionistic fuzzy t-norms (the
minimum, product and Lukasiewicz). More explicit examples of these new operations can be
constructed for other t-representable intuitionistic fuzzy t-norms. This possibility provides a more
robust knowledge and insight into the study of these operations in general cases and their appli-
cations would be more enriched.

The rest of this paper is organized as follows. Section 2 recalls some preliminaries on fuzzy
sets and intuitionistic fuzzy sets. It also recalls known and useful results on difference and sym-
metric difference of fuzzy sets established by Fono et al. [10]. Section 3 introduces difference
and symmetric difference of intuitionistic fuzzy sets and establishes their properties. Section 4
gives some concluding remarks. An Appendix recalls some known results of the fuzzy case that
we use.
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2 Preliminaries

Throughout this paper, X shall denote a nonempty universal set, T a t-norm and S a t-conorm.

In this Section, we introduce some basic definitions and provide some preliminary results
needed in the rest of the paper. Some other useful notions and concepts on fuzzy sets are recalled
in Appendix.

2.1 Intuitionistic fuzzy sets, intuitionistic fuzzy operators and operations

Here, we introduce the basic concepts of intuitionistic fuzzy sets, recall the definitions and exam-
ples of some intuitionistic fuzzy operators and operations ( [5,13,17]).

Definition 1 (Intuitionistic Fuzzy Set [7,9, 17]). An intuitionistic fuzzy set D on X is defined by:
D = {(z,pp(x),vp(x)) | pp(),vp(x) € [0,1], 0 < pp(x) +vp(z) < 1, Vo € X},
where pup(x), vp(x) are the degrees of membership and non-membership of x in D, respectively.

If up(z) + vp(x) = 1, then D is a fuzzy set of X where pup(z) is the degree of membership
of zin D.

We will subsequently be referring to the complete lattice (L*, <y«) with O« = (0,1) and
1+ = (1,0) as the units where L* = {(x1, z2)|(x1, z2) € [0,1]x[0, 1], z14+22 < 1} and <. isan
order on L* defined by: for all (x1,z5), (y1,y2) € L*, (x1,22) <p+ (y1,y2) if and only if x; <
y1 and xo > yo. The meet operator A and the join operator V on this lattice, (L*, <) are defined
for all (z1,23), (y1,y2) € L* as:

(21, 22) A (Y1, y2) = (min(z1, y1), max(za, ya))
(z1,m2) V (Y1, 92) = (max(z1, y1), min(r2, y2)).

Definition 2 (Intuitionistic Fuzzy t-norm and t-conorm, (see [5,6,13])).  [I. Anintuitionistic fuzzy
t-norm is a binary operation T : L* X L* — L* such that for any x € L*, T (x,1,+) = x
(neutral element) and, ‘T satisfies commutativity, monotonicity (increasing) and associativ-
ity.

2. An intuitionistic fuzzy t-conorm is a binary operation J : L* x L* — L* such that for
any x € L*, J(x,0p+) = x and, J is commutative, monotone increasing and associative.

Definition 3 (Intuitionistic Fuzzy Negation, (see [5-7, 18])). An intuitionistic fuzzy negation is
a non-increasing mapping N' : L* — L* satisfying N (0p+) = 1y« and N(1p<) = Op«. If
NN (x)) = x,Vx € L* then N is said to be involutive. An involutive intuitionistic fuzzy

negation is called strong intuitionistic fuzzy negation.

Deschrijver et al. and, Reseir and Bedregal [6, 18] have shown that an involutive intuition-
istic fuzzy negation, A/, can be characterized by an involutive fuzzy negation by proving that,
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if the fuzzy negation N is involutive, then N (x) = (N(1 — x3),1 — N(z1)). An example of
a strong (involutive) intuitionistic fuzzy negation is the standard negation N, on L* defined by

-/\[s(xla .73'2) = (1’2, xl)-

We now recall useful classes of intuitionistic fuzzy t-norm and t-conorm and, their implica-
tions and co-implications.

Definition 4 (t-Representable intuitionistic fuzzy t-norm and t-conorm (see [5, 6, 13, 17])). An
intuitionistic fuzzy t-norm T (respectively intuitionistic fuzzy t-conorm J) is t-representable if
there exists a fuzzy t-norm T and a fuzzy t-conorm S (respectively a fuzzy t-conorm S’ and a fuzzy
t-norm T') such that, for all x = (r1,23), y = (y1,y2) € L*, T(x,y) = (T(x1,11), S(x2,2))
and J (x,y) = (S'(x1,11), T'(x2,92)), respectively.

The following result allows us to construct t-representable intuitionistic fuzzy t-norms and
t-conorms from fuzzy t-norms and t-conormes.

Theorem 1. [5,6, 17] Given a fuzzy t-norm T and fuzzy t-conorm S satisfying T (a,b) < 1 —
S(1 —a,1 —b) for all a,b € [0,1], then T(x,y) = (T(x1,11),S(xa,92)) and T (x,y) =
(S(z1,91), T(x2,92)) for all x = (x1,x2), y = (Y1,y2) € L*, are t-representable intuitionistic

fuzzy t-norm and t-representable intuitionistic fuzzy t-conorm respectively.

We denote by IF-t-norm the intuitionistic fuzzy t-norm and, by IF-t-conorm the intuitionistic
fuzzy t-conorm.

Definition 5 (Intuitionistic fuzzy R-implication and co-implicator [5, 6, 13]). 1. An intuition-
istic fuzzy R-implication (for short, IF-R-implication) associated with an IF-t-norm, T =
(T,S), isamapping I+ : L*x L* — L* such that, for allx = (x1,22),y = (y1,y2) € L,

Ir(x,y) = sup{z|z € L", T(x,2) <.+ y}
= Sup{(21,22)|(21,22) € L*a T(xlazl) < Y1 and S(x2722) > yQ}

2. Anm intuitionistic fuzzy co-implication (for short, I[F-co-implication) associated with an IF-t-
conorm, J = (S, T), isamapping J7 : L*x L* — L* such that, forallx = (x1,23), y =
(y1,92) € L7,

Jr(x,y) = inf{zlze L", y <;- J(x,2)}
= inf{(21,20)[(21,22) € L*, y1 < T (1, 21) and yp > S(x2, 22)}.

The following useful result relates IF-co-implication and IF-R-implication associated with
an IF-t-conorm, J = (S, T) and IF-t-norm, 7 = (T,.S), respectively to corresponding fuzzy
co-implication, Jg associated to S and fuzzy R-implication, /1 associated to T.

Lemma 1 (see [13]). For any x = (x1,22), ¥y = (y1,y2) € L*, we have
1. ‘]-.7<X7 y) = (Js(mlayl)amin (IT({EQayQ)a 1— JS(-rlayl))) .

2. Ir(x,y) = (min (I1 (21, 91), 1 = Js(w2,42)) , Js(x2,12)).
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The following are examples of t-representable IF-t-norms and IF-t-conorms [13].

Example 1. i Ty = (T, Sy) and Ty = (Su, T ar) are t-representable IF-t-norm and IF-t-
conorm respectively associated to T y; and Sy;.

ii. Tp = (Tp,Sp)and Jp = (Sp, T p) are t-representable IF-t-norm and IF-t-conorm respec-
tively associated to T p and Sp.

iii. T, = (T1,Sp) and J;, = (S, T 1) are t-representable IF-t-norm and IF-t-conorm respec-
tively associated to T 1, and Sy,

iv. Also, by verifying that Tt (a,b) < 1 — SL(1 — a,1 — b) holds for all a,b € [0,1],1 €
(0,1) U (1,+00), Tt = (T, S%) and JL = (S%, TY) are t-representable IF-t-norm and
IF-t-conorm respectively associated to T and Sk for all | € (0,1) U (1, +00).

Using Lemma 1 and Example 8 (see the Appendix), we construct the following examples
of IF-R-implication and IF-co-implication associated with an IF-t-norm, 7 = (T, S) and IF-t-
conorm, J = (S, T).

Example 2. For all x = (x1,12),y = (y1,y2) € L,

1. The IF-R-implication associated with Tyy = (T pr, Sar) and the IF-co-implication associ-
ated with Jyy = (Sy, T v ) are respectively given by:

(17())7 l..fXSL* Yy,

I, (x,y) =
" (Hlil’l(yl, 1- y2)7 y2> ) lf X > y.

and
(07 1)7 lf X ZL* Y,
JJM(XQ') = ) .
(y1, min(ya, 1 — 1)), if x <p-y.
2. IF-R-implication associated with Tp = (T p, Sp) and IF-co-implication associated with
Jp = (Sp, T p) are respectively given by:

I ( ) (170)7 le SL* y,
X, =
%Y (min (y_l ﬂ) M) . if x>y,

1’ 1—29 ) 7 1—x2

and
T (07 1)7 lf X > Yy,
Jp(x,y) = —x . 1— .
(yll_zll_’ min <z—z, —l_zi)> . Ifx<py.
3. The IF-R-implication associated with T;, = (T 1, Sp) and the IF-co-implication associated
with Jp, = (S, T 1) are respectively given by:
(L 0)7 lf X SL* Yy,

Ir, (x,y) =
" (min (1 — 21 +y1, L+ 22 —¥2),y2 — 22), I X >+ y.
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and

(07 1)7 le ZL* y,

JaLxy) =
Ly (y1 —zy,min (1 — 2o +yo, L+ 21 —91)), if x <p+y.

4. The IF-R-implication associated with T} = (T'., S%.) and the IF-co-implication associated
with Jk = (SL, T%) forall l € (0,1) U (1, +00) are respectively given by:
(1,0), i x<py,
]T}(X, y) = (min <logl (1 + %) ,log; (1 + %)) ,
1 —log; (1—#%%_1))), if x>y,
and

(Oa 1>a lf X ZL* Yy,

(=)@ v 1)
J7iey) = <1 — log; (1 + W) >

. —_ f— J— 1-— —_ .
min <logl (1—1—%),10& (1+(l}1)(_lm—2i211)>>>, if x <p+y.
We end this Subsection by recalling inclusion and some operations on intuitionistic fuzzy sets.

Definition 6 (Intuitionistic Fuzzy Operations [2,7,9,11,12]). Let A and B be any two intuition-

istic fuzzy sets defined on X. Inclusion and the following operations are defined by associated
membership and non-membership functions as follows:

i. Inclusion: AC BifVx e X, ua(x) < up(r) and va(x) > vg(z);
ii. Intersection: ANB is defined by: ¥V x € X, (panp(x), vanp(z)) = (pa(z) A pp(x), va(z) V vp(x));
iti. Union: AUB is defined by: V& € X, (naup(z), vaus(x)) = (na(x) V up(x), va(x) Avg(x));
= (

iv. Complement: A°is defined by: ¥V x € X, (fac(), vac(z)) = (va(z), pa(x));

v. Difference: A—B is defined by: Vx € X, (pa—p(z), va_p(x)) = (pa(z) Avp(x), va(x) V up(z));
vi. Symmetric Difference: A A B is defined by: ¥V x € X, (uapp(x), varp(z)) =
(minfpa(e) V u5(2), va(@) V (@)}, max{a(z) A vs(z), pale) A us(@)}).

In the next Subsection, we recall the difference and symmetric difference operations for fuzzy
sets, some examples and their properties as proposed by Fono et al. [10].

2.2 Difference and symmetric difference of fuzzy sets
based on fuzzy implications

Definition 7 (Difference and Symmetric Difference Operations for Fuzzy Sets [10]). a. Let M, N
be any two fuzzy sets defined on X and i € {1,2,3,4}. The fuzzy difference of type i associated

to T of M and N is the fuzzy set of X denoted by M ° N and defined by:
T

i o (@) = Truar(a), p()) = 1 I (uar(a), p(a)). forallz € X.
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b. The fuzzy symmetric difference of type i € {1,2} associated to T of M and N is the fuzzy set
of X denoted by M é N and defined for all x € X by:

2 S @)V (@) () A (@), i =1
T MUN—MNN 1— 12 (upr(2) V opn (), s (2) A pn (), if i = 2.

We recall the examples of these operations for fuzzy sets of type 1 and 2 associated to the
usual three fuzzy t-norms in what follows.

Example 3. For any fuzzy sets M and N defined on X,
1. Examples of fuzzy difference operations

(a) The difference operation associated with T y; is given by, for all v € X

0, i pu(z) < py(z),

MTiMN 1—pn(x), if pu(x) > pn (),
s (@)= 0, if pu(z) < pn(),
Mo par(x), if par(x) > pv ()

(b) The difference operation associated with T p is given by, for all x € X

0, if pu(x) < pn (),

pooa (2) = o

MT_PN 1- ZJ\]Z((QR)’ if MM(:L') > MN(I)7
Har2 N<x) ) mm@)pn (@) ;

Tp BN i p(@) > ().

(c) The difference operation associated with T 1 is given by, forall x € X andi € {1,2},

7 pv () — pn (), if pa(x) > pn ().

2. Examples of fuzzy symmetric difference operations

(a) The symmetric difference operation associated with T y; is given by, for all v € X

0, i pu(x) = pn(x),

b 6T e (1= par(), 1 — (@), iF par (@) # (o),
0 () = 0, if uv(z) = pn(x),
MT%WN max (MM(:B)?“N('T)) ) lf “M(x) 7é /IJN('T)
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(b) The symmetric difference operation associated with T p is given by, for all x € X

0, if pu(r) = pn(z) =0,

/~LM A N(I) = las (2)—py ()] if ({E) £ 0, or (ZU) 20
e max{ppr(z),un(z)}’ Kt b N ,
(z) = 0, if py(x) = pn(x) =1,
MM i N - [pas () —pn ()] lf (ZE) A (ZE) <1
Tp T—min{pns (@), (@)} 122.%§ HUN .

(c) The symmetric difference operation associated with T 1, is given by, for all x € X and
i€ {1,2},

i (@) =l (@) = py () |

MAN
TL

Fono et al. [10] have also proved that the difference and symmetric difference operations
for fuzzy sets of type 1 and 2 associated to any continuous t-norm T so defined preserve the
properties of the classical difference and symmetric difference operation for crisp sets. We recall
these results as follows:

Proposition 1. Let i € {1,2} and M, M', N be any arbitrary fuzzy sets on X. The following
properties hold [10]:

1. Properties of fuzzy difference operation;
(a)if M C N, then M~ N =0, (b) if M C M’, then M — N C M’ = N, (c) if M C M,
T T T

then N—M' C N M, (d) (M z N) m(N . M) — (and(e) M~N = M~ (M N N).
T T T T T T

2. Properties of fuzzy symmetric difference operation;
(@) M AN = (M1N> U <N1M>,
T T T
(b)if M C N, thenMéN:NiMand(c)MéM:(b.
T

The following result shows that, the fuzzy complement of fuzzy sets associated with any
continuous t-norm T so defined, preserve the property of the classical complement for crisp sets.

Corollary 1. Let T be any continuous t-norm, A be a fuzzy set on X, and A be the fuzzy
complement of A associated with T .

Then A° = X — A.

Proof. Letx € X. From Definition 12 (see the Appendix), it is sufficient to show that: px_4(z) =

1 — pa(z).

Since px(z) = 1 and I7(1,a) = a (see Proposition 9 in the Appendix) for all a € [0; 1], from

Definition 7,

px—ra(r) =1 —=Ir(px(x), pa(r)) = 1 = palz). 0
In the following Section, we introduce new operations for intuitionistic fuzzy sets and estab-

lish some of their properties.
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3 New operations for intuitionistic fuzzy sets:

Difference and symmetric difference

3.1 Definitions and properties of difference operations

Let I = (17,2 I7) be an IF-R-implication operator. We define the negation of 17 as N'(I7) =
(217,1 I7). In particular, using Lemma 1 we define the negation of IF-R-implication as Vx =

([L’l,l’g), y = (y17y2) S L*aN(IT<X7 Y)) = (Js(x27y2)7min{]—r(xbyl)? 1— Js(l‘Q,yg)}) :

Definition 8. Let A, B be any two intuitionistic fuzzy sets defined on X. The intuitionistic fuzzy
difference associated to T of A and B is the intuitionistic fuzzy set on X denoted by A — + B
and defined by the membership and non-membership degrees as follows:

Forall x € X,

(ha—rB(2),va—r () = N (I (pa(x), va(2)), (us(r), v5(7))))
= (Jswalx), vp(e)), min{lr(pa(), pp(2)),1 = Js(va(z), vp(2))})

The following are typical examples of difference operations associated with the three usual
and well-known 7.

Example 4. For any intuitionistic fuzzy sets A and B defined on X,
1. The difference operation associated with Ty is given by, for all v € X
(071)7 if(NA(x)vVA(x)) Sre (MB(x)>VB<x>>7

(a7, 2(2): Va7, 8(2)) = § (), min{in(2), 1 = vi(2)}).
if (pa(@),va(z)) >~ (up(x), v(2)).

2. The difference operation associated with Tp is given by, for all v € X

0,1),  if (pa(@),valz)) <c- (u5(x),ve(x))
(a7 50) 4, m(0) = ¢ (e min {265 m5 )

if (pa(x),va(@)) >+ (ns(2), ve(2))-

3. The difference operation associated with Ty, is given by, for all xt € X
0,1),  if (pa(@),va(x)) <p~ (pp(x),ve(2))
(a7, 52) 74, 5(2)) = { (va(2) = valw),min {1 = pa(@) + pa(@), 1+ va(a)
—vp(@) }) i (alw) va(@) > (up(x), vp()).

In the following results, we establish four classical properties for difference operation which
are satisfied by the new intuitionistic fuzzy difference operation.

Proposition 2 (Properties of Intuitionistic Fuzzy Difference Operation). Let A, B, C' be intuition-
istic fuzzy sets on X. The following properties for intuitionistic fuzzy difference operations hold:
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1. if AC B, then A — + B = {);
2. ifAC B thenA —+CCB —7C;
3. ifAC B, thenC —7+BCC — 7 A
4. A—7B=A—-7(ANB).
Proof. By Proposition 9 and Definition 8, we establish the results for all x € X as follows:

1. Assume that, A C B, then pa(z) < pp(x) and va(x) > vp(x).
Since Js(va(z),vp(x)) = 0, whenever va(z) > vg(z), and I7(pa(z), up(x)) =
whenever 14(x) < pp(x) then by Definition 8, we have (114, p(2),va_, 5(x)) = (0, 1)
and the result follows.

2. Assume that A C B, then pa(z) < pp(x) and va(x) > vp(z).
(a7 (@), va—ro(@)) = (Js(va(z), ve(x)), min{lt (pa(z), pe(x)), 1 = Js(va(z), ve(x))}) ,
(17 (), vp—ro(2) = (Js(vp(2), vo (), min{ It (up(r), po(2)), 1 — Js(ve(z), vo(r))}) -
Since vp(z) < va(x), then from Proposition 9 Js(va(x), ve(z)) < Js(vp(x), ve(z)).

So, pa—rc(x) < pp—rc(@).

For the non-membership degree, there are four possibilities:

Case i va—ro(x) = I1(pa(), pe(w)) and vy o(x) = It (pp(2), po(w)).
Since pa(z) < pp(x), then It(pa(z), pc(x)) > It(up(x), pe(zr)) and we have
Va—rc(®) 2 vp—ro(r).

Caseii: va_,c(x) =1— Jg(va(z),ve(z)) and vp_, c(x) =1 — Js(vp(z), ve(z)).
Since vg(x) < va(z)then, Js(va(z),ve(z)) < Js(vg(x),ve(z)), then we have
Va—rc(®) 2 vero().

Case iii: va_, c(v) = IT(pa(z), pe(z)) and vg . o(z) =1 — Js(vp(x), ve(x)).
Since pa(x) < pp(x), then

Ir(pa(z), po(2)) = It(ps (@), po(r)) 2 1 = Js(vp(2), vo(z)).

So,va_,c(x) > vp_,c(x).

Caseiv: va_.c(z) =1— Js(va(z),ve(x)) and vg . o(z) = It (up(x), po(x)).
Since va(x) > vp(x), then

1= Js(va(e), vol@)) > 1= Js(p(@), ve(®) > Ir(us(e), poz))
So,va_,c(x) > vp_ ().

Thus forallz € X, pa_, c(x) < pp_,c(x)and vy o(x) > vp_, o(x).
SO,A —TCQB —7'0.
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3. Assume that A C B then, ua(x) < pp(z) and va(x) > vp(z).
(o —7 B(2),v0 -1 (7)) = (Js(vo(x), vp(2)), min{Ir (ue (@), pp(2)), 1 = Js(ve(x), va(z))})

(he -7 a(@), ve—r al@)) = (Js(vo(z), va(e)), min{IT(uc(z), pa(z)), 1 = Js(ve(z), va(z))}).
Since vp(x) < va(x), then Jg(ve(z),vp(x)) < Js(ve(x),va(x)). So, pe—,plx) <
MC*TA('I)'

For the non-membership degree, there are four possibilities:

po(z), pax))-

It (po(z), pp(z)) and vo —p a(z) = It ( )
> It(pe(x), pa(x)) and we have

Since pua(x) < pp(x), then It(po(x), pnp(r))

Caseii: vo_, p(x)

Caseiii: vo_, g(x) = It(puc(z), pp(x)) and vo_, a(z) = 1 — Jg(ve(x),va(x)). Since
pa(z) < pp(z), then

I (pe(x), pp(x)) = It(pc(@), pa(z)) 2 1 = Js(ve(z), va(z)).

So, ve—, g(z) > veo—r alx).

Caseiv: vo_, g(x) =1— Js(ve(x),vp(z)) and vo _; a(x) = I+ (pe(x), pa(x)).

Since v4(x) > vp(z), then
1= Js(ve(x),ve(z)) 2 1 = Js(vo(x), va(e)) = It(po(x), pa(e)).

So, ve—, g(x) > veo—; alx).

Thus for all x € X, ,UC—TB(x> < ,uC_TA(x) and VC—TB(I) > VC—TA<CU)-
S0,0 —TBQO _TA-

4. From Definition 8 we have,

fa—ranB)(2) = Js(va(z), vanp(r)) = Js(va(z), max{va(z), vp(r)}), 4)

v o) = min { e (ua (@), panp (@), 1 = Js(va(@), vann (@)}

— min { I (e (@), min{pa(2), pp(2)}), 1 = Js(va(e) max{va(a),v(@)}) ), )

pa—rule) = Jsale),vs(@)), (®)
va_y (@) = min{Ir(ua(e), ps(2)),1 - Js(va(e), va(@)}. )

Claim:

We claim pi4 —; (an) (%) = pra—, g(z) and va . (anp)(x) = va_, p(x) forall z € X.
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We note the following properties:

Js(va(z),vp(x)) = 0, whenever v4(x) > vp(x); It(pa(x), up(x)) = 1, whenever
=1.

pa(@) < pp(e); Js(wa(z),va(z)) = 0 and I+ (pa(x), pa(x))
Then consider the following cases:

Casei: If pa(z) < pp(x) and v4(x) < vg(x), then by Equations (4)-(7), we have

pa—ranB)(T) =

Va—r (anB)(T) =

fra -7 (AnB)(T)

Va—+ (AmB)(x) =

Case iii: If pa(x) > pp(x)

Ha —T(AWB)@) =

Va —T(AﬁB)<I> =

Js(va(z),vp(x)) = pa—y p(z), and

I (a(e), pa(@)), 1 = Js(va(w), vp(x)) }

(z)) =0
7VB(:E)) = ,UA—TB(ZE), and

)
a(z)
min {IT(LLA(x),uA(x)), 1 — Js(va(z), I/A(ZE))} = min {1, 1-— 0}
{Fr(ato)

Js(va(z),vp(x)) = pra—r p(z), and

min { I+ (ua(2), pp(2)),1 = Js(vale), vp(2) } = va_r n(a).

Caseiv: If pa(z) > pp(x) and vy (z) > vp(x), then by Equations (4)-(7), we have

fA -7 (anp)(T) =

VA—ranB)(T) =

Js(va(z),vp(x)) = pa—, (r), and

Hence, (MA,T(AQB)(:JU), VA7 (ANB) (x)) = (pa—; B(x),va_, p(z)) forall z € X, and the

result follows.

]

The following result shows that, the intuitionistic fuzzy complement of fuzzy sets associ-

ated with a t-representable of an IF-t-norm 7 = (T,.5) so defined, preserve the property of the

classical complement for crisp sets.

Corollary 2. Let A be any intuitionistic fuzzy set of X. A5 be the intuitionistic fuzzy complement

of A. Then A = X —1 A.
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Proof. Let x € X. Since (ux(z),vx(x)) = (1,0), then from Definition 8,

(hx—ra(@),vx—ra(z)) = (Js(0,va(x)), min{Ir(1, pa(x)), 1 = Js(0,va(2))}),
= (va(z), min{pa(z),1 —va(x)}), (recalling Prop. 9(1)),
= (va(®),pa(z)), since pa(r) <1 —wa(z). (®)

From Definition 6, the result follows. [l
The following result establishes a property of the new difference operation.
Proposition 3. Let A and B be any intuitionistic fuzzy sets on X.

1. Then (A — 7 B) Ny (B — 7 A) is an intuitionistic fuzzy set with membership function,
WA —7 B (B—7A)(x) = 0, Vo € X and non-membership function defined by: for all
r e X,

(S (1= Js(al), vs(@)), I+ (us(z), 1
if a(x) < pp(z) and va(z) < v
V-7 By (B -7 4) (@) = ¢ S (It (pa(2), pp(2)), 1 = Js(vp(z), va(z))) ©)
)

if pa(z) > pp(x) and va(x

\ 1, otherwise.

2. If T is a Lukasiewicz IF-t-norm, then

(A —7B) Ny (B — 7 A) = 0.

Proof. 1. Recall that for any two intuitionistic fuzzy sets A and B, we define the intersection
by means of any t-representable IF-t-norm 7 = (T, .S) as follows:

ANy B = {(z, T(pa(), pp(x)), Swa(z),vs(r))) | # € X}.

So,
A —7 Bynr (B -7 a) (@) = T (Js(va(x), vp(2)), Js(vp(x), valz))), (10)
V(A—TB)WT(B—TA)(:L‘) =95 (min{IT(MA(x)’ MB(J7))’ 1- JS(”I“(ZE)v VB(x))}w

min{/7(up (), pa(@)),1 = Js(vp(x), va(z))}). (A1)

We note that Js(va(x),vp(z)) = 0, whenever v4(z) > vg(z) and I7(ua(x), up(z)) =1,
whenever p14(x) < pp(z), then consider the following cases: for all x € X,

Casei: If pa(x) < pp(x)and va(x) < vg(z), then from Equation (10) fya —; By, (B -1 4)(2) =
T (Js(va(x),vp(x)),0) = 0, and from Equation (11) we have

V(A*TB)HT(B*TA)(‘T) =5 (min{1> 1- JS(VA('T)a VB(*T))}’ min{]T(uB(x)7ﬂA(x))7 1-— O}) )
=S5 (1 = Js(va(z),va(2)), It (np(@), pa())) -
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Caseii: If pa(x) > pp(r)and va(z) > vp(x), then from Equation (10) ji(a —; Byny (B —1 4) (%) =
T (0, Js(vp(x),va(x))) = 0, and from Equation (11)
YAy By () = S (min{ I (a(2), (), 1 — 0}, min{1, 1 — Js(w(x), va(x))}),
= 8 (Ir (pale), pp()), 1 — Js(wi(x), va(x)).

Other possible cases are:
Case iii: If ua(z) < pp(x) andva(x) > vp(x), then from Equation (10) fua — B)ny (B -1 4)(T) =
T (0, Js(vp(z),va(x))) = 0, and from Equation (11)
Vi Bp—r (@) = S (min{1, 1 - 0}, min{I7(na(a), pa(e)), 1 - Js(va(e). va(@)})

(15 (2), pa(@)), 1 = Js(vp(2), va(x))}) = 1.
)

Case iv: If pua(z) > pp(x) and vy (z) < vp(x), then from Equation (10) fi(a —; Byny(B -7 4)(7) =
T (Js(va(z),vp(z)),0) = 0, and from Equation (11)

=5 (1, min{/~+

Yty BBy (@) = S (min{ 7 (ua(@), p()), 1 = Js(vae), vp(x))}, min{1,1 - 0}),
= S (min{It(pa(z), pp(z)), 1 — Js(valz),vp(z))}, 1) = 1.
So, we have established the result 1.

2. If T is Lukasiewicz IF-t-norm, then 7 = T, = (T, S.). Since from the result in 1 above,
we have the membership function pu4 —; By (B -7 4) (x) =0, Vx € X, then from Equation
(9) it suffices to prove that the non-membership function, 14—, g)n, (8- 4)(z) = 1, Vo €
X, for the first two cases in (9). From Equation (11),

i If pa(z) < pp(zr) and va(z) < vp(x), we obtain by applying Proposition 9 and
Example 8,

Ua—r B)nr(B—r 4)(2) = min (1 = Js, (va(x), va(2)) + I, (k5(2), palz)), 1),
=1, ifpa(z) = pp(x)orva(z) = vp(z).
If pa(z) < pp(x) and va(z) < vp(x), then we have
Via—7 B)nr(B -7 4)(2) = min (1 — vp(x) + va(z) + 1 — pp(x) + pa(z), 1),
= min (2 — (up(2) + v5(7)) + pa(z) + va(x),1) =1, since up(x) + vp(z) < 1.

il If pa(x) > pp(r) and va(x) > vp(x), we obtain by applying Proposition 9 and
Example 8,

Yty By (8 —p (@) = min (I, (a(2), p(2)) + 1 = Js, (v (), va(2)), 1),

=1, ifpa(x)=pg(x)orvs(z) =rvp(x).
If pa(z) > pp(x) and va(z) > vp(x), then we have

Via—r B (B—y 4) () = min (1 — pa(x) + pp(z) + 1 — va(z) + va(z),1),

=min (2 — (pa(z) + va(z)) + ps(z) + ve(x),1) =1, since pa(z) + va(z) < 1.
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So (M(A —r B (B—7 A) (L), VA -y BN (B -7 A) (x)) = (0,1), for all z € X. Hence result 2
is established. ]

Remark 1. 1. Note that, (A — 7 B) Ny (B — 7 A) = () whenever either A C B or B C A.
This follows immediately from the third case in Equation (9).

2. Proposition 2 specifies conditions which are preserved by the intuitionistic fuzzy difference
operation. These four conditions shall be referred to as the minimal conditions to require

of difference operation on (even in crisp, fuzzy and intuitionistic) sets in general.

The following result gives a necessary and sufficient condition for difference of intuitionistic
fuzzy sets to be a fuzzy set.

Proposition 4. Let A and B be any intuitionistic fuzzy sets defined on X. Then the intuitionistic
fuzzy difference A — + B is a fuzzy set if and only if for all v € X,

It (pa(x), pp(x)) 2 1 = Js (va(e), vp()) .

Proof. Let x € X. Then from the Definition 8,

(14— 5(x), va—y 5(2)) = (Js(va(@), vp(2)) ming Ir (a (), (), 1 — Js(vale), va(2))})

A —rBisafuzzy setifandonly if vy, p(z) =1 — pa—, (),

if and only if
min{/7(pa(@), pp(r)), 1 = Js(va(e),ve(@))} = 1 = Js(va(x), vp(x)),
if and only if I1(pua(z), us(x)) > 1 — Js(va(z),vp(x)). 0

Note that A — 7 B also becomes a fuzzy set if A C B, because in this case A — 7B = )
(Proposition 2), I+ (ua(x), up(x) = 1and Js(va(z), vg(x)) = 0. Furthermore, in the case where
A — 7 B becomes a fuzzy set, we deduce from Proposition 4 that for

v € X (pa—yB(@),va—sp(2)) = (Jswalz),vp(x)),1 = Js(va(z), vp(x))) .-

This can be considered as fuzzy part of A — + B.

The following are typical applications of Proposition 4 to difference operators associated with
the three usual and well-known 7.

Example 5. For any intuitionistic fuzzy sets A and B defined on X,

1. The difference operation associated with Ty is given by, for all v € X

( (2) () (vB(x), uB(x)) , Intuitionistic Fuzzy Part
/,LA, y B\ZX > Va— B\X > e
e e (vg(x),1 —vg(x)), Fuzzy Part.
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2. The difference operation associated with Tp is given by, for all v € X

(VB (f)_VA(:B)7 B (:E)) 5 Intuitionistic Fl/lzzy Part
(MA TP B(x)’ VA-7p B<x)> - uBl(x)V:‘V(j)(x) iLfr(/:;)(x)
< 1=va(®) 1—VA(x)) ; Fuzzy Part.

3. The difference operation associated with Ty, is given by, for all x € X

</~LA B(ZE) VA B(qj)) — (UB<:C> o VA(x)’ 1- MA(x) + NB(x)) , Intuitionistic Fuzzy
-7 VA-T (vp(x) —va(x),1 +va(z) — vp(x)), Fuzzy Part.

Notation 1. Let A and B be any fuzzy sets, A = B if and only if for all x € X, pa(z) = pp(x).

The following result shows that the intuitionistic fuzzy difference operator defined in Defini-
tion 8 associated with t-representable IF t-norm 7 = (T, .S) is a generalization of fuzzy difference
operator proposed by Fono et al. [10] associated with a t-norm T if and only if the fuzzy t-norm
T and fuzzy t-conorm S are dual.

Proposition 5 (Generalization of Difference Operation for Fuzzy Sets). Let T and S be any t-
norm and t-conorm respectively, and T = (T, S) be a t-representable IF t-norm associated with
any intuitionistic fuzzy set. T and S are dual if and only if for any fuzzy sets A and B, A —1 B is
afuzzy setand A— B=A —+ B.

Proof. Letx € X, and A and B be any fuzzy sets.
a. Assume that T and S are dual.

i. Let us show that A —7 B is a fuzzy set.
Since T and S are dual, then From Proposition 10, IT(pa(z), pp(z)) = 1 — Je(1 —
pa(z), 1 — pp(x)) and from Proposition 4, the result follows.

ii. Now we shall show that, A —+ B = A —7 B. It is sufficient to prove that 4. pg(x) =

:LLA—TB<I>‘
According to Fono and al. [10], a4 pg(x) = 1 — It (pa(x), pp(z)) and from Definition

8 pa—rp(z) = Js(1 — pa(z),1 — pp(x)).
Since T and S are dual, the Proposition 10 shows that, I1(ua(x), pp(z)) =1 — Jg(1 —
pa(z), 1 — pp(z)) and the result follows.

b. Assume now that A — B is a fuzzy setand A —+ B = A —7 B. Let us show that T and S
are dual.
We have,

pa—rp(x) = 1—Ir(pa(@), ps(z))

= min{l —¢ € [0;1], T(pa(x

)
= min{l —¢ € [0;1], T(pa(z s(z)}, (12)
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and

pa-rp(x) = Js(1 = pa(z),1— pp(x))
= min{r € [0;1], S(1 — pa(x),7) =2 1 — pp(r)}
= min{l —t€[0;1], S(1 — pa(z),1 —t) > 1 — pup(z)}
0;1], 1= S(1 = pa(z),1 —t) < pp(x)} (13)

1
= min{l —¢ € [0;1

?

Since A —t B = A —7 B then, pa_ p(x) = pa—,p(z). From Equations (12) and (13)
T(pa(z),t) =1—8(1 —pa(z),1 —1t), Vt € [0; 1] and the result follows. O

In the following, we define a new symmetric difference operation for intuitionistic fuzzy sets
based on the IF-R-implication and IF-co-implication and we study its properties.

3.2 Definitions and properties of symmetric difference operations

The idea for the new definition is derived from the classical formula for symmetric difference and
the operations of union and intersection alongside with the proposed difference for intuitionistic
fuzzy sets in Section 3.

Definition 9. Let A, B be any two intuitionistic fuzzy sets defined on X. The intuitionistic fuzzy
symmetric difference associated to T of A and B is the intuitionistic fuzzy set on X denoted by
A A 1 B and defined by the membership and non-membership degrees as follows:

Forall x € X,

pany (@) = Js(va(z) ANvp(z),va(z) Vvp(z)), (14)

Vi ar 5(x) = min{Ir(1a(2) V (), o
1 — Js(va(z) Nvp(z),valz) Vvp(z))}.

In what follows, we establish some results showing that some properties of the classical set
symmetric difference are preserved by this new proposed intuitionistic fuzzy symmetric differ-
ence operation.

Proposition 6 (Properties of Intuitionistic Fuzzy Symmetric Difference Operation). Let A, B be
any intuitionistic fuzzy sets on X. The following properties for intuitionistic fuzzy symmetric

difference operation hold:
I. ANTB=(A—-7B)U(B —71A);
2 ANnsB=B A TA;
3 IfAC B, thenA ArB=B — 1 A;

4. A ATA:@.
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Proof. 1. The following are properties for fuzzy-R-implication, /+ and fuzzy co-implication,
Js which we require here:

It(aVb,c) = It(a,c) NIt (b,c), and Js(a Vb, c) = Js(a,c) A Js(b,c);
It(anb,c) = It(a,c)V It(b,c), and Js(a Ab,c) = Js(a,c)V Jg(b,c);
It(a,bVe) = It(a,b)VIt(a,c), and Js(a,bV c) = Jg(a,b) V Js(a,c);
It(a,bANe) = It(a,b) A It(a,c), and Js(a,b A c) = Js(a,b) A Js(a,c)

These can easily be verified.
Now, we proceed to prove 1 and 2 consequently as follows: From Equation (14) and apply-
ing above properties of /1 and Jg we have, forall z € X

(hanrB(x),van, B(2)) = (Jswalz) Avp(z),va(®)) V Js(valz) Avs(z), ve(z)) ,

min{ T+ (a(e) V u5(2), 1)) A Fr(pae) V pus(e), us(a))
1= Js(va(z) ANvp(x),va(x)) V Js(valz) Ave(x),vp(x))}).

So we have

pany B(@) = (Js(va(z), va(@)) vV Jswp(z), va(@)))V(Js(valz), vp(r)) V Js(va(z), vp(2))) ,

vanr B(x) = min{(I1(pa(z), pa(x)) A Iv(pp(z), pa(x))} AT (palz), ps())
N (pp(r), up(2))), 1 = (Js(va(x), va(z)) V Js(vp(), va(®))}
V{Js(va(z),vp(z)) V Js(vp(x), vB(2)))},

and applying Proposition 9 we have the following:

8

panr (@) = Js(vp(x),va(x)) V Js(va(z), ve(z)),
= Js(va(z),vp(x)) V Js(vp(x),va(x)), (15)
- MA—TB(JZ) V/LB—TA(x%

= WA—7 BB 4)(T).

VAATB(x) -

(16)

AN (1= Js(va(z),vs(x))),

So, result 1 is established.
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2. By commutativity of Equations (15) and (16), result 2 follows, since
ANnFB=(A-7+B)U(B—-7A)=(B —-7A)U(A—-7B)=B A rA.

3. f AC B,thenforall z € X, ua(x) < pp(r) and va(x) > vp(z).
Applying the above inequalities to the Equation (14), we get

(Hasr B(2),vanrB(2)) = (Js(vp(@),va(z)), min{lr(up(z), pa(x)),1 — Js(vp(x), va(2))}),
= (:uB —TA<x>7 VB —TA<x>> )
and the result follows.

4. By Equation (14) we have, forall z € X

panra(@) = Js(valx) Ava(z),va(z) Vva(z))
Js(va(x),va(x)) = 0.

Vanra(x) = min{lr(pa(z) V pa(z), pa(@) A pa(z)), 1 — Js(va(z) Ava(z),va(z) Vva(z))}
= min{It(pa(x), p ( ), 1= Js(va(z), va(z))}
= min{l,1} = 1.
So the result is established. [l

The following are typical examples of symmetric difference operators associated with the
three usual and well-known 7.

Example 6. For any two intuitionistic fuzzy sets A and B defined on X,
1. The symmetric difference operator associated with Ty is given by, for all v € X

0, i (pa(x),va()) = (pp(2), vp(x))
vp(x) Vva(), if (pa(z),va(z)) # (ps(z), vp(x)),

HAnT, B(r) =

L if (pa(@),va(z)) = (us(2), ve(2))
I/AATMB(]J) = min{min{pup(z),1 — vp(z)}, min{us(x),1 —va(z)}},

if (pa(x), va(x)) # (us(x), ve(r)),

Lo if (pa(@),va(z)) = (up(z),vp(2))
min{gia(x) A pp(e), 1 =va(e) Vp(e)}, i (palz),va(x)) # (ps(x), va(z)).

2. The symmetric difference operator associated with Tp is given by, for all v € X

0, i (na(@),va()) = (ps(z), V(7))

MAAB(x): vp(x)—va(z) valz)—vp(x .
K e { £Bbale) va@=ts O L i (1 (0),wa(2)) # (s (@), v (2)),
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0, if (pa(z),va(z)) = (us(x),ve(x))
WAl vnleD @ vale) it (1, (x), va(z)) # (up(), va(2)),

Lo i (pa(),va(x)) = (ps(2), VB( )

sy () = 4 min {min {3565, 211 {2, e

if (pa(x),va(z)) # (us(x), vs(r)),
Lo if (pa(z),va(e)) = (ps(z), vp(z))

pa@pp() 1 (wal@)—vp(@)V VB(JJ)(*I)/SA(:E))}
l1-vp(x )

. DV(
= ymmn {MA(I)VMB(I)’ (I=va(z)A(
if (paz),va(x)) # (up(z), ve(z)).

3. The symmetric difference operator associated with Ty, is given by, for all v € X

0, if (pa(z),va(x)) = (up(z),va(x))

07 50 =Y (@) = () V () — va(@). F (a(e). vala)) # (). o))
L if (pa(@),va(z)) = (ps(z), vp(2))
@) min{min{l—/m(%)—i—uB(H?),l—i-VA(ﬂU) —vp(2)},
VAnr, B\T) =
: min{l — () + pa(x), 1+ vp(x) — va(e)} b
(i (pa(@),va(z)) # (us(2), vs(2)),

Lo if (pa(z), vale)) = (us(2), va(x))
= S min {1 = (ua(@) = (@) V (15 (2) — pa(2)),
1= (va(z) —va(x)) V (va(z) — VA(I))}, if (pa(z),va(z)) # (u(2), vp(z)).
The following result shows that, the intuitionistic fuzzy symmetric difference operator in Def-
inition 9 associated with t-representable IF t-norm 7 = (T, S) is a generalization of fuzzy sym-

metric difference operator proposed by Fono et al. [10] associated with a t-norm T if and only if
the fuzzy t-norm T and fuzzy t-conorm S are dual.

Proposition 7 (Generalization of Symmetric Difference Operation for Fuzzy Sets). Let T and
S be any t-norm and t-conorm, respectively, and T = (T,S) be a t-representable IF t-norm
associated with any intuitionistic fuzzy set. T and S are dual if and only if for any fuzzy sets C
and D, C' A 7 D is afuzzy setand C A +D =C A 7 D.

Proof. Letx € X, and C and D be any fuzzy sets.
a. Assume that T and S are dual.

i. Let us show that C' A + D is a fuzzy set.
Since C and D are fuzzy sets (1 — uc(x) = vo(z) and 1 — pup(z) = vp(x)),and T and

133



S are dual, then from Proposition 10,

I (0(@) V (@), Ho(@) A pn(@)) = 1= Js(1 = po() V pn(@),1 — pe() A ()
=1—=Js((1 = pe(x)) A (L= pp(x)), (1 = po(x) V (1 = pp(x)))
=1—Js(ve(z) Avp(z),ve(z) V vp(z)).(17)

From Definition 9, the result follows.

ii. Now we shall show that, C' A +D = C' A 5 D. It is sufficient to prove that pc,p(z) =

luC AT D (I‘) .
Definition 7 and Definition 9 show that,

(@)= (7)) = 1 — It (pe(x) V pup(@), pe(r) A pp(x)), ifi=1
cab cub—CnD 1— 12 (uc(z) V pup(x), pe(z) A pp(x)), ifi=2,

and pcpp p(2) = Js(ve(x) Avp(x), ve(z) V vp(x)).
From Equation (17), the result follows.

b. Assume now that C' A r Disafuzzysetand C' A +D =C A 7+ D.
Let us show that T and S are dual.
We have,

piesrp(@) = 1= 1Ir(uc(z)V pp(@), pe(x) A pp(x))
= 1—max{t € [0;1], T(pc(x)V pp(2),t) < pe(r) A pp(r)}
= min{l —¢ € [0;1], T(uc(x)V up(x),t
= min{l —¢ € [0;1], T (puc(z) ), t

and

pioar p(x) = Js(ve(x) Avp(x), vo(r) V vp(r))
= min{r € [0;1], S(ve(x) Avp(x),r) > ve(x) Vp(x)}
=min{l — ¢t € [0;1], S(1 — pc(x) V up(z),1 —t) > 1 — pc(z) A pp(x)}

=min{l —t € [0;1], 1 = S(1 — pe(z) Vup(z),1 —t) < pc(z) A up(z)}. (19)

Since C' A D = C A 7D then, pca,p(x) = pic s, p(z). From Equation (18) and (19),
T(uc(z)Vpp(x),t) =1—S1 — pe(z) V pup(x), 1 —t), Yt € [0; 1], and the result follows.

]

In the following Subsection, we investigate some properties of cardinality for intuitionistic
fuzzy set difference and symmetric difference. For that, throughout this Subsection, the universal

set X is finite.
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3.3 Some cardinality properties of difference
and symmetric difference for IFSs

We recall the definition and some results on intuitionistic fuzzy cardinality in what follows.

Definition 10 (Cardinality of Intuitionistic Fuzzy Set [19]). Let A be an intuitionistic fuzzy set on
X. The cardinality of A denoted by Y. count(A) is given by

Y count(A) = Card(A) = (Z pa(z;), Z 1-— VA(Ii)> . (20)

One of the properties of this cardinality operation is given here [See Property of X count [19]
]: Let A and B be any two intuitionistic fuzzy sets on X. Then

Y count(AU B) + X count(AN B) = X count(A) + X count(B). (21)

In what follows, we establish a cardinality property that is satisfied by the intuitionistic fuzzy
difference and symmetric difference proposed.

Proposition 8. Let A, B, C be any intuitionistic fuzzy sets on X. The following property holds:
Card(A Ay B) <p» Card(A —1 B) + Card(B —1 A).

Proof. Recall from Proposition 6, we have A A + B = (A — 7 B)U (B — 7 A) and by Equation
(21) we obtain

Card(A A7 B) = Card(A —7 B) + Card(B —7 A) — Card (A —7 B)N (B —1 A)). (22)
Since by Proposition 3 we have (A — 7+ B) Ny (B — 7 A) # () in general, then we have
Card((A —TB)ﬂ(B —TA)) >+ Op-. (23)

Putting Equation (23) into (22) we obtain the required result. ]

4 Conclusion

In this study, we have proposed new difference and symmetric difference operations for intu-
itionistic fuzzy sets by means of intuitionistic fuzzy R-implications. We have also constructed
some examples of difference and symmetric operations associated to the well-known intuition-
istic fuzzy t-norms (minimum 73, product 7p and f.ukasiewicz 7;) and established conditions
under which these operations yield the same results for fuzzy cases as obtained by Fono et al. [10].

We further established that the intuitionistic fuzzy difference operation preserves four prop-
erties out of five, which we referred to as the four minimal conditions to require of a difference
operation on sets in general (even in crisp, fuzzy and intuitionistic fuzzy cases). We investigated
and established some sufficient conditions under which the fifth property is satisfied. Meanwhile,
we established that the intuitionistic fuzzy symmetric difference operation proposed preserves the
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properties of symmetric difference operations for crisp sets and fuzzy sets. We established out of
many, one cardinality property that is satisfied by these operations.

The results of Proposition 3 have shown that the property, (A — 7 B) Ny (B — 7 A) = () do
not hold true in general case for the difference operation for intuitionistic fuzzy sets proposed.
The open problem will be to determine all intuitionistic fuzzy-t-norms under which the difference
operation, so defined, preserves this property. We have not studied here, other cardinality prop-
erties and the cardinality-based measures of comparison for intuitionistic fuzzy sets by means of
these new difference and symmetric difference operations for intuitionistic fuzzy sets proposed.
This area is opened for further research studies.
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Appendix on Fuzzy Operators and Fuzzy Operations

Fuzzy Sets and Fuzzy Operators

Definition 11. /. A fuzzy set B on X is defined by:
B = {(z,pup(x)) | up(z) € [0,1], Vo € X} where ug(x) is the degree of membership of
xin B.

2. A fuzzy triangular-norm (fuzzy t-norm) is a binary operation T : [0,1] x [0,1] — [0, 1]
such that forany x € [0,1], T(z,1) = z and T satisfies commutativity (Va,b € [0,1], T(a,b) =
T (b, a)), monotonicity (increasing) (VYa, b, c,d € [0,1], ifa < band ¢ < d, then T (a,c) < T(b,d))
and associativity (Ya, b, c, € [0,1], T(a, T(b,c) = T(T(a,b),c)).

3. A fuzzy t-conorm is a binary operation S : [0,1] x [0,1] — [0, 1] such that for any
x € [0,1], S(x,0) = x and S satisfies commutativity, monotonicity (increasing) and asso-
ciativity.

4. A fuzzy negation N is a non-increasing mapping N : [0,1] — [0, 1] with N(0) = 1 and
N(1)=0.If N(N(x)) =z, Vo € [0, 1] (i.e. N satisfies the involutive property), then N is
called strong fuzzy negation.

5. The dual of a fuzzy t-norm T is a fuzzy t-conorm S, such that, for all a,b € [0,1], T (a,b) =
1—S(1—a,1-b).

6. A fuzzy R-implicator, It associated to a t-norm T is an operator I7 : [0, 1] x [0, 1] — [0, 1]
defined for all a,b € [0,1] by It(a,b) = max{t € [0,1] | T(a,t) < b}.
When T is left continued, we defined the residual implicator I, the symetric contraposition
implicator 1%, the Q L—implicator I3 and the S—implicator 1% as follows: for all x,y €
[0,1], I+(z,y) = mazx{t € [0,1], T(x,t) < y}; [3(z,y) =1 —min{t € [0,1], S(y,t) >
2} B(z,y) = S(n(x), T(z,y)) and Iz, y) = S(n(x), ).

7. A fuzzy co-implicator, Jg associated to S is an operator Jg : [0, 1] x [0, 1] — [0, 1] defined
forall a,b € [0,1] by Js(a,b) = min{r € [0,1] | b < S(a,r)}.

We will require the following useful results to establish the proofs of some basic findings in
this research work.

Proposition 9 (See [10-13]). Forall a,b,c € [0,1],
1. It(a,a) =1; Jg(a,a) = 0; Js(a,b) < b < It(a,b) and I+(1,a) = a = Js(0,a);
2. b<a<= (It(a,b) < 1orJs(b,a) > 0);

Js(b,c) < Js(a,c),
B It(c,a) < It(c,b). B Js(c,a) < Js(e,b).

Thus It and Jg are left decreasing and right increasing operators.

I+(b,c) < It(a,c),
3. a<b= T(b.¢) < Ir(a;c) nda<b=
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Proposition 10 (see [13]). Let S and T be such that, for all a,b € [0,1], T(a,b) < 1—5(1 —
a,1 —b). Then

i. foralla,be [0,1], IT(a,b) >1— Jg(1l —a,1—=0);
ii. if T and S are dual, then for all a,b € [0,1], IT(a,b) =1 — Jg(1 —a,1 — D).

The following examples of fuzzy t-norms and fuzzy t-conorms belonging to a family called
Frank t-norms and Frank t-conorms will commonly be referred to in this study (see [10, 13]):

Example 7. The Frank t-norms (TIF) such that, for all a,b € [0, 1],

l€[0,400]

(

Ta(a,b) = min(a,b), ifl =0,

Tpla,b) =ab, ifl=1,

Thiab = 1Y ! 24)
Tr(a,b) =max(a+b—1,0), if l= o0,

klogl <1 + %> , otherwise,

where Ty, T p, T are the minimum, product and Lukasiewicz fuzzy t-norms, respectively. The

Frank t-conorms (Sﬁ;) such that, for all a,b € [0, 1],

1€[0,+00]

(SM(CL, b) = max(a,b), ifl=0,

Sp(a,b) =a+b—ab, ifl=1,

Splap) = { reDmar b 25)
Si(a,b) =min(a+b,1), if Il =400,

\1 — log; (1 + w) , otherwise,

-1

where Sy, Sp, St are the maximum, probabilistic sum and Lukasiewicz fuzzy t-conorms, respec-
tively (see [9,10, 13,16, 17]). .

The following are examples of fuzzy R-implications and fuzzy co-implications associated
with Frank t-norms and Frank t-conorms respectively.

Example 8. [10,13,17]: forall a,b € [0, 1]:

1. Fuzzy R-implication and fuzzy co-implication associated with T y; and S\ are respectively

given by
17 ] < b7
]TM a, b lf “=
b, if a>b.
and
b, f a < b,
Ts,, (a,b) v a
0, if a>b.

2. Fuzzy R-implication and fuzzy co-implication associated with T p and Sp are respectively
given by
if a <0,

ITP(lb
if a>b.



and

b fa <,
Jsp(a,b) = 1=a ‘
0, if a>b.

3. Fuzzy R-implication and fuzzy co-implication associated with T, and Sy, are respectively

given by
1, if a <b,
ITL(CL,b) =
l—a+0b, ifa>h.
and
b—a, ifa<b,
JSL(CL,b): .
0, if a>b.

4. Fuzzy R-implication and fuzzy co-implication associated with T’ and St forall | € (0,1)U
(1, +00) are respectively given by

1, if a <b,

[za,b:
T tog, (14 LY s,

and
1-b
1 — log, <1+w>7 if a <b,

Js, (a,b) = et
0, if a>b.

Fuzzy Operations of Fuzzy Sets

Definition 12. Let A and B be any two fuzzy sets defined on X. The following operations are
defined by associated membership function as follows:

i) Inclusion: A C B ifand only, pa(z) < pp(x), Vo € X;
ii) Intersection: AN B is defined by: pianp(x) = pa(x) A pp(z), Vo € X;
iii) Union: AU B is defined by: pia,p(x) = pa(x) V ug(z), Vo € X;

iv) Complement: A° is defined by: jiac(x) =1 — pa(x), Vo € X.
Where V/ and N\ are max and min respectively.
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