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Following the definition of the concept Intuitionistic Fuzzy
Set (IFS) from [i1), here we shall introduce the concept a Second
Type of IFS (IFS2). The idea for this new object is given (unfor-
mally) in [2]}.

Let a set E be fixed. An IFS2 A* in E is an object with the
following form:

A' = (<X, p (X), 7 (X)>/X€E]},
A A
where the functions uA: E -> {0, 1) and 1A: E -> [0, 1) AQefine

the degree of membership and the degree of non-membership of the
element x € E, respectively, and for every X € E:

2 e
O < p (x) + v (x) < 1.
A A -

Obviously, every ordinary fuzzy set has the form:

J 2
t<x, p (x), Vi - p (X) >/X€E}.
A A

If

2 2
w (xX) = {1 - p (x) - 7 (x) ,
A A A
then IA(x).is the degree of indeterminacy of the element x € E to
the set A. In the ordinary fuzzy sets, IA(x)»: O for every x € E.

For simplicity below we shall write A instead of A‘.

in a difference of the geometrical interpretation of the ordi-
nary IFSs (see Fig. 1), the geometrical interpretation of the
-IFS2s has the form from Fig. 2.

® ]

Following the definitions of the relations and operations over
IFSs (see {1,3,4,6)), we shall define over IFS2s only‘these of
the IFS-operations and relations and we shall show only these of
their properties which have a sense here. The fuzzy set relations
and operations directly follow from the given below.

For every two IFS2s A and B the following relations and ope-
rations can be defined:
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t<x, v (x), P (X)>/xX€E};
A A

ANB : f<x, min(p (X), p_(x)), max(r (X), 7_(X))>/X€EB};
. A B A B

AUB = {<x, max(p (x), p_(x)), min(v (x), v (x))>/x%x€E};
A B A B
A @B = (<X, (P (X)+p _(X))/2, (7 (X)+7_(X))/2>/%€EE};
A B A B
A‘B: (.« . '¢ . 4 )er-
' f<x QA(X) uB(x) vA(x) B(X) /%X€E}

It is easy t0o convince oneself of the correctness of the defi-
ned operations and relations.
THEOREM i: For every three IFS2s A, B anad C:

(a) AUB = BUA;

(b)) ANDB = BN A;

(c) A@ B = B @ A;

(d) A $ B = B $ A;

(e) (AUB) UC = AU (BUZC);

(£) (ANB)Y NC=AN(BONCOC),;

() (AUB)NC= (ANC) U (BN C);
(h) (ANB)UC= (AUC) N (BUC);
(i) (ANB) @C = (A®C) N (B®C);



(J) (AUB) €C = (A®C) v (B@®C);
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(K) A N B;
(1) ANB: AUB;
(m} A®B : A®B;
(n) A$B:AS$B.

By analogy with [i1], we shall define over IFS2s different opé-—
rators which have no analogues in the fuzzy set theory:

‘ 2
‘<xl 1Y (x)n 1"'“ (x) >/x€El;
A A
2 .
f<x, \‘1-1 (x) , v (x)>/X€ER}.
A A

THEOREM 2: For every IFS2 A: OA C A C QA.
Let o« B € [0, 1) be a fixed number. For the IFS2 A 'we shall
define the following operators (cf. [1,5])):

0A

QA

2 2 2 2
D (A) = (<X, \/p (X) + a.W (X) .\ﬁ (X) + (1-a).w (X) >/x € E};
« A A A A

2 2 2 . 2
P (A) = («<x, «1 (x) + a.m (x) , \{: (x) + B.w (x) >/x € E},
a, B A A A A
2 2
where a + B < 1;
a (A) = (<x, a.p (x), B.7 (x)>/x€E}.
A A

a, B
Obviously,
0O(A) = D (A),
0
Q(A) = D‘(A).
D (A) = F (A).
a a, i-ao.

for every IFSs A as in the case of the ordinary IFSs.

THEOREM 3: For every two IFS2s A and B, and for every o, B €
[0, 1), such that 0 < a + B g 1:
(a) F (ANB) cF (A) N F (B);

o, B o, B [« 0 B

(b) F (A UB) OF (A) UF (B);
a, B a, B a,

(c) F (A®B) = F (A) ® F (B);
a, B a, B a, B

(d) D(A $ B) D DA $ DOB;
(e) 0(A $ B) C 0A $ OB;



(£) F (A) = F
a, B B,
THEOREM 4: For every two IFS2s A and B and for every «, BE[O, 1]):

(a) G (A N B) a (A) N G {B);

(A).

G'B, G.a 0.9
(b) G (AuB) =@ (A) U G (B);
G.B‘ GIB qlB
(c) @ (A®B) = G (A) @ G (B);
a, B ' «, B o, B

() G (A) = G (A).
o, B B«

THROREM 5: For every IFS2 A and for every q, g, r, 8 € [0, 1):
(a) if a + B s § and I + d ¢ 1, then:

F (P (A)) F
oB [I,9 a+f-a, [-a.d, B+d-B.I-B.d

(b) G (G (A)) G (A) = @ {c) (A))
ap I, a.f,B.d . e «oBp

(c) 1£Tr, d € [0, 1) and [ ¢+ & ¢ 1, then

(F (A c F a A));
alB f,. 0 )) 0 T.O‘ G.B( ))

(a) 1£ 7, 8 € [0, 4) ana T + & ¢ 1, then

{c] (A)) ¢ @ (F (A)).
o «of ¢ aoB I,d

(A);

’

Let for every IFS2 A:
C(A) = f<x, K, L>/x€E},
where X = max pA(x), L = min vA(x);
x€E x€E

I(A) = (<x, K, 1>/x€B},
where K = min vA(x), 1 = max VA(X).
x€E x€B
We shall call these operators wclosure" and *interior". They
are the same as the ones which are defined over the ordinary IFSs.
THROREM 6: For every two IFSs A and B:
(a) I(A) c A c C(A);
(b) C(C(A)) = C(A);

(c) C(I(A)) = I(A);
(d) I(C(A)) = C(A);
(e) I(I(A)) = I(A);

(f) C(A U B) = C(A) U C(B);
(§) C(A N B) c C(A) U C(B);



(h) C(A ® B) c C(A)
(i) I(A U B) > I(A) U I(B);
(j) I(ANB) = I(A) N I(B);
(k) I1(A @ B) D I(A) @ I(B);
(1) I(A) = C(A).
THEOREM 7: For every IFS A and for every «, B € [0, 1],
(a) if 0 < ax + B ¢ 1
CF _(A) C F_ _CA;
a, B a B
(b) if 0 < o + B < 1:
IF (A) O F Ia;
«, B o, B
(c) G _(CA) = CG (A);
a, B a, B
(d) @ (IA) = IG (A).
o, B o, B
Finally, we shall note that if A is an ordinary IFS, then A is

an IFS2 too, because from p (x) + 1 (x) < 1 follows that u (x)a +

TA(X) (4 pA(x) + 1A(x) [4 1. The opposite is not always valid For.

example, X, 0.9, 0.4> can be an IFS2-element, butvit cannot be

an IFS-element. '
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