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Over Intuitionistic Fuzzy Sets (IFSs, see [2]) different operators from modal type are
defined. Here, we shall introduce an extension of a group of these operators and will
discuss some of its properties.

Let a, § € [0,1]. We will define (see [3]) six operators over a given IFS

A= {{z, pa(r), va(z))|z € E}

by:
fap(A) = {{z,va(2) + ama(z), pa(x) + f.wa(z))|z € E}, where o+ <1,
9as(A) = {(z,ava(x), B.palz))lx € E},
hap(A) = {(z, ava(z), pa(z) + Bra(z))|z € EY,
ap(A) = {{z,avalz), pa(z) + 6.(1 — awva(x) — pa(x)))|z € E},
jas(A) = {2, va(2) + @ma(z), Bpa(@)]e € B},
Fon(A) = {(avale) + ol - val@) — Bnal@)). Boua(a)) o € B},

For every two IFSs A and B a lot of relations and operations are defined (see, e.g.
[2]), the most important of which are:

AcCB it (Vxe E)(ua(r) < pup(x)&va(z) > vp(x));
ADB iff B C A;
A=B iff (Vze E)(pa(r) = pp(r)&va(z) = vp(r));

ANB = {{z,min(pa(z),p ( ), max(va(z),vg(x)))|x € E};
AUB = {{z,max(pa(x), pp(x)), min(va(z),ve(x)))|z € E};
AGB = {{z, (MA(I MB(I) (valz )ZVB(I))Hx € F};

A = {{z, pa(z),va(z))|z € E}.

Following [2] we shall mention that in 1991 the author published in [1] the following op-
erator which is universal for the extended modal operators I, g, Go.5, Hap, H}, 5, Jog, Jo g
defined in [2]. Let:

Xapedef(A) = {(z,a.pa(z) +b.(1 — pa(x) — cva(z)),
dva(z) +e.(l = fua(z) —va(z)))|z € E}
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where a, b, c,d, e, f € [0, 1] and:
at+e—ef <1, (1)

b+d—be<l. (2)

All the above mentioned operators can be represented by operator X, at suitably
chosen values of its parameters. These representations are the following:

Fa,b(A) = Xl,a,l,l,b,l(A)7
Ga,b(A) — Na O,r,b,O,s(A)7
Hop(A) = Xaporip1(A),
H:zk,b(A) = mO,T,l,b,a(A)a
Jap(A) = Xia1p0-(4),
Jan(A) = Xiappor(A),

where 7 and s are arbitrary real numbers in interval [0, 1].
By analogy with this operator, here we will introduce an operator, that is universal
for the extended modal operators fo g, ga g, Nags It g Ja8s o g DY

Tapedef(A) = {(z,ava(x)+b.(1 —va(xr) —cpa(x)),
d-pa(z) +e.(1 = fva(x) — pa(z)))|z € E}

where a,b,c,d, e, f € [0, 1] satisfy (1) and (2).
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with the notation of variable x as an element of the universe, will not hinder the readers’
understanding of the results.

Theorem 1: For every IFS A and for every a,b,c,d,e, f € [0,1] satisfying (1) and (2),
xa,b?c,d,e,f(A) is an IFS.

Proof. Let the IFS A and six real numbers a, b, c,d, e, f € [0,1] satisfying (1) and (2),
be given. Let

Y =awvs(z)+b.(1 —va(x) — cpa(z)) + dopa(z) + e (1 — fra(z) — pa(x))

=(d—bec—e)pa(x)+(a—b—e.flva(z)+b+e.
If pa(z) =0 and va(x) = 1, then from (1) we obtain

Y=(a—b—eflvalx)+b+e=a+e—ef <1

and, obviously, Y > 0.
If va(z) =0 and pa(x) =1, then from (2) we obtain

Y=(d—-bc—e)puas(zr) +b+e=d+b—bc<1

and, obviously, Y > 0.
If 0 < pa(z),va(z) < 1, then from py(z) <1 —wva(z) we obtain

Y=(d—-bc—e)ua(z)+(a—b—e.flva(x)+b+e
<(d—=bec—e)pa(x)+(a—b—e.f).(1 —pa(x))+b+e
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=(d—bc—e—a+b+te.f)luslx)+a—b—ef+b+e
=(d—-bc—e—a+b+ef)luslr)+a—ef+e
<d-bc—e—a+b+ef+a—ef+e
=d—-bc+b<1.

On the other hand,
Y>b+e>0.
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All the above operators can be represented by the operator = at suitably chosen values
of its parameters. These representations are the following:

fap(A) = Xia1,101(4),
ga,b(A) — Xa,O,r,b,O,s(A)y
hap(A) = Xaor101(A),

:;71;(14) = Xa,O,T,l,b,a(A>7
ja7b(A) = Xl,a,l,b,O,r(A)a
j;,b(A) = Xl,a,b,b,O,r(A>7

where 7 and s are arbitrary real numbers in interval [0, 1].
All the above new operators can be systematized, constructing the following scheme:

Jo,B Ja,

:ECL?b?C?d?ehf

Theorem 2: Let for a,b,c,d,e, f,g,h,i,7,k,1 €[0,1] it holds that

u = a.j  +b —b.g —b.e.h+b.ccha >0,
v o= ak +b —b.c.h —b.k >0,
w o= b.k.l —+b.ch —a.kl —b.c.yg >0,
r = dg +e —e.fk tefkl—eg >0,
y = d.h  +e —e.fk —e.h > 0,
z = e.f.k +e.fk —dhi —e.fy >0,
Vo> w,

y =z

Then:
Xa,b,c,d,e,f(Xg,h,i,j,k,l(A)) = Xu,fu,w/v,x,y,z/y'
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Theorem 3: For every two IFSs A and B and for every a,b,c,d,e, f € [0, 1] satisfying
(1) and (2):

(a)xa,b@d,e,f (A) = xd,e,f,a,b,c(A)a

<b>xa,b,c,d,e,f(ﬁ) = Xa,b,c,d,e,f(A>7
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Theorem 4: For a,b,c,d,e, f,g,h,i,7,k, 1 €[0,1] such that (1), (2) and
g+k—Fkl<1, (3)
hj—hi<l (4)
are valid, and for a given IFS A:
(A)Tapedef(A) N Tgnijki(A) D Xin(a,g)min(b,h)max(c.i)max(d,j),max(e,k),min(£.1) (A),
(D) Zapedef(A)UTgnijnei(A) C Tmax(a,g)max(bh)min(c,i)min(d,j)min(e,k)max(£1) (A);
(©)Tapcdef (A)QTgnigpi(A) = Tatay vinysesni | ats ety eren(A).

The validity of the other expressions is checked analogously.
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