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1 Introduction

In a series of papers collected in [2], a new type of intuitionistic fuzzy modal
operators is introduced and some of their properties are studied. In the present
paper, a new operator from modal type is introduced and some of its basic
properties are studied. In the Conclusion, Open Problems are formulated.
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2 Preliminary Results

Let a set F be fixed. The Intuitionistic Fuzzy Set (IFS) A in F is defined by
(see, e.g., [1]):
A= {(z,pa(z),va(z))|r € E},

where functions g : E — [0,1] and v4 : E — [0, 1] define the degree
of membership and the degree of non-membership of the element x € FE,
respectively, and for every z € E:

0 < pa(x) +va(z) <1

Different relations and operations are introduced over the IFSs. Some of
them (see, e.g. [1, 2]) are the following

ACB iff (Vze E)(ua(z) < pp(a)&va(z) > vp(z)),

A=DB iff (Vze E)(pa(z)=pp(x)&va(z) =rvp(x)),
~A = {{@,va(x), pa(z))|z € E},
AQB = {<:J:, z) 5(@) vale );VB(‘T > |z € EY,

oA = |
GA = |

x,ua(z),1 — pa(z))|e € E},

(
(,1 —vy(x),va(z))|z € E}.

In [2] some types of modal operators are described. The most general form
of the second type of modal operators was introduced in [3]. It has the form

Ra,By,0A4 = {{z,cpa(x) + Bva(z),v.pa(z) +dvalz))|x € E},
where o, 3,7,0 € [0,1]and o+ 3 < 1,7+ < 1.

3 Main Results

Here, we introduce the following new operator from modal type, that is an
extension of the operator ®,, g 4. It has the form

BagysecA={{x,a.pa(x)+prva(x)+v,0.pa(x)+evalz)+()|e € EY,
where a, 3,7, 6,¢,¢ € [0,1] and
max(a+6,8+¢)+7+( <1 (1)
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From (1) we see immediately that
max(a, ) +vy <max(a+4,+¢)+7+¢ <1 (2)
and
max(d,e) + ¢ <max(a+d,5+¢)+7+ (<1 (3)

It is easy to see that
$1,0,0,0,1,04 = A,

©0,1,0,1,004 = A

and
®a,8,7,64 = Da,y,0,86,04

Therefore, this operator gives the possibility to express the operation iden-
tity, the operation “classical negation” and the operator ® g 5. In this way,
by varying the values of the variables «, 3,7, 0,¢,( in the [0; 1] range, we
can obtain the whole continuity of sets existing between a given set A and its
classical negation —A.

Let us study the basic properties of the new operator.

First, we check that the new set is an IFS. Really, from (2) and (3) we
obtain:

0 < a.pa(r)+ Bra(z) +v < max(a, B).(pa(x) +val(z)) +7
< max(a, 8) +7 <1,
0 < d.pa(x) +evalr) + ¢ < max(d,e).(pal(z) +va(x)) +¢
< max(d,e) +¢ <1
and from (1):
0 <apa(r)+pralx)+v+o.pa(z)+evalz)+¢

— (@ + 6)pa(@) + (B + €)ovalw) +7+C
< max(a+ 6,8+ ). (ua(e) + va(@) + 7+ ¢ < 1.

Theorem 1. For every IFS A and for every six real numbers «, 3,7, 4, €,
¢ € [0,1] such that (1) is valid,

- @0175»%57574 _\A = EBéa’\/vB»aA'
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Proof. We obtain sequentially that
1 @a,By,0ec A
= 7 ®a,8y0e¢ T, va(2), pa(z))|z € E}
= ~{(z, va(@) + B.pal(z) +7,0va(z) +e.palz) + Q)lz € £}
= {{z,dva(@) +e.pa(@) + ¢ ava(z) + B.palz) +7)|x € E}

= Bse,c.0874

This completes the proof. (]
Theorem 2. For every two IFSs A and B and for every six real numbers
a, 3,7,9,e,¢ € [0, 1] such that (1) is valid, it holds that

Do 7,62 (AQB) = Da,p.4,66,cAQ Ba,py.5e¢ B-
Proof. We obtain sequentially

@a7577’67€7< (A@B)

= Da,B,7,0.¢ ({(w, pa(@) ;MB(OC), va(r) —; VB(x)>|a: € E}>

(o (M) TER) | (vale) Frne))

5<‘WW> +E<WW

5 5 >+C>\af6E}

o opale) +opp(s) | Buala) + Aus()
= {=, 2 * 2

dpa(x) + oup(x) N eva(z) +evp(x)
2 2

_ {< OéMA(IE) + ﬁuA(x) + OC,UB(-T) + BVB(-CL’) NN
2

+7

+Qlr e E}
x, + 5 :

Spa(z) +eva(z) +¢ N Spp(z) +evp(z) +¢
2 2

= {{z,apa(z) + Bra(x) +v,0ua(z) + eva(z) + ()|z € E}
Q{(z,app(x) + Prve(x) +7v,0up(x) + cvp(zr) + {)|xr € E}

)z € E}
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= Da,8.762AQ Da gy bec B .
Theorem 3. For every IFS A and for every six real numbers «, 3,7, 9d,¢,( €
[0, 1] such that (1) is valid, it holds that
(a) 0 @a’ﬂ7776)67< A g @O‘7ﬂ1716757c g A’
() Bapr.5e¢ CAC O Daprsec A

Proof. First, we obtain
O ®a,8y,0e¢ A

= 0{(z,a.pa(x) + Bva(x) +v,0.pa(x) +eva(z) + )|z € E}
— {{r, 0pa(@) + Bra@) + 7,1 — (@pa(e) + Bval) + 1)z € B)

and
Da,B,7,0e,¢ O A

= {{z, apa(@) + B(1 — pa(x)) +7,0pa(x) + (1 — pa(@)) + ()l € E}.

Immediately, we see that

apa(@) + B0 = pa@) +7 = () + Bava(@) + 7

and
1 —(a.pa(z) + Bralz) +7) — (dpalz) +e(1 — pa(x)) + Q)
=1-(a+d—¢)pa(x)—Bralx) —v—¢
> 1~ (048 — <) ua(e) — B0~ pala) —y ¢
S (at b= f—e)puale) — B - —C
>1—(at+6-F—e)—f—v—C
>l-a—6+e—7—¢
from (1)

>max(a+d,f+e)—a—d+e>e>0. O
Theorem 4. For every IFS A, for every six real numbers «, 3,7, 6,¢,¢ € [0, 1]
such that (1) is valid, and for every six real numbers a, b, ¢, d, e, f € [0, 1] such
that max(a + d,b + e) + ¢ + f < 1is valid, it holds that

@a,b,c,d,e,f (@a,ﬁ,'y,ﬁ,e,g(A)) = @aa—l—bé,aﬁ—l—bs,a'y+b§+c,da+65,d5+ee,d*y—l—e(—l—f (A)
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Proof. Let A be an IFS and let the 12 real numbers are given. Then
Dabede,f(Papy.8e¢(A))
= Gapede (T, a.pa(x)+ Bralx)+v,0.pa(x) +evalzr) + )|z € E}
= {(z,ala.pa(z) + Bra(z) +7) +b(0.pa(x) +evalz) +C) +c,
d(a.pa(z) + Bva(x) +7) +e(d.ua(z) + eva(z) +¢) + f)lx € E}
= {{z, (aa + b0).pua(x) + (aB + be).va(x) + (ay + b + ¢),
(da+ ed).pa(x) + (dB + ee).wa(z) + (dy+ eC + f))|x € E}
= @aatb8,ap+be,ay-+b¢+c,da-tes,dB+ee,dv+ec+f(A)- a

Finally, we illustrate the relations between different modal type of opera-
tors with Fig. 1.

@a76,"/167€7< @a757775757<

i

Qa,B8,7,8 E]a’gmg

Xapedef

aﬁv

/N

Fig. 1.

4 Conclusion

In the present paper, a new modal operator is introduced. It is extension of
operator ®, g~,5 and it is different from the rest modal operators, defined over
IFSs. It arises some open problems, as the following ones.

Open Problem 1: Can operator ®, s~.5.c,c be represented by the extended
modal operators?

Open Problem 2: Can operator ®, 3~ 6.c,¢ be used for representation of some
type of modal operators?
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