Mathematical and Statistical Sciences

D SROSET

International Journal of Scientific Research in

Volume-8, Issue-4, pp.10-13, August (2021)
DOI: https://doi.org/10.26438/ijsrmss/v8i4.1013

Research Paper

E-ISSN: 2348-4519

Some Special Operations and Related Results on Intuitionistic Fuzzy
Sets

Jaydip Bhattacharya

Department of Mathematics, Bir Bikram Memorial College, Agartala, West Tripura, India, Pin-799004

“Corresponding Author: jay73bhatta@gmail.com Tel.: 9436180490

Available online at: www.isroset.org
Received: 03/Jun/2021, Accepted: 20/Jul/2021, Online: 31/Aug/2021

Abstract— Operators are playing significant role in intuitionistic fuzzy set theory. There are several operators in literature
which are introduced by the researchers. Similarly many operations are also defined time to time. In this paper some new
operations are discussed and consequently some related results are established and proved. The main objective of this
paper is to study those operations which are already available in the literature along with some newly defined operations
and to explain their properties with respect to modal and other operators.
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l. INTRODUCTION

In 1983, Atanassov [1] introduced the concept of
intuitionistic fuzzy set as an extension of fuzzy set which
was invented by L. A. Zadeh [2] in 1965. Since then many
authors and researchers are working for developing
intuitionistic fuzzy sets. It is well known to us that every
fuzzy set is intuitionistic fuzzy set but the reverse is not
true. But more importantly there exist some operators by
which we can transform intuitionistic fuzzy sets into fuzzy
sets easily. Atanassov [3] has remarkably pointed out about
the significance of modal operators which are equivalent of
the modal logic operators ‘necessity’ and ‘possibility’. It
can be mentioned that the sum of the membership and non-
membership function lies between 0 and 1 in intuitionistic
fuzzy set theory. In this concept, another function called
hesitation margin also belongs to 0 and 1. Many
mathematicians and researchers have their contribution for
developing the operators and operations in intuitionistic
fuzzy sets. The modal operators (o, ¢) introduced by

Atanassov [4] in 1986. He also introduced (&, ®) and (&,

X,) where a&€[0,1]. The uses of these operators over the
basic operations namely union, intersection, addition,
multiplication, difference and symmetric difference are
rigorously studied and established. In this paper, we

concentrate deeply upon the operations *, ®, >, oo, >
and < and try to establish some new properties. At the

same time the characteristics of the operations & and $ are
also discussed.

Il. RELATED WORK

Throughout this paper, intuitionistic fuzzy set and fuzzy set
are denoted by IFS and FS respectively.
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Definition 2.1  Suppose X be a nonempty set. A fuzzy set

AeX can be defined as A = {< x, pa(x) > xeX}, where
pa: x—[0,1] is termed as membership function of the fuzzy
set A. Fuzzy set is a collection of objects with graded
membership i.e. having degrees of membership.

Definition 2.2 [4]. Suppose X be a nonempty set. An
intuitionistic fuzzy set A in X is an object having the form

A= {<x, pa(X), va(X)> : x € X}, where the functions pa,
va: X—[0,1] define respectively, the degree of
membership and non-membership function of the element

x € X to the set A, which is a subset of X, and for every
element x € X, 0 < pa(x) + va(x) <1.

Furthermore, we have ma(X)= 1- pa(X) - va(x) which is
termed as intuitionistic fuzzy set index or hesitation margin

of x in A. ma(X) is the degree of indeterminacy of x € X to
the IFS A and ma(X) €[0,1] ,i.e, ma: X —[0,1] and 0 <

ma(x) <1 for every x € X.
na(X) means the lack of knowledge of whether x belongs to
IFS A or not.

Definition 2.3 [4]. Let A, B be two IFSs in X. The basic
operations are defined as follows:

1. [ inclution] A€ B < ua(x) < ug(x) and va(x) >
vg(X) V xeX.

2. [equality] A= B <pa(x) = us(x) and va(X) =
vg(X) V xeX.
[ complement] A®={<x, va(x), ua(X) > :x € X}.
[union] AUB ={<x, max(pa(x), ug(x)), min(va(x),
ve(X))>: x € X}.
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5. [intersction] ANB ={<x,
max(va(x) , vg(X))>: x € X}.

6. [addition] A®B ={<x, pa(x) + ue(X) - pa(x)
pa(x), va(x) ve(X)> 1 x € X}.

7. [multiplication] A® B ={<x, pa(x) ps(x), va(X) +
ve(X) “va(x) va(X)> : x € X}

min(pa(x), ps(X)),

8. [difference] A-B ={<x, min(pa(x), vg(X)),
max(va(x) , He(X))> 1 X € X}.
9. [symmetric difference] A A B = {<x,

max[min(pa(x),ve(X)),min(pg(x),va(x))1,
min[max(va(x)ps(x), max(veg(X) pa(X)]> : x € X}.

Definition 2.4 Let A and B be two IFSs in a nonempty set
X. Then

@ 5] AeB= {<x Yo pa® + pa(¥)], [ va(x) +
vg(X)]>:x € X}

(b) 5] A $ B = {< x
ve(X)¥2>:x e X}

(1a(X)-1e(X)) "%, (VA(X).

Definition 2.5 [6]. A is said to be a proper subset of B
i.e. AC Bif A< B and A # B. It means pa(x) < pg(X) and
va(X) > vg(x) but pa(x) # ue(x) and va(x) # ve(X) for xeX.

Definition 2.6 [6]. Let X be a nonempty set. If Aisan IFS
drawn from X, then

(i) DA ={<x,pa(X) , 1- pa(X) > :x € X }
(i) OA = {<X, 1-va(x), va(X) > : x € X}
For a proper IFS, A C A CO0A and DA #A #0A.

Definition 2.7 [7]. Let X be a nonempty set. If Aisan IFS
drawn from X, then,

ua ()

L vy i+l
BA={<x ——, A——

>} and
pa(x+1 valx

i

R A={<X,
Clearly A CA C RA.

Definition 2.8 [7].
from X, then

(i) HA={<x, apax), o va(X) +1-a>:x € X}
(i) ®,A = { <X, o.pa(X) +1- o, ava(X) > : x € X}

Let 0€[0,1] and A be an IFS drawn

I1l. SOME SPECIAL OPERATIONS AND THEIR
PROPERTIES IN IFS

Definition 3.1  Let X be a nonempty set. If A and B be
two IFSs drawn from X, then,

. (=) + pplx)

(i A xB = {< x FAT T FB -

" 2(palxi+ pgixhel)
vy (x)+ '.'B':x:l
Zivy (x4 vgx)+1)

>:x€e X}
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py (x) pplx)
2{pp (=) pgl=i41)’

(ii) Ao B ={<x

v‘ql:x:l \lBI:x:I
- ->:Xe X}
2 wﬁ'\x} Vg () +1)

palx) + pglxd
(g (x4 pg (xiy+1’

i) A B={<x

vy lx)+ vglxd

vyl +vg ()41

>:xe X}

by () pg ()

(iv) A o B={<x, 2 (g () pg () +1’

1")'-:1 I:x:l "L'El:.\[:'
2wy (=) vg (x))+1

(v) A > B ={<x,

valxh + vglx)

>:xe X}

l-l,ﬂ,':-“:' + HE':K:'
pa (4 pglxhsl '

vyl +vglxl+l >:x € X}
. pp (%) pgixd
= {< —
(vi) A < B = {< x, 1 () g (0 +1
v (x) vg(x)

. - >
1'A'\x}1'5'~x}+1 X€ X}

Here, A *xB,AOB, A< B,Aco B,A> B,andA< B
are all intuitionistic fuzzy sets.

Theorem 3.2  Let X be a nonempty set. If A and B be
any two IFSs drawn from X, then

(@ [BAUB)® = r(A°)N = (B°)
wngmumr-am%ﬂE@%
(c) [B(ANB)° == (A°) U ® (B®)
(d) [®(ANB)¢ =@ (A%) U @ (B®)
(e) [B(A®B)]° > ®(A®) ® ®(BY)
() [® (AeB)® D@ (A%)® @ (B°)
(9) [BA®B)° C ®(A°)® m=(BY)
(h)[® (AeB)]¢ cm(A°) @ m(B®)

Proof (a) to (d) are obvious.
(e) Now L.H.S = [E(A @B)] ©

Ha(x), va(x) va(x))]° , ]
- < Ha(x)+ HB':K.‘.': Ha (x) u,g'ix}’\uth}\-ftx}+1 5 =

= [B(pa()+ pa(X)- 1a(X)

valahvp(al+1 _l:x + ppix)—paix _I:x
(<4 ;E ’u.q}ug }ﬂu;, ) ug }>}

and RH.S =& (A%) ® ® (B®) = B(va(X), pa (X)) ®

X (ve(x), L;B(X)) }
:{<\l )+ 1 u;, (x }®{

~{< x,a,k.:}+ 1 13&!:]'+ J.! u,a,ﬂkx} + ugﬂkx} .

>} i ) ) )

Clearly it can be checked that

valxi+1l wpixi+ 1 < vy (xhvglxl+l

L P P

vplxl+1 HB'\C:'

>}

u,e,kx} pg lx)

L] L]
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L-l;,ﬂ':x:' + HBH':K:' _ pglx) pgix) S

and

5 5

ba(x)+ up(x)— wa(x) up(x)

-

Hence [B(A @B)] ¢ O = (A°) ® ® (B®)
Similarly (f) to (h) can be proved.

Theorem 3.3  Let X be a nonempty set. If A and B be
any two IFSs drawn from X, then

(@) [B(AUB)]® = R(AUB)C
(b) [® (AUB)]® =m(AUB)C
(c) [B(ANB)]® = R(ANB)°
(d) [®(ANB)]° =@\(ANB)°
(e) [B(AeB)]°=x(AeB)°
() [x(AeB)]“=mAeB)°
(@) [B(A®B)]°==(A®B)°
(h) [® (A®B)] ¢ = @m(A®B)°
() [BA-B)]° =r(A-B)°
() [®A-B)]° =mA-B)°
(k) [B(AAB)]®=mx(AAB)C
() [R(AAB)] =mB(AAB)®

Proof (a) Here B(AUB) = B[max(pa(x), pa(x)),
min(va(x), ve(X))]

- < maxi p g l;x},pgl'x}} min(vy ':Ki,\'g ':.1::':|+ 1 >}
Now L.H.S = [B(AUB)]® =
min(vs(xlvg( \:}:H 1 maxlpa(=xlpgl \:}:I

{= . ’ . >}

and RH.S=R(A UB) ¢ = ®R(min(va(x), vg(X)),

max(pa(x), He(x)))

_ {< mmI\AI 1{]:.3' 1{}:|+ J.’ max| pﬁl;} gl 1{:':' }
Hence the proof.
Similarly (b) to (I) can be proved.

Theorem 3.4 Let X be a nonempty set. If A and B be
two IFSs drawn from X, then

(@ m(AeB)° =[x (Ae B)°
(b) x(AeB)° =[m(AeB)
(c) B(A$SB =[m(AS$ B)°
(d =A$B)C =[mAS$B)
() B(A*xB)° =[x (A * B)°
() =(A*B)® =[m(A* B)°
@ mB(AeB)=[m(AG B)°
(hy x(AeB)° =[m(Ao B)°
(i) B(AxB)° =[x (A B)°
() ®AXNB)=[BAXB)°
(kW B(AxB)® =[x (A B)°
() R(AxB)® =[E(Ax B)°
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(m) m(A>B)°=[®(A> B)°
(n R(A>B)°=[mA> B)°
(0) B(A<B)® =[x (A< B)°
() ®(A<B)C =[@(A<B)°

Proof ()LHS=m(AeB)°

v lxd+vgix () + ppix
= {< WAV },u.-, u3}>}

-

(< ':\',z,':x]': vp(x) Y u;,u:xﬁfugu:x:' +1)5)
RHS=[x= (Ae B)°

pﬁ"{}‘l‘ |..LBI1c} v x4 vg(x) >]c

2

_[®<

- {<2 (uAHc:l+ ugl\:]l +1), lel\::l+ vglx) >}C

4
={< I“‘a"ll 1{}: "B'ﬂ} _.-%( Bat x}j“BI:x} +1) >}
Hence the proof.

Similarly (b) to (p) can be proved.

Theorem 3.5 Let X be a nonempty set. If A and B be
two IFSs drawn from X, then

@@ ®B,(AeB)°=[x,(Ae B)°
(b) ®,(AeB)® =[m,(AeB)°

© B, (A$B)° =[”R.(AS$ B)°

d) =R, (A$B)° =[m,(AS$B)°

() B, (A*B)° =[x, (Ax*x B)°
(H R, (A*B)° =[mE,(Ax B)°
(9) B.(A0B)° =[”R,(A® B)°
(h) R, (A0B)° =[E, (Ao B)°
() B, (A B)® =[®,(A>B)°
() R, (AxB)® =[8,(AxB)°
(k) B, (A B)° =[x, (A~ B)°
() ®,(AwB)® =8, (Ax B)°
m B,(A>B)° =[r,(A> B)°
(n ®,(A>B)° =[m\,(A> B)°
(0) B, (A<B)® =[R, (A< B)°
() R, (A<B)® =[B, (A< B)°

Proof (a) LH.S=m,(Ae B)°

— @, { < xl;,l:x}+x'3f.\:} u;,l:x};l-ugl'x} >}

- t<a Uﬁ““*yﬂ),ﬁ*ﬂ+““5-+1a>}
Again R.H.S =[x, (A e B)]I°
- (< I-l;,':.‘c}ﬂ-l;g':-‘{:':] +1-q, (1‘4'1::'4'\3"!:' j }

- o (AR ) a0 Ly

Hence the proof.
Similarly (b) to (p) can be proved.
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Theorem 3.6  Let X be a nonempty set. If A and B be
any two IFSs drawn from X, then

@ [B,(AUB)® =R, (A°)N &, (B®)
(b) [®,(AUB)® =8, (A%)N B8, (B°)
© [B.(ANB)® =8, (A°) U &, (B)
(d) [®, (ANB)] ¢ =8, (A°) U @, (B°)
(e) [B.(A®B)]°D R, (A%)® &, (B%)
(f [R.(Ae B)° D8, (A%) ® @, (B%)
@ [E.(A®B)°Cr,(A%) o R, (B°)
() [®,(A®B)° C&,(A%)® @, (B%)

Proof (a) L.H.S =[m, (A UB)] ¢

= B, {< (max(pa(x), us(x)), min(va(x) , ve(x)) >}
= {<0. max(pa(x), Ha(x)), 0. min(va(x) , ve(x)) +1- @ >}
= {< a. min(va(x) , vg(X)) +1- o, 0. max(pa(x), us(x)) >}

Again RH.S = ®, (A°) N &, (B%)

= By {< (va(®) , pa(¥)) >} N K, {< (va(x), pna(X)) >}
={<a. (va(X)) *1- a, a. pa(x) >} N {< a. (va(X)) +1- a,

a. pg(X) >}

= {< min[[a. (va(X)) +1- a, a. (vg(X)) +1- a], max[a. pa(X),
a. pg(X) >}

= {< o. min(va(x) , va(X)) +1- o, o. max(pa(x), ps(X)) >}
Hence the proof.

Similarly (b) to (h) can be proved.

IV. CONCLUSION

Here we discussed on some special operators in
intuitionistic fuzzy sets and investigated few results. The
results which are established in this paper will certainly
develop the literature. These will be very helpful for
extending other new area of intuitionistic fuzzy sets in near
future. The real life problems can also be solved with the
help of these operators.
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