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SOME INTUITIONISTIC FUZZY MODAL OPERATORS OVER
INTUITIONISTIC FUZZY IDEALS AND GROUPS
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ABSTRACT. K.T. Atanassov generalized fuzzy sets in to Intuitionistic Fuzzy
Sets in 1983[1]. Intuitionistic Fuzzy Modal Operator was firstly defined by
same author and the other operators were defined by several researchers|2, 3,
4]. Intuitionistic fuzzy algebraic stuctures and their properties were studied
in[5, 6, 7].

In this paper, we studied some intuitionistic fuzzy operators on intuition-
istic fuzzy ideals and groups.
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1. INTRODUCTION

The original concept of fuzzy sets in Zadeh [9] was introduced as an extension of
crisp sets by enlarging the truth value set to the real unit interval [0, 1]. In fuzzy set
theory, if the membership degree of an element x is u(x) then the nonmembership
degree is 1 — pu(x) and thus it is fixed. Intuitionistic fuzzy sets have been introduced
by Atanassov in 1983 [1] and form an extension of fuzzy sets by enlarging the truth
value set to the lattice [0, 1] x [0, 1].

Definition 1.1. [1] An intuitionistic fuzzy set (shortly IFS) on a set X is an object
of the form

A={<z,pa(z),va(z) >z e X}
where pa(z),(pa : X — [0,1]) is called the “degree of membership of z in A 7,
va(z),(va : X — [0,1])is called the “ degree of non- membership of z in A ”,and
where @4 and v4 satisfy the following condition:

pa(z) +va(z) <1, forall zeX.
The hesitation degree of x is defined by m4(x) = 1 — pa(z) —va(x)

Definition 1.2. [1JAn IFS A is said to be contained in an IFS B (notation A C B)
if and only if, for all z € X : pa(x) < pp(x) and va(x) > vp(z).

It is clear that A = B if and only if A C B and B C A.
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Definition 1.3. [1]Let A € IFS and let A = {< z,pa(z),va(x) >: v € X} then
the above set is callede the complement of A

A ={<z,va(x), pa(z) > 2z € X}
Definition 1.4. [2] Let X be a set and A = {< z,pa(z),va(x) > z € X} €

IFS(X).
(1) DA ={<z,pa(z),1 —pa(x) >z e X}

(2) CA={<z,1—va(z),va(z) >z X}

Definition 1.5. [3] Let X be aset and A = {{x, pa (x),va (2)) : x € X} € [FS(X),
fora,f el

B(4) = { (w0402 ra@) 5 € X}
X(A) {< MA(E)-H VA(1)>:x€X

H.(4) = {(=z, auA( )yava(z)+1—a):xz € X}
®,(4) = {{z, apa(z) + 1 - &, ava(2)) : o € X}
for max{a, B} +v € I, Bap,(A) = {< z,apa(z), fralz) +v > 2 € X}
for max{a, 5} +v €I, Ko p~(A) ={< z,apa(r) +7,ra(z) >z € X}

Definition 1.6. [8] Let X be a set and A = {< z,pa(x),va(r) > z € X} €
IFS(X), a,B,a+p el

(1) Bap(A) = {(z,apa(z), ava(z) + f) : x € X}
(2) Wap(A) = {(z,apa(®) + f,ava(z)) : 2 € X}

1

)
2)

(
(
(3)
(4)
()
(6)

The operators B gy, Ko, 5,~are an extensions of B, g, X, g(resp.).
In 2007, the author[4] defined a new operator and studied some of its properties.
This operator is named E, g and defined as follows:

Definition 1.7. [4]Let X be a set and A = {< z,pua(z),va(z) > = € X} €
IFS(X), a, B € [0,1]. We define the following operator:

E,p(A) ={<z flapa(z)+1—a),a(fra(z)+1—8) >z € X}

If we choose @ = 1 and write « insteed of 3 we get the operator H. Similarly, if
[ =1 is chosen and writen insteed of 8, we get the operator X,,.

In2007, Atanassov introduced the operator [, g s which is a natural extension
of all these operators in [3].

Definition 1.8. [3]Let Xbe a set, Ac IFS(X), o, 3,7,0 € [0,1] such that
max (o, ) +v+6 <1
then the operator [, g .5 defined by
Hag~.6(A) ={< z,apa(z) +7,pra(z)+6 >z € X}

In 2010, the author [4] defined a new operator which is a generalization of Eq g.
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Definition 1.9. [4]Let X be a set and A € [FS(X), , 5,w € [0,1]. We define the
following operator:

2 5(4) = {< 2, Blapa(@) +w — wa), alBra(e) + w —w.f) >z € X}
We have defined a new OTMO on IFS, that is generalization of the some OTMOs.
Z:i’g defined as follows:

Definition 1.10. [4]Let X be a set and A € IFS(X), a, 5,w,0 € [0,1]. We define
the following operator:

Z;’)’Z(A) ={<z, flaps(r) + w—w.a),a(fra(x) +0 —0.5) >z € X}
The operator Z;J”Z is a generalization of Z;, g,and also, Eq g,Ha g, Mo g

Definition 1.11. [5]Let G be a groupoid, A € IFS(G).If for all z,y € G,

A(zy) = min(A(z), A(y))
then A called an intuitionistic fuzzy subgrupoid over G.

Definition 1.12. [6]Let G be a grupoid, A € IFS(G). If for all z,y € G,

A(zy) = max(A(z), A(y))
then A called an intuitionistic fuzzy ideal over G, shortly IFI(G).

Definition 1.13. [6]Let G be a grup and A € IFS(G) a grupoid. If for all z € G,

Alz™h > A(x)
then A called an intuitionistic fuzzy subgroup over G,shortly IFG(G).
2. MAIN RESULTS
Theorem 2.1. Let G be a groupoid and A € IFS(G).

(1) If A € IFI(G) then OA € IFI(G)
(2) If A € IFI(G) then OA € IFI(G)

Proof. (1)For z,y € G,
poa(zy) = palzy) > pa(z) vV pa(y)
and
voa(zy) = 1—palzy) < (1= palz)) A1 —paly))
voa(z) Avoa(y)

So,
OA(xy) > OA(x) v OA(y)

Theorem 2.2. Let G be a groupoid and A € IFS(G).

(1) If A € IFI(G) then B(A) € IFI(G)
(2) If A € IFI(G) then K(A) € IFI(G)
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Proof. (1)For x,y € G,

pson (ay) = MA(wa) > MA2($) v MAQ(ZU)
= @) () V psa)(y)
and
v (y) = VA(:L‘Z) +1 < VA(:CZ) +1 A VA(yQ) +1
= vm(a)(@) Avaa (y)
So,
B(A)(zy) = B(A)(x) v B(A)(y)
O

Theorem 2.3. Let G be a groupoid and A € IFS(G).

(1) If A € IFI(G) then Ba(A) € IFI(G)

(2) If A € IFI(G) then Ko (A) € IFI(G)
Proof. (1)For z,y € G,

pR, ) (y) = apalzy) +1—a> (apa(r) +1—-a)V (apaly) +1-a)

pw,, (4) (@) V pm, a)(Y)
and
v, (4)(2y) = ava(zy) < (ava(z)) A (ava(y))
= v, (4)(@) Ve, )
So,
Mo (A)(zy) = Mo (A4)(z) VR (A)(y)
[

Theorem 2.4. Let G be a groupoid and A € IFS(G).
(1) If A € IFI(G) then B, 4(A) € IFI(G)

(2) If A € IFI(G) then K, 4(A) € IFSI(G)
(3) If A € IFI(G) then B 5. (A) € IFI(G)
(4) If A € IFI(G) then B 4 (A) € IFI(G)
Proof. For x,y € G,
He, 5 4)(TYy) = apa(ry) > apa(@) vV apaly)
= @, . 4)(@)Vum, . a)Y)
and
VB, 4 (@Yy) = Bralzy) +v < (Bra(@) +9) A (Bra(y) +7)
= I/Baa,B,W(A) (1’) A I/Baa,ﬁ,v(A) (y)
So,

Ba,p,+(A)(zy) = Ba,p,,(A)(@) V Ha,p,4(4) ()
The other properties can proof with same way. ([

Theorem 2.5. Let G be a groupoid and A € IFS(G) an ideal then E,g(A) €
IFS(G) is an ideal.
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Proof. For x,y € G,

PE. sy (y) = Blapalry) +1—a) > Blapalz) +1—-a)V Blapaly) +1—a)
HEq 5(4)( %) V B, 4(a)(Y)

and

a(Bra(zy) +1—p) < a(Bra(z) +1—B) Aa(Braly) +1—B)

= Vg, ,)(@) Ave, 4a)(y)

VB, 5(4)(2Y)

So,
Eo3(A)(zy) = Ea,p(A)(x) V Ea,p(A)(y)
O

Theorem 2.6. Let G be a groupoid and A € IFS(G) an ideal then [, 5 ~.5(A) €
IFS(G) is an ideal.

Proof. For x,y € G,

pe, 5 s (@Y) = apalzy) +v > (apa(z) +7) V (epaly) +7)
= /”Lma,ﬁ.'y,ci(A) (x) \/ MDa,B,’y,J(A) (y)

and
v, . sa)(@y) = Braley) + 0 < (Bra(z) +0) A (Bra(y) +9)
= VE'a,/f,w,é(A)(x) A Z/Da,[ﬁ,'y,ﬁ(A)(y)
S0,a,5,4,6(A)(2y) > Ba,p,4,6(A)(2) V Ha,p,4,6(4)(y) O

Theorem 2.7. Let G be a groupoid and A € IFS(G) an ideal then ZZ:g(A) €
IFS(G) is an ideal.

Proof. For x,y € G,

@) = Blamaley) +w - wa) > Alapals) +w - w.a) V Blaa(y) + - wa)
= sz:g(A)(x) v ’UZZ,'Z(A)(y)
and
Vs (@u) = a(Bualey) + 0 60.8) < alBua(@) + 60— 0.8) Aa(Braly) +0 - 0.9)
= Yz @ Avzzen )
Therefore, we obtain ZZ:Z(A) (zy) > ZZ”Z(A) (z)V Z::g (A)(y). O

Theorem 2.8. Let G be a group and A € TFS(G).

(1) If A € IFG(G) then 0A € IFG(G).
(2) If A € IFG(G) then OA € IFG(G).

Proof. Tt is clear that, if A € IFG(G) then it means A € IFI(G) and for all x € G,
A(z~1) > A(x).
So, it will be enough to prove the correctness of the second condition.
(2)For x € G
poa(z™!) =1—wva(@™) > 1 —va(z) = poa(z)
and
voa(r™!) =va(z™) Swva(e) = voa(z)
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The other property can be proved same way. ([
Theorem 2.9. Let G be a group and A € IFS(G).

(1) If A € IFG(G) then B(A) € IFG(G)
(2) If A € IFG(G) then ®(A) € IFG(G)

Proof. (2)For z,y € GIf A € IFG(G) then K(A) € IFI(G). So, X(A)(zy) >
X(A)(z) ANR(A)(y).

Now,
-1
_ pa(x +1 _ palx)+1
pgay(z ") = ( 2) > (2) = pr(a)(T)
and )
_ valx™ valx
VIX(A)(-Z' 1) _ A(2 )S AQ( ):Ug(A)(.’E)

Therefore,

R(A)(27") = B(A)(x)

Theorem 2.10. Let G be a group and A € IFS(G).

(1) If A € IFG(G) then B,(A) € IFG(G)
(2) If A € IFG(G) then R, (A) € IFG(G)

Proof. (1)For z,y € G, it is clear that H, (A)(xy) > B (A)(z) ABy(A)(y). On the
other hand,
pa, () (™) = apae™) = apale) = pm, ) (@)
and
Vg, a7 = ava(@™) +1-a <ava(z) +1-a=vg,a)(2)
So,
B (A)(271) 2 Ba(4)(2)

Theorem 2.11. Let G be a group and A € IFS(G).

(1) If A€ IFG(G) then B, g(A) € IFG(G)
(2) If A€ IFG(G) then K, g(A) € IFG(G)
(3) If A € IFG(Q) then B, s,(A) € IFG(G)
(4) If A € IFG(G) then K, s ,(A) € IFG(G)

Proof. For x,y € G,
PR, o4y (@ ) = apale ™)+ > apa(e) +v = pg, 4 (a)(@)

and
U, () (@) = Bra(e™) < Bra(z) = v, ,a)(@)
So,
Mo, (A) (@) > Ba,p4(4)(2)
The other properties can proof with same way. [l

Theorem 2.12. Let G be a group and A € IFS(Q). If A is an intuitionistic fuzzy
subgroup on G then E, g(A) € IFG(G).
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Proof. 1t is clear that for x,y € G, Ey g(A)(zy) > Ea g(A)(z) A Eq g(A)(y).
PEa s (@) = Blapalz™) +1-a) > Blapa(z) +1-a)

= g, 54 ()
and

ve, (@) = a(fralz) +1-8) < a(Bra(z) +1-8)
= vg, 44 (2)
So, Ea5(A) € IFG(G). 0

Theorem 2.13. Let G be a group and A € IFS(G) an intuitionistic fuzzy group
then Bl g 4,6(A) € IFS(G) is an intuitionistic fuzzy subgroup.

Proof. For xz € G,
Pasns() (@) = apa(a™) +7 > apa(e) +v

= Mma,ﬁ,w(A)(x)
and

v, 5 s (@) = Brale™) +6 < Bra(z) +6

= a4 (@)
Therefore [y g,4,6(A) € IFG(G). O

Theorem 2.14. Let G be a group and A € IFS(Q). If A is an intuitionistic fuzzy
subgroup on G then ZZ”Z(A) € IFG(G).

Proof. It can shown easily. |

REFERENCES

[1] K.T. Atanassov, Intuitionistic Fuzzy Sets , VII ITKR.s Session, Sofia, June 1983.

[2] K. T. Atanassov, Intuitionistic Fuzzy Sets, ,Spinger, Heidelberg, 1999.

[3] K.T. Atanassov, Studies in Fuzziness and Soft Computing-On Intuitionistic Fuzzy Sets Theory,
ISBN 978-3-642-29126-5, Springer Heidelberg, New York, 2012.

[4] G. Cuvalcioglu , New Tools Based on Intuitionistic Fuzzy Sets and Generalized Nets, ISBN
978-3-319-26301-4, Springer International Publishing Switzerland, (2016) 55-71.

[5] K.Hur ,Y. Jang and H. W. Kang, Intuitionistic fuzzy Subgroupoid , Int. Jour. of Fuzzy Logic
and Int. Sys., 3(1) (2003) 72-77.

[6] R. Biswas , Intuitionistic fuzzy subgroups, Mathematical Forum, Vol. X,(1989) 37-46.

[7] S. Yilmaz, ”Intuitionistic fuzzy Modal operatorlerin, Intuitionistic fuzzy Yapilarka Tli§kileri”,
Mersin Universitesi Fen Bilimleri Enstitiisii, Yiiksek lisans Tezi, 2012, 75 s.

[8] Dencheva K., Extension of intuitionistic fuzzy modal operators B and X,Proc.of the Second
Int. IEEE Symp. Intelligent systems, Varna, June 22-24, (2004), Vol. 3, 21-22.

[9] L.A. Zadeh, Fuzzy Sets, Information and Control, 8(1965) 338-353.

MERSIN UNIVERSITY FACULTY OF ARTS AND SCIENCES DEPARTMENT OF MATHEMATICS
E-mail address: sinemyilmaz@gmail.com

E-mail address: gcuvalcioglu@gmail.com

E-mail address: arif.bal.math@gmail.com



