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Abstract. In this paper, first we define the notions of INK-algebra, INK-ideals, fuzzy sets,
intuitionistic fuzzy INK-ideals and intuitionistic fuzzy closed INK-ideals. Using the concept of
level subsets, we prove some theorems which show that there are some relationships between these
notions. Finally we define the homomorphism of INK-algebras and then we give related theorem
about the relationship between their images and intuitionistic fuzzy INK-ideals.

1. Introduction

The fuzzy set cerebration was introduced L.A Zadeh in 1965 [15]. After some authors an extension of the
absicht of the fuzzy set, then the concept of fuzzy set has been development rapid. In Imai and Iseki
introduced two logical algebras from the abstract algebras namely BCI/BCK -algebras [8] and [9]. In this
paper, we establish the concept of INK-algebraic structure which is generalization of TM/Q/BCK/BCI
algebras, and also we dispute of intuitionistic Fuzzy INK-ideal in INK-algebras and studied some
definitions, properties, theorems and give some examples.

2. INK-algebras
Let us start this section with some known basic definitions of INK-algebra, intuitionistic fuzzy set on
INK-algebras from [21] and [22], which we are used frequently in our next section.

Definition 2.1.Let * be a binary operation on A with constant 0, Then a nonempty set (X ,*,0) is called a
INK- algebra, if

(INK-I) x #x =0,
(INK-IT) x*0=x,VxeX.
(INK-ITT)0 *x=x,
(INK-1V) (y*x) * (y*z) = (x»z) forallx,y,zeX.

Remark 2.2.A binary relation < by x <y if and only if x* y = 0.
Definition2.3.Let A be a INK- algebra and S be a subset of A . Then S is denoted by ideal of A .if

ID-1) 0€ S,
ID-2)a*beSandbeS = ae S ,VabeA.
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Definition 2.4. An ideal B of a INK-algebra A is said to be closed if 0 * a€ A,V a € A.

Definition2.5. A fuzzy (sub) set Pof the set A (nonempty set) is a function f: A— [0,1] and the
complement of B is denoted by f°(a) = 1- f(a) for all a€ A.

Definition2.6. A fuzzy (sub) set Pof the set A (nonempty set) is called a fuzzy sub algebra of INK-
algebras A if,

B(a*b) >min {B (a), B(b)} Va,beEA.
Definition 2.7. A fuzzy (sub)set B in a INK-algebra X is called a fuzzy ideal of A , if

FID-1) B (0) = B(a),
FID-2)B(a)>min{f (a*b),B(b)},V a,bEA.

Definition 2.8. An IFS B in a (nonempty) set A is an object having the form

B = {(A, Br(a),0s(b) ) / a€ A},
where the function Bg: A— [0,1] and 65 :A — [0,1] denote the degree of membership (Bg(a)) and non-
membership (dp(a)),V a €A to the set A respectively, and 0< Bg(a) + dp(a) < 1, V a€ A. so written as B=(
A, Bg, 6 ) for the intuitionistic fuzzy set B = {(A, Bg(a), dg(a) ) /a€A }.

Definition 2.9. Let B = (A, Bg,) be an IFS in A. Then B = (A, B fg) and B= (A, 55 5p).

Definition2.10.An IFS B = (A, Bg,p) is called an intuitionistic fuzzy sub algebra of A if it satisfies,

IFS-I) PBg (a* b) >min { By (a), P (b)},
IFS-1I) 85( a* b) <max { 8, (a), 54 (b)},V a,bEA .

3. Intuitionistic fuzzy INK-ideal
We start with the definition of INK-ideal from [22].
Definition 3.1. Let S be a nonempty (sub)set of a INK —algebra X is called INK-ideal of A , if

INK-1) 0€es,
INK-2) (c*a)*(c*b)eSandceS =>x€el,Va,b,c EA.

Definition 3.2. A fuzzy subset B in a INK-algebra X is called a fuzzy INK- ideal of X, if

FINK-a) B (0) =P (a),
FINK-b) B(x)>min{B(c*a)*(c*b),B(b)},V ab,c EA.

Definition 3.3. An IFS B = (A, Bg,0p ) in a INK-algebra X (nonempty) is called an intuitionistic fuzzy
INK-ideal of A , if

IFINK-I) Bg(0) >Pg(a)anddpg(0) <d(a),
IFINK-II) Bg(x)>min{Bg(c*a)*(c*b),Ps(b)},
IFINK-III) 8p(x)< max{Sg(c*a)*(c*b),ds(b)} Vab,c EA.

Example3.4 .Let B= {0,1, m, n} with binary operation * given by
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* 0 1 m n
0 0 1 m n
1 1 0 n m
m m n 0 1
n n m 1 0

Take IFS B =(A ,Bg, dp) in A as by Bg (0) = 0.6 ,p5 (1) = 0.4, Bg (m) =PBg (n) =0.3.and 65 (0) = 0.3, 55 (1)
=6p (m)=0.5, 6 g(n ) =0.4. Then it is easy to verify that B= (A, Bg p) is anintuitionistic fuzzy INK-ideal
of A.

Definition 3.5.An IFS B = (A,B s, 6g) in a INK-algebra A is called an intuitionistic fuzzy closed INK-
ideal of A, if

IFCINK-T)Bg (0 *a) >Bg(a)and dp(0*a) < dg(a),
IFCINK-II)Bg( a ) > min{ Bg (c*a)*(c*b) , Bs (b) },
IFCINK-IIT) 6p(a)<max{dp (c*a)*(c*b),ds(b)},V a,b,c EA.

Definition3.6.Let B be a IFS in a nonempty set A .The upper s-level of Bg is
U(Bs; s) ={ a€A /Pg(a)=>s}

and thelower t-level of 85y is

L(@g;t)={a€A/dg(a)<t}.

Theorem 3.7.Let B be a(nonempty) subset and IFINK-ideal of a INK-algebra B. Then so is B = (A,
BB,ﬁB) and B = (A, 6]3,6]3).

Proof.We know that,Bg(0) > Bg(a). This implies that 1-8 5(0) >1- 5 g(a) and hence

B 5(0) < B 5 (a) for every a€ A .
Let us considerVa ,b ,c € A. Then

Pe (a)=min{ B (c*a)*(c*b), fs (b) }

:>1_-,EA( a)>min{ 1;(/7A(C*a)*(c*b))_, 1-BA(b)}
=p s(a) < I-min{ (B p(c*a)*(c*b)), B (b) }
= p(a)<max{ (B s(c*a)*(c*b)), B (b) }.

Hence B =( A, Bpfp) is an intuitionistic fuzzy INK-ideal of A. To prove the second part, letBbe an
intuitionistic fuzzy INK-ideal of a INK-algebra A.Now, we have

83(0) <6z (a)
=1-55(0) < 1- 5g(a)
=685(0) > 5p(x), V a€ A
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Now consider, V a, b, cE A. Then, we have

6p(a)<max{ég(c*a)*(c*b),dp(b)}

=1-6p(x)<max{ 1-(6(c*a)*(c*b)),1-85(b)}
=6p( x ) > 1-max{ (§p(c *a)* (c * b)), &s(b) }
=6p(x) > min{ ({g(c *a)* (c *b)),5s(b) }.

Hence B=( A, ,g p) 1S an intuitionistic fuzzy INK-ideal of A.

Theorem. 3.8.LetB (non-empty set) be an IFCINK-ideal of a INK-algebra A. Then B = ( A, 8z §g) and
B= (X, BsBp) is also a closed IFCINK -ideal.
Proof.First we prove B =( A, &g 8 p) is closed IFCINK-ideal. For all a € A, we have

Sp(0*a) < s (a)
=1-65(0* a) < 1- 55(a)
=35(0 * a) >5(a).

Therefore B =( A, 85 0g) is an IFCINK-ideal of A. To prove the second part let a € A,thenwe have
Pe(0*a) =Pg(a)

=1-f5(0*a)=>1-p p(a)

=B 5(0 * a) <B g(a) forany V a, b, c € A.

Hence B =( A, Bp [ ) is an intuitionistic closed K-ideal of A .

Theorem 3.9. Let B (nonempty set) be an IFINK-ideal of a INK-algebra A if and only if the non-empty
upper s-level cut U ( B 5 ; s ) and the non-empty lower t-level cut L (dg; t) are INK-ideal of A ,V s, t €
[0,1].

Proof.Suppose B= (A,Bg,Az ) be an IFINK-ideal of a INK-algebra A. For alls,t€ [0,1],we define the set
U(Bs; s) ={a€ A/ Bp(a) 2s}
and

L (6g;t)={ a€A /65 (a) <t }.
BecauseL (6p;t) #0,Va€L (dp;t) =>6p(a)<t =63(0)<t = 0€L (6p; t).Let
(c*a) *(c * b) EL (Ip; t) and bEL (Jp; t) then Sp( (¢ * a)* (¢ * b) ) <tand g (b) <t }. Since forall a, b, ¢
€A,
dp(a)<max{ép((c*a)*(c*b)),ds(b)} <max {t,t}=t =3Jg(a)=t.

Therefore a EL (6p; t) and hence L (6p; t) is an INK-ideal of A.Similarly, we can prove U (B 5; s) is an
INK-ideal of A .

Conversely, suppose U(B g; s) and L (8 ; t) are INK-ideal of A . Vs ,t € [0,1].Let assume that ay, by € A
such that Bg (0 ) <Bg(ag) and p( 0 ) >Ga(by ).Put

S [ Bo( 0 )+ Ba( 20)] = so= Bo( o) .
0<PBs(0)< so< 1 =ao€ U(Ps; so).
Since U(Bg; so) is an INK-ideal of A , we have 0 € U(Bg; so) implies that fg( 0 ) > sg,which is a
contradiction. Therefore P(0)> Pp(a),V a€ A. By taking

to=5[85( 0) + 8y (bo)]
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we can show that
6(0)<dp(b),VDbeA.
Assumethat a, by, ¢y € A .such that B (ag )< min{ Bg (co™ ag)* (co* bo) , Ps (bo) },
So. [P (ao)+ min{ By (co* a0)* (co* bo) , B (bo) }]
Put s9>Bg( ag ) and so< min { Bg (co* a9)*( co™ bo) , g (bo) }

=50>Pr(a0) , s <Ps (co™ ao)™ (co™ by) and sy<Pg (bo)
= a9eU(Bs; So) » (Co™ a0)™ (co™ bo) € U(Ps; so) and by € U(Bg; o) ,

which is acontradiction to INK-ideal U(Bg; so). Therefore,
Bg (a)>min{ Bg (c*a)*(c*b),Pe(b) },Vab,cEA.

Similarly ,we can prove , dg( a)<max{dg(c*a)*(c*b), dz(b) }, ¥V a,b, c € A. Hence B = (A,Bp,dg) be an
intuitionistic fuzzy INK-ideal of an INK-algebra A.

Theorem3.10.Let B =( A, Bs, 65 ) be an IFCINK-ideal of a INK-algebra A if and only if the non-empty
upper s-level cut U (B p; s) and the non-empty Lower t-level cut L (8 ; t) are closed INK-ideal of A, V's
st €[0,1].

Proof.IfB =( A, Bg,0s) be an IFCINK-ideal of a INK-algebra A.We have Pg (0*a) > g (a) and

6p(0*a) < Jp(a) for all a€A.For a€ U(Pg; s) = a€ A. and B (a) >s = P (0* a) > s= 0* a€ U(Pp; s)
and a€ L(dp;t) > a€ Aand g (a) < t =6 (0*a) < t = 0* a€ L(dp; t).Therefore U (Bg; s ) and L(
Op; t) are closed INK-ideal of A. Conversely, we show that fpg (0 *a) >Pg(a)and (0 *a) < &p
(a),for all a€ A .If possible, assume ag€ A. such that Bg (0 * ag) <PBg (ao) then we take

So =[Bs (0* a9 )+ B ( ao)],

B (0 *ag) < so<Pr(ao)
= a9 €(Bg; S0)
but 0* ay € U (Bg; so ),which is contradiction to closed INK-ideal. Hence Bg( 0*a) > Pg (a), for every
a€ A. Similarly we can prove that,g( 0 *a) < dg(a),V a€A.

Definition 3.11.A mapping y from A to B of INK-algebra is called a homomorphism
v (a*b) =wy(a)* y(b), Va.,b,ceA.

Note that y : A —B is a homomorphism of INK-algebra then v (0) = 0.Let y: A —B is a homomorphism
of INK-algebra for any IFS B= ( Bs,03) in B, we define a new intuitionistic fuzzy setB¥= (  z¥,65") in A
by IFS B 5 (a) = Ba(v (a)) , 85"(a) = 6(y(a) ), for all a€ A .

Theorem 3.12.Let y be a mapping from A to B is a homomorphism of INK-algebra. Suppose an IFS B=(
Bg,0g) is an intuitionistic fuzzy INK-ideal of B, then an IFS B Y= (B 3 ¥,65 ) in B is a IFINK-ideal of A.

Proof. First we prove that,

B s"()=PBuly (2)) < Bu(0) = Pa(w (0)) = B 5"(0)

dp'(a) =g (v (x)) = 8(0) =85 (v (0))= J"(0),Vab,ceEA.
Consider
min{f“((c *a) * (¢ * b)), B 5"(b) } =min {Bs (v (©)*y (@)* (v (©)*y (b)) By (b) }
= min{ B ((y (¢ *a))*w(@a*b)),Ps (v (b))}
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= min{ g (y ((c*a)*(c*b)),Ps(y ()}

=min {#3*((c* a)* (c * b)), B 5"(b))}.

<Be(w(a)) =p35"(a).

implies that min{f z*((c *a)* (@ *b)),"(b)} =p5"(a) and
max{dz'(( c*a)*(c*b)), &"(b) }

=max {p ((w (¢c) * v (a)) * w (c) * y (b)) .a(w(b)) }

= max { 6a ((y (c*a)) * w(c*b)),ba (v (b)) }

max { 8 (y ((c*a) * (c*b)) ,6a (w (b)) }
max {5"((c*a) * (c*b) ) ,d3"(b))}.

> gy (@) =ds'(a)
implies that max {dz"(( c*a) * (c*b)), dz*(b) } = Jp"(b).

References

[1]
(2]

[17]

[18]
[19]
(20]
(21]
[22]
(23]
(24]

Sundus Najah Jabir 2017 International Journal of MathematicalAnalysis 11 635-646
Radwan M Al and Omar Shadab Khan 2015Journal ofAdvanced Research in Pure

Mathematics T 23-34

Osama Rashad El-Gendy 2016 Annals of Fuzzy Mathematics andinformatics12 245-253
Najafi A and Borumand Saeid A 2014 Cankaya University Journal of Science and Engineering
11 19-28

Young Hee Kim and Keum Sook So 2013 Journal of thechungcheong mathematicalsociety
26175-179

Samy M, Mostafa, Mostafa A Hassan 2015Pureand Applied Mathematics Journal 4 225-
232

Saleem Abdullah 2014A4nnals of Fuzzy Mathematicsand InformaticsT 661-668

Kiyoshi iseki and Shotaro T 1978 Math. Japonica 231-26

Kiyoshi iseki and Shotaro T 1976 Math. Japonica 21351-366

Atanassov K T 1986 Fuzzy sets and Systems 20 87-96

Atanassov K T 1994 Fuzzy sets and Systems 61137-142

Jianming Zhan and Zhisong Tan 2003 Soochow Journal of Mathematics 29 290- 293
Satyanarayana B and Durga Prasad R 2009 Advances inFuzzy Mathematics 4 1-8
Satyanarayana B and Durga Prasad R 2009 Global Journal of Pure and Applied Mathematics
5125-138

Zadeh L A 1965 Information Control8 338-353

Megalai K and Tamilarasi A 2010 IJCA, Special Issue on Computer Aided soft Computing
Techniques for imaging and Biomedical Application 1 17-23

Megalai K and TamilarasiA 2010 IJCA Special Issue on Computer Aided Soft Computing
Techniques for Imaging and Biomedical Application 1 23-29

Neggers J,Ahn S S and Kim H S 2001/nt. J. Math. Math. Sci.27 749- 757

Jun Y B, Hong S M, Kim S J and Song S Z 1999J. Fuzzy Math.7 411-418

Liu Y and Meng J 2000 SoochowJ. Math. 26 441-453

Hu Q P and Li X 1983 Math. Sem. Notes Kobe Univ. 2 313-320

Tamilarasi A and Megalai K2011 EuropeanJournal of Scientific Research 54 215

Megalai K and Tamilarasi A 2011Springer-Verlag Berlin Heidelberg 260 328-335

Kaviyarasu M, IndhiraK and Chandrasekaran VM 2017 Int. J. Pure and
Applied Mathematics 113 47-55



