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Abstract
In this paper, we introduce the notion of intuitionistic fuzzy ideal and
intuitionistic fuzzy K-ideal in semiring and investigate some properties of
intuitionistic fuzzy K-ideals of semiring.
1. Introduction:
The concept of fuzzy set p of a set X was introduced by L. A. Zadch [9] as a

function from X in [0,1]. The concept of fuzzy ideals in a ring was introduced
by W. L. Liu [8]. T. K. Dutta and B. K. Biswas [3,4] studied fuzzy ideals, fuzzy
prime ideals of semirings and they defined fuzzy K-ideals and fuzzy prime K-
ideals of semirings. Y. B. Jun, J. Neggers and M. S. Kim [5] extended the
concept of an L-fuzzy left (resp. right) ideals of a ring to a semiring. The
concept of the idea of intuitionistic fuzzy set was first published by K. T.
Atanassor [1,2], as a generalization of the notion of fuzzy set. K.H. Kim and J.
G. Lee [6] studied the intuitionistic fuzzification of the concept of several ideals
In a semigroups and investigate some properties of such ideals. K. H. Kim [7]
introduced the notion of intuitionistic Q-fuzzy semiprimality in a semigroup and
Investigate some properties of intuitionistic Q-fuzzification of the concept of
several ideals.

In this paper we introduce the notion of intuitionistic fuzzy K-ideal of
semiring and investigate some properties of intuitionistic fuzzy K-ideal of
semirings.

Throughout this paper R is a semiring.

2. Preliminaries:

Let (R,+,") be a semiring. By a left (right) ideal of R we mean a non-empty
subset A of R such that A+Ac A and RAc A (ARc A). By ideal, we mean a
non-empty subset of R which both left and right ideal of R. A left ideal A of R
Is said to be a left K-ideal if te A, xeR and if t+xeA or x+teA then xeA.
Right K-ideal is defined dually, and two sided K-ideal or simply a K-ideal is
both a left and a right K-ideal.

By a fuzzy set pof a non-empty set R we mean a function p:R—[0,1], and

the complement of p,denoted by p, is the fuzzy set in R given by p (X)=1-p (),
for all xeR.



A fuzzy set p in R is called fuzzy left (resp. right) ideal of R if for any

XYEeR, p(xty)>min{p(x), p(y)} and p(xy) >p(y) (p(xy) 2p(x)) and p is
called fuzzy ideal if p both fuzzy left and right ideal of R.

A fuzzy ideal p of R is called K-fuzzy ideal of R if for any Xx,yeR,

p (x)>min{max{p (x+y), p(y+x)}, n(y)}.
A intuitionistic fuzzy set (IFS for short) A in a non-empty set R is an object
have the form:

A={(x: N (x),xA (x))/ xeR}
Where the function N ‘R—[0,1] and ;‘A ‘R—[0,1] denoted the degree of
membership and the degree of non-membership, respectively, and
0< N (X)H”A (x) <1
An intuitionistic fuzzy set A={(x: uA(x),kA(x))/ xeR} in R can be
identified to ordered pair ("A’;”A) in 1"xI®. we shall use the symbol
A:(uA ’)“A) for the IFS:
A={(x: N (x),kA (x))/ xeR}

3. Intuitionistic fuzzy K-ideal:
Definition 3.1:
An IFS Az(pA,xA)in R is called an intuitionistic fuzzy left (resp. right)

ideal of R if for all x,yeR:

Lpp Ocy)zmin{pn (ma O} and  pAGN)zEa()  (resp,
L\ (xy)= N (x)).

2- xA (x+y)gma\x{kA (X)’)“A (y)} and )”A (xy)< )‘A (y) (resp. )‘A (xy)
> xA (x)).

Definition 3.2:

An intuitionistic fuzzy ideal Az(uA,xA) of R is called an intuitionistic
fuzzy K-ideal of R if:
n 5 () =min{max{p , (x+y), 15 (y+X)}, 1 ()}
h p () <max{min{’ 5 (x+y),% o (y+X)} X 5 (V)}
Forall x,yeR.

Theorem 3.3:
Let A:(”A ,xA) an intuitionistic fuzzy set in R such that N is fuzzy K-

ideal of R then dAz(uA ,ILA ) is an intuitionistic K-ideal of R.

Proof:
1- Letx,yeR, since N is a fuzzy K-ideal of R



= Ry Is a fuzzy ideal.

So mp (xty)zmin{p 5 (X), mp (V)3 and ppy (Xy)zpp (V)0 p (XY)2 0 (X)
R(x+Y)=1-p 5 (x+y) <l-min{p 5 (X), 1 5 (Y}=max{Ll-p 5 (), 1-p 5 (v}
=max{pa (), LAY

So p(x+y)<max {pA (x), pA ()} B B

A (XY)=1-pa (Xy) <1-pa (Y)= pAY) =pAXY)< BAY)

also pa (xy)< pa (X)
therefore dA=(uA LA ) is an intuitionistic fuzzy ideal.

2- Let p () =min{max{p , (<+y), 15 (Y0}, 1 5 ()}
B(0=L-p () <1-min{max{p , (x+y), 15 (0}, 1 5 ()}
=max{L-max{p 5 (x+y), B 5 (y*+X)}, 1-p 5 ()}
=max{min{L-p 5 (x+y), 1-p o ()}, BA )}
=max{min{ kA (x+y), BA 0} RA ()}

s0 p(x)<max{min{ p A (x+y), pA ()} pA ()}
Therefore dA=(uA 1A ) Is an intuitionistic K-ideal

Theorem 3.4:
An IFS A:(uA ’)“A) Is an intuitionistic fuzzy K-ideal of R if and only if the

fuzzy sets p , and LA are fuzzy K-ideals of R.

Proof :
Suppose that an IFS A:(uA ,AA) IS an is an intuitionistic fuzzy K-ideal of R.

Clearly N is a fuzzy K-ideal .
Let X,yeR since A=(MA ’;‘A) IS an is an intuitionistic fuzzy K-ideal

= AaX+Y)<max{da (), Aa(Y)Fanddia () <ha (V). Aa0y) <A (X)
XA(X) < max{min{ AA(x+y),kA(y+x)},kA(y)}

XA (X+Y)=1-2 o (X+Yy) 21-max{h 5 (X),2 o (V)}
=min{AA (X), LA (Y)}
SO XA (x+Yy)>min{AA (X),AA (Y)}
by 0Y)=1=2 ) 09) 21=R 5 (V) =2A(Y)
=k, 09)21A(Y)
Also we can get that LA (xy) = 1A (X)



AA(X) =1-h 5 () 21-mas{min{ % 5 (X +Y), k5 (Y +X)} 2 5 (V)}
=min{l- min{kA(x + y),kA(y+ X)}1- AA(y)}
=min{max{1-2 o (X +Y).1-2 o (Y +X)} A (Y)}
= min{max{ LA (x+Y), LA (Y +X)} A (Y)}

So AA(X) =min{max{LA(X+y),AA(Y+X)}AA(Y)}

Therefore A A fuzzy K-ideals of R

Suppose that p , and LA are fuzzy K-ideals of R

Let x,yeR
Since pp is a fuzzy K-ideals of R

o (x+y)2min{p  (X),1 4 (V)}and p o () 2 ()i p () 2, (X)
= pp ) zmin{max{ p 5 (X+Y),na (Y+X)T 1A (V)}
Ap (X +Y) =1-2A(X+Y)
Since LA is a fuzzy ideals of R we get that
A p (X+Y) =1-min{d 5 (X), LA (Y)}
= max{1-1A(X)1-2A(Y)}
=max{ha (X),2p ()}
SOAp (X+Y)<max{da (X),A A (V)}
Also we get that A a (Xy) <A a (V). A a () <A p (X)
hp (X) =1-2A(X)
Since LA is a fuzzy K-ideals of R we get that
A p (x) <1—min{max{ LA (X +Y), LA (Y +X)}, AA (Y)}
=max{1- max{ A A (X +V),AA(X+Y)}1-LA(Y)}
= max{min{1-AA (X +Y) 1-LA(X+Y)} A a (Y)}
=max{min{ L p (X+Y),Ap (Y +X)} 2o (Y)}

So A (X) <max{min{ A p (X+Y),Ap (Y+X)} A (Y)}
Therefore A=(HA ,xA) IS an is an intuitionistic fuzzy K-ideal

Corollary 3.5 :
An IFS A:(pA,xA) IS an intuitionistic fuzzy K-ideal of R iff

dA=(p 5 ,pnA) and A =()A,} ) are intuitionistic fuzzy K-ideal of R.

A semiring R is called intra-regular if for each aeR there exists X,y e R such that
2
a=xa‘y.



Theorem 3.6:
Let A=(uA,kA) an intuitionistic fuzzy ideal of intra-regular semi-ring R

then A(a)=A(a%) and A A (ab)= A A (ba) forallabeR.
Proof:
Let acR, since R intra-regular, there exist X,y e R such that a=xa’ y
Since A:(HA ,xA) an intuitionistic fuzzy ideal
na (2)= pp(xay)> pp (@) 2pp (@) 2pp (@)
So pp ()= pa (@)
b (@)= hp (xa%y)< by (8%Y) <k p (3%) <Dy (2)
S0 hp (@)= 2p (@)
Hence we have p A (2)= pA(aZ) and )“A (@)= )”A (@)

Therefore A(a)=A(a°) for all acR.
Let a,beR as above we get

na (@)= pp (@0))= pa (aba)b) > pa (ba)
=pp ((b2)")= pp (b(@b)a) > pp (ab)
So we have pa (ab)= pp (ba)

ha (ab)= A A ((ab)®) < A A (a(ba)b) <A A (ba)
=k ((ba))= A A (b(ab)a) < & » (ab)

So we have A A (ab)= A A (ba)

Therefore ;‘A (ab)= ;‘A (ba) for all a,beR.

Theorem 3.7:
An IFS A:(uA,xA) Is an intuitionistic fuzzy K-ideal of R iff for any

te[a,b] such that (pp )= @ and (LA )= @ . (np ) and (AA); are K-ideal of R,

where (pp )={XeR/ pp (X) > t}.
Proof:
Suppose that IFS A=(HA ,xA) IS an intuitionistic fuzzy K-ideal of R

So by theorem (2.3) p » and LA are fuzzy K-ideal of R
—n,and LA are fuzzy ideal of R

By [4] for any te[0,1] such that (p )= @ and (AA )i @
(pp)iand (LA ), are ideal of R
Let Xe(pp)iand yeR and x+ye(pp )i or y+xe(pmp



=np (X) >tand pa (X+y) 2tor pa (y+x) >t

smax{pa (x+y) , pa (X} 2t

Since pp is fuzzy K-ideal of R

) zmimmax{pa (+y) | ma (Y90} pa (0} >t

=nup(Y) 2tsoye(ppk

Therefore (np ) is K-ideal of R.

Similarly we can prove that (LA ); is K-ideal of R.

Suppose that for any te[0,1] such (pa )i=® and (AA)=®, (np)iand (AA);
are K-ideal of R.

So (pp)iand (LA ), are ideal of R.

By [4] pp and LA are fuzzy ideal of R.

Letx,yeRand pa (Y)=ri, pa (X+ty)=r2 , pa (y+x)=rs,  (ric[0,1])
Let t=min{max{r,r:},r.}

=Ye(pp)rand x+ye(pp ) Or y+xe(pp

Since (pp )i is K-ideal of R.

So Xe(pp ) =>np (X) =t

pa (X) >mim{max{pa (xty) , pa (y+¥)} pa ()}

Therefore p p is fuzzy K-ideal of R

Similarly we can prove that AA is fuzzy K-ideal of R
By theorem (2.5) we get that A:(uA ,xA )is an intuitionistic fuzzy K-ideal of R

Recall a function f from a semi-ring R into semi-ring T homomorphism if
f(x+y)=f(x)+f(y) and f(xy)=f(x)f(y) for any x,yeR

Let f be a function from a set X into a set Y respectively, then the image of A
under f, denoted by f(A) and the preimage of B under f, denoted by f*(B), are
IFSs in X and Y respectively and defined by :

f(A)=(f(n 5 ).f(2 1)) . F'(B)=(F'(ng). F'(%B))
Theorem 3.8 :
Let f:R—T be onto homomorphism of semi-rings. If A:(uA,xA) IS an

intuitionistic fuzzy set such that N is a fuzzy K-ideal then the df(A)=(f(np ),

f(u ) ) is an intuitionistic fuzzy of R
Proof:

Let (f(na )): be anon empty level subset of f(p 4 ) for any te[0,1], if t=0 then
(((mp )R, if t20by 4] (A= N ((a)d)

<S<

So (f(p p )rs) is @ non empty for any 0<s<t



=(pp s is anon empty level subset of p o for any O<s<t

Since pp is a fuzzy K-ideal

Clearly (pp )is is K-ideal

Since f is an onto homomorphism, so (f(p p )rs) is K-ideal of T for any 0<s<t
since (f(ra))= N (F(a)ed)

O<s<t

So (f(pp )t is K-ideal
Therefore f(p p ) fuzzy is K-ideal
By theorem (2.3) df(A)=(f(np ), f(ra)) is an intuitionistic fuzzy K-ideal.

Theorem 3.9 :
Let .R—T be onto homomorphism of semirings. If B=(pg,Apg) is an

intuitionistic fuzzy K-ideal of T then the preimage f*(B)=(f*(pg), f*(rg)) of

B under f is an intuitionistic fuzzy K-ideal of R.
Proof :
1- let x,yeR

Fi(rg)(x+y)= ng (f(x+y))= pg (F(X)+f(y))
> min{pg (F(x), pg (Fy))}=min{ F(ng)(X), F(ng)y)}
So fi(ug)x+y) = min{ F(pg)(x), F(rg)¥)}
F(rg)(xy)= ng (Fxy))= pg (FOIFY)) = ng (F¥))=F(ng)V)
So fi(ug)xy)= Fi(pg)y)
Also f(pg )(xy) = F(ng )(x)

fH(ag)(x+y)= Ag(f(x+y))= Ag (F(X)+f(y))
< max{ g (f(x)), g (f(y))}=max{ F(Ag)(x), f(Ag)(¥)}
So fi(ag)(x+y) < max { F{(Ag)(X), F'(Ag)(¥)}
fi(ag)(xy)= Ag(f(xy))= g (FO)F(Y)) <rg(f(y))=f(Ag)(Y)
So fi(ag)(xy)= FH(AR)(Y)
Also f(ag)(xy)> FH(Ag)(X)
2- letx,yeR= f(X),f(y)eT
1 (ng)(¥) 2 pg (F)) =min{max{ pg (F)+f(y)), ng FY)+f(x)}. ng (Fy))}
= min{max{ f*(pg)(x+y), F(ng )(y+x)}, f(ng)(y)}
fH(Ag)(X)=Ag(f(x)) <max{min{ig(f(x)+f(y)), Ag(f(y)+f(x))}, Ag(f(y))}
= max{min{ f*(Lg)(x+y), f*(Ag)(y+)}, ' (Ag)¥)}
Therefore f(B)=(f(pg), f*(Ag)) is an intuitionistic fuzzy K-ideal of R.
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