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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 μ  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+A A and RA A (AR 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 tA, xR and if t+xA or x+tA then xA. 

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 μ of a non-empty set R we mean a function μ :R[0,1], and 

the complement of μ ,denoted by μ , is the fuzzy set in R given by μ (x)=1-μ (x), 

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

x,yR, μ (x+y)min{μ (x), μ (y)} and μ (xy)  μ (y) (μ (xy)  μ (x)) and μ  is 

called fuzzy ideal if μ  both fuzzy left and right ideal of R. 

    A fuzzy ideal μ  of R is called K-fuzzy ideal of R if for any x,yR, 

μ (x)min{max{μ (x+y), μ (y+x)}, μ (y)}. 

    A intuitionistic fuzzy set (IFS for short) A in a non-empty set R is an object 

have the form: 

A={(x: 
A

μ (x),
A

λ (x))/ xR} 

    Where the function 
A

μ :R[0,1] and 
A

λ :R[0,1] denoted the degree of 

membership and the degree of non-membership, respectively, and  

0
A

μ (x)+
A

λ (x) 1 

    An intuitionistic fuzzy set A={(x: 
A

μ (x),
A

λ (x))/ xR} in R can be 

identified to ordered pair (
A

μ ,
A

λ ) in I
R
I

R
. we shall use the symbol 

A=(
A

μ ,
A

λ ) for the IFS: 

A={(x: 
A

μ (x),
A

λ (x))/ xR} 

3. Intuitionistic fuzzy K-ideal: 

Definition 3.1: 

    An IFS A=(
A

μ ,
A

λ )in R is called an intuitionistic fuzzy left (resp. right) 

ideal of R if for all x,yR: 

1-
A

μ (x+y)min{
A

μ (x),
A

μ (y)} and 
A

μ (xy)
A

μ (y) (resp. 

A
μ (xy)

A
μ (x)). 

2- 
A

λ (x+y)max{
A

λ (x),
A

λ (y)} and 
A

λ (xy)
A

λ (y) (resp. 
A

λ (xy) 


A

λ (x)). 

Definition 3.2: 

    An intuitionistic fuzzy ideal A=(
A

μ ,
A

λ ) of R is called an intuitionistic 

fuzzy K-ideal of R if: 

A
μ (x)min{max{

A
μ (x+y), 

A
μ (y+x)}, 

A
μ (y)} 

A
λ (x)max{min{

A
λ (x+y),

A
λ (y+x)}, 

A
λ (y)} 

For all x,yR. 

Theorem 3.3: 

    Let A=(
A

μ ,
A

λ ) an intuitionistic fuzzy set in R such that 
A

μ  is fuzzy K-

ideal of R then dA=(
A

μ , Aμ ) is an intuitionistic K-ideal of R. 

Proof: 

1- Let x,yR, since 
A

μ is a fuzzy K-ideal of R 
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A

μ is a fuzzy ideal. 

So 
A

μ (x+y)min{
A

μ (x), 
A

μ (y)} and 
A

μ (xy)
A

μ (y),
A

μ (xy)
A

μ (x) 

μ (x+y)=1-
A

μ (x+y) 1-min{
A

μ (x), 
A

μ (y}=max{1-
A

μ (x), 1-
A

μ (y} 

=max { Aμ (x), Aμ (y} 

So μ (x+y)max { Aμ (x), Aμ (y)} 

Aμ (xy)=1- Aμ (xy) 1- Aμ (y)= Aμ (y)  Aμ (xy)  Aμ (y) 

also Aμ (xy)  Aμ (x) 

therefore dA=(
A

μ , Aμ ) is an intuitionistic fuzzy ideal. 

2- Let μ (x)min{max{
A

μ (x+y), 
A

μ (y+x)}, 
A

μ (y)} 

μ (x)=1-μ (x) 1-min{max{
A

μ (x+y), 
A

μ (y+x)}, 
A

μ (y)} 

=max{1-max{
A

μ (x+y), 
A

μ (y+x)}, 1-
A

μ (y)} 

=max{min{1-
A

μ (x+y), 1-
A

μ (y+x)}, Aμ (y)} 

 =max{min{ Aμ (x+y), Aμ (y+x)}, Aμ (y)} 

so μ (x)max{min{ Aμ (x+y), Aμ (y+x)}, Aμ (y)}  

Therefore dA=(
A

μ , Aμ ) is an intuitionistic K-ideal  

 

Theorem 3.4: 

    An IFS A=(
A

μ ,
A

λ ) is an intuitionistic fuzzy K-ideal of R if and only if the 

fuzzy sets 
A

μ and Aλ  are fuzzy K-ideals of R. 

Proof : 

   Suppose that an IFS A=(
A

μ ,
A

λ ) is an is an intuitionistic fuzzy K-ideal of R. 

Clearly 
A

μ is a fuzzy K-ideal . 

Let x,yR since A=(
A

μ ,
A

λ ) is an is an intuitionistic fuzzy K-ideal 

 )(Aλ)(Aλ,)(Aλ)(AλAλAλAλ xxyyxyand(y)},(x)max{)yx(   

)y()xy(

)y()y(1)xy(1)xy(

)}y(),x(min{)yx(

)}y(),x(min{

)}y(),x(max{1)yx(1)yx(

)}y()},xy(,)(max{min{)x(

Aλ
A

λ

AλA
λ

A
λ

A
λ

AλAλ
A

λ

AλAλ

A
λ

A
λ

A
λ

A
λ

A
λ

A
λyx

A
λ

A
λ













so
 

Also we can get that )x()xy( AλAλ   
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)}y()},xy(),yx(min{max{

)}y()},xy(1),yx(1min{max{

)}y(1)},xy(),yx(min{1min{

)}y()},xy(),yx(max{min{1)x(1)x(

AλAλAλ

AλA
λ

A
λ

A
λ

A
λ

A
λ

A
λ

A
λ

A
λ

A
λAλ









 

So  )}y()},xy(),yx(min{max{x)( AλAλAλAλ   

Therefore Aλ  fuzzy K-ideals of R 

Suppose that 
A

μ and Aλ  are fuzzy K-ideals of R 

Let x,yR 

Since Aμ is a fuzzy K-ideals of R 



)yx(1)yx(

)}y()},xy(),yx(min{max{)x(

)x()xy(),y()xy( and)}y(),x(min{)yx(







AλA

A
μ

A
μ

A
μ

A
μ

A
μ

A
μ

A
μ

A
μ

A
μ

A
μ

A
μ

λ

 

Since Aλ  is a fuzzy ideals of R we get that  

)}y(),x(max{)yx( so

)}y(),x(max{

)}y(1),x(1max{

)}y(),x(min{1)yx(

AλAλAλ

AλAλ

AλAλ

AλAλAλ









 

Also we get that )x()xy(),y()xy( AλAλAλAλ   

)x(1)( AλxAλ   

Since Aλ  is a fuzzy K-ideals of R we get that  

)}y()},xy(),yx(max{min{)x(So

)}y()},xy(),yx(max{min{

)}y()},yx(1),yx(1max{min{

)}y(1)},yx(),yx(max{1max{

)}y()},xy(),yx(min{max{1)x(

AλAλAλAλ

AλAλAλ

AλAλAλ

AλAλAλ

AλAλAλAλ













  

Therefore A=(
A

μ ,
A

λ ) is an is an intuitionistic fuzzy K-ideal 

 

Corollary 3.5 : 

    An IFS A=(
A

μ ,
A

λ ) is an intuitionistic fuzzy K-ideal of R iff  

dA=(
A

μ , Aμ ) and A
'
 =( Aλ ,

A
λ ) are intuitionistic fuzzy K-ideal of R. 

A semiring R is called intra-regular if for each aR there exists x,yR such that 

a=xa
2
y. 
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Theorem 3.6: 

    Let A=( Aμ ,
A

λ ) an intuitionistic fuzzy ideal of intra-regular semi-ring R 

then A(a)=A(a
2
) and 

A
λ (ab)= 

A
λ (ba)  for all a,bR. 

Proof: 

    Let aR, since R intra-regular, there exist x,yR such that a=xa
2
 y 

Since A=(
A

μ ,
A

λ ) an intuitionistic fuzzy ideal 

Aμ (a)= Aμ (xa
2
y)  Aμ (a

2
y)  Aμ (a

2
)  Aμ (a) 

So Aμ (a)= Aμ (a
2
) 

A
λ (a)= 

A
λ (xa

2
y)  

A
λ (a

2
y) 

A
λ (a

2
) 

A
λ (a) 

So 
A

λ (a)= 
A

λ (a
2
) 

Hence we have Aμ (a)= Aμ (a
2
) and 

A
λ (a)= 

A
λ (a

2
)   

Therefore A(a)=A(a
2
) for all aR. 

Let a,bR as above we get  

Aμ (ab)= Aμ ((ab)
2
)  Aμ (a(ba)b)  Aμ (ba)  

            = Aμ ((ba)
2
)= Aμ (b(ab)a)   Aμ (ab) 

So we have Aμ (ab)= Aμ (ba) 

A
λ (ab)= 

A
λ ((ab)

2
)   

A
λ (a(ba)b) 

A
λ (ba)  

            =
A

λ ((ba)
2
)= 

A
λ (b(ab)a)   

A
λ (ab) 

So we have 
A

λ (ab)= 
A

λ (ba) 

Therefore 
A

λ (ab)= 
A

λ (ba) for all a,bR. 

 

Theorem 3.7: 

    An IFS A=(
A

μ ,
A

λ ) is an intuitionistic fuzzy K-ideal of R iff  for any 

t[a,b] such that ( Aμ )t Φ  and ( Aλ )t Φ . ( Aμ )t and ( Aλ )t are K-ideal of R, 

where ( Aμ )t={xR/ Aμ (x)   t}. 

Proof: 

    Suppose that IFS A=(
A

μ ,
A

λ ) is an intuitionistic fuzzy K-ideal of R 

So by theorem (2.3) 
A

μ and Aλ  are fuzzy K-ideal of R 


A

μ and Aλ  are fuzzy ideal of R 

By [4] for any t[0,1] such that ( Aμ )t Φ  and ( Aλ )t Φ  

( Aμ )t and ( Aλ )t are ideal of R 

Let x( Aμ )t and yR and x+y( Aμ )t or y+x( Aμ )t 
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 Aμ (x)  t and Aμ (x+y)  t or Aμ (y+x)  t 

max{ Aμ (x+y) , Aμ (y+x)}  t 

Since Aμ is fuzzy K-ideal of R 

Aμ (y) mim{max{ Aμ (x+y) , Aμ (y+x)}, Aμ (x)}  t 

 Aμ (y)  t so y( Aμ )t 

Therefore ( Aμ )t  is K-ideal of R. 

Similarly we can prove that ( Aλ )t is K-ideal of R. 

Suppose that for any t[0,1] such ( Aμ )t Φ  and ( Aλ )t Φ , ( Aμ )t and ( Aλ )t 

are K-ideal of R. 

So ( Aμ )t and ( Aλ )t are ideal of R. 

By [4] Aμ  and Aλ  are fuzzy ideal of R. 

Let x,yR and Aμ (y)=r1 , Aμ (x+y)=r2  , Aμ (y+x)=r3,      (ri[0,1]) 

Let t=min{max{r1,r3},r1} 

y( Aμ )t and x+y( Aμ )t or y+x( Aμ )t 

Since ( Aμ )t is K-ideal of R. 

So x( Aμ )t  Aμ (x)  t 

Aμ (x) mim{max{ Aμ (x+y) , Aμ (y+x)}, Aμ (y)} 

Therefore Aμ is fuzzy K-ideal of R 

Similarly we can prove that Aλ  is fuzzy K-ideal of R 

By theorem (2.5) we get that A=(
A

μ ,
A

λ )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,yR 

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
-1

(B), are 

IFSs in X and Y respectively and defined by : 

f(A)=(f(
A

μ ),f(
A

λ ))  ,   f
-1

(B)=(f
-1

( Bμ ), f
-1

( Bλ )) 

Theorem 3.8 : 

    Let f:RT be onto homomorphism of semi-rings. If A=(
A

μ ,
A

λ ) is an 

intuitionistic fuzzy set such that 
A

μ is a fuzzy K-ideal then the df(A)=(f( Aμ ), 

)f( Aμ ) is an intuitionistic fuzzy of R  

Proof: 

    Let (f( Aμ ))t be anon empty level subset of f( Aμ ) for any t[0,1], if t=0 then 

(f( Aμ ))t=R, if t0 by [4]  (f( Aμ ))t=
ts0 

 (f( Aμ )t-s)  

So (f( Aμ )t-s) is a non empty for any 0<s<t 
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( Aμ )t-s is anon empty level subset of Aμ  for any  0<s<t 

Since Aμ is a fuzzy K-ideal    

Clearly ( Aμ )t-s is  K-ideal 

Since f is an onto homomorphism, so (f( Aμ )t-s) is K-ideal of T for any 0<s<t 

Since   (f( Aμ ))t=
ts0 

 (f( Aμ )t-s) 

So (f( Aμ ))t is  K-ideal 

Therefore f( Aμ ) fuzzy is K-ideal 

By theorem (2.3) df(A)=(f( Aμ ), )f( Aμ ) is an intuitionistic fuzzy K-ideal. 

 

Theorem 3.9 : 

    Let f:RT be onto homomorphism of semirings. If B=( Bμ , Bλ ) is an 

intuitionistic fuzzy K-ideal of T then the preimage f
-1

(B)=(f
-1

( Bμ ), f
-1

( Bλ )) of 

B under f is an intuitionistic fuzzy K-ideal of R. 

Proof : 

1- let x,yR  

    f
-1

( Bμ )(x+y)= Bμ (f(x+y))= Bμ (f(x)+f(y)) 

                           min{ Bμ (f(x)), Bμ (f(y))}=min{ f
-1

( Bμ )(x), f
-1

( Bμ )(y)} 

So   f
-1

( Bμ )(x+y)   min{ f
-1

( Bμ )(x), f
-1

( Bμ )(y)} 

   f
-1

( Bμ )(xy)= Bμ (f(xy))= Bμ (f(x)f(y))  Bμ (f(y))= f
-1

( Bμ )(y) 

So    f
-1

( Bμ )(xy)  f
-1

( Bμ )(y) 

Also f
-1

( Bμ )(xy)  f
-1

( Bμ )(x) 

 

f
-1

( Bλ )(x+y)= Bλ (f(x+y))= Bλ (f(x)+f(y)) 

                           max{ Bλ (f(x)), Bλ (f(y))}=max{ f
-1

( Bλ )(x), f
-1

( Bλ )(y)} 

So   f
-1

( Bλ )(x+y)   max { f
-1

( Bλ )(x), f
-1

( Bλ )(y)} 

f
-1

( Bλ )(xy)= Bλ (f(xy))= Bλ (f(x)f(y))  Bλ (f(y))= f
-1

( Bλ )(y) 

So    f
-1

( Bλ )(xy)  f
-1

( Bλ )(y) 

Also f
-1

( Bλ )(xy)  f
-1

( Bλ )(x) 

2- let x,yR f(x),f(y)T 

f
-1

( Bμ )(x) Bμ (f(x))min{max{ Bμ (f(x)+f(y)), Bμ (f(y)+f(x))}, Bμ (f(y))} 

                               = min{max{ f
-1

( Bμ )(x+y), f
-1

( Bμ )(y+x)}, f
-1

( Bμ )(y)} 

f
-1

( Bλ )(x)= Bλ (f(x)) max{min{ Bλ (f(x)+f(y)), Bλ (f(y)+f(x))}, Bλ (f(y))} 

                               = max{min{ f
-1

( Bλ )(x+y), f
-1

( Bλ )(y+x)}, f
-1

( Bλ )(y)} 

Therefore f
-1

(B)=(f
-1

( Bμ ), f
-1

( Bλ )) is an intuitionistic fuzzy K-ideal of R. 
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