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1 Introduction

Ever since an introduction of fuzzy sets by Zadeh [12], the fuzzy concept has invaded almost
all branches of mathematics. The concept of intuitionistic fuzzy set and its operations was
introduced by Atanassov [1, 2], as a generalization of the notion of fuzzy set. Kumbhojkar and
Bapat [5] discussed on correspondence theorem for fuzzy ideals. Palanivelrajan and
Nandakumar [7, 8] introduced the definition and some operations of intuitionistic fuzzy
primary and semiprimary ideal.

In this paper, some properties of intuitionistic fuzzy primary and semiprimary ideal are
discussed.

2 Preliminaries

Definition 1: Let S be any nonempty set. A mapping U : S — [0, 1] is called a fuzzy subset

of S.
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Definition 2: A fuzzy ideal [ of a ring R is called fuzzy primary ideal, if for all a, b € R either
H(ab) = p(a) or else p(ab) < pu(b™) for somem e Z ..

Definition 3: A fuzzy ideal p of a ring R is called fuzzy semiprimary ideal, if for all a, b € R
either p(ab) < p(@"), forsomen € Z -, or else p(ab) < u(b™) forsomem e Z .

Definition 4: An intuitionistic fuzzy set (IFS) A in X is defined as an object of the form
A= {{X, ua(x), va(X) )| X € X}, where ua : X — [0, 1] and va : X — [0, 1] define the degree of
membership and the degree of non-membership of the element x € X, respectively, and for
every X € X, satisfying 0 < ua(X) + va(X) < 1.

Definition 5: A fuzzy ideal A of a ring R is called Intuitionistic fuzzy primary ideal if for all a,
b e R either p(ab) = p(a) and va(ab) = va(a), or p(ab) < pa(b™) and va(ab) > va(b™), for some
me2Z;.

Example 1: Consider

I if x=0,
pa(X)=40.8 if xe(4)~(0)
0.6 if xez~(4)

0 if x=0,
va(x)=40.1 if xe(4)~(0)
03 if xez~(4)

Definition 6: A fuzzy ideal A of a ring R is called intuitionistic fuzzy semiprimary ideal if for
all a, b e R either p(ab) < pa(@") and va(ab) > wa(a"), for some n € Z . or else p(ab) < pa(b™)
and va(ab) > va(b™) forsomem e Z ...

3 Some properties of intuitionistic fuzzy primary
and semiprimary ideal

Theorem 1: If A and B are intuitionistic fuzzy primary ideal of a ring R then A x B is also an
intuitionistic fuzzy primary ideal of R.

Proof: Let (X1, Y1), (X2, Y2) € A x B, where X;, X, € Aand Yy, y» € B. Consider
Ha x8((X1, Y1)-(X2, ¥2)) = HaxB((X1 X2, Y1Y2))
= min(HA(Xl, XZ), HB(yla yZ))

= min(pa(X1), Ma(Y1))-
Therefore, Pa « s(((X1, Y1)-(X2, ¥2)) = Ha x 8(X1, Y1). Consider

Va < B((X1, Y1)-(X2, ¥2)) = vaxB((X1 X2, Y1Y2))
= max(va(XiX2), (Y1 Y2)

= max(a(X1), va(Y1)).
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Therefore, va x B((Xl, yl).(Xz, yz)) = VAx B(Xl, Y1)
Therefore, A x B is an intuitionistic fuzzy primary ideal of R. [

Theorem 2: If A, B and C are intuitionistic fuzzy primary ideal of a ring R then
AuB NnC)=(AuB)n(AUC)
is also an intuitionistic fuzzy primary ideal of R.

Proof: Consider
HaU @ ~oy(Xy) = max(Ha(Xy), Hs ~c(XY))
= max (Ha(X), Mg ~c(X))
= max (a(X), min (Hg (X), He(X))
= min (max (Ha(X), Mg (X)), max (Ha (X), (Hc(X))
= min(Ma u s(X), Hau c(X)).
Therefore,

Hau® o XY) = Haus) n@uciX).
Consider
Vau B noy(Xy) = min(va(Xy), vsnc(Xy))
=min(va(X), 8 ~c(X))
= min(va(X), max(s(X), vc(X)))
= max(min(va(X), ws(X)), min(va(X), vc(X))
= max( VA A B(X), VAA C(X))
=VanB) n@ancX).
Therefore,
AuBNC)=(AuB) Nn(AuUC)
is an intuitionistic fuzzy primary ideal of R. [

Theorem 3: If A and B are intuitionistic fuzzy primary ideal of a ring R then A U (AN B)=A
is also an intuitionistic fuzzy primary ideal of R.

Proof: Consider
Ha U A ~ B)(XY) = max(Ha(Xy), HanB(XY))
= max(Ha (X), Ha (X))
= max(Ha (X), min (Ma (X), Hs (X))
= max(Ma (X), Mg (X))

Therefore, pau (a ~B)(XY) = Ha (X).
Consider
vau (A ~B)(XY) = min(va(Xy), va~s(Xy))

= min(va(X), va~s(X))
= min( va(X), max (va(X), vs(X)))
= min( va(X), vs(X))
= VA(X).

Therefore, va o a ~ B)(XY) = va(X). Therefore, A U (A N B) = A is an intuitionistic fuzzy

primary ideal of R. [
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Theorem 4: If A and B are intuitionistic fuzzy primary ideal of a ring R then AN (AU B)=A
is also an intuitionistic fuzzy primary ideal of R.

Proof: Consider
HA A (A uB)(XY) = min(pa(Xy), pa us(XY))
= min(pa (), paus (X))
= min(pa (x), max (4a (x), g (X))
= min(pa (x), ps (x)).
Therefore, pa~ a U B)(XY) = Ha (X).
Consider
Van A uB)(Xy) = max(va(xy), va us(xy))
= max(va(x), vaus(X))
= max(va(x), max(va(x), w(x)))
= max(va(x), (X))
= VA(X).
Therefore, va ~ (a U B)(Xy) = va(x). Therefore, A n (A U B) = A is an intuitionistic fuzzy
primary ideal of R. 0

Theorem 5: If A, B and C are intuitionistic fuzzy primary ideal of a ring R then
An(BuUC=(AnB) UANC)
is also an intuitionistic fuzzy primary ideal of R.

Proof: Consider
Ha ~ B ucy(Xy) = min(Ha(XY), Ms U c (XY))
= min(Pa(X), M U c (X))
= min(Ha(X), max(Us (X), He(X)))
= max(min (Ma(X), He (X)), min (s (X), (Kc(X))
= max(Ha ~a(X), Ha ~c(X)).
Therefore, Pa ~ @ U c)(XY) = Ha nB) u @ nc)X).
Consider
Va ~®uc)Xy) = max(va(xy), vsuc(Xy))
= max(va(x), veuc(X))
= max(va(X), min( v(X), vc(X)))
= min(max(va(X), vs(X)), max(va(X), vc(X))
= min(va us(X), va uc(X)).
Therefore, va ~ B uc)(XY) = Va uB) ~ (A LC)(X).

Therefore,
An(BuUC=(AnB) UANC)

1s an intuitionistic fuzzy primary ideal of R. ]

Theorem 6: If A is an intuitionistic fuzzy primary ideal of a ring R then A is also an
intuitionistic fuzzy primary ideal of R.
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Proof: Consider yi(xy) =v;(Xy) = g, (Xy) . Therefore, yi(xy) = 1, (X).
Consider V= (XY) = 15(Xy) =vA(Xy) . Therefore, V= (Xy) =vA(Xy).

Therefore, A = A is an intuitionistic fuzzy primary ideal of a ring R. ]

Theorem 7: Let f be a homomorphism from a ring R onto a ring R". Let A and A’ are
intuitionistic fuzzy primary ideals of R and R’ respectively then the following statements are true.
i.  f(A)is a fuzzy primary ideal of R’ if A is f-invariant.
ii. f'(A") is an intuitionistic fuzzy primary ideal of R.

Proof: i. Leta’, b’ € R"and let a, b € R be such that f(a) = a’ and f(b) = b’. Now if

(f(ua)@'b") > (f(Ha)) ((@)"),
for all n e Z. then (f(ua))(f(@b)) > (F(Wa)) (F@") = f '(f(1)) (@"). Which implies that
f~'(f(11a)) (ab) = pa(ab) > pa@@".

That is pa(@b) < pa(b™) for some m e Z, as A is an intuitionistic fuzzy primary ideal.

Therefore, (f(a)) (@' b") < (f(1a)) (B)™).
Similarly, let @', b’ € R" and let @, b € R be such that f(a) = &’ and f(b) = b’. Now if

(f(va))(@ b") < (f(va)) ((@")") for all n € Z,, then
(f(va)(f(ab)) < (FOa)(f(@").

Which implies that f ~'(f(va))(@b) = va(@b) < va(@"). That is va(b™) <wa(ab) < wa(@") for
some M € Z.. That is va(@b) > va(b™). Therefore, (f(va))(@' b") > (f(va)) ((b")™). Which results
that f(A) is an intuitionistic fuzzy primary ideal of R’.

ii. Let a, b € R, f(a) = @’ and f(b) = b’ then f '(A") is an intuitionistic fuzzy primary ideal
because (f'(Ha-)) (@b) > (f '(pa)) (@"), for all n € Z,. Which implies that
Ma- (f( ab)) > pa(f(@").

That is pa (@’ b") > pa- ((@")"). Therefore pa (@’ b") < pa((b")™) for some m e Z,, since A’ is
an intuitionistic fuzzy primary ideal.

Also, pa- (f(ab)) < pa- ((b)™). Which implies that (f (1 a-)) (@b) < (f (1 a) (b™).

Leta, b e R, f(a) =a’ and f(b) = b’, (F (v ")) (@b) <(f '(wa")) (@"), for all ne Z,.

Consider va (f(ab)) < va- (f(@"). Thatis va- (@’ b") < va+((@")"). Which implies that

var (b)) < var (@' b).
Also, va (f(b™) <va-(f(ab)). That is (f '(va-)) (b™) < (f '(va")) (ab). Therefore,
(') @) = f ' (va)) (B™).
Which results f '(A") is an intuitionistic fuzzy primary ideal. [

Theorem 8: Let f be a homomorphism from a ring R onto a ring R’. Let A and A’ be an
intuitionistic fuzzy semiprimary ideal of R and R’ respectively then the following statements
are true:
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i.  f(A) is an intuitionistic fuzzy semiprimary ideal of R’ provided that A is f-invariant;
ii.  f'(A")is an intuitionistic fuzzy semiprimary ideal of R.

Proof: i. Leta’, b’e R and let a, b € R be such that f(a) = a" and f(b) = b’. Now if

(f(ua)(@'b") >(f(ua)) ((@)")
for all n e Z, then (f(ua))(f(ab)) > (f(ua)) (f(@") =f '(f(1a)) (@"). Which implies that
f~(f(1a)) (ab) =pia(ab) > pa(@").

That is pa(ab) < pa(b™) for some m € Z,, as A is an intuitionistic fuzzy semiprimary ideal.

Therefore, (f(1a)) (@' b") < (f(a)) ((b)").
Similarly let @', b’ € R" and let @, b € R be such that f(a) = a’ and f(b) =b’. Now if
(fOw) (@' b") < (F(va) (@)
for all n e Z,, then (f(va))(f(ab)) < (f(va))(f (@")). Which implies that
f1(f(va))(@ab) =va(ab) <m(@".
That is va(b™) <wa(ab) < wa(a") for some m e Z.. Also, va(ab) >va(b™). Therefore,
(fOva)) (@' b) = (f(va)) ((B)™).
Which results f(A) is an intuitionistic fuzzy semiprimary ideal of R.
ii. Leta, b € R, f(a) = a’ and f(b) = b’, then f '(A’) is an intuitionistic fuzzy semiprimary ideal
because (f (1)) (@b) > (f (1 a-)) (@") for all n € Z.. Which implies that
Ha (f(ab)) > pa- (f@").
That is Pa(@’ b") > pa((@)"). Therefore, Pa- (@' b)) < pa+ ((b")™) for some m € Z,, since A’
is an intuitionistic fuzzy semiprimary ideal.
Also pa: (f( ab)) < pa«((b)™. Therefore (f (1 a1)) (ab) < (F ' (") (B™).
Leta, b e R, f(a)=a’ and f(b) =b’, (f '(va)) (@D)<f'(va)) (@"), for all n e Z.. Consider
va(f(ab)) < va(f(@")). That is va(@’b’) < va- ((@")"). Which implies that va((b")") < va- (@'b").
Also va(f(b)™ < va(f(ab)). That is (f '(va-)) (b™) < (f '(va")) (ab). Therefore,
(7 (va) (@b) = (F ' (va ) (O™

for some m e Z.. Which results f '(A") is an intuitionistic fuzzy semiprimary ideal. L]
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