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1 Introduction

One of the remarkable generalizations of the fuzzy sets is the intuitionistic fuzzy sets which was
introduced by Atanassov [1, 2]. Biswas was the first one to introduce the intuitionistic fuzzifi-
cation of the algebraic structure and developed the concept of intuitionistic fuzzy subgroup of
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a group in [5]. Later on, Hur and others in [6] and [7] defined and studied intuitionistic fuzzy
subrings and ideals of a ring. With a different approach, Mukerjee and Basnet in [4] also studied
intuitionistic fuzzy subrings of a ring. Jun and others in [8] introduced and study the notion of
intuitionistic nil radicals of intuitionistic fuzzy ideals and Euclidean intuitionistic fuzzy ideals in
rings. Translate of intuitionistic fuzzy subring and ideal was studied by Sharma in [14]. Meena
and Thomas in [13] studied the concept of intuitionistic fuzzy subring to lattice setting and in-
troduced the notion of intuitionistic L-fuzzy subring. The concept of characteristic intuitionistic
fuzzy subrings of an intuitionistic fuzzy ring was introduced by Meena in [12]. In this paper,
we introduce the notion of intuitionistic fuzzy polynomial ideal of a ring and study some of their
properties.

2 Preliminaries

In this section, we review some definitions which will be used in the later section. Throughout
this paper unless stated otherwise all rings are commutative rings with identity.

Definition 2.1. ([3, 4]) Let R be aring. AnIFS A = (ua,v4) of R is said to be an intuitionistic
fuzzy ideal (IFI) of R if

(i) pa(z —y) = pal@) A paly) and va(z —y) < valz) Vvaly);
(ii) pa(zry) > pa(x) V paly) and va(zy) < va(r) Ava(y), Vo, y € R.

Definition 2.2. ([8]) Let R and S be any sets and let f : R — S be a function. An IFS A of R is
called an f-invariant if f(z) = f(y) = pa(z) = pa(y) and va(z) = va(y), where z,y € R.
If Ais any f-invariant IFS of R, then f~!(f(A)) = A.

The following results are easy to prove:

Lemma 2.3. Let R and S be any sets and f : R — S be any function. If A and B are IFS of R
and S respectively are f-invariant, then AU B and AN B are f-invariant.

Lemma 2.4. Let R and S be any sets and f : R — S be any function. Let A and B be f-invariant
IFS of R. If A C B, then f(A) C f(B).

Theorem 2.5. Let f : R — R be a homomorphism of rings. If A and B are f-invariant IFS of
R and R’ respectively. Then

(i) (f(A))« = [(AS)
(ii) (f 71 (B))x = [7H(Bu).

Let R be a commutative ring with identity and let R[z| be the ring of polynomials where z is
an indeterminate.

Definition 2.6. Let f : R — R’ be a homomorphism of rings. A map f, : R[z] — R [z] defined
by
fe(Bilpwin") = BiLo f(ai)a",

is obviously a ring homomorphism, and we call f, an induced homomorphism by f.
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3 Intuitionistic fuzzy polynomial ideals

In this section, we introduce the notion of intuitionistic fuzzy polynomial ideal of a ring and study
their properties. The set of all real numbers is denoted by R.

Lemma 3.1. Let a;,b; € R(i = 1,2,...,n). Then

min;[min{a;, b;}| = min{min;(a;), min;(b;) } and max;[max{a;, b;}] = max{max;(a;), max;(b;)}
Proof. Straightforward. [

Lemma 3.2. Let a;,b; € R(i = 1,2,...,n). Then

min;[max{a;, b;}| > max{min;(a;), min;(b;)} and max;[min{a;, b;}| < min{max;(a;), max;(b;)}
Proof. Straightforward. []

Lemma 3.3. Let A = (uua,va) be an IFI of a ring R. Then
pal(arb, + asb,—1 + -+ 4+ ayby) > max{min;(pa(a;)), min;{pa(b;)}} and
va(aib, + agb,—1 + -+ + apby) < min{max;(v4(a;)), max;{va(b;)}},Va;,b; € R.

Proof. Since A = (j14,v4) be an IFI of a ring R. for any a;,b; € R(i = 1,2,...,n).
By Definition (2.1), we have
pa(arby, + agby,—1 + -+ - +apby) > miin{uA{a,-an_i}}
> min{masc{jia (@) 1a(bn1)}}
> max{miin{uA(ai), pa(b;)}} and
va(arbn + asbpy + -+ + apby) < max{va{a:bp1-i}}
< mzax{min{yA(ai), va(bns1-i)}}
< min{mlax{l/A(ai), va(bi)}} O

Theorem 3.4. Let A = (pa,va4) be an IFI of a ring R and let f(z) = ¥ a;x" € R[z].
Define an IFS A, = (pia,,va,) on R[x] by

pa, (f(2)) = mini{pa(a;)} and va, (f(x)) = max;{va(a;)}.
Then A, is an IFI of R[z|.

Proof. By Definition (2.1), we show that A, is an IFI of R[z].
Let f(z) = X" ya;2z" and g(z) = X7 bz’ € R[x]. Then by Lemma (3.1), we have
pa,(f(x) = g(x)) = min{pa(e)}, where ¢; = a; — b;
= min{pa(a; — b))}
> minfmin{jus (0. pa(5)})
min{min a0} min a0
= min{pa, (f(2)), pa,(9(x))}.
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Thus, pa,(f(z) — g(z)) > min{pa,(f(x)), pa,(g(x))}. Similarly, we can show that
va, (f(x) — g(x)) < max{va, (f(x)), va,(9(x))}. Also,

n+m

miin{,uA(di)}, where d; = Z ibnpm—i
mm{max{/m(al)} {ra(brgim—i)}}
mln{maX{MA(CLz) A(bi)}}

max{mln{uA(az)} mlﬂ{ﬂA( i)}
max{#A ( ( )) ( ( )>}

Thus, pa, (f(x)g(x)) > max{pa, (f(x)),p1a,(g(x))}. Similarly, we can show that
va,(f(z)g(x)) < min{va,(f(x)),va,(g(z))}. This proves that A, is an IFI of R|x]. O

pa, (f(2)g(x))

AV AV

Definition 3.5. The intuitionistic fuzzy ideal A, discussed in Theorem (3.4) is called the intu-
itionistic fuzzy polynomial ideal (IFPI) of R[z] induced by an intuitionistic fuzzy ideal A.

Proposition 3.6. Let f : R — R be a homomorphism of rings and let f, : R[x] — R [x] be an
induced homomorphism of f. If A is an IFI of the ring R and A, be its IFPI of R[x], then A is
f-invariant if and only if A, is f.-invariant.

Proof. Assume that A is f-invariant. Let f.(r(z)) = f.(s(x)), where r(x) = Zmoaa: and
s(z) = X bz’ € R[z]. Then X f(a;)z' = X7 f(b)z" = f(a;) = f(b),Vi=1,2,...,m.
Hence ji, (r(x)) = mini{pa(a:)} = mini{pa(bi)} = pa, (s(x)) and va, (r(x)) = max;{va(a;)}
= max;{va(b;)} = va,(s(x)). Thus, A, is f,-invariant.

Conversely, assume that A, is an f,-invariant. If f(a) = f(b), then f,(a) = f.(b). Since
A, is an f,-invariant. So, we have 4, (a) = pa,(b) and v4,(a) = va,(b), which implies that
pa(a) = pa(b) and va(a) = va(b). Thus Ais f-invariant. O

Proposition 3.7. Let A be an IFI of the ring R. Then the set

S ={f(x) € Rla] : pa,(f(x)) = p1a, (0) and va,(f(x)) = va,(0)}

is a subring of R|x|.

Proof. Let f(x), g(z) be any two element of .S, then

pa, (f(x) = g(x)) = minfpa, (f(2)), pa, (9(2))} = 114, (0)

and
pa, (f(2)g(x)) = max{pa, (f(2)), pa, (9(x))} = pa, (0).
Similarly, we can show that v, (f(x) — g(z)) < max{va, (f(z)),va,(9(z))} = va,(0) and

va, (f(2)g(x)) < min{va, (f(z)),va,(9(2))} = va, (0).
On the other hand, pa, (f(x)) < pa,(0) and va, (f(x)) > va,(0),Vf(z) € R[z].
So, f(z) — g(x), f(z)g(x) € S. Thus, S is a subring of R|x]. O
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Remark 3.8. Let A be an IFS of a ring R. We denote a level cut set A, by
Ac={z € R: pa(z) = pa(0) and va(z) = va(0)}.
It is proved in [11] that if A is an IFI of ring R, then A, is an ideal of ring R. Note that if A is an
IFI of aring R, then 14(0) > pa(z) and v4(0) < va(z) forall x € R.
We denote A,[z] = {f(z) = X" ya;a" € R[z] : wherea; € A,,Vi=1,2,...,n}.
Theorem 3.9. Let A be an IFI of a ring R, then (A;). = A.lx].

Proof. 1t follows that

(A2) = {f(z) € R[] : f(2) = B oair’, pa, (f(2)) = p1a,(0) and va, (f(2)) = v4,(0)}
= {f(@) € Rla]: f(x) = B oaa’, min{pa(a:)} = 1a(0) and va(a;) = va(0)}
= {/f(z) € Rla] : f(2) = El 0aix", pra(a;) = 114(0) and va(a;) = va(0), Vi}
= {f(z) € R[z] : f(x) = X" qaiz’, a; € A,,Vi} = A,[z]. O

Theorem 3.10. If A and B are two IFIs of a ring R, then

(i) (AN B), = A, N B,.

(i) (AU B), D A, U B,.

(iii) A, + B, C (A + B),.

(iv) Ay B, C (AB),.

Proof. Let f(x) = X7 ,a;z° be any element of R[z], then

(i) (AN B)o(f(2)) = (ans). (f(2)), vans), (f(x))), where

panp), = min{pang) (@)}

= min{min{za(a;), pp(ai)}}
= mln{mln{uA(a ), p(a;)}} Using Lemma (3.1)]
= min{min{sa(a;)}, min{pp(a;)}}
= min{pa, (f(2)), us, (f(x))}
= fauns, (f(2)).

Similarly, we can show that v(anp), = va,nB,(f(x)). Hence (AN B), = A, N B,.
(i) (AU BYL(f(@)) = (tasm), (F(@)), viaom), (F(2)), where
HAUB), = rniin{,u(AuB)<ai)}

= min{max{ya(a;), ps(a:;)}}

> max{mm{,uA(al) pp(a;)}} Using Lemma (3.2)]

= max{min{za(a;)}, min{sep(a;) }}
max{yia, (f(2)), ps, (f(2))}
= pa,uB, (f(2)).
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Similarly, we can show that v aup), < va,us,(f(z)). Hence (AU B), 2 A, U B,.

(iii) Now, (Ay + Bo)(f(2)) = (pa,+5,(f (%)), va,+5,(f(2))) , where

pag s, (f(2))

= max {min{ua,(9(2)), pp, (h(2))}}, g(x be h(z

f(z)=g(x)+h(x)

— ma {mln{mln{ﬂA( ')}7mln{MB(Cz>}}}

f(z)= g(w)Jrh(

= max {min{min{pa(b;), us(c;)}}} [Using Lemma (3.1)]

< min{  max {min{pa(b;), up(c;)}}} [Using Lemma (3.1)]

= min{pia;p(ai)}

pa+n). (f(2)).

Thus, we get a4+, (f(7)) < patn), (f(x)). Similarly, we can show that
Va,+B,(f(2)) > vaym),(f(x)). Hence A, + B, C (A + B),.

(iv) Now, (A, B,

pa,s, (f(z)) =

<

Thus, we get pa, g, (f(x

)(f(@)) = (na, B, (f(2)),va,B,(f(z))) , where

oG’

Sup(z)=g(x)h(z) {min{pa, (9(2)), s, (h(z))}}, gz Zb z', h(z ZCZCE n+m=p

U srtgs(re sy (i {min{ )} min{uaenm i) 1

SUP, st g A{In 1A (), 115 (Cnsm—i)}}} [Using Lemma (3.1)]
min{Sup, _swnim=r,.., ) min{ua®:), 5 (carm—i)}}} [Using Lemma (3.2)]
minjian(a;)}

teap), (f(z)).

) < ta), (f(z)). Similarly, we can show that

)
va,B,(f(x)) > vap),(f(x)). Hence A, B, C (AB),.

]

Theorem 3.11. Let f : R — R’ be a homomorphism from R onto R'. If A and B are IFIs of R,

then

(i) fHANB) =

(ii) f (AU B)

[T A) N fH(B)
=AU fB).

Proof. Let x € R be any element.
(i) Now, [T (AN B)(z) = (-1(anp) (T), Vi1 (anp)(2)), where

ti=1anp) (@) = pans) (f(2))
= min{ua(f(2)), us(f(x))}
min{jg-1(a) (), prp-1(m) () }

= pp-1anf-1(B) (T )-

Similarly, we can show that v;-1(anp) (%) = Vi-1(a)ns-1(8) ().

Hence f~1(AN

B) = f~H(A)n f1(B).
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(ll) NOW, f71<A U B)(ZL‘) = (,Lbffl(AuB) (ZE), l/ffl(AuB)(J/’)), where

pr-1ausy (@) = pavs)(f())
= max{ua(f(z)), us(f(x))}
= max{fp-1(4)(7), py-1()(7)}
= uffl(A)uffl(B)(x)-

Similarly, we can show that v;-1(aup) (%) = V-1 (ayur-1(8) ().
Hence f~'(AUB) = f~Y(A) U f~Y(B). O

Corollary 3.12. Let f : R — R’ be a homomorphism from R onto R'. Let f, be an induced
homomorphism of f. If A and B are IFIs of R, then

(i) f; "((ANB)y) = [, (Ae) N 1 (By)
(ii) [y (AU B),) = [, 1(As) U [ (Ba).

Proof. (i) It follows from Theorem (3.10)(i) and Theorem (3.11)(ii) that

fo (AN B)a) = [ (A NV By) = [ (Aa) N [ (Ba).

(ii) By Theorem (3.10)(ii), we have A, U B, C (AU B), = f.'((ANB),) C f,7'((AU B),).
By applying Theorem (3.10)(7i) and Theorem (3.11)(ii), we obtain

fi ' (Ae) N f7H(Bs) = £ (Ae U By) C £, ((AU B),), which proves (ii). O

Theorem 3.13. Let f : R — R be a homomorphism from R onto R'. Let f, be an induced
homomorphism of f. If Ais an IFI of R, then (f~'(A)), = f'(Ay).

xT

Proof. Letr(x) = X! ,a;z" be any element of R[z], then we have
Now, (f7H(A))a(r(x)) = (-1, (r(2)), v(s=1()). (r(2))), where

pir-rcan. (r(2)) = mindp-1cay (@)} = min{pa(f(ai)} = pa, (£(r(2))) = ppa,) ().

Similarly, we can show that v(;-1(4)), (r(z)) = v;-1(4,)(r(2)).
Hence (f71(A)), = f, ' (A)- O

Theorem 3.14. Let f : R — R’ be a homomorphism from R onto R’ and let f, be an induced
homomorphism of f. If A is an f-invariant IFIs of R, then (f(A)), = f.(A).
Proof. For any polynomial s(z) := X7 b;z* € R|z], we let h;(z) := ¥ a;a" € R[x]. Then
Az (hj(2)) = (pa, (hj(x)),va, (hj(x))), where pa, (hj(z)) = mini{pa(asi)} and va, (h;(z)) =
min;{va(a;;)}. Assume that f,(h;(z)) = s(z) and f,(hi(z)) = s(z). Then X", (f(a;)z" =
B obiat and B (f (ag;)a’ = B biat. It follows that f(aj;) = b; = f(aw), Vi =1,2,...,m.
Hence pi4,(hj(x)) = mini{pa(aj;)} = mini{pa(ar)} = pa,(he(x)). Similarly, we can
show that v4, (h;(z)) = va, (hi(2)).
(

Now, [f2(A2)](s(x)) = (11, (a0 (8(2)), V1, (a0 (s(2))), where

proan(5(2)) = Sup{pa,(hi(@)) : hy(z) = Egaza’ such that fo(h;(x)) = s(x)}
= Sup{miin{uA(aji)},j =1,2,...}
= pa, (hy(2)).
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Similarly, we can show that v, (4,)(s(x)) = va, (h;(2)).

Now, fori =1,2,...,m. As Ais f-invariant, we have

(f(A))(b:) = (s (bi), vy (b)), where
pray(bi) = Supipalas), aji € R, flaz) = bi} = pa(ao) = palar) = - = palaz).
Similarly, we have vya)(b;) = va(an) = va(ar;) = -+ = va(ay;). It follows from Theorem
(3.4) that

pscan. (s(2)) = min{psa(b:)}
= min{ss(a)(bo)s f15(a)(br), - }
= min{pa(aj), pala), .-}
= pa{X 000 }
= 1A (8(2)).
Similarly, we can show that v(s(a)), (s(2)) = vy, (4,)(s(x)). Hence (f(A)), = fu(4z). O

Definition 3.15. Let A be an IFI of a ring R and let A, be an intuitionistic fuzzy polynomial ideal
of R[z]. For any f(z) € R|x], define an IFS (f(z) + A,) on R[z] by

(f (@) + A2)(9(2)) = (Lp@)+4.(9(2)), Vi(@)+a. (9(x))) . where

fp)+a,(9(2) = pa, (f(2)—g(x)) and vs(yia,(9(2)) = va, (f(2) —g(x)),Vf(2), g(x) € R[z].
Then f(x) + A, is called an intuitionistic fuzzy coset of R[x] determined by f(z) and A,.

Theorem 3.16. Let A be an IFI of a ring R and let A, be an intuitionistic fuzzy polynomial ideal
of Rlx]. Then R[x]/A, , the set of all intuitionistic fuzzy cosets of A, form a ring under the
composition defined by

(f(2) + As) + (9(2) + As) := (f(2) + g(2)) + Ay and
(f(2) + A)(g(2) + Au) = (f(2)g(x)) + Au, Vf (), 9(x) € R[z].
Proof. Straightforward result. [

Lemma 3.17. Let A be an IFI of a ring R and let A, be an intuitionistic fuzzy polynomial
ideal of R[x|. Then f(x) + A, = g(z) + A, if and only if A,(f(x) — g(z)) = A.(0), for all
f(@),9(x) € Rlz].

Proof. Firstly, assume that f(x)+ A, = g(x)+A,. Then (f(z)+A,)

implies that (s, (£(x) — /(2)), va, (F(x) — £(x))) = (s, (9(x) —
ie., (pa,(0),v4,(0)) = ( (9(x) = f(2)),va, (9(2) = [(2)))
= pa,(9(2) = f(2)) = p1a, (0) and va, (9(z) = f(2))) = va,(0))
L Alg(0) — £ = AL
Conversely, assume that A, (g(z) — f(x)) = A.(0), for all f(z),g(x) € R[x].
Consider h(z) € R|x] be any element, then we have

(f(z) + Ap)(h(z)) = (Lf@)+a, (R(2)), Vi@)4a, (R(2))),
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where

pr@y+a, (h(x)) = pa, (h(z) — f

= pa, (h(z) — g(z)

> min{pua, (h(z) —
= min{ua, (h(x) —

= pa, (h(z) —g(z))

= lg(a)+a. (A(2)).

Similarly, we can show that v ()44, (h(2)) < Vyy+a, (R(x)). Thus g(z) + A, C f(z) + A
a same way, we can show that f(z) + A, C g(z) + A,. Which complete the proof.

Theorem 3.18. Let A be an IFI of a ring R and let A, be an IFPI of R|x]. Then
R[x]/A, = R[z]/A[x].

Proof. Define an map v : R[z] — R[z]/A, by v(f(x)) = f(z) + A, Vf(x) € R

Then it is easy to see that the map -y is an epimorphism of rings with K er~y, where

Kery = {f(z) € Rla] : y(f(2)) = A}
= {f(z) € Rlz] : f(z) + Az = A}
= {f(2) € Rla] : A(f(2) = 0)
= {f(z) € Rla] : A(f(2)) =
= {f(z) € Rlz] : pa,(
= {f(z) € Rla] : f(x) €
= {f(z) € Rla] : f(z) € A]
= Az]

The result follows by first theorem of homomorphism of rings.

4 Prime and maximal intuitionistic fuzzy polynomial ideals

pa,(g(z) — f(z))}

2. In

In this section, we study some properties of the prime and maximal intuitionistic fuzzy polynomial

ideals.

Definition 4.1. An intuitionistic fuzzy ideal P of a ring R, not necessary constant, is said to be

an intuitionistic fuzzy prime ideal, if for any IFIs A and B of R the condition AB C P implies

that either A C Por B C P.

Proposition 4.2. Let A is an intuitionistic fuzzy prime ideal of a ring R, then A, is a prime ideal

of R.

Proposition 4.3. Let J be an ideal of a ring R such that J # R. Then J is a prime ideal of R if

and only if the IFS A = (114, v4) on R defined by
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1, ifrel 0, ifeveJ
pa(x) = ; valz) =

: ,a, B € [0,1] such that o + 5 < 1,
«, if otherwise B, if otherwise

is an intuitionistic fuzzy prime ideal of R.

Theorem 4.4. Let A be an IFI of a ring R. Then A is an intuitionistic fuzzy prime ideal of R if
and only if A, is an intuitionistic fuzzy prime ideal of R[z).

Proof. Let A be an intuitionistic fuzzy prime ideal of R, then A, is a prime ideal of R. By
Theorem (3.4), A, is an intuitionistic fuzzy ideal of R[x]. To show that A, is an intuitionistic
fuzzy prime ideal of R[z]|, we have to show that, by Theorem (3.9), (A.). = A.[z] is a prime
ideal of a ring R][x].

Assume that A,[z] is not a prime ideal of R[x]. Then there exists polynomials f(z) :=
¥ jaxt, g(x) = X" bzt € R[z] such that f(x)g(x) € A.[x], but f(x), g(z) & A.[z].

Let ¢ be the first smallest non-negative integer such that p4(a;) # pa(0) and v4(a;) # v4(0)
and let j be the first smallest non-negative integer such that 114 (b;) # 114(0) and v4(b;) # v4(0).

Since f(z)g(z) € A.[z] implies that E;Zj;o7p+q:i+japbq € A,,sincea, (Wherep =0,1,...,i—1)
and b, (where p = 0,1,...,7 — 1) are all in A,, we have a;b; € A,. Since A, is prime ideal of

R, either pa(a;) = pa(0) and va(a;) = va(0) or pa(b;) = pa(0) and va(b;) = va(0), a
contradiction. Thus A, is an intuitionistic fuzzy prime ideal of R][x].

Conversely, assume that A, is an intuitionistic fuzzy prime ideal of R[z]. We claim that A,
is a prime ideal of R. Let a,b € R such that ab € A,. Then (az)(bz) = abz?® € A.[z] = (A)«
. Since (A,). is a prime ideal of R[x], either (ax) € (A,). or (bx) € (A,)., which shows that
either a € A, or b € A,. This proves that A is an intuitionistic fuzzy prime ideal of R. [

Theorem 4.5. Let f : R — R’ be an epimorphism from R onto R’ and let B be an intuitionistic
fuzzy prime ideal of R’ if and only if f ~1(B) is an intuitionistic fuzzy prime ideal of R.

Proof. Firstly, assume that B is an intuitionistic fuzzy prime ideal of R'. Then B, is a prime
ideal of R'. Clearly, f~'(B) is an IFI of R. We claim that (f~'(B)), is a prime ideal of R.
Let a,b € R be any element such that ab € (f~'(B)).. Then pp-1(5)(ab) = pp-1(5)(0) and

/

vi-ip)(ab) = vp15)(0), ie., pp(f(ab)) = pp(0') and vp(f(ab)) = vp(0') = f(a)f(b) =
f(ab) € B,. Since B, is a prime ideal of R, either f(a) € B, or f(b) € B,. Which means
that either i ((a)) = up(0') and vp(f(a)) = vp(0) or jp(£(5)) = pp(0') and v (F (b)) =
vp(0), i.e., either py-15(a) = py-15(0) and vp-15(a) = v4-15(0) or ps-15(b) = pp-15(0) and
vi-1g(b) = vp-15(0), ie., eithera € (f~')(B).orb e (f71)(B).. O

Theorem 4.6. Let f : R — R be an epimorphism from R onto R’ and let A be an f-invariant
intuitionistic fuzzy ideal of R. Then A is an intuitionistic fuzzy prime ideal of R if and only if
f(A,) is an intuitionistic fuzzy prime ideal of R .

Proof. Firstly, assume that A is an intuitionistic fuzzy prime ideal of R. Then A, is a prime ideal
of R. Letxz,y € R suchthatxzy € f(A,). Since f is onto, there exists ¢ € A, such that f(c) = zy
and there exists a, b € R such that f(a) = z, f(b) = y. Since f(ab) = f(a)f(b) = zy = f(c).
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As Ais f-invariant, therefore, p14(ab) = pa(c) = pa(0) and va(ab) = va(c) = v4(0). Thus
ab € A,. Since A, is a prime ideal of R, either a« € A, or b € A,, which shows that either
r = f(a) € f(A,) ory = f(b) € f(A,). Hence f(A,) is a prime ideal of R’

Conversely assume that f(A,) is a prime ideal of R and let a,b € R such that ab € A,.
Thus f(a)f(b) = f(ab) € f(A.). Since f(A,) is a prime ideal of R, either f(a) € f(A,) or
f(b) € f(A,), which implies that either there exist a" € A, such that f(a) = f(a’) or there exist
V' € A, such that f(b) = f(b). Since A is f-invariant, either 14(a) = pa(a’) = pa(0) and
vala) = va(a') = v4(0) or a(b) = pa(b) = pa(0) and v4(b) = va(b) = v4(0), i.e., either
a € A, orb € A,. Hence A, is a prime ideal of R and hence A is an intuitionistic fuzzy prime
ideal of R. [l

Corollary 4.7. Let f : R — R’ be an epimorphism from R onto R and let A be an f-invariant
intuitionistic fuzzy ideal of R. Then A is an intuitionistic fuzzy prime ideal of R if and only if f(A)
is an intuitionistic fuzzy prime ideal of R’

Corollary 4.8. Let f : R — R’ be an epimorphism from R onto R', f, be an induced homomor-
phism of f. Then an IFI B of R is an intuitionistic fuzzy prime ideal of R’ if and only if f.71(By)
is an intuitionistic fuzzy prime ideal of R|x].

Corollary 4.9. Let f : R — R’ be an epimorphism from R onto R', f, be an induced homomor-
phism of f. Then an IFI A of R is an intuitionistic fuzzy prime ideal of R if and only if f,.(A,) is
an intuitionistic fuzzy prime ideal of R’ [x).

Definition 4.10. ([10]) A non-constant intuitionistic fuzzy ideal A of a ring R is called an intu-
itionistic fuzzy maximal ideal if for any intuitionistic fuzzy ideal B of R, if A C B, then either
B,=A,or B, = R.

Theorem 4.11. Let A be a non-constant intuitionistic fuzzy ideal of a ring R. Then A, is maximal
intuitionistic fuzzy ideal of R|x], then A is an intuitionistic fuzzy maximal ideal of R.

Proof. Let A (non-constant) and B be IFIs of a ring R such that A C B which implies A, and B,
are IFIs of R[z] such that Az C B,. Now, A, is maximal intuitionistic fuzzy ideal of R[z] then
either (B,). = (Az)« or (By). = Rz, i.e., either B,[x] = A.[z] or B.[z] = R|x], i.e., either
B, = A, or B, = R. Hence A is an intuitionistic fuzzy maximal ideal of R. ]

Example 4.12. Let Z be the set of all integers. Define and IFS A on Z by

1, ifze2Z 0, ifre2Z
pa(z) = ;o valr) =

. . ? . . :
0, if otherwise 1, if otherwise

Then A is an intuitionistic fuzzy maximal ideal of Z, for if B be any other IFI of Z such that
AC B,then B, = A, =2Zor B, = Z.

But (A,). = A.lz] = {f(z) : f(z) = X ya;x",a; € A} = (2) is not a maximal ideal of
Z[z], since (2) C (2,x) C Z[z|. Hence A, is not an intuitionistic fuzzy maximal ideal of Z[x].
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