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Abstract

Objectives: The main objective of this article is to introduce some fundamental
results of fuzzy ideals and Prime fuzzy ideals of a I'— semiring R . Methods:
We use some fundamental results of fuzzy ideals and conditions like semi
subtractive, centreless etc. for developments of the main results. Findings: In
this connection, we establish some important results of fuzzy ideals and prime
fuzzy ideals of semirings to I'— semirings. Novelty: We find a special class
of fuzzy ideals of a I'— semiring R and with this, construct a lattice ordered
I'— semiring. Further, we find that a fuzzy ideal of I'— semiring R can be a
decreasing map from [0, 1] into the set of R together with an empty set. As an
application of this result, the prime fuzzy ideals of aI'— semiring R are described
in terms of prime ideals of a '— semiring R.

Keywords: Fuzzy Ideals; Prime Ideals; Prime Fuzzy Ideals; Lattice Ordered I'-
Semiring; Strong Ideal

1 Introduction

Semiring is one of the universal algebras which is a generalization not only of ring but
also of distributive lattice. The notion of semiring was introduced by an author in ") and
then many researchers developed the theory of semirings. The notion of I" in algebra
was introduced by® as a generalization of the ring and the concept of I'— semiring
was introduced in® as a generalization of I'— ring. The theory of fuzzy sets is the
most appropriate theory for dealing with uncertainty and was first introduced by an
author in ) in 1965. After that many mathematicians have applied the concept of fuzzy
subsets to the theory of groups, rings and semirings in algebra and many results on fuzzy
theory appeared, showing the importance of the concept and its applications to logic,
set theory, group theory, ring theory, real analysis, topology etc. The main aim of this
study is to generalize some fundamental results of fuzzy ideals of semirings in Refs >
and investigate that a fuzzy ideal of a I'— semiring R can be a decreasing map from
[0, 1] into the set of R together with the empty set. As an application of this result, the
prime fuzzy ideals of R are described in terms of the prime ideals of a I'— semiring R.
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2 Preliminaries and examples

The purpose of this section is to provide a concise but reasonably complete exposition of the background material for the
subsequent sections of this paper.

Definition 2.1.) Let S and I be non-empty sets. Then S is called a I'— semigroup if there exists a mapping S x ' x § — §
denoted by (x, o,y) — xoty satisfying the condition xo.(yBz) = (xcty)Bz forallx,y,z € Sand forall o, B €T.

Definition 2.2.() Let (R, +) and (I, +) be two commutative semigroups. Then R is called a ' semiring if there exists a
mapping R x I x R — R denoted by xcty for all x,y € R and « € I satisfying the following condition:

(i) xa(y+z) = xoy +x0z .

(ii) (y+z)oex = yox + zowx.

(iil) x(ot + B)z = xaz +xBz

(iv) xa(yBz) = (xay)Bz forallx,y,z € Rand a, €T

Example 2.3. Let A and B be semirings and let R = Hom(A, B) and I' = Hom(B, A) denote the sets of homomorphisms from
A to B and B to A respectively. Then R is a I'— semiring with operations of pointwise addition and composition of mappings.

Example 2.4. Let M be a ' ring and let R be the set of ideals of M. Define addition in the natural way andif A,BER,y €
I, let AyB denote the ideal generated by {xyy | x, y € M }. Then R is a I'—semiring.

Definition 2.5.) A T— semiring R is said to have zero element if 0ctx = 0= xa0 and x +0 = x = 0+ x for all x € R and
acl.

Definition 2.6.7) A T— semiring R is said to have identity element if for all x € R there exist & € I such that 1otx = x = xa 1.

Definition 2.7.(®) A T'— semiring R is said to have a strong identity if for all x € R, 1otx = x = xa1 for all & € T.

Definition 2.8.(®) A T'— semiring R is said to be semi-subtractive if for every x and y in R there exists z € R such that either
z+x=yorz+y=nx.

Definition 2.9.®® A T'— semiring R with zero element is centreless if non zero elements do not sum to zero. Formally for all
x,y € R, x+y =0 implies that x =y = 0.

Definition 2.10. Let X be a non-empty set. A mapping i : X — [0, 1] is called a fuzzy subset of X.

Definition 2.11. Let R be a I'— semiring. A fuzzy subset 1 of R is a function p : R — [0, 1]. For a fixed 0 <7 < 1, the set
M = {x € R| pu(x) >t} is called the level subset of p.

Definition 2.12. Let u be a fuzzy subset of a I'—semiring R. Then u is called a fuzzy left (right) ideal of R if pu(x+y) >
min{u(x), ()} and p(xoy) > u(y)(u(xay) > p(x)), forallx,y € Rand ¢ € T".

A fuzzy ideal of a I'— semiring R is a nonempty fuzzy subset of R which is both fuzzy left and fuzzy right ideal of R.

Definition 2.14. Let R be a I'— semiring. A non constant fuzzy ideal 1 of R is called prime fuzzy ideal if for any two fuzzy
ideals 41 and A, of R, A;T'A; C u implies that either A; C por A, C p.

Remark 2.15. Throughout this paper, R will denote a I'— semiring with zero element 'O’ and identity element ’1’ unless
otherwise stated.

3 Special class of fuzzy ideals of a '—semiring

In this section, we investigate some fundamental results of fuzzy ideals of semirings to I'—semirings and as an application of
these results, a lattice ordered I'—semiring of a special class of its fuzzy ideals is constructed.

We start this section with definitions required to construct a I'—semiring of fuzzy ideals of R.

Definition 3.1. A fuzzy ideal 4 of a I'—semiring R is said to be k—fuzzy ideal if p(x) >min{u(x+y),u(y)} forallx,y € R.

OR

A fuzzy ideal u of a I'—semiring R is said to be k—fuzzy ideal of R if u(x+y) >A,u(y) > A implies that u(x) > A, for all
x,y ER,A €[0,1].

Example 3.2. Let ¢t and A be two fuzzy subsets of a '—semiring N , set of all non-negative integers defined by

1/3  ifxisodd
H(x)=<1/2 ifxiseven
0 ifx=0
and

lifx>7
Alx)y=1< 1/2if5<x<7
0if0<x<5
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Then y is a k—fuzzy ideal of N. Also A is a fuzzy ideal of N but not a k— fuzzy ideal of N.

Definition 3.3. Let i be a fuzzy ideal of R. Then we say that y is strong, if for x,y € R, min{u(x),u(y)} > p(x+y).

Note: Since for a fuzzy ideal u of R we have p(x+y) > min{u(x), 1t (y)}. Therefore y is strong if and only if u (x+y) =
min(p(x), ()}, for x,y €R.

Theorem 3.4. Let A and i be fuzzy ideals of a I'— semiring R then A N 1 is a fuzzy ideal of R.

Theorem 3.5. Let A and u be k—fuzzy ideals of a I'— semiring R then A Ny is a k—fuzzy ideal of R.

Proof. Let A and u be k— fuzzy ideals of R. then by theorem 3.4, A Ny is a fuzzy ideal of R. Let x,y € R. Then

(AN H) () = min(2 (x) (1)}
> min(min(% (x+), A ()}, min(u (x+) 1t ()}

= min(min(A (x+y), u (x+y)), min(A (y), 1 (y))}

= min{(ANOp)(x+y),(ANE)(y)}

Therefore, A N i is a k— fuzzy ideal of R

Theorem 3.6. Let A be a fuzzy ideal of a I'— semiring R. Then A is a strong fuzzy ideal of R if and only if each A, € range
A, is a strong ideal of R.

The following theorems are proved in 7).

Theorem 3.7. Let A and  be two fuzzy subset of R with strong identity and o € I". Then

(i) A(1) < A(x) < A(0), forall 0 # x € R, if A is fuzzy ideal of R.

(i) A Cpifand only if A, C p, forallz € [0, 1].

(iii) (ANu), = A4 N, forallz € [0,1].

Theorem 3.8. Let A and u be two fuzzy subset of R and @ € I'. Then

(i) Any fuzzy subset A of R is a fuzzy ideal if and only if each A, € range A, is an ideal of R.

(ii) If (A; | i € A} is a fuzzy ideal of R. Then arbitrary intersection is a fuzzy ideal of R.

(iii) AT C AN, if A is a right and p is a left fuzzy ideal of R. Hence (AT'u); C A, N, forallr € (0,1].

Theorem 3.9. Let A, 4 and 7 be fuzzy ideals of R. Then

HA+u2DA,ifpu(0)=1.

(i) A+A=A.

(iii) A + u is a fuzzy ideal of R.

(iv) If u(0) = 7(0) = I, then (ANu) +(AN7T) C AN (K + 7). Equality holds if A, 4 and 7 are strong fuzzy ideals of R.

(v) A + xo (the characteristic function of zero) = A if 1(0) = 1.

Proof. The proof of (i), (ii) and (v) are simple and straightforward.

(iii) Since (A + )+ (A +u) = (A + ) for all x,y € R. So we have (A + p)(x+y) = (A +u)+ A +u)(x+y) =
SUPyiy—qip Amin((A +u)(a), (A+p) (b))} > min((A + u)(x), (A + u)(y)). Further, If x = a+b, y = c+d and a € T, then
xoy = (a+b)o(c+d) =aa(c+d)+bo(c+d) = (a+b)oc+ (a+b)ad.

Thus, (A + 1) (X0) = 5P,y {min(A (), ()} > min{A (aa(c + ), (bax(c-+d))} > min(A(a), p(b)). Therefore,
(A +u)(xay) > sup,—, p {min(A (a) , 1 (b)) }= (A + u)(x). Similarly, by using xay = (a + b)oc + (a+ b)ad, we get (A +
W) (xey) > (A +p)(y). Hence, (A + ) is a fuzzy ideal of R.

(iv) Using (i), we have 4 C u+ 7t and 7 C p + 7. This implies that (A Np)C AN (+7) and (AN7) C AN (U + 7). Thus,
forz=x+y,wehave (ANp)(x) <AN(u+17)(x)and (AN7)(y) <AN(U+7)(y). Hence, min (AN u)(x),(ANT)(y) <
min— iy (AN (U4 7)(x),AN (U +7)()< AN (1 + 7)(z). Thus, using (iii), A N (1 + 7) is a fuzzy ideal of R. This implies
that (A1 )+ (A + ))(2) = supe_y, {min((A 1 ) (), (AND)3)} < A A (1 + 7)(2), proving that (A () + (AN 1)) C
AN (u+7). Now suppose that A, p and 7 are strong and z =x+y € R. Then

((Anp)+(AN7)) = Ziggy{min((l ) (x), (AN

7)(»)} = sup {min(min(A(x), t(x)), min(A(y),7(y)))} =

z=x+y

Ziggy{min(min(l(x)ﬂl(y))7min((u(x)7T W)} =

zi;lgy{min(l(x—i—y)%mi“((ﬂ (x),t(y)} =

min (2. sup {min((1(x) %)) =41 (1 + 22

z=x+y
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Let R be a I'— semiring. Then FLI(R), FRI(R) and FI(R) denote respectively the set of all fuzzy left ideals, set of all fuzzy right
ideals and set of all fuzzy ideals of R.

Now the following results are proved in .

Proposition 3.10. Let A and u be two fuzzy left ideals (fuzzy right ideals, fuzzy ideal) of a I'— semiring R. Then A + p is the
unique minimal number of the family of all fuzzy left ideals (fuzzy right ideals, fuzzy ideals) of R containing A and pt. A N p is
the unique maximal member of family of all fuzzy left ideals (fuzzy right ideals, fuzzy ideals)of R contained in A and u.

Proposition 3.11. (FLI(R), +, N) [(FRI(R), +, N),(FI(R), +, N)] is a complete lattice.

Proposition 3.12. If R is a I'— semiring then the lattice (FLI(R), +, N) [(FRI(R), +, N),(FI(R), +, N)] is modular if each of its
member is a fuzzy left k— ideal(fuzzy right k - ideal, fuzzy k - ideal).

Let Ry be the set of all fuzzy ideals of a I'— semiring R such that A (0) = 1. Then in view of Theorem 3.9 ((iii) and (v)) and
triviality of associativity and commutativity, we have

Theorem 3.13. The set (R, +) is a commutative monoid with identity Yo, the characteristic function of 0.

Let I be an ideal of R and x{,7 € [0, 1), denote the fuzzy ideal of a I'—emiring R defined by

; 1 ifxel
X1 = .
o ifxél

Theorem 3.14. Let R be a I'-semiring.

(i) If A and B are two strong ideals of R, then

(a) AN B is strong ideal of R, and

(b) AU B is strong ideal of R, if R is semi-subtractive.

(ii) For any ideal / of R, is strong if and only if each x|,z € [0, 1) is strong.

(iii) R is centreless if and only if )y is strong

Proof. (i) (a) and (b) are obvious.

(ii) This follows from definition 3.3, since for #; € [0,1) and #, € [0, 1) we have
( ,l) A ifn>n

Xa o R ift, <t

(iii) It is easy to see that R is centreless if and only if the ideal (0) is strong. Now the desired result follows from (ii).

Let Ry = (x4, € [0,1),A is a strong ideal of (R}.

Theorem 3.15. If R is semi-subtractive and centreless I'— semiring, then (Ry,+) is a commutative monoid with identity ¥p.

Proof. The result follows directly by theorem 3.14((i)(b),(iii)) and theorem 3.13.

Now, fixt € [0,1) and let Ry’ = (¥} | A is a strong ideal of (R}.

Finally, in this section we have

Theorem 3.16. Let R be semi subtractive and centreless I'— semiring. Then

(i) (Rx',+,N) is a commutative I'— semiring with y/, the additive identity and yx the identity with respect to N.

(ii)Ry’ is centreless.

(iii) (Rx', +,N) is a lattice ordered I'— semiring .

Proof. The (i) and (ii) part follows from Theorem 3.15 and theorem 3.9((ii), (iv) and (v)). Further, using x} + x5 = X} 5 it
follows that Ry’ is lattice ordered I'— semiring with the corresponding algebraic system (Rx’,V,A) where x| V xp = x4 U X5
and X\ A Xg = X4 N Xk

4 Prime Fuzzy ideals of a I'— Semiring

In this section, we observe that a fuzzy ideal of a I'— semiring R can be viewed as a decreasing map from [0, 1] into the set of
ideals of R together with an empty set. As an application of this result, the prime fuzzy ideals of I'— semiring R are described
in terms of prime ideals of I'— semiring.

Definition 4.1. Let R be a I'—semiring. A fuzzy ideal u of R is called prime fuzzy ideal if either it = ) or u is a non constant
function and for any two fuzzy ideals A and A, of R, A,T'A; C u implies that either A} C ptor A, C .

We now state the following lemma and theorem, proof of which are analogous to the corresponding theorems in semirings 7,
so we omit the proofs.

Lemma 4.2. If T, A and B are bounded subset of real numbers and sup < min(supA, sup B), then there exist iy € A and jy € B
such that j =min (ig, jo) € T

https://www.indjst.org/ 2444
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Theorem 4.3. Let I(R) denote the set of two sided ideals of a '— semiring R together with an empty set ¢. Let y: [0,1] = I(R)
be a decreasing function. Then the function y give rise to a fuzzy ideal A of R defined by A (x) = sup{i €[0, 1] | x € y(i) }. Further
all fuzzy ideals of R arise in this manner.

As an application of the above result, we have

Theorem 4.4. Let P be a non-constant fuzzy ideal of a I'—semiring R. Then P is prime if and only if there exist a prime ideal
7 of R(m # R) such that P, € (7,R} for all r € (0,1].

Proof. Let P be a non-constant prime fuzzy ideal of a I'— semiring R. We first show that P(0) = 1, so that each P,, for all
r € [0,1] is an ideal of R. On the contrary, suppose that 0 < P(0) < 1, (P(0) # 0 as P is non-constant. Thus by theorem 3.7(i),
we have u = P(1) < v = P(0) < 1, Since the function » — P, is a decreasing function, we have ¢ # P, C P, =R.Let A and u
be two fuzzy ideal of R arising from decreasing function r — A,,r — U, from [0, 1] into /(R), where

l(R ifr=0 and 1. — P ifr>v

=\ p ifre1 THMTUR ifr<y

Using theorem 3.7(ii), we find that 4 € P and A € P since Ay = P, Z P, =¢ and p, = R  P,. Finally, we show that
(AT'w), C P.For if r > v, then by the theorem 3.7(iii) and 3.8(iii), (AT'n), C (ANu), = AN = P, NP, C P, Similarly,
if0 < r<v,then (AT'n), C (ANu),=ANW =P,NR =P, C P, because r — P, is a decreasing function. Moreover, since
Py=R,(AT')o C Py. This contradicts the fact that P is prime. Hence P(0) = 1. Therefore P, # ¢ for all r € [0, 1] and hence P,
is an ideal of R.

Now we show that P, takes on at most two values and if it takes on two values, then one one must be R. If this is not the case,
then there exist u,v €(0, 1] such that u < vand ¢ # P, C P, C R. This contradicts the primness of P as shown above. It remains
to prove that 7 is a prime ideal of R. Let ¢ and 7 be two ideals of R with (6I'7), C 7. Then the characteristics function Y and
Xz satisfy xoI'xr € Xorr € Xz C P, because (Xz), = wifr > 0and (xz), = Rif r = 0. Now the primeness of P yields that either
Xo C P and x; C P that is either 0 C & or 7 C &. Thus, 7 is the prime ideal of R. Conversely, assume that P, € {m, R}, for all
r € [0, 1], where 7 is prime. Suppose by the way of contradiction that P is not prime. Then there exist fuzzy ideal A and p of a
I'— semiring R with AT’ C P, but neither is contained in P. The later implies that A; P and i, Z P, for somes, t € [0, 1]. Since
every ideal is contained in R, Py = P, = w. Let m = min(s,t). Then P,, = mw and A, € 7w and W, 7, where A, and u,, are ideals
of R.For any a,b € R, AT’ C P implies that (aab)> min(A(a), u(b)). Thus, for any z = Y7 | xi0yi € Al U, Xi € A, Yi € Unm
and o; € I, we have P(z) > m, since A (x;) > m and p (y;) > m. Thus, z €P,, = 7. This shows that A,,I'tt,, C 7, contradicting
that 7 is prime ideal of R. Hence, P is prime.

Corollary 4.5. Let P be a prime ideal of a '—semiring R. Then range P = (1,a}, a€[0,1)

5 Conclusion

In this paper, we establish a special class of fuzzy ideals of a '—semiring and by using the concept of semi subtractive and
centreless, an application in terms of a lattice ordered I'—semiring is constructed. In the continuation of this paper, we
characterize the prime fuzzy ideals of R in terms of prime ideals of a I'— semiring R, which is again an application such that a
fuzzy ideal of I'— semiring R can be a decreasing map from [0, 1] into the set of R together with an empty set. Therefore, this
article is very useful as it invites the researchers to explore more for other type of fuzzy ideals in I'—semirings.
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