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Abstract. In this paper we study fuzzy hyperideals of a fuzzy hyperring, we define and analyze two
particular kinds of fuzzy hyperideals, which extend similar notions of ring context, namely prime fuzzy
hyperideals and maximal fuzzy hyperideals. Moreover, we study the hyperideal transfer through a fuzzy
hyperring homomorphism, particularly for prime fuzzy hyperideals and for maximal fuzzy hyperideals.

1. Introduction

Most of the problems in biology, economics, ecology, engineering, environmental science, medical
science, social science etc. have various uncertainties. Fuzzy set theory, rough set theory, vague set theory,
interval mathematics, probability, soft set theory are different ways of expressing uncertainty.

There have been some developments in the study focusing on a fusion of algebra and theories modelling
imprecision. The study of fuzzy algebraic structures, especially of fuzzy groups, dates back to the early
70-ies. Famous mathematicians were involved in it, such as A. Rosenfeld, J.N. Mordeson, D.S. Malik etc.

Fuzzy hyperstructures represent a connection between fuzzy sets [14] and algebraic hyperstructures
[10]. This topic occurs in many up-to-date papers concerning fuzzy algebraic structures. There are several
important applications of fuzzy algebra, such as in automata theory and coding theory. Concerning fuzzy
sets and algebraic hyperstructures, there are three approaches in order to connect these topics. One approach
is to consider a certain hyperoperation, defined through a fuzzy set, as in [1, 2]. Another approach is to
consider fuzzy hyperstructures in a similar way as Rosenfeld did for fuzzy groups [11]. This study was
initiated by Zahedi and his collaborations [15]. The third approach involves the definition and study of
fuzzy hyperoperations. In a nonempty set H, fuzzy hyperstructures map a pair of elements of H to a fuzzy
subset of H, see [3]. This idea was continued by Kehagias, Konstantinidou and Serafimidis ([5], [6], [12]).
In 2007, Sen, Ameri and Chowdhury [13] used this idea for defining fuzzy hypersemigroups. Soon after,
Leoreanu-Fotea and Davvaz introduced fuzzy hyperrings [7] and Leoreanu-Fotea extended this study to
fuzzy hypermodules [8].

This topic is placed at the border between logic, computer science and universal algebra. It has been
especially approached and developed in the past decade, especially due to its applicability in various
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domains: various subdomains of computer science and mathematics, biology, chemistry etc. To this end, a
theoretical study of generalized algebraic structures and of their properties is required.

In this paper, we continue the study of fuzzy hyperideals of a fuzzy hyperring, initiated in [7]. We
introduce and characterize prime fuzzy hyperideals and maximal fuzzy hyperideals. Moreover, we study
the hyperideal transfer through a fuzzy hyperring homomorphism, particularly for prime fuzzy hyperideals
and for maximal fuzzy hyperideals. In this paper, we present a study in detail of fuzzy hyperideals of
a fuzzy hyperring, continuing [7]. We introduce and characterize prime fuzzy hyperideals and maximal
fuzzy hyperideals. Moreover, we study the hyperideal transfer through a fuzzy hyperring homomorphism,
particularly for prime fuzzy hyperideals and for maximal fuzzy hyperideals.

2. Preliminaries
Let us present some definitions that we need for the rest of our paper.

A mapping o : H x H — P*(H) is called a hyperoperation (or a join operation), where P*(H) is the set of
all non-empty subsets of H and the couple (H, o) is called a hypergroupoid.
The join operation is extended to subsets of H in natural way, so that A o B is given by

AoB:U{aob:aEAandbeB}.

The notations a2 0 A and A o a are used for {a} o A and A o {a}, respectively. Generally, the singleton {a} is
identified by its element a.

A hypergroupoid (H, o) is called a semihypergroup if for all x, v,z of H

(xoy)oz:xo(yoz),
which means that U uoz= U xXou.

MEXOy UG]/OZ

We say that a semihypergroup (H, o) is a hypergroup if for allx € H, x o H = H o x = H. A subhypergroup
(S, 0) of (H, 0) is a nonempty set S, such that for alls € S, wehaveso S =5=Sos.
Many examples of hypergroups can be found in [2]. We present here some of them:
Example 2.1. Let R be an equivalence relation on H. We define a hypergroupoid (H, or), as follows:

Va,beH, acga={y|(ay)€R} and aogb=aogaUbogb.

Then (H, or) is a hypergroup.

Example 2.2. Let (S,-) be a semigroup and let P be a non-empty subset of S. For all x,y of S, we define
x oy = xPy. Then (§,0) is a semihypergroup. If (S,-) is a group, then (S, 0) is a hypergroup, called a
P-hypergroup.

Example 2.3. If G is a group and for all x, y of G, < x, y > denotes the subgroup generated by x and y, then
we define x o y =< x, y >. Then (G, o) is a hypergroup.

Let (Hj, 01) and (Hy, 02) be two semihypergroups. A map f : Hi — H; is called a semihypergroup
homomorphism if for all x, y € Hy, we have f(x o1 y) € f(x) o2 f(y).

Hypergroups were introduced in 1934 by a French mathematician Marty at the VIIIth Congress of
Scandinavian Mathematicians [10]. Till now, a lot of applications of hypergroups have been established in
several fields, such as: combinatorics, cryptography, artificial intelligence, automata etc, see [2]. There are
also other kinds of algebraic hyperstructures, such as hyperrings, hypermodules, hypervector spaces.

Several kinds of hyperrings on a nonempty set R can be defined, depending on which operation
is replaced by a hyperoperation. In what follows, we shall consider one of the most general types of
hyperrings [4]:
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The triple (R, +, ) is a hyperring if:
(i) (R, +) is a commutative hypergroup;
(i1) (R, -) is a semihypergroup;
(iii) the hyperoperation “ - ” is distributive over the hyperoperation “ + ”.
Example 2.4. (M. Krasner) Let (P,+,-) be a ring and let G be a normal subgroup of its multiplicative
semigroup (i.e.,, xG = Gx for all x € P). SetP = {xG | x € P}. For any two elements x,y € P, define
xG @ yG = {(xp + y9)G | p,q € G} and xG © yG = xyG. Then (P, ®, ©) is a hyperring.

Let us recall now some fuzzy hyperstructure definitions, [13].

Let S be a nonempty set. F*(S) denotes the set of all fuzzy subsets of S. A fuzzy hyperoperation on S is a
mapping o : S X S +— F*(S) written as (4, b) — a o b. In other words the fuzzy hyperoperation “o”, assigns
to every pair (4,b) in H? , a nonempty fuzzy subset of H. The set S together with a fuzzy hyperoperation
“ 0" is called a fuzzy hypergroupoid.

(1) A fuzzy hypergroupoid (S, o) is called a fuzzy hypersemigroup if for alla,b,c € S,(aob)oc=ao(boc),
where for any fuzzy subset p of S and for all v € S:

@0 u)() = Vies((@o BF) A p(®) , (1 0 )(1) = Vies(t 0 @)(r) A p(t)).
(2) If A is a nonempty subset of S and x € S, then for all ¢ € S we have
(x 0 A)(#) = Vaea(x 0 a)() and (A 0 x)() = Vgea (@ © x)(8).
(3) Let u, v be two fuzzy subsets of a fuzzy hypergroupoid (S, o) then for all f € S,

(ot = \/ () A (p o B A v(9)).

P.qES

If A is a nonempty subset of S, then we denote the characteristic function of A by y4. If A = S, then
for all t € S we have xs(f) = 1. A fuzzy hypergroup (H,-) is a fuzzy semihypergroup, such that for all
xeH, x-H=H-x= xy.

Example 2.5.[8] Consider the set N* of all nonzero natural numbers and for all 2, b € N* we define the fuzzy
setaob: N*— [0,1] by (a o b)(t) = min{1/a, 1/b, 1/t}. It follows that (N*, o) is a fuzzy semihypergroup.
Example 2.6. [8] Let (H,) be a fuzzy semihypergroup. Let xy be an external element of H and denote
Hy = H U {xy}. For all x € Hy define x o xp = xp o X = xp, and for all a,b € H define (a o b)(xp) = 1. If x € H,
then (a o b)(x) = (a - b)(x). Then (Hy, o) is a fuzzy hypergroup.

Continuing this idea Leoreanu-Fotea and Davvaz [7] introduced the notion of fuzzy hyperrings as
follows:
Let R be a nonempty set and “ @ ”,“ © ” be two fuzzy hyperoperations on R. The triple (R, ®,©) is called a
fuzzy hyperring if
1) aewbec)=@eb)®c foralla,b,ceR;
(2) x®R=R&®x=xs forallxeR;
B) a®b=bea forallabeR;
4) a0 (boc)=(@ob)oc foralla,b,ceR;
G xo(Wdz)=x0Y)P(xOz)and (x®Y)Oz=(x0z)®(yOz) forallx,y,zeR.
The element 1 € R is called unity (or identity) if for all » € R, we have (r © 1)(r) > 0.

Example 2.7. [7] Let (R, +,-) be a ring and p € (0, 1]. If we define the following fuzzy hyperoperations on
R:Va,beR,a®b = xup and (a0 b)(t) = piff t = ab and (a © b)(t) = 0, otherwise, then (R, ®,0) is a fuzzy
hyperring.
Example 2.8. Let us consider the ring Z of integer numbers and k € (0,1]. We define the following fuzzy
hyperoperation on Z:

Ya,beZ, aw b=y, and

k if t =ab,
0 otherwise.

wmwm={
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According to Theorem 3.1, [7], (Z, ¥4, 01) is a fuzzy hyperring.
All fuzzy hyperrings we consider in sequel are commutative and have unity.

3. Prime Fuzzy Hyperideals and Maximal Fuzzy Hyperideals

In this section we shall introduce and analyze the notions of a prime fuzzy hyperideal and a maximal
fuzzy hyperideal.
First we recall the fuzzy hyperideal notion as it was defined in [7]:

Definition 3.1. If (R, ®, ©) is a fuzzy hyperring and I is a nonempty set of R, then I is called a fuzzy hyperideal
if the followings hold:

(i) if 51,50 € I and (s1 ® sp)(x) > 0, then x € [;

(ii) for all s e I, we have s ® [ = xy;

(fii)ifreR, seland (ros)(x) >0or (s©s)(x) >0thenx € 1.

Example 3.2. Let us consider the fuzzy hyperring (Z, ¥4, 01), given in Example 2.8.
Consider S = nZ, where n € N. We check that S is a fuzzy hyperideal of (Z, ¥y, o1).
If 51,80 € nZ and x € Z, then

( " )() 1 if x=151+sp,
S1 W1 8)(x) =
1R 0 otherwise,
hence, (s; Wy 5)(x) > 0 implies that x = 51 + 5, € nZ.
Now, Vs € nZ, and Yx € nZ,
(o n2)x) = \/ (@i s)()
s1enZ
_ \/ 1 if x=s5+s,
B 0 otherwise,
s1eEnZ

so (s Wy nZ)(x) = 1, since we can consider s; = x — s € nZ.
Forall x € Z —nZ, (s W1 nZ)(x) = 0, because x cannot be equal to s + s; € nZ. Hence, s W nZ = xs.
Finally, if s € nZ, r € nZ and (s o1 r)(x) > 0, then (s o1 r)(x) = k, and so x = sr € nZ. In other words, if s € nZ,
r € Z and (s o1 r)(x) > 0 then x € nZ.
Therefore, (nZ, W1, 01) is a fuzzy hyperideal of (Z, W1, o).

Moreover, we shall prove that for all fuzzy hyperideal S of (Z, ¥;, 01), there exists n € N such that S = nZ.
Suppose that S # {0}, which means that 3s € S, s # 0. We have (s 01 0)(0) = k, which means that 0 € S.
Moreover, s W1 S = xs, so (s W1 S)(0) = 1, whence \/(s W §)(0) = 1. Hence, 3$ € S, for which (s ¥y §)(0) > 0,

sesS
whence 0 = s + 3. In other words, —s € S. So, S contains a positive integer.
Let n = min{s € S|s > 0}. We show that S = nZ. Since (n W1 n)(2n) = 1 > 0, it follows that 2n € S. Similarly,
from (n Wy 2n)(3n) > 0 it follows that 3n € S and so on. We obtain that for all x € N, nx € S. In a similar way
as above, from nx € S, it follows that —nx € S, whence nZ C S.
Letnow s € S C Z. Hence, there are q,r € Z, r > 0 such that s = ng + r. From (s W1 —nq)(r) > 0, it follows that
r € § and by the minimality of 7, it follows that r = 0. Then s = nq € nZ. Therefore, S = nZ, which means
that the fuzzy hyperideals of Z are nZ, where 7 is a natural number.

We shall endow quotients of a fuzzy hyperring through its fuzzy hyperideals with hyperring structures,
as follows:
Let (R, ®,0) be a fuzzy hyperring and I be a fuzzy hyperideal. We define the next relation on R:
xpry &= [(x@)(t) > 0 = (y @ I)(t) > 0]
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where (x@ 1)() = \/ (x @ i)(¢).
i€l
It is easy to see that p; is an equivalence relation. We obtain the equivalence classes as follows:
f={yeRlxpy} ={yeRlI (x®)(t) > 0 = (y® )(t) > 0}
and the quotient R/I = {%|x € R}. Finally, we define the following hyperoperations on R/I:

2By ={ (x®y)(z) >0}
29 ={f (xoy)(t) > 0.

Theorem 3.3. If R is a fuzzy hyperring and 1 is a fuzzy hyperideal, then R/I endowed with the hyperoperations

“ v

B”,”@"” isahyperring.

Proof. Let us first verify the associativity of “ @ ”. We have
pmz=(iy@2)() >0,
@t ={8l(x®t)(s) >0},

whence, (x® (y ©2)(s) = \/ (x@1)(s) A (y @ 2)(¥) > 0.

teR
Since (x ® f)(s) > 0 and (y ® z)(t) > 0, then (x ® (y ® z))(s) > 0. Conversely, if (x ® (y ® z))(s) > 0 then there
exists t € R such that (x® f)(s) > 0and (y®z)(t) > 0. So 2@ (§ B Z) = {§l(x D (y D 2))(s) > 0}.
On the other hand, we have: (#8#)BZ = {§|((x®y)®z)(s) > 0}. Since Ris a fuzzy hyperring, the associativity
law holds. Similarly, we can show the associativity of “ @ ”.
Now we have to check the reproduction axiom. If x, y € R then £, 7 € R/I. Since x ® R = xg, it follows that
for all y € R we have (x® R)(y) = 1. So there exists r € R such that (x®r)(y) > 0 then 7 € £ B7. Therefore for
all £ € R/Iwe have £ B R/I = R/I.
Hence, (R/I, B) is a hypergroup.
And by a similar way we show the distributivity. Hence (R/I, B, &) is a hyperring. O

Definition 3.4. (see [9]) Let (R, ®,©) be a fuzzy hyperring. An element x is called zero and it is denoted by
“0”if [(s®x)(u) >0 — s = u].
From now on, we consider that all fuzzy hyperrings have zero and all fuzzy hyperideals of them contain
zero, too.
Definition 3.5. A hyperring (H, +,-) with zero is called an integral hyperring if the following implication
holds: x-y=0=x=0o0ry =0.
Lemma 3.6. In the quotient hyperring (R/I, 8, @), the next equivalence holds:

xele=12=0.

Proof. If x e I thenx®1 = x;. Also, we have (x® )(t) >0 & xi(t) >0 =t € l.
On the other hand, by the definition of “0”, (0 ® I)(t) > 0 if and only if ¢ € I.
Hence, we will obtain [(x @ I)(f) > 0 &= (0®I)(t) > 0] and according to the definition of p; we can say xp;0,
whence % = 0.
Conversely, suppose £ = 0. This means that xp;0 and so the the following implication holds:

(xeDk) >0 (0 I)(k) > 0.
But (0 @ I)(k) > 0 means that k € I. Hence,

xohk)>0=kel (1)

From 0 € I and (x & 0)(x) > 0, it follows that (x @ I)(x) > 0 and according to (1) we obtain that x € I. O

Lemma3.7. If @ =0, then [(x O y)(u) >0 = u € I].
Proof. Let (x© y)(u) > 0. Thenft e £m fj = 0, whence 71 = 0, and by Lemma 3.6, it follows that u € I. O

We can introduce now prime fuzzy hyperideals, as follows:
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Definition 3.8. A fuzzy hyperideal P of a fuzzy hyperring (R, ®, ©) is called a prime fuzzy hyperideal, if P # R
and whenever the following condition holds:

xoy)(u)>0=ueb
thenx € Pory € P.

Example 3.9. We determine the prime fuzzy hyperideals of (Z, W1, 01), given in Example 2.8.
By Corollary 3.20, all fuzzy hyperideals pZ, where p is a prime natural number are prime fuzzy hyperideals,
since they are maximal. We show that if (nZ, Wy, 01) is a prime fuzzy hyperideal, then (nZ, +,-) is a prime
ideal of (Z, +, -), whence we obtain that # is a prime natural number or n = 0. Indeed, (nZ, W1, 01) is prime
if [(ao1D)(x) >0 = x € nZ] = ae€nZorbenZ. But(aogb)(x)>0if and only if x = a-b. So the above
condition becomes:

a-benZ —=aenZorbenZ
which means that #nZ is a prime ideal of the ring Z.
Therefore, the prime fuzzy hyperideals of (Z, W1, o1) are {0} and (pZ, W1, o1) where p is a prime natural number.

Theorem 3.10. If P is a prime fuzzy hyperideal of a fuzzy hyperring (R, ®, ©), then R/P is an integral hyperring.

Proof. Let £ @ 7 = 0. By Lemma 3.7, it follows that [(x © y)(u) > 0 = u € P]. Since P is prime, we obtain
x € Por y € P, and by Lemma 3.6, we obtain £ = 0 or § = 0. Hence R/P is integral hyperring. O

Also the reverse of the above theorem holds:
Theorem 3.11. If R/P is integral hyperring, then P is prime.

Proof. Suppose that (x © y)(u) > 0 = u € P. We show thatx € Por y € P.
We have (x © y)(u) >0 & i € @ fand by Lema 3.6, u € P < i1 = 0.
Hence, the following implication hold:

i € #@ § = 0 = 0, which means that £ @ §
Since R/P is an integral hyperring, it follows that £ = 0 or § =

0.
0, which means that x e Por y € P. O

Hence we have just proved the following;:
Corollary 3.12. If (R, ®, ©) is a fuzzy hyperring, then R/P is an integral hyperring if and only if P is a fuzzy prime
hyperideal.

Now, let Rbe a fuzzy hyperring with “0” and let I be a fuzzy hyperideal of R. We denote (R/I)* = R/I- {0}.
We recall that the definition of a hyperfield [4]:
A hyperring (R, 8, &) with “0” is called hyperfield if for all x € R* = R — {0}, we have x B R = R.
In other words, a hyperring (R, 8, @) is a hyperfield if (R*, @) is a hypergroup. Hence, in a hyperfield
(R, 8,0), (R, ®) and (R*, @) are hypergroups and “ @ ” is distributive over “ B ”.

Proposition 3.13. Let R be a fuzzy hyperring with zero and I be a fuzzy hyperideal. Then the following equivalence
holds:

2a R/ = R/I), where £ € (R/D)+ = Yt ¢ LAy ¢ T: (x O y)(t) > 0

Proof. According to Lemma 3.6, £ = 0 & x €I, hence £ € (R/])* means that x ¢ I.
We have £ 1 (R/])* = (R/I)* & Vt € (R/I)", 3 € (R/I)* such thatf e £ @ §
« Vt¢1,dy ¢ Isuchthat (xOy)(t) > 0. O

Definition 3.14. If S is a nonempty subset of R, then the smallest fuzzy hyperideal of R containing S is

called the fuzzy hyperideal generated by S and it is denoted by < S >. In other words < § >= ﬂ I, where I is
125
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a fuzzy hyperideal of R.

n
In what follows, by Z ui we intend g @ - - - ® uy,, where y; are fuzzy subsets on a same set.
i=1
Proposition 3.15. Let (R, ®, ©) be a fuzzy hyperring with unity and S be a nonempty subset of R. Then
n

<S>={teR|IneN, Z(ai Os;)(t) > 0, whereVYi e {1,...,n},a; € R,s; € S}.
i=1

n
Proof. Let A={t€ R|In e N*, Z(a,- Os;)(t) > 0, where Vi € {1, ...,n},a; € R, s; € S}. We show that
i=1
(i) A is a fuzzy hyperideal;
(if) A is the smallest fuzzy hyperideal of R containing S.
First, let f1,t, € A and (#; & t3)(x) > 0. We check that x € A. We have
n m

(Z a; 05)(H) > 0, (2 d; ©))(t2) > 0, where for all i, j; a; € R,s; € S,a; € R,5; € S.
i=1 =1
We can check easily that the next equivalence holds:
(@@ b)(x) >0 & Tk € (0,1] such that kx, < x. ® xp-
Indeed, we can take k = (a ® b)(x), and similarly
(aob)(y) >0« Jk € (0,1] such that kx, < x, © xp.

n n
Hence, from ()" a;0s;)(t1) > O it follows that Fk; € (0, 1] : kixe, < Y X, © X5, Simnilarly, 3k, € (0,1] < ko, <
i=1 i=1

m
Z Xa; © x¢;- Moreover, Jk € (0,1] : kxx < xt, ® Xt,-
j=1
Setk = min{ki, ko}. We obtain

n m
kk)(x S ]2)(1‘1 @I/(th S (Z Xa,‘ GXS,‘) @ (Z Xﬁj ®X§/)'
i=1 j=1

Since kk € (0,1], it follows that ((Z 308 ® (Z 4 ©$)))(x) > 0, which means that x € A.
i=1 =1
Now, lett € A,r € Rand (r © t)(x) > 0. We check that x € A.

n
There are n € N* such that Vi € {1, ...,n},3a; € R,3s; € S and (Z a; © s;)(t) > 0. Hence, dky, k; € (0,1] such
i=1

n n
that ki xy < xy O xrand ko x; < Z Xa; © Xs,- By distributivity, we obtain kikyx, < Z(}(, O Xa;) © Xs;, whence
i=1 i=1

(Z(r ©a;) ©s;)(x) > 0. Hence, there exist uy, - - -, u, € R such that (Z u;)(x) > 0 and ((r ©®a;) ©s;)(u;) > 0, for

i=1 i=1
all i. Moreover, there are y; € R such that (r © a;)(y;) > 0 and (y; ©s;)(u;) > 0. For alli € {1,, ..., n} we obtain

m
I%i)(u‘. < Xy ©OXs; and ks < Z Xu;, for some ks, k; € (0,1].
i=1

Set k; = minfk;| i € {1, ..., n}}. We obtain

n n
kBI%Xx < Zk)(u,- < Z)(y,' QXsi-
i=1 i=1
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So, (Z Yi ©5;)(x) > 0. This means that x € A. Therefore, A is a fuzzy hyperideal of R.
i=1
Moreover, since R has unity, we have (1 ©s)(s) > 0, foralls € S, and so S C A, as desired.

(if) Next, we show that A is the smallest fuzzy hyperideal containg S. Let B be a fuzzy hyperideal, which

n
contains S and let t € A. Then (Z r; ©s;)(t) > 0, where for alli € {1, ...,n}, r; € R,s; € S. Since
i=1

QY ros)® =\ (Qu)BAG105)w0) A Alrn ©5,)(a)
i=1

u,...,.un€R  i=1

n
it follows that Juy, ..., u, € R such that (Z u;)(t) > 0, Vi, (r; @ s;)(u;) > 0.
i=1
Sinces; € S C B, itfollows thatu; € B, foralli € {1, ..., n}, whence t € B. Hence, A < B. Therefore, A =< S >. O

Definition 3.16. A fuzzy hyperideal M of a fuzzy hyperring R is called maximal if for all fuzzy hyperideal
N,if M<N<RthenM=NorN =R.

Example 3.17. Let us find the maximal fuzzy hyperideals of the fuzzy hyperring, given in Example 2.8.
Notice that nZ is maximal if and only if n is a prime integer. Indeed, if n = p is prime and S = mZ is a fuzzy
hyperideal of (Z, w1, 01) such that pZ < mZ < Z, then m|p, whence m € {1,p}. Hence, m = 1 and somZ = Z
or m = p and so mZ = pZ. This means that pZ is a maximal fuzzy hyperideal of (Z, Wy, 01).

On the other hand, if we suppose there is n € N such that S = nZ is maximal and 7 is not prime, then Jm|x,
m € N, m ¢ {1,n}, whence S = nZ < mZ < Z which is a contradiction. Hence, the only maximal fuzzy
hyperideals of (Z, ¥;, 01) are nZ, where n is a prime natural number.

Now, we characterize maximal fuzzy hyperideals in fuzzy hyperrings.
Theorem 3.18. If (R, ®, ©) is a fuzzy hyperring, M is a fuzzy hyperideal, M # R, then the quotient (R/M, 8, &) is a
hyperfield if and only if M is a maximal fuzzy hyperideal.

Proof. Let x be an whichever element of R — M. We denote the fuzzy hyperideals of R generated by M and
x by < M,x >. In order to show that M is maximal we check that < M,x >= R. Suppose (R/M,B,E) is a
hyperfield, so according to Proposition 3.13,

Vx¢M Vi¢MIAyg M; (x0y)(t) >0
On the other hand, < M, x > is a fuzzy hyperideal and x e< M,x >, y € R. Hence, t e< M,x >, for all t ¢ M.
Therefore, R — M c< M, x >, whence < M, x >= R. This means that M is a maximal fuzzy hyperideal.
Conversely, let x ¢ M. It follows that M €< M, x > and since M is maximal we obtain that < M, x >= R.
On the other hand,

<M,x>={ueRAne N": ((Z ri O m;) ® (r ©x))(u) >0, wherer € R, Vi, m; € M,r; € R}.
i=1 .
Let t € R — M be arbitrary. Since t € R =< M, x >, it follows that ((Z r; O m;) @ (r © x))(t) > 0. We have

i=1
n+1

QY romyeron® = \/  (Qu)®AFom)u)A
i=1

Viefl,...,.n+1},u;€eR  i=1

A o A (10 © 1) (1) A (r © X)(ns1)),

whence there exist 1, ..., 1,41 € R, such that
n+1

(Z u;)(t) >0, (rn ©m1)(uy) >0, ..., (r, © my)(uy) >0, (r © x)(Ups1) > 0.
i=1
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n+1
This means that in R/M we have f € Zﬁi, i e Amm =0, sincem; € M,... i, €, @3m, =0, and
i=1
iy € PE%. Hence, f = i1, € 7@ %. So, Vi, £ € R/M, £ # 0 # £, 37 € R/M such that f € # @ £. Notice that
? # 0, otherwise f = 0.
Therefore, (R/M)*, @) is a hypergroup and so (R/M, B, @) is a hyperfield. O.

Theorem 3.19. Every hyperfield is an integral hyperring.

Proof. Let (R, 8, @) be a hyperfield and a,b € Rsuch thatamb = 0. We show thata = 0orb = 0. Supposea # 0.
Since (R*, @) is a hypergroup it follows that amR* = R*. Hence, anb ¢ amR*, butamb € anR, sobmustbe 0. O

Corollary 3.20. Every maximal fuzzy hyperideal is a prime fuzzy hyperideal.
It follows by the characterizations of prime fuzzy hyperideals, maximal fuzzy hyperideals and the above
theorem. O

4. Fuzzy Ideal Transfer

Let (R1,®1,01) and (Ry, @2, @7) be two fuzzy hyperrings. In [7], a homomorphism of fuzzy hyperrings
is defined as follows:

A map f: Ry — Ry is called homomorphism of fuzzy hyperrings if the following conditions hold:
Ya,beRy, fa® b)< f(a)®, f(b)and f(a 0 b) < f(a) ©, f(b).

Definition 4.1. If in the above conditions we have “ = ” instead of “ < ”, then f is called a good homomorphism
of fuzzy hyperrings.

Recall that if R; — Ry is a map and u is a fuzzy set on Ry, then f(u) : R, — [0, 1] is defined as follows:

f@m ="\ po)if FO#e,
ref (1)

otherwise we consider (f(u))(t) = 0.

Theorem 4.2. Let f : Ry — Ry be a surjective good homomorphism of fuzzy hyperrings and I, 1, be two fuzzy
hyperideals of Ry and R, respectively. The following statements hold:
(i) if the next implication holds:

f(w)=x5, and u = \/ a®b= u=xpyq (1)

a€ACR;,beBCR,

then f~Y(I,) is a fuzzy hyperideal of R;.
(ii) f(I1) is a fuzzy hyperideal of Ro.

Proof. (i) Let 51,5, € f1(I2) and x € R; such that (s; @1 $2)(x) > 0. We show that x € f~1(I,).
Since (s1 @1 s2)(x) > 0, it follows that

0< \/ (51 @1 52)(r) = f(51 @1 52)(f (%)) < (f(51) B2 f(52))(f (%))
ref1(f(x))

Since I, is a fuzzy hyperideal of R, and f(s1), f(s2) € I, we obtain that f(x) € I, which means thatx € f (D).
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Here, we check thats; @ f L) =x F1(1), using (7). Indeed,

fsr@1 fH () = f(s1) @ f(f (1) = fs1) @2 b = X1,

whence, s1 & () = Xf1ay), (weput A ={s1}and B = F (L), so u=s @& f (D).
Notice that for all r ¢ f~1(I), we will obtain (s; ®; f~(I2))(r) = 0 without using condition (7) as follows:
Let r € Ry, we have (51 &1 f1(L)(r) = \/ (s1 @1 u)(r). On the other hand, f(s; ® u) < f(s1) & f(u) €
uef(l)
f(s1) ®2 I = x1,, hence for all x ¢ I, f(s1 ®1 u)(x) = 0, which means that \/ (s1®1u)(r)=0,if x € Imf.
ref~1(x)
Hence, (s1 ®1 u)(r) = 0 for all r such that f(r) ¢ I, whence (s1 &1 f~}(I2))(r) = 0, for all r ¢ f~1(I»).
Finally, if s € (L), r € Ry and (r ®; s)(x) > 0, then we show that x € f~1(I»).
We have 0 < \/ (ro1s)(t) = f(rors)(f(x) < (f(r) @ f(s))(f(x)). Since I, is a fuzzy hyperideal of R, and
tef1(f(x))
£(s) € I, it follows that f(x) € I which means that x € f~(I).

(if) Let s1,5, € I and x € Ry such that (f(s1) @ f(s2))(x) > 0. We have (f(s1) ®2 f(52))(x) = f(s51 ®1 52)(x) =
\/ (s1 @1 52)(r), since f is surjective. Hence there exists r € f~(x) such that (s; @; s,)(r) > 0 and since I is
ref~1(x)
a fuzzy hyperideal it follows that r € I; and so f(r) = x € f(Iy).
Similarly, we check that if s; € I1; ,x € Rp and (f(s1) ®2 r)(x) > 0, then we obtain that x € f(I;), too.
Finally, for all s € I, f(s) @, f(I1) = f(s @1 I1) = f(x1,) = Xfa), since f(xp)(x) = \/ xn(r) = xfm) ).

ref~1(x)
Therefore, f(I) is a fuzzy hyperideal of R,. O

Notice that since any fuzzy hyperideal contains zero, it follows that if I, is a fuzzy hyperideal of R;, then
f71(I2) contains f~1(0), which we denote by Kerf.

Now, let f : Ri — R, be a map and let x € R;. Denote by ¥ = {t|f(x) = f(t)}. % is the euivalence class
determined by the equivalence relation induced by f:

x~py = f(x) = f(y)

Theorem 4.3. Let f : Ry — Ry be a surjective good fuzzy homomorphism. If P is a prime fuzzy hyperideal of R,
and the following condition holds:

xeP=xCP (*)
then f(P) is a prime fuzzy hyperideal of Ro.

Proof. First, notice that f(P) # R,. We have that P # R;. Suppose that f(P) = R,. Since f(R;) = Ry, it follows
that f(P) = f(Ry), which means that for all x € Ry, there exists p € P such that f(x) = f(p), x € P. By (»), it
follows that x € P, that is Ry = P, which is a contradiction.
Moreover, By Theorem 4.2, f(P) is a fuzzy hyperideal of R,.
Now, suppose that (4 © b)(y) > 0 = y € f(P) holds, where 4,5, y € R,. We check that d € f(P) or b € f(P).
If @0 h)(x) > 0, then f@aOb)(f) = \/ @Ob)w) > 0, whence (f(@) © FB)(f()) > O.

fa)=f)
Denote f(a) = 4, f(b) = b, f(x) = y. We obtain f(x) = y € f(P) and by () it follows that x € P. Hence,
(2 © b)(x) > 0 implies that x € P. Since P is prime, we obtain thata € Por b € P, and so f(a) =4 € f(P) or
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f(b) = b € f(P). Therefore f(P) is a prime fuzzy hyperideal of R,. O

Theorem 4.4. Let f : Ry — Ry be a surjective good fuzzy homomorphism. If M is a maximal fuzzy hyperideal of
Ry and the following condition holds:

xXeM=xCcM (*)

then f(M) is a maximal fuzzy hyperideal of Ro.
Proof. The proof is the same as the proof in the classical context of maximal ideals of rings. O

Theorem 4.5. Let f : Ry — Rj be a surjective good homomorphism, such that condition (t) holds. If P is a prime
(maximal) fuzzy hyperideal of Ry, then f~'(P) is a prime (maximal) fuzzy hyperideal of R;.

Proof. First, notice that f~'(P) # Ry, otherwise, if f~(P) = Ry, then f(f~'(P)) = f(R;) = R,. Since
f( f‘l(P)) C P, it follows that R, C P C R, that is P = Ry, which is a contradiction.

Moreover, according to Theorem 4.2, f(P) is a fuzzy hyperideal of R.

Finally, suppose that the next implication holds:

@ob(x)>0=xe f'(P) ()
where a,b, x € Ry
We check thata € f~(P) or b € f7'(P).
If (4 © b)(x) > O,where 4,b,y € Ry, thend = f(a), b = f(b), y = f(x), where a,b,x € Ry, and f(a © b)(f(x)) > 0.
Hence, \/ (2 ©b)(u) > 0, whence there exists u € Ry : f(u) = f(x), such that (a © b)(1) > 0. By (#+), it

f)=fx)

follows that u € f~'(P), thatis f(u) = f(x) = y € P.
Since P is prime, we obtain that 4 = f(a) € Porb = fb) € P. Hence, a € fYP)orbe f‘l(P). Therefore
f~1(P) is a prime fuzzy hyperideal of R,.
The proof for maximal fuzzy hyperideal is the same as the proof in the classical context of maximal ideals
of rings. O

Corollary 4.6. If Ry — Ry is a surjective good homomorphism such that condition (t) holds, then there is a bijection
correspondence between the set of prime (maximal) fuzzy hyperideals of Ry, that satisfy condition (+) and the set of
prime (maximal) fuzzy hyperideals of Rs.

Example 4.7. We endow the ring (Z,, +, -) with two fuzzy hyperoperatins:
Va,beZ, a¥,b=yx,,;,
Aoy b(t) =k e (0,1] ift =a-band otherwise, @ o, b(t) = 0.
In other words, @ 0, b = kx; ;- According to Theorem 3.1 [7], it follows that (Z,;, W, 0,) is a fuzzy hyperring.
Consider now the canonical projection n : Z — Z,, where (Z, W1, 01) and (Z,, Wy, o) are the above fuzzy
hyperrings. For all f € Z,,, we have

(@ &1 00 = 1) ® = \/ xans(s),
ser1(f)
so 7(a Wy b)(F) = 1 if and only if a + b € 7(f), which means that nt(a + b) = f, or equivalently 7 = a+b.
Otherwise, 7t(a Wy b)(f) = 0.
On the other hand, (r2(a) &, (b))(f) = (4 W2 b)(F) = x,,;(t). Therefore, rt(a Wy b) = 1(a) Wy 7t(b).
Similarly, for all f € Z,, we have

mi(a o1 b)(F) = me(kxas)(H) = \/ kxas(s) = kxz(F) = (n(@) o2 n(0)(H).

sert1(f)
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Therefore, 7 is a surjective good homomorphism of fuzzy hyperrings.
Let us check condition (7). Consider that u = A W; B is a fuzzy subset on Z. Then u = xa4p. If m(u) = xs,
where S is a fuzzy hyperideal of Z,,, then
x5 = n(@d = \/ 1) = \/ xa:56)
sef sef

{ 1 if fN(A+B) # g,

0 otherwise,

1 if fe A+B,

0 otherwise.
Hence, f € S & f € A+ B, whence S = A + B. Therefore, 1= Xn1(s)-

On the other hand, the fuzzy hyperring (Z,, ¥, 0,) has zero, which is 0= n(nZ), so all fuzzy hyperideals
of Z,, contain it. This means that nZ = 7~ 1(0) C (1), for all fuzzy hyperideal I, of Z,. According to
Theorem 4.2, the set of fuzzy hyperideals of (Z,, W,, 03) is {r(mZ)|where m|n}.

Recall that the prime fuzzy hyperideals of (Z, W1, 01) are {0} and pZ, where p is a prime natural number,
while the maximal fuzzy hyperideals of (Z, ¥, 01) are pZ, where p is a prime natural number.
We look for the fuzzy hyperideals I which satisfy (+). Condition (*) is:

xel—=%xcCl

Clearly, {0} does not satisfy (). We prove that a fuzzy hyperideal I = mZ of (Z, w1, o1) satisfies (*) if and only
if mln, wheren: Z — Z,.

Let x € mZ and y € %. This means that n|(y — x). We have y € mZ <= mly if and only if m|(y — x). Hence, if
n|(y — x), then we must have m|(y — x). This happens if and only if m|n.

For instance, if n =5and m =6, thenx =6 € 6Z,but1 ¢ 6Zand 1 €6. f x =6and m =3, thenx =9 € 3Z
and ¥ = 6Z + 3 C 3Z.

We can conclude that for the surjective good homomorphism 7t : Z — Z,,, the set of prime (maximal) fuzzy
hyperideals of Z which satisfy (+) is {pZ|p is prime, p|n}. According to Corollary 4.6, this set is in a bijective
correspondence with the set of prime (maximal) fuzzy hyperideals of Z,.

Therefore, the set of prime (maximal) fuzzy hyperideals of Z,, is {n(pZ)|p is prime, p|n}. O

In [7] homomorphisms of fuzzy hyperrings are analysed; in particular, they are considered quotients
of fuzzy hyperrings with respect to fuzzy regular relations, notions that are necessary for isomorphism
theorems. Itis proved that there exists a bijective map between fuzzy regular relations on a hyzzy hyperring
and regular relations on the associated hyperring.Hence the study of quotient fuzzy hyperrings is reduced
to the study of quotient hyperrings. Isomorphism theorems for hyperrings are presented in [4].

5. Conclusion.

We extend the study initiated in [13] about fuzzy semihypergroups and in [7] about fuzzy hyperrings.
We introduce and characterize prime fuzzy hyperideals and maximal fuzzy hyperideals and study the
hyperideal transfer through a fuzzy hyperring homomorphism. This study can be continued in several
directions, such as: to examine the spectrum of fuzzy hyperrings, to analyse similar notions in the context
of fuzzy hypermodules.
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