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ABSTRACT. This paper introduces the concept of interval-valued fuzzy
left (resp. right) h-ideals of I'-hemirings and investigates some related
properties. It is shown that the set of all interval-valued fuzzy left h-ideals
with the same tip forms a complete lattice. The characterization of h-
hemiregular I'~-hemirings in terms of interval-valued fuzzy left h-ideals and
interval-valued fuzzy right h-ideals is also studied.
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1. INTRODUCTION

The concept of fuzzy set was introduced by Zadeh [16]. Since then, many papers
on fuzzy sets appeared showing the importance of the concept and its applications
to logic, set theory, group theory, groupoids, real analysis, measure theory, topology,
ect. Many notions of mathematics are extended to such sets, and various properties
of these notions in the context of fuzzy sets are established. On the other hand,
because of the importance of group theory in mathematics as well as its many areas
of application, the notion of fuzzy subgroups was defined by Rosenfeld in [13]. Since
then, there are many researchers devoting to study the relationships between fuzzy
set and various algebraic structures.

Semirings which are regarded as a generalization of rings and bounded distributive
lattice have been found useful in solving problems in different disciplines of applied
mathematics and information sciences. It is well known that ideals of semirings play
a central role in the structure theory and are useful for many purposes. However,
they do not in general coincide with the usual ring ideals and, for this reason,
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their use is somewhat limited in trying to obtain analogues of ring theorems for
semirings. Indeed, many results in rings apparently have no analogues in semirings
using only ideals. In order to overcome this deficiency, Henriksen [5] defined a more
restricted class of ideals in semirings, which is called the class of k-ideals, with the
property that if the semiring S is a ring then a complex in S is a k-ideal if and
only if it is a ring ideal. A still more restricted class of ideals in hemirings has
been given by lizuka [7]. According to lizula’s definition, an ideal in any additively
commutative semiring S can be given which coincides with a ring ideal provided S
is a hemiring, and it is called h-ideal. The properties of h-ideals and k-ideals of
hemirings were thoroughly investigated by La Torre [10] and by using the h-ideals
and k-ideals, La Torre established some analogous ring theorems for hemirings. The
general properties of fuzzy h-ideals have been considered by Huang, Jun, Zhan, Yin
and others. The reader is refereed to [1} 12, 3} [4, 6, 8, 9] 11}, 14} 15, [18]. Ma and Zhan
[12] introduced and investigated some kinds of fuzzy h-ideals of I'-hemirings.

After the introduction of fuzzy sets by Zadeh [16], several researchers explored on
the generalization of the the notion of fuzzy set. The concept of interval-valued fuzzy
set was introduced by Zadeh [17] in 1975, as a generalization of the notion of fuzzy
set. In this paper, we apply the concept of interval-valued fuzzy sets to I'-hemirings.
We introduce and investigate interval-valued fuzzy left (right) h-ideals. Also, we
give the characterization of h-hemiregular I'-hemirings in terms of interval-valued
fuzzy left (right) h-ideals.

2. PRELIMINARIES

In this section, we recall some basic definitions and results which will be used
throughout the paper.

By an interval number a, we mean an interval [a~,a™] where 0 < a~ <at < 1.
The set of all interval numbers is denoted by DJ0,1]. The interval [a,a] can be
simply identified by the number a. For the interval numbers d; = [a;,a; ], b; =
[b;,b]] € D[0,1],i € I, where I is an index set, we define

max{az,b } = [max{a;,b; },max{a;}, b] }],

min{d;, b;} = [min{a; ,b; },min{a;, b }],

supd; = [supa; ,supa; ],

Z”L

i€l i€l i€l

inf d@; = [inf a; ,inf a; ],

i€l iel " Tiel
and put

<bea <b and at <bh,
i) bea =b- anda+—b+,

(iii) l~)<:>a<banda7éb

(iv) = [ka™,ka™], whenever 0 < k < 1.

Then, it is clear that (D]0, 1], <, A, V) forms a complete lattice with 0 = [0, 0] as its
least element and 1 = [1,1] as its greatest element. Recall that an interval-valued
fuzzy subset F' on X is the set

F={(z, [pp(@), np(@)])]e € X},
36
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where p7 and u; are two fuzzy subsets of X such that pp(z) < ,ujg(x) for all
z € X. Putting pr(z) = [pp(2), uh(z)], we see that F = {(z, ur(x))|lz € X},
where pp : X — DI[0,1]. If F and G are two interval-valued fuzzy subsets of X,
then we define

F C G if and only if for all z € X, pp(2) < pg(z) and ph(z) < pd(x),

F = G if and only if for all z € X, pp(z) = ug(x) and pj(z) = ps(x).
Also, the union, intersection and complement are defined as follows:

FUG = {(z, [max{uz (x), g (2)}, max{ i (x), 1 (@) W) € X},

F G = {(z, [min{ug (@), ig ()} min{pf (), i (0)}]) 2 € X}

Definition 2.1. [12] Let S and T' be two additive abelian groups. S is called a
I'-semiring if there exists a mapping S x I' x S — S (images to be denoted by aab
for a,b € S and « € T) satisfies the following conditions:
(i) (a+ b)ac = aac + bac;
(ii) aa(b+ ¢) = aab + aac;
(iii) a(a+ B)b = aab + afb;
(iv) aa(bBc) = (aab)pe.

By a zero of a I'-semiring S, we mean an element 0 € S such that Oz = za0 =0
and 0+x =2+ 0=z forall zx € S and o € T'. A I'-semiring with a zero is said to
be a I'-hemiring.

Throughout this paper, S is a [-hemiring, and we use Og to denote the zero
element of S.

A left (vesp., right) ideal of a -hemiring S is a subset A of S which is closed under
addition such that STA C A (resp., AT'S C A), where STA = {al'bja,b € S,a € T'}.
Further, A is called an ideal of S if it is both a left ideal and a right ideal of S.

A left ideal (right ideal, ideal) A of S is called a left h-ideal (right h-ideal, h-ideal)
of S, respectively, if for any z,z2 € Sand a,b€ A,z +a+2=b+2 — x € A.

The h-closure A of Ain S is defined by

A={z|lr+a+2=0b+z for some a,b € A,z € S}.

Clearly, if A is a left ideal of S, then A is the smallest left h-ideal of S containing
A. We also have A C A for each A C S. Moreover, A C B C S implies A C B.

We introduce the h-sum and h-product of two interval-valued fuzzy subsets as
follows.

Definition 2.2. Let F' and G be two interval-valued fuzzy subsets of S. The h-sum
of F and G, denoted by F +j, G, is defined by

firina(r) = \/ min{pp(ar), pr(az), pe(br), pe(b2)}-
z+a1+b1+2=az+ba+z2

Definition 2.3. Let F' and G be two interval-valued fuzzy subsets of S. Then the
h-product of F and G, denoted by FI';,G, is defined by

prr,c() = \V min{zr(a1), pr(az), pG(br), pa(b2)}

r+a1y1bi+z=azy2b2+2
and ppr, ¢(z) = 0 if = can not be expressed as x + a1y1b1 + 2z = asy2bs + 2.

By directly calculation we obtain immediately the following results.
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Lemma 2.4. Let G1,G4o, Hy and Hy be interval-valued fuzzy subsets of S such that
G1 C Hy and Go C Hy. Then G+, Hi C Go +,, Hy and G1I'y, Hy C GoI', Hs.

Lemma 2.5. Let F,G and H be interval-valued fuzzy subsets of a hemiring S. Then
we have

(1) F+1, (HUG) = (FUH) 4, (FUG) and FT,(HUG) = (FUH)TL(FUG);
(2) F+, (HNG) C (FNH)+, (FNG) and FTL(HNG) C (FNH)TL(FNG).

For any non-empty subset A of S, we denote by xa = {(x, ity , (2))|z € S}, where
Hy 4 (z) is defined by 1y, (z) = 1 if z € A and otherwise i, , (z) = 0.

Lemma 2.6. Let A,B C S. Then we have

(1) AC B xa € xB;
(2) xANXB = XanB;
(3) xa +nXB = Xa7E"
(4) xalnxB = X778

—_—~

Proof. We only show (4). Let x € S. If p,__(x) = 1, then z € AI'B and so
there exist a},a, € A,b],b, € B,v1,v, € T and 2z’ € S such that 2’ + a{v{b] + z =
abyhbh, + 2’ Hence

fxaTxs () = \V min{fiy, (1), s (@2), fixgs (b1), Ly (b2) }
z+ar1yi1bi+z=azy2b2+2

> min{ iy, (a1), fixa (05), fixp (01), fing (B)} = 1.

—_~—

Otherwise, if p

(z) =0, then 2z ¢ AT B, which implies that x cannot be expressed

XATB
as T + a1y1b1 + 2z = asy2bs + z and so M;l\“_;us(x) = 0. Therefore, in any case we
have iy 41, x5 (2) = by () and so xaTnxB = Xarp: L

3. THE INTERVAL-VALUED FUZZY LEFT (RIGHT) h-IDEALS OF I'-HEMIRINGS

Definition 3.1. An interval-valued fuzzy subset F' of S is called an interval-valued
fuzzy h-left ideal if for all z, z,a,b € S we have

(Fla) F+, F C F,

(F2a) xsT'h F C F,

(F3a) z+a+z=0b+ 2z — pr(x) > min{pr(a), ur(d)}.

Interval-valued fuzzy right h-ideals and interval-valued fuzzy h-ideals are defined
similarly.

Note that for any interval-valued fuzzy left (right) h-ideal F' of S, ug(0) > pr(x)
forall z € Ssince 0+z+2=x+ 2.

Lemma 3.2. Let F be an interval-valued fuzzy subset of S such that (F3a) holds.
Then (Fla) holds if and only if the following condition holds:
(FIb) jip(z + y) = min{gip (), fip(y)} for all a,y € .
38
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Proof. Assume that (Fla) holds. Let 2,y € S. Then, since x4+y+04+0+2z = z+y+=z
for any z € S, we have

pr(T+y) > prp,r(c +y)

= V min{fip(a1), jir (az), i (b1), i (b2) }
z+y+a1+bi+z=az+ba+z
min{zp(0), pr (@), pr(y)} = min{pr(z), kr(y)}

Conversely, assume that (F1b) holds. Let = € S. Then jiry, r(z) = 0 < jip(x)
if  cannot be expressed as x + a1 + b1 + 2z = ag + ba + z. Otherwise, by (F3a) and
(F1b), we have

pr(x) = min{pp(ar + b1), pr(az + b2)} = min{prp(a1), pr(az), pr(by), pr(b2)}
and so

porr, F(x) = \/ min{zr(a1), ir(az), wr(b1), pr(b2)}
z+a1+b1+2=az+ba+z

< \/ i () = fir ().
r+a1+bi+z=az+ba+z
Hence xs +, F C F. O

v

Lemma 3.3. Let F' be an interval-valued fuzzy subset of S such that (F3a) holds.
Then (F2a) holds if and only if the following condition holds:
(F2b) pr(zay) > ur(y) for alz,y € S and a € T.

Proof. The proof is similar to that of Lemma 3.2. d
By Lemmas 3.2 and 3.3, we have the following results.

Theorem 3.4. An interval-valued fuzzy subset F' of S is an interval-valued fuzzy
h-ideal of S if it satisfies (F1b), (F3a) and
(F3b) pr(zay) > max{pr(z), pr(y)} for allz,y € S and a €T

Let F be an interval-valued fuzzy subset of S. Then, for every a € DJ0,1],
the sets U(F,a) = {z € S|ur(x) > a} and U(F,a) = {z € S|ur(r) > a} are
called an interval-valued level subset and an interval-valued strong level subset of
F, respectively. The following lemma indicates the relationships between interval-
valued fuzzy left (resp. right) h-ideals of S and crisp left (resp. right) h-ideals of
S.

Lemma 3.5. Let F' be an interval-valued fuzzy subset of S. Then we have
(1) F is an interval-valued fuzzy left (resp. right) h-ideal of S if and only if
U(F,a)(U(F,a) # @) is a left (resp. right) h-ideal of S for all a € D|0,1].
(2) F is an interval-valued fuzzy left (resp. right) h-ideal of S if and only if
U(F,a)(U(F,a) # @) is a left (resp. right) h-ideal of S for all a € D[0,1].
Proof. The proof is straightforward. O

As a direct consequence, we have the following result.

Lemma 3.6. Let A C S. Then A is a left (resp. right) h-ideal of S if and only if
XA is an interval-valued fuzzy left (resp. right) h-ideal of S.
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Theorem 3.7. Let F and G be interval-valued fuzzy left (resp. right) h-ideals of S.
Then so is FNG.

Proof. Let F' and G be two interval-valued fuzzy left h-ideals of S. We show that
F NG is also an interval-valued fuzzy left h-ideal of S. The case for interval-valued
fuzzy right h-ideals can be similarly proved.

(1) By Lemma 2.4, (FNG)+, (FNG)C F+, FC Fand (FNG)+, (FNG) C
G+, G CG. Hence (FNG)+, (FNG) CFNG.

(2) By Lemma 2.4, xsT'h(FNG) C xsTpF C F and xsT'h(FNG) C xsT'hG C G.
Hence xsT'h(FNG) C FNG.

(3) Let a,b,x and z be any elements of S such that x + a + z = b+ 2. Then it
follows that

prng(x) =min{pp (), pe(x)} = min{ur(a), pr(b), pela), pa(b)}
=min{irng(a), rne(b)}-

Therefore, F'N G is an interval-valued fuzzy left h-ideal of S. 0

Theorem 3.8. Let F' and G be interval-valued fuzzy left (resp. right) h-ideals of S.
Then so is '+, G.

Proof. Let F and G be interval-valued fuzzy left h-ideals of S. We show that F'+, G
is also an interval-valued fuzzy left h-ideal of S. The case for interval-valued fuzzy
right h-ideals can be similarly proved.

(1) For any z,y € S, we have

pria(T+y) = V min{/ir(a1), pir(az), pe(by), pa(b2)}
z+y+a1+bi+z=az+ba+z
> min { \V min{ir(c1), fir(c2), pa(d), pa(dz)},
z4c1+di+z1=cotda+2z1

\/ min{[[ﬁ(ﬁ),LT};(EQ),lT(/;(fl)’ITC/J(fZ)}}

yter+fitzo=ea+fotzo
= min{/w/:h/g(x), Mm (y)}-

(2) For any z,y € S and o € T, we have

tric(y) = \V min{zr(a1), pr(az), kG (b1), kG (b2)}
y+ai+bit+z=az+ba+z

< \/ min{fr(zaay), pr(xaas), pa(zabr), pa(zabs)}

rzaytraaltradb)t+rzaz
=zaagfzabytzaz

< \V min{pr(c1), ir(cz), e (d), pa(dz)}
ray+ci+di+zi=co+da+2z1
=iric(ray).
(3) Let a,b, x and z; be any elements of S such that  +a+ 21 = b+ z;. If there

exist Cl,CQ,dl,dg,el,ez,f17f2,22,23 € S such that
40
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a+ci+dy+ 29 =co+dy+ 2o and b+61+f1+23:€2+f2+2’3,
then we have

TH+ceat+doter+ fit+za=c+di+e+ fot 2,

where z4 = 21 + 22 + 23, and so

M’F“l‘hc(x) = \/ min{/,[l;(al)vlE(CL?)v/E(bl)vﬂ\é(b2)}
rz+a1+b1+z=azx+ba+z2

= min{yip(c2 + 1), pr(cr + e2), pa(dz + f1), pa(dy + f2)}
> min{min{jp(c2), pir(e1)}, min{pp(c1), pr(e2)},
min{sg (dz), pa(f1)}, min{ue(di), pa(f2)}}
= min{ur(c2), pr(er), pr(cr), pr(e2), pa(dz), na(fi), na(d), pa(f2)}-

It follows that

PFt,G(T) >min{ V min{pr (1), r(c2), pa(di), pa(da)},
a+c1+di+za=co+da+22

\/ min{ﬁ}:(ﬁ),ﬂ;(@),@(fl)’ﬂa(ﬁ)}}
btei1+ fi+zz=ea2+fatz3

— min{jir,6(a), irra(®)}

Therefore, F' +5, G is an interval-valued fuzzy left h-ideal of S. O

Denote by IVFHI(.S) the set of all interval-valued fuzzy left h-ideals of S with the
same tip, that is, up(0) = e (0) for all F,G € IVFHI(S).

Theorem 3.9. (IVFHI(S),N, +p) s a complete lattice.

Proof. Let F,G € (IVFHI(S),N,+y). Clearly, F N G € IVFHI(S) is the greatest
lower bound of F' and G. By Theorem 3.8, we have F +), G € IVFHI(S)(S). Now,
we prove that F' +j, G is the least supper bound of F and G. Let z € S. Since
r+04+04+0=2z+0+0, we have

pria(e) = V min{fir(a1), i (az), fic(by), i (b2) }
rz+a1+bi+z=az+b2+z
>min{jir (0), fip (2), i (0)} = fir (2), 17 (0)}
>fip ().

It follows that F* C F'+, G. Similarly, G C F +}, G and so A+, B is an upper bound

of F and G. Now, let H € IVFHI(S) be such that FF C H and G C H. It follows

from Lemma 2.4 that F 4+, G C C 4+, C C C. So, F +}, G is the least supper bound

of F and G. There is no difficulty in replacing the {F, G} with an arbitrary family

of IVFHI(S) and so (IVFHI(S), N, +},) is complete. Therefore, (IVFHI(S), N, +4) is

a complete lattice. Il
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4. THE CHARACTERIZATION OF h-HEMIREGULAR ['-HEMIRINGS

In this section, we consider the characterization of h-hemiregular I'-hemirings
in terms of an interval-valued fuzzy left h-ideal and an interval-valued fuzzy right
h-ideal.

Definition 4.1. A I'-hemiring S is said to be h-hemiregular if for each = € S, there
exist a,a’,z € S and o, 3,a’, 3 € I" such that

z +zaafBr + z = xzd'd' 'z + 2.

Lemma 4.2. [12] A T'-hemiring S is h-hemiregular if and only if for every right
h-ideal R and every left h-ideal L of S we have RI'y L = RN L.

Theorem 4.3. A I'-hemiring S is h-hemiregular if and only if for every interval-
valued fuzzy right h-ideal F and every interval-valued fuzzy left h-ideal G of S we
have FT;,G = FNG.

Proof. Assume that S is h-hemiregular. Let F' and G be any interval-valued fuzzy
right h-ideal and any interval-valued fuzzy left h-ideal of S, respectively. Then by
Lemma 2.4, we have FT';,G C FT'pxs C F and FT';,G C xsI'hG C G. Thus FT',G C
FNG. To show the converse inclusion, for any x € S, since S is h-hemiregular, there
exist a,a’,z € S and «, 8,¢’, 3’ € I' such that x + raafBr + 2z = za'a’3z + z. Then
we have

pirr,a(z) = V min{ iz (a), jir (az), /i (b) jic: (be) }
z+a1y1bi+z=az2y2b2+z
> min{iip (vaa), pr(zaa), pe(z)}
>min{up(z), pa(z)} = (pr N pe) (@),
this implies that F NG C FT',G. Therefore FT'1,G = FNG.
Conversely, assume that the given condition holds. Let L and R be any left h-
ideal and any right h-ideal of S, respectively. Then by Lemma 3.6, x; and xg is

an interval-valued fuzzy left h-ideal and an interval valued fuzzy right h-ideal of .S,
respectively. Then, by the assumption and Lemma 2.6, we have

XrnL = XR N XL = XrU'nXL = X778

and so it follows from Lemma 2.6 that RN L = RI'L. Hence S is h-hemiregular by
Lemma 4.2. O
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