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The notion of intuitionistic fuzzy sets was introduced by Atanassov as a generalization
of the notion of fuzzy sets. In this paper, we apply the concept of intuitionistic fuzzy
sets to H,-rings. We introduce the notion of an intuitionistic fuzzy H,-ideal of an H,-
ring and then some related properties are investigated. We state some characterizations
of intuitionistic fuzzy H,-ideals. Also we investigate some natural equivalence relations
on the set of all intuitionistic fuzzy H,-ideals of an H,-ring.
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1. Introduction and preliminaries

Hyperstructure theory was born in 1934 when Marty [11] defined hypergroups as a gen-
eralization of groups. This theory has been studied in the following decades and nowadays
by many mathematicians. A recent book [3] contains a wealth of applications. There are
applications to the following subjects: geometry, hypergraphs, binary relations, lattices,
fuzzy sets and rough sets, automata, cryptography, combinatorics, codes, artificial intelli-
gence, and probabilities. Vougiouklis in the fourth Algebraic Hyperstructures and Appli-
cations Congress (1990) [15] introduced the notion of H,-structures. The H,-structures
are hyperstructures where the equality is replaced by the nonempty intersection. The
main tool in the study of H,-structure is the fundamental structure which is the same as in
the classical hyperstructures. In this paper, we deal with H,-rings. H,-rings are the largest
class of algebraic systems that satisfy ring-like axioms. In [4], Darafsheh and Davvaz de-
fined the H,-ring of fractions of a commutative hyperring which is a generalization of
the concept of ring of fractions. For the notion of an H,-near-ring module, you can see
[7]. In [13], Spartalis studied a wide class of H,-rings resulting from an arbitrary ring
by using the P-hyperoperations. In [18], Vougiouklis introduced the classes of H,-rings
useful in the theory of representations.

A hyperstructure is a nonempty set H together with a map * : H x H — P*(H) called
hyperoperation, where %* (H) denotes the set of all nonempty subsets of H. The image of
the pair (x, y) is denoted by x * y. If x € H and A,B < H, then by A * B, A * x, and x x B,
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2 Intuitionistic fuzzy H,-ideals

Wwe mean

AxB= |J axb, ~ Axx=Ax{x}, x*B={x}xB. (1.1)
acA,beB

A hyperstructure (H, *) is called an H,-semigroup if
(xx(y*x2)N((x*ky)*kz)#2 Vx,y,z€H. (1.2)
Defintion 1.1. An H,-ring is a system (R,+,-) with two hyperoperations satisfying the
following ring-like axioms:

(i) (R,+,-) is an H,-group, that is,

(x+y)+2) N (x+(y+2) #9 Vx,yER,

(1.3)
a+R=R+a=R VaekR
(i) (R,-) is an H,-semigroup;
(iii) (-) is weak distributive with respect to (+), that is, for all x, y,z € R,
(x-(y+2)n(x-y+x-2) + 2,
’ ’ (1.4)

(x+y)-2)N(x-z+y-2)+ 2.

An H,-ring (R, +, -) is called dual H,-ring if (R, -,+) is an H,-ring. If both operations (+)
and (-) are weak commutative, then R is called a weak commutative dual H,-ring.

We see that H,-rings are a nice generalization of rings. For more definitions, results,
and applications on H,-rings, see [4, 5,7, 8, 13-15, 17, 18].

Example 1.2 (cf. Vougiouklis [18]). Let (H, ) be an H,-group, then for every hyperop-
eration (o) such that {x, y} € x o y for all x, y € H, the hyperstructure (H, %, o) is a dual
H,-ring.

Example 1.3 (cf. Dramalidis [8]). On the set R”, where R is the set of real numbers, we
define three hyperoperations:

xwy={r(x+y)[rel01]},
x®@y={x+r(y—x)|re(0,1]}, (1.5)
xOy={x+rylrelo,1]}.

Then the hyperstructure (R”, %, o), where *,0 € {v,®,[}, is a weak commutative dual
H,-ring.

Defintion 1.4. Let R be an H,-ring. A nonempty subset I of R is called a left (resp., right)
H,-ideal if the following axioms hold:

(i) (I,+) is an H,-subgroup of (R,+),

(ii) R-I< I (resp.,I-R<I).
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2. Fuzzy sets and intuitionistic fuzzy sets

The concept of a fuzzy subset of a nonempty set was first introduced by Zadeh [19].

Let X be a nonempty set, a mapping y: X — [0,1] is called a fuzzy subset of X. The
complement of y, denoted by y¢, is the fuzzy set of X given by p(x) = 1 — u(x) for all
xeX.

Note that using fuzzy subsets, we can introduce on any ring the structure of H,-ring.

Example 2.1 (cf. Davvaz [5]). Let (R,+,-) be an ordinary ring and let u be a fuzzy subset
of R. We define hyperoperations v, ®, * on R as follows:

xwy={t|u(t)=ux+y},
x@y={tlu(t)=ulx-y]} (2.1)
xxy=ykx={tlulx)<ult)<puy)} (fpux)=<uy)).

Then (R)*)*)3 (R) *>®)) (R) X, Lﬂ)) (R3 W, *), and (R, W, ®) are Hv-rings.

Rosenfeld [12] applied the concept of fuzzy sets to the theory of groups and defined the
concept of fuzzy subgroups of a group. Since then, many papers concerning various fuzzy
algebraic structures have appeared in the literature. In [5-7], Davvaz applied the concept
of fuzzy set theory in the algebraic hyperstructures, in particular in [5] he defined the
concept of fuzzy H,-ideal of an H,-ring which is a generalization of the concept of fuzzy
ideal.

Defintion 2.2. Let (R,+, ) be an H,-ring and y a fuzzy subset of R. Then y is said to be a
left (resp., right) fuzzy H,-ideal of R if the following axioms hold:

(1) min{pu(x),u(y)} <inf{u(z) |z€ex+y} forallx,y €R,

(2) for all x,a € R, there exists y € R such that x € a+ y and

min {u(a),u(x)} < u(y), (2.2)

(3) for all x,a € R there exists z € R such that x € z+a and

min {u(a),u(x)} < u(2), (2.3)

(4) p(y) <inf{u(z) |z€x - y} (resp., p(x) < inf{u(z) |z€ x- y}) forallx,y € R.

Example 2.3 (cf. Davvaz [5]). Let (R,+,-) be an ordinary ring and let y be a fuzzy ideal
of R. We consider the H,-ring (R,w,®) defined in Example 2.1. Then y is a left fuzzy
H,-ideal of (R, w, ®).

The concept of intuitionistic fuzzy set was introduced by Atanassov [1] as a general-
ization of the notion of fuzzy set. Some fundamental operations on intuitionistic fuzzy
sets are defined by Atanassov in [2]. In [9], Kim et al. introduced the notion of an intu-
itionistic fuzzy subquasigroup of a quasigroup. Also in [10], Kim and Jun introduced the
concept of intuitionistic fuzzy ideals of semirings.
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Defintion 2.4. An intuitionistic fuzzy set A of a nonempty set X is an object having the
form

A= {(x,pa(x),Aa(x)) | x € X}, (2.4)

where the functions p4 : X — [0,1] and A4 : X — [0, 1] denote the degree of membership
(namely, pa(x)) and the degree of nonmembership (namely, 14(x)) of each element x €
X to the set A, respectively, and 0 < pa(x) +A4(x) < 1 forall x € X.

Defintion 2.5. For every two intuitionistic fuzzy sets A and B, define the following oper-
ations:

(1) Ac B ifand only if pa(x) < pp(x) and Aa(x) = Ag(x) forallx € X,

(2) AC = {(x,Aa(x),pa(x)) | x € X},

(3) AN B = {(x,min{pa(x),up(x)},max{ds(x),Ap(x)}) | x € X},
(4) AU B = {x,max{pa(x),up(x)},min{ds(x),Ap(x)}) | x € X},
(5) DA = {(x,pa(x), 43 (x)) | x € X},

(6) QA = {(x,A5(x),Aa(x)) | x € X}

For the sake of simplicity, we will use the symbol A = (pa,A4) for the intuitionistic
fuzzy set A = {(x,ua(x),Aa(x) | x € X}.

Defintion 2.6. Let (R,+, -) be an ordinary ring. An intuitionistic fuzzy set A = (u4,14) in
R is called a left (resp., right) intuitionistic fuzzy ideal of R if

(1) min{pa(x),pa(y)} < pa(x—y) forallx,y €R,

(2) pa(y) < palx - y) (resp., pa(x) <pa(x- y)) forallx,y € R,

(3) da(x—y) < max{da(x),Aa(y)} forallx,y €R,

(4) da(x - y) <Aa(y) (resp., Aa(x - y) < As(x)) forall x,y € R.

3. Intuitionistic fuzzy H,-ideals

In what follows, let R denote an H,-ring, and we start by defining the notion of intuition-
istic fuzzy H,-ideals.

Defintion 3.1. An intuitionistic fuzzy set A = (pa,Aa) in R is called a left (resp., right)
intuitionistic fuzzy H,-ideal of R if

(1) min{pa(x),pa(y)} <infi{pa(z) |z€x+y} forallx,y €R,

(2) for all x,a € R, there exist y,z € R such that x € (a+ y) N (z+a) and

min {pa(a),pa(x)} < min{pa(y),ua(2)}, (3.1)
(3) pa(y) <inf{us(z) | z€x - y} (resp., pya(x) <inf{ps(z) |z€x- y}) forallx,y €R,
(4) supfia(z) | z€x+ y} < max{da(x),Aa(y)} forallx,y €R,
(5) for all x,a € R, there exist y,z € R such that x € (a+ y) N (z+a) and

max {14 (y),A4(2)} < max{ds(a),As(x)}, (3.2)

(6) supfra(z) | zex - y} <Aa(y) (resp., supida(z) [ z€x - y} <Aa(x)) forall x,yeR.
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Example 3.2. Let u be a left fuzzy H,-ideal of (R, w,®) defined in Example 2.3. Then, as
it is not difficult to see, A = (u4,u5) is a left intuitionistic fuzzy H,-ideal of (R, ¥, ®).

Here we present all the proofs for left H,-ideals. For right H,-ideals, similar results
hold as well.
LemMA 3.3. If A = (ua,Aa) is a left intuitionistic fuzzy H,-ideal of R, then so is JA =
(HA),”,CAA)

Proof. Ttis sufficient to show that u§ satisfies the conditions (4), (5), (6) of Definition 3.1.
For x, y € R, we have

min {ua(x),4a(y)} <inf {ua(z) | z € x + y}, (3.3)
and so
min {1 —p§ (x),1 —pi ()} <inf {1 —p4(2) [z€x+yl. (3.4)
Hence
min {1 — 4 (x),1 -5 (1)} < 1—sup {u4(2) | z € x+y}, (3.5)
which implies that
sup {uj(2) | z€x+y} < 1-min{l —pj(x),1 —pa(y)} (3.6)
Therefore
sup {uj(2) | z € x+y} < max {p (x),ua (M)}, (3.7)

in this way, Definition 3.1(4) is verified.
Now, let a,x € R, then there exist y,z € R such that x € (a+ y) N (z+a) and

min {pa(a), pa(x)} < min {pa(y),pa(2)}. (3.8)
So
min {1 -u4(a),1 —p4 ()} < min{1 - p4 (), 1 - p4(2)} (3.9)
Hence
max {5 (), 44 (2)} < max {p§ (a), 45 (%)}, (3.10)

and Definition 3.1(5) is satisfied.
For the condition (6), let x, y € R, then since y4 is a left fuzzy H,-ideal of R, we have

pa(y) <inf{ua(z) lz€x -y}, (3.11)
and so

1-pi(y) <inf{l1-p4(z) | z€x- y}, (3.12)
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which implies that

sup {p(2) [z €x -y} <pi(y). (3.13)
Therefore Definition 3.1(6) is satisfied. O

LEMMA 3.4. If A = (pa,Aa) is a left intuitionistic fuzzy H,-ideal of R, then so is QA =
(A%,44).

The proof is similar to the proof of Lemma 3.3.
Combining the above two lemmas, it is not difficult to see that the following theorem
is valid.

THEOREM 3.5. A = (ua,A4) is a left intuitionistic fuzzy H,-ideal of R if and only if JA and
QA are left intuitionistic fuzzy H,-ideals of R.

COROLLARY 3.6. A = (pa,Aa) is a left intuitionistic fuzzy H,-ideal of R if and only if ua and
A4 are left fuzzy H,-ideals of R.

Defintion 3.7. For any t € [0,1] and fuzzy set y of R, the set
U(ust) ={x e R|u(x) =t} (resp., L(pst) = {x € R| u(x) <t}) (3.14)
is called an upper (resp., lower) t-level cut of p.

THEOREM 3.8. If A = (ua,A4) is an intuitionistic fuzzy H,-ideal of R, then for every t €
Im(pa) NIm(Aa), the sets U(ua;t) and L(A4;t) are H,-ideals of R.

Proof. LetteIm(pua)NIm(Aa)<[0,1] and let x,y € U(past). Then pa(x) =t and pa(y) =
t, and so min{pa(x),ua(y)} = t. It follows from Definition 3.1(1) that inf{us(z) | z €
x+ y} = t. Therefore for all z € x + y, we have z € U(ua;t), so x + y < U(ua;t). Hence for
all a € U(uast), we have a+ U(uast) € U(past) and U(past) +a S U(past). Now, let x €
U(past), then there exist y,z € Rsuch that x € (a+ y) N (z+a) and min{pa (x),pua(a)} <
min{u(y),u(z)}. Since x,ac U (ua;t), we have t<min{u, (x),ua(a)}, and so t<min{u(y),
pa(z)}, which implies that y € U(ua;t) and z € U(ua;t). This proves that U(uast) S
a+U(uast) and U(uast) < U(past) +a.

Now, for every x € R and y € U(ua;t), we show that x - y € U(ua;t). Since A is a left
intuitionistic fuzzy H,-ideal of R, we have

t <ua(y) <inf {pa(z) | z€x- y}. (3.15)

Therefore, for every z € x - y, we get pa(z) = t, which implies that z € U(ua;t),sox - y <
Uuast).

If x,y € L(Aa;t), then max{As(x),A4(y)} < t. It follows from Definition 3.1(4) that
sup{da(z) | z € x+ y} < t. Therefore for all z € x+ y, we have z € L(A4;t), so x+y €
L(Aa;t). Hence forallae€ L(Aa;t), wehave a+L(Aa;t) S L(Aa;t) and L(Aa;t) +a S L(Aa;t).
Now, let x € L(A4;1), then there exist y,z € R such that x € (a+y) N (z+a) and max{A4(y),
Aa(2)} < max{A(a),A(x)}. Since x,a € L(Aa;t), we have max{Aa(a),Aa(x)} < t, and so
max{Aa(y),Aa(2)} < t. Thus y € L(Aa;t) and z € L(Aa;t). Hence L(Aa;t) < a+ L(Aast)
and L(A4;t) € L(Ag;5t) +a.
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Now, we show that x - y € L(A4;t) for every x € R and y € L(A4;t). Since A is a left
intuitionistic fuzzy H,-ideal of R, we have

sup{da(z) lzex-y} <la(y) <t. (3.16)

Therefore, for every z € x - y, we get A4(z) < t, which implies that z € L(Aa;t),s0 x - y S
L(Aa;t). O

THEOREM 3.9. If A = (ua,Aa) is an intuitionistic fuzzy set of R such that all nonempty levels
U(past) and L(Aast) are Hy-ideals of R, then A = (pa,Aa) is an intuitionistic fuzzy H,-ideal
of R.

Proof. Assume that all nonempty levels U(ua;t) and L(Aa;t) are H,-ideals of R. If £ =
min{us(x),pa(y)} and t; = max{ds(x),Aa(y)} for x,y € R, then x,y € U(ua;ty) and
X%y € L(Aast). Sox+y S Uuasty) and x+ y < L(Aast1). Therefore for all z € x + y, we
have pa(z) = to and A4(2) < 1y, that is,

inf {ua(z) | z € x+y} = min {pa(x),ua(»)},

sup{)m(z) |ZEX+)/} Smax{/\A(x),)LA(y)}, (3.17)

which verifies the conditions (1) and (4) of Definition 3.1.

Now, if t, = min{pa(a),pua(x)} forx,a € R, then a,x € U(ua;tz). So there exist y;,z; €
U(pastz) such that x € a+ y; and x € z; + a. Also we have t, < min{pa(y1),pa(z1)}.
Therefore, Definition 3.1(2) is verified. If we put t3 = max{As(a),Aa(x)}, then a,x €
L(Aa;t3). So there exist y2,2, € L(A4;3t3) such that x € a+ y, and x € z; + g, and we have
max{Aa(y2),44(y2)} < t3, and so Definition 3.1(5) is verified.

Now, we verify the conditions (3) and (6). Let t4 = pa(y) and t5 = A4(y) for some
%,y € R. Then y € U(pasta), y € L(Aa,ts). Since U(uq;ts) and L(A4, t5) are H,-ideals of
R, then x - y € U(pa;ts) and x - y € L(A4,1s5). Therefore for every z € x - y, we have z €
U(pasts) and z € L(A4, t5) which imply that p4(2) = t, and A4 (z) < t5. Hence

inf {pa(z) |z€x- y} =t =paly),

3.18
sup{Ada(z) lzex- y} <ts =Aa(y). (3.18)

This completes the proof. O

CoroLLARY 3.10. Let I be a left H,-ideal of an H,-ring R. If fuzzy sets y and A are defined
on R by

] ifxel, 3 Bo ifxel,
‘u(x)_{oq ifxeR\1, Mx)_{ﬁl ifxeR\1, (3.19)

where0 < a; < ap, 0 < o < i, and o + ;i < 1 fori = 0,1, then A = (u,A) is an intuitionistic
fuzzy H,-ideal of R and U(u;00) = I = L(A; o).

CoroLLARY 3.11. Let y, be the characteristic function of a left H,-ideal I of R. Then A =
(Xi>X5) is a left intuitionistic fuzzy H,-ideal of R.
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THEOREM 3.12. If A = (ua,A4a) is a left intuitionistic fuzzy H,-ideal of R, then for all x € R,

pa(x) =supl{a € [0,1] | x € U(ua;a)},

3.20
M(x) =inf {a € [0,1] | x € L(Aa;a) }. (320
Proof. Let § = supf{a € [0,1] | x € U(uas;a)} and let € > 0 be given. Then § — ¢ < a for
some « € [0,1] such that x € U(ua;«). This means that § — & < pa(x) so that § < pa(x)
since ¢ is arbitrary.
We now show that ps (x) < 8. If pa(x) = f, then x € U(ua;f), and so

Belaec[0,1]|x€ Uluasa)}. (3.21)
Hence
pa(x) = B <sup{a e [0,1]|x € Ulussa)} = 6. (3.22)
Therefore
ua(x) =08 =sup{ae[0,1] | x € Ulussa)}. (3.23)

Now let 7 = inf{a € [0,1] | x € L(A4;«)}. Then
inf{a € [0,1] | x € L(Assa)} <y+e (3.24)

for any € >0, and so «a < 77 + ¢ for some a € [0, 1] with x € L(A4;a). Since A4 (x) < aand ¢
is arbitrary, it follows that A4 (x) < #.

To prove that A4 (x) > 1, let A4 (x) = {. Then x € L(A4;({), and thus { € {a € [0,1] | x €
L(Aa;x)}. Hence

inf{a € [0,1] | x€L(As;)} <, (3.25)

that is, # < { = A4 (x). Consequently
M(x)=n=inf{a e [0,1] |x € L(As;a)}, (3.26)
which completes the proof. O

4. Relations

Let a € [0,1] be fixed and let IF(R) be the family of all intuitionistic fuzzy left H,-ideals
of an H,-ring R. For any A = (us,A4) and B = (up,Ap) from IF(R), we define two binary
relations U* and £* on IF(R) as follows:

(A,B) € U% = U(uasa) = U(ups ),

(A,B) € £% < L(Ag;a) = L(Ap;ax). 1)

These two relations $1* and £% are equivalence relations. Hence IF(R) can be divided into
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the equivalence classes of 4[* and £%, denoted by [A]y. and [A] g« for any A = (pa,Aa) €
IF(R), respectively. The corresponding quotient sets will be denoted as IF(R)/{* and
IF(R)/ L%, respectively.

For the family LI(R) of all left H,-ideals of R, we define two maps U, and L, from
IF(R) to LI(R) U {@} putting

Ua(A) =U(pasa),  La(A) =L(As;a) (4.2)
for each A = (pa,A4) € IF(R).
It is not difficult to see that these maps are well defined.

LEmMMA 4.1. For any a € (0,1), the maps U, and Ly, are surjective.

Proof. Let 0 and 1 be fuzzy sets on R defined by 0(x) = 0 and 1(x) = 1 for all x € R. Then
0. =(0,1) € IF(R) and U,(0~) = L,(0~) = & for any « € (0,1). Moreover, for any K €
LI(R), we have I. = (x,,x5) € IE(R), Us(I-) = U(x,;a) = K, and Lo(I-) = L(x$;) = K.
Hence U, and L, are surjective. O

THEOREM 4.2. Forany a € (0, 1), the sets IF(R)/4U* and IF(R)/£% are equipotent to LI(R) U
{@}.

Proof. Let a € (0,1). Putting U ([A]u«) = Ug(A) and L} ([A]g«) = Ly(A) for any A =
(pa,Aa) € IF(R), we obtain two maps:

U¥ : IF(R)/U* — LI(R) U {@}, L} :IF(R)/L* — LI(R) U {@}. (4.3)

If U(pasa) = Uupser) and L(Aa;0) = L(Ap;«) for some A = (pa,A4) and B = (up,Ap)
from IF(R), then (A,B) € 4% and (A, B) € £%, whence [A]y« = [B]y« and [A] g« = [B] ga,
which means that U, and L} are injective.

To show that the maps U and L, are surjective, let K € LI(R). Then for I. = (x,,x5) €
IF(R), we have Uj ([I-]u«) = U(x;a) = K and Ly ([I-]e«) = L(x5;a) = K. Also 0. =
(0,1) €IF(R). Moreover, U ([0~]y«) =U(0;) = @ and L} ([0~ ] ¢«) = L(1;a) = &. Hence
Uf and L} are surjective. O

Now for any « € [0,1], we have the new relation 3% on IF(R) putting
(A,B) € R <= U(pa;a) N L(Ag3a) = U(upsar) N L(Agsx), (4.4)

where A = (pa,Aa) and B = (up,Ap). Obviously, 8% is an equivalence relation.

Lemma 4.3. The map 1, : 1IF(R) — LI(R) U {@} defined by
I (A) = U(pasa) N L(Ags0), (4.5)

where A = (pa,Aa), is surjective for any a € (0,1).

Proof. Indeed, if a € (0,1) is fixed, then for 0. = (0,1) € IF(R), we have

I,(0.) = U(0;a) N L(1;a) = @, (4.6)
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and for any K € LI(R), there exists I. = (y,,x5) € IF(R) such that I,(I.) = U(x,;a) N
L(xsa) = K. O

TaeoreM 4.4. For any « € (0, 1), the quotient set IF(R)/R* is equipotent to LI(R) U {&}.
Proof. Let I} : TF(R)/R* — LI(R) U {@}, where « € (0,1), be defined by the formula

I ([A]lme) = I,(A)  for each [A]ne € IF(R)/R™. (4.7)
If 15 ([Alre) = I ([B]e) for some [A]se, [B]or« € IF(R)/R%, then
U(uasa) N L(Agsa) = U(upsa) N L(Agsa), (4.8)

which implies that (A, B) € 8% and, in the consequence, [A]ne = [B]ne. Thus I} is injec-
tive.

It is also onto because I(0.) = I,(0.) = & for 0. = (0,1) € [F(R), and [}(I.) =
I,(K) = K for K € LI(R) and I. = (y,,x5) € IF(R). O

The relation y* is the smallest equivalence relation on R such that the quotient R/y*
is a ring. p* is called the fundamental equivalence relation on R and R/y* is called the
fundamental ring, see [16].

According to [16], if U denotes the set of all finite polynomials of elements of R over
N, then a relation y can be defined on R as follows:

xyy iff {x,y} € u for some u € U. (4.9)

According to [16], the transitive closure of y is the fundamental relation y*, that is, ay*b
if and only if there exist x1,..., X1 € R; 1,..., Uy € W with x; = a, x,,41 = b such that

{xixi1} Swiy i=1,...,m (4.10)

Suppose that y*(a) is the equivalence class containing a € R. Then both the sum &
and the product ® on R/y* are defined as follows:

y (@)@ y*(b) =y*(c) Vceyp*(a)+y*(b),

(4.11)
yH(@)oy*(b) =y*(d) Vcey*(a) y*(b).

We denote the unit of the group (R/y*, ®) by wg.

Defintion 4.5. Let R be an H,-ring and y a fuzzy subset of R. The fuzzy subset y,+ on
R/y* is defined as follows:

[,ly* .R/y* I [0,1],
(4.12)
py+ (y*(x)) = sup {u(a) | a € y*(x)}.

THEOREM 4.6. Let R be an H,-ring and A = (ua,Aa) a left intuitionistic fuzzy H,-ideal of
R. Then A/y* = (y=,Ay=) is a left intuitionistic fuzzy ideal of the fundamental ring R/y*.
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