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Abstract. The fuzzy relation R, on u, where p is a fuzzy set of a set X, is called a strongest
fuzzy relation on X if R, (z,y) = min{u(x), u(y)}, for all z,y € X. The notion of strongest fuzzy
relations will be applied in our investigation on ternary I'-semigroups. In order to achieve this, we
will define the concepts of strongest fuzzy ternary I'-subsemigroups, strongest fuzzy I'-ideals (resp.
left, right, and lateral), and strongest fuzzy bi-T-ideals on ternary I'-semigroups. Then, we study
the connections and characterizations of these concepts in ternary I'-semigroups.
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1. Introduction

The notion of ternary I'-semigroups was introduced by Madhusudhana Rao et al.
[6] in 2015. The ternary I'-semigroups were generalized the concepts of semigroups, I'-
semigroups and ternary semigroups. They characterized and examined about several some
elements of ternary I'-semigroups. Then Vasantha and Madhusudhana Rao [8] developed
and characterized the terms completely semiprime ternary I'-ideal and semiprime ternary
I'-ideal in ternary I'-semigroups. After that, Vasantha et al. [11] introduced the concepts
of trio L-trio TT-ideals, La-trio TT-ideals, R-trio TT'-ideals, and trio TI-ideals in trio
ternary I'-semigroups. Afterwards, Ali et al. [1] introduced and discussed some properties
of po-bi quasi-I'-ideals, po-bi-I'-ideals, and generalized po-bi quasi-I'-ideals in po-bi-ternary
I'-semigroups. For other research related to ternary I'-semigroups, additional studies can
be done in general (e.g., [7, 9, 10]).
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Fuzzy subsets or fuzzy sets are defined by Zadeh [13] as a function from a nonempty
set X to the unit interval [0, 1]. This idea is a mathematical extension of the classical sets
in mathematics. Then, in 1985, Bhattacharya and Mukherjee [3] proved that a strongest
fuzzy relation pu, on a group S is a fuzzy subgroup if and only if ¢ is a fuzzy subgroup.
This concept of strongest fuzzy relations has been studied continuously. Mostafa et al.
[5] presented some properties of KU-ideals in terms of strongest fuzzy relations in KU-
algebras. Subsequently, the concept of strongest fuzzy relations in the Cartesian product
of B-algebras was investigated by Yamini and Kailasavalli [12] in 2014. Following that,
Bhargavi et al. [2] gave and analyzed the concept of the Cartesian product of fuzzy
sets in ternary I'-semigroups. In addition, they characterized different types of fuzzy
I'-ideals in terms of their Cartesian product of ternary I'-semigroups. Recently, Derseh
et al. [4] considered some properties of strongest intuitionistic fuzzy PMS-relations on
PMS-algebras in 2023.

The purpose of this article is applying the fuzzy relation to define the concepts of
strongest fuzzy I'-subsemigroups, strongest fuzzy (resp. left, right, lateral) I'-ideals, and
strongest fuzzy bi-I'-ideals of ternary I'-semigroups. Later on, we consider the connections
of strongest fuzzy I'-subsemigroups, strongest fuzzy (resp. left, right, lateral) I-ideals, and
strongest fuzzy bi-I'-ideals on ternary I'-semigroups.

2. Preliminaries

In this section, we will review important basic concepts for use in the next section. A
fuzzy set [13] p of a nonempty set X is a mapping form the set X into [0,1]. The fuzzy
relation [3] R on a nonempty set X is a fuzzy set R : X x X — [0,1]. Let R be any fuzzy
relation on a nonempty set X, and p be a fuzzy set of X. Then R is said to be a fuzzy
relation on p (3] if R(x,y) < min{u(x), pu(y)}, for all z,y € X.

Definition 1. [3] Let i be a fuzzy set of a nonempty X, and R, be a fuzzy relation on
p. Then R, is called a strongest fuzzy relation on X if R, (z,y) = min{u(z), u(y)}, for
all x,y € X.

For any strongest fuzzy relation R, on a nonempty set X, and for each t € [0, 1], we
denote by (R,); the level subset of R, where (Ry,); := {(z,y) | Ru(x,y) >t} (see [3]).

Let X be a nonempty set, and p be a fuzzy set of X. For any subset A of X, the
characteristic function Xf of A is a strongest fuzzy relation on X defined by for every
z,y € X,

A 1 ifz,y e A,
X (2, y) = .
0 otherwise.

Definition 2. (¢f. [6]) Let T and T be two nonempty sets. A ternary I'-semigroup is an
algebraic structure (T, T, [ ]) if there exist a mapping [ | : T xT' x T xT' x T — T, written
as (a,a,b, 8,c) — [aabBc] satisfying the associative law:

[[acbBc]ydde] = [aa[bBeyd]de] = [aabB[cydoe]],
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for all a,b,c,d,e € T and o, 5,7v,0 € I.

For the sake of simplicity, we will write aabSc instead of [aabfc], for each a,b,c € T
and a, 8 € I'. Let A, B and C be any nonempty subsets of a ternary I'-semigroup 7. We
denote the set

AT'BTC :={aabfBc|a € A,be B,ce C,a,B €T'}.

We now review the concepts of various kinds of I'-ideals and fuzzy I'-ideals in ternary
I-semigroups that appeared in [2] in the following ways.

Definition 3. [2] Let A be any nonempty subset of a ternary I'-semigroup T. Then:
(i) A is called a ternary T'-subsemigroup of T if ATAT'A C A;

(ii) A is called a left (resp. right, lateral) I'-ideal of T if TTTTA C A (resp. AT'TTT C
A, TTATT C A);

(iii) A is called a I'-ideal of T if it is a left, a right, and a lateral I'-ideal of T';
(iv) a ternary I'-subsemigroup A of T is called a bi-I'-ideal of T if TTATTTAT'T C A.
Definition 4. [2] Let u be any fuzzy set of a ternary I'-semigroup T. Then:

(i) w is called a fuzzy ternary I'-subsemigroup of T if pu(aabfc) > min{u(a), u(b), u(c)},
for all a,b,c €T and o, 8 € T';

(ii) p is called a fuzzy left (resp. right, lateral) T'-ideal of T if p(aabpfc) > p(c) (resp.
pulaabBe) > u(a), pulaabBe) > w(d)), for all a,b,c € T and a, f € T;

(117) w is called a fuzzy T-ideal of T if it is a fuzzy left T'-ideal, a fuzzy right T'-ideal, and
a fuzzy lateral I'-ideal of T';

(v) a fuzzy ternary T-subsemigroup p of T is called a fuzzy bi-I'-ideal of T if p(aabBeydoe)

Let S and T be ternary I'-semigroups with respect to the same set I". The mapping
2 (SXT)xTx (SxT)xI'x (SxT)— S xT is defined by

(s1,t1)a(s2,t2)B(s3,t3) = (s10082353, trauta Bt3),

for all (s1,t1), (s2,t2),(s3,t3) € S x T and «,8 € I'. Then S x T forms a ternary I'-
semigroup (see [2]).

3. Strongest fuzzy I'-ideals on ternary I'-semigroups

In this section, we introduce the concepts of strongest fuzzy ternary I'-subsemigroups,
strongest fuzzy (resp. left, right, and lateral) I'-ideals, and strongest fuzzy bi-I-ideals
on ternary I'-semigroups. Then we study the relationships and characterizations of these
concepts in ternary I'-semigroups.

>
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Definition 5. Let T be a ternary I'-semigroup, p be a fuzzy set of T, and R, be a strongest
fuzzy relation on T'. Then R, is called a strongest fuzzy ternary I'-subsemigroup on T if

R, (a1abifer, agabafea) > min{ R, (a1, a2), R, (b1, b2), Ru(c1,c2)},
for all ay,as,b1,b2,c1,c0 €T and o, B €T

Definition 6. Let T be a ternary I'-semigroup, p be a fuzzy set of T, and Ry, be a strongest
fuzzy relation on T'. Then R, is called:

(i) a strongest fuzzy left I'-ideal on T if R, (a1abifBer, asabafBer) > Ry(ci,ca),
for all ay,as,b1,b2,¢c1,c0 €T and o, B € T';

(i) a strongest fuzzy right I'-ideal on T if R,(a1abiBer, azabafea) > Ry (ar, az),
for all ay,as,b1,b2,c1,c0 € T and a, 5 € T';

(iit) a strongest fuzzy lateral I'-ideal on T' if R,,(a1abifei, agabafea) > Ry, (b1, ba),
for all ay,as,b1,b2,¢c1,c0 €T and o, B € T';

(iv) a strongest fuzzy U'-ideal on T if it is a strongest fuzzy left I'-ideal, a strongest fuzzy
right I'-ideal, and a strongest fuzzy lateral I'-ideal on T.

Definition 7. Let T be a ternary I'-semigroup, p be a fuzzy set of T', and R, be a strongest
fuzzy ternary I'-subsemigroup on T'. Then R, is said to be a strongest fuzzy bi-I'-ideal on
T if

R (a1abi Berydider, azabaBeaydades) > min{ R, (a1, a2), Ry(c1,c2), Ru(er, e2)},
for all ay,as,b1,b2,c1,c2,d1,do,e1,e2 €T and o, 3,7, € I

By Definition 7, it is clear that every strongest fuzzy bi-I'-ideal on a ternary I'-
semigroup is also a strongest fuzzy ternary I'-subsemigroup, but the converse is not always
true, as the following example.

Example 1. Let T = {a,b,c} and I' = T. Define the operation - on T by zayfz =
(xxy)*z, forallx,y,z € T and o, € I where the binary operation x on T is defined by
the following table:

Then, T is a ternary T'-semigroup [6]. Next, we define a fuzzy set p of T by
p(a) = 0.2, u(b) = 0.5, and p(c) = 0.9.

Following a careful analysis, we have R, is a strongest fuzzy ternary I'-subsemigroup on T,
but it is not a strongest fuzzy bi-I'-ideal on T, since R, (caafcyadc, caafeyade) = 0.2 <
0.9 = min{R,(c,c) Ru(c,c), Ru(c,c)}, for all o, B,7,0 € T
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Proposition 1. Let T be a ternary I'-semigroup. Then:
(i) every strongest fuzzy left T'-ideal on T is also a strongest fuzzy bi-I'-ideal;
(ii) every strongest fuzzy right T'-ideal on T is also a strongest fuzzy bi-I'-ideal;
(iii) every strongest fuzzy lateral I'-ideal on T is also a strongest fuzzy bi-I'-ideal;
(iv) every strongest fuzzy I'-ideal on T is also a strongest fuzzy bi-T'-ideal.

Proof. (i) Let R, be a strongest fuzzy left I'-ideal on T'. It is not difficult to verify that
R, is a strongest fuzzy ternary I'-subsemigroup on T'. For any a1, ag, b1, b2, c1,c2,d1,d2,e1,e2 €
T, and any «, 3,7,6 € I, we have

(araby)B(c1ydy)der = x1PByrder and (agabs)B(cayda)des = xafy2des,
for some x1 = aiaby, y1 = c1ydy, xo = asabs, and yo = coyds. It follows that
Ry (a1aby Berydider, agabaBeaydades) = Ry (x18y1der, w2 8y20e2)
> Ry(eq,e2)
> min{R,(a1,a2), R,(c1,c2), Ru(er, e2)}.

Hence, R, is a strongest fuzzy bi-I'-ideal on T'.
The proofs of (ii) and (iii) are similar to the proof of (i).
(iv) It is obvious.

The converses of statements in Proposition 1 don’t have to be true as shown in the
following example.

Example 2. Let T = {a,b,c} and " =T. Define the mapping - on T in Example 1. Now,
we define a fuzzy set p of T by

wu(a) = 0.7, u(b) = 0.7 and p(c) = 0.2.

After a thorough examination, we obtain R, is a strongest fuzzy bi-I'-ideal on T'. Never-
theless, R, is not a strongest fuzzy left I'-ideal on T, since

R, (cacpb, cacpb) = 0.2 < 0.7 = R,(b,b), for all o, f €T
Furthermore, it is not a strongest fuzzy lateral I'-ideal on T either, because
R, (cabfe, cabfc) = 0.2 < 0.7 = R,(b,b), for all o, B € T.

Next, we present the characterizations of strongest fuzzy ternary I'-subsemigroups,
strongest fuzzy (resp. left, right, lateral) I'-ideals, and strongest fuzzy bi-I-ideals on
ternary I'-semigroups.

Theorem 1. Let T be a ternary I'-semigroup, j be a fuzzy set of T', and R, be a strongest
fuzzy relation on T'. Then, p is a fuzzy ternary I'-subsemigroup of T if and only if R, is
a strongest fuzzy ternary I'-subsemigroup on T.
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Proof. Assume that u is a fuzzy ternary I'-subsemigroup of T'. Let a1, a2,b1,b2,c1,c0 €
T and a, B € I'. Then, we have

R, (a1abiBer, azabafer) = min{pu(aiabi Ber ), plasabaBea)
> min{min{u(a1), p(b1), p(c1)}, min{u(az), p(b2), p(c2)

— min{min{pu(ar), p(az)}, min{u(by), p(b2)}, minfp(cr), ple2)}}
= min{Ru(al,ag),R (b1,bg) (61,62)}

Thus, R, is a strongest fuzzy ternary I'-subsemigroup on 7'.
Conversely, assume that R, is a strongest fuzzy ternary I'-subsemigroup on T'. Let
a,b,c € T and o, B € I'. Then, we have

u(aabpfc) = min{u(aab,@’c) wu(aabpe)}
R, (aabBc, aabfc)
> mln{R (a,a), R,(b,b), Ry(c,c)}
= min{min{u(a), p(a)}, min{u(b), u(b)}, min{pu(c), p(c)}}
= min{u(a), p(b), p(c)}-

Hence, p is a fuzzy ternary I'-subsemigroup of T'.

Theorem 2. Let T be a ternary I'-semigroup, j be a fuzzy set of T', and R, be a strongest
fuzzy relation on T'. Then the following statements hold:

(1) pis a fuzzy left T'-ideal of T if and only if R, is a strongest fuzzy left I'-ideal on T';

(it) p is a fuzzy right T'-ideal of T' if and only if Ry, is a strongest fuzzy right I'-ideal on
T;

(111) p is a fuzzy lateral T'-ideal of T if and only if R, is a strongest fuzzy lateral I'-ideal
on T

() pis a fuzzy I'-ideal of T if and only if R, is a strongest fuzzy I'-ideal on T

Proof. (i) Assume that p is a fuzzy left I'-ideal of T. Let a1, a9, b1,b2,c1,c0 € T and
a, 8 € I'. Thus, we have

Ry (a10b1Ber, azabafea) = min{p(aiabi fer), plasabafBea)}

> min{u(cr), u(c2)}
= Ru(c1,c2).

This implies that R, is a strongest fuzzy left I-ideal on T'. Conversely, assume that R, is
a strongest fuzzy left I'-ideal on T'. Let a,b,c € T and «, 8 € I'. Then, we have

u(aabfc) = min{p(aabBe), p(aabfc)}
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= R, (aabfc, aabfc)
> Ru(c, c)
= min{u(c), u(c)}
= p(c).

We obtain that u is a fuzzy left I'-ideal of T

For the proofs of (ii) and (iii), we can prove similarly.
(iv) It follows by the conditions of (i), (ii), and (iii).

Theorem 3. Let T be a ternary I'-semigroup, i be a fuzzy set of T', and R, be a strongest
fuzzy relation on T'. Then, p is a fuzzy bi-I'-ideal of T if and only if R, is a strongest
fuzzy bi-I'-ideal on T.

Proof. Assume that p is a fuzzy bi-I-ideal of T. Then pu is a fuzzy ternary T-
subsemigroup of T'. By Theorem 1, we get R, is a strongest fuzzy ternary I'-subsemigroup
on T. Let ay,as,b1,bo,c1,c9,d1,do,e1,e5 €T and «, 8,7,6 € I'. Thus, we have

Ry (a10b1Berydider, azabaBeaydades)
= min{u(ajaby Serydider), p(azabaBeaydades)}
> min{min{p(ar), pcr), p(er)}, min{pu(az), pca), p(e2)} )
— min{min{su(ar), p(az) }, mingu(er), plea) s, min{p(er), u(ea)})
=min{R,(a1,a2), Ru(ci,c2), Ru(er,e2)}.
Hence, R, is a strongest fuzzy bi-I'-ideal on T'.
Conversely, assume that R, is a strongest fuzzy bi-I'-ideal on 7. Again, by Theorem

1, we have pu is a fuzzy ternary I'-subsemigroup of 7. Now, let a,b,c,d,e € T and
a, B,7,0 € I'. It follows that

p(aabBeydie) = min{p(aabBeydde), p(aabBeydie)}
= R, (aabfcydde, acbfeydde)
> min{R,(a,a), Ru(c,c), Ru(e, e)}
— min{u(a), s(c), p(e)}.
Therefore, u is a fuzzy bi-I'-ideal of T'.

In the following, we will write T' x T" instead of a ternary I'-semigroup 7' x T', where T’
is a ternary I'-semigroup.

Theorem 4. Let T be a ternary I'-semigroup, p be a fuzzy set of T', and R, be a strongest
fuzzy relation on T. Then, R, is a strongest fuzzy ternary I'-subsemigroup on T if and
only if for every t € [0,1], (Ry): is a ternary I'-subsemigroup of T x T if it is nonempty.

Proof. Assume that R, is a strongest fuzzy ternary I'-subsemigroup on 7'. Let ¢ € [0, 1]
be such that (R,); # 0, and let (a1, a2), (b1,b2),(c1,¢2) € (Ry): and o, € T'. Then
R, (a1,a2) > t,R,(b1,b2) > t, and R, (c1,c2) > t. It turns out that
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R, (a1abiBer, azabafea) > min{ R, (a1, a2), R, (b1, b2), Ru(c1,c2)} > t.
This means that
(a1,a2)a(bi, b2)B(c1, c2) = (arabi Ber, azabafez) € (Ry):.

So, (Ru)I'(Ru)I(Ry)e € (Ry):. Hence, (R,); is a ternary I'-subsemigroup of 7" x 7.

Conversely, for any t € [0,1], (R,): # 0 is a ternary I'-subsemigroup of T' x T.
Let ay,a2,b1,b2,c1,c0 € T and «,3 € I'. Choose R,(a1,a2) = t1,Ru(b1,b2) = to,
and Ry (ci,c2) = t3, for some t1,t9,t3 € [0,1]. Let ¢ = min{tq,?2,%3}. Then, we have
(a1,a2), (b1,b2), (c1,¢2) € (Ry)+. By the hypothesis, we get

(a1, az)a(br, b2)B(c1, c2) € (Ru)el'(Ry)eL(Ry)e C (Ry)e-
Thus, (a1abifer, azabafea) = (a1, az)a(bi, b2)B(c1, c2) € (R,):. This implies that

R#(alablﬂcl, 0/206b2662) Z t= min{tl, tQ, Ifg}
= min{RH(al, az), Ru(bl, bz), R,u(Cb 02)}.

Therefore, R, is a strongest fuzzy ternary I'-subsemigroup on 7.

Theorem 5. Let T be a ternary I'-semigroup, j be a fuzzy set of T', and Ry, be a strongest
fuzzy relation on T. Then the following statements hold:

(i) R, is a strongest fuzzy left I'-ideal on T if and only if for any t € [0,1], (R,): is a
left T'-ideal of T x T if it is nonempty;

(it) R, is a strongest fuzzy right T'-ideal on T if and only if for any t € [0,1], (R,)¢ is a
right I'-ideal of T x T if it is nonempty;

(iii) Ry, is a strongest fuzzy lateral I'-ideal on T if and only if for any t € [0,1], (Ry): is
a lateral I'-ideal of T x T if it is nonempty;

() Ry, is a strongest fuzzy I'-ideal on T if and only if for any t € [0,1], (Ry): is a I'-ideal
of T x T if it is nonempty.

Proof. (i) Assume that R, is a strongest fuzzy left I'-ideal on T'. Let (a1, a2), (b1,b2) €
T x T and (c1,¢2) € (Ry)t, and «, 3 € I'. Then

Ru(alabl,ﬁcl,agabgﬁ@) Z R#(Cl,CQ) 2 t.
We obtain that (a1, a2)a(bi,b2)B(c1, c2) = (ar1abiBer, asabafBea) € (Ry,)s; that is,
(T x T)D(T x T)T(R,); C (Ry ).

This shows that (R,); is a left I'-ideal of T' x T.
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Conversely, assume that for any ¢ € [0,1], (R,): # 0 is a left I'-ideal of T x T'. Let
ai,az,by, by, c1,co € T and o, 8 € I'. Take Ry (c1,c2) = t, for some ¢ € [0,1]. It follows
that (c1,c2) € (Ry)t, and then (R,); # 0. By the given assumption, we have

(a1ab1Ber, agabafea) = (a1, az)a(bi, ba)B(c1,c2) € (T x T)I(T x T)I'(Ru): € (Ry)s-

This implies that R, (aiabifBc1,asabafca) >t = R, (c1,c2). Therefore, R, is a strongest
fuzzy left I'-ideal on T'.

The proofs of (ii) and (iii) can proved in a similar way.

(iv) It obtains from (i), (ii), and (iii).

Theorem 6. Let T be a ternary I'-semigroup, j be a fuzzy set of T', and R, be a strongest
fuzzy relation on T'. Then, R, is a strongest fuzzy bi-I'-ideal on T' if and only if for each
t €0,1], (R,): is a bi-I'-ideal of T x T when it is nonempty.

Proof. Assume that R, is a strongest fuzzy bi-I'-ideal on T'. Let ¢ € [0,1] be such
that (R,): # 0. Let (a1, a2), (c1,¢2), (e1,e2) € (Ry): and (b1, b2), (d1,d2) € T x T, and let
a, B,7,0 € I'. Thus, we have

R, (a1cciPer, azacafez) > min{ R, (a1, a2), R, (c1,c2), Ru(er,ea)} >t
and
R, (a1abi Berydider, asabaBeaydades) > min{ R, (a1, a2), R, (b1, b2), Ru(e1,e2)} > t.
Also,

(a1,a2)a(cr, c2)f(er, e2) = (araciPer, agacafes) € (Ry)t

and

(a1,a2)a(by, ba)B(c1, c2)y(di,d2)d(er, e2) = (arabiBeiydider, azabafeaydades) € (R,)s,
respectively. This shows that
(R)eD(Ry) el (Ry)e € (Ry)e and (Ry,):D(T x T)T(Ry) D(T x T)T(Ry)e € (Rp)s-

Therefore, (R,,); is a bi-I'-ideal of 7" x T'.

Conversely, let a1, as, b1, ba, c1,¢2,d1,da, e1,e2 € T'and o, B,,6 € I'. Choose Ry, (a1, a2) =
t1, Ry(c1,c2) = ta, and R, (e1,e2) = t3, for some t1,t9,t3 € [0,1]. Let t = min{ty,ts,t3}.
It turns out that (ai,as2),(c1,c2),(e1,e2) € (Ry)¢. By assumption, we have (R,); is a
bi-I'-ideal of T' x T'. So, we obtain

(a1cc1 Ber, asacafes) = (a1, az)a(cr, c2)B(e1,e2) € (Ru)e

and

(a1ab1 Berydider, asabafeaydades) = (ar, az)a(bi, ba)B(c1, c2)y(di, d2)d(er, e2) € (Ry):.
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It means that

R, (a1ccc1fer, asacafes) >t = min{ty, ta, t3}
= min{RM(al, ag), RM(Cl, CQ), Ru(el, 62)}

and

Ru(alablﬁcwdléel, agabgﬁcyydgéeg) 2 t= min{tl, tQ, tg}
=min{R,(a1,a2), R,(c1,c2), Ru(e1,e2)}.

Consequently, I, is a strongest fuzzy bi-I-ideal on T'.

Example 3. By Example 1, we obtain R, is a strongest fuzzy bi-I'-ideal on a ternary I'-
semigroup T'. It turns out that the set of all level subsets of R, are (R,)o.7 = {(a,a), (a,b),
(b,a),(b,b)} and (Ry)o2 =T xT. By Theorem 6, we have (R, )07 and (R,)o.2 are bi-I'-
ideals of a ternary I'-semigroup T X T. This is the process of finding some bi-I'-ideals of
a ternary I'-semigroup T x T using Theorem 6 such as the sets {(a,a), (a,b), (b,a), (b,b)}
and T x T.

Let X be a nonempty set, and u be a fuzzy set of X. We observe that all level subsets
of the strongest fuzzy relation Xﬁ on X only include that the sets A and X, for each
subset A of X. Therefore, we obtain the following results by Theorem 4, Theorem 5, and
Theorem 6, respectively.

Corollary 1. Let T be a ternary I'-semigroup, p be a fuzzy set of T', and A be a nonempty
subset of T'. Then, xl’:‘ 18 a strongest fuzzy ternary I'-subsemigroup on T if and only if A
is a ternary I'-subsemigroup of T .

Corollary 2. Let T be a ternary I'-semigroup, p be a fuzzy set of T', and A be a nonempty
subset of T'. Then the following conditions hold:

(i) Xﬁ is a strongest fuzzy left I'-ideal on T if and only if A is a left I'-ideal of T';

(i1) Xf} is a strongest fuzzy right I'-ideal on T if and only if A is a right I'-ideal of T';
(ii3) Xﬁl is a strongest fuzzy lateral I'-ideal on T if and only if A is a lateral I'-ideal of T';
(iv) Xﬁ is a strongest fuzzy I'-ideal on T if and only if A is a I'-ideal of T'.

Corollary 3. Let T be a ternary I'-semigroup, u be a fuzzy set of T', and A be a nonempty
subset of T'. Then, X,‘j s a strongest fuzzy bi-I'-ideal on T if and only if A is a bi-I'-ideal
of T.
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4. Conclusions

The concept of fuzzy relation was applied to define the notions of strongest fuzzy
ternary I'-subsemigroups, strongest fuzzy (resp. left, right, lateral) I'-ideals, and strongest
fuzzy bi-I'-ideals on ternary I'-semigroups. Following this, we investigated the connections
of these concepts that every strongest fuzzy (resp. left, right, lateral) I'-ideal is also a
strongest fuzzy bi-I'-ideal, while every strongest fuzzy bi-I'-ideal is also a strongest fuzzy
ternary I'-subsemigroup on a ternary I'-semigroup. In addition, as Example 1 and Example
2 indicate, the converses of the above mentioned relationships are not true. After that,
we studied the links between different types of fuzzy I'-ideals of ternary I'-semigroups and
their respective types of strongest fuzzy I'-ideals on ternary I'-semigroups, which occurred
in Theorem 1, Theorem 2, and Theorem 3. Finally, the characterizations of strongest fuzzy
ternary I'-subsemigroups, strongest fuzzy (resp. left, right, lateral) I'-ideals, and strongest
fuzzy bi-I'-ideals on ternary I'-semigroups by the various types if their level subsets in
ternary I'-semigroups are presented in Theorem 4, Theorem 5, and Theorem 6. Future
studies will be possible to investigate some decompositions of many types of strongest
fuzzy I'-ideals on ordered ternary I'-semigroups or other algebraic structures.
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