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1. INTRODUCTION

Fuzzy set has an important impact over the field of mathematical research in
both theory and application. It has found manifold applications in mathematics and
related areas. The introduction of fuzzy algebraic structures started by Rosenfeld
in his pioneering paper [10]. He introduced the notion of fuzzy subgroup of a group.
Kuroki introduced and studied the notion of fuzzy semigroups [6]. He also studied
the concept of fuzzy quasi-ideals [5] and fuzzy bi-ideals [4] of semigroups. The notion
of ternary algebraic system was first introduced by D. H. Lehmer [7] in 1932. The
notion of ternary semigroups was introduced by S. Banach [§]. The ideal theory in
ternary semigroups was studied by F. M. Sioson [12] in the year 1965. Recently,
M. L. Santiago and S. Sri Bala [11] developed the theory of ternary semigroups. In
[2], T. K. Dutta, S. Kar and B. K. Maity studied some properties of regular ternary
semigroup, completely regular ternary semigroup, intra-regular ternary semigroup
and characterized them by using various ideals of ternary semigroups. Many results
in ordinary semigroups may be extended to n-ary semigroups for arbitrary n but
the transition from n = 3 to arbitrary n entails a great degree of complexity that
makes it undesirable for exposition. For this reason, we shall confine ourselves in this
paper wholly to ternary semigroups. In this paper we introduce and characterize
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the concept of fuzzy quasi-ideal and fuzzy bi-ideal in ternary semigroups and study
their properties in ternary semigroups.

2. PRELIMINARIES

In this section, we give some preliminary results of ternary semigroups and fuzzy
ternary semigroups which will be required for our later discussions.

Definition 2.1. ([2]) A non-empty set S together with a ternary operation, called
ternary multiplication, denoted by juxtaposition, is said to be a ternary semigroup
if (abc)de = a(bed)e = ab(cde) for all a,b,c,d,e € S.

Example 2.2. Let Z~ be the set of all negative integers. Then with the usual
ternary multiplication, Z~ forms a ternary semigroup.

Definition 2.3. ([2])( A non-empty subset I of a ternary semigroup S is called
(¢) a left ideal of S if SST C I.
(1) a lateral ideal of S if SIS C I.
(7i1) a right ideal of S if ISS C I.
(iv) an ideal of S if T is a left ideal, a lateral ideal and a right ideal of S.
An ideal I of a ternary semigroup S is called a proper ideal if I # S.

Proposition 2.4. ([12]) Let S be a ternary semigroup and a € S. Then the principal
1) left ideal generated by 'a’ is given by {a)p = {a} U SSa.

(4) g y g y

(#i) right ideal generated by 'a’ is given by (a)r = {a} U aSS5.

141) lateral ideal generated by 'a’ is given by {(a)yr = {a} U SaS U SSaSS.

(iii) g y g y

(iv) ideal generated by 'a’ is given by (a) = {a} UaSS U SaS U SSaSSUSSa.

Definition 2.5. ([12]) A non-empty subset @ of a ternary semigroup S is said to
be a quasi-ideal of S if (QSSNSQSNSSQ) C Q and (QSSNSSQSSNSSQ) C Q.

The above definition can be rewritten as follows :
Definition 2.6. A non-empty subset @ of a ternary semigroup S is said to be a

quasi-ideal of S if (QSS N (SQS U SSQSS) N SSQ) C Q.

Definition 2.7. ([1]) A ternary subsemigroup B of a ternary semigroup S is said
to be a bi-ideal of S if BSBSB C B.

Definition 2.8. ([13]) Let S be a non-empty set. A fuzzy subset of S is a function
f:8—10,1)].

Definition 2.9. ([13]) Let f be a fuzzy subset of a non-empty set S. For any
t € [0, 1]; the subset f; = {zx € S: f(x) >t} of S is called a level subset of f.

Definition 2.10. ([I3]) Let S be a non-empty set and A C S. Then the character-
istic function Cy : S — [0,1] of A is a fuzzy subset of S, defined by, for any = € S;

1, difxeA;
C“@—{o, ifrg A
We denote the characteristic function Cs of S as S i.e. S = Cg. Thus S(z) =1 for
all z € S.
408
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Definition 2.11. ([I3]) For any two fuzzy subsets f and g of a non-empty set .S,
the union and the intersection of f and g, denoted by f U g and f N g are fuzzy
subsets of S, defined as, for any z € S, (fUg)(z) = max {f(z),g9(x)} = f(z) Vg(x)
and (f Ng)(x) = min {f(z),9(x)} = f(x) A g(z), where \/ denotes maximum or

supremum and A denotes minimum or infimum.

e Throughout this paper, F'(S) denotes the set of all non-empty fuzzy subsets
(i.e. for any fuzzy subset f, there exists an « € S such that f(z) # 0) of the

ternary semigroup S.

Definition 2.12. ([3]) Let f,g,h € F(S). Then the product of f,g,h; denoted by

f ogoh,is defined as, for any x € S,

\ {f(p) Aglq) A h(r)}, if  can be expressed as x = pqr for

(fogoh)(z)= . some p,q,r € S;
0, otherwise.

Proposition 2.13. ([3])) If f,g,h,k,l € F(S), then

(@) fN(guh)Nk=(fNngnk)U(fNhnNk).

() (fUg)ohok=(fohok)U(gohok).

(#i) fo(gUh)ok=(fogok)U(fohok).

(iv) fogo(hUk)=(fogoh)U(fogok).

(w) (fogoh)okol=fo(gohok)ol=fogo(hokol).

roposition 2.14. If f, g € F(S), then

(i) (fng)oSoS)C(foSoS)N(goSols).

(i) (So(fng)oS)C(SofoS)N(Sogolb).

(ii7) (SoSo(fNng)S(SoSof)n(SoSog).

(foSoS)N(goSoS))(z)=0=((fNng)oSoS)(x).
If x = pgr for some p,q,r € S, then
(fng)oSoS)(x)=\/ {(fNg)p)AS(q)AS(r)}

=\ {fl) rgp)}
(since S(q) = S(r) =1 for every ¢,r € S)

<{V Uenpr{ V (s}

T=pqr T=pqr

:{ \ {f(p)/\S(q)AS(r)}}A{ \V {g(p)AS(q)AS(T)}}

=(foSoS)z)AN(goS oS5 (x)
=((foSoSN(goSo9))(x).
Therefore ((fNg) oS0 S)(x) < ((foSoS)N(goSos))(x).
Thus ((fﬁg) oSoS) C(foSoS)N(goSolS)and hence the result.

Similarly, we can prove the other results.
409
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Definition 2.15. ([3]) A non-empty fuzzy subset f of a ternary semigroup S is
called a fuzzy ternary subsemigroup of S if f(xyz) > f(z) A f(y) A f(2) for all
T,y,z € S.

Definition 2.16. ([3]) A non-empty fuzzy subset f of a ternary semigroup S is called
a fuzzy left (fuzzy lateral, fuzzy right) ideal of S if f(zyz) > f(2) (vesp. f(zyz) >
fy), flaxyz) > f(:c)) for all z,y,z € S.

If f is a fuzzy left ideal, a fuzzy lateral ideal and a fuzzy right ideal of S, then f
is called a fuzzy ideal of S.

Lemma 2.17. ([3]) Let A be a non-empty subset of a ternary semigroup S. Then
(1) Ais a ternary subsemigroup of S if and only if C4 is a fuzzy ternary subsemigroup
of S.

(ii) A is a left ideal (lateral ideal, right ideal, ideal) of S if and only if Ca is a fuzzy
left ideal (resp. fuzzy lateral ideal, fuzzy right ideal, fuzzy ideal) of S.

Lemma 2.18. ([3]) Let f € F(S). Then

(1) f is a fuzzy ternary subsemigroup of S if and only if f o f o f C f.
(i) f is a fuzzy left ideal of S if and only if S o S o f C f.

(#i1) f is a fuzzy lateral ideal of S if and only if S o f 0o SC f.

() f is a fuzzy right ideal of S if and only if f 0 S 0o S C f.

Definition 2.19. ([9]) Let S be a non-empty set and a € S,¢ € (0,1]. A fuzzy point
ay of S is a fuzzy subset of S, defined by,
t, ifx=a;
ar(x) = { 0, otherwise;
where xz € S.

Definition 2.20. ([9]) Let f be a non-empty fuzzy subset and z; be a fuzzy point
of a non-empty set S. The fuzzy point x; of S is said to be contained in f or to
belong to f (denoted by z; € f) if f(x) >t

Proposition 2.21. ([3]) Let ¢, ys be two fuzzy points of a ternary semigroup S.
Then for any f € F(S), we have the following results.

(1) ¢ € f if and only if x; C f.

(i) o Cys if and only if v =y and t < s.

Definition 2.22. Let f be a non-empty fuzzy subset of a ternary semigroup S.
Then the intersection of all fuzzy left ideals of S containing f is a fuzzy left ideal of
S containing f, denoted by (f);, and defined as

(fir = ﬂ {9}

fCgeFIL(S)

where FI1,(S) is the set of all fuzzy left ideals of S. This fuzzy left ideal is called
fuzzy left ideal generated by the fuzzy subset f.

Similarly, we define (f)ar, (f)r and (f) as the fuzzy lateral ideal generated by
the fuzzy subset f, fuzzy right ideal generated by the fuzzy subset f and fuzzy ideal
generated by the fuzzy subset f respectively.
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Note 2.23. Here (f)r, {f)m and (f)r are respectively the smallest fuzzy left ideal,
the smallest fuzzy lateral ideal and the smallest fuzzy right ideal of S containing the
fuzzy subset f of S.

Proposition 2.24. Let f be a non-empty fuzzy subset of a ternary semigroup S.
Then
(@) (lr=fU(SoSof).
(it) (flr=fU(foS0S).
() (flm=fU(SofoS)U(SoSofoSobS).
() (fH=fu(SoSof)U(SofoSHU(SoSofoSoS)U(foSoS).
(

Proof. (i) Since (f)r = N {9}, f C (f)r. Therefore, S 0 S o f C
fCgeFIL(S)

SoSo(fyr C(f)L (since (f) is a fuzzy left ideal of S). Thus (fU(S 0 S o f)) C
(f)r- Again, (fU(S 0S5 o f)) is a fuzzy left ideal of S containing f and (f)y, is the
smallest fuzzy left ideal of S containing f. Hence (f)r, C fU(S 0 S o f). Therefore
(. =fU(S 0 S o f). Similarly, we can prove the other results. O

Proposition 2.25. ([3]) Let a; be a fuzzy point of a ternary semigroup S. If
(at)r, (ae)n, {ar)r and {(a;) are respectively fuzzy left ideal, fuzzy lateral ideal,
fuzzy right ideal and fuzzy ideal of S generated by the fuzzy point a;, then
(i) {ay)p =ar U (S 0S5 o0a).
u) (a)r =arU(az 0 S0 5).

i) (at)y =arU(Soar0S)U(SoSoatoSo0S).
(ay =arU(SoSoa)U(SoaoS)U(SoSoa;o0S0S)U(azoSo0S).

3. Fuzzy QUASI-IDEALS OF TERNARY SEMIGROUPS

Definition 3.1. A non-empty fuzzy subset f of a ternary semigroup .S is called a
fuzzy quasi-ideal of S if

(foSoSN((SofoS)U(SoSofoSoS)NSoSof)C/f

Example 3.2. Let O = (89),A=(}9),B=(34),C=(98),D=(39). Then
S ={0,A,B,C, D} becomes a ternary semigroup w.r.t. usual matrix multiplication
and @ = {O, B} is a quasi-ideal of S. Now we define a fuzzy subset f on S as
f(O) = f(B)=0.85and f(A) = f(C) = f(D) =0. Then f is a fuzzy quasi-ideal of
S.

Note 3.3. Using Proposition|2.13, the above definition can be rewritten in the fol-
lowing way.

Definition 3.4. A non-empty fuzzy subset f of a ternary semigroup .S is called a
fuzzy quasi-ideal of S if

(foSoS)N(SofoS)N(SoSof)Cf
and (foSoS)N(SoSofoSoS)N(SoSof)CHf.

Theorem 3.5. Let QQ be a non-empty subset of a ternary semigroup S. Then @Q
is a quasi-ideal of S if and only if the characteristic function Cg of @ is a fuzzy

quasi-ideal of S.
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Proposition 3.6. A non-empty fuzzy subset f of a ternary semigroup S is a fuzzy
quasi-ideal of S if and only if the level subset of f, f: is a quasi-ideal of S for
telmf.

Proposition 3.7. FEvery fuzzy quasi-ideal of a ternary semigroup S is a fuzzy
ternary subsemigroup of S.

Proof. Let f be a fuzzy quasi-ideal of S. Then f is non-empty. Now f o f o f C
foSoS fofofCSofoSC(SofoSUSoSofoSolsS)and
fofofCSoSof. Therefore

fofofC(foSoSN(SofoSUSoSofoSoS)NSoSof)Cf (sincefis
a fuzzy quasi-ideal of S). Hence, by Lemma [2.18|, f is a fuzzy ternary subsemigroup
of S. O

Proposition 3.8. Every fuzzy left ideal (fuzzy lateral ideal, fuzzy right ideal, fuzzy
ideal) of a ternary semigroup S is a fuzzy quasi-ideal of S.

Proof. Let f be a fuzzy left ideal of S. Then f is non-empty and (S 0 S o f) C f.

Now
(foSoSn(SofoSUSoSofoSoS)NSoSof)

(SoSoS)N(SoSoS)Nf
(SnSnf)cCy.

Hence by Definition 3.1, f is a fuzzy quasi-ideal of S.
Similarly, we can prove the other cases. O

-
-

Note 3.9. But the converse does not hold always. This follows from the following
example.

Example 3.10. In Example 3.2, S = {0, A, B, C, D} is a ternary semigroup and f
is a fuzzy quasi-ideal of S. But

f(CAB) = f(D) =0 # 0.85 = f(B) = f is not a fuzzy left ideal of S.

f(BDC) = f(A) =0 # 0.85 = f(B) = f is not a fuzzy right ideal of S.

f(CBD) = f(D) =0 % 0.85 = f(B) = f is not a fuzzy lateral ideal of S.

Hence f is neither a fuzzy right ideal nor a fuzzy lateral ideal nor a fuzzy left ideal
of S'i.e. f is not a fuzzy ideal of S.

Proposition 3.11. Intersection of any two fuzzy quasi-ideals of a ternary semigroup
S is either empty fuzzy subset or a fuzzy quasi-ideal of S.

Corollary 3.12. Intersection of any two fuzzy ideals of a ternary semigroup S is a
fuzzy quasi-ideal of S.

Definition 3.13. ([2]) Let S be a ternary semigroup. An element € S is called
regular if there exists an element a € S such that x = zaz. A ternary semigroup is
called regular if all its elements are regular.

Theorem 3.14. ([3]) The following conditions in a ternary semigroup S are equiv-
alent :
(4) S is regular.
(it) For any fuzzy right ideal f, fuzzy lateral ideal g and fuzzy left ideal h of S,
412
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fogoh=fngnh.
(#i) For a,b,c € S andt € (0,1], {ar)g 0 (be)ar 0 {ct)r = (ar)r N (be)ar N {ce) L.
(i) Fora € S andt € (0,1],(ar)r 0 {at)pr 0 {ar)r = (ar)r N {at)pr N {as) L.

Proposition 3.15. If f be a fuzzy quasi-ideal of a ternary semigroup S, then

(foSofoSofUfoSoSofoSoSof)CHf.

Proof. Let f be a fuzzy quasi-ideal of S. Now

(foSofoSofUfoSoSofoSoSof)CfoSolbS,
(foSofoSofUfoSoSofoSoSof)CSoSof,
(foSofoSofUfoSoSofoSoSof)C(SoSofoSoSUSofolb).

Therefore

(foSofoSofUfoSoSofoSoSof)
C (foSoSN(SofoSUSoSofoSoS)yNSoSof)Cf

(by assumption) and hence the result. O

Note 3.16. The converse of the above Proposition|3.15, in general, not always true.
But in case of regular ternary semigroup, the converse is true always.

Proposition 3.17. If f be a non-empty fuzzy subset of a reqular ternary semigroup
S such that (foSofoSofUfoSoSofoSoSof)Cf,then f isa fuzzy
quasi-ideal of S.

Proof. Let f be anon-empty fuzzy subset of a regular ternary semigroup S such that
(foSofoSofUfoSoSofoSoSof)Cf.Nowwehavetoshow that fisa
fuzzy quasi-ideal of S. Since S is regular and f 0o S0 S, (So foSUSo0So foSoS)
and S 0 S o f are respectively fuzzy right ideal, fuzzy lateral ideal and fuzzy left
ideal of S, so

(foSoS) N (SofoSUSoSofoSoS)Nn(SoSof)
(foSoS)o((SofoS)Uu(SoSofoSo0S))o(SoSof),
by Theorem [3.14

= (fo(SoSoS)ofo(SoS0S)of)
U(foSo(SoSoS)ofo(SoSo0S)oSof),
by Proposition 2.13
C (foSofoSofUfoSoSofoSoSof)Cf

(by assumption). Hence by Definition B.1), f is a fuzzy quasi-ideal of S. g

Proposition 3.18. For any three fuzzy quasi-ideals f1, fa, f3 of a regular ternary
semigroup S, fi1 o fa o f3 is fuzzy quasi-ideal of S.
413
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Proof. Since f1, fa, f3 are fuzzy quasi-ideals of S, then f; o f2 o f3 is a non-empty
fuzzy subset of S. Now

(fiofaofs)oSo(fiofrofs)oSol(fiofaolfs))
U((fiofaofs)oSoSo(fiofrofs)oSoSo(fiofolfs))

= ((holofsoS)ofio(fofioS)oh)ofaolfs)
U((f1o(fgofg,oS)oSoflo(fgofgoS)oSofl)ofgofg)

((flo(SoSoS)oflo(SoSoS)ofl)ofgofg)
U((flo(SoSoS)oSof1O(SOSOS’)OSOfl)ofgofg)

- ((f1050f1 oSofl)ofzofg)U((fl 0SoSof OSOSOf1)0f20f3)
= (fioSofioSofi)U(fioSoSofioSoSofi)ofrolfs
C  fi10 fao f3(since fi is a fuzzy quasi-ideal of S and by Proposition [3.15])

N

Since S is regular, it follows from Proposition 3.17 that f; o fo o f3 is a fuzzy
quasi-ideal of S. O

Corollary 3.19. The set of all fuzzy quasi-ideals of a reqular ternary semigroup S
forms a ternary semigroup under the operation 'o’, defined in Definition 2.12.

Theorem 3.20. A non-empty fuzzy subset f of a ternary semigroup S is a fuzzy
quasi-ideal of S if and only if f is the intersection of a fuzzy right ideal, a fuzzy
lateral ideal and a fuzzy left ideal of S.

Proof. Let f = gNhNk where g, h, k are respectively fuzzy right ideal, fuzzy lateral
ideal and fuzzy left ideal of S. Then

(foSoS)N(SofoS)N(SoSof)
((gnhnk)yoSoS)N(So(gnhnk)oS)N(SoSo(gnhnk))
(goSoS)N(SohoS)N(SoSok)

gNhNk=f

N 1N

and

(foSoS)N(SoSofoSoS)N(SoSof)
= ((gnhnk)oSoS)N(SoSo(gNnhnNk)oSoS)N(SoSo(gNhNk))
C (goSoS)N(SoSohoSoS)N(SoSok) Cgnhnk=f.

Hence, by Definition 3.4, f = g N h Nk is a fuzzy quasi-ideal of S.
414
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Conversely, let f be a fuzzy quasi-ideal of S. Then f C (f)r N {(f)mr N {f)L
= (fU(foSoS))N(fu(SofoS)U(SoSofoSoS)Nn(fu(SoSolf))
(by Proposition 2.24))
fU((foSoS)ﬂ((SofoS)U(SoSofoSoS))ﬂ(SoSof))
(by Proposition 2.13)

C fUf (by assumption) = f.

It implies that f = (fYr N {f)ar N {f)r. Hence f is the intersection of a fuzzy right
ideal, a fuzzy lateral ideal and a fuzzy left ideal of S. g

Corollary 3.21. In a regular ternary semigroup S, a non-empty-fuzzy subset f of
S is a fuzzy quasi-ideal of S if and only if f = g o h o k where g,h and k are
respectively fuzzy right ideal, fuzzy lateral ideal and fuzzy left ideal of S.

Proof. Let f be a fuzzy quasi-ideal of regular ternary semigroup S. Then for any
fuzzy right ideal g, fuzzy lateral ideal h and fuzzy left ideal k of .S, by Theorem [3.20,
f=gnNhnNk=gohok(since S is regular and by Theorem [3.14).

Conversely, let f be a non-empty fuzzy subset of S such that f = g o h o k where
g,h and k are respectively fuzzy right ideal, fuzzy lateral ideal and fuzzy left ideal
of S. Then for regular ternary semigroup S, f =g o h o k = gnNhnNk, by Theorem
3.14. So from Theorem [3.20, it follows that f is a fuzzy quasi-ideal of S. O

Definition 3.22. A fuzzy ideal (fuzzy quasi-ideal) f of a ternary semigroup S is
said to be a minimal fuzzy ideal (minimal fuzzy quasi-ideal) of S if there is no fuzzy
ideal (fuzzy quasi-ideal) of S strictly contained in f.

Theorem 3.23. A non-empty fuzzy subset f of a ternary semigroup S is minimal
fuzzy quasi-ideal of S if and only if f is the intersection of a minimal fuzzy right
ideal, a minimal fuzzy lateral ideal and a minimal fuzzy left ideal of S.

Proof. Let f =g N hNk where g, h, k are respectively, a minimal fuzzy right ideal,
a minimal fuzzy lateral ideal and a minimal fuzzy left ideal of S. Then f is a fuzzy
quasi-ideal of S, by Theorem [3.20. Let f; be another fuzzy quasi-ideal of S such
that f{ C f. Then ffoSoSC foSoS=(gNnhNk)oSoSCgoSoSCyg
(since g is a fuzzy right ideal of S). Also, f1 0 S 0 S is a fuzzy right ideal of S. But
g is a minimal fuzzy right ideal of S. So g = f1 0 .S 0 S. In the same way, we can
show that h = (S o f10S)U(SoSofioSoS)and k=S50S o fi. Therefore
f=gnhnk=(fioSoS)N((SofioS)U(SoSofioSoS)N(SoSof)
C f1 (since fy is a fuzzy quasi-ideal of S). So f = f1 and hence f is minimal fuzzy
quasi-ideal of S.

Conversely, let f be a minimal fuzzy quasi-ideal of S. Consider a fuzzy point a; of
Ssuch that a; € f. Thena; 05085, ((Soa,0S5)U(SoSoar0S0S)) and SoSoa
are respectively, fuzzy right ideal, fuzzy lateral ideal and fuzzy left ideal of S. There-
fore (at 0 S 0 S)N((Soa,0S)U(SoSoa;0808))N(S 0S5 o0a)isa fuzzy
quasi-ideal of S, by Theorem [3.20. Also

(ac0So0S)N((SoaoS)U(SoSoa,08508))N(SoSoa)

C (foSoS)N((SofoS)U(SoSofoSoS)N(SoSof)Cf,
415
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since f is a fuzzy quasi-ideal of S. But f is minimal, so
f=(a0S0oSN((Soa0S)U(S0oSoa0508))N(S0S8o0at)...... (1).
Let g be any fuzzy right ideal of .S such that g Ca; 0 S0 S. Thengo S0 S Cyg
Cas 0S8 0S8 where g o S oS is a fuzzy right ideal of S. Therefore

(goSoS)N((Soa08U(So0SoaoS0S)N(SoSoa)
is a fuzzy quasi- ideal of S and

(goSoS)N((Soa,08)U(SoSoa0508))N(SoSoa)
C (moSoS)N((SoaioS)U(SoSoaroSoS)N(SoSoa)=f,

from (1). Now, since f is a minimal fuzzy quasi-ideal of S, it follows from the above
that f = (g0 So0S)N((Soa;0S5)U(SoSoa;05085))N(S 0S5 o0ay). It implies that
fCgoSoS. Thereforea;0S0SC foSoSC(goSoS)oSoSCgoSoSCy.
Thus g = a; 0 S 0 S and hence (a; 0 S 0 S) is a minimal fuzzy right ideal of S.
Similarly, we can show that ((S o a; 0 S)U(SoSoa 05 0S8))and (SoSoa)
are respectively, a minimal fuzzy lateral ideal and a minimal fuzzy left ideal of S.
Thus it follows from (1) that f is the intersection of a minimal fuzzy right ideal, a
minimal fuzzy lateral ideal and a minimal fuzzy left ideal of .S . U

4. Fuzzy BI-IDEALS OF TERNARY SEMIGROUPS

Definition 4.1. A fuzzy ternary subsemigroup f of a ternary semigroup S is called
a fuzzy bi-ideal of S if f(uvwzy) > f(u) A f(w) A f(y) for all u,v,w,z,y € S.

Example 4.2. Consider

a b c
S = 0 0 d |:a,becdecZy
0 0 e
and
0 p O
B= 0 0 p P EZy
0 0O

where Z;~ is the set of all non-positive integers. Then S is a ternary semigroup
with respect to the usual matrix multiplication and B is a bi-ideal of S. Now we
define a fuzzy subset f of S by

10 ={
Then f is a fuzzy bi-ideal of S.

0.85, if X € B;
0, otherwise.

Theorem 4.3. Let B be a non-empty subset of a ternary semigroup S. Then B is
a bi-ideal of S if and only if the characteristic function Cg of B is a fuzzy bi-ideal
of S.

Theorem 4.4. A fuzzy ternary subsemigroup f of a ternary semigroup S is a fuzzy
bi-ideal of S if and only if (f 0 S o foSo f)Cf.
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Proof. Let f be a fuzzy bi-ideal of a ternary semigroup S and = € S.
Case I: If x # pgr for any p,q,7 € S, then (f o S o fo So f)(z)=0< f(z).
Case II: If such exists, let = pqr for some p,q,r € S. Then

(foSofoSof)z)= \ {(foSop)ArS)Af(r)}

r=pqr

=V {{ \ {f(k)AS(m)Af(n)}}AS(Q)M(T)}

Tr=pqr p:kmn

=V {{ V U@ nrmasm}

T=pqr p=kmn

(since S(m) =1= S(q))
R A S A F)}

r=kmngqr

< { \/ {f(kmnqr)}} ( since f is a fuzzy bi-ideal of S)

r=kmngqr

IA

= V{f@)} = f().
Hence (foSo foSof)Cf

Conversely, let f be a fuzzy ternary subsemigroup of S such that
(foSofoSof)Cf. LetuvwxyéecS. Then wvway € S. Let a = (uvw)zy.
Then

Jwwzy) > (foSofoSof)a)
= \/ {(foSof)(p)/\S(q)/\f(r)} for some p,q,7 € S

a=pqr

> (f 080 f)uvw)AS@) A f(y)
=V s sy arm}afw) since S@) =1)

uwvw=kmn

= fu) AS@) A f(w) A fy)
= fw) A f(w) A fly) (since S(v) = 1).

Hence, by Definition 4.1, f is a fuzzy bi-ideal of S. U

Theorem 4.5. A fuzzy ternary subsemigroup f of a semigroup S is a fuzzy bi-ideal
of S if and only if the level subset of f, fi is a bi-ideal of S fort e Im f.

Proposition 4.6. Let f and g be two non-empty fuzzy subsets of a ternary semi-
group S. Then f o S o g is a fuzzy bi-ideal of S.

Proof. Since f and g are non-empty fuzzy subsets of S, then f o S o ¢ is also
non-empty. Now

(foSog)o(foSog)o(foSog) (SoSo0oS)oSo(SoSo0S)og

fo
fo(SoSo0S)og C foSogy.

-
-
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Therefore, by Lemma 2,18, f 0 S o g is a fuzzy ternary subsemigroup of S. Again,

(foSog)oSo(foSog)oSo(foSog)

C fo(SoSo0S)o(SoSo0S)o(SoSo0S)og
C foSog.
Hence, by Theorem 4.4, f 0 S o g is a fuzzy bi-ideal of S. g

Proposition 4.7. Let f and h be two non-empty fuzzy subsets of a ternary semi-
group S and g be a fuzzy left ideal (fuzzy lateral ideal, fuzzy right ideal) of S. Then
fogohisa fuzzy bi-ideal of S.

Proof. Let g be a fuzzy left ideal of S. Then f o g o h is non-empty. Again,
(fogoh)o(fogoh)o(fogoh) C fo(SoSoS)oSo(SoSog)oh
C fo(SoSog)oh Cfogoh.

Therefore, by Lemma 2.18, f o g 0 h is a fuzzy ternary subsemigroup of S.
Now

(fogoh)oSo(fogoh)oSo(fogoh)
fo(SoSo0S)o(SoSoS)o(SoSog)oh
fo(SoSog)oh Cfogoh.

N 1N

Hence, by Theorem 4.4, f o g o h is a fuzzy bi-ideal of S.
Similarly, we can prove the other cases. O

Proposition 4.8. Let f be a fuzzy ternary subsemigroup of a ternary semigroup S.
If g, h, k be respectively fuzzy right ideal, fuzzy lateral ideal and fuzzy left ideal of S
such that go h o k C f CgNhNk, then f is a fuzzy bi-ideal of S.

Proof. For fuzzy right ideal g, fuzzy lateral ideal h and fuzzy left ideal k of S,
foSofoSof C (gnhnk)oSo(gnhnk)oSo(gNhnk)

C go(SohoS)ok

C gohokCf.

Hence, by Theorem 4.4, f is a fuzzy bi-ideal of S. O

Proposition 4.9. If any one of the fuzzy subsets g, h, k of a ternary semigroup S

be a fuzzy left (fuzzy lateral, fuzzy right) ideal of S and the remaining two be fuzzy
ternary subsemigroup of S, then g o h o k is a fuzzy bi-ideal of S.

Proof. Let g be a fuzzy left ideal of S and h, k be the fuzzy ternary subsemigroups
of S. Then

(gohok)o(gohok)o(gohok) (SoSo0oS)o(SoSoS)o(gohok)

c
C (SoSog)ohok Cgohok.

Therefore, by Lemma 2.18, g o h o k is a fuzzy ternary subsemigroup of S. Now

(gohok)oSo(gohok)oSo(gohok)C(SoSog)ohokCgohok.
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Hence, by Theorem 4.4, g o h o k is a fuzzy bi-ideal of S.
Similar result for the other cases. O

Corollary 4.10. For fuzzy right ideal g, fuzzy lateral ideal h and fuzzy left ideal k
of a ternary semigroup S, g o h o k is a fuzzy bi-ideal of S.

Proposition 4.11. Fvery fuzzy quasi-ideal of a ternary semigroup S is a fuzzy
bi-ideal of S.

Proof. Let f be a fuzzy quasi-ideal of S. Then f is a fuzzy ternary subsemigroup of
S, by Proposition [3.7. Now

foSofoSofCfo(SoSoS) oS C foSoS,
foSofoSofCSo(SoSoS)of C SoSof,
foSofoSofCSo(SofoS) oS C ((SoSofoSoS)U(Sofoldl)).

Therefore,
foSofoSofC(foSoS)N((SoSofoSoS)U(SofoS))N(SoSof)Cf,
by assumption. Thus by Theorem 4.4, f is a fuzzy bi-ideal of S. 0

Corollary 4.12. Every fuzzy right ideal (fuzzy lateral ideal, fuzzy left ideal) of a
ternary semigroup S is a fuzzy bi-ideal of S.

Lemma 4.13. For a ternary semigroup S, the following conditions are equivalent.
(7) S is regular.

(i5) f=foSofoSof forevery fuzzy bi-ideal f of S.

(i) f=foSofoSof forevery fuzzy quasi-ideal f of S.

Proof. Let S be a regular ternary semigroup and consider f be a fuzzy bi-ideal of S.

Then foSofoSofCf. LetxelS. Since S is regular, there exists an element
a € S such that * = zax i.e. * = zaxaxr. Now

(foSofoSof)e) = \/ {(foSof)p)AS(q) A f(r)} for some p,q,r € S

T=pqr

> (foSof)xax)AS(a)A f(z)
= \/ {f(m) AS(n) A f(k)} A f(z) (since S(a) = 1)

rar=mnk
> flx)AS(a) A flx) A flx) = f().

Therefore f C foSofoSof. Hence f=fo0SofoSofandso (i) = (i).
Clearly (i1) = (#it).

Let (i9¢) holds and counsider f, g, h be respectively, fuzzy right ideal, fuzzy lateral
ideal and fuzzy left ideal of S. Then fNgNh is a fuzzy quasi-ideal of S. Therefore,
by (uii),

fngnh = (fngnh)oSo(fNngnh)oSo(fNngnh)
C fo(SogoS)oh C fogoh
ie. fngNhC fogoh.But fogohC foSoSCf, fogohCTSogoSCy
and fogohCSoSohCh.SofogohC fngnh. Therefore fogoh = fNgNh
and hence by Theorem 3.14, S is regular. Thus (iii) = (1). O
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Theorem 4.14. For a ternary semigroup S, the following conditions are equivalent.
(1) S is regular.

(i) f=f 0S5 of for every fuzzy bi-ideal f of S.

(4it) f=f oS o f for every fuzzy quasi-ideal f of S.

Proof. (i) = (ii). Let S be a regular ternary semigroup and consider f be a fuzzy
bi-ideal of S. Then f = foSo foSof. Nowf=foSofoSolfC
fo(SoSoS)ofCfoSofand foSofC foSo(foSofoSolf)C
foSofo(SoSoS)ofCfoSofoSof=f. Therefore, f=foSo/f.

Clearly (i4) == (4i1). Let (4i7) holds and let f be a fuzzy quasi-ideal of S such that
f=foSof Then f=foSof=foSofoSofandhence, by Lemma4.13|
S is regular. O

Remark 4.15. The converse of the above Proposition 4.11/ and Corollary 4.12! are
not always true in general.

Example 4.16. Consider

b
S = 0
0

o O Qe
o QU0

0
ca,b,c,d,e € Zy~ » and B = 0
0

oo

0
P |:pE€EZo”
0

where Zy~ is the set of all non-positive integers. Then S is a ternary semigroup
with respect to usual matrix multiplication and B is a bi-ideal of S. But B is not a
quasi-ideal of S because

in SSB,
-1 0 0 0 -1 0 0 -1 0 0 0 -1
0 0 O 0 0 O 0O 0 -1 =090 o0 = P ( say)
0 0 0 0 0 O 0o 0 0 0 0 0

in SBS,
-1 0 0 0 -1 0 0 0 0 0 0 -1
0 0 O 0 -1 00 -1 ]=100 0 =P
0 0 O 0 0 0 0 0 O 0 0 O

and in BSS,
0 -1 0 0 0 O 0 0 O 0 0 -1
0 0 -1 0 0 -1 0 0 O = 0 0 O =P
0 0 0 00 O 0 0 -1 0 0 0

Therefore P € (SSBN(SBSUSSBSS)NBSS). But P ¢ B and hence
(SSBN (SBSUSSBSS) N BSS) ¢ B. Now we define a fuzzy subset f of S as

follows :
[ 075, ifxeB;
f(”)—{ 0, ifz¢B.
Then f is a fuzzy bi-ideal of S, but not a fuzzy quasi-ideal of S.

Example 4.17. Consider

0 0 0
S = a b c |:abcdeg€eZy
d e g
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and

where Zy~ is the set of all non-positive integers. Then S is a ternary semigroup
with respect to usual matrix multiplication and B is a bi-ideal of S. But B is not
an ideal of S because

in SSB,
0o 0 O o 0 o0 0o 0 0 0o 0 0
-1 -1 0 -1 -1 0 0 -1 -1 |=( 0 -1 -1 |¢8B
0o -1 -1 0o -1 -1 0 0 0 0 -2 -2
in SBS,
0o 0 0 0o 0 0 0O 0 O 0o 0 o0
-1 -1 0 0o -1 -1 -1 -1 0 |5 -1 -2 -1 | ¢B
0o -1 -1 0o 0 0 0o -1 -1 -1 -2 -1
and in BSS,
0 0 0 0 0 0 0o 0 o0 0 0 O
0 -1 -1 -1 -1 0 -1 -1 0 =l -2 -3 -1 ¢ B.
0o 0 0 0 -1 -1 0o -1 -1 0 0 O

Now we define a fuzzy subset f of S as follows :

(075, ifzeB;
f(z) = { 0, otherwise.
Then f is a fuzzy bi-ideal of S, but not a fuzzy ideal of S.

Remark 4.18. The converse of the Proposition [4.11] is true when S is regular.

Proposition 4.19. Every fuzzy bi-ideal of a regular ternary semigroup S is a fuzzy
quasi-ideal of S.

Proof. Let f be a fuzzy bi-ideal of a regular ternary semigroup S. Then f =
foSof, by Theorem/4.14. Again foSoS,(SofoSUSoSofoSoS)and
S 0 S o f are respectively fuzzy right ideal, fuzzy lateral ideal and fuzzy left ideal
of S. Therefore

(foSoS)N(SofoSUSoSofoSoS)N(SoSof)
= (foSoS)o(SofoSUSoSofoSoS)o(SoSof)(by Theorem 3.14)
= (fo(SoSoS)ofo(SoSoS)of)
U(fo(SoSoS)oSofoSo(SoSolS)o f)(by Proposition 2.13)

C (foSoSoSof)u(fo(SoSoS)oSoSof)
C (foSof)U(foSof)y=foSof=1/.
Hence by Definition 3.1, f is a fuzzy quasi- ideal of S. d

Corollary 4.20. The intersection of any two fuzzy bi-ideals of a ternary semigroup
S is either empty or a fuzzy bi-ideal of S.
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Corollary 4.21. Let f be a fuzzy ideal and g be a fuzzy quasi-ideal of a ternary
semigroup S. Then f N g is a fuzzy bi-ideal of S.

Corollary 4.22. For any three fuzzy bi-ideals f1, fa, f3 of a reqular ternary semi-
group S, f1 o fo o f3 is a fuzzy bi-ideal of S.

Proposition 4.23. If S be a reqular ternary semigroup, then
(i) f3 = f5 for any fuzzy bi-ideal f of S.
(ii) f3 = f° for any fuzzy quasi-ideal f of S.

Proof. (i) Let f be a fuzzy bi-ideal of a regular ternary semigroup S. Then (f o f o f)
C f. Therefore, f> = (fofof)ofofC fofof=f3ie f5C f3 Now since S
is regular and f o f o f is a fuzzy bi-ideal of S (by Corollary 4.22), f2 = f30 S o f3
(by Theorem 4.14) = f o fo(foSof)ofofCfofofofof=f> Hence
2=

(#4) Let f be a fuzzy quasi-ideal of a regular ternary semigroup S. Then f is a fuzzy
bi-ideal of S and hence f2 = f°. O

Theorem 4.24. For a ternary semigroup S, the following conditions are equivalent.

() S is regular.
(it) fNng=fogo f for every fuzzy quasi-ideal f and fuzzy lateral ideal g of S.
(iit) fNg=fogo f for every fuzzy bi-ideal f and fuzzy lateral ideal g of S.

Proof. (i) = (iii). Let S be regular and f, g be respectively fuzzy bi-ideal and
fuzzy lateral ideal of S. Therefore by Theorem4.14, f = f o S o f. Now fogo f
CfoSof=fand fogofCSogoSCg. Therefore fogo fC fNng. Now
let x € S. Then by assumption, there exists an element a € S such that z = zax i.e.
x = zaxax. Therefore (f o go f)(x) = (f 0 g o f)(xazax) > f(z)Aglaza) A f(x) >
f(z)Ag(z) (since g is a fuzzy lateral ideal of S) = (fNg)(x). So (fNg) C (fogo f).
Hence fNg=fogo f.

Clearly, (ii1) = (i1).

(#) = (i). Let (i) holds and f be a fuzzy quasi-ideal of S. Since S is itself a fuzzy
lateral ideal of S, f = fNS = f oS o f, by (it). Hence by Theorem 4.14, S is
regular. O
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