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A Study on Rough, Fuzzy and Rough Fuzzy
Bi-ideals of Ternary Semigroups

Sompob Saelee and Ronnason Chinram

Abstract—A ternary semigroup is a nonempty set together
with a ternary multiplication which is associative. Any semi-
group can be reduced to a ternary semigroup but a ternary
semigroup does not necessarily reduce to a semigroup. The
notion of fuzzy sets was introduced by Zadeh in 1965 and that
of rough sets by Pawlak in 1982. Applications of the fuzzy set
theory and rough set theory have been found in various fields.
The theory of fuzzy sets and rough sets were studied in various
kinds of algebraic systems. In this paper, we study rough, fuzzy
and rough fuzzy bi-ideals of ternary semigroups.

Index Terms—bi ideals, rough bi-ideals, fuzzy bi-ideals, rough
fuzzy bi-ideals, ternary semigroups.

I. INTRODUCTION

HE formal definition of a ternary algebraic structure was

given by Lehmer [13] in 1932, but earlier such struc-
tures were studied by Kasner [9] and Priifer [18]. Lehmer
investigated certain triple systems called triplexes which turn
out to be commutative ternary group. The notion of ternary
semigroups was known to Banach (cf. [14]) who is credited
with an example of a ternary semigroup which does not
reduce to a semigroup. A nonempty set 7" is called a ternary
semigroup if there exists a ternary operation 7' x T xT — T
written as (z1,z2,2s) — xixoxs satisfying the following
identity for any x1, 2, x3, 24,25 € T,

($13’J2$L’3).’E4J]5 = :1?1(31‘2,%31‘4)1‘5 = 1'1562(1‘3374.%‘5).

Any semigroup can be reduced to a ternary semigroup
but a ternary semigroup does not necessarily reduce to a
semigroup, for example, Z~ is a ternary semigroup while
Z~ is not a semigroup under the multiplication over integers.
In [14], Los proved that every ternary semigroup can be
embedded in a semigroup.

Let T be a ternary semigroup. For nonempty subsets A, B
and C of T, let ABC := {abc|a € A,b€ B and c € C}.
A nonempty subset S of T is called a ternary subsemigroup
if SSS5 C S. In [20], Sioson studied ideal theory in ternary
semigroups. A nonempty subset A of a ternary semigroup 7'
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is called a left ideal of T if TTA C A, a right ideal of T
if ATT C A and a lateral ideal of T if TAT C A. If A
is a left, right and lateral ideal of T, A is called an ideal
of T. A ternary subsemigroup B of T is called a bi-ideal
of T if BTBTB C B. A ternary subsemigroup @ of T is
called a quasi-ideal of T if QTT NTQT NTTQ C @Q and
QTTNTTQRTTNTTA C Q. The intersection of a left ideal,
a right ideal and a lateral ideal is a quasi-ideal and every
quasi-ideal contains in this way [20]. Later, ideal theory for
ternary semigroups has studied by Dixit and Dewan. They
studied quasi-ideals and bi-ideals in ternary semigroups [5]
and minimal quasi-ideals in ternary semigroups [4]. In [5],
Dixit and Dewan proved that every quasi-ideal of 7' is a bi-
ideal of T' but the converse is not true in general by giving
example. Later, ternary semigroups were studied by some
author, for example, Shabir and Bano [21] studied prime bi-
ideals in ternary semigroups and Iampan [7] studied filters
in ternary semigroups, etc. Recently, Santiago and Bala [19]
studied regular ternary semigroups and cover semigroups of
ternary semigroups.

The notion of fuzzy sets was introduced by Zadeh [23].
Fuzzy set theory is a generalization of set theory. Applica-
tions of the fuzzy set theory have been found in various fields.
The notion of rough sets was introduced by Pawlak [16].
Rough set is described by a pair of ordinary sets called the
upper and lower approximations. The notion of a rough set
has often been compared to that of a fuzzy set, sometimes
with a view to prove that one is more general, or, more
useful than the other. Several researchs were conducted on
the generalizations of the notion of fuzzy sets and rough sets.
The fuzzy sets and rough sets were studied in various kinds
of algebraic systems. Moreover, they were studied in various
kinds of ternary algebraic systems. For example, Kavikumar
and Khamis [10] studied fuzzy ideals and fuzzy quasi-
ideals in ternary semirings, Kavikumar, Khamis and Jun [11]
studied fuzzy bi-ideals in ternary semirings, Chinram and
Malee studied L-fuzzy ideals [1] and k-fuzzy ideals [15] in
ternary semirings, Davvaz [3] studied fuzzy hyperideals in
ternary semihyperrings and Chinram and Saelee [2] studied
fuzzy ideals and fuzzy filters of ordered ternary semigroups,
etc. Rough ideals in semigroups were studied by Kuroki [12].
In [22], Xiao and Zhang studied rough prime ideals and
rough fuzzy prime ideals. Later, Petchkhaew and Chinram
[17] studied rough ideals and fuzzy rough ideals of ternary
semigroups analogous to that of semigroups considered by
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Kuroki [12] and Xiao and Zhang [22]. Moreover, they studied
fuzzy ideals of ternary semigroups analogous to that of
semigroups.

In this paper, we study rough, fuzzy and rough fuzzy bi-
ideals of ternary semigroups.

II. ROUGH BI-IDEALS OF TERNARY SEMIGROUPS

Kar and Maity [8] studied congruences on ternary semi-
groups. Congruence is a special type of equivalence relation
which plays a vital role in the quotient structure of algebraic
structures. Let T' be a ternary semigroup. A congruence
p on T is an equivalence relation on 7' such that for all
a,bx,yeT,

(a,b) € p implies (zya, xyb), (zay, xby), (azy, bry) € p.

For a € T, the p-congruence class containing a denoted by
[a],. A congruence p of T is called complete if [a],[b],[c], =
[abc], for all a,b,c € T'. Let p be a congruence on 7' and A
a nonempty subset of 7. The sets

p-(A) = {z € T[], C A} and
p(A) = {zeT|[e],nA#0)

are called the p-lower and p-upper approximations of A,
respectively.

Example II.1. Define a relation p on a ternary semigroup
Z~ under the usual multiplication by

zpy <> 3|x—yforal x,y € Z™.

Then p is a congruence on Z~
{[_l]pa[_Q]p,[_S]p}. Let A =
p—(A) =0 and p~(A) = [-3],.

and Z 7 /p =
{—3,—6}. We have that

This proposition is similar to the proof of Theorem 2.1 in
Kuroki [12].

Proposition IL1. ([/7]) Let p and X be congruences on a
ternary semigroup T and A and B nonempty subsets of T.
The following statements are true.

(1) p—(A) S AC p(A)

(2 p~(AUB) =p (A)Up~(B)
3) p_(ANB) = p_(4) N p_(B).
(4) AC B implies p_(A) C p_(B).
(5) A C B implies p—(A) C p~(B).
© p(A)Up.(B)C p_(AL B)
) p(ANB) C p(A) 1o~ (B)
(8) p C X implies A\_(A) C p_(A).
) p C A implies p~(A) € A7 (A).

Proposition IL.2. ([/ ]) Let p be a complete congruence on
a ternary semigroup T and A, B and C nonempty subsets
of T. Then (1) p~(A)p~ (B)p *(C) C p=(ABC) and (2)
p—(A)p—(B)p-(C) € p—(ABC).

A nonempty subset A of a ternary semigroup 7 is called
a p-upper rough bi-ideal of T if p~(A) is a bi-ideal of T
and A is called a p-lower rough bi-ideal of T if p_(A) is a
bi-ideal of 7.

Lemma IL3. ([I7]) Let p be a congruence on a ternary
semigroup T and A a nonempty subset of T. If A is a
ternary subsemigroup of T, then A is a p-upper rough ternary
subsemigroup of T.

Theorem I1.4. Let p be a congruence on a ternary semigroup
T and A a nonempty subset of T. If A is a bi-ideal of T,
then A is a p-upper rough bi-ideal of T.

Proof. Assume A is a bi-ideal of 7. Then p—(A) #
(. By Lemma IL3, we have p (A)p~ (A)p~(4) C

p~(A). By Theorem IL.2 and Proposition IL.1(5), we have
p~ (A)Tp= (A)Tp~(A) = p~(T)p~(A)p~ (T)p~ (A)p~ (4)
Cp~ (ATATA) Cp (A). O

However, the converse of this theorem is not true in
general. For example, we can see in Example IL.1, p~ (A)
is a bi-ideal of Z~ but A is not.

Theorem IL5. Let p be a complete congruence on a ternary
semigroup T and A a nonempty subset of T such that
p—(A) # 0. If A is a bi-ideal of T, then A is a p-lower
rough bi-ideal of T.

Proof. The proof of this theorem is similar to the proof of
Theorem I1.4 ]

Proposition 11.6. Let T' be a ternary semigroup and p a
complete congruence on T. Then T'/p = {[a], | a € T}
is a ternary semigroup under the ternary operation by
la][b],plc], = labcl, for all a,b,c € T.

Let p be a complete congruence on a ternary semigroup
T. The ternary semigroup T'/p is called a quotient ternary
semigroup of T' by a congruence p.

Let p be a congruence on a ternary semigroup 7'. The
p-lower and p-upper approximations can be presented in an
equivalent form as shown below:

p~(4)/p={lx)y € T/p [z, € A} and

p(A)/p=Alz], € T/p|[x],NA#D},
respectively. Now we discuss these sets as subsets of a
quotient ternary semigroup T'/p.

Lemma IL7. ([17]) Let p be a complete congruence on a
ternary semigroup T. If A is a ternary subsemigroup of T,

then p~(A)/p is a subsemigroup of T/p.

Theorem IL.8. Let p be a complete congruence on a ternary
semigroup T. If A is a bi-ideal of T, then p~(A)/p is a
bi-ideal of T/ p.

Proof. Assume A is a bi-ideal of 7. By Lemma IL7,
we have p~(A)/p is a ternary subsemigroup of 7'/p. Let
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[w]p» [y]m [Z]p € p~(A)/p and [a]m [b]p € T'/p. Then there
exist ' € [z], N Ay € [yl,NA 2 € [z],N A and
a € la],,b € [b],. Since p is complete, z'a’y'b'z’ €

[z]plalplylplblplz], = [zaybz],. Since A is a bi-ideal of
T, z'd'y't'2’ € A. Then [zaybz], N A # (. Hence
[@],lalo[y]o[blol2], € p~(A)/p. O

Lemma I1.9. ([I7]) Let p be a complete congruence on a
ternary semigroup T. If A is a ternary subsemigroup of T,
then p_(A)/p is a ternary subsemigroup of T/p.

Theorem I1.10. Let p be a complete congruence on a ternary
semigroup T and A a nonempty subset of T such that
p—(A)/p # 0. If A is a bi-ideal of T, then p_(A)/p is
a bi-ideal of T/p.

Proof. Assume A is a bi-ideal of 7. By Lemma IL9,
we have p_(A)/p is a ternary subsemigroup of 7'/p. Let
[@]p: [Ylp (2], € p-(A)/p and [a],,[b], € T/p. Then
[z], € A,[y], € A and [z], C A. Since A is a bi-ideal of
T, [x]plalplylolblolzly € A. Therefore [z],[a],[yl,[b],[2], €
p_(4)/p. 0

III. Fuzzy BI-IDEALS OF TERNARY SEMIGROUPS

First, we recall the definition of fuzzy subsets. Let 7" be a
ternary semigroup. A function f from 7' to the unit interval
[0, 1] is called a fuzzy subset of T'. The ternary semigroup T
itself is a fuzzy subset of T such that T'(x) = 1 forall x € T,
denoted also by T'. If A C T, the characteristic function fa
of A is a fuzzy subset of 1" defined as follows:

1 ifzeA
f“‘m:{o ;fi;Aj

Now we study fuzzy bi-ideals of ternary semigroups. Let
T be a ternary semigroup. A fuzzy subset f of T is called
a fuzzy bi-ideal of T if f(abc) > min{f(a), f(b), f(c)} and
f(abede) > min{ f(a), f(c), f(e)} for all a,b,c,d,e € T.

Theorem IIL.1. Let T be a ternary semigroup and A a
nonempty subset of T. Then A is a bi-ideal of T if and only
if fa is a fuzzy bi-ideal of T.

Proof. Assume A is a bi-ideal of 7. Let a,b,z,y,z € T.
Case 1 : x,y,z € A. Since A is a bi-ideal of T, zyz, xaybz
€ A. Therefore fa(xyz) = 1 > min{fa(z), fa(y), fa(z)}
and fa(waybz) = 1 = min{fa(x), fa(y), fa(2)}.
Case2:x ¢ Aory¢ Aor z¢ A. Thus fa(x) =0 or
Faly) =0 or fa(z) = 0. Hence min{ fa(x), £(y), fa(2)}
= 0 < fa(zyz) and min{fa(z), fa(y), fa(z)} = 0 <
falwayb?).

O

Let T be a ternary semigroup. A nonempty subset S of T’
is called a prime subset of T if for all x,y,z € T,zyz € S
implies x € S ory € S or z € S. A bi-ideal S of T is
called a prime bi-ideal of T if S is a prime subset of 7.
A fuzzy subset f of T is called a prime fuzzy subset of T

if f(xyz) < max{f(z), f(y), f(2)} for all x,y,z € T. A
fuzzy bi-ideal f of T is called a prime fuzzy bi-ideal of T if

f is a prime fuzzy subset of 7'

Lemma IIL.2. ([I7]) Let T be a ternary semigroup and A a
nonempty subset of T. Then A is a prime subset of T if and
only if fa is a prime fuzzy subset of T.

Theorem IIL.3. Let T be a ternary semigroup and A a
nonempty subset of T. Then A is a prime bi-ideal of T if
and only if fa is a prime fuzzy bi-ideal of T.

Proof. It follows from Lemma III.2 and Theorem III.1. O

Let f be a fuzzy subset of a set (a ternary semigroup) 7.
For any ¢ € [0, 1], the set

fr={zeT | f(z) >t} and f7 ={z e T| f(z) >t}

are called a t-levelset and a t-strong levelset of f, respectively
[22].

Theorem IIL.4. Let f be a fuzzy subset of a ternary semi-
group T'. Then f is a fuzzy bi-ideal of T if and only if for
all t € [0,1), if fi # 0, then f; is a bi-ideal of T.

Proof. Assume f is a fuzzy bi-ideal of T. Let ¢t € [0,1]
such that f; # 0. Let z,y,2 € f;. Then f(z) > t,
f(y) > t and f(z) > t. Since f is a fuzzy bi-ideal of
T, f(zyz) > min{f(z), f(y), f(z)} > t and f(zaybz) >
min{ f(x), f(y), f(z)} > t for all a,b € T. Therefore
xyz,xaybz € f;. Hence f; is a bi-ideal of 7. Con-
versely, assume for all ¢ € [0,1], if f; # 0, then f;
is a bi-ideal of T. Let a,b,z,y,z € T. Choose t =
min{ f(z), f(y), f(2)}. Then z,y,z € f;. This implies that
ft # 0. By assumption, we have f; is a bi-ideal of T. So
xyz,xaybxr € f;. Therefore f(zyz) >t and f(zaybz) > t.
Hence f(zyz) = min{f(x), f(y),/(=)} and f(zagbz) >
min{ f(2), £(y), F()}. O

Lemma IIL5. ([17]) Let f be a fuzzy subset of a ternary
semigroup T. Then f is a prime fuzzy subset of T if and
only if for all t € [0,1], if f; # 0, then f; is a prime subset
of T.

Theorem II1.6. Let [ be a fuzzy subset of a ternary semi-
group T. Then f is a prime fuzzy bi-ideal of T if and only if
forall t € [0,1], if ft # 0, then f; is a prime bi-ideal of T.

Proof. It follows from Lemma III.5 and Theorem II1.4. [
Theorem IIL7. Let f be a fuzzy subset of a ternary semi-
group T. Then f is a fuzzy bi-ideal of T if and only if for
all t € [0,1), if f£ £ 0, then f§ is a bi-ideal of T.

Proof. The proof of this theorem is similar to the proof of
Theorem I11.4 |

Theorem IIL8. Let f be a fuzzy subset of a ternary semi-
group T. Then f is a prime bi-ideal of T if and only if for
all t € (0,1), if ff # 0, then [} is a prime bi-deal of T.
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Proof. It follows from Lemma III.5 and Theorem III.7. O

IV. ROUGH FUZZY BI-IDEALS OF TERNARY SEMIGROUPS

Let f be a fuzzy subset of a ternary semigroup 7" and p
be a congruence on T'. Then the fuzzy sets p~(f) and p_(f)
are defined by

p~ (f)(z) = sup f(a)and p_(f)(z) =

a€lz],

inf f(a)
a€lx],
are called the p-upper and p-lower approximations of a fuzzy
set f, respectively [6].

Example IV.1. Define a relation p on a ternary semigroup
Z~ under the usual multiplication by

zpy <> 2|x—yforall a,beZ™.

1
It is easy to see that p is a congruence on Z~. Let f(z) = —
—z
for all x € Z~. Then

p—(f)(x)=0forall x € Z~

and
1 ifxeZ is odd,
p(f)z) =141

3 if x € Z~ is even.

Lemma IV.1. ([I7]) Let p be a congruence on a ternary
semigroup T, f a fuzzy subset of T and t € [0,1], then (1)
(p—(f))e = p—(fe) and (2) (p~(f))i = p~ (f7)-

Theorem IV.2. Let p be a complete congruence on a ternary
semigroup T. If f is a fuzzy bi-ideal of T, then p~—(f) and
p—(f) are fuzzy bi-ideals of T.

Proof. It follows from Theorem II1.4, Theorem II1.7, Theo-
rem II.4, Theorem II.5 and Lemma IV.1. O

Note that if p~(f) and p_(f) are fuzzy bi-ideals of a
ternary semigroup 7', in general f need not be a fuzzy bi-
ideal of T'. For example, we can see in Example IV.1, p_(f)
is a fuzzy bi-ideal of T but f is not.

V. PROBLEMS OF HOMOMORPHISMS

Let T3 and 75 be ternary semigroups. A mapping ¢ from
T, to T is called a homomorphism from T to Ty if p(abc) =
w(a)p((b)p(c) for all a,b,c € Ty. Then the set k = {(a,b) €
Ty x Ty | p(a) = p(b)} is called the kernel of p. We have
that « is a congruence on 77.

Lemma V.1. ([17]) Let @ be an onto homomorphism from
a ternary semigroup Ty to a ternary semigroup Ts, ps a
congruence on Ty, py = {(z,y) € Ty x T1 | (p(x), p(y)) €
p2} and A a nonempty subset of Ty. The following statements
are true.

(1) p1 is a congruence on 17.
(2) If p2 is complete and ¢ is 1-1, then p; is complete.

(3) ¢(py (A)) = py (p(A)).
4 @(p1-(A)) C pa—(p(A)).
(5) If g is 1-1, then p(p1-(A)) = p2—(p(A)).

Lemma V.2. ([17]) Let ¢ be an onto homomorphism from
a ternary semigroup Ty to a ternary semigroup To, ps a
congruence on Ty, py = {(z,) € Ty x T | (p(x), o) €
p2} and A a nonempty subset of Ty. Then py (A) is a ternary
subsemigroup of Ty if and only if p5 (¢(A)) is a ternary
subsemigroup of Ts.

Theorem V.3. Let ¢ be an onto homomorphism from a
ternary semigroup T to a ternary semigroup T, ps a con-
gruence on Ty, p1 = {(z,y) € T1 x T1 | (p(2), ©(y)) € p2}
and A a nonempty subset of Th. Then p; (A) is a bi-ideal of
Ty if and only if py (@(A)) is a bi-ideal of Ts.

Proof. Assume p; (A) is a bi-ideal of 77. By Lemma
V.2, we have p,(p(A)) is a ternary subsemigroup
of To. ¢(py (A)e(Th)e(py (A)e(T1)e(py (A) =
e(pr (A)T1py (A)Tipy (A)) S w(p; (A)). By Lemma
V@), py (p(A))ps (T2)ps (0(A))py (T2)py (p(A)) <
P53 (p(A)). So py (p(A)) is a bi-ideal of T5. The proof of
the converse is similar. O

Lemma V4. ([17]) Let @ be an isomorphism from a ternary
semigroup Ty to a ternary semigroup Ts, ps a congruence
on Ty, p1 ={(z,y) € Ty X T1 | (p(2), (y)) € p2} and A
a nonempty subset of T1. Then p; (A) is a prime subset of
Ty if and only if p5 (p(A)) is a prime subset of T.

Theorem V.5. Let ¢ be an isomorphism from a ternary
semigroup T to a ternary semigroup Ty, ps a congruence
on Ty, p1 ={(z,y) € Ty X T1 | (p(2), 0(y)) € p2} and A
a nonempty subset of Ty. Then py (A) is a prime bi-ideal of
Ty if and only if p5 (p(A)) is a prime bi-ideal of Ts.

Proof. It follows from Lemma V.4 and Theorem V.3. |

Lemma V.6. ([17]) Let ¢ be an isomorphism from a ternary
semigroup Ty to a ternary semigroup Ts, ps a congruence
on Ty, pr = {(z,y) € Tu x T1 | (p(z),0(y)) € pa2}
and A a nonempty subset of Ty. Then p1_(A) is a ternary
subsemigroup of Ty if and only if pa_(p(A)) is a ternary
subsemigroup of Tb.

Theorem V.7. Let ¢ be an isomorphism from a ternary
semigroup Ty to a ternary semigroup Ts, ps a congruence
on Ty, p1 = {(z,y) € Tt x T1 | (¢(2),0(y)) € p2} and A
a nonempty subset of Ty. Then p1_(A) is a bi-ideal of Ty if
and only if pa_(p(A)) is a bi-ideal of Ts.

Proof. By Lemma V.1(5), we have p1_(A) = pa—_(p(4)).
The proof of this theorem is similar to the proof of
TheoremV.3. O

Lemma V.8. ([17]) Let ¢ be an isomorphism from a ternary
semigroup Ty to a ternary semigroup To, po a congruence

on Ty, p1 = {(z,y) € T1 x T1 | (p(x),0(y)) € p2} and A
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a nonempty subset of Th. Then p1_(A) is a prime subset of
T, if and only if pa_(p(A)) is a prime subset of Ts.

Theorem V.9. Let ¢ be an isomorphism from a ternary
semigroup Ty to a ternary semigroup Ts, ps a congruence
on Ty, p1 = {(z,y) € Ty x T1 | (p(2),¢(y)) € p2} and A
a nonempty subset of Ty. Then p1_(A) is a prime bi-ideal
of Ty if and only if pa_(p(A)) is a prime bi-ideal of Tb.

Proof. It follows from LemmaV.8 and TheoremV.7. O

We can obtain the following conclusion easily in a quotient
ternary semigroup.

Corollary V.10. Let ¢ be an isomorphism from a ternary
semigroup T to a ternary semigroup T, ps a complete con-
gruence on Ty, p1 = {(z,y) € Ty x T1 | (p(2), ©(y)) € p2}
and A a nonempty subset of Ty. The following statements
are true.

(1) p1—(A)/p1 is a bi-ideal of Ti/p1 if and only if
p2—(p(A))/p2 is a bi-ideal of Tz/ pa.

(2) p1(A)/p1 is a bi-ideal of Ti/p1 if and only if
pz (¢(A))/p2 is a bi-ideal of Tz/ps.

(3) p1—(A)/p1 is a prime bi-ideal of Ty /p1 if and only if
pa—(p(A))/p2 is a prime bi-ideal of T/ po.

4) py (A)/p1 is a prime bi-ideal of T1/p1 if and only if
p3 (p(A))/p2 is a prime bi-ideal of Ts/po.

ACKNOWLEDGMENT

This research is supported by the Centre of Excellence in
Mathematics, the Commission on Higher Education, Thai-
land.

The authors are grateful to referees for the valuable com-
ments and suggestions.

REFERENCES

[1] Chinram R. and Malee, S., “L-Fuzzy ternary subsemirings and L-
Fuzzy ideals in ternary semirings,” JAENG International Journal of
Applied Mathematics, vol. 40, no. 3, pp. 124-129, 2010. Available:
http://www.iaeng.org/IJAM/issues_v40/issue_3/IJAM_40_3_03.pdf

[2] Chinram, R. and Saelee, S., “Fuzzy ideals and fuzzy filters
of ordered ternary semigroups,” Journal of Mathematics
Research, vol. 2, No. 1, pp. 93-97, 2010. Available:

http://ccsenet.org/journal/index.php/jmr/article/view/2899/4283

[3] Davvaz, B., “Fuzzy hyperideals in ternary semihyperrings,” Iranian
Journal of Fuzzy Systems, vol. 6, no. 4, pp. 21-36, 2009. Available:
http://www.sid.ir/en/VEWSSID/J_pdf/90820090403.pdf

[4] Dixit, V.N. and Dewan, S., “A note on quasi and bi-ideals in
ternary semigroups,” International Journal of Mathematics and Math-
ematical Sciences, vol. 18, no. 3, pp. 501-508, 1995. Available:
http://downloads.hindawi.com/journals/ijmms/1995/346804.pdf

[5] Dixit, V.N. and Dewan, S., “Minimal quasi-ideals in ternary semi-
groups,” Indian Journal of Pure and Applied Mathematics, vol. 28, pp.
625-632, 1997.

[6] Dubois, D. and Prade, H., “Rough fuzzy sets and fuzzy rough sets,”
International Journal of General Systems, vol. 17, pp. 191-209, 1990.

[7] Tampan, A., “A note on (ordered) filters in (ordered) ternary semi-
groups,” JP Journal of Algebra, Number Theory and Applications, vol.
10, no. 1, pp. 89-96, 2008.

[8] Kar, S. and Maity, B.K., “Congruences on ternary semigroups,” Journal
of Chungcheong Mathematical Society, vol. 20, pp. 191-200, 2007.
Available: www.ccms.or.kr/data/pdfpaper/jecms20_3/20_3_191.pdf

[9] Kasner, E., An extension of the group concept (repoted by L. G. Weld),
Bull. Amer. Math. Soc., vol. 10, pp. 290-291, 1904.

[10] Kavikumar, J., Khamis, A.B., “Fuzzy ideals and fuzzy quasi-
ideals in ternary semirings,” IAENG International Journal of Ap-
plied Mathematics, vol. 37, no. 2, pp. 102-106, 2007. Available:
http://www.iaeng.org/IJAM/issues_v37/issue_2/IJAM_37_2_06.pdf

[11] Kavikumar, J., Khamis, A.B. and Jun, Y.B., “Fuzzy bi-ideals in
ternary semirings,” International Journal of Computational and Math-
ematical Sciences, vol. 3, no. 4, pp. 164-168, 2009. Available:
http://www.waset.org/journals/ijcms/v3/v3-4-34.pdf

[12] Kuroki, N., “Rough ideals in semigroups,” Information Sciences, vol.
100, pp. 139-163, 1997.

[13] Lehmer, D.H., “A ternary analogue of abelian groups,” Amer. J. Math.,
vol. 59, pp. 329-338, 1932.

[14] Los, J., “On the extending of model 1,” Fundamenta Mathematicae,
vol. 42, pp. 38-54, 1955.

[15] Malee, S. and Chinram, R., “k-Fuzzy ideals in ternary semir-
ings,” International Journal of Computational and Mathemati-
cal Sciences, vol. 4, no. 4, pp. 206-210, 2010. Available:
http://www.waset.org/journals/ijcms/v4/v4-4-38.pdf

[16] Pawlak, Z., “Rough sets,” International Journal of Computer & Infor-
mation Sciences, vol. 11, no. 5, pp. 341-356, 1982.

[17] Petchkhaew, P. and Chinram, R., “Fuzzy, rough and rough fuzzy
ideals in ternary semigroups,” International Journal of Pure and
Applied Mathematics, vol. 56, no. 1, pp. 21-36, 2009. Available:
http://www.ijpam.eu/contents/2009-56-1/4/4.pdf

[18] Priifer, H., “Theorie der Abelschen Gruppen,”
Zeitschrift, vol. 20, no. 1, pp. 166-187, 1924.

[19] Santiago, M.L. and Bala, S.S., “Ternary semigroups.” Semigroup
Forum, vol. 81, no. 2, pp. 380-388, 2010.

[20] Sioson, FM., “Ideal theory in ternary semigroups,” Mathematica
Japonica, vol. 10, pp. 63-84, 1965.

[21] Shabir, M. and Bano, M., “Prime bi-ideals in ternary semigroups,”’
Quasigroups and Related Systems, vol. 16, no. 2, pp. 239-256, 2008.

[22] Xiao, Q.M. and Zhang, Z.L.,“Rough prime ideals and rough fuzzy
prime ideals in semigroups,” Information Sciences, vol. 176, no. 6, pp.
725-733, 2006.

[23] Zadeh, L.A., “Fuzzy sets,” Information and Control, vol. 8, no. 3, pp.
338-353, 1965.

Mathematische

Sompob Saelee was born in Hat Yai, Thailand, in 1987. He finished his
B.Sc. from Prince of Songkla University in 2008. Now he is continuing his
graduation in Master degree at same university. Both of Bachelor and Master
level he got a Science Achievement Scholarship of Thailand to support his
education.

Ronnason Chinram was born in Ranong, Thailand, in 1975. He received
his M.Sc and Ph.D. from Chulalongkorn University, Thailand. Since 1997,
he has been with Prince of Songkla University, Thailand where now he
is an Associate Professor in Mathematics. His research interests focus on
semigroup theory and algebraic systems.

(Advance online publication: 24 August 2011)





