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Abstract. In this paper, the notions of neutrosophic .4 -ternary subsemigroups of ternary semigroups are intro-

duced and several properties are investigated.
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1. INTRODUCTION

The concept of neutrosophic logics was first introduced by Smarandache [11] in 1999. In a
neutrosophic set, an element has three associated defining functions characterized by the truth
membership function (T'), the indeterminate membership function (I) and the false membership
function (F') defined on a universe of discourse X. These three functions are completely inde-
pendent. Jun et al. [3] introduced a new function, called a negative-valued function, and con-
structed .4 -structures in 2009. Khan et al. [5] discussed neutrosophic .4 -structures and their
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applications in semigroups in 2017. Jun et al. [3, 4, 12] considered neutrosophic .4 -structures
applied to BCK/BCl-algebras and neutrosophic commutative .4 -ideals in BCK-algebras in
2017. Rangsuk et al. [8] discussed neutrosophic .4 -structures and their applications in UP-
algebras. Recently, Al-Tahan and Davvaz [1, 2] studied applications of neutrosophic sets and
neutrosophic ./ -structures on some algebraic structures and hyperstructures.

The notion of ternary semigroups was known to Banach (cf. Los [6]) who is credited with
an example of a ternary semigroup which does not reduce to a semigroup. Los showed that
every ternary semigroup can be imbedded in a semigroup [6]. Many results in semigroups were
extended to ternary semigroups. Many applications of fuzzy sets and generalized fuzzy sets
were studied in ternary semigroups (for example, [7], [10], [13], [14] and [15]).

The aim of this paper is to extend the results from semigroups [5] to ternary semigroups.
We introduce some basic notations and definitions in section 2. The third section contains some

results on neutrosophic ./ -structures in ternary semigroups. The final section is the conclusion.
2. PRELIMINARIES

This section collects some basic notations and definitions needed later.
2.1. Ternary Semigroups

In this subsection, we introduce ternary semigroups, ternary subsemigroups, and homomor-

phisms (cf. [9]).

Definition 2.1. Let 7 be a nonempty set. The set T with a ternary operation (a, b, c) — [abc] is

said to be a ternary semigroup if it satisfies the associative law:
[[abcluv] = [albcu]v] = [ab|cuv]
for all a,b,c,u,veT.

Any semigroup can be transformed to a ternary semigroup by defining the ternary product to

be [abc| := abc.

Definition 2.2. Let 7 be a ternary semigroup. A nonempty subset S of T is said to be a ternary

subsemigroup of T if [abc] € S for all a,b,c € S.
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Definition 2.3. Let A and B be two ternary semigroups. A mapping f : A — B is said to be a

homomorphism if
f(xyz]) = [F () f(3) S (2)]

for all x,y,z € A.

2.2. Neutrosophic ./ -structures

The purpose of this subsection is to recall the definitions of neutrosophic ./ -structure, the
union and the intersection of two neutrosophic .4 -structures, and (o, 8,7)-level set (cf. [5]).

The collection of functions from a set X to the interval [—1,0] is denoted by F(X,[—1,0]).
An element of F(X,[—1,0]) is called a negative-valued function from X to the interval [—1,0].
An ordered pair (X, f) of X and an .4 -function f on X is said to be an .4 -structure. Let X be

the nonempty universe of discourse unless otherwise specified.

Definition 2.4. A neutrosophic A -structure over X is the structure

o X _{ al | ex}
VT v ) e @) )

where Ty,Iy and Fy are ./ -functions on X which are called the negative truth membership

function, the negative indeterminacy membership function, and the negative falsity membership

function on X, respectively.

Definition 2.5. Let Xy := and Xy 1= be neutrosophic .4 -structures

X
(Tn,In, Fn) (Tv, Iv, Fur)

over X. If Xj, satisfies the conditions
Tn(x) 2> Ty (x), In(x) < In(x), Fv(x) > Fy(x)

for all x € X, then Xy is called a neutrosophic A -substructure of Xj; and denoted by Xy C Xy,

If Xy C Xy and Xy C Xy, we say that Xy = Xj.
Definition 2.6. Let {q; | i € A} be a family of real numbers. We define

max{q; | i € A} if Ais finite,
\AailicA}:=

sup{a; | i € A}  otherwise
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and

min{a; | i € A} if Ais finite,
Nailie A} :=

inf{a; | i€ A}  otherwise.
For any two real numbers a and b, we use a Vb and a A D instead of V{a,b} and A{a,b},

respectively.

Definition 2.7. Let Xy := and Xy 1= be neutrosophic .4 -structures

(Tn,In,Fy) (Tors I, Fr)
on X. Then the union of Xy and Xjy is a neutrosophic .4 -structure
X : X
NUM ‘=
. (Tvumts Inom, Fnum)
where
TNUM(x) = TN(X) N TM(x)leUM(x) = IN(X) VIM(X);FNUM(X) = FN(X) /\FM(X)

for all x € X.

Definition 2.8. Let Xy := and Xy := be neutrosophic ./ -structures

X
(TN71N7FN)

(Tv, I, Fr)
on X. Then the intersection of X and X); is a neutrosophic .4 -structure
X : X
NOM ‘=
" (Tnowts Inowa s Fnewr)
where
TNmM(X) = TN(X) V TM(X),INQM(X) = IN(X) /\IM(X),FNQM(X) = FN(X) \/FM(X)

forall x € X.

Definition 2.9. Let Xy := be a neutrosophic .4 -structures over X. Then the com-

(TN7 IN7 FN)
plement of Xy is defined to a neutrosophic .4 -structure

X

Xye ' = ———
(TN071N67FNC)

where
TNc(x) =—1- TN(X),INc(x) =1 —IN()C),FNC()C) =-1 —FN()C)

forall x € X.
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Definition 2.10. Let Xy be a neutrosophic .4 -structure over X and let a, 3,y be real numbers

on the interval [—1,0]. Consider the following sets:
T ={xeX|Ty(x) < a},
Iy = {x X |In(x) > B},
Fl:={xeX|Fy(x) <7}
The set
Xn(a,B,y) :={x e X [Tn(x) < o, In(x) = B, Fn(x) <7}

is called an (a, 3, 7)-level set of Xn. We note that
Xx(0,.7) = T NIy N,
3. MAIN RESULTS

In this section, we discuss on neutrosophic .4 -ternary subsemigroups, the (a,f,7)-level
set, the intersection of neutrosophic .4 -ternary subsemigroups, neutrosophic .4 -products,
€-neutrosophic .4 -ternary subsemigroups, homomorphic preimage of the neutrosophic ./ -
ternary subsemigroup and onto homomorphic image of the neutrosophic .4 -ternary subsemi-
group. Throughout this section, we denote a ternary semigroup X as the universe of discourse

unless otherwise specified.

Definition 3.1. Let Xy be a neutrosophic .4 -structure over X. Then Xy is said to be a neutro-

sophic .4 -ternary subsemigroup of X if it satisfies the following conditions:

Tn(lxyz]) < VAT (x), Tn (), Tn(2) },
In(lxyz)) > A\ v (), In (), In(2)},
Fy(byz)) < \/{En(x). Fn(v). Fn(2)}4
for all x,y,z € X.
Theorem 3.1. Let Xy be a neutrosophic A -structure over X and let o, B,y be real numbers on

the interval [—1,0). If Xy is a neutrosophic A -ternary subsemigroup of X, then the nonempty

(o, B,7)-level set of Xy is a ternary subsemigroup of X.
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Proof. Suppose that Xy(ot, 3,7y) # 0 for o, B,y € [—1,0]. Let x,y,z € Xy(, B, 7). Thus

Tv(x) < o, Iy(x) > B, Fy(x) <7,
Tn(y) < a,In(y) > B,Fn(y) <7,

Tn(z) < o,In(z) > B,Fn(z) < 7.

It follows that

Tv([xyz]) = \/{TN(X>7TN()’)>TN(Z)} <a,

(Feyz]) = Adiv () In(z)} = B,
w(bovz]) = \/{En(x) Fy(2)} <.
Hence [xyz] € Xy(, B,7). It implies that Xy (e, B,7) is a ternary subsemigroup of X. O

Theorem 3.2. Let Xy be a neutrosophic N -structure over X. If T“,I]{i, and FI\}]/ are ternary

subsemigroups of X forall o, B,y € [—1,0], then Xy is a neutrosophic N -ternary subsemigroup
of X.

Proof. We prove this theorem by contradiction. Assume first that there exist a,b,c € X such

that TN([abc]) > \/{TN(Q),TN(Z)),TN(C)}. Then TN([abc]) >ty > \/{TN(CI),TN([?),TN(C)} for

some g € [—1,0). Hence a,b,c € T, but [abc] & Ty*, which is a contradiction. Therefore

Tn(yz]) < \/{Iv(x), In (), Tn(2)}

for all x,y,z € X.
Now assume that there are a,b,c € X such that Iy([abc|) < N{In(a),In(D),In(c)}. Then
a,b,c € Iﬁ and [abc] §er’3 for tg := A{In(a),In(b),In(c)}. This is a contradiction. Hence

In(bye]) > A\ Un (), v (), In(2)}

for all x,y,z € X.
Finally, suppose that there are a, b, ¢ € X such that Fy([abc]) > \/{Fy(a),Fy(b),Fy(c)}. Then
Fy([abc]) > ty > \[{Fn(a),Fy(b),Fy(c)} for some t, € [—1,0). This implies that a,b,c € T,
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but [abc]| & T]f,y, which is a contradiction. Therefore

Fy([ryz]) < \V{Fv(x), Fn(y), Fv(2)}
for all x,y,z € X.
Therefore Xy is a neutrosophic .4 -ternary subsemigroup of X. 0
X .
Theorem 3.3. Let Xy := ———— and Xy := ——————— be neutrosophic .V -ternary sub-
(TN;INaFN) (TM7IM7FM>

semigroups of X. The intersection of Xy and Xy, Xnoy, is also a neutrosophic N -ternary

subsemigroup of X.
Proof. Let x,y,z € X. Then

Tvew ([yz]) = \/{Tw ([xyz]), Tu ([xy2]) }
< VIV A{Tv(x), Ty @)}, VAT (x), T (y), T (2) }}
_ \/{\/{TN(x),TM x },\/{TN ¥), T (y },\/{TN(Z>,TM<z)}}

= V{Tvew (%), Tnewr (), Tvewr (2) 4

Ive([xyz)) = A{Iv([xya]) In ([xyz)) }
> ANV IvG) In )} AN (%), I (v), I (2) }}
- /\{/\{IN(x),IM X },/\{IN Y), ()} NI (2), Iu(2)}}

= /\{INQM()C),INmM(y);INﬂM(Z)}

and

Fyow ([xyz]) = \/{Fv ([xyz]), Fu([xyz)) }
< VAV{Fv(x), Fy )} VA{Fu(x), Fu(y), Fu(2)}}
= \/{\/{FN(X),FM x },\/{FN ) Fn(0)}, V{Ev(2), Fu(2) }}

= \/{FNQM(X)aFNﬂM(y)aFNﬂM(Z)}

for all x,y,z € X. Thus Xy is a neutrosophic ./ -ternary subsemigroup of X. UJ
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Corollary 3.4. Let {Xy, | i € N} be a family of neutrosophic AN -ternary subsemigroup of X.
Then the intersection of Xy;, denoted by X\, is also a neutrosophic A -ternary subsemigroup

of X.

X X X
Let Xy := ————~,Xy := /——— and Xp := -———— be neutrosophic ./ -

yAM -
(TNJN,FN) (TM7IM7FM) (TQ7]Q7FQ>
structures over X. The neutrosophic .4 -product of Xy,Xps and X is defined to be a neu-

trosophic .4 -structure over X

X
TNoMo0 s INoMo0, FNoMo0)

K OW %=
{ a | x € X}
(Thomo0(X)s INomo0 (X), FNomop (X))

where

/\ {Tn(a)VIu(b)VTp(c)} ifa,b,c € X such that x = [abc],
TNOMOQ et x—[abc}

0 otherwise,

\
\/ {in(a) NI (b) ANlg(c)}  if a,b,c € X such that x = [abc],
INoMoQ = { x=[abc]

—1 otherwise,
\
(

/\ {Fn(a)V Fy(b)V Fy(c)} if a,b,c € X such that x = [abc],
FNoMoQ = { x=[abc]

0 otherwise.
\

X

(TNomo0(X)s INorto0 (%), FNomop (X))

For any x € X, the element is simply denoted by

XN@XM@XQ TNOMOQ( ) INoMoQ(x)7FNOMOQ(x>>'

Theorem 3.5. A neutrosophic A -structure Xy over X is a neutrosophic ternary N -ternary

subsemigroup of X if and only if Xn O Xy O Xy C Xy.

Proof. To show the necessity condition, we assume that Xy is a neutrosophic .4 -ternary sub-

semigroup of X. Let x be an element of X. If x # [abc] for all a,b,c € X, then it is clear that
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Xy O Xv O Xy C Xy. Suppose that there are a,b, ¢ € X such that x = [abc].

TNoNoN /\ {TN \/ TN )\/ TN(C)} > /\ TN([abC]) = TN()C).
x—labe] labe

INoNoN \/ {IN /\IN )/\IN(C)} < \/ IN([abc]) = IN(X),
x=[abc] x=[abc]

FNONON<X) = /\ {FN(a) \/FN<b) \/FN(C)} > /\ FN([abc]) = FN(X).
x=labc] x=labc]

Hence XN @XN QXN g XN.
Conversely, let Xy be any neutrosophic .4 -structure over X such that Xy (O Xy O Xy C Xy.

Let x,y,z be any elements of X and let d = [xyz]. Then

Tn([xyz]) = Tn(d) < Tvonen(d) =\ {Tn(a) VTn(b) VTn(c)} < Tn(x) VIN () V T (),

d=[abc]
In([xyz2]) = In(d) > Inonon(d) = \/ {In(a) AMln(b) Nn(c)} > In(x) Aln(y) Al (2),
d=labc]
Fyn([xyz]) = Fn(d) < Fyonon(d /\ {En(a)V En(D)V Fy(c)} < En(x)V Fy(y)V Fn(2).
d=labc]
Therefore Xy is a neutrosophic .4/ -ternary subsemigroup of X. U
. o . X
Theorem 3.6. Let X be a ternary semigroup with identity e. Let Xy := ——— be a
(TN7 IN7 FN)

neutrosophic A -structure over X such that Xy(e) > Xy(x) for all x € X, that is, Ty(e) <
Tn(x),In(e) > Iy(x) and Fy(e) < Fy(x) for all x € X. If Xy is a neutrosophic N -ternary
subsemigroup of X, then Xy O Xy O Xy = Xn.

Proof. For any x € X, we have

TNoNoN /\ {TN \/TN ) V TN(C)} < TN()C) V TN(E) = TN()C),
x—[abc]

INoNoN \/ {IN /\]N ) /\IN(C)} > IN(X) /\IN(€> = ]N<X),
x=[abc]

FNoNoN(x) = /\ {FN(a) \/FN(b) \/FN(C)} < FN(X> \/FN(B) = FN(X).
x=l[abc]

It implies that Xy C Xy O Xy (O Xy. By Theorem 3.5, we know that Xy O Xy O Xy C Xy.
Therefore Xy O Xy O Xy = Xn. O
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Definition 3.2. Let Xy be a neutrosophic .4 -structure over X. Then Xy is said to be an &-

neutrosophic AN -ternary subsemigroup of X if it satisfies the conditions

Tn(lxyz]) < \/A{Tv(x), In (), In(2), €7},
Iv([xyz]) > N{Inv(x),Iv(y),In (), &,

Fi(boyz]) < \/{Fn(x), Fn (), Fn(2), €r },
for all x,y,z € X where er, &, er € [—1,0].

Proposition 3.7. Let Xy be an €-neutrosophic N -ternary subsemigroup of X. Then Xy is a
neutrosophic N -ternary subsemigroup of X if it satisfies the condition Xy (x) < (er, €, €F) for

all x € X, that is, Ty(x) > er,In(x) < g and Fy(x) > €.

Theorem 3.8. Let Xy be a neutrosophic N -structure over X and let o, 3,7y be real numbers
on the interval [—1,0]. If Xy is an €-neutrosophic N -ternary subsemigroup of X, then the
(a,B,7y)-level set of Xy is a ternary subsemigroup of X whenever (o, B,v) < (er, €, €r), that

is, o« > €e7,B < & and y > &p.
Proof. Assume that Xy (., B,7) # 0 for a, B,y € [-1,0]. Let x,y,z € Xn(a,B,7). Then

Tn(x) < a,In(x) > B, Fn(x) <7,
Tn(y) < a,In(y) = B, Fn(y) <7,

Tv(z) < &, In(z) > B, Fn(z) < 7.

It implies that

TN([xyZ]) < \/{TN(X)aTN(y)aTN(Z)78T} < \/{O@ET} =Q,
Iv([yz)) > NIn(x), InG), Iv(2). &} > \{B.&r} = B,

F([oyz]) < \H{Ev(x), Fn (), Fn(2),er} < \/{r.er} = 7.

Hence [xyz] € Xn(a, B,7). It implies that Xy (o, B,7) is a ternary subsemigroup of X. O
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Theorem 3.9. Let Xy be a neutrosophic A -structure over X and let o, B,y be real numbers on
the interval [—1,0]. IfTO‘,Ile and F]\),/ are ternary subsemigroups of X for all er,&r,€p € [—1,0]

and (o, B,7) < (er,¢€1,€F), then Xy is an €-neutrosophic N -ternary subsemigroup of X.
Proof. Assume first that there exist a,b,c € X such that

TN([abc]) > \/{TN(G), TN(b), TN(C),ST}.

Then
TN([abc]) >ty > \/{TN(CI), TN(b), TN(C),ET}

for some t4 € [—1,0). It implies that a,b,c € T\*, [abc] ¢ Ty* and t, > €. By the hypothesis,

TI(,"‘ is a ternary subsemigroup of X, this is a contradiction. Thus

TN([XyZ]) < \/{TN(X)7TN(y>7TN(Z)7ST}

for all x,y,z € X.

Suppose now that there are a,b,c € X such that

IN([abc]) < /\{IN(CZ>,IN(b),IN(C),£I}.

We define t5 := A{Iy(x),In(y),In(2),&}. Then a,b,c € Iltf, labc| & I;\l,i, and 7 < g, a contra-

diction. Hence
IN([xyZ]) > /\{IN(x)alN(y)JN(Z)? 81}

for all x,y,z € X.

Finally, suppose that there exist a,b,c € X and t, € [—1,0) such that
Fi([abc]) >ty > \/{FN(a),FN(b),FN(c),SF}.
Hence a,b,c € Fli,y, labc| & F;,y and ty > €p, which is a contradiction. Then
Fy([xyz]) < \/{Fw(x), Fn(y), Fiv(2), €}

for all x,y,z € X.

Therefore Xy is an €-neutrosophic .4 -ternary subsemigroup of X. UJ
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Theorem 3.10. Let €7, €7, €p, 81,67, 0 € [—1,0]. If Xy and Xy are €-neutrosophic N -ternary
subsemigroup and a §-neutrosophic N -ternary subsemigroup of X, respectively, then Xyny is

a &-neutrosophic N -ternary subsemigroup of X for & := € A\ 8, that is,
(&r,81,8F) = (er V Or, €1 N O1,€F V 6F ).
Proof. Let x,y,z € X. Then

Tvow ([xy2]) = \/{Tw([xvz]), Tu ([xyz]) }
< VATV (), Tn (), Tn(z 78T}7\/{TM x),Tu(y), Tu(z), 6r}}
< VIV{In () 2),8r}, \/{TM m(), T (2),6r}}
VAT (0 T ,eT},\/{TN ).&ry VATV, (2.
= \/OVATV ), T ()}, VAT ), T ()} \/{TN m(2)},6r}

= \/{TNﬁM(x)7 TNmM(y), TNﬂM(Z)7 gT}?

Inewa ([xyz]) = N\ {In([xyz)), I (fxey2]) }
> NNV, D), In(2) e}, Al (), I (3), I (2), 61} }
> /\{/\{IN(X)JN(Y)JN(Z),§I}>A{IM x), I (y),Im(2), 61} }
= NN I (), &8 N UING) In (0), &} N\ {In (2) I (2), &1} )
= ANAUN ), ()}, AIvG) In ()}, /\{IN (2)}, 6}

= Ao (%), It (), Inewa (2), &1}

and

Fyow ([xyz]) = \/{Fn([xyz]), Fu([xyz)) }
<VAV{Fv (@), Fv(y), Fn(z ,SF}>\/{FM x), Fm (), T (2), 6 }}
< VAV {Fv(x) 2),&r}, \{Fu (), Fu (y), Fu(2), &r }}
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= \/{\V{Fn (), Fu(x), & 3\ {FV ) Fu (9), Er }, \/ {Fn (2), Fin (2), EF } }

=\ B @), ()}, Vv ), }\/{FN m(2)},6r}

= \/{Fnrm (%), Fnenat (), Fnrw (2), EF }-

Therefore Xy is a &-neutrosophic ./ -ternary subsemigroup of X. UJ

Theorem 3.11. Let Xy be an €-neutrosophic N -ternary subsemigroup of X. If

K= (kr, k1, kr) = (\/ {Iv@)}, A{Iv)}, V {Fv(x)})

xeX xeX xeX

then the set
Q.= {x eX | TN()C) < KT\/ET,IN()C) > K]/\S],FN(X) < K'F\/SF}

is a ternary subsemigroup of X.
Proof. Let x,y,z € Q. Then

Ty (x )<K’T\/8T—\/{TN VhVer,In(x) > ki ANe = /\{IN )} Aer
xeX xeX

F()<KF\/£F—\/{FN }\/Sp,
xeX

T(y)<KT\/£T—\/{TN }\/ST IN( > KINE = /\{IN }/\8],
yeX yeX

Fy(y) < kpVer = \/{Fn(y)} Ver,
yeX

Tv(z) < krVer = \/{In@)} Ver,v) > kihe = N\{In@)} Aer,

zeX z€X
F()<K‘F\/£F—\/{FN }\/81:
zeX
It follows that
Tn([xyz]) < VAT (x), Tn(y), v (z), €7}

< \/{KT\/ETa KrVer,KrV er,er}

=Kr VEr,
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IN([xyZ]) 2 /\{IN(X)alN(y)le(Z>7gl}

> /\{K‘] NELKINELL K] /\8],8]}

=KNE
and
Fy([eyz]) < \/{Fw(x), Fn(v), Fv (2). €F }
< \/{krVer, krVep, kpVer,er}
= Kr V EF.
Hence [xyz] € Q. It implies that Q is a ternary subsemigroup of X. 0

Let f: X — Y be a mapping of ternary semigroups and Yy := be a neutrosophic

(TN7 IN7 FN)
A -structure over Y with € = (&7, &,&r). Then Xy, := (Tglx—gFg) is a neutrosophic .4 -structure
N»™N>* N

over X where

Ty : X = [=1,0], x = \/{Tn(f(x)),er},
Iy:X = [-1,0], x> A{Iv(f(x)). &1},

FE:X = [~1,0], x— \/{Fy(f(x)), & }.

Theorem 3.12. Let f : X — Y be a homomorphism of ternary semigroups. If a neutrosophic

N -structure Yy := over Y is an €-neutrosophic N -ternary subsemigroup of Y,

(Tn,In, Fy)
X

then Xy, := == 15 an €-neutrosophic N -ternary subsemigroup of X.
(TN 7IN7FN)

Proof. Let x,y,z € X. Then

T (boye]) = VAT (f (boved) &1}
= \VAT([F 0 f0)£(2)]), €}
< VAV @), I O)), T (f(2)) e} er )
=\ AVATV (). &}, VAT (FO) e b, VTN (F(2)) e} er )
= VAT (), T5 (5), T (2), e},
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I ([xyz]) = A {In(F([xy2))), e}
= AN ([F O F ))&}
> AIAUNGFE))INFO)) Iv(f (), &} )
= NMAUNG@), &, ANUn(F3) &}, NIn(f(2)), &}, &}
= NUEE)I§0).15(2), &

and

Fy (o)) = \/{Fn (f([xy2])), er }
= V{EV([F @) £ () (=) )
< VAV 0)). Ev(f () Fu(f(2)), &r }. €F }
=\/{\/{FN<f<x>>,eF},\/{FN ). ery, V{EW(f(2)) er ) er )
=V Fi(2), &}

Hence Xy := (

%FS) is an €-neutrosophic .4 -ternary subsemigroup of X. UJ
N»¥N»* N

Let f: X — Y be a function of sets. If Yy, := is a neutrosophic .4 -structure

(TM7 IM7 FM)
over Y, then the preimage of Y); under f

X
(fF~UTw), £~ In), [~ (Fir))

is defined to be a neutrosophic .4 -structure over X where

() =

FHTu) () = T (F (), £~ () (x) = I (f(x)) and [~ (Far) (x) = Far(f (x))

forall x € X.

Theorem 3.13. Let X,Y be ternary semigroups and [ : X — Y a homomorphism. If Yy =
Y
(Thas I Fr)

e

is a neutrosophic A -ternary subsemigroup of Y, then the preimage of Yy under

X
(fF~YTw), £~ In), [~ (Fir))

is a neutrosophic N -ternary subsemigroup of X.

() =




1452 AMORNRAT RATTANA, RONNASON CHINRAM

Proof. Let x,y,z € X. Then

@) (bvel) = T (F(ya))) = Tu ([ () f ) f(2)])
< VAT () Tu (£ () Tu (f(2))}
=\ (0 @), () 0), S~ (Tu) (@)},

7 ) (ey2)) = Iu(f (fxvz])) = I ([f () £ () £ (2)])
> NI (f () I (F(3)) I (f(2)) }
= AN @) ), I 3), f (I (2)}

and

£ (Fan) (Beyal) = Fu (£ ([xvz))) = Fu([f (0 £ (0).f @)
< VAFu(f ), Fu(£ () Far (£ (2))}
=\ ) @), E) ), (Fu) ()}

Therefore f~'(Y)) is a neutrosophic .4 -ternary subsemigroup of X, which completes the

proof. U

Let X,Y be sets and f : X — Y be an onto function. If Xy :=

is a neutrosophic
(TNa ]Na FN)
N -structure over X, then the image of Xy under f

Y
(f(Tn), f(In), f(Fn))

f(Xn) =

is defined to be a neutrosophic ./ -structure over ¥ where
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Theorem 3.14. Let X,Y be ternary semigroups and f : X — Y be an onto homomorphism. Let

X
Xy := —————— be a neutrosophic N -structure of X such that
(TN7 IN7 FN)
Tv(xo) = N In(z), In(xo) = \/In(z), Fn(xo) = N Fn(2).
Z€A Z€A Z€A

forall A C X and some xo € A. If Xy is a neutrosophic A -structure of X, then the image of Xy

under f
Y

OV = Ty 7))

is a neutrosophic N -ternary subsemigroup of Y.

Proof. Leta,b,c €Y. Then f~1(a) # 0, '(b) #0 and f~'(c) # 0 in X. It follows that there

exist x, € f~(a),x, € f~1(b) and x. € f~!(c) such that

Tvixa)= AN Tv@w), In(a)= \ Iv@w), Fvx)= N Fy(u),

ucf1(a) ucf1(a) ucf1(a)
vixe)= N\ InG), Ivee)= \/ Iv(v), )= N\ Fvb),
vef1(b) vef1(b) vef1(b)
Tn(xc) = /\ Tn(w), In(xc)= \/ In(w), Fy(x;) = /\ Fy(w).
wef~1(c) wef1(c) wef~1(c)
Hence
f(In)(abe)) = N Tn(x) < Tn([xexpxc])
xef~1([abc])

S \/{TN(xa)7 TN(xb)7 TN(XC)}

=\/{ A T, A Iv0), A Tvw)}

ucf~(a) vef~1(b) wef(c)
=\ {/f(Tv)(@), f(Tv) (), £ (Tv)(c)},
fn)([abel) =\ In(x) > Iv([raxpxc])
x€f~!([abc))

> N{In(xa), In (x), In(xc) }
=NV Ww, \V W, \V w}

ucf1(a) vef~1(b) wef~1(c)
= N\{fUn)(a), fIn)(b), f(In)(c)},
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and

f(E)([abe)) = N\ Fn(x) < Fu(raxxc])
x€f~1([abc])

< VA Fn (xa), F(x), Fv(xc) }
=\V{ A Ev@. N\ E0), N\ FEvw)}

ucf1(a) vef=1(b) wef~1(c)

= \/{f(En)(a), f(Fx)(b), f(Fy)(c)}.

Then f(Xy) is a neutrosophic ./ -ternary subsemigroup of Y. O

4. CONCLUSIONS

In this paper, we applied neutrosophic .4 -structure to ternary semigroups. We also investi-
gated the notion of neutrosophic .4 -ternary subsemigroups and showed some properties. More-
over, the conditions for neutrosophic .4 -structure to be neutrosophic .4 -ternary subsemigroup
have been investigated. We also defined neutrosophic .4 -products and discuss about the char-
acterization of neutrosophic .4 -ternary subsemigroups. In addition, we have introduced &-
neutrosophic .4 -ternary subsemigroups and shown the relation between neutrosophic ternary
subsemigroups and €-neutrosophic .4 -ternary subsemigroups. Finally, we showed that the
homomorphic preimage of the neutrosophic .4 -ternary subsemigroup is a neutrosophic .4 -
ternary subsemigroup and the onto homomorphic image of the neutrosophic ./ -ternary sub-
semigroup is a neutrosophic .4 -ternary subsemigroup.

In our future study, we will apply these notion/results to other types of neutrosophic .4 -
structures in ternary semigroups. We will also study the soft set theory/cubic set theory of such

neutrosophic ./ -structures.
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