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1. Introduction

The neutrosophic set is a generalization of intuitionistic fuzzy set which in return is a
generalization of fuzzy set. Fuzzy set was introduced by Zadeh [18] in 1965 where he considered
that every element in a certain set has a degree of membership (truth value) in the unit interval
[0,1]. Then in 1986, Atanassov [5] introduced intuitionistic fuzzy set as a generalization of the
fuzzy set where he considered that every element in the set has a degree of membership (truth
value) and degree of non-membership (falsityhood value). Later in 1998, Smarandache [15]
generalized these two concepts and introduced the neutrosophic sets where he considered that

each element has a truth value (T), falsity value (F) and indeterminacy value (I).
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Neutrosophy is considered as a connection of mathematics with philosophy where it studies
the idea in a philosophical way. It is applicable in psychology, sociology, decision making,
engineering, information technology, probability and statistics, etc. It proposes any idea and
studies its origin, nature, scope and interactions with ideational spectra and reveals that
the world is full of indeterminacy. It considers the idea studied as < A >, its opposite as <
Anti— A >, its negation as < Non— A > and its spectrum of neutralities as < Neut— A >. For
details about neutrosophy, we refer to [15-17]. The new topic of neutrosophy had grabbed the
attention of many algebraists and as a result, neutrosophic algebraic structures was introduced.
For details about neutrosophic algebraic structures, we refer to [2,3,12-14]. Recently, a relation
between neutrosophy and ordered algebraic structures was defined [1,4].

In 2020, Al-Tahan el al. [1] defined single valued neutrosophic sets in ordered groupoids and
investigated the various properties of single valued neutrosophic ideals in it. In this paper, we
study the relation between neutrosophy and ordered semigroups and it is organized as follows:
After a brief introduction about neutrosophy, Section 2 presents some preliminaries about
some algebraic structures such as semigroups and ordered semigroups and give some concepts
about neutrosophy. Section 3 presents some definitions, properties and examples about single
valued neutrosophic ideals in ordered semigroups. Finally, Section 5 presents single valued
neutrosophic bi-ideals in ordered semigroups and provides some related important theorems

and examples.

2. Preliminaries

In this section, we present some definitions, concepts and examples related to (ordered)

semigroups, neutrosophy, and single valued neutrosophic sets that are used throughout the

paper.

2.1. Semigroups and ordered semigroups

Definition 2.1. [7] Let S be a non-empty set of elements and x be a binary operation defined
on S. Then S is said to be semigroup if it is binary closed and the associative property holds.

In other words, for every x, y and z in the set S, (xxy) xz =z * (y x 2).

Example 2.2. Let Z be the set of integers, then (Z,-), where “.” is the usual multiplication,

is a semigroup.

Remark 2.3. (1) A semigroup is an associative groupoid.
(2) Every semigroup is a groupoid but not every groupoid is a semigroup.
(3) A semigroup with identity is called a monoid.
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Definition 2.4. [11] Let (S, *) be a semigroup. Then a subset A of S is called a subsemigroup

if (A, *) is a semigroup.

Remark 2.5. To prove that a non-empty subset A of a semigroup (5, *) is a subsemigroup,

it suffices to show that Ax A C A.

Example 2.6. Let (Z,+) be the semigroup of integers under standard addition. Then (N, +),

the set of non-negative integers under standard addition, is a subsemigroup of (Z, +).

Definition 2.7. [11] Let (S, ) be a semigroup and A C S a subsemigroup of S. Then A is
called a:

(1) Right ideal if AxS C A,

(2) Left ideal if S+« A C A,

(3) Ideal if it is both right and left ideal of S,

(4) Bi-ideal if Ax S+« A C S.

Example 2.8. Let (Z, ) be the semigroup of integers under standard multiplication and let

I = nZ = {nq|lq € Z}. Then [ is both right and left ideal of (Z,-). Hence, it is an ideal of
(Z7 )

Definition 2.9. [6] Let G be a non-empty set of elements. A partial order is a binary relation
“<” over a set G such that < is reflexive, antisymmetric, and transitive.
In other words, for all a,b,c € G, < satisfies:

(1) a<a,

(2) If a < band b < a then a =b,

(3) Ifa<band b <cthena<ec.

Definition 2.10. [6] A total order is a binary relation “<” over a set G such that < is a
partial order and every two elements in GG are comparable.

In other words, for all z,y € G,x <y or y < x.

Definition 2.11. [8] Let (5, -) be a semigroup and “<” be a partial order on S. Then (S, -, <)

is said to be an ordered semigroup if for all z € S the following condition holds

fe<ythenz-z<z-yandz-z<y-zforallz,yeSs.
Remark 2.12. Every ordered semigroup is an ordered groupoid. But the converse is not true.

Example 2.13. The set defined in Example 2.2 is an ordered semigroup under the partial
order “<” which is for every z,y € Z, x < y if and only if x = y.

This order is called trivial order.

Definition 2.14. [8] Let (S, -, <) be an ordered semigroup and A C S. Then
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(A] = {x € S|z < a for some a € A}.
Remark 2.15. If (S, -, <) is an ordered semigroup and A C S then A C (4].

Definition 2.16. [8] Let (5, -, <) be an ordered semigroup and A C S, then A is called:
(1) Left ideal of S'if S+ A C A and (4] C A,
(2) Right ideal of S'if A-S C A and (A] C A,
(3) Ideal if it is both right and left ideal,
(4) Bi-ideal if A-S-A C A and (A] C A.

Example 2.17. Let S = {a,b,c,d} and let (S,*) be the semigroup defined by the following
table:

*la|b|c|d
ald|d|d|d
bld|d|d|d
cld|d|d|d
did|d|d]|a

And let < be defined as:

<= {(a’ a)v (b7 b)v (b’ C)v (Ca C)v (dv d)}
Then (5, *, <) is an ordered semigroup. Now, let I = {a,b,d}, then I is a right and left ideal
of the ordered semigroup (.5, x, <). Hence I is an ideal of (S, x).

2.2. Neutrosophy and single valued neutrosophic sets

Definition 2.18. [15] Neutrosophy is a new branch of philosophy which studies the origin,
nature, scope and interactions of neutralities with ideational spectra.

It considers:

e Any idea, proposition, theory or event by < A >,
e Its opposite by < Anti — A >,
e Its negation by < Non — A >,

e Its of spectrum of neutralities in between them by < Neut — A >.

Remark 2.19. In the theory of neutrosophy, every idea < A > has a truth membership value

(T'), false membership value (F') and indeterminacy membership value (I).

Definition 2.20. [15] Let X be a non-empty space of elements (objects). A single valued
neutrosophic set(SVNS) A on X is characterized by its truth-membership function (T), its
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indeterminacy-membership function (14), and its falsity-membership function (F4) where for

each element x € X, 0 < Ty(x),la(x), Fa(x) < 1.

Remark 2.21. Let X be a non-empty space of elements (objects). A single valued neutro-
sophic set(SVNS) A on X is defined by Na(z) = (Ta(z), Ia(x), Fa(z)) for all z € X.

Definition 2.22. [1] Let X be a non empty set of elements and A and B be two single valued

neutrosophic sets over X defined as follows:

A= {mwnemelt € X and B = {imommmeylt € XD
Then

e AN B, which is the intersection of A and B, is a single valued neutrosophic set over

X defined as follows:

ANB = {(TAnB( )IAm;(w) Fanp(z |SE € X}

where Tanp(z) = Ta(z) A Tp(x), Ianp(x) = La(x) A IB(:U) and Fanp(x) = Fa(z) V
Fp(z) for all z € X.
e AUB, which is the union of A and B, is a single valued neutrosophic set over X defined

as follows:

AUB = {7 ple e X}

)IAuB(w) Faup(z
where Taup(z) = Ta(z) V T(x), Laup(x) = La(x) V IB(JU) and Faup(x) = Fa(z) A
Fp(z) for all z € X.

3. Single valued neutrosophic ideals in ordered semigroups

Inspired by the work in [9] done by Khan et al. related to fuzzy ideals in ordered
semigroups and by the definition of single valued neutrosophic sets in ordered groupoids [1], we
consider single valued neutrosophic sets in ordered semigroups. More precisely, we define single
valued neutrosophic left ideals, single valued neutrosophic right ideals, study their properties,

and provide some examples.

Definition 3.1. Let (S, -, <) be an ordered semigroup and A be a single valued neutrosophic
set over S. Then A is a single valued neutrosophic subsemigroup of S if for all z,y € S, the

following conditions hold:

(1) Ta(z - y) > Ta(x) A Taly),

(2) Ta(z-y) > La(z) A La(y),

(3) Fa(z-y) < Fa(x)V Fa(y),

(4) If z <y then Ta(x) > Taly), Ta(r) > Ia(y) and Fa(x) < Fa(y).
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Definition 3.2. Let (S, -, <) be an ordered semigroup and A be a single valued neutrosophic
set over S. Then A is a single valued neutrosophic left ideal of S if for all z,y € S, the following

conditions hold:

Definition 3.3. Let (S, -, <) be an ordered semigroup and A be a single valued neutrosophic
set over S. Then A is a single valued neutrosophic right ideal of S if for all z,y € S, the

following conditions hold:

(1) Talz-y) = TA( );

(2)

(3) Fa(z- y) < FA( );

(4) If x < y then Ta(x) > Ta(y), Ia(z) > I4(y) and Fa(z) < Fa(y).

Definition 3.4. Let (S, -, <) be an ordered semigroup and A be a single valued neutrosophic
set over S. Then A is said to be a single valued neutrosophic ideal of S if it is both single

valued neutrosophic right and left ideal of S.

Remark 3.5. Let (S, -, <) be a commutative semigroup and A be a single valued neutrosophic

right ( left ) ideal of S. Then A is a single valued neutrosophic ideal of S.

Remark 3.6. Let (5, -, <) be a commutative semigroup and «, 3, v € [0,1]. Then

is a single valued neutrosophic ideal of S and it is called the trivial single valued neutro-

sophic ideal of S.

Example 3.7. Let S = {1,2,3,4} and (S, -) be defined by the following table:

112314
111111
211(1|1(1
311|111
4111111

Let “ <7 be the partial order on S defined as follows:

{(1,1),(2,2),(3,3),(4,4), (1,2),(1,3),(1,4), (2,3), (3,4)}
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Then (S,.,<) is an ordered semigroup since is binary closed and associative, and “<”
satisfies the monotone property (i.e. for all z,y € S;x <y and forall z€ S,z 2=z =
1<l=y-z=2z2-y).
Let A be an SVNS on S defined by N4 as follows

N4(1) =(0.9,0.8,0.1), N4a(2) = (0.7,0.6,0.2), N4(3) = (0.6,0.6,0.2) and

Na(4) = (0.5,0.4,0.5).

Then A is a single valued neutrosophic ideal of S since for all z,y € S, we have
Ta(z-y) =Ta(l) = 0.9 > Ta(z) V Ta(y);
Ta(x-y) = 1a(1) = 0.8 = La(z) V La(y);
Fa(z-y) =Fa(l) = 0.1 < Fa(z) A Fa(y);
Moreover, 1 < 2 < 3 < 4 implies that Ts(1) > Ta(2) > Ta(3) > Ta(4), Ia(1) > 14(2) >
14(3) > 14(4), and F4(1) < F4(2) < F4(3) < F4(4).

“,
€

Proposition 3.8. Let (S,-, <) be an ordered semigroup with identity and A be a single
valued neutrosophic set over S. Then A is a single valued neutrosophic left(right) ideal of S if

and only if A is the trivial single valued neutrosophic ideal of S.

Proof. The proof is similar to the case in ordered groupoids [1].

Example 3.9. The only single valued neutrosophic right(left) ideal of the semigroup of non-

negative integers under addition is the trivial single valued neutrosophic set.

Lemma 3.10. Let (S,-, <) be an ordered semigroup and A, a single valued neutrosophic left
ideal, right ideal or subsemigroup of S. Then (), Aa which is the intersection of Ay for all

s a single valued neutrosophic left ideal, Tight ideal or subsemigroup of S.

Proof. Let A, be a single valued neutrosophic left ideal of S. Then for all z,y € S,
Ta,(x-y) > Ta,(y), Ia,(x-y) > 14, (y), Fa,(x-y) < Fy, (y) for all a. This latter im-
plies that

TN, A0 y) =info Ta, (z - y) > infa Ta, (y) = T 4. () ;

In, 4. (@ y) =info la,(z-y) = info La,(y) = In, a,(Y) ;

Fn. A (z-y) =sup, Fa,(z-y) <sup, Fa,(y) = Fn_ a,(y) -

Let x <y. Then T4, (x) > Ta,(y), Ia,(z) > Ia,(y), Fa,(z) < Fa,(y). So,
TN, A, () = info T4, (7) > info Ta, (y) = T A, (¥);
In, 4, (%) = infq T4, (z) > infa 14, (y) = In, 4, (9);
and Fy 4, (2) = sup, Fa, (2) < sup, Fa, (y) = Fn_ 4, (y)-

Therefore, (), Aq is a single valued neutrosophic left ideal of S. Similarly, we can prove that
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the intersection of single valued neutrosophic right ideals or subsemigroups of S is a single

valued neutrosophic right ideal of S.

Remark 3.11. Let (5,-, <) be an ordered semigroup and A, a single valued neutrosophic
subsemigroup of S. Then |J, A, is not necessarily a single valued neutrosophic subsemigroup
of S.

Example 3.12. Let (N, +, <) be the ordered semigroup of natural numbers under standard

addition and trivial order and let A and B be single valued neutrosophic sets on N defined as

follows:
(0.9,0.7,0.2) if x is divisible by 5 ;
Na(z) =
(0.4,0.3,0.4) otherwise.
(0.9,0.7,0.2) if x is divisible by 7 ;
Np(z) =
(0.4,0.3,0.4) otherwise.

Then A and B are single valued neutrosophic subsemigroups of N. But A U B is not a single
valued neutrosophic subsemigroup of N since Nayg(5+ 7) = Naup(12) = (0.4,0.3,0.4) so we
will have that Taup(5 +7) = Naup(12) = 0.4 % Naug(5) A Naug(7) = 0.9.

Example 3.13. Let (S5, -, <) be the ordered semigroup defined in Example 3.7. Let A and B
be the single valued neutrosophic sets on S defined by N4 and Np respectively as follows:
N4(1) = (0.9,0.8,0.1), N4(2) = (0.7,0.6,0.2), N4(3) = (0.6,0.6,0.2), N(4) = (0.5,0.4,0.5);
Np(1) =(0.9,0.8,0.1), Np(2) = (0.8,0.7,0.2), Np(3) = (0.7,0.6,0.3), Np(4) = (0.6,0.4,0.6);
It is clear that A and B are single valued neutrosophic subsemigroups of S. Also AU B and
AN B, defined by Nayp and Nanp respectively as follows.
Naup(1) = (0.9,0.8,0.1), Naup(2) = (0.8,0.7,0.2), Naug(3) = (0.7,0.6,0.2),
Naup(4) = (0.6,0.4,0.5);
Nanp(1) =(0.9,0.8,0.1), Nanp(2) = (0.7,0.6,0.2), Nanp(3) = (0.6,0.6,0.3),
Nanp(4) =(0.5,0.4,0.6)

I

are also single valued neutrosophic subsemigoups of S.

Lemma 3.14. Let (S, -, <) be an ordered semigroup and A, a single valued neutrosophic ideal

of S. Then (), Aa is a single valued neutrosophic ideal of S.

Proof. Let A, be a single valued neutrosophic ideal of S. Then A, is both, a single valued
neutrosophic right and left ideal of S. So, by Lemma 3.10, (), Ao is both, a single valued
neutrosophic right and left ideal of S. Therefore (), Aq is a single valued neutrsophic ideal of

S. g
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Lemma 3.15. Let (S, -, <) be an ordered semigroup and A, a single valued neutrosophic ideal

of S. Then |, Aa is a single valued neutrosophic ideal of S.

Proof. The proof is similar to that of ordered groupoids [1].

Example 3.16. Let (S, x, <) be an ordered semigroup where (.S, ) is defined by the following
table:

x|112]3

11111

211113

3111311

and <= {(1,1),(1,2),(1,3),(2,2),(3,3)}. And let A and B be single valued neutrosophic sets
over S defined by N4 and Np respectively as follows:
Na(1) =(0.9,0.8,0.1), N4(2) = (0.6,0.6,0.3), Na(3) = (0.4,0.5,0.3);
Np(1) =(0.9,0.8,0.1), Np(2) = (0.8,0.5,0.5), Np(3) = (0.6,0.5,0.3).
It is clear that A and B are single valued neutrosophic ideals of S. Then AN B and AU B
defined by Nanp and Nayp respectively as follows:
Nanp(1) =(0.9,0.8,0.1), Naqp(2) = (0.6,0.5,0.5), Nanp(2) = (0.4,0.5,0.3);
Naup(1) =(0.9,0.8,0.1), Naup(2) = (0.8,0.6,0.3), Naup(2) = (0.6,0.5,0.3)

are also single valued neutrosophic ideals of S.

Definition 3.17. Let (S1,1,<1) and (Sa, -2, <2) be two ordered semigroups, then (51 xS, -, <
) is an ordered semigroup where (z,y) - (z,w) = (z 1 2,y -2 w) and (x,y) < (z,w) if and only

if £ <y z and y <o w.

Definition 3.18. Let (S1,:1,<1) and (52,2, <2) be two ordered semigroups, and let A and
B be two single valued neutrosophic sets over S; x S5 defined as follows:

Naxp(z,y) = (Taxp(z,y), Iaxp(z,y), Faxp(z,y))
where Taxp(z,y) = Ta(x) NTp(y), Iaxp(z,y) = Ia(x) A Ig(y) and Faxp(x,y) = Fa(x) V
Fp(y).

Theorem 3.19. Let (S1,1,<1) and (S2,-2,<2) be two ordered semigroups, and let A and B
be two single valued neutrosophic right (left) ideal of S1 and Sy respectively. Then A x B is a
single valued neutrosophic right (left) ideal of S1 x Ss.

Proof. Let A and B be single valued neutrosophic left ideal of S; and Sy respectively. Then

for all z1,1y1 € S1 and z2,y2 € S, we have:
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(1)

(2) La(z1-y1) = La(y1) and Ip(z2 - y2) > Ip(y2);

(3) Fa(w1-y1) < Fa(y1) and Fp(x2 - y2) < FB(y2);

(4) If (z1,22) < (y1,y2). This latter implies that T4(z1) > Ta(y1), Te(x2) > Tr(y2),
(x1) > La(y1), Ip(z2) > Ip(y2), Fa(z1) < Fa(y1) and Fp(x2) < Fp(y2).

We get that, Taxp((x1,22) - (y1,2)) = Taxp(®1 - y1,22 - y2) = Ta(zr - y1) A Tp(z2 - y2) >
Ta(y1) ANTe(y2) = Taxs(y1,y2),

Taxs((x1,22) - (Y1,42)) = LaxB(@1 - y1, 02 - y2) = La(z1 - 1) A (w2 - y2) > Ta(y1) A IB(y2) >
LaxB(Y1,y2),

Faxp((1,22) (y1,92)) = Faxp(1-y1,22-y2) = Fa(z1-11)V F(22-92) < Fa(y1)V FB(y2) <
Faxp(y1,y2),

and if (z1,22) < (y1,92), then 21 <; y; and x4 <3 ya, so easily we can see that Tax p(z1,22) >
TaxpW1,y2), Laxs(x1,22) > Laxp(Y1,y2), and Faxp(z1,72) < Faxp(y1,y2).

Therefore, A x B is a single valued neutrosophic left ideal of S x Ss.

Similarly, we can prove the case of single valued neutrosophic right ideal.

4. Single valued neutrosophic bi-ideals in ordered semigroups

In this section, we define single valued neutrosophic bi-ideals in ordered semigroups,
study some of their properties, and provide several examples. The results of this section can

be considered as a generalization of fuzzy bi-ideals in ordered semigroups [10].

Definition 4.1. Let (S, -, <) be an ordered semigroup and A be a single valued neutrosophic
set over S. Then A is said to be a single valued neutrosophic bi-ideal of S if it is a single valued
neutrosophic subsemigroup of S and if for all z,y,z € S, Na(x -y -2) > Na(x) A Na(y)(i.e.
Ta(x-y-2z)>Ta(x) NTaly), In(x-y-2) > Ta(x) AN1a(y) and Fa(z-y-z) < Fa(x) V Fa(y)).

Theorem 4.2. Let (S,-,<) be an ordered semigroup and A be a single valued neutrosophic

left(right) ideal over S . Then A is a single valued neutrosophic bi-ideal of S.

Proof. Let A be a single valued neutrosophic left ideal of S, then A is a single valued neu-
trosophic subsemigroup and Ta(z - y) > Ta(y),Ia(z - y) > La(y), Fa(z - y) < Fu(y) and if
<y, Ta(z) > Taly), La(z) > 1a(y), Fa(x) < Fa(y).

Let x,y,z € S. Then Ta(x -y -2) > Ta(y-z) > Ta(z) > Ta(x) N Ta(z);

In(z-y-2z) > Ia(y-2) > 1a(z) > Ia(z) ANa(z), and Fa(z -y -2) < Fa(y-z) < Fa(z) <
Fa(z) V Fa(2)

Therefore, A is a single valued neutrosophic bi-ideal of S.
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Remark 4.3. Not every single valued neutrosophic bi-ideal is a single valued neutrosophic

left or right ideal.

Example 4.4. Let (S,-) be an ordered semigroup defined by the following table:

albl|c
alalala
blalalc

ciaj|ci|a

Let “ <7 be defined as follows: <= {(a,a), (a,b), (a,c), (b,),(c,c)} and A be an SVNS on §
defined by: N4(a) = (0.9,0.8,0.1), Ns(b) = (0.8,0.5,0.4) and N4(c) = (0.7,0.6,0.2). Then A
is SVN bi-ideal of S but it is neither SVN right nor left ideal of S since TA(b-¢) = Ta(c-b) =
Talc) # Ta(b).

Theorem 4.5. Let (S,-,<) be an ordered semigroup and A, a single valued neutrosophic

bi-ideal of S. Then (), Aa is a single valued neutrosophic bi-ideal of S.

Proof. Let A, be a single valued neutrosophic bi-ideal of S for all . Then A, is a single valued
neutrosophic subsemigroup of S. Hence by Lemma 3.10 ), A, is a single valued neutrosophic
subsemigroup of S.

Also, we have that Ty (x -y -2) > Ta,(x) NTa,(2), Ia(x-y-2) > Ia, (x)AIa,(z) and
Fa,(v-y-z) <Fa,(z)V Fa,(z). This latter implies that

In, Aa(@ -y - 2) =infaTa,(x -y 2) = info{Ta,(z) ANTa,(2)} = infa Ta,(2) AinfaTa,(2) =
Tn, 4. (@) N T 4, (2);

In A.(@-y-2) =infola,(z-y-2) > info{la,(z) ALa,(2)} = infa Ia, () Ainfa 14, (2) =
In, 4. (@) NI 4, (2);

Fn A (x-y-z) =sup, Fa,(x-y-2) <supo{Fa,(2)V Fa,(2)} = sup, Fa,(x) Vsup, Fa,(z) =
Froa.(@) Va4, (2)

Therefore, (), Aa is a single valued neutrosophic bi-ideal of S.

Theorem 4.6. Let (S1,:1,<1) and (S2,-2,<2) be two ordered semigroups, and let A and B
be two single valued neutrosophic bi-ideals of S1 and Sy respectively. Then A x B is a single

valued neutrosophic bi-ideals of S1 x Ss.

Proof. Let A and B be single valued neutrosophic bi-ideals of S; and Sy respectively. Then
for all x1,y1,21 € S1, x2,Y2,220 € S3 , A and B are single valued neutrosophic bi-ideals of
S, Ta(xr - y1 - 21) 2 Ta(x1) ANTa(21), Tp(x2 - y2 - 22) > Tp(w2) A Tp(22), La(w1-y1-21) >
Ta(x1) AN 1a(21), Ig(xg - yo - 22) > Ip(x2) A Ip(22), Fa(z1-y1-21) < Fa(x1)V Fa(z1) and
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Fp(zg - y2 - 22) < Fp(x2) V Fp(22).

So, we get that

Taxp((®1,22).(y1,y2)-(21, 22)) = Taxp(®1-y1-21, T2 Y2 22) = Ta(x1-y1-21) NTp(w2-y2-22) >
Ta(x1) NTa(z1) NTp(w2) N T(22) = Taxp(x1,2) A Taxp(21, 22);

Laxs((71,72) - (y1,92)-(21, 22)) = Laxp(®1-y1- 21,22 - Y2+ 22) = La(21-y1-21) A B(T2-Y2 - 22) >
La(z1) A La(21) A p(w2) N B(22) = Laxp(71,22) A Laxp(21, 22);
Fasxp((w1,22).(y1,y2)-(21,22)) = Faxp(1-y1-21,T2-y2-22) = Fa(w1-y1]-21)VFB(22-y2-22) <
Fy(x1)V Fa(z1) V F(x2) V Fp(22) = Faxp(x1,22) V Faxp(21, 22)-

And as A and B are single valued neutrosophic subsemigroup of S7 and Ss respectively. Then

by Theorem 3.19, we get that A x B is a single valued neutrosophic subsemigroup of S; x .Ss.

O

Example 4.7. Let (S, %) be the semigroup defined by the following table:
*|0]1]2

0[{0]{0]0

110(1]2

2101112

and let “ <7 be defined as follows: <= {(0,0),(0,1),(2,2),(2,1),(0,2)}. Then (S,*, <) is
an ordered semigroup. Let A be an SVNS on S defined by N4 as follows:
N4(0) = (0.9,0.3,0.1), N4(1) = (0.9,0.2,0.2) and N4(2) = (0.9,0.2,0.2).

Then A is a single valued neutrosophic ideal of S since
TA(0x0) =T4(0) =0.9 > T4(0) VT4(0)=0.9;

Ta(0%1) = T4(0) = 0.9 > Ta(0) v Ta(1) = 0.9;
Ta(0%2) = T4(0) = 0.9 > Ta(0) V Ta(2) =
Ta(1%0) = Ta(0) = 0.9 > Ty (1) V T4 (0) =
Ta(1%1) =Ta(1) = 0.9 > Ta(1) v Tu(1) =
Ta(1%2) =Ta(2) = 0.9 > Ta(1) v Ta(2) =
TA(2%0) = Ta(0) = 0.9 > Tx(2) V T4 (0) = 0.9
Ta(2%1) = Tu(1) = 0.9 > Ta(2) v Ta(1) = 0.9
Ta(2%2) =Ta(2) = 0.9 > Ta(2) V Ta(2) = 0.9
I4(0%0) = T4 (0) = 0.3 > 14(0) vV I4(0) = 0.3
I4(0%1) = I4(0) = 0.3 > I14(0) V I4(1) = 0.3
I4(0%2) = I4(0) = 0.3 > I4(0) V Ta(2) = 0.3
Ia(1%0) = 14(0) = 0.3 > T4(1) V I4(0) = 0.3;
Ia(1x1) =T4(1) = 0.2 > I4(1) V I4(1) = 0.2;
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Ia(1%2) =T4(2) = 0.2 > T4(1) V I4(2) = 0.2;
T4(2%0) = I4(0) = 0.3 > I4(2) V 14(0) = 0.3;
Ia(2%1) =I4(1) = 0.2 > I4(2) V I4(1) = 0.2;
Ia(2%2) =T4(2) = 0.2 > T4(2) V 14(2) = 0.2;
Fa(0%0) = F4(0) = 0.1 < F4(0) A Fa(0) = 0.1;
Fa(0x1) = F4(0) = 0.1 < F4(0) A Fa(1) = 0.1;
Fa(0%2) = F4(0) = 0.1 < Fu(0) A Fa(2) = 0.1;
Fa(1%0) = F4(0) = 0.1 < Fa(1) A Fa(0) = 0.1;
Fa(l1x1) = Fa(1) =0.2 < Fa(1) A Fa(1) = 0.2;
Fa(1x2) = Fa(2) =0.2 < Fa(1) A Fa(2) = 0.2;
FaA(2%0) = F4(0) = 0.1 < Ta(2) A F4(0) = 0.2;
Fa(2x1) = Fa(1) =0.2 < Fa(2) A Fa(1) = 0.2;
Fa(2%2) = F(2) =0.2 < Fa(2) A Fa(2) = 0.2.

Moreover, 0 < 1 < 2 implies that T4(0) > Ta(1) > Ta(2), 14(0) > I4(1) > I4(2) and

Fa(0) < Fa(1) < Fa(2).

Therefore, A is a single valued neutrosophic ideal of S.

Example 4.8. Let (S, *, <) be the semigroup defined in Example 4.7 and B a single valued

neutrosophic set over S defined by Np as follows

Np(0) = (0.9,0.2,0.1), Ng(1) = (0.8,0.1,0.3) and Np(2) = (0.7,0.1,0.4).

Then B is a single valued neutrosophic left ideal of S since

T5(0%0) = T5(0) = 0.9 > T(0) = 0.9;

( (1)

( (2)
Ts(1%0) = Tp(0) = 0.9 > T(0) = 0.9;
Tg(11) = Tp(1) = 0.8 > Tg(1) = 0.8;
Tp(1%2) = Tp(2) = 0.7 > Tg(2) = 0.7;
Ts(2%0) = Tp(0) = 0.9 > T(0) = 0.9;
Tg(2+1) = Tp(1) = 0.8 > Tg(1) = 0.8;
Tp(2%2) =Tg(2) = 0.7 > Tp(2) = 0.7;
Ip(0%0) = T(0) = 0.2 > Ip(0) = 0.2;
Ig(0%1) = Ig(0) = 0.2 > Ip(1) = 0.1;
Ip(0%2) = Ip(0) = 0.2 > Ip(2) = 0.1;
Ip(1%0) = Ip(0) = 0.2 > Ip(0) = 0.2;
Ig(1%1) =1Ip(1) = 0.1 > Iz(1) = 0.1;
Ig(1%2) =I(2) =0.1> Ip(2) = 0.1;
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I5(2%0) = Ig(0) = 0.2 > Ip(0) = 0.2;
Ig(2%1) =1Ip(1) = 0.1 > Iz(1) = 0.1;
Ig(2%2) =Ip(2) = 0.1 > Iz(2) = 0.1
Fp(0%0) = Fg(0) = 0.1 < Fp(0) = 0.1;
Fp(0+1) = Fg(0) = 0.1 < Fg(1) = 0.3;
Fp(0%2) = F(0) = 0.1 < F(2) = 0.4;
Fp(1%0) = Fg(0) = 0.1 < F5(0) = 0.1;
Fp(1+1) = Fg(1) = 0.3 < Fg(1) = 0.3;
Fp(1%2) = Fg(2) =04 < Fg(2) = 0.4;
Fp(2%0) = Fp(0) = 0.1 < Fp(0) = 0.1;
Fp(2+1) = Fg(1) = 0.3 < Fg(1) = 0.3;
Fp(2+2) = Fg(2) = 0.4 < Fg(2) = 0.4.

Moreover, 0 < 1 < 2 implies that T5(0) > Tg(1) > Tg(2), I5(0) > Ig(1) > Ip(2) and
Fp(0) < Fp(1) < Fp(2).
Moreover, since B is an SVN left ideal of S, it follows by Theorem 4.2 that B is a single valued
neutrosophic bi-ideal of S.
b
Example 4.9. Let M>(N) be the set of 2 x 2 matrices (i.e. Ma(N) = {<a d) ;a,b,c,d € N}).
c

And let A be an SVNS on M(N) defined by N4 as follows

(0.8,0.4,0.2) if X € I;

(0.6,0.3,0.5) if X ¢ I.

Na(X) =

E 0
where I = { ik € N}.
0 0

Then A is neither a single valued neutrosophic left ideal nor single valued neutrosophic right

ideal of M3(N). Moreover, it is a single valued neutrosophic bi-ideal of Ms(N).

Proof. First we show that A is neither a single valued neutrosophic right ideal nor a single

valued neutrosophic left ideal of My (N).

10 2 2
Let X = celandY = ¢ 1
0 0 2 2
1 0 2 2 2 2
So, we have, X.Y = ) = ¢ 1
0 0 2 2 0 0

Then No(X.Y) = (0.6,0.3,0.5). But T4(X.Y) = 0.6 #? T4(X) = 0.8. So, A is not an SVN
right ideal of M»(N).

2 2 1 2
Also we have, Y.X = . 0 = 0 ¢ 1.
2 2 00 20

Then N4 (Y.X) = (0.6,0.3,0.5). But T4(Y.X) = 0.6 # T4(X) = 0.8. So, A is not an SVN left
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ideal of M (N).

Next, we show that A is a single valued neutrosophic subsemigroup of M (N).

Let X,Y € M3(N). We consider the following cases.

e Case X,Y € I, then we have Ny(X) = Na(Y) = (0.8,0.4,0.2). Then X.Y € I, then
NA(X.Y) = (0.8,0.4,0.2).
So, easily we can see that, T4(X.Y) = 0.8 > T4(X) AT4(Y) =0.8, [4(X.Y)=0.4>
TA(X) A IA(Y) = 0.4, FA(X.Y) = 0.2 < F4(X) V Fo(Y) = 0.2, and if X < Y, then
Ta(X) = 0.8 > Tu(Y) = 0.8, I4(X) = 0.4 > I4(Y) = 0.4 and Fu(X) = 02 <
Fa(Y)=0.2.
e Case X,Y ¢ I, then we have Ny(X) = Na(Y) = (0.6,0.3,0.5). So, easily we can see
that, TA(X.Y) > 0.6 = TA(X) ATA(Y), Ta(X.Y) > 0.3 = Io(X) ALA(Y), FA(X.Y) <
0.5 = Fu(X) V F4(Y).
e Case X €1,Y ¢ I, then we have N4(X) = (0.8,0.4,0.2) and N4(Y) = (0.6,0.3,0.5).
So, easily we can see that, T4(X.Y) > 0.6 = Ta(X) ATa(Y), I4(XY) > 0.3 =
TA(X) A IA(Y), Fa(X.Y) < 0.5 = Fa(X)V Fa(Y).
Therefore, A is an SVN subsemigroup of M (N).
Simple computations show that A is an SVN bi-ideal of M>(N).

5. Conclusion

This paper dealt with single valued neutrosophic sets in ordered semigroups where several
concepts about single valued neutrosophic ideals and single valued neutrosophic bi-ideals were
defined and studied with several examples. The results in this paper are generalization of
fuzzy ideals (bi-ideals) in ordered semigroups.

For future research, it will be interesting to discuss single valued neutrosophic sets in other

ordered algebraic structures.
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