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Abstract

The aim of this paper is to combine the notions of ordered algebraic structures and neutrosophy. In this regard,
we define for the first time single valued neutrosophic sets in ordered groupoids. More precisely, we study
single valued neutrosophic subgroupoids of groupoids, single valued neutrosophic ideals of groupoids, and
single valued neutrosophic filters of groupoids. And we present some remarks on single valued neutrosophic
subgroups (ideals) of groups.

Keywords: SVNS, (a, 3, 7)-level set, ordered groupoid, single valued neutrosophic subgroupoid, single val-
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1 Introduction

Neutrosophy,” a new branch of science that deals with indeterminacy, was launched by Smarandache in
1998. The theory of neutrosophy considers every notion or idea < A > together with its opposite or nega-
tion < antiA > and with their spectrum of neutralities < neutA > in between them (i.e. notions or ideas
supporting neither < A > nor < antiA >). The < neutA > and < antiA > ideas together are referred
to as < nonA >. Smarandach!? defined neutrosophic sets as a generalization of the fuzzy sets introduced by
Zadeh'? in 1965 and as a generalization of intuitionistic fuzzy sets introduced by Atanassov* in 1986. Fuzzy
sets allow gradual membership of an element in a set by assigning each element a degree of membership
between O and 1 that are both inclusive. Whereas intutionistic fuzzy sets allow gradual membership as well
as gradual non-membership of an element in a set by assigning each element a degree of membership and a
degree of non-membership in a way that their sum is a real number in the unit interval [0, 1]. Single valued
neutrosophic sets (SVNS)# generalize these two concepts so that each element has a truth value, indetermi-
nacy value, and a falsity value and each of these values is a number in the unit interval [0, 1]. Neutrosophy has
many applications in different fields of Science. Many researchers "2l worked on the connection between
neutrosophy and algebraic structures.

Our paper introduces a new link between algebraic structures and neutrosophy. In particular, it is concerned
about single valued neutrosophic sets in ordered groupoids and it is constructed as follows: after an Introduc-
tion, in Section 2, we present some definitions related to neutrosophy that are used throughout the paper. In
Section 3, we present some definitions about ordered groupoids (groups) and elaborate some examples that
are used in Section 4 and Section 5. In Section 4, we define single valued neutrosophic subgroupoids (ideals)
as well as single valued neutrosophic filters of ordered groupoids, present many non-trivial examples about
the new defined concepts, and study some of their properties. Finally in Section 5, we apply the definition of
SVNS in ordered groupoids to ordered groups, present some remarks and results.

2 Single valued neutrosophic sets

In this section, we present some definitions about neutrosophy that are used throughout the paper.
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Definition 2.1. ¥ Let X be a space of points (objects), with a generic element in X denoted by . A single
valued neutrosophic set (SVNS) A on X is characterized by truth-membership 74, indeterminacy-membership
function I 4 and falsity-membership function F4. For each point x € X, Ty (x), Ia(x), Fa(z) € [0, 1].

Definition 2.2. Let X be a non-empty set, o, 3,7 € [0, 1], and A a SVNS over X. Then the (a, 3,7)-level
set of A is defined as follows:

Liapy ={x € X : Ta(x) > o, 1a(x) > B, Fa(z) <~}

Definition 2.3. # Let X be a non-empty set and A, B be single valued neutrosophic sets over X defined as

follows.
x

(Ta(x), Ia(x), Fa(x))

A=A{ cxe X}, B=/{ rxe X}

T
(Ts(2), Ip(x), Fp(x))
Then

e A is called a single valued neutrosophic subset of B and denoted as A C B if Ty(z) < Tg(x),

I4(z) < Ip(z),and Fa(x) > Fp(x) forallz € X.
If AC Band B C Athen A = B.

e The union of A and B is defined to be the SVNS over X:
T
(Taus(x), Laup(x), Faup(z))

Where Taup(x) = Ta(x) VTp(x), Lavp(z) = Ia(z) V Ip(x), and Faup(x) = Fa(x) A Fp(x) for
allz € X.

AUB={ sz € X}

e The intersection of A and B is defined to be the SVNS over X:

Sanp = {(TAQB(_%')7[AQB(LIL‘),FAOB(:E))

Where TAQB(QL‘) = TA(.CC) A TB(JC), IAﬂB(x) = IA(JC) A IB(l‘), and FAQB(ZIJ) = FA(QS) V FB(ZI’) for
allx € X.

rx e X}

Example 2.4. Le X = {s,a,m} and A, B be SVNS over X defined as follows.

A={ |3

S a m
(0.7,0.6,0.5) (0.8,0.4,0.2)" (0.1,0.6, 1)

S a m
B= :
{(0.9,0.1,0.7)’ (1,0,0.6)’ (0.9,0.3,0.2)}

Then the SVNS AN B and AU B over X are as follows.

S a m
ANB =
{(0.7,0.1,0.7)’ (0.8,0,0.6)" (0.1,0.3, 1)}’
AUB={—° a LY

(0.9,0.6,0.5)" (1,0.4,0.2)" (0.9,0.6,0.2)

3 Ordered groupoids and ordered groups

In this section, we present some examples on ordered groupoids and ordered groups that are used in Section
4 and Section 5. For more details about algebraic structures, we refer to> and©

Definition 3.1. ®'Let (G, -) be a groupoid (group) and “<” be a partial order on G. Then (G, -, <) is an ordered
groupoid (ordered group) if the following condition holds for all z € G.

fz<ythenz -z <z-yandzx-z<y-z.

Definition 3.2. Let (G, -, <) be an ordered groupoid (group). Then G is called a total ordered groupoid
(group)if t <yory < zforallz,y € G.

An ordered groupoid (G, -, <) is said to be commutative if - y — y - x for all z,y € G. And an element
e in an ordered groupoid (G, -, <) is called an identity if e - & = x - ¢ = «x for all x € G. If such an element
exists then it is unique.
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Remark 3.3. Let (G, -) be any groupoid. Then by defining “<” on G as follows: For all z,y € G,
x<yifandonlyifz =y.

Then G, -, <) is an ordered groupoid.
Such an order is called the trivial order.

Ordered groups are a special case of ordered groupoids. We present some examples on infinite ordered
groups.

Example 3.4. The groups of integers, rational numbers, real numbers under standard addition and usual order
are ordered groups.

Example 3.5. Let Q% be the set of positive rational numbers. Then (Q7, -, <) is an ordered group. Where
“<” is defined as follows: For all z,y € QT ,

z <y ifand only if y eN.
x
We show that the partial order “<” defines an order on QF. Let < y and z € Q. Having Y eNandz >0
implies that 2 € N. Thus, 7z < yz.
We present some examples on ordered groupoids that are not ordered groups.

Example 3.6. Let G be any non-empty set with a € G and “<” a partial order on G. Then by setting -y = a
forall z,y € G, we get that (G, -, <) is an ordered groupoid.

Example 3.7. Let N = {1,2,...} be the set of natural numbers and define “<,,” in N as follows: For all
l‘, y G N7
x <p yifandonlyif z > y.

Then (N, +, <,) is a commutative ordered groupoid. This is easily seen as <,, is a partial order and if x <,, y
and z € Nthenx + 2 > y + zand hence z + 2z <, y + 2.

Finite groupoids can be presented by means of Cayley’s table.

Example 3.8. Let (G4, 1) be the groupoid defined by Table([1]

Table 1: The groupoid (G1, 1)

q a b C
a a a a
b a a c
c a a a

By setting <;= {(a, a), (a,b), (a,¢), (b)), (¢, c)}, we getthat (G1, -1, <1) is a commutative ordered groupoid.

Example 3.9. Let (G, x) be the groupoid defined by Table[2]

Table 2: The groupoid (G1, *)

(SIS SR )
oo oo
®» 0 ™o

By setting <;= {(a, a), (a,b), (a,c), (b,b), (¢, c)}, we get that (G, *, <1) is an ordered groupoid.

Example 3.10. Let (G, -2) be the groupoid defined by Table 3]
By setting <o= {(1,1),(2,2),(2,3),(3,3), (4,4)}, we get that (G2, -2, <2) is an ordered groupoid.

Example 3.11. Let (G3, -3) be the groupoid defined by Table [4]
By setting <z= {(e, €), (¢, €), (¢,d), (d,e), (d,d)}, we get that (G, -3, <3) is a total ordered groupoid with

[IPRL]

an identity “e”.
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Table 3: The groupoid (Ga, -2)

B =
N
NG N N N Y
e A
[ N N N '

Table 4: The groupoid (Gs, -3)

o
Qo0 oo
o o oo
o0 ala

Table 5: The groupoid (Gy, -4)

UGN SN
— = =]
W = = W

Example 3.12. Let (Gy, -4) be the groupoid defined by Table
By setting <,= {(1,1),(1,3),(2,2),(2,1),(2,3),(3,3)}, we get that (G4, -4,<4) is a commutative total
ordered groupoid.

Definition 3.13. Let (G, -, <) be an ordered groupoid and S C G. Then
(S]={z € G:x < sforsomes e S}.
Remark 3.14. Let (G, -, <) be an ordered groupoid and S C G. Then S C (5].
Definition 3.15. Let (G, -, <) be an ordered groupoid and S C G. Then
e Sisa subgroupoid of G if (.S, ) is a groupoid and (S] C S.
o Sisaleftideal f Gif G- S C Sand(S] CS.
e Sisarightideal of Gif S-G C Sand (5] C S.
e Sisan ideal of G if it is a left ideal of GG and a right ideal of G.
Example 3.16. In Example[3.10] {1,4}, {1,2,4}, and {1, 2, 3,4} are ideals of (G2, -2, <2).

Definition 3.17. Let (G, -, <) be an ordered groupoid and S C G. Then S is a filter of G if the following
conditions are satisfied.

1. x-ye Sforall z,y € S,
2. Ifx-y€ Sthenx € Sandy € S forall z,y € G,
3. IfxeSycGandz <ytheny € S.
Example 3.18. In Example[3.12] {3} is the only filter of (G4, 4, <4).

4 SVNS in ordered groupoids

In this section and inspired by the definition of fuzzy sets in ordered groupoids,” we define for the first
time single valued neutrosophic subgroupoids (ideals) (in Subsection 4.1) as well as single valued neutro-
sophic filters (in Subsection 4.2) of ordered groupoids and study some of their properties such as finding
a relationship between subgroupoids/ideals/filters of ordered groupoids and single valued neutrosophic sub-
groupoids/ideals/filters of these ordered groupoids. Moreover, we construct many non-trivial examples about
them.
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4.1 Single valued neutrosophic subgroupoids (ideals) of groupoids

Definition 4.1. Let (G, -, <) be an ordered groupoid and A a SVNS over G. Then A is single valued neutro-
sophic subgroupoid of G if for all x,y € G, the following conditions hold:

o Ta(z-y) = Ta(x) NTa(y);

Ta(z - y) = Ta(z) A a(y);

Fa(z-y) < Fa(x)V Fa(y);

Ifz <ythenTa(z) > Ta(y), La(x) > 1a(y), and Fa(x) < Fa(y).

Definition 4.2. Let (G, -, <) be an ordered groupoid and A a SVNS over G. Then A is single valued neutro-
sophic left ideal of G if for all z,y € G, the following conditions hold:

Ta(z-y) > Taly);
Ta(z-y) > 1a(y):;
Fa(z-y) < Faly):
If < ythen Ta(z) = Ta(y), La(z) = La(y), and Fa(z) < Fa(y).

Definition 4.3. Let (G, -, <) be an ordered groupoid and A a SVNS over G. Then A is single valued neutro-
sophic right ideal of G if for all ,y € G, the following conditions hold:

o Ty(z-y) > Ta(x);
o Ia(x-y) > Ta(x);
o Fa(z-y) < Fa(z);
o If v <ythen T(x) > Ta(y), La(z) > La(y), and Fa(z) < Fa(y).

Definition 4.4. Let (G, -, <) be an ordered groupoid and A a SVNS over G. Then A is a single valued neu-
trosophic ideal of G if it is both: a single valued neutrosophic left ideal of G and a single valued neutrosophic
right ideal of G.

Remark 4.5. Let (G, -, <) be a commutative ordered groupoid and A a SVNS over G. If A is a single valued
neutrosophic right (or left) ideal of G then A is a single valued neutrosophic ideal of G.

Remark 4.6. Let (G, -, <) be an ordered groupoid and a, 8,7 € [0, 1]. Then A = {ﬁ : x € G} is single

valued neutrosophic ideal of G. Moreover, it is called the trivial single valued neutrosophic ideal.

Example 4.7. Let (N, +, <,) be the ordered groupoid defined in Example and A be a SVNS over N

defined as follows: For all £ € N, ) -
=(1-=,1——,-).
NA(k) (1 ka k7 k')

Then A is a single valued neutrosophic ideal of N. To prove that and by means of Remark [4.3] it suffices to
show that A is a single valued neutrosophic right ideal of G. Let k,m € N. Then k + m > k and thus,

TA(k-i-m):IA(k‘—Fm):l—k_i_Lmz1—%ZTA(/{J)ZIA(k)andFA(kﬁ-m):ﬁS%ZFA(IC).
Let k <, m. Then k > m and hence, Ta(k) = Ia(k) = 1 — 4+ > 1 — L = Ty(k) = I4(m) and

Fa(k) = ¢ < & = Fa(m).

Proposition 4.8. Let (G, -, <) be an ordered groupoid with identity and A a SVNS over G. Then A is a single
valued neutrosophic left/right ideal of G if and only if A is the trivial single valued neutrosophic ideal of G.

Proof. We prove the case when A is a single valued neutrosophic right ideal of G and the case when A is a
single valued neutrosophic left ideal of GG is done similarly. Let A be a single valued neutrosophic right ideal
of G. Then for all x € G, we have:

Ta(z)=Tale-z)>Tale),Ia(z)

Tq(e-x) > 1I4(e), and Fa(z) = Fa(e-x) < Fa(e);

Ta(z) =Ta(z-e) = Ta(x), La(x)
The latter implies that

Il
~

alz-e) > 14(x), and Fy(x) = Fa(z - e) < Fa(x).

TA(J,‘) = TA(G),IA(J}) = IA(G), and FA(Z‘) = FA(B).

Therefore, A is the trivial single valued neutrosophic ideal of G. O



International Journal of Neutrosophic Science (IJNS) Vol. 1, No. 1, PP. 01-*%% 2020

Example 4.9. Proposition[4.8|asserts that the ordered groupoid (G, -3, <3) in Example has no non-trivial
left (right) single valued neutrosophic ideals.

Definition 4.10. Let (G, -) be a groupoid and A C G. Then the characteristic function N4 : G — [0,1] x
[0,1] x [0, 1] is defined as follows.

1,1,0) ifz e A,
Noa() = (1,1,0) .
(0,0,1) otherwise.
Lemma 4.11. Let (G, -, <) be an ordered groupoid and A C G. Then A is a subgroupoid of G if and only if
the single valued neutrosophic set corresponding to N 4 is a single valued neutrosophic subgroupoid of G.

Proof. Let A be a subgroupoid of G and let x, y € GG. We consider the two cases for x - y: Case z -y € A and
Casez -y ¢ A.

Case z -y € A. Having N4 (x - y) = (1,1,0) implies that T (z - y) =1 > Ta(z) ATa(y), La(z-y) =1>
Ta(z) AN a(y), and Fa(z-y) =0 < Fu(x) V Fa(y).

Case z -y ¢ A. Having z - y ¢ G implies that either z ¢ G or y ¢ G. Without loss of generality, we
suppose that x ¢ G. Then Ns(z - y) = Na(z) = (0,0,1) and hence, Ta(z - y) = 0 > Ta(z) A Ta(y),
Isa(z-y)=02>Ta(x) AN1a(y),and Fa(z-y) =1 < Fa(x) A Fa(y). Let z < y. We consider the two cases
for x: Case z € A and Case x ¢ A.

Case v € A. Having y € A implies that Na(y) = (1,1,0) and hence 1 = Ty (y) > Ta(z), 1 = Ia(y) >
Ta(z), and 0 = Fy(y) < Fa(x).

Case z ¢ A. Having x ¢ A implies that N4 (x) = (0,0, 1) and hence T4 (y) > Ta(x) =0, I4(y) > Ia(z) =
0,and Fa(y) < Fa(z) = 1.

Conversely, let the SVNS corresponding to V4 be a single valued neutrosophic subgroupoid of G and
x,y € A. Then Ny(x) = Na(y) = (1,1,0). Since Ta(z - y) > Ta(x) ANTa(y), Ia(x - y) > La(x) A la(y),
and Fa(z - y) < Fa(x) V Fa(y), it follows that Na(z - y) = (1,1,0) and hence, x - y € A. Letz € A and
y <z Then T4 (y) > Ta(x) = 1,14(y) > Ia(z) =1, and Fu(y) < Fa(x) = 0. Thus, Na(y) = (1,1,0)
and hence, y € A. O

Lemma 4.12. Let (G, -, <) be an ordered groupoid and A C G. Then A is a left( (right) ideal of G if and only
if the single valued neutrosophic set corresponding to N 4 is a single valued neutrosophic left (right) ideal of

G.
Proof. The proof is similar to that of Lemmad.T1] O

Lemma 4.13. Let (G, -, <) be an ordered groupoid and A C G. Then A is an ideal of G if and only if the
single valued neutrosophic set corresponding to N 4 is a single valued neutrosophic ideal of G.

Proof. The proof from Lemma[4.12] and having an ideal of an ordered groupoid is a left ideal and right ideal
of it. O

Example 4.14. Let (G4, 1, <1) be the ordered groupoid defined in Example Let A, B be the SVNS on

G defined by N4, Np respectively as follows.
Na(a) =(0.9,0.8,0.1), Na(b) = Na(c) = (0.7,0.6,0.2);

Ng(a) = (0.9,0.8,0.1), N5(b) = (0.8,0.5,0.4), Ng(c) = (0.7,0.6,0.2).

Then A is a single valued neutrosophic ideal of G; and B is a single valued neutrosophic right ideal of G;.
Moreover, B is not a single valued neutrosophic left ideal of G as Tg(bc) = Tg(c) 7 Tr(b).

Example 4.15. Let (G1,*, <) be the ordered groupoid defined in Example and B be the SVNS on G
defined by Ny as follows.

Ng(a) = (0.9,0.8,0.1), Ng(b) = (0.8,0.5,0.4), Ng(c) = (0.7,0.6,0.2).

Then B is a single valued neutrosophic subgroupoid of (G; that is neither a single valued neutrosophic left
ideal of (G; nor a single valued neutrosophic right ideal of G .

Lemma 4.16. Let (G, -, <) be an ordered groupoid and A, a single valued neutrosophic subgroupoid of G.
Then (), Aq is a single valued neutrosophic subgroupoid of G.
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Proof- Letx,y € G. Then Ta, (z-y) > Ta, (z) ANTa, (y): La,(z-y) = La, (x) Aa,(y), and Fy, (z-y) <
Fa_(x)V Fa,(y) for all o. The latter implies that

Tn, au(@y) = inf Ty, (2-y) = nf{Ta, (£)A\Ta, ()} = inf Ta, (@)Af Ta, (y) = T A, (@A, 40 (9);
In, a,(z-y) =inf Iy, (2-y) > inf{la, (2) ALa, (y)} = inf Lo, (2) Anf La, (y) = In, 4, (@) A 4, (9);
F a,(xy) =sup Fa, (2y) < sup{Fa, () \Fa,(y)} = sup Fa, (z)Vsup Fa, (y) = Fn_ a, (@)VE_ a, ()

Lety < x. Then T (y) > Ta,(z), La,(y) > Ia,(z),and F4_(y) < Fy4_(x) for all o. One can easily see

that Tn 4, () > T a. (), In_ 4. (¥) > In_ 4. (2), and F_ 4, (y) < F a, (@). Therefore, 1, Aq is
a single valued neutrosophic subgroupoid of G. O

Remark 4.17. Let (G, -, <) be an ordered groupoid and A,, a single valued neutrosophic subgroupoid of G.
Then | J,, A, may not be a single valued neutrosophic subgroupoid of G.

We illustrate Remark [4.17] by the following example.
Example 4.18. Let (N, +, <) be the ordered groupoid of natural numbers under standard addition and trivial
order. Define the SVNS A, B on N as follows.

Noa(a) (1,1,0) if « is a multiple of 2;
€Tr) =
A 0,0,1) otherwise.

Na(z) = (1,1,0) if z is a multiple of 3;
B (0,0,1) otherwise.

It is clear that A and B are single valued neutrosophic subgroupoids of N. But A U B is not a single valued
neutrosophic subgroupoid of N as Naup(2+ 3) = Naup(5) = (0,0,1) so Taup(2 +3) = Taup(5) =0 #
1= TAuB(Q) A TAU3(3).

Lemma 4.19. Let (G, -, <) be an ordered groupoid and A, a single valued neutrosophic left (right) ideal of
G. Then (), Aq is a single valued neutrosophic left (right) ideal of G.

Proof. The proof is similar to that of Lemma[4.16] O

Lemma 4.20. Let (G, -, <) be an ordered groupoid and A, a single valued neutrosophic ideal of G. Then
M., A« is a single valued neutrosophic ideal of G.

Proof. The proof from Lemma and having an ideal of an ordered groupoid is a left ideal and right ideal
of it. O

Lemma 4.21. Let (G, -, <) be an ordered groupoid and A, a single valued neutrosophic ideal of G. Then
U, Aa is a single valued neutrosophic ideal of G.

Proof. Let z,y € G. Having A, a single valued neutrosophic right ideal of G implies that T4 _(z - y) >
Ta (), Ia, (x-y) >1a, (x),and Fu_(x-y) < Fa_(x) for all a. The latter implies that

Ty, Aa (x-y)=supTa_ (z-y) >supTa, (z) =supTa,(z) = 1y, A (2);

Iy, A (x-y)=supla, (z-y) >supla, (z) =supls, (z) = Iy, A, (x);
By, A (x-y)=inf Fy_(x-y) <inf Fy_(x) =inf Fu_(z) = Fy, a, ().

Similarly, having A,, a single valued neutrosophic left ideal of G implies that T4_ (z - y) > Ta, (v), L4, (x -
y) > Ia (y),and Fu_(x-y) < Fu_(y) for all a. The latter implies that

Ty, an(@-y)=supTa, (v-y) >supTa,(y) =supTa,(y) =Ty, a.(y);

Iy, a.(@-y)=supla, (z-y) >supla,(y) =supla,(y) =1y, a,(y);
Fy, a.(x-y) =inf Fa, (z-y) <inf Fa, (y) = inf Fa, (y) = Fy, 4. (¥)-

Lety < . Then Ta_(y) > Ta, (), Ia, (y) > 14, (x),and Fa_(y) < Fa_(x) for all . One can easily see

that Ty, () > Ty, a. (), Iy, A, (y) > Iy, a,(x),and Fy_a, (y) < Fy, a, (®). Therefore, |, Aq is
a single valued neutrosophic ideal of G. O
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Theorem 4.22. Let (G, -, <) be an ordered groupoid and A a SVNS over X. Then A is a single valued
neutrosophic subgroupoid of G if and only if L, g ~) is either the empty set or a subgroupoid of G for all
0<a,B,7y<L

Proof. Let Abe asingle valued neutrosophic subgroupoid of G and z,y € L(q,,,) # 0. Then T (z), Ta(y) >
o, Ia(z),Ia(y) > B,and Fa(z), Fa(y) < . Since A is a single valued neutrosophic subgroupoid of G, it fol-
lows that T4 (z-y) > Ta(x)ATa(y) > o, Ta(z-y) > Ta(z)ALa(y) > B, and Fa(x-y) < Fa(x)VFa(y) <.
Thus, 2 -y € Liap~) Lety < xzand z € Ly, Then Ta(y) > Ta(z) > o, Ia(y) > Ia(x) > B, and
Fa(y) < Fa(z) <. Thus, y € L4,,+) and hence, L4 3,) is a subgroupoid of G.

Conversely, let L, 3, 7# 0 be a subgroupoid of G for all 0 < «a,f,7 < 1 and z,y,2 € G with
NA(I) = (a17B1571) and NA(y) = (CJ&Q,BQ,’}/Q). By setting (Ol,ﬂ,’y) = (051 A OLQ,ﬂl A ﬂg,’}/l vV ’72), we get
that z,y € Lo, p,). Having L, g, # () a subgroupoid of G implies that z - y € L, 3,). The latter implies
that Th(z-y) > a=Ta(@)ATa(y), Ia(z-y) > B =ITa(x)AN1a(y),and Fa(z-y) < v = Fa(x)V Fa(y).
Lety <z with Na(z) = (o, 3,7). Theny € L, g, and hence, Ta(y) > o = Ta(x), Ia(y) > B = La(x),
and Fa(y) < = Fa(x). Thus, A is a single valued neutrosophic subgroupoid of G. O

Theorem 4.23. Let (G, -, <) be an ordered groupoid and A a SVNS over X. Then A is a single valued
neutrosophic left (right) ideal of G if and only if L(, g ) is either the empty set or a left (right) ideal of G for
all0 < a,B,v < 1.

Proof. The proof is similar to that of Theorem [4.27] O

Theorem 4.24. Let (G, -, <) be an ordered groupoid and A a SVNS over X. Then A is a single valued
neutrosophic ideal of G if and only if L., g ~) is either the empty set or an ideal of G for all 0 < o, 8,y < 1.

Proof. The proof from Theorem and having an ideal of an ordered groupoid is a left ideal and right ideal
of it. O

Corollary 4.25. Let (G, -, <) be an ordered groupoid and A a SVNS over X. If A is a single valued neutro-
sophic left (right) ideal of G then A is a single valued neutrosophic subgroupoid of G.

Proof. The proof follows from Theorem and Theorem [4.23 O
Remark 4.26. The converse of Corollary .25 may not hold. See Example [4.15]

4.2 Single valued neutrosophic filters of groupoids

Definition 4.27. Let (G, -, <) be an ordered groupoid and A a SVNS over G. Then A is single valued
neutrosophic filter of G if for all x, y € G, the following conditions hold:

1. Ta(z-y) = Tal(x) ANTa(y);

2. Ip(x-y) = Ta(x) Aa(y);

3. Fa(x-y) = Fa(z) V Fa(y);

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

Example 4.28. Let (G4, -4, <4) be the ordered groupoid defined in Example Then A = { o1 5_6 YERGE! 3.6 ERGES 3_8 5 }
is a single valued neutrosophic filter of G4.

Remark 4.29. Let (G, -, <) be an ordered groupoid and «, 5,y € [0,1]. Then A = {ﬁ sz € G}is
single valued neutrosophic filter of G. Moreover, it is called the trivial single valued neutrosophic filter.

Lemma 4.30. Let (G, -, <) be an ordered groupoid and A C G. Then A is a filter of G if and only if the single
valued neutrosophic set corresponding to N 4 is a single valued neutrosophic filter of G.

Proof. Let Abe afilter of G and z,y € G. We consider two cases forz - y: -y € Aand x -y ¢ A.

Case z - y € A. Having A a filter of G implies that z,y € A and hence, Na(z) = Na(y) = Na(z -y) =
(1,1,0). Thus, Conditions 1., 2., and 3. of Definition 4.27] are satisfied.

Case z - y ¢ A. Having A a filter of G implies that 2 ¢ A ory ¢ A. Having Na(z - y) = (0,0, 1) and either
Na(z) = (0,0,1) or Na(y) = (0,0, 1) implies that Conditions 1., 2., and 3. of Definition[4.27) are satisfied.
Letx < y. Ifz € Atheny € A and hence, Ns(x) = Na(y) which implies the Condition 4. in Definition
is satisfied. If = ¢ A then N4(x) = (0,0,1). Having N4(y) is either equal to (0,0,1) (ify ¢ A) or
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(1,1,0) (if y € A) implies the Condition 4. in Definition is satisfied. Consequently, the single valued
neutrosophic set corresponding to IV 4 is a single valued neutrosophic filter of G.

Conversely, let the single valued neutrosophic set corresponding to N4 be a single valued neutrosophic
filter of G. Let z,y € A. Itiseasytoseethat x -y € Aas Na(z-y) = Na(z) = Na(y) = (1,1,0).
Moreover, z -y € A. Then Na(z - y) = (1,1,0). Conditions 1., 2., and 3. of Defintion imply that
Ny(x) = Na(y) = (1,1,0) and hence =,y € A. Finally, let < y and x € A. Having N4(x) = (1,1,0)
and Condition 4. of Definition[4.27]imply that Na(y) = (1,1,0). Thus, y € A. O

Lemma 4.31. Let (G, -, <) be an ordered groupoid and A,, a single valued neutrosophic filter of G. Then
M., Aa is a single valued neutrosophic filter of G.

Proof. The proof can be done in a similar way to that of Lemma}4.16 O

Remark 4.32. Let (G, -, <) be an ordered groupoid and A, a single valued neutrosophic filter of G. Then
., Ao may not be a single valued neutrosophic filter of G.

We illustrate Remark [4.17]by the following example.
Example 4.33. Let (G, -) be the groupoid defined by Table 6]

Table 6: The groupoid (G, -)

NN = =
NSRS S I \S]
[SSIN ST NS ROV)

By setting <= {(1,1),(2,2),(3,3)}, we get that (G, -, <) is an ordered groupoid. By defining the SVNS
A, B on G as follows.

N4(1) = Na(2) = (0.6,0.8,0.1), No(3) = (1,0.8,0.1);

Ng(1) = (1,0.6,0.4), N5(2) = N5(3) = (0.9,0.6,0.4),

we get that A, B are single valued neutrosophic filters of G. Since Taup(1-3) = Taup(2) =09 # 1 =
Taup(1) A Taup(3), it follows that A U B is not a single valued neutrosophic filter of G.

Lemma 4.34. Let (G, -, <) be an ordered groupoid and A a single valued neutrosophic set over G. If A
is is a single valued neutrosophic filter of G then L, g . is either the empty set or a filter of G for all
0<apB,7<L

Proof. Let A be a single valued neutrosophic filter of G and z,y € G such that z -y € L(q,3,,) 7 . Then
Ta(z-y) > a,Ia(x-y) > B, and Fa(z-y) < ~. Since A is a single valued neutrosophic filter of G, it follows
that T4 (x-y) = Ta(x)ATa(y) > o, La(x-y) = Ia(x)ANa(y) > B,and Fa(x-y) = Fa(x)VFa(y) <. The
latter implies that T'a (), Ta(y) > a, Ia(x),1a(y) > B, and Fa(z), Fa(y) < v and hence, 2,y € L(4,5,4)-
Lety < zandy € L(a ). Then a < Ty(y) < Ta(x), B < Ta(y) < Ia(z), and v > Fa(y) > Fa(x).
Thus, z € L(q,3,+) and hence, L4, g,+) is a filter of G. Therefore, L, 5.y 7 0 is filter of G. O

Lemma 4.35. Let (G,-,<) be an ordered groupoid and A a single valued neutrosophic set over G. If
Liagy = {r € G : Na(x) = (o, B,7)} is a filter of G for all 0 < o, 3,y < 1 then A is a single
valued neutrosophic filter of G.

Proof. Letx,y € G with Ny(z -y) = (a, 5,7). Thenz - y € Z(Q,BN). Having Z(Q,Bﬁ) a filter of GG implies
that z,y € L4 p,). The latter implies that Na(z) = Na(y) = (o, 8,7) and hence, Ta(z) A Ta(y) =
a = Ta(z-y), la(x) Na(y) = B = La(z - y), and Fa(z) V Fa(y) = v = Fa(z -y). Let x < y with
Na(z) = (o, B,7). Having x € Lo 3,4y and L(q g - a filter of G implies that y € L4 g ). The latter implies
that T4 (z) = a < Ta(y), Ia(x) = B < Is(y), and Fa(x) = v > F4(y). Therefore, A is a single valued
neutrosophic filter of G. O
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S Some remarks on SVNS in ordered groups

In this section, we apply the definition of SVNS in ordered groupoids to ordered groups, present some
remarks and results. The results of this section can be considered as a base for new results on SVNS in ordered
groups.

Definition 5.1. Let (G, -, <) be an ordered group and A a SVNS over G. Then A is single valued neutrosophic
subgroup of G if for all z,y € G, the following conditions hold:

o Th(z-y) >Tal(z) NTa(y);

o In(x-y)>Ta(x)AIa(y);

o Fu(z-y) < Fa(z)V Fa(y);

o Ta(e=1) > Ta(@), Ia(z=1) > La(), Fa(z~!) < Fa(z);

o Iz < ythen Ta(z) > Taly), Ia(z) > La(y), and Fa(z) < Faly).

Proposition 5.2. Let (G, -, <) be an ordered group with identity “e” and A a single valued neutrosophic
subgroup of G. Then the following statements hold.

1. Na(z) = Na(z7Y) forallz € G.
2. Ta(e) > Ta(x), Ia(e) > 1a(x), and Fa(e) < Fa(x) forall x € G.
Proof. The proof is straightforward. O

Proposition 5.3. Let (G, -, <) be an ordered group and A a SVNS over G. Then A is a single valued neutro-
sophic left/right ideal of G if and only if A is the trivial single valued neutrosophic ideal of G.

Proof. The proof follows from Proposition 4.8] O

Proposition 5.4. Let (G, -, <) be an ordered group with identity “e” and A a SVNS over G. If e and x are
comparable for all x € G then A is a single valued neutrosophic subgroup of G if and only if A is the trivial
single valued neutrosophic subgroup of G.

Proof. 1If A is the trivial single valued neutrosophic subgroup of G then we are done.

Let A be a single valued neutrosophic subgroup of G. Since e, x are comparable, it follows that z < e or
e<az Ifzx <ethenTy(x) > Ta(e), Ia(x) > Ia(e), and Fa(x) < Fa(e). Proposition[5.2] 2. implies that A
is the trivial single valued neutrosophic subgroup of G. If e < x then =1 < e. The latter implies that T4 (e) >
TA(CU), IA(e) > IA(CU), and Fa(e) < FA(CU) and TA(x) = TA(Z‘_I) > TA((G), Ix(z) = IA(x_l) > IA(G),
and Fa(z) = Fa(z™') < Fa(e). Thus, A is the trivial single valued neutrosophic subgroup of G. O

Proposition 5.5. Let (G, -, <) be an ordered cyclic group with identity “e” and generator a, and A a SVNS
over G. If e < a then A is a single valued neutrosophic subgroup of G if and only if A is the trivial single
valued neutrosophic subgroup of G.

Proof. If A is the trivial single valued neutrosophic subgroup of G then we are done.

Let A be a single valued neutrosophic subgroup of G. Since e < a, it follows that a=! < e and hence
Ta(e) < Ta(a™t) = Ta(a), Ia(e) < Is(a™t) = I4(a), and Fa(e) > Fa(a™') = Fa(a). The latter and
Proposition [5.2] 2. imply that T'4(e) = Ta(a), Ia(e) = Ia(a), and F4(e) = Fa(a). Having e < a implies
thate < a® forall k = 1,2, ...and hence, a—* < e. The latter implies that T4 () = Ta(a*), L4(e) = I4(a®),
and Fa(e) = Fa(a*) for all k € Z. Therefore, A is the trivial single valued neutrosophic subgroup of G. [

Proposition 5.6. Let (G, -, <) be a finite ordered group with identity “e” and A a SVNS over G. If e < a for
some a € G — {e} then A is a single valued neutrosophic subgroup of G if and only if A is the trivial single
valued neutrosophic subgroup of G.

Proof. Let |G| = n. Then a™ = e. Since e < a, it follows that a < a® for all k = 1,2,.... By setting k = n,
we get that a < e. Having e < @ and a < e implies that a = e which is a contradiction. O
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6 Conclusion and discussion

This paper contributed to the study of neutrosophic algebraic structures by introducing, for the first time,
SVNS in ordered algebraic structures. Several new concepts were defined and studied like single valued
neutrosophic subgroupoid, single valued neutrosophic ideal, and single valued neutrosophic filter of groupoids
and many interesting examples were presented. Finally an application of this study to ordered groups was
presented.

For future work, we will work on SVNS in ordered groups and elaborate more properties about it. Also
we will work on SVNS in ordered semigroups.

Funding: “This research received no external funding”.
Conflicts of Interest: “The authors declare no conflict of interest.

References

[1] Al- Tahan, M., “Some results on single valued neutrosophic (weak) polygroups”, International Journal
of Neutrosophic Science (IINS), vol. 2, no. 1, pp. 38-46, 2020.

[2] Al- Tahan, M., Davvaz, B., “Neutrosophic X-Ideals (X-Subalgebras) of Subtraction Algebra”, Interna-
tional Journal of Neutrosophic Science (IINS), vol. 3, no. 1, pp. 44-53, 2020.

[3] Al-Tahan, M. and Davvaz, B., On single valued neutrosophic sets and neutrosophic N-structures: Appli-
cations on algebraic structures (hyperstructures), International Journal of Neutrosophic Science (IJNS),
3(2)(2020) 108-117.

[4] Atanassov, K.T, “Intuitionistic fuzzy sets”, Fuzzy sets and systems, vol. 20, no. 1, pp. 87-96, 1986.

[5] Clifford, A.H and Preston, G.B, The Algebraic Theory of Semigroups, Vol I, Amer. Math. Soc., Math.
Surveys 7, Providence, Rhode Island, 1977.

[6] Fuchs, L., Partially ordered algebraic systems, Int. Ser. of Monographs on Pure and Appl. Math. 28,
Pergamon Press, Oxford 1963.

[7] Kehayopulu, N., Tsingelis, M., Fuzzy sets in ordered groupoids, Semigroup Forum, 65(2002) 128-132.

[8] Khan, M., Anis, S., Smarandache, F., Jun, Y. B., “Neutrosophic N-structures and their applications in
semigroups”, Annals of Fuzzy Mathematics and Informatics, vol. 14, no. 6, pp. 583-598, 2017.

[9] Smarandache. F., Neutrosophy: Neutrosophic Probability, Set and logic, Ann Arbor, Michigan, USA,
105 (2002).

[10] Smarandache. F.,“Neutrosophic set- A generalization of the intuitionistic fuzzy set”, Int. J. Pure Appl.
Math., vol. 24, pp. 287-297, 2005.

[11] Ulucay, V., Sahin, M., “Neutrosophic multigroups and applications”, Mathematics, vol. 7, no. 1, 2019.
[12] Zadeh, L., “Fuzzy sets”, Inform and Control, vol. 8, pp. 338-353, 1965.
[13] Zelinka, B., “Subtraction semigroups”, Math. Bohemica, vol.120, pp. 445447, 1995.

[14] Zhang, Y., Sunderraman, R., Single Valued Neutrosophic Sets, Technical Sciences and Applied Mathe-
matics.

11



	1 Introduction
	2 Single valued neutrosophic sets
	3 Ordered groupoids and ordered groups
	4 SVNS in ordered groupoids
	4.1 Single valued neutrosophic subgroupoids (ideals) of groupoids
	4.2 Single valued neutrosophic filters of groupoids

	5 Some remarks on SVNS in ordered groups
	6 Conclusion and discussion

