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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 ordered groupoids, single valued neutrosophic ideals of ordered
groupoids, and single valued neutrosophic filters of ordered groupoids. Finally, we present some remarks on
single valued neutrosophic subgroups (ideals) of ordered groups.

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

Neutrosophy [[10], a new branch of philosophy that deals with indeterminacy, was launched by Smaran-
dache in 1998. The theory of neutrosophy is based on the concept of indeterminacy (neutrality) that is neither
true nor false. Smarandache [|11]] defined neutrosophic sets as a generalization of the fuzzy sets introduced by
Zadeh [15] in 1965 and as a generalization of intuitionistic fuzzy sets introduced by Atanassov [4] in 1986. A
special type of neutrosophic set is single valued neutrosophic set (SVNS) [14]] which also can be considered
as a generalization of fuzzy sets and intuitionistic fuzzy sets. In an SVNS, each element has a truth value
“t”, indeterminacy value “4”, and a falsity value “f” where 0 < ¢,4, f < land 0 < t+ i+ f < 3. When
i=0and f =1 —t, we getafuzzy setand when 0 < t+ f < landi =1—1t — f, we get an intuition-
istic fuzzy set. Neutroosphic sets have many applications in different fields of Science and Engineering. In
particular, they are connected to various fields of Mathematics and especially to Algebra. For example, many
researchers [[1,/2L9,/12}/13]] have 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 organized as follows: after an Introduction,
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 and 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.

Definition 2.1. [[14] Let X be a non-empty space of elements (objects). A single valued neutrosophic set
(SVNS) A on X is characterized by truth-membership function T4, indeterminacy-membership function 7 4,
and falsity-membership function Fl4. For each element z € X, 0 < Ty(x), Ia(z), Fa(z) < 1.
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Definition 2.2. [3]] Let X be a non-empty set, 0 < «, 3, < 1, and A an SVNS over X. Then the («, 3,7)-
level set of A is defined as follows:

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

Definition 2.3. [14]] Let X be a non-empty set and A, B be single valued neutrosophic sets over X defined
as follows.
x x

AT e fae) P T G w ) Fe@)

rxe X}

Then

1. A is called a single valued neutrosophic subset of B and denoted as A C B if Ta(z) < Tp(x),
Is(z) < Ip(z),and Fy(x) > Fp(x) forall z € X.
If A is a single valued neutrosophic subset of B and B is a single valued neutrosophic subset of A then
A and B are said to be equal single valued neutrosophic sets (A = B).

2. The union of A and B is defined to be the SVNS over X:

(Taus(x), Laup(x), Faup(z))

Here, TAuB(CC) e TA(J}) \/TB(I), IAUB(I) = IA(QL‘) \/IB(I), and FAUB(AT) e FA(:E) /\FB(I) for all
reX.

AUB={ cx e X}

3. The intersection of A and B is defined to be the SVNS over X:
T
(TanB (), Lanp(x), Fanp(T))

Here, TAQB(x) = TA(I‘) /\TB(Z‘), IAQB(I) e IA(JL‘) /\IB(I), and FAﬂB(m) e FA(:ZZ) \/FB(x) for all
reX.

ANB={ cx e X}

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

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

M = .
{(0.9,0.1,0.7)’ (1,0,0.6)’ (0.9,0.3,0.2)}
Then the SVNS SN M and S U M over X are as follows.

5={

S a m }
(0.7,0.1,0.7) (0.8,0,0.6)’ (0.1,0.3,1)

SNM={

S a m

M= .
SU {(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 ordered algebraic structures, we refer to [5]] and [6].

Definition 3.1. [5] Let (G, ) be a groupoid (group) and “<” be a partial order relation (reflexive, antisym-
metric, and transitive) on G. Then (G, -, <) is an ordered groupoid (ordered group) if the following condition
holds for all z € G.

Ifx<ythenz-z<z-yandx-z<y-z.

Definition 3.2. Let (G, -, <) be an ordered groupoid (group). Then G is called a total ordered groupoid
(group) if x and y are comparable forall z,y € G.ie,x < yory < zforall z,y € G.

An ordered groupoid (G, -, <) is said to be commutative if x - 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 (group). Then by defining “<” on G as follows: For all 2,y € G,
rLy<zxc=y.

Then (G, -, <) is an ordered groupoid (group).
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 (Q, -, <) is an ordered group. Where
“<” is defined as follows: For all ¢,¢' € QT ,

/

qg<q = L en.
q
We show that the partial order “<” defines an order on QT. Let ¢ < ¢’ and z € QT. Having %' eNandz >0
implies that %1/72 € N. Thus, ¢z < ¢'z.
141
= 2 € N whereas, ; £ 5 as

As an illustration for “<” on Q, we can say that 1 < $ as =2 ¢N

,M»—A‘w\»—t
ool

We present some examples on ordered groupoids that are not ordered groups.

Example 3.6. Let GG be any non-empty set with ¢ € GG and “<” a partial order on G. Then by setting x-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 “<y” in N as follows: For all
:L', y e Ns
rz <yyifandonlyifz > y.

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

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

Example 3.8. Let (G, 1) be the groupoid defined by Table

Table 1: The groupoid (G1, 1)

oo oo
o o oo
o 0 |6

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

Example 3.9. Let (G4, *) be the groupoid defined by Table[2]

Table 2: The groupoid (G, %)

o o |+
[SUREE ~VIN <V I V)
o o
L0 00

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

Example 3.10. Let (Go, -2) be the groupoid defined by Table
By setting <o= {(1,1),(2,2),(2,3),(3,3), (4,4)}, we get that (G, -2, <2) is an ordered groupoid that is not
a total ordered groupoid.
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Table 3: The groupoid (Ga, -2)

N

AW~
O SO Y
I NN Y
A Db ba|lw
N N NN N

Table 4: The groupoid (Gs, -3)

-3 e [¢ d
e e c d
c c C C
d d c d

Table 5: The groupoid (G4, -4)

—_
[N U U
— = =N
W = = D

Example 3.11. Let (G3, -3) be the groupoid defined by Table@
By setting <z= {(e,e), (¢, ), (¢, d), (d,e), (d,d)}, we get that (G, -5, <3) is a total ordered groupoid with

[TPRL]

an identity “e”.

Example 3.12. Let (G4, -4) be the groupoid defined by Table
By setting <,= {(1,1),(1,3),(2,2),(2,1),(2,3),(3,3)}, we get that (Gy4, -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
1. S'is a subgroupoid of G if (S, -) is a groupoid and (S] C S.
2. Sisaleftideal of Gif G-S C Sand (S] CS.
3. Sisarightideal of Gif S-G C Sand (S] C S.
4. Sis an ideal of G if it is a left ideal of G 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 F' C G. Then F is a filter of G if the following
conditions are satisfied.

(1) z-ye Fforalx,y € F;
Q) Ifx-y € Fthenz,y € Fforallz,y € G,
B) IfzxeF,yec Gandx < ytheny € F.
Example 3.18. In Example {3} and G, are the only filters of (G4, -4, <4).

4 SVNS in ordered groupoids

In this section and inspired by the definition of fuzzy sets in ordered groupoids [7]], we define for the
first time single valued neutrosophic subgroupoids (ideals) (in Subsection 4.1) as well as single valued neu-
trosophic 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 on
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 an SVNS over G. Then A is single valued
neutrosophic subgroupoid of G if for all x,y € G, the following conditions hold:

() Ta(z-y) > Ta(z) ANTaly);

() La(w-y) > La(x) A La(y);

(3) Fa(z-y) < Fa(z) V Fa(y)s

4 Ifz <ythen Tx(x) > Ta(y), Ia(xz) > La(y), and Fa(x) < Fa(y).

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

(1) Ta(z-y) = Taly):
(2) Ia(z-y) = La(y);
(3) Falz-y) < Fa(y):
(4) Iz <ythen Ta(x) > Ta(y), La(z) > 1a(y), and Fa(x) < Fa(y).

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

(1) Ta(z-y) = Ta(w);

() Ia(z-y) = La(x);

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

4) Ifx <ythenTa(x) > Ta(y), La(z) = La(y), and Fa(z) < Fa(y).

Definition 4.4. Let (G, -, <) be an ordered groupoid and A an SVNS over GG. 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 an 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 «, 3,7 € [0, 1] be fixed values. Then
x

A:{m:mEG}

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

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

defined as follows: For all n € N, ) L1

Na(n)=(1- - 1-— - ﬁ)'
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 n,n’ € N. Then n + n’ > n and thus,
Tan+n')=Ia(n+n)=1- n_&n, >1— 1+ =Tu(n)=1Ia(n)and Fs(n+n') = ﬁ < L =Fa(n).
Let n <y n/. Then n > n’ and hence, Ta(n) = Ia(n) = 1 - > 1 -5 = Ty(n') = I4(n) and
Fa(n) =1 <L =Fy ).

Proposition 4.8. Let (G, -, <) be an ordered groupoid with identity e and A an 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.
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Proof. If A is the trivial single valued neutrosophic ideal of G then we are done by Remark [4.6]

Conversely, let A be a single valued neutrosophic left (right) ideal of G. 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 G is
done similarly. Let A be a single valued neutrosophic right ideal of G. Then for all € GG, we have:

Ta(x) =Ta(e-x) > Tale), Ia(x) =Ia(e-x) > I1a(e), and Fy(x) = Fa(e- ) < Fy(e);

Ta(z)=Ta(z-e) >Ta(x),Ia(z) =1a(x-€) > Ia(z), and Fa(z) = Fa(x -e) < Fa(x).

The latter implies that
TA(J?) = TA(e),IA(JJ) = IA(e), and FA(QE) = FA(e).

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

Example 4.9. Propositionasserts that the ordered groupoid (Gs, -3, <3) in Example has no non-trivial
left (right) single valued neutrosophic ideals.

We present an example on a single valued neutrosophic right ideal that is not a single valued neutrosophic
left ideal and an example on a single valued neutrosophic subgroupoid that is neither a single valued neutro-
sophic left ideal nor a single valued neutrosophic right ideal.

Example 4.10. Let (G4, -1, <1) be the ordered groupoid defined in Exampleand A, B be the SVNS on G
defined by N4, Np respectively as follows.

Na(a) = (0.9,0.8,0.1), No(b) = Na(c) = (0.7,0.6,0.2);

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 A is a single valued neutrosophic ideal of Gy and B is a single valued neutrosophic right ideal of Gj.
Moreover, B is not a single valued neutrosophic left ideal of Gy as Tp(b 1 ¢) = T(c) # Tr(b).

Example 4.11. Let (G1,*, <;) be the ordered groupoid defined in Example and B be the SVNS on G
defined by Np as follows.

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 B is a single valued neutrosophic subgroupoid of (G5 that is neither a single valued neutrosophic left
ideal of G nor a single valued neutrosophic right ideal of Gy as Tg(b* ¢) = Tg(c* b) = Tg(c) # Tr(b).

Lemma 4.12. Let (G, -, <) be an ordered groupoid and A, a single valued neutrosophic subgroupoid of G.
Then (), Aa is a single valued neutrosophic subgroupoid of G.

Proof- Letx,y € G. ThenTa, (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, aa(zy) = nf Ta, (2-y) > igf{TAa ()A\Ta, (y)} = inf Ta, (2)Ainf Ta, (y) = T, 4, (2)AT0, 4. (9);

In, a.(z-y) =inf Iy, (2-y) > inf{la, (2) AL, (y)} = inf Lo, (2) Anf La, (y) = In, 4. (@) A, 4, (9);
Fn. a,(zy) =sup Fa, (zy) <sup{Fa,(z)VFa,(y)} =sup Fa,(z)Vsup Fa,(y) = F_a,(2)VFn_ a,(y)-

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

that Tn 4, (y) > 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 4.13. 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 [4.13]by the following example.
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Example 4.14. Let (N, +, <) be the ordered groupoid of natural numbers under standard addition and trivial
order. Define the SVNS A, B on N as follows.

Na(a) (0.9,0.3,0) if x is a multiple of 2;
x) =

4 (0,0,1) otherwise.

N () = (0.9,0.3,0) if x is a multiple of 3;
P (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 Naug(2+ 3) = Naup(5) = (0,0,1) so Taup(2 +3) = Taup(5) = 0 #
09 = TAuB(2) A TAuB(?)).

Lemma 4.15. Let (G, -, <) be an ordered groupoid and A, a single valued neutrosophic left (right) ideal of
G. Then (), Aa is a single valued neutrosophic left (right) ideal of G.

Proof. The proof is similar to that of Lemma .12} O

Lemma 4.16. 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 follows from Lemma[4.15]and having an ideal of an ordered groupoid is a left ideal and right
ideal of it. O

Lemma 4.17. 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 (x - y) >
Ta (x),Ia, (x-y) > 14, (x),and Fy_(x-y) < Fa_(x) for all a. The latter implies that

Ty, Aa(x-y) =supTa, (z-y) > supTa, (z) =Ty, a,(2);

Iy, . (x-y)=supla, (xz-y) >supla, (z) = Iy, A (z);
By, a., (z-y) = igf Fa (z-y) < igf Fy (z) = By, A, (z).

Similarly, having A,, a single valued neutrosophic left ideal of G implies that T4_ (- y) > Ta_ (y), La_(x -
y) > 14, (y),and Fy_(x-y) < Fyu_(y) for all . The latter implies that

Ty, A (x-y) =supTa,(z-y) >supTa,(y) =Ty  a,(¥);
« (6%

Iy, a,(x-y)=supla,(z-y) >supla,(y) =1y a,(v);

By, 4, (z-y) = inf Fa (z-y) <inf Fy, (y) = Fy, a,(1)-

Lety < x. Then T, (y) > Ta,(z), La,(y) > I1a,(z), and Fy_(y) < Fy4,(x) for all c. One can easily see

that Ty, () > Ty, a. (), Iy, A, (y) = Iy, a,(x),and Fy_a,(y) < F, a, (®). Therefore, |, Aq is
a single valued neutrosophic ideal of G. O

Theorem 4.18. Let (G, -, <) be an ordered groupoid and A an 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,B8,y<L

Proof. Let Abe asingle valued neutrosophic subgroupoid of G and 2,y € L(q,5,) # 0. Then Ta(x), Ta(y) >
a, Ia(x),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(x)ANIa(y) > B,and Fa(x-y) < Fa(x)VFa(y) < 7.
Thus, 2 -y € L(a,p,+) Lety < xzand x € L(a,5,4). Then Ta(y) > Ta(x) > o, Ta(y) > 1a(x) > 3, and
Fa(y) < Fa(z) <. Thus, y € L4, ,+) and hence, L4, 3,,) is a subgroupoid of G.

Conversely, let L, g # 0 be a subgroupoid of G for all 0 < a, ,7 < l and 2,y € G with Ny(z) =
(a1,B1,7) and N4g(y) = (ag,B2,72). By setting (o, 5,7) = (a1 A ae, 1 A B2, 71 V 72), we get that
z,Yy € L(a,g,,). Having L(4 g ) # () a subgroupoid of G implies that x - y € L(,, ). The latter implies that
Ta(x-y) > a=Ta(x) NTa(y), Ia(z - y) > B = Ia(x) Aa(y), and Fa(z -y) < v = Fa(z) V Fay).
Lety <z with Na(z) = (o, B,7). Theny € L4 g, and hence, Ta(y) > o = Ta(x), a(y) > B = La(x),
and F4(y) < = Fa(z). Thus, A is a single valued neutrosophic subgroupoid of G. O
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Theorem 4.19. Let (G, -, <) be an ordered groupoid and A an SVNS over X. Then A is a single valued
neutrosophic left (right) ideal of G if and only if L, 3 . is either the empty set or a left (right) ideal of G for
all0 < a,8,7 < 1L

Proof. The proof is similar to that of Theorem O

Theorem 4.20. Let (G, -, <) be an ordered groupoid and A an 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 follows from Theorem and having an ideal of an ordered groupoid is a left ideal and
right ideal of it. O

Corollary 4.21. Let (G, -, <) be an ordered groupoid and A an 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 {.18|and Theorem [4.19] O
Remark 4.22. The converse of Corollary #.2T|may not hold. (See Example[4.11])

4.2 Single valued neutrosophic filters of groupoids

Definition 4.23. Let (G, -, <) be an ordered groupoid and A an SVNS over G. Then A is single valued
neutrosophic filter of G if for all z,y € G, the following conditions hold:

. Ta(z-y) =Ta(x) ANTaly);
2. Ta(z-y) = La(z) A La(y);
3. Fa(z-y) = Fa(x) V Fa(y);
4. If o < y then Ta(x) < Ta(y), La(z) < La(y), and Fa(z) = Fa(y).
Example 4.24. Let (G4, -4, <4) be the ordered groupoid defined in Example[3.12] Then

1 2 3
(0.1,0.6,1)" (0.1,0.6,1)" (0.9,0.8,0)

A={

is a single valued neutrosophic filter of G4.

Remark 4.25. Let (G, -, <) be an ordered groupoid and «, 3, € [0, 1] be fixed values. Then
_r
(o, 8,7)

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

A={ rx € G}

Lemma 4.26. Ler (G, -, <) be an ordered groupoid and A, a single valued neutrosophic filter of G. Then
o, Aa is a single valued neutrosophic filter of G.

Proof. The proof can be done in a similar way to that of Lemma[.12] O

Remark 4.27. Let (G, -, <) be an ordered groupoid and A, a single valued neutrosophic filter of G. Then
U, Ao may not be a single valued neutrosophic filter of G.

We illustrate Remark [4.13| by the following example.
Example 4.28. Let (G, -) be the groupoid defined by Table 6]

Table 6: The groupoid (G, -)

. 1 2 3
1 1 2 2
2 2 2 2
3 2 2 3
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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);

Np(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 4.29. Let (G, -, <) be an ordered groupoid and A a single valued neutrosophic set over G. If A'is a
single valued neutrosophic filter of G then for all 0 < «, 3,y < 1, L(q4,3,~) is either the empty set or a filter of
G.

Proof. Let A be a single valued neutrosophic filter of G and x,y € G. One can easily see that if z,y €
Liapqy #0thenz-y € Ligg). 2y € Lqpq) # OthenTy(z-y) > o, Ia(z-y) > f,and Fa(z-y) < 7.
Since A is a single valued neutrosophic filter of G, it follows that T4 (z-y) = Ta(z) ATa(y) > o, Ia(z-y) =
Ta(z) N1a(y) > B, and Fa(z - y) = Fa(z) V Fa(y) < . The latter implies that T4 (z), Ta(y) > «a,
Ix(x),Ia(y) > B, and Fa(x), Fa(y) < v and hence, 2,y € L(q3,). Lety < xandy € L, p,4). Then
a< TA(y) < TA(Z‘), ﬁ < IA(y) < IA(J,‘), andw > FA(y) > FA(Z‘) Thus, x € L(a’ﬁ’»y) and hence, L(a,ﬁ,y)
is a filter of G. Therefore, L4, 3,,) # () is filter of G. O

Lemma 4.30. Let (G,-,<) be an ordered groupoid and A a single valued neutrosophic set over G. If

Z(%Bﬂ) ={x € G : Na(z) = (o, 8,7)} is a filter of G for all 0 < «,B,7 < 1 then A is a single
valued neutrosophic filter of G.

Proof. Letz,y € G with Ny(z -y) = (a, 5,7). Thenz -y € f(aﬁm. Having Z(Q,BW) a filter of G implies
that z,y € L(ap,). 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). Letz < y with

Na(z) = (o, B,7). Having x € Lo g,) and L, g a filter of G implies that y € L4 g.). The latter
implies that T4 (z) = o < Ta(y), Ia(x) = B < Ia(y), and Fa(x) = v > Fa(y). Therefore, A is a single
valued neutrosophic filter of G. O

5 Some remarks on SVNS in ordered groups

In this section, we apply the definition of SVNS in ordered groupoids to ordered groups and point out some
remarks and results about SVNS in ordered groups. Ideas of this section can be considered as a base for a new
possible research on SVNS in ordered groups.

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

(1) Ta(z-y) > Talx) ATa(y);

(2) La(z - y) > La(z) N La(Y);

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

(4) Ta(z™) > Ta(z), Ia(z™t) > Ia(z), Fa(z™!) < Fa(z);

(S) Ifx <ythenTa(x) > Ta(y), La(z) = La(y), and Fa(z) < Fa(y).

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. Nao(z) = Na(x™1) forall x € G.

2. Ta(e) > Ta(x), La(e) > Ia(x), and Fy(e) < Fa(z) forall x € G.
Proof. The proof is straightforward. O
Proposition 5.3. Let (G, -, <) be an ordered group and A an 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.
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Proof. The proof follows from Proposition 4.8] O

Proposition 5.4. Let (G, -, <) be an ordered group with identity “e” and A an 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. 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, x are comparable, it follows that z < e or
e <z Ifx < ethen Ta(x) > Tale), Ia(xz) > Ia(e), and Fa(z) < Fa(e). Proposition 2. implies
that A is the trivial single valued neutrosophic subgroup of G. If e < x then 2! < e. The latter implies that
TA(G) > TA(ZL‘), IA(e) > IA(:L‘), and Fs(e) < FA(:L‘) and Tx(z) = TA(.Z‘_l) > Tale), IA(QZ) = ]A(CL'_I) >
I4(e),and Fa(x) = Fa(z~!) < Fa(e). Thus, A is the trivial single valued neutrosophic subgroup of G. [J

Corollary 5.5. Let (G, -, <) be a total ordered group. Then G has no non-trivial single valued neutrosophic
subgroups.

Proof. Since (G, -, <) is a total ordered group, it follows that “e” (the ideantity of ) and x are comparable
for all z € G. Proposition [5.4] completes the proof. O

“_»

Proposition 5.6. Let (G, -, <) be an ordered cyclic group with identity “e” and generator a, and A an 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. 1If A is the trivial single valued neutrosophic subgroup of GG 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) < Ia(a™t) = I4(a), and Fa(e) > Fa(a™') = Fa(a). The latter and
Proposition [5.2] 2. imply that T4(e) = Ta(a), Ia(e) = Ia(a), and Fa(e) = Fa(a). Having e < a and
(G,-, <) an ordered group implies that e < a* for all k = 1,2, ... and hence, a=* < e. The latter implies
that T4 (e) = Ta(a¥), Ia(e) = I4(a*), and F4(e) = Fa(a*) for all k € Z. Therefore, A is the trivial single
valued neutrosophic subgroup of G. O

Example 5.7. Using Proposition [5.6] we get that the ordered group of integers under standard addition and
usual order has no non-trivial single valued neutrosophic subgroups.

Proposition 5.8. Let (G, -, <) be a finite ordered group with identity “e” and A an SVNS over G. If e < a or
a<ethena=e.

Proof. Let |G| = n. Then a” = e. Ife < athena < a* forall k = 1,2,.... By setting k = n, we get that
a<e. Andifa < ethene < a ! andhence a=! < (a~1)" = e. In both cases, we get that a = e. O

Proposition 5.9. Let (G, -, <) be a finite ordered group with identity “e”. Then “<” is the trivial order on G.

Proof. Suppose that there exist x,y € G such that z < y. Then e < yx~! . Proposition asserts that
1

yx~ " = e and hence, x = y. O

From Proposition we deduce that studying single valued neutrosophic subgroups of finite or-
dered group is the same as studying single valued neutrosophic subgroups of groups as the order is the
trivial order. As a result, studying single valued neutrosophic subgroups of ordered groups should start
with infinite groups.

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 subgroupoids, single valued neutrosophic ideals, and single valued neutrosophic filters of ordered
groupoids and many interesting examples were presented. Finally, an application of this study to ordered
groups was discussed. The latter can be considered as a base for a new possible research on SVNS over
ordered groups.

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.
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