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Abstract: The notions of (special) neutrosophic A-UP-subalgebras, (special) neutrosophic /-near
UP-filters, (special) neutrosophic N-UP-filters, (special) neutrosophic N-UP-ideals, and (special)
neutrosophic JM-strongly UP-ideals of UP-algebras are introduced, and several properties are
investigated. Conditions for neutrosophic A“structures to be (special) neutrosophic
MN-UP-subalgebras, (special) neutrosophic A-near UP-filters, (special) neutrosophic N-UP-filters,
(special) neutrosophic AM-UP-ideals, and (special) neutrosophic -strongly UP-ideals of
UP-algebras are provided. Relations between (special) neutrosophic A-UP-subalgebras (resp.,
(special) neutrosophic J-near UP-filters, (special) neutrosophic N-UP-filters, (special) neutrosophic
MN-UP-ideals, (special) neutrosophic N-strongly UP-ideals) and their level subsets are considered.
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1. Introduction

Among many algebraic structures, algebras of logic form important class of algebras. Examples
of these are BCK-algebras [14], BCl-algebras [15], BCH-algebras [11], KU-algebras [28], SU-algebras
[21] and others. They are strongly connected with logic. For example, BCI-algebras were introduced
by Iséki [15] in 1966 have connections with BCI-logic being the BCl-system in combinatory logic
which has application in the language of functional programming. BCK and BCl-algebras are two
classes of logical algebras. They were introduced by Imai and Iséki [14, 15] in 1966 and have been
extensively investigated by many researchers. It is known that the class of BCK-algebras is a proper
subclass of the class of BCI-algebras.

The branch of the logical algebra, UP-algebras was introduced by Iampan [12] in 2017, and it is
known that the class of KU-algebras [28] is a proper subclass of the class of UP-algebras. It have been
examined by several researchers, for example, Somjanta et al. [32] introduced the notion of fuzzy
sets in UP-algebras, the notion of intuitionistic fuzzy sets in UP-algebras was introduced by Kesorn
et al. [22], Kaijae et al. [20] introduced the notions of anti-fuzzy UP-ideals and anti-fuzzy
UP-subalgebras of UP-algebras, the notion of Q -fuzzy sets in UP-algebras was introduced by

Tanamoon et al. [37], etc.

Neutrosophy provides a foundation for a whole family of new mathematical theories with the
generalization of both classical and fuzzy counterparts. In a neutrosophic set, an element has three
associated defining functions such as truth membership function (T), indeterminate membership
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function (I) and false membership function (F) defined on a universe of discourse X . These three
functions are independent completely. The concept of neutrosophic logics was first introduced by
Smarandache [31] in 1999. Jun et al. [16] introduced a new function, called a negative-valued
function, and constructed A-structures in 2009. Khan et al. [23] discussed neutrosophic V. structures
and their applications in semigroups in 2017. Jun et al. [17, 33] considered neutrosophic A-structures
applied to BCK/BCl-algebras and neutrosophic commutative N-ideals in BCK-algebras in 2017. Jun
et al. [19] studied neutrosophic positive implicative N-ideals in BCK-algebras in 2018. Abdel-Baset
and his colleagues applied the notion of neutrosophic set theory in the new fields (see [1,2, 3, 4, 5, 6,
27]). Jun and his colleagues applied the notion of neutrosophic set theory in BCK/BCI-algebras (see
[8, 18, 24, 26, 35, 36]).

The remaining part of the paper is structured as follows: Section 2 gives some definitions and
properties of UP-algebras. Section 3 introduces the notions of neutrosophic N-UP-subalgebras,
neutrosophic JA-near UP-filters, neutrosophic MN-UP-filters, neutrosophic A-UP-ideals, and
neutrosophic A-strongly UP-ideals of UP-algebras, and a level subset of a neutrosophic JA-structure
is proved in Section 4. Section 5 introduces the notions of special neutrosophic A-UP-subalgebras,
special neutrosophic JM-near UP-filters, special neutrosophic N-UP-filters, special neutrosophic
MN-UP-ideals, and special neutrosophic N-strongly UP-ideals of UP-algebras, and a level subset of a
neutrosophic J-structure of special type is proved in Section 6. This paper has been finalized with
that result.

2. Basic results on UP-algebras
Before we begin our study, we will give the definition of a UP-algebra.

Definition 2.1 [12] An algebra X =(X,-0) of type (2,0) is called a UP-algebra where X is a
nonempty set, * is a binary operation on X, and 0 is a fixed element of X (i.e., a nullary
operation) if it satisfies the following axioms:

(UP-1) (vx,y,ze€ X)((y-2)-((x-y)-(x-2))=0),

(UP-2) (vxe X)(0-x=Xx),
(UP-3) (¥xe X)(x-0=0), and
(UP-4) (vx,yeX)(x-y=0,y-x=0=>x=Y).

From [12], we know that the notion of UP-algebras is a generalization of KU-algebras (see [28]).

Example 2.2 [30] Let X be a universal set and let QeP (X) where P (X) means the power set of
X . Let P,(X)={AeP(X)|Qc A} . Define a binary operation - on P,(X) by putting
A-B=BN(A°UQ) forall ABe P,(X) where A° means the complement of a subset A . Then
(Po(X),- Q) is a UP-algebra and we shall call it the generalized power UP-algebra of type 1 with
respectto Q. Let P ?(X)={AecP (X)| Ac Q}. Define a binary operation * on P 2(X) by putting
A*B=BU(A°NQ) forall ABeP®(X). Then (P“(X),*Q) isa UP-algebra and we shall call it
the generalized power UP-algebra of type 2 with respect to Q. In particular, (P (X)) is a
UP-algebra and we shall call it the power UP-algebra of type 1, and (P (X),* X) is a UP-algebra
and we shall call it the power UP-algebra of type 2.

Example 2.3 [9] Let N be the set of all natural numbers with two binary operations o and e
defined by

y ifx<y,

0 otherwise 0 otherwise

] and (VX,yeN)(XOy:{y lfx>yorx:0,j.

(VX,yeN)[Xoy:{
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Then (N,0,0) and (N,e,0) are UP-algebras.

Example 2.4 [25] Let X ={0,1,2,3,4,5} be a set with a binary operation - defined by the following

Cayley table:

012345
0012345
1002325
2 010315
3012045
4000305
5002020

Then (X,:,0) is a UP-algebra.

For more examples of UP-algebras, see [7, 13, 29, 30].

The following proposition is very important for the study of UP-algebras.

Proposition 2.5 [12, 13] In a UP-algebra X =(X,,0), the following properties hold:
1. (¥xeX)(x-x=0),

(W%,y,2e X)(x-y=0,y-2=0=>x-2=0),

(" y,ze X)(x-y=0=(z-x)-(z-y)=0),

(" y,ze X)(x-y=0=(y-2)-(x-2)=0),

(Vx,y € X)(x-(y-x) =0),

(WX, ye X)((y-X): x=0=x=y-X),

(Vx,y e X)(x-(y-y)=0),

(va,xy,ze X)((x-(y-2))-(x-((@-y)-(a-2))) =0) ,

(va,xy,ze X)((((a-x)-(a-y))-2)-((x-y)-2) =0) ,

10. (¥ y,ze X)((x-y)-2)-(y-2) =0),

11. (WX, y,ze X)(x-y=0=x-(z-y)=0),

12, (WX, Y, 2e X)(((x-y)-2)-(x-(y-2))=0), and

3. (va,xy,ze X)(((x-y)-2)-(y-(a-2)) = 0).

¥ X N LD

On a UP-algebra X =(X,-0), we define a binary relation < on X [12] as follows:
(WX, ye X)(x<y<=x-y=0).
Definition 2.6 [10, 12, 32] A nonempty subset S of a UP-algebra (X,-0) is called
1. aUP-subalgebraof X if (Vx,yeS)(x-yeS).
2. amnear UP-filter of X if
(a) theconstant 0 of X isin S, and
(b) (¥x,yeX)(yeS=x-ye9S).
3. aUP-filterof X if
(a) the constant 0 of X isin S, and
(b) (¥x,yeX)(x-yeS,xeS=yeS).
4. aUP-ideal of X if
(a) the constant 0 of X isin S, and
(b) (WX, y,ze X)(X-(y-2)eS,yeS=x-z€5).
5. astrongly UP-ideal of X if
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(a) the constant 0 of X isin S, and
b) (WX, Y,z2eX)(z-y)-(z-x)eS,yeS=xeS).

Guntasow et al. [10] proved that the notion of UP-subalgebras is a generalization of near
UP-filters, near UP-filters is a generalization of UP-filters, UP-filters is a generalization of UP-ideals,
and UP-ideals is a generalization of strongly UP-ideals. Moreover, they also proved that a

UP-algebra X is the only one strongly UP-ideal of itself.

Theorem 2.7 Let N'be a nonempty family of near UP-filters of a UP-algebra X =(X,-,0). Then NN and
N are near UP-filters of X .

Proof. Clearly, 0eN for all NeA/". Then OenA. Let Xxe X and yenMN. Then yeN for all
N €N Since N isanear UP-filter of X, wehave X-yeN forall N e.fand so X-yenJV. Hence,
NNVis a near UP-filter of X . Since NnN'c LN, we have 0euUN. Let xe X and yeuN. Then yeN
for some N e.V. Since N is a near UP-filter of X, we have x-yeN c U.V,. Hence, UNis a near
UP-filter of X .

3. Neutrosophic JM-structures

We denote the family of all functions from a nonempty set X to the closed interval [-1,0] of
the real line by F (X,[-1,0]). An element of F (X,[-1,0]) is called a negative-valued function from
X to [-1,0] (briefly, N-function on X ). An ordered pair (X, f) of X and an /M function f on
X is called an N-structure.

A neutrosophic N-structure over a nonempty universe of discourse X [23] is defined to be the
structure

Xy =X Ty (x), 1y (), Ry (X)) [ x e X}
where T,,l, and F, are M 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.
For the sake of simplicity, we will use the notation X, or X, =(X,Ty,ly,F) instead of the

neutrosophic JM-structure [16].

Definition 3.1 Let X, be a neutrosophic /-structure over a nonempty set X . The neutrosophic

Nestructure Xn = (X, T, In,Fn) defined by

Tu(x) =-1-Ty(x)
(vxeX)[In(x) =-1-1,(x) (3.1)
Fn(x) =-1-F,(x)

is called the complement of X in X.

Remark 3.2 For all neutrosophic N-structure X, over a nonempty set X , we have X = Xn.

Lemma 3.3 [33] Let f be an MN-function on a nonempty set X . Then the following statements hold:
1. (WX, y e X)(—1-max{f (x), f(y)}=min{-1- f(x),-1- f(y)}), and
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2. (WX y e X)(=1—min{f (x), f (y)}=max{-1- f(x),-1- f(y)}).

The following lemmas are easily proved

Lemma 3.4 Let f bean N-function on a nonempty set X . Then the following statements hold:

1. (VX Y,ze X)(f(x) =min{f(y), f(D)}< F(X) <max{f(y), f(2)}),
2. (WY, zeX)(F()<min{f(y), f(2)}< f(x)=max{f(y), f (2},
3. (WX, Y,zeX)(F()=max{f(y), f(2)}< f(x)<min{f(y), f(2)}), and

4. (WX y,ze X)(F)<max{f(y), f(2)}< f(x)=min{f(y), f(2)}).

In what follows, let X denote a UP-algebra (X,-,0) unless otherwise specified.

Now, we introduce the notions of neutrosophic JN-UP-subalgebras, neutrosophic JM-near
UP-filters, neutrosophic A-UP-filters, neutrosophic N-UP-ideals, and neutrosophic A-strongly
UP-ideals of UP-algebras, provide the necessary examples, investigate their properties, and prove

their generalizations.

Definition 3.5 A neutrosophic JM-structure X, over X is called a neutrosophic N-UP-subalgebra

of X if it satisfies the following conditions:

(v y € X)(Ty (x-y) < max{Ty (x), Ty (¥)3), (3.2)
(vx,y € X)(Iy (x-y) = min{l, (x), 1 (Y)}), (3.3)
(vx,y € X)(Fy (x-y) < max{F, (x), F (Y)})- (3.4)

Example 3.6 Let X ={0,1,2,3,4} be a set with a binary operation - defined by the following

Cayley table:
012 3 4
0012 3 4
1 00 2 3 4
2 000 3 4
30020 4
4 00000

Then (X,-0) isa UP-algebra. We define a neutrosophic JN-structure X, over X as follows:
T,(0)=-08, 1,(0)=-0.3, F,(0)=-08,
T,(1)=-06, 1,(1)=-0.7, F,(1)=-08,
T,(2)=-04, 1,(2)=-08, F,(2)=-0.7,
T,(3=-01 1,(3)=-05, F,(3)=-05,
T, @) =-02, 1,(4)=-09, F,(4)=-03.
Hence, X, isaneutrosophic A-UP-subalgebraof X.
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Definition 3.7 A neutrosophic M-structure X, over X is called a neutrosophic N-near UP-filter of

X if it satisfies the following conditions:

(vx e X)(Ty (0) Ty (X)), (3.5)
(vx e X)(1, (0) 2 1, (X)), (3.6)
(Wxe X)(F, (0) < F, (%)), (3.7)
(vx,y € X)(Ty (x-y) < Ty (¥)), (3.8)
(vx,y e X)(Iy (x-y) 2 1 (¥)), (3.9)
(vx,y e X)(Fy(x-y) < K (¥). (3.10)
Example 3.8 Let X ={0,1,2,3,4} be a set with a binary operation - defined by the following
Cayley table:
012 3 4
0012 3 4
100 2 3 2
2 01031
30120 4
4 00030

Then (X,-,0) is a UP-algebra. We define a neutrosophic JN-structure X, over X as follows:
T, (0)=-0.8, 1,(0)=-0.3, F,(0)=-0.8,
T, (1) =-06, I,(1)=-0.7, F,(1)=-0.6,
T, (2)=-08, 1,(2)=-0.8, F,(2)=-0.7,
T,(3)=-0.1, 1,(3)=-0.5, F,(3)=-0.5,
T,(4)=-03, 1,(4)=-08, F,(4)=-03.

Hence, X, is aneutrosophic /M -near UP-filter of X .

Definition 3.9 A neutrosophic A-structure X, over X is called a neutrosophic N-UP-filter of X

if it satisfies the following conditions: (3.5), (3.6), (3.7), and

(vx,y € X)(Ty, (y) < max{Ty (x-y), Ty (X)}), (3.11)
(vx,y € X)(Iy (y) = min{l, (x-y), 1, (03, (3.12)
(vx,y € X)(Fy (y) < max{F (x-y), Fy (x)}). (3.13)

Example 3.10 Let X ={0,1,2,3,4} be a set with a binary operation - defined by the following
Cayley table:

A W N P O

O O O ©O o o
P P P O Fk B
N D O NN NN
W O O O W Ww
o A b O b b

Then (X,-0) is a UP-algebra. We define a neutrosophic A-structure X, over X as follows:
T,(©0)=-09, 1,(0)=-0.2, K, (0)=-08,
T,(1)=-05, 1,(1)=-08, F,(1)=-0.6,
T, (2=-02 1,2 =-06, F(2)=-03,
T,(3)=-06, 1,(3)=-03, KR, (3)=-07,
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T,(4)=-07, 1,(4)=-03, F, (4)=-08.
Hence, X, is aneutrosophic JN-UP-filter of X .
Definition 3.11 A neutrosophic N —structure X, over X is called a neutrosophic N-UP-ideal of

X if it satisfies the following conditions: (3.5), (3.6), (3.7), and

(9%, .2 € X)(Ty, (x-2) < maxqTy, (x-(y-2)). T, (1)), (3.14)
(¥, ¥,z € X)(1,y (x-2) 2 minl,, (x- (y-2), 1, (D), (3.15)
(V%Y. € X)(F (x-2) < max{F, (x- (y-2)), Fy (V)}): (3.16)
Example 3.12 Let X ={0,1,2,3,4} be a set with a binary operation - defined by the following
Cayley table:
012 3 4
0012 3 4
1 00 2 3 4
2 010 3 4
30020 4
401230

Then (X,-0) is a UP-algebra. We define a neutrosophic A-structure X, over X as follows:
T, (0)=-0.8, 1,(0)=-0.3, F,(0)=-0.8,
T, (1) =-05, I,(1)=-0.6, F,(1)=-0.8,
T, (2)=-04, 1,(2)=-0.8, F,(2)=-0.7,
T,(3)=-01, 1,(3=-0.7, F,(3)=-0.5,
T,4)=-02, 1,(4)=-08, F,(4)=-03.
Hence, X, isaneutrosophic N-UP-ideal of X .
Definition 3.13 A neutrosophic JM:-structure X, over X is called a neutrosophic MN-strongly

UP-ideal of X if it satisfies the following conditions: (3.5), (3.6), (3.7), and

(%, Y,z € X)(Ty (x) < max{Ty, ((z-y) - (z- X)), Ty (V)}), (8.17)
(vx,y,z € X)(Iy (x) = min{l, ((z-y) - (z- X)), Iy (V)D), (3.18)
(vx, Y,z € X)(Fy (x) <max{F ((z-y)-(z- X)), Fy (V)}). (3.19)

Example 3.14 Let X ={0,1,2,3,4} be a set with a binary operation - defined by the following
Cayley table:

A W N P O
O O O ©O o o
o B B O B -
O N O O N DN
W o W W w w
BT T ) B S S

0

Then (X,-0) is a UP-algebra. We define a neutrosophic A-structure X, over X as follows:

() =-1
(vxe X)| Iy(x) =-03].
F,(x) =-07

Hence, X, isneutrosophic /N-strongly UP-ideal of X .
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Definition 3.15 A neutrosophic JM-structure X, over X is said to be constant if X, is a

constant function from X to [-1,0]°. Thatis, T I,, and F, are constant functions from X to

N

[-1,0].

Theorem 3.16 Every neutrosophic /N-UP-subalgebra of X satisfies the conditions (3.5), (3.6), and
(3.7).
Proof. Assume that X, is a neutrosophic A-UP-subalgebra of X . Then for all xeX , by
Proposition 2.5 (1), (3.2), (3.3), and (3.4), we have

Ty (0) =Ty, (x-x) < max{Ty (x), Ty ()} = Ty (X),

1, (0) = 1, (x-%) = mingl,, (%), 1, ()} = 1, (x),

Fy (0) = K (x-x) < max{F (x), Ry (X)} = Fy (x).
Hence, X, satisfies the conditions (3.5), (3.6), and (3.7).

Theorem 3.17 A neutrosophic JM:structure X, over X is constant if and only if it is a
neutrosophic JM-strongly UP-ideal of X .
Proof. Assume that X, is constant. Then for all xeX , T,(X)=T,(0),1,(x)=1,0) , and
Fy(X)=F,(0) andso T,(0)<T,(x),1,(0)>1,(x),and F,(0)<F,(x).Next, forall Xy,zeX,
Ty (0 =Ty, (0) = max{T, (0), Ty, (O)} = maxqT, ((z- ) - (-X). T, ()},
1, (9) = 1,(0) = mingl,, (0), 1, )} = min{l,, (z- y)-z-)), 1, (Y},
F () = F 0) = max{F, (0), F, (0)} = max{F, (- ) -(z-X)). Fy (N)}-
Hence, X, isaneutrosophic A-strongly UP-ideal of X .
Conversely, assume that X, is a neutrosophic -strongly UP-ideal of X . For any xe X , by
Proposition 2.5 (1), (UP-2), (UP-3), (3.17), (3.18), and (3.19), we have
Ty 09 <max{Ty ((x-0)- (x-x)), Ty (0)} = max{Ty (0-(x-x)), Ty (0)} =max{T (x-x), Ty (0)}
= max{Ty (0), Ty (0)} =Ty (0),
Iy () =min{l, (x-0)-(x-x)), Iy (@} = min{l, (0-(x-x)), I, (0)} = min{l, (x-x), 1, (0)}
=min{l,, (0), 1, (0)} = 1,,(0),
Fy (%) < max{F, ((x-0)-(x-x)), Fy (0)} =max{F (0-(x-x)), F (0)} = max{F, (x-x), R, (0)}
= max{F, (0), F, (0)} = F(0).
Thus T, (X)=T,(0),1,(x)=1,(©0),and F (x)=F,(0) forall xe X .Hence, X, is constant.

Theorem 3.18 Every neutrosophic J-strongly UP-ideal of X is a neutrosophic J-UP-ideal.
Proof. Assume that X, is a neutrosophic M-strong UP-ideal of X . Then X, satisfies the
conditions (3.5), (3.6), and (3.7). By Theorem 3.17, we have X, is constant. Then for all xe X ,
Ty () =Ty 0),1,(x)=1,(0), and F,(x)=F,(0) . By Proposition 2.5 (5), (UP-3), (3.5), (3.6), (3.7),
(3.17), (3.18), and (3.19), we have
Ty (x-2) = max{Ty, ((z-y)-(z- (x-2))), Ty ()} = max{Ty ((z-y)-0), Ty (¥)} = max{T (0), Ty ()} =Ty (¥)
<max{Ty (x-(y-2)), Ty (V)},
Iy (x-2) = min{l ((z-y)- (z- (x-2))), Iy (Y)} = min{l, ((z- ) -0), I ()} = min{l, (0), 1, (W)} = 1, (y)
> mindl, (x-(y-2)), Iy (Y)}
F (x-2) = max{Fy ((z-y) - (z-(x-2))), Fyy ()} = max{F ((z-)-0), K, (¥)} = max{F, (0), F, (¥)} = Ry (¥)
<max F (x-(y-2)), R (y).
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Hence, X, is aneutrosophic N-UP-ideal of X .

The following example show that the converse of Theorem 3.18 is not true.

Example 3.19 Let X ={0,1,2,3} be a set with a binary operation - defined by the following

Cayley table:
012 3
00123
1 00 2 3
2 010 3
30120

Then (X,-0) isa UP-algebra. We define a neutrosophic JN-structure X, over X as follows:
T,(0)=-06, 1,(0)=-0.1, F,(0)=-0.7,
T,(1)=-04, 1,(1)=-05, F,(1)=-05,
T,(2)=-03, 1,(2)=-0.4, F,(2)=-0.4,
T,(3)=-02, 1,(3)=-04, F,(3)=-03.
Hence, X, isaneutrosophic /\-UP-ideal of X .Since X, isnotconstant, itfollows from Theorem

3.17 that it is not a neutrosophic A-strongly UP-ideal of X .

Theorem 3.20 Every neutrosophic N-UP-ideal of X is a neutrosophic N-UP-filter.
Proof. Assume that X, is a neutrosophic N-UP-ideal of X . Then X, satisfies the conditions
(3.5), (3.6), and (3.7). Next, let X,y € X . By (UP-2), (3.14), (3.15), and (3.16), we have
T () =T, (0-y) < max{T, (0-(x- ¥)). T, ()} = maxqT, (x-y).T, (0},
1y (¥) = 1,0-y) = mingl,, 0-(x- y)), 1, (0} = minl,, (x- y), 1, 0O},
Fu(y) = Fy (0-y) <max{F, (0- (x-)), Fy (0} = max{F, (x- y), F, (0}
Hence, X, is aneutrosophic N-UP-filter of X .

The following example show that the converse of Theorem 3.20 is not true.

Example 3.21 Let X ={0,1,2,3} be a set with a binary operation - defined by the following

Cayley table:
012 3
00123
100 2 2
2 010 2
30100

Then (X,-,0) isa UP-algebra. We define a neutrosophic A-structure X, over X as follows:
T,(0)=-0.7, 1,(0)=-0.1, F,(0)=-0.9,
T,(1)=-06, I,(1)=-05, F,(1)=-08,
T,(2)=-03, 1,(2)=-0.4, F,(2)=-0.5,
T,(3)=-03, 1,(3)=-04, F,(3)=-05.
Hence, X, is a neutrosophic M-UP-filter of X . Since F(2:3)=-0.3>-0.38
=max{F, (2-(1-3)), F, (1)}, we have X, isnota neutrosophic N-UP-ideal of X .

Theorem 3.22 Every neutrosophic JN-UP-filter of X is a neutrosophic .V-near UP-filter.
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Proof. Assume that X, is aneutrosophic N-UP-filter. Then X, satisfies the conditions (3.5), (3.6),
and (3.7). Next, let X,y € X . By Proposition 2.5 (5), (3.5), (3.6), (3.7), (3.11), (3.12), and (3.13), we have
Ty (x-y) < max{T (y- (x-¥)), Ty (¥)} = max{Ty (0), Ty ()} =Ty (¥),

Iy (x-y) 2 min{l (y-(x-y)) Ly ()} = min{l, (0), 1, ()} =1 (¥),

Fu (x-y) s max{F (y- (x-¥)), By (V)} = max{F (0), F, (V)} = Ry (¥).

Hence, X, isa neutrosophic /N-near UP-filter of X .

The following example show that the converse of Theorem 3.22 is not true.

Example 3.23 Let X ={0,1,2,3} be a set with a binary operation - defined by the following

Cayley table:
012 3
0012 3
1 001 3
2 000 3
30110

Then (X,-0) is a UP-algebra. We define a neutrosophic A-structure X, over X as follows:
T,(0)=-09, 1,(0)=-0.3, F,(0)=-0.8,
T,(1)=-05, 1,(1)=-0.7, F,(1)=-0.7,
T,(2)=-02, 1,(2=-0.8, F,(2)=-0.6,
T,(3)=-0.1, 1,(3)=-0.5, F,(3)=-0.3.
Hence, X, isaneutrosophic M-near UP-filter of X .Since I (2)=-0.8<-0.7 =min{l(1-2),1,(1)}

,wehave X, isnotaneutrosophic N-UP-filter of X .

Theorem 3.24 Every neutrosophic /N near UP-filter of X is a neutrosophic N-UP-subalgebra.
Proof. Assume that X, is a neutrosophic JMN-near UP-filter of X . Then for all X,ye X, by (3.8),

(3.9), and (3.10), we have
Ty (x-y) <T (y) <max{T, (%), Ty (V)},
Iy O y) 2 1y (y) 2 mindl (), 1 (V)3
Fy (x-y) < Fy (y) < max{F (x), F (Y)}-
Hence, X, is aneutrosophic N-UP-subalgebra of X .

The following example show that the converse of Theorem 3.24 is not true.

Example 3.25 Let X ={0,1,2,3} be a set with a binary operation - defined by the following
Cayley table:

O R, NN
N N W Ww

1
1
0
0

w N B O
o O O o

0 00O

Then (X,-0) is a UP-algebra. We define a neutrosophic A-structure X, over X as follows:
T,(0)=-08, 1,(0)=-0.3, F,(0)=-0.8,
T,(1)=-06, 1,(1)=-0.6, F,(1)=-0.8,
T,(2)=-04, 1,(2=-05, F,(2)=-0.7,
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T,(3)=-01, 1,(3)=-0.7, F,(3)=-0.5.
Hence, X, is aneutrosophic N-UP-subalgebra of X .Since 1(1-2)=-0.6<-05=1(2), we have

X, isnot a neutrosophic N-near UP-filter of X .

By Theorems 3.18, 3.20, 3.22, and 3.24 and Examples 3.19, 3.21, 3.23, and 3.25, we have that the
notion of neutrosophic N-UP-subalgebras is a generalization of neutrosophic A-near UP-filters,
neutrosophic M-near UP-filters is a generalization of neutrosophic AN-UP-filters, neutrosophic
MN-UP-filters is a generalization of neutrosophic A-UP-ideals, and neutrosophic A-UP-ideals is a
generalization of neutrosophic JM-strongly UP-ideals. Moreover, by Theorem 3.17, we obtain that

neutrosophic JN-strongly UP-ideals and constant neutrosophic J-structures coincide.

Theorem 3.26 If X, isaneutrosophic /-UP-subalgebraof X satisfying the following condition:

T () =Ty (y)
(v, yeX)| x-y0=9 1, (x) =1, (y) |, (3.20)
Fu(X) < F(y)

then X, isaneutrosophic ./ near UP-filter of X .
Proof. Assume that X is a neutrosophic N-UP-subalgebra of X satisfying the condition (3.20).
By Theorem 3.16, we have X, satisfies the conditions (3.5), (3.6), and (3.7). Next, let X,ye X .
Case 1: X-yY=0.Then, by (3.5), (3.6), and (3.7), we have
T Y =T O STy (), L(x-y) = 1,0) 2 1, (), Fy(x-y) = R, Q) < Fy (¥).
Case 2: X-y#0.Then, by (3.2), (3.3), (3.4), and (3.20), we have
T (% ¥) < maxgTy, (0, Ty (Y} = Ty (y), 1, (- ¥) = minl, (), 1, (3= 1, (),
R (-y) < max{F, (x), Fy ()} = Fy ().
Hence, X, is aneutrosophic V-near UP-filter of X .

Theorem 3.27 If X, isaneutrosophic ./ near UP-filter of X satisfying the following condition:
Ty =1y =Ry, (3.21)
then X, isaneutrosophic )-UP-filter of X .
Proof. Assume that X, is a neutrosophic MN-near UP-filter of X satisfying the condition (3.21).
Then X, satisfies the conditions (3.5), (3.6), and (3.7). Next, let X,y € X . Then, by (3.8), (3.9), and
(3.21), we have
max{Ty (x-y), Ty (0} = max{ly (x-y), Ty ()} = max{ly (y), Ty ()} = max{Ty (y), Ty ()} =Ty (y),
mindly, (x-y), Iy (09} = min{Ty, (- y), Iy 0O} < min{Ty, (y), 1y ()} = mindl, (y), 1y 0O} < T (y),
max{F, (x-y), Fy ()} = max{l, (x-y), Fy ()} =max{l (y), K ()} =max{F (y), Fy ()} = Fy (y).
Hence, X, is aneutrosophic N-UP-filter of X .

Theorem 3.28 If X, isaneutrosophic /-UP-filter of X satisfying the following condition:
Tu(y-(x-2)) =Ty(x-(y-2)
(W y,zeX)| Iy (y-(x-2)) =1y (x:(y-2)) |, (3.22)
Fu(y-(x-2)) =R (x-(y-2))
then X, isaneutrosophic N-UP-ideal of X .
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Proof. Assume that X, is a neutrosophic N-UP-filter of X satisfying the condition (3.22). Then
X, satisfies the conditions (3.5), (3.6), and (3.7). Next, let X, Y,z € X . Then, by (3.11), (3.12), (3.13),
and (3.22), we have
Ty (x-2) <max{Ty, (y- (x-2)), Ty (¥)} = max{Ty, (x-(y-2)), Ty (V)} Ty
Iy (x-2) 2 min{l (y- (x-2)), Iy ()} = min{l (x-(y-2)), Iy ()} 1
Fy (x-2) <max{F (y - (x-2)), Ry ()} = max{F (x-(y-2)), Fy (V)}-F
Hence, X, isaneutrosophic /-UP-ideal of X .

Theorem 3.29 If X, isaneutrosophic N-structure over X satisfying the following condition:

Ty (2) < max{T, (x), Ty ()}
(VX y,ze X)) z<x-y =1 1,(z) =min{l (x), 1, (M)} |, (3.23)
Fy (2) < max{F, (x), Fy ()}

then X, isaneutrosophic /-UP-subalgebra of X .
Proof. Assume that X, is a neutrosophic J-structure over X satisfying the condition (3.23). Let
X, Yy € X . By Proposition 2.5 (1), we have (x-y)-(x-y)=0, thatis, X-y<X-y. It follows from (3.23)
that

Ty (¢ y) <max{Ty (), Ty (V)3 Ty (x-y) = min{l, (x), 1 (V)3 Fy (x-y) < max{F, (x), Fy (y)}-
Hence, X, is a neutrosophic N-UP-subalgebra of X .

Theorem 3.30 If X, isaneutrosophic \-structure over X satisfying the following condition:

Ty (2) <Ty(y)
(v, y,zeX) z<sx-y=19 1, (@)= 1,(y) |, (3.24)
Fu(@) < Fy(y)

then X, isaneutrosophic N-near UP-filter of X .

Proof. Assume that X, is a neutrosophic JM-structure over X satisfying the condition (3.24). Let
xe X . By (UP-2) and Proposition 2.5 (1), we have 0-(x-x)=0, that is, 0<x-x. It follows from
(3.24) that T (0) <T, (x),1,(0)>1,(x), and F,(0)<F,(x).Next, let X,y X . By Proposition 2.5 (1),
we have (x-y)-(x-y)=0 , that is, X-y<x-y . It follows from (3.24) that
T -y ST (W), I (x-y)21,(y), and F (x-y)<F,(y) . Hence, X, is a neutrosophic M-near
UP-filter of X .

Theorem 3.31 If X, isaneutrosophic Mstructure over X satisfying the following condition:

Ty (y) < max{T, (2), Ty, ()}
(v y,ze X)) z<x-y =1 I (y)=min{l (2), 1, (0} |, (3.25)
Fy (y) < max{F (2), F, ()}

then X, isaneutrosophic N-UP-filter of X .
Proof. Assume that X, is a neutrosophic JM-structure over X satisfying the condition (3.25). Let
xe X . By (UP-3), we have Xx-(x-0)=0, thatis, x<x-0. It follows from (3.25) that
Ty (0) < max{T (x), Ty (X)} =Ty (X), 1 (0) =min{l (x), 1, (X)}= 1 (x),
Fy (0) < max{F, (X), R, (X)} = F (x).
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Next, let X,y € X . By Proposition 2.5 (1), we have (x-y)-(x-y)=0, thatis, X-y<X-y. It follows
from (3.25) that

Ty (y) <max{Ty (x-y), Ty 0} 1y (y) = min{ly, (x-y), 1y ()}, Fy (y) < max{F, (x-y), Fy (x)}.
Hence, X, isaneutrosophic /-UP-filter of X .

Theorem 3.32 If X, isaneutrosophic M structure over X satisfying the following condition:

Ty (x-2) < max{T (a), Ty (¥)}
(Va,x,y,ze X)la<x-(y-z) =1 ly(x-z) =min{l (a),1,(V)} |, (3.26)
Fy (x-2) < max{F, (a), Fy (Y)}

then X, isaneutrosophic N-UP-ideal of X .

Proof. Assume that X, is a neutrosophic M-structure over X satisfying the condition (3.26). Let
xe X . By (UP-3), wehave x:(0-(x-0) =0, thatis, x<0-(x-0).It follows from (3.26) and (UP-2) that
T, (0) =T, (0-0) <max{T, (x), Ty )} =T, (), 1,(0) =1,(0-0) > min{l (x), I, (X)}= 1, (),

F, (0) = K, (0-0) < max{F, (x), K, (X)} = F, ().

Next, let X,y,zeX . By Proposition 2.5 (1), we have (x-(y-2))-(x-(y-z))=0 , that is,

X-(y-z) £ x-(y-z).It follows from (3.26) that
Ty (x-2) < maxqTy, (x-(y-2), Ty (W}, 1, (¢-2) = mingl, (x-(y-2)), 1, ()},
Ry (x-2) < max{F, (x-(y-2)), Fy (V)}.
Hence, X, is aneutrosophic N-UP-ideal of X .

For any fixed numbers a ,a",f,8",7 ,y" €[-1,0] suchthat ¢ <a',f <",y <y’ and a
nonempty subset G of X, a neutrosophic A:structure Xg [Z:’ﬂ 1= (X, T8 [Z;], N [?],FNG [;;])

Bt

over X where TS [Z;], (N [ﬁt] ,and F¢ [i;] are JN-functions on X which are given as follows:

if xeG,
otherwise,

B ifxeG,
p~  otherwise,

T2 1) ={Z |§[ﬁf](x)={ FEL 100 :{7 ifxeG,

y*  otherwise.

Lemma 3.33 If the constant 0 of X is in a nonempty subset G of X, then a neutrosophic
MN-structure Xﬁ[zz’z t; .1 over X satisfies the conditions (3.5), (3.6), and (3.7).

Proof. If 0€G, then T{[%,10)=a ,IF[,1(0) = " F{[10) = 7. Thus

T 10 = TP 1()
(vxeX)|[ 1IRL10) = B = 1517109 |

FEUL10) =7 < FSTLI0)

Hence, Xg [Z;Zﬁi .1 satisfies the conditions (3.5), (3.6), and (3.7).
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-

Lemma 3.34 If a neutrosophic J-structure Xﬁ [Z+ - y+] over X satisfies the condition (3.5) (resp.,

(3.6), (3.7)), then the constant 0 of X isinanonempty subset G of X.

Proof. Assume that the neutrosophic A-structure X$ [Z;'Z ti .1 over X satisfies the condition (3.5).
Then TNG [Z: 1(0) STNG' [Z;](X) for all xeX . Since G is nonempty, there exists ge€G . Thus
T [Z:](g) =a ,so T¢ [Z:](O) <TS [Z:](g) =a ST;?[Z:](O) , thatis, T [Z:](O) =a .Hence, 0eG.

Theorem 3.35 A neutrosophic Mstructure X3 [Z;’? t; ] over X is a neutrosophic
MN-UP-subalgebra of X if and only if a nonempty subset G of X isa UP-subalgebraof X.

Proof. Assume that Xﬁ[g;'ﬁ " 1is a neutrosophic MN-UP-subalgebra of X . Let X,Yy€G . Then

Bt

TLL 1) = & =TS 1(y) . Thus, by (3.2), we have
TEL 10x- y) < max{T 7 100, TS I = o < TS 1(x-y)

andso TS [Z;](X~ y)=a .Thus X-yeG.Hence, G isa UP-subalgebraof X.

Conversely, assume that G is a UP-subalgebraof X .Let X,ye X .
Case 1: X,y€G . Then

T =a =TS, K010 =47 = 1507100, FELL 1) =77 = FLLI).

Thus

max{T{ 17, 100 TOL I} = o, min{ITL 100,151 1)} = 47, max{FeL, 100 FL 1)} =7
Since G is a UP-subalgebra of X, we have X-yeG and so TNG[Z:](X'V) =a’, Iﬁ[ﬁf](X-y) =B,
and FV[7,1(x-y) =7 . Hence,
Ty =a <o = madTE1 100, T 1Y IR 1xy) = 472 47 = min{IR[ 100, 1517 1),

FELx-y) =y <7 = maxdFeL, (0, e 1))
Case2: xZ£G or Y £G.Then
T =a o T =o', KL 100 = 47 or IR 1) = 47 FeLL 1) =7  or R Iy) =77

Thus

max{T{ 17 100 TOLS I} = o, min{ISE 100, 1113 = A7 maxdFeD. 100, FOL. 1} = 7

Therefore,
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O 10 y) <@ = max{To[ 100, T[S Ik 1RE 10 y) 2 67 = min{I 127100, 155 1%,
FNG[::](X' )<y = maX{FNG[::](X)! FNG[;](V)}-
Hence, Xy [Z;Zﬁi .1 is a neutrosophic A-UP-subalgebra of X .

Theorem 3.36 A neutrosophic A-structure X [Z;ﬁ t: .1 over X is a neutrosophic A-near
UP-filter of X if and only if a nonempty subset G of X isanear UP-filter of X .

Proof. Assume that Xg [Z;i i: .1 is neutrosophic AN-near UP-filter of X . Since X [Z;’Z ii .1
satisfies the condition (3.5), it follows from Lemma 3.34 that 0eG . Next, let xe X and YeG.

Then T¢ [Z:](y) =a . Thus, by (3.8), we have T¢ [Z;](X- y)<TS [Z;](y) —a STNG[Z;](X~ y)

andso T [Z;](X- y)=a .Thus X-ye€G. Hence, G isanear UP-filter of X.
Conversely, assume that G is a near UP-filter of X . Since 0eG, it follows from Lemma 3.33

that Xﬁ[Z:if:_] satisfies the conditions (3.5), (3.6), and (3.7). Next, let X,ye X .
Case 1: Ye€G. Then TNG[Z;](Y) =a, IS[Zf](y) =", and FNG[;](Y) =% . Since G is a near

UP-filter of X ,wehave X-Yye€G and so TNG[ZE](x~y):a’,lﬁ[ﬁf](x-y):ﬂ*,and Ff[:;](%y):)/*.
Thus

Ty =a < =TI, ROy =472 87 = 150710),
Ry =7 <y =R
Case2: Y £G.Then Ty[1(y)=a", I,f[ﬁf](y) =f ,and RYL.1Y) =7". Thus
Ty <a =TI, KLy 2 67 = KU1, FELLI0ey) <7 = R G).

Hence, Xg [Z;’i i: .] isa neutrosophic V-near UP-filter of X .

BT

s ﬁ] over X is a neutrosophic MN-UP-filter of

Theorem 3.37 A neutrosophic /-structure X [Z;
X if and only if a nonempty subset G of X isa UP-filter of X.
Proof. Assume that Xy [:;ﬁt: .]isa neutrosophic A-UP-filter of X . Since Xﬁ[g:ﬁt: .1 satisfies

the condition (3.5), it follows from Lemma 3.34 that 0 G . Next, let X,y € X be such that X-yeG

and xeG.Then T¢ [Z; 1x-y)=a =T¢ [Zi](x) . Thus, by (3.11), we have
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T 1) < madTSLe, 10 . TS 1003 = < TS, 1)
andso TS [Z;](y) =a .Thus yeG.Hence, G isa UP-filter of X .
Conversely, assume that G is a UP-filter of X .Since 0€G, it follows from Lemma 3.33 that
X [Z;th .1 satisfies the conditions (3.5), (3.6), and (3.7). Next, let X,y e X .
Casel: X-YyeG and xeG.Then
T =a =TI 100, D10y = 87 = 1507100, FELLI0cy) =77 = FLL ().
Since G is a UP-filter of X , we have ye€G and so TNG[Z;](Y) =a, Iﬁ[ﬁf](y) =f", and
R [:Z](y) =y .Thus
T =a <o =maqTeL 10N TSI} 1KLL 1) = 72 87 =minIS 10 ), 171 1603,
FSULI =7 <7 =max{FEl 10xy), FST 1003
Case2: X-Y£G or x &G .Then

T y) =a o TSI =a, KL 1x-y) = 57 or IR0 109 = 4,

RO y) =7 or REDLI(0 = 7"
Thus
maxfT{ [ 10¢ Y, T L 100k = @, min{IRE10c-y), 1911003 = 57, max{Fe. 1(x- y). Rl 100} = 7
Therefore,
T <@ = madTe[ 10 T 100} 1S11) 2 47 = minIST-10¢ ), 15121003,

R 1) <7 = ma(Re. 10cy), R 100%:

Hence, Xg [Z;'i i: .] isa neutrosophic N-UP-filter of X .

Theorem 3.38 A neutrosophic JMstructure Xy [Z;’Z ii .1 over X isa neutrosophic N-UP-ideal of
X if and only if a nonempty subset G of X isa UP-ideal of X.

Proof. Assume that Xﬁ[j;ﬁtj .1 isa neutrosophic JN-UP-ideal of X . Since Xﬁ[g:ﬁt: .1 satisfies
the condition (3.5), it follows from Lemma 3.34 that 0eG . Next, let X,Y,Z€ X be such that

X-(y-2)eG and y<G.Then TNG[Z:](X-(y- ))=a :TNG[::](y) . Thus, by (3.17), we have
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TOL 1x-2) < maxqTE [ 1x- (y - 2). T[S I = e <TELY 1(x-2)

andso TS [Z;](X- Z)=a .Thus x-zeG.Hence, G isa UP-ideal of X.

Conversely, assume that G is a UP-ideal of X .Since 0€G, it follows from Lemma 3.33 that
X [Z;Z tj .1 satisfies the conditions (3.5), (3.6), and (3.7). Next, let X,y,z€ X .

Casel: x-(y-2)eG and y<€G. Then
T 0 (y-2) =a =T 1), 1S 10 (v-2) = A = 15110, FELLIx-(v-2) = 7 = R 1Y),
Thus

max{To [, 10 (v- D) TELL I = o, mindIE 10x- (y - 2) 18T 10} = 4
max{F{ L 10 (v-2), FELL 100} = 7
Since G is a UP-ideal of X, we have x-zeG and so T{[1(x-2)=a IF[/1(x-2)= ", and
Rl 10¢-2) =7 Thus
T2 =a <o =maxTo 10c(y- ) T 10,
IS0 1x-2)= 57 2 7 = min{IZ[7 10 (y-2). RS 10,
el 10c2) =y <y = max{R{T (¢ (v-2). RS I0Y:
Case2: x-(y-z2) 2G or Yy £ G.Then
TS (y-2) = or TS AW =o'y IR 1 (v-2) = 5 or IS 1) = 4

R0 (y-2) =7 o FET 1) = 7
Thus

maxdT 17, 0 (y-2) TS 1F= @, mindI L 10c (y- ) IR0 100} = 6

maX{Fﬁ[j;](X-(y-Z)), F,f[?](y)}= r
Therefore,

T D <a” = madTiL, 10 (y-2). TOL Ik
ISL210c2)2 7 = mindISE 10 (v-2), 1L 1),

RLL 10 2) < 7 = maxREL 1(x- (v-2), RS 1003
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Hence, Xg [Z;ﬁi; ] isa neutrosophic A-UP-ideal of X .

Theorem 3.39 A neutrosophic Mstructure Xy [Z:ﬁ_: .1 over X is a neutrosophic Jstrongly

UP-ideal of X if and only if a nonempty subset G of X isa strongly UP-ideal of X.

s
At

a,

Proof. Assume that Xg[ ] is a neutrosophic J:strongly UP-ideal of X . By Theorem 3.17, we

+
a

have Xﬁ[i;’i ,j .1 is constant, that is, TS [Z;] is constant. Since G is nonempty, we have

TS [Z;](X) =a forall xe X .Thus G=X.Hence, G isastrongly UP-ideal of X .

Conversely, assume that G is a strongly UP-ideal of X .Then G =X, so
T =a
(VxeX) |§[ﬁﬁ](x) =B .
RS0 =7
Thus TS [Z;], |§[£ﬁ], and FS [i .1 are constant, that is, Xﬁ[j;ﬁtj .1 is constant. By Theorem 3.17,

we have X [Z;th .1 is a neutrosophic \:strongly UP-ideal of X .

4. Level subsets of a neutrosophic AN-structure

In this section, we discuss the relationships among neutrosophic A-UP-subalgebras (resp.,
neutrosophic JA-near UP-filters, neutrosophic N-UP-filters, neutrosophic /N-UP-ideals, neutrosophic

MN-strongly UP-ideals) of UP-algebras and their level subsets.

Definition 4.1 [34]Let f be an M-function on a nonempty set X . For any te[-1,0], the sets
U(f;)={xeX|f(x) 2t} L(f;t)={xeX|f(X)<t}, E(f;t)={xe X |f(x)=t}
are called an upper t -level subset, a lower 1 -level subset, and an equal t -level subset of f ,

respectively.

Theorem 4.2 A neutrosophic JN-structure X, over X is a neutrosophic N-UP-subalgebra of X
if and only if for all «, 3,y €[-1,0], the sets L(T;a),U(ly;f),and L(F,;») are UP-subalgebras of
X if L(Ty;a),U(ly;pB), and L(F,;») are nonempty.
Proof. Assume that X, is a neutrosophic N-UP-subalgebra of X .Let «,f,y €[-1,0] be such that
L(Ty;a)U(ly;p),and L(F;y) are nonempty.

Let x,yelL(Ty;a).Then T (X)<a and T,(y)<a,so a isanupper bound of {T, (x).T,(¥)}
.By (3.2), we have T (x-y) <max{T,(X),Ty(V)}<a.Thus x-yelL(T;a).

Let x,yeU(l;/5).Then I ,(x)>f and I,(y)=f,s0 [ isalowerbound of {I,(x),1,(Y)}.
By (3.3), we have I (x:y)=min{l,(x),1,(¥)}=f.Thus x-yeU(l ;).

Let x,yeL(Fy;7). Then Fy(X)<y and F (y)<y,so y isanupper bound of {F(X),F,(y)}
. By (3.4), we have F(x-y)<max{F,(x),F,(¥)}<y.Thus x-yeL(F;7).

Hence, L(Ty;a),U(ly;B),and L(F;») are UP-subalgebrasof X.
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Conversely, assume that for all «,f,y €[-1,0], the sets L(Ty;),U(l;f5), and L(F,;y) are
UP-subalgebras of X if L(T;a),U(ly;f),and L(F,;y) arenonempty.

Let X,ye X . Then T,(x),T,(y) €[-1,0]. Choose «=max{T, (x),T,(¥)}. Thus T,(X)<«a and
T, (Y)<a,s0 xyel(T;a)=J . By assumption, we have L(T,;«) isa UP-subalgebra of X and
so x-yel(Ty;a).Thus T (X-y)<a=max{T,(x),T,(V)}.

Let X,ye X . Then I,(x),I,(y)€[-1,0]. Choose A =min{l,(x),1(y)}. Thus I ,(x)=>/ and
I (Y)=8,s0 x,yeU(l;B)#J .By assumption, we have U(l;/) is a UP-subalgebra of X and
so x-yeU(ly;B).Thus I (x-y)=g=min{l,(x),1,(y)}.

Let X,ye X . Then F,(x),F,(y)e[-1,0]. Choose y =max{F,(x),F,(y)}. Thus F,(x)<y and
Fo(Y)<y,s0 x,yeL(F;y)#J . By assumption, we have L(F,;y) is a UP-subalgebra of X and
so X-yeL(F,;7).Thus F (x-y)<y=max{F,(x),F, (¥)}

Therefore, X, is a neutrosophic /-UP-subalgebraof X .

Theorem 4.3 A neutrosophic MN-structure X, over X isa neutrosophic N-near UP-filter of X if
and only if for all «, B,y €[-1,0], the sets L(T;a),U(l;pB),and L(F,;») are near UP-filters of X
if L(Ty;a),U(ly;p),and L(F,;») arenonempty.

Proof. Assume that X, is a neutrosophic /-near UP-filter of X . Let «,f,y €[-1,0] be such that
L(Ty;a)U(ly;p),and L(F;y) are nonempty.

Let xeL(Ty;a) . Then T,(X)<e«.By (3.5), wehave T,(0)<T (X)<a .Thus 0eL(T,;a).Next,
let xeX and yel(Ty;a) . Then T (y)<a . By (3.8), we have T (x-y)<T (y)<a . Thus
X-yelL(Ty;a).

Let xeU(l;f) . Then I,(x)=/4 . By (3.6), we have I, ,(0)>1,(x)=f . Thus 0€U(l; /).
Next, let xeX and yeU(l;B). Then I, (y)=p. By (3.9), we have I (x-y)>1,(y)> /. Thus
x-yeU(ly;p).

Let xeL(F,;7).Then F (X)<y.By(3.7), wehave F(0)<F,(x)<y.Thus 0eL(F;y).Next,
let xeX and yel(F;»). Then FK,(y)<y . By (3.10), we have F (X-y)<F,(y)<y . Thus
x-yeL(Fy:7).

Hence, L(T;a),U(l;pB),and L(F,;y) arenear UP-filters of X .

Conversely, assume that for all «,f,ye[-1,0], the sets L(Ty;),U(l,;f), and L(F;y) are
near UP-filters of X if L(T;a),U(ly;f),and L(F,;») are nonempty.

Let xe X . Then T (x)€[-1,0]. Choose a =T (X). Thus T ,(X)<a, so xelL(T,;a) = . By
assumption, we have L(T ;) is a near UP-filter of X and so 0elL(Ty;a) . Thus
Ty (0) <a=T,(x). Next, let X,ye X . Then T,(y)e[-1,0]. Choose a=T,(y). Thus T,(y)<«, so
y e L(Ty;) # D . By assumption, we have L(T, ;@) isanear UP-filterof X andso x-yelL(T;«).
Thus T,(X-y)<a=T,(y).

Let xe X . Then I,(x)€[-1,0]. Choose £ =1,(x). Thus I (X)=/,so xeU(l;B)#J. By
assumption, we have U(l,;8) is a near UP-filter of X and so 0eU(l,;B) . Thus
1,©0)=pB=1,(x). Next, let X,yeX . Then I (y)e[-1,0]. Choose B=1,(y). Thus I ,(y)=2, so
yeU(l;8) =< . By assumption, we have U(l;B) is a near UP-filter of X and so
x-yeU(ly;p) . Thus I (x-y)=B=1(y).

Let xe X . Then F (x)<€[-1,0]. Choose y=F,(x). Thus F(X)<y, so xeL(F;»)#3. By
assumption, we have L(F;;y) is a near UP-filter of X and so 0elL(F,;y) . Thus
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F.(0) <y =F,(X) . Next, let X,yeX .Then F,(y)e[-1,0].Choose y=F,(y).Thus F,(y)<y, so
y e L(Fy;7) # . By assumption, we have L(F;y) isanear UP-filterof X andso x-yeL(F;y).
Thus F(x-y)<y=F,(y).

Therefore, X, isaneutrosophic N near UP-filter of X .

Theorem 4.4 A neutrosophic N-structure X, over X is a neutrosophic N-UP-filter of X if and
only if for all «,B,y€[-1,0], the sets L(T;a)U(ly;B), and L(F,;») are UP-filters of X if
L(Ty;a)U(ly;p),and L(F;y) arenonempty.
Proof. Assume that X, is a neutrosophic N-UP-filter of X . Let «,f,7 €[-1,0] be such that
L(Ty;a)U(l;p),and L(F,;y) are nonempty.

Let xeL(Ty;a).Then T (x)<«a.By (3.5), wehave T, (0)<T,(X)<a .Thus 0eL(T;a). Next,
let X,yeX be such that x-yeL(Ty ;@) and xelL(Ty;a). Then T (X-y)<a and T (X)<ea, so
o is an upper bound of {T (x-y),T,(X)}.By (3.11), we have T, (y) <max{T,(x:y),Ty(X)}<e«. Thus
yel(Ty;a).

Let xeU(l;8). Then I (x)=> /4 . By (3.5), we have I (0)>1,(X)>f . Thus 0€U(l;p).
Next, let X,yeX be such that x-yeU(l,;8) and xeU(l,;8) . Then I,(x-y)=p8 and
IW(xX)=2p , so pf is a lower bound of {l (x-y)I,(X)} . By (312), we have
1y (y) = min{l,, (x-y).1, (0} 8 Thus yeU(l,:f).

Let xeL(F;y) . Then F (x)<y.By(3.5), wehave F (0)<F,(x)<y.Thus OeL(F;y).Next,
let X,yeX be such that x-yel(F;;y) and xelL(F,;y) . Next let x,yelL(F,;y) and
xeL(Fy;7) . Then F,(x-y)<y and F (X)<y, so y is an upper bound of {F,(x-y),F,(x)}. By
(3.13), we have F(y) <max{F,(X-y),F,(X)}<y.Thus yelL(F;y).

Hence, L(T;a),U(l;pB),and L(F,;») are UP-filtersof X.

Conversely, assume that for all «,f,y €[-1,0], the sets L(Ty;),U(l;f5), and L(F,;y) are
UP-filters of X if L(T;«),U(ly;f),and L(F,;y) arenonempty.

Let xe X . Then T, (x) €[-1,0] . Choose a =T (X). Thus T,(X)<ea, so xelL(T;a)=J. By
assumption, we have L(T,;a) is a UP-filter of X and so 0eL(T ;). Thus T (0)<a=T,(X).
Next, let X,yeX . Then T (x-y),T,(x)e[-1,0] . Choose «a=max{T,(x-y),T,(X)} . Thus
Ty(X-y)<a and T (X)<a, so X-y,xel(Ty;a)=< . By assumption, we have L(T ;&) is a
UP-filter of X andso yelL(Ty;@).Thus Ty (y)<a=max{T,(x-y), Ty (X)}.

Let xe X . Then 1,(x)e[-1,0]. Choose S =1,(x). Thus I ,(X)=f, so xeU(l;p8)=J. By
assumption, we have U(l;f) is a UP-filter of X and so 0eU(l;A). Thus I,(0)>A=1,(X).
Next, let X,yeX . Then I (x-y), I (X)e[-1,0] . Choose A=min{l,(x-y),I,(X)} . Thus
IW(x-y)=2p and I, (X)=28, so x-y,xeU(l;B)= . By assumption, we have U(l;p) is a
UP-filter of X andso yeU(l;A).Thus I (y)=A=min{l,(x-y),1,(X)}.

Let xe X . Then F (x)<€[-1,0]. Choose y=F,(x). Thus F(X)<y, so xeL(F;»)#<. By
assumption, we have L(F,;») is a UP-filter of X and so OeL(F;»). Thus F,(0)<y=F,(x) .
Next, let X,yeX . Then F,(x-y),F,(x)e[-1,0] . Choose y=max{F,(x-y),F,(X)} . Thus
Fu(x-y)<y and F(x)<y, so Xx-y,xelL(F,;7)#< . By assumption, we have L(F;y) is a
UP-filter of X andso yeL(F,;y).Thus F,(y)<y=max{F,(x-y),F (X)}.

Therefore, X, isaneutrosophic A~UP-filter of X
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Theorem 4.5 A neutrosophic JN-structure X, over X is a neutrosophic JN-UP-ideal of X if and
only if for all «,p,y<€[-1,0], the sets L(Ty;a),U(l,;B), and L(F,;») are UP-ideals of X if
L(Ty;e)U(ly;p),and L(F,;y) arenonempty.
Proof. Assume that X, is a neutrosophic A-UP-ideal of X . Let «,f,y€[-1,0] be such that
L(Ty;e),U(ly;p),and L(F;y) arenonempty.

Let xeL(Ty;a) . Then T,(X)<«a.By(3.5), wehave T,(0)<T, (X)<a .Thus 0eL(T,;a).Next,
let X,¥,2eX be such that x-(y-z)elL(Ty;a) and yel(Ty;a) . Then T (x-(y-z))<e and
T.(Y)<a , so a is an upper bound of {T,(x-(y-2)),T,(y)} . By (3.14), we have
Ty (X-2) <max{T, (x-(y-2)), Tyu(V}<a .Thus x-zeL(T;a) .

Let xeU(l;a).Then I,(x)=p.By (3.5), wehave I (0)=1,(x)=/ .Thus 0€U(l;5). Next,
let X,y,2eX be such that x-(y-z)eU(l;8) and yeU(ly;8) . Then I,(x-(y-2))=/ and
hW(W)=pg , so B is a lower bound of {l (x-(y-2)),l,(y)} . By (3.15), we have
Iy (x-z) =min{l, (x-(y-2)), 1, (¥)}= B .Thus x-zeU(l;f).

Let xeL(Fy;7).Then K (x)<y.By(3.5), wehave K (0)<F (X)<y.Thus 0eL(F,;y).Next,
let XY¥,zeX be such that x-(y-z)elL(Fy;») and yelL(F;y) . Then F (x-(y-z))<y and
FRW<y , so V7 is an upper bound of {F,(x-(y-2)),FR(¥)} . By (3.16), we have
Fy (x-z) <max{F, (x-(y-2)), R, (¥)}<y . Thus x-zeL(F.;7).

Hence, L(Ty;a),U(ly;B),and L(F,;y) are UP-idealsof X .

Conversely, assume that for all «,f,y €[-1,0], the sets L(Ty;a),U(l;8), and L(F;y) are
UP-ideals of X if L(Ty;a),U(ly;/),and L(F;») are nonempty.

Let xe X . Then T, (x)€[-1,0]. Choose a =T, (x). Thus T (X)<a, so xeL(T;a)=J. By
assumption, we have L(T;a) is a UP-ideal of X and so 0eL(Ty;a). Thus T (0) <a =Ty (X).
Next, let X,¥,ze X . Then T, (x:(y-2)),Ty(y) €[-1,0]. Choose o =max{T,(x-(y-2)),T,(¥)}. Thus
T (x-(y-2))<a and T (y)<a,so x-(y-2),yelL(Ty;a)#J. By assumption, we have L(T\;a) isa
UP-ideal of X andso Xx-zeL(T;&) .Thus T (X-z) <o =max{T, (x-(y-2)), Ty (¥)}.

Let xe X . Then I,(x)e[-1,0]. Choose B=1,(xX). Thus I, (X)>8, so xeU(l,;p)=T. By
assumption, we have U(l,;f) is a UP-ideal of X and so 0e€U(l;p). Thus 1,(0)=>/=1,(x).
Next, let X,¥,ze X . Then I (x-(y-2)),1,(y)€[-1,0] . Choose £ =min{l,(x-(y-2)),1,(y)}. Thus
Iy(x-(y-2))=p and I,(y)=p,s0 x-(y-z),yeU(ly;B) =< . By assumption, we have U(l,;f) isa
UP-ideal of X andso x-zeU(ly;B).Thus I,(x-z)=g=min{l (x-(y-2)),1,(y)}.

Let xe X . Then F(x) €[-1,0]. Choose y=F(x). Thus F,(X)<y, so xeL(F;»)=3. By
assumption, we have L(F;7) is a UP-ideal of X and so OeL(F;»). Thus F,(0)<y=F(x).
Next, let X,¥,ze X . Then F (x-(y-2)),F,(y)€[-1,0]. Choose y=max{F,(x-(y-2)),F,(y)}. Thus
Fo(x-(y-2))<y and R (y)<y,so Xx-(y-2),y € L(F;»)# 3. By assumption, we have L(F;7) isa
UP-ideal of X andso x-zeL(Fy;y).Thus F(x-z)<y=max{F,(x-(y-2)),F, (¥)}.

Therefore, X, is aneutrosophic N-UP-ideal of X .

Theorem 4.6 A neutrosophic A-structure X, over X is a neutrosophic J-strongly UP-ideal of
X if and only if the sets E(Ty;T, (0)), E(l;1,(0)), and E(F;F,(0)) are strongly UP-idealsof X.
Proof. Assume that X, isaneutrosophic ./-strongly UP-ideal of X .By Theorem 3.17, we have X,

is constant, thatis, T,,l,,and F, are constant. Thus
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T =T,
(Yxe X)) 1,(x) =1,00) |
Fu(¥) =F(0)
Hence, E(T;Ty(0)=X,E(l;1,(0) =X, and E(F;F(0) =X and so E(T;T,(0),E(l;1,(0),
and E(Fy;F,(0)) are strongly UP-ideals of X.
Conversely, assume that E(T;T,(0)), E(l;1,(0)), and E(F;F(0)) are strongly UP-ideals of
X .Then E(T;T,(0) =X E(l;1,(0)=X, E(F;FR ©0)=X andso
Ty(x) =T,(0)
(vxeX)| Iy(x) =1,(0) |.
Fo(x) =F(0)
Thus Ty.l,, and F, are constant, that is X, is constant. By Theorem 3.17, we have X, is a

neutrosophic M-strongly UP-ideal of X .

5. Neutrosophic M-structures of special type

In this section, we introduce the notions of special neutrosophic A-UP-subalgebras, special
neutrosophic A-near UP-filters, special neutrosophic N-UP-filters, special neutrosophic A~UP-ideals,
and special neutrosophic JM-strongly UP-ideals of UP-algebras, provide the necessary examples,

investigate their properties, and prove their generalizations.

Definition 51 A neutrosophic A-structure X, over X is called a special neutrosophic

N-UP-subalgebra of X if it satisfies the following conditions:

(V% y € X)(Ty (x-y) = min{Ty, (x), Ty (V)}), (5.1)
(VX y € X)(Iy (x-y) < max{l (x), Iy (V)}), (5.2)
(vx,y € X)(Fy (x-y) = min{F, (x), Fy (Y)}). (5.3)

Example 5.2 Let X ={0,1,2,3,4} be a set with a binary operation - defined by the following
Cayley table:

A W N R O
O O o o o o
[ = N T N S
NN O N NN
W o O W w w
o oo o~ N

Then (X,-,0) isa UP-algebra. We define a neutrosophic M-structure X, over X as follows:
T, (0)=-0.2, 1,(0)=-0.9, F,(0)=-0.2,
T,(1)=-04, 1,(1)=-08, F,(1)=-04,
Ty(2)=-038, 1,(2)=-0.7, F,(2)=-0.6,
T,(3=-03, 1,(3)=-05, F,(3)=-0.7,
T,(4)=-08, 1,(4)=-0.3, F,(4)=-0.8.

Hence, X, is a special neutrosophic N-UP-subalgebra of X .
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Definition 5.3 A neutrosophic A-structure X, over X is called a special neutrosophic N-near

UP-filter of X if it satisfies the following conditions:

(vx & X)(T, (0) =T, (X)), (5.4)
(vx e X)(1,(0) <1, (9), (5.5)
(Vx € X)(F, (0) = Fy (X)), (5.6)
(Y%, € X)(Ty (X-¥) =T, (¥)), (5.7)
(%, y € X)(1y (X-¥) < 1, (Y)). (5.8)
(V% y & X)(Fy (X-¥) = Fy (¥)). (59)

Example 5.4 Let X ={0,1,2,3,4} be a set with a binary operation - defined by the following

Cayley table:
012 3 4
001234
100030
202030
302200
4 02230

Then (X,-,0) isa UP-algebra. We define a neutrosophic M-structure X, over X as follows:
T,(0)=-0.2, 1,(0)=-0.8, F,(0)=-0.3,
T,(@)=-05, 1,(1)=-05, F,(1)=-0.7,
Ty(2)=-04, 1,(2=-0.7, F,(2)=-0.4,
T, (3 =-03, 1,(3)=-0.4, F,(3)=-0.6,
T,(4)=-08, 1,(4)=-0.2, F,(4)=-0.8.

Hence, X, is aspecial neutrosophic A-near UP-filter of X .

Definition 5.5 A neutrosophic A-structure X, over X is called a special neutrosophic N-UP-filter

of X if it satisfies the following conditions: (5.4), (5.5), (5.6), and

(vx,y € X)(Ty (y) = min{T, (x-y), Ty ()3), (5.10)
(vx,y e X)(I (y) < max{ly (x-y), Iy (9}), (.11
(vx,y € X)(Fy (y) = min{F (x-y), F, ()}). (5.12)
Example 5.6 Let X ={0,1,2,3,4} be a set with a binary operation - defined by the following
Cayley table:
012 3 4
0012 3 4
100230
201030
301200
401230

Then (X,-,0) isa UP-algebra. We define a neutrosophic .V-structure X, over X as follows:
T,(0)=-0.2, 1,(0)=-0.8, F,(0)=-0.2,
T,(1)=-08, 1,(1)=-05, F,(1)=-08,
T,(2)=-06, 1,(2)=-04, F,(2)=-05,
T,(3)=-0.7, 1,(3)=-06, F,(3)=-0.7,
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T,(4)=-05, 1,(4)=-0.7, F,(4)=-0.4.
Hence, X, is a special neutrosophic N-UP-filter of X .
Definition 5.7 A neutrosophic M-structure X, over X is called a special neutrosophic N-UP-ideal

of X if it satisfies the following conditions: (5.4), (5.5), (5.6), and

(%, y, 2 & X)(Ty (x-2) = min{Ty (x-(y - 2)), Ty (Y)3), (5.13)
(vx,y,z.€ X)(1 (x-2) <max{l (x-(y-2)), Iy (¥)3), (5.14)
(vx,y,z € X)(Fy (x-2) = min{F (x-(y - 2)), Fy (Y)})- (5.15)
Example 5.8 Let X ={0,1,2,3,4} be a set with a binary operation - defined by the following
Cayley table:
0123 4
001 23 4
100 20 4
2 00000
303204
403200

Then (X,-,0) isa UP-algebra. We define a neutrosophic M-structure X, over X as follows:
T, (0)=-0.3, 1,(0)=-0.8, F,(0)=-0.2,
T, () =-06, 1,(1)=-06, F,(1)=-0.3,
Ty(2)=-08, 1,(2)=-0.4, F,(2)=-0.8,
T, (3 =-06, 1,(3)=-0.6, F,(3)=-0.3,
T,(4)=-07, 1,(4)=-05, F,(4)=-0.7.

Hence, X, is a special neutrosophic N-UP-ideal of X .

Definition 5.9 A neutrosophic M-structure X, over X is called a special neutrosophic N-strongly

UP-ideal of X if it satisfies the following conditions: (5.4), (5.5), (5.6), and

(%, y,z € X)(Ty (x) 2 min{T,, ((z-y) - (2- %)), Ty (V)), (5.16)
(%, y,z € X)(1, () = max{l, ((z-y)-(z-x)), Iy (V)}), (5.17)
(vxy,z € X)(F, () = min{F ((z- y)- (z- X)), K (Y)D)- (5.18)
Example 5.10 Let X ={0,1,2,3,4} be a set with a binary operation - defined by the following
Cayley table:
012 3 4
00123 4
100230
2 0100 4
30120 4
4 0 4 2 30

Then (X,-,0) isaUP-algebra. We define a neutrosophic A-structure X, over X as follows:

T,(x) =-05
(vxeX)[ I, (x) =-1
F (x) =-03

Hence, X, is a special neutrosophic JM-strongly UP-ideal X .
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Theorem 5.11 Every special neutrosophic N-UP-subalgebra of X satisfies the conditions (5.4),
(5.5), and (5.6).
Proof. Assume that X, is a special neutrosophic N-UP-subalgebra of X . Then for all xe X, by
Proposition 2.5 (1), (5.1), (5.2), and (5.3), we have
Ty (0) =Ty (x-x) = min{Ty (%), Ty ()3 =Ty, (9, 15 (0) = 1y (x-x) <max{l (x), 1y (O} = 1, (),
Fyy (0) = Fyy (x-x) = min{F (x), F ()} = F (%)
Hence, X, satisfies the conditions (5.4), (5.5), and (5.6).

By Lemma 3.4 (1) and (4), we have the following five theorems.
Theorem 5.12 A neutrosophic J-structure X, over X isaneutrosophic N-UP-subalgebraof X
if and only if Xy isa special neutrosophic N-UP-subalgebra of X .
Theorem 5.13 A neutrosophic JM-structure X, over X is a neutrosophic JN-near UP-filter of X
if and only if Xy isa special neutrosophic V-near UP-filter of X .

Theorem 5.14 A neutrosophic JM-structure X, over X is a neutrosophic N-UP-filter of X if

and only if Xy is a special neutrosophic N-UP-filter of X .
Theorem 5.15 A neutrosophic AM-structure X, over X is a neutrosophic N-UP-ideal of X if

and only if Xy is a special neutrosophic N-UP-ideal of X .
Theorem 5.16 A neutrosophic JM-structure X, over X is a neutrosophic A-strongly UP-ideal of

X ifand only if X is a special neutrosophic J:strongly UP-ideal of X .

Theorem 5.17 A neutrosophic A-structure X, over X is constant if and only if it is a special
neutrosophic M-strongly UP-ideal of X .

Proof. It is straightforward by Remark 3.2 and Theorems 3.17 and 5.16.

By Remark Remark 3.2 and Theorems 5.12, 5.13, 5.14, 5.15, and 5.16, we have that the notion of
special neutrosophic N-UP-subalgebras is a generalization of special neutrosophic M-near UP-filters,
special neutrosophic JM-near UP-filters is a generalization of special neutrosophic AN-UP-filters,
special neutrosophic N-UP-filters is a generalization of special neutrosophic N-UP-ideals, and
special neutrosophic N-UP-ideals is a generalization of special neutrosophic V-strongly UP-ideals.
Moreover, by Theorem 5.17, we obtain that special neutrosophic A-strongly UP-ideals and constant

neutrosophic JM-structures coincide.

Theorem 5.18 If X, is a special neutrosophic N-UP-subalgebra of X satisfying the following
condition:
T () 2Ty (y)
(VX ye X)) x-y#0=9 1, (x) <1 (y) |, (5.19)
Fy () 2 Fy (y)
then X, is a special neutrosophic NV near UP-filter of X .
Proof. Assume that X, is a special neutrosophic N-UP-subalgebra of X satisfying the condition
(5.19). By Theorem 5.11, we have X, satisfies the conditions (5.4), (5.5), and (5.6). Next, let X,y e X..
Case 1: X-y=0.Then, by (5.4), (5.5), and (5.6), we have
Ty (- y) =Ty 0) 2Ty (y), 1y (x-y) =1, (0) <1 (y), R (x-y) = K (0) = Ky (y).
Case 2: X-y#0.Then, by (5.1), (5.2), (5.3), and (5.19), we have
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Ty (- y) 2 mindTy (), Ty (M} =Ty (), Ty (x-y) < max{ly (x), T (¥)3 = 1 (),
Fiy (x-y) 2 min{F (x), K (y)} = Fy ().

Hence, X, is a special neutrosophic J-near UP-filter of X .

Theorem 5.19 If X, is a special neutrosophic JN-near UP-filter of X satisfying the condition
(3.21), then X, is a special neutrosophic N-UP-filter of X .
Proof. Assume that X, is a special neutrosophic M-near UP-filter of X satisfying the condition
(3.21). Then X, satisfies the conditions (5.4), (5.5), and (5.6). Next, let X,Yy,Z€ X . By (5.7), (5.8), and
(3.21), we have
min{Ty, (x-y), Ty (0} = min{l, (x- ), Ty ()} < min{l, (y), Ty (0} = min{Ty, (y), Ty (0} <Ty (¥),
max{ly (x-y), Iy ()3 = max{Ty, (x-y), Iy ()} =max{Ty (y), Iy ()} = max{ly (y), 1y 09} = 1 (y),
min{F, (x-y), F, (00} = min{l, (x-y), F, 0} <min{l (y), Fy ()} = min{F (y), Fy ()} < F(y).
Hence, X, is a special neutrosophic N-UP-filter of X .

Theorem 520 If X, is a special neutrosophic N-UP-filter of X satisfying the condition (3.22),
then X, is a special neutrosophic A-UP-ideal of X .
Proof. Assume that X, is a special neutrosophic N-UP-filter of X satisfying the condition (3.22).
Then X, satisfies the conditions (5.4), (5.5), and (5.6). Next, let X,y,z e X . By (5.10), (5.11), (5.12),
and (3.22), we have

Ty (x-2) 2 min{T,, (y - (x-2)), Ty (¥)} = min{Ty, (x-(y-2)), Ty ()}

Iy (x-2) <max{l (y-(x-2)), 1y (¥)} = max{l, (x-(y-2), 1y (V)3

Fy (x-2) 2 min{F, (y- (x-2)), Fy (Y)} = min{F, (x-(y-2)), Fy (y)}-
Hence, X, is aspecial neutrosophic N-UP-ideal of X .

Theorem 5.21 If X, isaneutrosophic JA-structure over X satisfying the following condition:

Ty (2) 2 min{T (x), Ty ()}
(VX y,ze X)| z<x-y =9 Iy (2) <max{l, (x), 1, (V)} |, (5.20)

Fy (2) =2 min{F, (x), Fy (Y)}

then X, is a special neutrosophic N-UP-subalgebra of X .

Proof. Assume that X, is a neutrosophic /-structure over X satisfying the condition (5.20). Let

X,y € X . By Proposition 2.5 (1), we have (x-y)-(x-y)=0, thatis, X-y<X-y. It follows from (5.20)

that

Ty (x-y) 2 min{T (x), Ty ()} 1y (x-y) <max{ly (x), Iy ()} Fy (x-y) = min{F (x), Fy ()}

Hence, X, is a special neutrosophic N-UP-subalgebra of X .

Theorem 5.22 If X, isaneutrosophic M-structure over X satisfying the following condition:

Ty (2) =T (y)
(VX y,zeX)| z<x-y =12 L (D) <1 (y) |, (5.21)
Fv(2) 2 Fy(y)

then X, isaspecial neutrosophic N near UP-filter of X .
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Proof. Assume that X, is a neutrosophic J-structure over X satisfying the condition (5.21). Let
xe X . By (UP-2) and Proposition 2.5 (1), we have 0-(x-x)=0, that is, 0<x-x. It follows from
(5.21) that T, (0) =T, (x),1,(0)<1,(x), and F,(0)>F,(x).Next, let X,y e X . By Proposition 2.5 (1),
we have (x-y)-(x-y)=0 , that is, X-ys<x-y . It follows from (5.21) that
T Y 2T (W), L (x-y) <1 (y), and F (X-y)>F,(y) . Hence, X, is a special neutrosophic
HN-near UP-filter of X .

Theorem 5.23 If X, isaneutrosophic JM-structure over X satisfying the following condition:

Ty (y) 2 min{T, (2), Ty, ()}
(v, y,zeX)| z<x-y=1 L, (y) <max{l, (2), 1, (X} |, (5.22)
Fy (y) 2 min{F, (2), F, ()}

then X, isaspecial neutrosophic N-UP-filter of X .
Proof. Assume that X, is a neutrosophic J-structure over X satisfying the condition (5.22). Let
xe X . By (UP-3), we have x-(x-0)=0, thatis, x<x-0. It follows from (5.22) that
Ty (0) = min{T, (X), Ty ()} =Ty (x), 1 (0) < max{l, (x), I, (x)}=1,(X), K (0)=min{F (x), R, (X)} = F (x).

Next, let X,y € X . By Proposition 2.5 (1), we have (x-y)-(x-y)=0, that is, X-y<X-y. It
follows from (5.22) that

Ty (y) 2 mindT, (x- ), Ty O3 1 (y) < max{l (x-y), 1y 0O}, Fy (y) 2 mindFy (x-y), Ry ()}
Hence, X, is a special neutrosophic N-UP-filter of X .

Theorem 5.24 If X, isaneutrosophic M-structure over X satisfying the following condition:

T, (x-2) > min{T, (), T, (¥)}
(Va,x,y,ze X) a<x:(y-z) =1 Iy(x-2) <max{l, (a), 1, (¥)} | 629
F, (x-2) = min{F, (a), Fy (¥)}

then X, is a special neutrosophic N-UP-ideal of X .
Proof. Assume that X, isaneutrosophic N -structure over X satisfying the condition (5.23). Let
xe X .By (UP-3), wehave x-(0-(x-0)=0, thatis, x<0-(x-0). It follows from (5.23) and (UP-2) that
Ty (0) =T, (0-0) 2 min{T, (x), Ty, (O} =Ty (x), 1,(0) =1,(0-0) <max{l, (x), 1, (X)}=1,(x),
Fy (0) = F (0-0) = min{F, (x), F, ()} = K, (X).
Next, let X Y,zeX . By Proposition 2.5 (1), we have (x-(y-z))-(x-(y-z))=0 , that is,
X-(y-z) <X-(y-z). It follows from (5.23) that
Ty (x-2) 2 min{T, (x-(y-2)), Ty (N} 1y (x-2) <max{ly (x-(y-2), 1y (V)}
Fy (x-2) 2 min{F, (x-(y-2)), R (V)}-
Hence, X, is a special neutrosophic N-UP-ideal of X .

For any fixed numbers o ,a",f 8",y ,y" €[-1,0] such that o <a',f <p",y <y’

and a nonempty subset G of X a neutrosophic MNstructure
CXL 1= (TS LS RICD over X where STY[C1°1,[7.], and R[] are
a py o 4 a 4

Mfunctions on X which are given as follows:
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+

T 100 = {“

ifXG_G, GIN[ZI](X)={ﬂ ifxeG, GFN[C](x)z{f ifxeG,

otherwise, B otherwise, otherwise.
Lemma5.25 Let o ,a",5,8",7 ,7" €[-1,0]. Then the following statements hold:

LoXS ﬂ 1= X A 71, and

—1-at,-1-5",

2. GX [aﬁ ]_ N[flaflﬁfly]

“1-pt -1y

Proof. 1. Let XS[*”7"] be

R a neutrosophic  A-structure over X . Then
a . poy

XSI2 A 1= (XTSI ST LRST D) - Since

otherwise, p~  otherwise,

+

¥y otherwise ’

T“G[ZI](X’:{Z - Iﬁtﬁil(x)={ﬁ+ ifxe6, FNG[C](X)={7 itx<G,

we have

W00 = {1 @IS e e, Iﬁ[ﬁ*kx):{-l—ﬁ* ifx <G,

otherwise -1- " otherwise

= 1,710,

+

—y*  otherwise

AL 100 = {j_y EC e B 0.

Hence, (X °T,[321° LI/ 1 RL7D =5 X[ ]

“1-at -1-57 -

2. Let °X, [“f'zz" ' be a neutrosophic  ‘structure  over X . Then

X [“ . ] (X, ° T[], GIN[ﬁl],GFN[:ﬁ]).smce

+ +

if xeG,
otherwise ’

T 100 = {“

ifxeG, - - ifxeG,
> e =g, BXES o
otherwise, otherwise,

Rl 1) = {y
r V4

we have

GTN[Zi](x)={j:Z- XES e ), C1 02100 = {1‘” XSS e 1,

otherwise 1- 3" otherwise

—y~  otherwise

"R = {j_f IR b ¢

Hence, (X,TNG [j:zt], |G[j:£;], FNG [j:?t D= X 6 [ 1ot ~1-p7 —1-y"

Y e
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Lemma 5.26 If the constant 0 of X is in a nonempty subset G of X, then a neutrosophic

Mstructure ° X [a ﬂ ] over X satisfies the conditions (5.4), (5.5), and (5.6).
Proof. If 0<G, then °T,[710)=a"°1,[7,10)=4",and °F,[10) =" . Thus

L =a" 2 T 1X)
(vxeX)| S, [500)= < 1,[2.109) |

CRLII0) =2 A1)

Hence, °X [a ﬂ ’ "] satisfies the conditions (5.4), (5.5), and (5.6).

Lemma 5.27 If a neutrosophic Mstructure ° X [a ﬁ ] over X satisfies the condition (5.4)

(resp., (5.5), (5.6)), then the constant 0 of X isin anonempty subset G of X

Proof. Assume that a neutrosophic JM-structure eX [a ﬁ ] over X satisfies the condition (5.4).
Then °T, [Zi](O) >° T, [:i](x) for all xeX . Since G is nonempty, there exists g€G. Thus
“TCI@ =0, s0 STC10)2° T,[1(@) =o', thatis, °T,[*1(0)=a". Hence, 0€G.

Theorem 5.28 A neutrosophic A-structure GXN[Zt'ﬁ ;:t] over X is a special neutrosophic
MN-UP-subalgebra of X if and only if a nonempty subset G of X isa UP-subalgebraof X.

Proof. Assume that °X [a ﬁ ] is a special neutrosophic N-UP-subalgebra of X .Let XyeG.
Then °T, [a 1xX)=a" =°T, [a 1(y) . Thus
ST 10 V) 2 minge T [ 100.° Ty [ 1(y)F= @ 2° T [ 1(x-y)

andso °T, [Zi 1(x-y)=a".Thus X-yeG.Hence, G isa UP-subalgebraof X.

Conversely, assume that G is a UP-subalgebra of X .Let X,ye X .
Case 1: X,y€G . Then

GTN[Zf](><)=0t+ =° TN[Zi](Y), GlN[ﬁI](XFﬁ’ =° IN[le(y) Fy [’ 10 =y"=°F [’ 1(y)-
Thus

min{°T, [ 1095 Ty[C 1= @, max{®1,[2100.° 1,110} = A7, min{®FI7100.° Ry L1} = 7"
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Since G is a UP-subalgebra of X , we have X-y€G andso Ty[“1(x-y)=a" S L[ 1(x-y)= 4,
and °F,["1(x-Y)=7". Hence,

Iy =a za = min{T [ 100, Ty [ 1)},

LUy =B <= max L1 100.° 1,1 1))

SRy =y 2y =minfF 100, R0k
Case2: X£G or Y £G.Then

TLCI0 =a or ST =, 100 = B or LI = B

R0 =y or SRIIY =7
Thus
min® T, [ 100.° T [ 1Y = o, max(® 1, [ 100.° W[ 103 = 47 min Ry [7100.° Rl 100} = 7
Therefore,

ST Y) 2 e = min{eT [ 100.° Ty [ 1)}
S0 y) < A7 =max{® 101005 1,0 1003,
SR Y) 2y = min® R 100.° R0

Hence, © Xy [Zt ﬁ;: 1isa special neutrosophic N-UP-subalgebra of X .

I
Theorem 5.29 A neutrosophic MNstructure © X [:_'ﬁ 7

. y_] over X isa special neutrosophic /M-near

UP-filter of X if and only if a nonempty subset G of X isanear UP-filter of X .

Proof. Assume that ©X, [Zi? :; 1is a special neutrosophic A-near UP-filter of X . Since
® Xy [ZtZ ;i "1 satisfies the condition (5.4), it follows from Lemma 5.27 that 0eG. Next, let xe X
and YeG.Then °T, [Zt 1(y) =" . Thus, by (5.7), we have

STLCI0C ) 2 T Ay) = @ 20 T [ 1(x-y)

and so °T, [Zt 1x-y)=a".Thus X-yeG.Hence, G isanear UP-filter of X .
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Conversely, assume that G is a near UP-filter of X . Since 0€G, it follows from Lemma 5.26

that ° X [a ﬁ ] satisfies the conditions (5.4), (5.5), and (5.6). Next, let X,y€ X .

Case 1: YeG. Then °T, [Zt](y) =a"° IN[Z;](y) =4 ,and °F, [;t]()’) =y".Since G is a near
UP-filter of X , we have X-yeG and so ST 1cy)=a L[ 1x-y)=p , and
R 1(x-y) =" Thus

LIy =a za” =P TN, S ey =4 <=0 L0 ),
CRLLIcY) =7 2y =2 RUIIO).
Case2: Y £G.Then T,[71) = ° L, [L1)= 5", and *FL71Y) =7 . Thus
A1) e = TICAW), Sy <7 =0 L), SR y) 2y =2 RI2().

Hence, °X [a ﬂ ] is a special neutrosophic V-near UP-filter of X .

Theorem 5.30 A neutrosophic A:structure © X, Z? ﬁ V,] over X is a special neutrosophic
MN-UP-filter of X if and only if a nonempty subset G of X isa UP-filterof X.

Proof. Assume that © X, [:t:ﬂ ;i 1isa special neutrosophic N:UP-filter of X . Since ©X [Zti;;,
satisfies the condition (5.4), it follows from Lemma 5.27 that 0G. Next, let X,y € X be such that

Xx-yeG and xeG.Then °T, [“ 1x-y)=a" =°T, [‘Z 1(x) . Thus, by (5.10), we have
ST 1) = min®T [ 106 y). S T 1003 = @ =8 Ty [ 1(y)

and so °T, [Zi 1(y)=a" . Thus Y€G.Hence, G is a UP-filter of X .
Conversely, assume that G is a UP-filter of X .Since 0€G, it follows from Lemma 5.26 that
°X [“, . ,] satisfies the conditions (5.4), (5.5), and (5.6). Next, let X,y e X .

Casel: X-yeG and xeG.Then

TNy =a =TI, Sy = 7 =0 D100, SRIZIey) = 77 =° Rl 1).
Since G is a UP-filter of X , we have ye€G and so °T,[“1(y)=a"° LW[2.1)=p", and

*RL1Y) =7 Thus
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LTI =a 2 e = mindeT [ 10 y),° Ty [ 1003,
RO = <p =max{C 101 y).E 1[I0,
SR =77 2y = minf® R0 9).° R L1003,
Case2: X-Y£G or x &G .Then
STy =a or ST I =, S 1Y) = AT or S [2 (6 = £
SRy =7 o CRITIM) =y
Thus
min{° T [ 10 Y).S T L1003 = o, max{® 1, [ 10 9).° 11003 = 47
min{® Ry [ 1x-y).° R I00}= 7
Therefore,
TC100 2 @ = ming®T, [ 10 »),° Ty [ 1003,
S0 <47 = max{® 1[0 1xy).S I 1003,
R0 2y =min{® R[]0 ). R I00)

Hence, ° X, [Zt'ﬁ :: 1isa special neutrosophic N-UP-filter of X .

Theorem 5.31 A neutrosophic Mstructure ° XN[::ﬁ ;: "1 over X is a special neutrosophic
MN-UP-ideal of X if and only if a nonempty subset G of X isa UP-idealof X.

Proof. Assume that © X [Ztﬁ ;: 1isa special neutrosophic A-UP-ideal of X . Since ¢ Xy [Ztﬁ ;: _
satisfies the condition (5.4), it follows from Lemma 5.27, that 0eG. Next, let X,¥,Z€ X be such

that x-(y-z)eG and yeG.Then °T, [Zt](x-(y- )N=a" =°T, [Zi](y) . Thus, by (5.13), we have
ST 10 2) 2 min® T [ 10x- (y - 2).° T [ 1)} = @ =8 T, [ 1(x-2)

andso °T, [Zt](x- Z)=a". Thus x-zeG.Hence, G isa UP-ideal of X .
Conversely, assume that G is a UP-ideal of X . Since 0€G, it follows from Lemma 5.26 that
® Xy [Ztﬁ;i "1 satisfies the conditions (5.4), (5.5), and (5.6). Next, let X,y,ze X .

Casel: x-(y-2)eG and y<€G.Then
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TN (y-2) =a =TI, S Ay ) = 47 =0 L),

SR (v 2) =7+ =° RLZI).
Thus

min{>T, [ 10¢-(y-2). S LI} = @', max{ 1, [ 1(x- (y-2).° L 1)} = 47
min{® R, [ 1(x- (y-2)).° Ry L1} = 7"
Since G is a UP-ideal of X, we have x-z2€G and so °Ty[1(x-2)=a"°1,[7.](x-2)= ", and
*RL71(x-2)=7". Thus
T2 = zat = minfT [ 1(x-(v- 2)° T 1)},
CLIx-2)= 4 < =max{® [0 1(x- (y-2).° L2 1)),
CRLIcn) =y 2y =minf R 10 (v-2).° RO
Case2: x-(y-2) 2G or Yy £G.Then
TN (y- ) =a or ST Iy = o, Sk (y-2) = B or S Iy) = 4

SR (y-2) =y or SRICIY =7
Thus

min{T, [0 (y-2). S LI} = o, max® 1[0 1(x- (v ). 1L I03= 47
min{® Fy, [ 10¢-(y-2).° R 1003= 7
Therefore,
TN )2 = min{PT [ 1(x-(y-2). S T [ 1)}

L2 < A= max LT 1 (v D). 1210,

CRLI0c) 2y =min{ R (y-2).° R D10}

G X ot B ,fr
Hence, N [a_ s

1 is a special neutrosophic N-UP-ideal of X .

I
Theorem 5.32 A neutrosophic JM:structure GXN[:_'ﬁ 7.1 over X s a special neutrosophic

MN-strongly UP-ideal of X if and only if a nonempty subset G of X isa strongly UP-ideal of X .
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Proof. Assume that © X, [Zti;; 1isa special neutrosophic JN-strongly UP-ideal of X . By Theorem
5.17, we have °T, [“t] is constant, that is, °T, [at] is constant. Since G is nonempty, we have

T, [Zi J(x)=a" forall xeX .Thus G=X.Hence, G is astrongly UP-ideal of X.
Conversely, assume that G is a strongly UP-ideal of X .Then G =X, so
“TICI0 =a
(vxe X)| © |N[§;](X) =5 |

°Fy [}](X) =y
Thus °T, [Zt],G |N[§;] ,and °F, U ‘1 are constant, that is, ° XN[??; "1 is constant. By Theorem

5.17, we have ° X, [Ztﬁ;i ‘1 isa special neutrosophic A-strongly UP-ideal of X .

6. Level subset of a neutrosophic J-structure of special type

In the last section of this paper, we discuss the relationships among special neutrosophic
MN-UP-subalgebras (resp., special neutrosophic /-near UP-filters, special neutrosophic N-UP-filters,
special neutrosophic A-UP-ideals, special neutrosophic JA-strongly UP-ideals) of UP-algebras and

their level subsets.

Theorem 6.1 A neutrosophic JM-structure X, over X is a special neutrosophic N-UP-subalgebra
of X if and only if for all «,f,y<[-1,0], the sets U(Ty;a),L(1y;8), and U(F,;y) are
UP-subalgebras of X if U(T;a),L(l;f),and U(F,;y) are nonempty.
Proof. Assume that X, is a special neutrosophic N-UP-subalgebra of X . Let «,f,y<[-1,0] be
such that U(Ty;a),L(l;B),and U(F;y) are nonempty.

Let x,yeU(T;a).Then T (X)=2a and T (y)=2a,so «a isalower bound of {T,(x),T,(y)}.
By (5.1), we have T (x:y)=min{T,(x),Ty(¥)}=2«.Thus x-yeU(T;a) .

Let x,yelL(ly;f).Then I (x)<f and I (y)<f,s0 S isanupper bound of {lI (x),1,(y)}
.By (56.2), we have | (x-y)<max{l,(x),l,(¥)}<S.Thus x-yelL(l;p).

Let x,yeU(F,;»).Then F,(x)>y and F (y)=y,so y isalower bound of {F,(x),F,(y)}.
By (5.3), we have F(x-y)=min{F,(x),F,(y¥)}>y.Thus x-yeU(F,;»).

Hence, U(Ty;a),L(1y;8),and U(F,;») are UP-subalgebrasof X.

Conversely, assume that for all «,f,y<[-1,0], the set U(T;a),L(l;B), and U(F;y) are
UP-subalgebras if U(Ty;ea),L(1y;8),and U(F;y) are nonempty.

Let X,ye X . Then T, (x),T,(y)e[-1,0] Choose «=min{T,(x),T,(y)}. Thus T,(x)>a and
T (W) =2a,so0 x,yeU(T;a)#. By assumption, we have U(T;«a) is a UP-subalgebra of X and
so X,yeU(T;a).Thus T (X-y)=a=min{T, (X), T, (¥)}.
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Let X,ye X . Then I,(x),1,(y)€[-1,0] Choose A=max{l,(x),l(y)}. Thus I ,(x)<g and
(< B,s0 x,yelL(ly;B)#. By assumption, we have L(l;f) is a UP-subalgebra of X and
s0 X,yeL(l,:f). Thus 1,(x-y)< A =max{l, (), 1,()}.

Let X,ye X . Then F (x),F,(y)€[-1,0]. Choose y=min{F,(x),F,(y)}. Thus F,(x)=y and
Fo(Y)=y,s0 x,yeU(F,;»)=J. By assumption, we have U(F;y) is a UP-subalgebra of X and
so x,yeU(Fy;»).Thus F (x-y)<y=min{F,(x),F,(y)}.

Therefore, X, is a special neutrosophic N-UP-subalgebra of X .

Theorem 6.2 A neutrosophic JM-structure X, over X is a special neutrosophic A-near UP-filter
of X if and only if for all «,f,y€[-1,0], the sets U(T;a),L(l;8), and U(F,;y) are near
UP-filters of X if U(Ty;a),L(ly;B), and U(F,;y) are nonempty.

Proof. Assume that X, is a special neutrosophic MN-near UP-filter of X . Let «,f,y €[-1,0] be
such that U(T;a),L(l; /), and U(F,;y) are nonempty.

Let xeU(Ty;a). Then T (X)=a . By (5.4), we have T (0)=T (X)=« . Thus 0€U(T;).
Next, let yeU(T;a) . Then T (y)=a . By (5.7), we have T (x-y)=2T,(y)=2ea . Thus
x-yeU(T;a).

Let xeL(ly;f) . Then I (x)</f . By (56.5), we have I,(0)<I1,(x)<f . Thus 0eL(l;p) .
Next, let yeL(l;f).Then I,(y)</.By (5.8), wehave I ,(x-y)<I,(y)</f .Thus x-yeL(l;f)

Let xeU(F,;7). Then F,(xX)>y . By (5.6), we have F (0)>F,(x)>y. Thus 0€U(F,;y).
Next, yeU(F,;»).Then F (y)>y.By (5.9), wehave F (x-y)=F,(y)=y.Thus x-yeU(FR,;7).

Hence, U(T;e), L(l;p),and U(F,;y) are near UP-filters of X .

Conversely, assume that for all «,f,y<[-1,0], the set U(T;),L(l;f), and U(F;y) are
near UP-filters if U(Ty;a),L(ly;8),and U(F;y) are nonempty.

Let xe X . Then T (0)e[-1,0] . Choose a =T,(X). Thus T (X)2a, so xeL(Ty;a) =< . By
assumption, we have U(T,;a) is a near UP-filter of X and so 0e€U(T;a) . Thus
T,©=a=T,(x). Next, let ye X . Then T,(y)e[-1,0]. Choose a=T,(y). Thus T (y)=«a, so
yeU(;a)#9 . By assumption, we have U(T,;a) is a near UP-filter of X , and so
X-yeU(Ty;a). Thus T (X-y)=2a=T,(y) .

Let xe X . Then 1,(0)e[-1,0] . Choose B =1,(x). Thus I ,(X)<f, so xelL(l;p8)=<. By
assumption, we have L(l ;) is a near UP-filter of X and so Oel(l,;f) . Thus
1,0 <B=1,(X). Next, let yeX . Then I,(y)e[-1,0]. Choose S =1,(y). Thus I, (y)<p, so
y e L(l; p) #D. By assumption, we have L(l;f) isanear UP-filterof X ,andso Xx-yeL(l;/f).
Thus 1,(x-Y)< A= 1,(y) -

Let xe X . Then F,(0)e[-1,0]. Choose y =F,(x). Thus F,(X)>y, so xeU(F,;») =< . By
assumption, we have U(F,;») is a near UP-filter of X and so 0eU(F;y) . Thus
F,(0)=y=F,(x). Next, let yeX . Then F,(y)e[-1,0]. Choose y=F(y). Thus F,(y)=y, so
yeU(FR;y)#< . By assumption, we have U(F,;») is a near UP-filter of X , and so
x-yeU(F;») . Thus F(x-y)=y=F(y).

Therefore, X, is a special neutrosophic A-near UP-filter of X .
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Theorem 6.3 A neutrosophic N-structure X, over X isa special neutrosophic N/~UP-filter of X
if and only if for all «, 3,7 €[-1,0], the sets U(Ty; ), L(l; /), and U(F,;y) are UP-filters of X if
U(Ty;a),L(l;B),and U(F;y) are nonempty.

Proof. Assume that X, 1is a special neutrosophic N-UP-filter of X . Let «, 3,y €[-1,0] be such
that U(T;a),L(l;5),and U(F,;y) are nonempty.

Let xeU(Ty;a). Then T (X)=«a . By (5.4), we have T (0)=T (X)=2a . Thus 0€U(T;e).
Next, let x-yeU(T;a) and xeU(T;a). Then T (x-y)2a and T (X)<a, so a is a lower
bound of {T, (x-y),T,(X)}. By (5.10), we have T (y)=min{T,(X-y),Ty(X)}=a .Thus yeU(T;a) .

Let xelL(ly;8) . Then I ,(x)<g . By (5.5), we have I ,(0)<I,(x)<f . Thus OeL(l,;p) .
Next, let x-yeL(ly;8) and xelL(ly;f). Then I ,(x-y)<pg and | (X)<fB, so f is an upper
bound of {I,(x-y),l,(X)}.By (5.11), we have I (y)<max{l,(x-y),1,(X)}<B.Thus yelL(l,:p).

Let xeU(F,;»). Then F (x)=y . By (5.6), we have F (0)=2F,(X)=y. Thus 0cU(F;y).
Next, let x-yeU(F;») and xeU(F;y). Then F,(x-y)>y and F,(X)>y, so y is a lower
bound of {F,(x-Y),F,(X)}.By (5.12), we have F,(y)=min{F,(x:y),F,(X)}=y.Thus yeU(F;7).

Hence, U(T;a),L(ly;B),and U(F;y) are UP-filtersof X .

Conversely, assume that for all «, 3,7 €[-1,0], the set U(T;a),L(1;B), and U(F;y) are
UP-filters if U(T;e),L(ly;f), and U(F,;y) are nonempty.

Let xe X . Then T,(x)€[-1,0]. Choose a=T,(X). Thus T (X)=2a, so xeU(T,;a)=. By
assumption, we have U(T,;a) is a UP-filter of X and so 0€U(T;a). Thus T (0)=a =T, (X).
Next, let X,y € X . Then T, (x-Y),T,(x) €[-1,0]. Choose « =min{T, (x-y),T,(X)}.Thus T,(Xx-y)>«a
and Ty(X)=a,so x-y,xeU(T;a)# . By assumption, we have U (T ;) is a UP-filterof X and
so yeU(T;@).Thus T, (y)=a=min{T (X y),T,(X)}.

Let xe X . Then I,(x)e[-1,0]. Choose S=1,(X). Thus I ,(X)<p,so xelL(l,;B)=J. By
assumption, we have L(l;f) is a UP-filter of X and so OeL(ly;B) . Thus I, 0)<g=1,(x).
Next, let XyeX . Then I (x-y),1,(x)e[-1,0] . Choose g=max{l,(x-y),1,(X)} . Thus

IW(Xx-y)<pB and I, (X)<pf, so x-y,xelL(ly;8) = . By assumption, we have L(l;f) is a
UP-filter of X andso yelL(ly;f).Thus I,(y)<g=max{l,(x-y) l,(X)}.

Let xe X . Then F (x)<€[-1,0]. Choose y =F,(x). Thus F,(X)<y, so xeU(F;»)=< . By
assumption, we have U(F;y) is a UP-filter of X and so 0€U(F;y). Thus F,(0)=y =F,(x).
Next, let X,yeX . Then Fy(x-y),F(X)e[-1,0] . Choose y=min{F,(x-y),F,(x)} . Thus
Fo(x-y)2y and K (X)2y, so x-y,xeU(F,;») =< . By assumption, we have U(F;;y) is a
UP-filter of X andso yeU(F;y).Thus F (y)=y=min{F,(x-y),F X)}.

Therefore, X, 1is a special neutrosophic N-UP-filter of X .

Theorem 6.4 A neutrosophic JM-structure X, over X is a special neutrosophic N-UP-ideals of
X if and only if for all «,f,y €[-1,0], the sets U(T;a),L(l;f), and U(F,;») are UP-ideals of
X if U(Ty;a),L(ly;p),and U(F,;y) are nonempty.
Proof. Assume that X, is a special neutrosophic N-UP-ideal of X . Let «,f,y €[-1,0] be such
that U(T;a),L(1y;8), and U(F,;») are nonempty.

Let xeU(Ty;a). Then T (X)=a . By (5.4), we have T (0)=T (X)=« . Thus 0€U(T;).
Next, let x-(y-z2)eU(Ty;) and yeU(T ;). Then T (X-(y-2))2a and T (y)=2a, so a is a
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lower bound of {T, (x:(y-2)),Ty(¥)}.By (5.13), we have T (x-z)=min{T, (x:(y-2)),Ty(y¥)}= . Thus
x-zeU(T;a).

Let xeL(ly;f) . Then I, (x)</f . By (56.5), we have I,(0)<I1,(x)<f . Thus 0eL(l;p) .
Next, let x-(y-z)eL(ly;0) and yelL(l;f). Then I (x-(y-2))<p and I (y)< S, so f is an
upper bound of {I,(x-(y-2)),1,(¥)} . By (5.14), we have I (x-z)<max{l,(x-(y-2)),l,(V)}<p.
Thus x-zeL(ly;pf).

Let xeU(F,;7). Then F,(xX)>y . By (5.6), we have F (0)>F,(x)>y. Thus 0€U(F,;y).
Next, let x-(y-z)eU(F;y) and yeU(F,;»). Then F,(x-(y-z))=y and F (y)=y, so y is a
lower bound of {F,(x-(y-2)),F,(¥)}. By (5.15), we have F,(x-z)=min{F,(x-(y-2)),FR,(¥)}=7.
Thus x-zeU(F:y).

Hence, U(Ty;a),L(1,;pB),and U(F,;y) are UP-ideals of X .

Conversely, assume that for all «,f,y<[-1,0], the set U(T;a),L(l;B), and U(F;y) are
UP-ideals if U(T;a),L(l;p),and U(F,;y) are nonempty.

Let xe X . Then T, (x) e[-1,0]. Choose a =T (x). Thus T (X)2a, so xeU(T,;a)= . By
assumption, we have U(T,;a) is a UP-ideal of X and so 0€U(T,;a). Thus T (0)=a =T, (X).
Next, let X,¥,ze X . Then T,(x-(y-2)),Ty(y) €[-1,0]. Choose «=min{T, (x-(y-2)),T,(y)}. Thus
Ty(X-(y-2))2a and T (y)=2a,so X-(y-2),yeU(T;a) = . By assumption, we have U(T;a) is
a UP-idealof X andso x-zeU(T,;a).Thus T,(Xx-z)=a =min{T (X-(y-2)), Ty (¥)}.

Let xe X . Then I,(x)e[-1,0]. Choose B =1,(x). Thus I ,(X)< /S, so xelL(l;p8)=J. By
assumption, we have L(l;f) is a UP-ideal of X and so OeL(l;f) . Thus 1,(0)<S=1,(X).
Next, let X,y,ze€ X . Then | (x-(y-2)),1,(y) €[-1,0]. Choose A =max{l,(x-(y-2)),ly(y)}. Thus
IW(X-(y-2))<p and I (y)<B,s0 X-(y-2),yeL(ly;B)=. By assumption, we have L(l;p) is
aUP-ideal of X andso x-zelL(ly;f).Thus I (x-2)<g=max{l,(x-(y-2)),1,(¥)}.

Let xe X . Then Fy(x)e[-1,0]. Choose y =F,(x). Thus F(X)=y, so xeU(F;»)#<. By
assumption, we have U(F;y) is a UP-ideal of X and so 0€U(F,;»). Thus F,(0)=y=F,(x).
Next, let X,¥,ze X. Then F (x-(y-2)),F,(y)e[-1,0]. Choose y=min{F,(x-(y-2)),F,(y)}. Thus
Fo(X-(y-z))=2y and F,(y)=y,s0 x-(y-2),yeU(F,;y) = . By assumption, we have U(F;y) is
a UP-idealof X andso x-zeU(F,;y).Thus F,(x-z)=y =min{F, (X-(y-2)),F,(¥)}.

Therefore, X, is a special neutrosophic A-UP-ideal of X .

Definition 6.5 Let X, be aneutrosophic N-structure over X .For «,f,ye[-1,0], the sets

ULU><N (a,B,7) ={xeX|Ty za,l, <B,F, 27},
LULXN (., B,7) ={xeX|Ty <a,ly 2 B,F, <y}

E,, (@) ={xeX|T, =al, = fF, =7}

are called a ULU - (e, B,7) -level subset, an LUL - (e, 3, y) -level subset, and an E - («, 3, y) -level subset

of X, , respectively. Then we see that

ULUy (@ B,7) =U(Ty; @) N L1 B) NU(Fy:7),

LUL, (@, B,7) = L(Ty;a) nU (1 B) A L(Fy; 7).
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EXN (. B.y) = E(Ty; @) nE(ly; BYNE(F;7).
Corollary 6.6 A neutrosophic JM-structure X, over X is a neutrosophic JN-UP-subalgebra of X
if and only if for all «,f,ye[-1,0], LUL, (a,.7) is a UP-subalgebra of X where
LULXN (a0, B,¥) is nonempty.
Proof. It is straightforward by Theorem 4.2.
Corollary 6.7 A neutrosophic A-structure X, over X is a neutrosophic N near UP-filter of X
if and only if for all «, 3,7 €[-1,0], LULXN (a,B,7) is anear UP-filter of X where LULXN (a,B,7)

is nonempty.

Proof. It is straightforward by Theorem 4.3.
Corollary 6.8 A neutrosophic M-structure X, over X isaneutrosophic /~UP-filter of X if and
only if for all «,f,y<[-1,0], LULXN (a,B,y) is a UP-filter of X where LULXN (a, B,y) is

nonempty.

Proof. It is straightforward by Theorem 4.4.

Corollary 6.9 A neutrosophic J-structure X, over X isaneutrosophic N-UP-ideal of X if and

only if for all «,f,y<€[-1,0], LUL><N (a,B,7) is a UP-ideal of X where LULXN (a,B,y) is

nonempty.

Proof. It is straightforward by Theorem 4.5.
Corollary 6.10 A neutrosophic A-structure X, over X isa neutrosophic JM-strongly UP-ideal of
X ifand only if E(T,,T,(0))= X,E(l,,1,(0)=X,and E(F,,F,©0)=X.

Proof. It is straightforward by Theorem 4.6.

Corollary 6.11 A neutrosophic A-structure X, over X is a special neutrosophic

MN-UP-subalgebra of X if and only if for all «, 3,y €[-1,0], ULUXN (o, B,y) is a UP-subalgebra of

X where ULU, (a,f,7) is nonempty.

Proof. It is straightforward by Theorem 6.1.

Corollary 6.12 A neutrosophic JM-structure X, over X isa special neutrosophic JV-near UP-filter

of X if and only if for all «,f,y<€[-1,0], ULU, (o, B,y) is a near UP-filter of X where

ULUXN (e, B,7) is nonempty.
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Proof. It is straightforward by Theorem 6.2.

Corollary 6.13 A neutrosophic JM-structure X, over X is a special neutrosophic N-UP-filter of

X if and only if for all «, 8,y €[-1,0], ULU)<N (a,B,7) is a UP-filter of X where ULU)<N (a, B,7)

is nonempty.

Proof. It is straightforward by Theorem 6.3.

Corollary 6.14 A neutrosophic J-structure X, over X is a special neutrosophic N-UP-ideal of

X if and only if for all «, 3,7 €[-1,0], ULU><N (a,p,y) is a UP-ideal of X where ULUXN (a,B.7)

is nonempty.

Proof. It is straightforward by Theorem 6.4.

7. Conclusions

In this paper, we have introduced the notions of (special) neutrosophic N -UP-subalgebras,
(special) neutrosophic N -near UP-filters, (special) neutrosophic N -UP-filters, (special)
neutrosophic N -UP-ideals, and (special) neutrosophic N -strongly UP-ideals of UP-algebras and
investigated some of their important properties. Then we have that the notion of (special)
neutrosophic N -UP-subalgebras is a generalization of (special) neutrosophic N -near UP-filters,
(special) neutrosophic N -near UP-filters is a generalization of (special) neutrosophic N
-UP-filters, (special) neutrosophic N -UP-filters is a generalization of (special) neutrosophic N
-UP-ideals, and (special) neutrosophic N -UP-ideals is a generalization of (special) neutrosophic
N -strongly UP-ideals. Moreover, we obtain that (special) neutrosophic N -strongly UP-ideals and
constant neutrosophic N -structures coincide.

In our future study, we will apply these notion/results to other type of neutrosophic N
-structures in UP-algebras. Also, we will study the soft set theory/cubic set theory of such

neutrosophic N -structures.
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