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A novel approach to neutrosophic sets in UP-algebras B Sheck for updates
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Abstract

The notion of neutrosophic sets in UP-algebras was introduced by Songsaeng and Iampan [M. Songsaeng, A. lampan, Eur. J.
Pure Appl. Math., 12 (2019), 1382-1409]. In this paper, the notions of special neutrosophic UP-subalgebras, special neutrosophic
near UP-filters, special neutrosophic UP-filters, special neutrosophic UP-ideals, and special neutrosophic strong UP-ideals of
UP-algebras are introduced, and several properties are investigated. Conditions for neutrosophic sets to be special neutrosophic
UP-subalgebras, special neutrosophic near UP-filters, special neutrosophic UP-filters, special neutrosophic UP-ideals, and special
neutrosophic strong UP-ideals of UP-algebras are provided. Relations between special neutrosophic UP-subalgebras (resp.,
special neutrosophic near UP-filters, special neutrosophic UP-filters, special neutrosophic UP-ideals, special neutrosophic strong
UP-ideals) and their level subsets are considered.
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1. Introduction and preliminaries

Smarandache [19] introduced the notion of neutrosophic sets in 1999 which is a more general platform
that extends the notions of classic sets, (intuitionistic) fuzzy sets and interval valued (intuitionistic) fuzzy
sets (see [19, 20]). Neutrosophic set theory is applied to various part which is referred to the site

http:/ /fs.gallup.unm.edu/neutrosophy.htm

The above-mentioned part has been derived from [25]. Wang et al. [28] introduced the notion of interval
neutrosophic sets in 2005. Khan et al. [13] introduced the notion of neutrosophic N-structures and their
applications in semigroups in 2017. Jun et al. [8, 9] studied neutrosophic N-structures to BCK/BCI-
algebras and neutrosophic subalgebras of several types in BCK/BCl-algebras in 2017. Jun et al. [10]
studied neutrosophic positive implicative N-ideals in BCK-algebras in 2018. Kim et al. [14] studied
generalizations of neutrosophic subalgebras in BCK/BClI-algebras based on neutrosophic points in 2018.
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Songsaeng and Iampan [23] introduced the notions of neutrosophic UP-subalgebras, neutrosophic near
UP-filters, neutrosophic UP-filters, neutrosophic UP-ideals, and neutrosophic strong UP-ideals of UP-
algebras in UP-algebras.

In this paper, the notions of special neutrosophic UP-subalgebras, special neutrosophic near UP-filters,
special neutrosophic UP-filters, special neutrosophic UP-ideals, and special neutrosophic strong UP-ideals
of UP-algebras are introduced, and several properties are investigated. Conditions for neutrosophic sets
to be special neutrosophic UP-subalgebras, special neutrosophic near UP-filters, special neutrosophic
UP-filters, special neutrosophic UP-ideals, and special neutrosophic strong UP-ideals of UP-algebras are
provided. Relations between special neutrosophic UP-subalgebras (resp., special neutrosophic near UP-
filters, special neutrosophic UP-filters, special neutrosophic UP-ideals, special neutrosophic strong UP-
ideals) and their level subsets are considered.

Before we begin our study, we will give the definition and useful properties of UP-algebras.

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,z€ X)((y-2)- ((x-y)-(x-2z)) =0);
(UP-2) (Vx € X)(0-x = x);

(UP-3) (¥x € X)(x-0=0); and

(UP-4) (Vx,y € X)(x-y=0,y-x=0=x =v).

The branch of the logical algebra, UP-algebras were introduced by Iampan [5], and he proved that
the notion of UP-algebras is a generalization of KU-algebras (see [16]). Later Somjanta et al. [21] studied
fuzzy UP-subalgebras, fuzzy UP-ideals and fuzzy UP-filters of UP-algebras. Guntasow et al. [4] studied
fuzzy translations of a fuzzy set in UP-algebras. Kesorn et al. [12] studied intuitionistic fuzzy sets in
UP-algebras. Kaijae et al. [11] studied anti-fuzzy UP-ideals and anti-fuzzy UP-subalgebras. Tanamoon
et al. [26] studied Q-fuzzy sets in UP-algebras. Sripaeng et al. [24] studied anti Q-fuzzy UP-ideals and
anti Q-fuzzy UP-subalgebras of UP-algebras. Dokkhamdang et al. [3] studied Generalized fuzzy sets in
UP-algebras. Songsaeng and Iampan [22] studied N-fuzzy UP-algebras and its level subsets, etc.

Example 1.1 ([18]). Let X be a universal set and let QO € P(X), where P(X) means the power set of X. Let
Pa(X) ={A € P(X) | Q C A}. Define a binary operation - on Pq (X) by putting A-B =BnN (AU Q) for
all A,B € P (X), where A© means the complement of a subset A. Then (P (X),-, Q) is a UP-algebra and
we shall call it the generalized power UP-algebra of type 1 with respect to Q. Let P2 (X) ={A € P(X) | A C QL.
Define a binary operation * on P(X) by putting A xB = BU (AN Q) for all A,B € P2(X). Then
(P2(X), *, Q) is a UP-algebra and we shall call it the generalized power UP-algebra of type 2 with respect to Q.
In particular, (P(X), -, 0) 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 1.2 ([3]). Let IN be the set of all natural numbers with two binary operations o and e defined by

|y, ifx<y,
(vx,y € IN) (Xoy - { 0, otherwise, )

and

(Vx,y € N) <Xoy:{ g/ ifx>yorx=0, )

otherwise,

Then (IN, 0,0) and (IN, »,0) are UP-algebras.
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Example 1.3 ([15]). Let X = {0,1,2,3,4,5} be a set with a binary operation - defined by the following
Cayley table:

101 23 45
0j01 2 3 45
10 0 2 3 25
201 0315
3|01 2045
4/0 0 0 3 05
5/0 02020

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

For more examples of UP-algebras, see [1, 2, 6, 17, 18].
In a UP-algebra X = (X, -, 0), the following assertions are valid (see [5, 6]).

(Vx € X)(x-x=0), (1.1)
("x,y,zeX)(x-y=0,y-z=0=x-z=0), (1.2)
(Vx,y,zeX)(x-y=0=(z-x)-(z-y) =0), (1.3)
(", y,ze X)(x-y=0=(y-z)-(x-z) =0), (1.4)
(Vx,y € X)(x- (y x) =0), (1.5)
(", yeX)((y-x) - x=0&x=y-x), (1.6)
(vx,y € X)(x-(y-y) =0), (1.7)
(Va,x,y,z € X)((x-(y-2z))- (x-((a-y)-(a-z))) =0), (1.8)
(Va,x,y,z € X)((((a-x)-(a-y))-z)-((x-y)-z) =0), (1.9)
(vx,y,z € X)(((x-y)-2z) - (y-z) =0), (1.10)
("x,y,ze X)(x-y=0=x-(z-y) =0), (1.11)
(Yx,y,z€ X)(((x-y)-2)-(x-(y-2z)) =0), and (1.12)
(Va,x,y,ze€ X)(((x-y)-z)-(y-(a-z)) =0). (1.13)

From [5], the binary relation < on a UP-algebra X = (X, -,0) defined as follows:
(", yeX)x<y<ex-y=0).
Definition 1.4 ([4, 5, 7, 21]). A nonempty subset S of a UP-algebra (X, -,0) is called
(1) a UP-subalgebra of X if (Vx,y € S)(x-y € S);
(2) a near UP-filter of X if

(i) the constant 0 of X is in S, and
(i) (", yeX)(yeS=x-yeSs);

(3) a UPfilter of X if

(i) the constant 0 of X is in S, and
(i) (Wx,yeX)(x-yeS,xeS=yeSs),

(4) a UP-ideal of X if

(i) the constant 0 of X is in S, and
(i) (", y,zeX)(x-(y-z)eS,yeS=x-z€8§);
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(5) a strong UP-ideal (renamed from a strongly UP-ideal) of X if

(i) the constant 0 of X is in S, and
(i) ("x,y,ze X)((z-y)-(z-x) €S,yeS=x¢€S).

Guntasow et al. [4] and Iampan [7] 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 strong UP-ideals. Moreover, they also proved that the only strong
UP-ideal of a UP-algebra X is X.

2. NSs of special types in UP-algebras

The notion of a fuzzy set in a nonempty set was first considered by Zadeh [29] in 1965. A fuzzy set
(briefly, FS) in a nonempty set X (or a fuzzy subset of X) is an arbitrary function f : X — [0, 1], where [0, 1]
is the unit segment of the real line, and the fuzzy set f defined by f(x) = 1 — f(x) for all x € X is said to
be the complement of f in X. In 1999, Smarandache [19] introduced the notion of neutrosophic sets as the
following definition. A neutrosophic set (briefly, NS) in a nonempty set X is a structure of the form:

A= {(X/ }\T(X)/AI (X)IAF (X)) | X € X}r (21)

where At : X — [0,1] is a truth membership function, A1 : X — [0,1] is an indeterminate membership function,
and Af : X — [0,1] is a false membership function. For our convenience, we will denote a NS as A =
(X, AT, AL AF) = (X A1,r) ={(%A1(x), Ar(x), A (x)) [ x € X].

Definition 2.1 ([19]). Let A be a NS in a nonempty set X. The NS A = (X, A1, r) in X defined by
Ar(x) =1—Ar(x)
(Vx € X) | Ar(x) =1—A1(x) (2.2)
Ar(x) =1—Ap(x)
is called the complement of A in X.
Remark 2.2 ([23]). For all NS A in a nonempty set X, we have A = Al
Lemma 2.3 ([27]). Let a,b,c € R. Then the following statements hold:
(1) a —min{b, c} = max{a—b, a—c}, and
(2) a—max{b,c} =min{a—b,a—c}l.

Lemma 2.4 ([23]). Let f be a fuzzy set in a nonempty set X. Then the following statements hold:

(1) (vx,y,z € X)(f(x) > min{f(y), f(z)} & f(x) < max{f(y), f(z)});
(2) (Vx,y,z € X)(f(x) < min{f(y), f(z)} & f(x) = max{f(y), f(z)});
(3) (¥x,y,z € X)(f(x) = max{f(y), f(z)} & f(x) < min{f(y), f(z)}); and
(4) (Vx,y,z € X)(f(x) < max{f(y), f(z)} & f(x) = min{f(y), f(z)}).

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

Definition 2.5 ([23]). A NS A in X is called a neutrosophic UP-subalgebra of X if it satisfies the following
conditions:

(Vx,y € X)(Ar(x-y) = min{Ar(x), Ar(y)}), (2.3)
(vx,y € X)(Ar(x - y) < max{Ar(x),Ar(y)}), (2.4)
(Vx,y € XJ(Ar(x-y) = min{Ar(x), Ar(y)}). (2.5)
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Definition 2.6 ([23]). A NS A in X is called a neutrosophic near UP-filter of X if it satisfies the following
conditions:

(Vx € X)(AT(0) = At(x)), (2.6)
(vx € X)(A1(0) < Ar(x)), (2.7)
(Vx € X)(Ar(0) > Ap(x)), (2.8)
(Vx,y € X)At(x-y) = At(y)), (2.9)
(vx,y € X)(A1(x-y) < Arly)), (2.10)
(v, y € X)(Ar(x-y) = Ar(y)). (2.11)

Definition 2.7 ([23]). A NS A in X is called a neutrosophic UP-filter of X if it satisfies the following condi-
tions: (2.6), (2.7), (2.8), and

(Vx,y € X)(Ar(y) = min{Ar(x - y), Ar(x)}), (2.12)
(Vx,y € X)(Ar(y) < max{Ar(x - y), Ar(x)}), (2.13)
(Vx,y € X)(Ar(y) = min{Ar(x - y), Ar(x)}). (2.14)

Definition 2.8 ([23]). A NS A in X is called a neutrosophic UP-ideal of X if it satisfies the following condi-
tions: (2.6), (2.7), (2.8), and

(vx,y,z € X)(Ar(x - z) = min{Ar(x - (y - 2)), A (y)}), (2.15)
(vx,y,z € X)(Ar(x - z) < max{Ar(x- (y - z)),Ar(y)}), (2.16)
(Vx,y,z € X)(Ap(x - z) = min{Ar(x - (y - 2)), AF(y)}). (2.17)

Definition 2.9 ([23]). A NS A in X is called a neutrosophic strong UP-ideal (renamed from a neutrosophic
strongly UP-ideal) of X if it satisfies the following conditions: (2.6), (2.7), (2.8), and

(Vx,y,z € X)(Ar(x) = min{At((z-y) - (z- %)), Ar(y)}), (2.18)
(Vx,y,z € X)(Ar(x) < max{Ar((z-y) - (z-x)), A1(y)}), (2.19)
(vx,y,z € X)(Ar(x) = min{Ar ((z- y) - (z- x)), Ar(y)}). (2.20)

Definition 2.10 ([23]). A NS A in X is said to be constant if A is a constant function from X to [0, 1]3. That
is, A1, A1, and A are constant functions from X to [0, 1].

Theorem 2.11 ([23]). A NS A in X is constant if and only if it is a neutrosophic strong UP-ideal of X.

Songsaeng and Iampan [23] proved that the notion of neutrosophic UP-subalgebras is a generalization
of neutrosophic near UP-filters, neutrosophic near UP-filters is a generalization of neutrosophic UP-filters,
neutrosophic UP-filters is a generalization of neutrosophic UP-ideals, and neutrosophic UP-ideals is a
generalization of neutrosophic strong UP-ideals.

Now, we introduce the notions of special neutrosophic UP-subalgebras, special neutrosophic near UP-
filters, special neutrosophic UP-filters, special neutrosophic UP-ideals, and special neutrosophic strong
UP-ideals of UP-algebras, provide the necessary examples, investigate their properties, and prove their
generalizations.

Definition 2.12. A NS A in X is called an special neutrosophic UP-subalgebra of X if it satisfies the following
conditions:

(vx,y € X)(Ar(x-y) < max{Ar(x),Ar(y)}), (2.21)
(vx,y € X)(Ar(x - y) = min{Ar(x), Ar(y)}), (2.22)
(vx,y € X)(Ar(x-y) < max{Ae(x), Ar(y)}). (2.23)
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Example 2.13. Let X = {0, 1,2, 3,4} be a UP-algebra with a fixed element 0 and a binary operation - defined
by the following Cayley table:

101 2 3 4
0j0 1 2 3 4
110 01 0 4
2/0 0 0 0 4
3|10 110 4
40 3 3 30

We define a NS A in X as follows:

(0 1 23 4N, (01 23 4) (01 23 4
T7\0203050708)"" \107060502)""" " \0104060709)°

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

Definition 2.14. A NS A in X is called an special neutrosophic near UP-filter of X if it satisfies the following
conditions:

(Vx € X)(AT(0) < At(x)), (2.24)
(vx € X)(A1(0) > Ar(x)), (2.25)
(vx € X)(Ar(0) < Ag(x)), (2.26)
(v, y € X)(A1(x-y) < Ar(y)), (2.27)
(Vx,y € X)(Ar(x-y) = Arly)), (2.28)
(vx,y € X)(Ar(x-y) < Ar(y)) (2.29)

Example 2.15. Let X = {0, 1,2, 3,4} be a UP-algebra with a fixed element 0 and a binary operation - defined
by the following Cayley table:

oo oo oo
—_ O R O
N O O N NN
WO =N W w
O B |

= W N = O -

We define a NS A in X as follows:

(01 23 4), (01 23 4\ (0123 4
T~ 1003050602/ \0908070304/)""F \0102060705)"

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

Definition 2.16. A NS A in X is called an special neutrosophic UP-filter of X if it satisfies the following
conditions: (2.24), (2.25), (2.26), and

(vx,y € X)(Ar(y) < max{Ar(x-y),Ar(x)}), (2.30)
(vx,y € XJ(Ar(y) = min{Ar(x - y), Ar(x)}), (2.31)
(vx,y € X)(Ar(y) < max{Ar(x - y), A (x)}). (2.32)

Example 2.17. Let X = {0, 1, 2, 3,4} be a UP-algebra with a fixed element 0 and a binary operation - defined
by the following Cayley table:

AW~ ol -
oo ocoolo
—_ O R O R
OO N NN
— O~ N Wl W
O B |
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We define a NS A in X as follows:

e (0 123 4N - (0 1 23 4\, (0 1 2 3 4
"~ \0105040508/"""\0803050304/""" \0206 040603

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

Definition 2.18. A NS A in X is called an special neutrosophic UP-ideal of X if it satisfies the following
conditions: (2.24), (2.25), (2.26), and

(Vx,y,z € X)(Ar(x - z) <max{Ar(x- (y-z)), Ar(y)}), (2.33)
(Vx,y,z € X)(A1(x-z) = min{Ar(x - (y - 2)), Ar(y)}), (2.34)
(vx,y,z € X)(Ar(x - z) < max{Ar(x - (y-z)), Ar(y)}). (2.35)

Example 2.19. Let X ={0, 1,2, 3,4} be a UP-algebra with a fixed element 0 and a binary operation - defined
by the following Cayley table:

AWK = o -
cocoocoolo
Co oo R -
ONONDNN
cCo o www
O B R

We define a NS A in X as follows:

(01 23 4), (01 23 4\, (0123 4
T~ 1003050406/ \107040703/""" \0102070309)"

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

Definition 2.20. A NS A in X is called an special neutrosophic strong UP-ideal of X if it satisfies the following
conditions: (2.24), (2.25), (2.26), and

(vx,y,z € X)(Ar(x) < max{Ar((z-y) - (z-x)), Ar(y)}), (2.36)
(vx,y,z € X)(Ar(x) 2 min{Ar((z-y) - (z- %)), Ar(y)}), (2.37)
(Vx,y,z € X)(Ap(x) < max{Ar((z-y) - (z-x)), Ar(y)}). (2.38)

Example 2.21. Let X = {0, 1, 2, 3,4} be a UP-algebra with a fixed element 0 and a binary operation - defined
by the following Cayley table:

-/01 2 3 4

0|0 1 2 3 4

110 0 2 3 0

2/0 1 0 3 4

3/01 00 4

401 0 3 0

We define a NS A in X as follows:

7\1’ (X) =05
(Vx e X) | AMi(x)=04
Ar(x) =0.7

Hence, A is a special neutrosophic strong UP-ideal X.
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Theorem 2.22. Every special neutrosophic UP-subalgebra of X satisfies the conditions (2.24), (2.25), and (2.26).

Proof. Assume that A is a special neutrosophic UP-subalgebra of X. Then for all x € X,

AT(0) = At (x - x) < max{At(x),At(x)} = At(x) by (1.1) and (2.21)
A1(0) = Ar(x - x) = min{A1(x), A1(x)} = Ar(x) by (1.1) and (2.22)
Ar(0) = Ap(x - x) < max{Ar(x), Ar(x)} = Ap(x) by (1.1) and (2.23).
Hence, A satisfies the conditions (2.24), (2.25), and (2.26). O

By Lemma 2.4 (1) and (4), we have the following five theorems.

Theorem 2.23. A NS A in X is a neutrosophic UP-subalgebra of X if and only if A is a special neutrosophic
UP-subalgebra of X.

Theorem 2.24. A NS A in X is a neutrosophic near UP-filter of X if and only if A is a special neutrosophic near
UP-filter of X.

Theorem 2.25. A NS A in X is a neutrosophic UPfilter of X if and only if A is a special neutrosophic UP-filter of
X.

Theorem 2.26. A NS A in X is a neutrosophic UP-ideal of X if and only if A is a special neutrosophic UP-ideal of
X.

Theorem 2.27. A NS A in X is a neutrosophic strong UP-ideal of X if and only if A is a special neutrosophic strong
UP-ideal of X.

Theorem 2.28. A NS A in X is constant if and only if it is a special neutrosophic strong UP-ideal of X.
Proof. 1t is straightforward by Remark 2.2 and Theorems 2.11 and 2.27. O

By Remark 2.2 and Theorems 2.23, 2.24, 2.25, 2.26, and 2.27, we have that the notion of special neu-
trosophic UP-subalgebras is a generalization of special neutrosophic near UP-filters, special neutrosophic
near UP-filters is a generalization of special neutrosophic UP-filters, special neutrosophic UP-filters is a
generalization of special neutrosophic UP-ideals, and special neutrosophic UP-ideals is a generalization
of special neutrosophic strong UP-ideals. Moreover, by Theorem 2.28, we obtain that special neutrosophic
strong UP-ideals and constant neutrosophic set coincide.

Theorem 2.29. If A is a special neutrosophic UP-subalgebra of X satisfying the following condition:

At(x)
Ar(x)
Ag(x)

At(y)
1(y) , (2.39)
F(y)

(",yeX) | x-y#0=

N WV A

A
A
then A is a special neutrosophic near UP-filter of X.

Proof. Assume that A is a special neutrosophic UP-subalgebra of X satisfying the condition (2.39). By

Theorem 2.22, we have A satisfies the conditions (2.24), (2.25), and (2.26). Next, let x,y € X.
Case 1: x-y =0. Then

At(y) by (2.24)
1(y) by (2.25)

A
Ar(y) by (226).
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Case 2: x-y # 0. Then

At(x-y) < max{At(x),At(y)} =A1(y), (2.21) and (2.39) for AT,
Ar(x-y) = min{Ar(x),A1(y)} = A1(y), (2.22) and (2.39) for Ay,
Ar(x-y) < max{Ar(x), Ar(y)} = Ar(y). (2.23) and (2.39) for Ar.

Hence, A is a special neutrosophic near UP-filter of X. O
Theorem 2.30. If A is a special neutrosophic near UP-filter of X satisfying the following condition:

AT = A = Ap, (2.40)
then A is a special neutrosophic UP-filter of X.

Proof. Assume that A is a special neutrosophic near UP-filter of X satisfying the condition (2.40). Then A
satisfies the conditions (2.24), (2.25), and (2.26). Next, let x,y,z € X. Then

max{At(x - y), At(x)} = max{A;(x - y),Ar(x)} by (2.40)
> max{A1(y), Ar(x)} by (2.28)
= max{At(y),Ar(x)} by (2.40)
> Ar(y),
min{A1(x - y),A1(x)} = min{Ar(x - y),A1(x)} by (2.40)
< minfAr(y), A1(x)} by (2.27)
= min{A;(y),A1(x)} by (2.40)
< Aily),
max{Ar(x - y), Ar(x)} = max{Ar(x - y),Ar(x)} by (2.40)
> max{A1(y), Ar(x)} by (2.28)
= max{Ar(y), Ar(x)} by (2.40)
> Ar(y).

Hence, A is a special neutrosophic UP-filter of X. O

Theorem 2.31. If A is a special neutrosophic UP-filter of X satisfying the following condition:
Aty - (x-z)) =Ar(x-(y-2))
(v, y,ze X) | Atly - (x-2)) =AMilx-(y-2)) |, (2.41)
Ae(y - (x-z)) = Ar(x- (y-2))
then A is a special neutrosophic UP-ideal of X.

Proof. Assume that A is a special neutrosophic UP-filter of X satisfying the condition (2.41). Then A
satisfies the conditions (2.24), (2.25), and (2.26). Next, let x,y,z € X. Then

At(x-z) < max{Ar(y - (x-z)),Ar(y)} by (2.30)
=max{At(x-(y-z)),At(y)} by (2.41) for At

Ar(x-z) =2 min{A1(y - (x-z)),Ar(y)} by (2.31)
=min{A1(x- (y-z)),A1(y)} by (2.41) for A;

Ar(x-z) < max{Ar(y - (x-z)),Ar(y)} by (2.32)
=max{Ar(x- (y-z)),Ar(y)} by (2.41) for Af.

Hence, A is a special neutrosophic UP-ideal of X. O
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Theorem 2.32. If A is a NS in X satisfying the following condition:

At(z) < max{At(x),At(y)}
(Vx,y,ze X) | z<x-y = < A(z) = min{A[(x), A1(y)} , (2.42)
AF(z) < max{Ar(x), Ar(y)}

then A is a special neutrosophic UP-subalgebra of X.

Proof. Assume that A is a NS in X satisfying the condition (2.42). Let x,y € X. By (1.1), we have
(x-y)-(x-y) =0, thatis, x-y > x-y. It follows from (2.42) that

At(x-y) <max{Ar(x),At(y)},  Arlx-y) =2 min{Ar(x), Ar(y)},  Ar(x-y) < max{Ar(x), Ar(y))
Hence, A is a special neutrosophic UP-subalgebra of X. O

Theorem 2.33. If Ais a NS in X satisfying the following condition:
At(z)

(", y,zeX) | z<x -y = < Ai(z)
Ar(z)

At(y)
1(y) , (2.43)
F(y)

Y \YAW/N

A
A
then A is a special neutrosophic near UP-filter of X.

Proof. Assume that A is a NS in X satisfying the condition (2.43). Let x € X. By (UP-2) and (1.1), we have
0-(x-x) =0, thatis, 0 < x-x. It follows from (2.43) that At(0) < At(x),A1(0) > Ar(x), and Ap(0) < Ag(x).
Next, let x,y € X. By (1.1), we have (x-y) - (x-y) = 0, that is, x-y > x-y. It follows from (2.43) that

AT(x-y) < At(y),A1(x-y) = Ar(y), and Ar(x-y) < Af(y). Hence, A is a special neutrosophic near UP-filter
of X. N

Theorem 2.34. If A is a NS in X satisfying the following condition:

At (y) < max{Ar(z), At (x)}
(Vx,y,ze X) | z<x-y= < A(y) = min{A(z), A;(x)} , (2.44)
Ar(y) < max{Ar(z), Ar(x)}

then A is a special neutrosophic UP-filter of X.

Proof. Assume that A is a NS in X satisfying the condition (2.44). Let x € X. By (UP-3), we have x - (x-0) =
0, that is, x < x - 0. It follows from (2.44) that

A1(0) < max{Ar(x), Ar(x)} = Ar(x), Ar(0) = min{Ar(x), Ar(x)} = Ar(x), Ar(0) < max{Ar(x), Ap(x)} = Ap(x).

Next, let x,y € X. By (1.1), we have (x-y) - (x-y) =0, thatis, x -y > x - y. It follows from (2.44) that
Arly) S max{Ar(x-y),Ar(x)},  Ar(y) = min{Ar(x-y),Ar(x)),  Ar(y) < max{Ar(x-y), Ar(x)}.

Hence, A is a special neutrosophic UP-filter of X. O

Theorem 2.35. If A is a NS in X satisfying the following condition:

At(x-z) < max{Ar(a),At(y)}
(Va,x,y,z€X) | a<x-(y-z) = { Ar(x-z) > min{Ar(a), A1(y)} , (2.45)
Ar(x - z) < max{Ag(a), Ar(y)}

then A is a special neutrosophic UP-ideal of X.
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Proof. Assume that A is a NS in X satisfying the condition (2.45). Let x € X. By (UP-3), we have x - (0 - (x -
0)) =0, thatis, x < 0- (x-0). It follows from (2.45) that

A1(0) = A1(0-0) < max{Ar(x), Ar(x)} = Ar(x), (UP-2)
A1(0) = Ar(0-0) > min{Ar(x), Ar(x)} = Ar(x), (UP-2)
Ar(0) = Ar(0-0) < max{Ar(x), Ap(x)} = Ap(x). (UP-2)

Next, let x,y,z € X. By (1.1), we have (x- (y-z))-(x-(y-z)) =0, thatis, x- (y-z) > x- (y-z). It follows
from (2.45) that

<max{At(x-(y-z)),At(y)},
Ar(x-z) = min{Ar(x - (y - 2)),A1(y)},
< max{Ar(x- (y-z)),Ar(y)}

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

For any fixed numbers o«*, ™, 3,3, y", vy~ € [0,1] such that «" < o, " < B, y" <y and a
nonempty subset G of X, a NS AC [g‘tg;zt] = (X,A$ [gf},)\IG [S;],?\S @t]) in X, where A$ [g‘;],?\f [g;], and
AE [ﬁ] are functions on X which are given as follows:

+ ifx e G - B—, ifxeG + y", ifx€G
}\G (Xj ) — x, 1 ’ 7\6 B x) = 4 / }\G 7] xX) = ! !
Tt {oc, otherwise, 50 B+, otherwise, 510 Y™, otherwise.

A NS AT BT = (X, SAr[e], OMf ], AR, D) in X, where SAr(2.], SAilf ], and SAr[Y,] are
functions on X which are given as follows:

_ . 4 . B '
GAT[&+](X):{(X , leGG/ GAI[B+](X):{B , 1fX€G, G}\F[:Jr](x):{‘y , IfXEG,

«™, otherwise, B B, otherwise, v, otherwise.

Lemma 2.36. Let o, o, B+, 3, y", v~ €(0,1]. Then the following statements hold:

A BT _ G At p 1y
(1) AS[Gger-1=CAL o g -] and

o Bty T
GAX BT Y] _ AG[H—a 1B 1—y"
(2) SAL gV =ASL G g vl
Proof.
(1). Let AG[Z8. " be a NS in X. Then AS[S B V"] = (X,AG[27], A (5.1, A6 [V ]). Since

t, ifxeG - B—, ifxeG + vt, ifxeG
AG [t %! ’ AG[B = ’ ’ AP (%) = ’ '
Tl {oc—, otherwise, ' 50 B*, otherwise, v I y~, otherwise.

Thus

1—at, ifxeG, ¢
1—«, otherwise

ASTE](x) = {1 B HXEG ey pon gy,

1—pB", otherwise
1 —'Y+, le € G, G

1—vy~, otherwise B

R _ —xt1—-B " 1—
Hence, (X, SAT[Z%1], CAIL -8 1, CAr Y1) = CALZS 478 170,
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(2). Let SA[S/E Y Tbe a NSin X. Then SA[L. B Y] = (X, SAr(S,], SAi[6 1], GAr[.]). Since

_ . . 4 . ) B .
GAT[3+](X):{(X s leGG/ G?\I[B ](X):{B ’ 1fXEG, G}\FD;JF](X):{‘Y , IfXEG,

«™, otherwise, B B, otherwise, v, otherwise.
Thus
_— ifxeG .
G)\ [ Gil—a x),
Tla {1 — oc+ otherwise Thog-l0x)
1-B", ifxegq, _
_ {17k " ASE (),
1—p~, otherwise
1—vy—, ifxeG 1y
GA = ' T O=ARLY
F[y+ {1 v", otherwise Fh W]( )

Hence, (X, AG[% oy 7\G[1 B+] 7\6[% %D /\GG §+% ET 1+]

O

Lemma 2.37. If the constant O of X is in a nonempty subset G of X, then a NS G/\[zlgle] in X satisfies the
conditions (2.24), (2.25), and (2.26).

Proof. If 0 € G, then SAT[*.](0) = «~, GAI[Ef](O) =", and ®A¢ g;](O) =v~. Thus

CAT(E00) = o < SAT[S ()
(vx € X) | SMIET10) =B~ > SAlf ()
}\F[l// =v < G)\Fg;](x)
Hence, G/\[zlgtz;] satisfies the conditions (2.24), (2.25), and (2.26). O

Lemma 2.38. Ifa NS G/\[zlj Efﬁ] in X satisfies the condition (2.24) (resp., (2.25), (2.26)), then the constant 0 of
X is in a nonempty subset G of X.

Proof. Assume that a NS GA[X, i (3 Y+] in X satisfies the condition (2.24). Then G?\T[ 21(0) < SAT[%](x) for
< )

all x € X. Since G is nonempty, there exists g € G. Thus At [5:1(g) = a™, s0 GAT [5,1(0)
o, that is, SAt [%.1(0) = o«™. Hence, 0 € G. O

Theorem 2.39. A NS G/\[z+ E, %} in X is a special neutrosophic UP-subalgebra of X if and only if a nonempty
subset G of X is a UP-subalgebra of X.

Proof. Assume that G/\[OA'E %] is a special neutrosophic UP-subalgebra of X. Let x,y € G. Then

GAT[S](x) = o = SATI](y). Thus
CATIS 1 (x -y) < max(SATIE (%), SATIS I (y)) = o < SATI(x-y) by (221)

and so G?\T[zﬂ(x-y) =« . Thus x -y € G. Hence, G is a UP-subalgebra of X.
Conversely, assume that G is a UP-subalgebra of X. Let x,y € X.
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Case 1: x,y € G. Then

SATIEI(0) = o = CAT[EI(), MG 100 = BT = SMEI(y),  CADI0) =y = CArl ().

Thus
max{At(g:](x), CATIE I (Y)} = a7,
min{SA§ I(x), Al 1(w)) = B,
max{SAr (Y (), SArL ) (y)h =y
Since G is a UP-subalgebra of X, we have x -y € G and so G?\T[gl](x-y) =, GAI[Et](xy) =R",and
G)\F[%](x-y) =v~. Hence,
SATIS(xy) = o < o = max{CA [ ](x), CAT[EI(Y)),
SMEIx-y) =BT > B =min{NM[§ I(x), SMIE Iy)),
GAFQH(X Yy =y <y =max{®Ar [’;;](X)z GAF[\V/U(U)}-
Case2: x ¢ Gory & G. Then

SALIx) =y or SAR (y) =y~
Thus
max{ AT (x), SATIE (W)} = o,
min{SAL[5,1(x), SAilG (W)} = B,
max{GAF[ﬂ]( ), G7\F yl=v"
Therefore,
SIS y) > o =max{CAT[E1(x), SAT[E 1 (y)),
Ml J0c-y) < BT = min{SAi(](x), SAilG ] (v)),
SARL 10 y) > v = max{CAr (%), SARD I ()
Hence, G/\[f’gl Y isa special neutrosophic UP-subalgebra of X. O

Theorem 2.40. A NS SA[%. E z 1 in X is a special neutrosophic near UP-filter of X if and only if a nonempty
subset G of X is a near UP- fllter of X.

Proof. Assume that G/\[zy th*] is a special neutrosophic near UP-filter of X. Since G/\[i}ﬁt’z;

the condition (2.24), it follows from Lemma 2.38 that 0 € G. Next, let x € X and y € G. Then GAT[&‘I] (y) =
o . Thus

] satisfies

CAT[E1(xy) < OATIEI(Y) = o7 < SATIEH)(x - y) by (2.27)

and so G?\T[gﬂ(xy) =« . Thus x -y € G. Hence, G is a near UP-filter of X.
Conversely, assume that G is a near UP-filter of X. Since 0 € G, it follows from Lemma 2.37 that

G/\[2+ S, Y] satisfies the conditions (2.24), (2.25), and (2.26). Next, let x,y € X.
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Case 1: y € G. Then SAy (S 1(y) = a7, G?\I[Bt](y) =B*,and SAf qz](y) =vy~. Since G is a near UP-filter
of X, we have x -y € G and so G?\T[ dxey) = *,GAI[E’t](wy) =B+, and kagl](x-y) =v~. Thus

Gmﬁ J(xy)
7\ny+ J(x-y) <v™ = AFQ,+ ().

Hence, G/\[zl’gf’zl] is a special neutrosophic near UP-filter of X. O

Theorem 2.41. A NS SA[*, 2" in X isa special neutrosophic UP-filter of X if and only if a nonempty subset

ot ,B vt

G of X is a UP-filter of X.

Proof. Assume that G/\[o‘ E ’y/ | is a special neutrosophic UP-filter of X. Since G/\[o‘+ E, Y] satisfies the
condition (2.24), it follows from Lemma 2.38 that 0 € G. Next, let x,y € X be such that x - y € G and
x € G. Then G}\T[cx Ix-y) = G?\T[tx 1(x). Thus

OMIE(Y) < max{CAT[E](x - y), SATIE (X)) = o~ < OAT[Ra](y) by (2.30)

and so G7\T[§ﬂ(y) = o . 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 2.37 that G/\[zl’gf’zl]
satisfies the conditions (2.24), (2.25), and (2.26). Next, let x,y € X.

Case 1: x-y € G and x € G. Then
CATEx-y) = o = O[S (x),
SMBIxy) =B = MEI),
ALl y) =y = SARL ().

Since G is a UP-filter of X, we have y € G and so G?\T[gl](y) =, G}\I[gf](y) =p*,and G?\F[ﬁ](y) =y .
Thus

o =max{SAt[%](x - y), CAT[SS] (%)),
B =min{SAr[5 J(x-y), SA[5)(x)},
<yt =max{CAel 1(x - y), AR (x)).

SATISy) = o
M) =p"
AL () =

Case 2: x-y ¢ Gorx ¢ G. Then

WV //\

CAT[E](xy) = o or SATIS () = o,
GAI[Ei](x-y) =f or GAI[Ei](x) =B,
AL I(x-y) =7 or AL )(x) = v+
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Thus
max{CAT[3:](x - y), G?\T[“_ ()} = o,
min{ A ](x - y), SME 1)) = B,
max{G?\F x-y), G7\F dx)y=v"
Therefore,
CATIE () < of = max{CAT[% ] (x - y), SATIS (X)),
SMEIX) > B =min{CAlR 10x-y), SME (X)),
CARD () < vT = max{CAe LI (x - y), CARL 1 (x)).
Hence, G/\[g;gfﬁ] is a special neutrosophic UP-filter of X. O

Theorem 2.42. A NS G/\[glgiz;] in X is a special neutrosophic UP-ideal of X if and only if a nonempty subset
G of X is a UP-ideal of X.

Proof. Assume that SA[Y- g, %] is a special neutrosophic UP-ideal of X. Since SA[%. E’ z | satisfies the
condition (2.24), it follows from Lemma 2.38 that 0 € G. Next, let x,y,z € X be such thatx-(y-z) € G
and y € G. Then G)\T[(X Ix-(y-z)) =a" G)\T[“ 1(y). Thus

CATIE (¢ - 2) < max{CAT[S T (x - (y - 2)), SATIS I (y) = o < CAT[%](x - 2) by (2.33)

and so G?\T[g‘cﬂ(x -z) =« . Thus x-z € G. Hence, G is a UP-ideal of X.
Conversely, assume that G is a UP-ideal of X. Since 0 € G, it follows from Lemma 2.37 that
G/\[2+ E, 7Y ] satisfies the conditions (2.24), (2.25), and (2.26). Next, let x,y,z € X.

Casel: x-(y-z) € Gand y € G. Then
Al (y-2) = = A IE(Y),
SME I (y-2) =B =M ),
GAF@;](X' (y-z))=y—= GAF[zl](U)-

Thus
max{Ar[$:](x - (y-2), SAr Syl = o,
min{SAE I(x- (y-2)), SMlE I(y)h = B,
max{CArLJ(x- (y - 2)), SAl DY)k = v
Since G is a UP-ideal of X, we have x-z € G and so G?\T[gl](x-z) = o G7\1[ ](x z) = BT, and

G?\Fg;](x -z) =y . Thus

CMrl§x-2) = o <o =max{CAr[§(x- (y-2)), SAT[E (),
M Ix2) = BF 2 BT = min{NMIE 10x- (y-2)), Ml Ty,
AL d(x-2) =y <y = max(CAel I(x - (y - 2)), CAFD 1 (y)):
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Case2: x-(y-z)¢ Gory ¢ G. Then
CAT[EI(x- (y-2) =t or CAT[S(y) = &,
SMIE I x (y-2) =B or SAB Iy) =B,
CARD (x- (y-2)) =" or SALL(y) =y

Thus
max{CAr[&](x - (y - 2)), CAT (S ] (y)} = o,
min{ A5 0 (y - 2)), SR I(w)) = B,
max{CAr1(x- (y - 2)), CArL () = v
Therefore,
SATIEI(x - 2) < o = max{CAT[EI(x (y - 2)), AT IS (y)),
SMIEI(x-2) > BT = min{CAR 1(x- (y - 2)), SMIE (W),
CAr [ﬁ](x -2) <y =max{®Ar Dy:](x' (y-2)), SAr Dy:](y)}-
Hence, A[S, 57 ] is a special neutrosophic UP-ideal of X. 0

Theorem 2.43. A NS G/\[g‘;gtzﬂ in X is a special neutrosophic strong UP-ideal of X if and only if a nonempty
subset G of X is a strong UP-ideal of X.

Proof. Assume that G/\[zl:gt:%] is a special neutrosophic strong UP-ideal of X. By Theorem 2.28, we

have G?\T[gl] is constant, that is, SAt [%,] is constant. Since G is nonempty, we have G?\T[gl](x) = o for
all x € X. Thus G = X. Hence, G is a strong UP-ideal of X.
Conversely, assume that G is a strong UP-ideal of X. Then G =X, so
ORI = o
(Vx € X) GAI[EU(X) B

G [ﬁ] (x)=v"

Thus SAy (%], G)\I[gi], and SAp [}V,I] are constant, that is, G/\[;‘;E’izi] is constant. By Theorem 2.28, we

have G/\[glgizl] is a special neutrosophic strong UP-ideal of X. O

3. Level subsets of a NS of special types

In this paper, we discuss the relationships among special neutrosophic UP-subalgebras (resp., spe-
cial neutrosophic near UP-filters, special neutrosophic UP-filters, special neutrosophic UP-ideals, special
neutrosophic strong UP-ideals) of UP-algebras and their level subsets.

Definition 3.1 ([21]). Let f be a fuzzy set in A. For any t € [0, 1], the sets
Uf;t) = {x e X[ f(x) > t, Lif;t) = {x e X[ f(x) < t), E(f;t) ={x e X[f(x) =t}
are called an upper t-level subset, a lower t-level subset, and an equal t-level subset of f, respectively.

Theorem 3.2. A NS A in X is a special neutrosophic UP-subalgebra of X if and only if for all o, 3,y € [0,1], the
sets L(At; o), U(A1; B), and L(Ag;y) are UP-subalgebras of X if L(At; &), UW(A1; B), and L(Ag;y) are nonempty.
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Proof. Assume that A is a special neutrosophic UP-subalgebra of X. Let «, 3,y € [0,1] be such that
L(At; o), U(A1; B), and L(Af;y) are nonempty.

Let x,y € L(AT; ). Then At(x) < « and At(y) < &, so « is a upper bound of {A1(x), At (y)}. By (2.21),
we have A1(x - y) < max{At(x),A1(y)} < o«. Thus x-y € L(AT; ).

Let x,y € U(Ar; B). Then Ar(x) > B and Ar(y) = B, so B is an lower bound of {A1(x), A1(y)}. By (2.22),
we have A1(x -y) = min{A;(x),A1(y)} > B. Thus x-y € U(Ag; B).

Let x,y € L(Ar;y). Then Ar(x) < v and Ar(y) < v, so v is a upper bound of {Ar(x),Ar(y)}. By (2.23),
we have Ar(x-y) < max{Ar(x),Ar(y)} < v. Thus x -y € L(Ar;y).

Hence, L(AT; o), U(A1; 3), and L(Af;y) are UP-subalgebras of X.

Conversely, assume that for all o, 3,y € [0, 1], the set L(AT; &), U(Ar; B), and L(Af;y) are UP-subalgebras
if L(At; ), U(A1; B), and L(Af;y) are nonempty.

Let x,y € X. Then At (x), At(y) € [0,1]. Choose & = max{At(x),At(y)}. Thus Ar(x) < and A7r(y) < «,
so X,y € L(At; ) # (. By assumption, we have L(At; «) is a UP-subalgebra of X and so x,y € L(A1; ).
Thus At (x-y) < oo = max{At(x), At(y)}

Let x,y € X. Then A1(x),A1(y) € [0,1]. Choose = min{A;(x),A1(y)}. Thus Ar(x) > f and A1(y) > B,
so x,y € U(A1; B) # (. By assumption, we have U(Ar; ) is a UP-subalgebra of X and so x,y € U(A; B).
Thus Ar(x-y) = B = min{A1(x), A1(y)}

Let x,y € X. Then Ar(x),Ar(y) € [0,1]. Choose Yy = max{A¢(x),Ar(y)}. Thus Ar(x) <y and Ar(y) < v,
so x,y € L(Ar;v) # 0. By assumption, we have L(Af;y) is a UP-subalgebra of X and so x,y € L(Af;v).
Thus Ag(x - y) < v = max{Ar(x), Ar(y)}

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

Theorem 3.3. A NS A in X is a special neutrosophic near UP-filter of X if and only if for all «, 3,y € [0,1], the
sets L(At; o), U(A1; B), and L(Ag;y) are near UP-filters of X if L(A1; o), U(A1; B), and L(Af;y) are nonempty.

Proof. Assume that A is a special neutrosophic near UP-filter of X. Let «, 3,y € [0,1] be such that
L(AT; &), U(Ar; B), and L(Af;y) are nonempty.

Let x € L(A1; «). Then At(x) < «. By (2.24), we have A1(0) < At(x) < «. Thus 0 € L(AT; «). Next, let
Yy € L(A1; «). Then At(y) < «. By (2.27), we have At(x-y) < At(y) < « Thus x -y € L(AT; x).

Let x € U(A1; ). Then A1(x) > B. By (2.25), we have A;(0) > Ar(x) > B. Thus 0 € U(A1; 3). Next, let
y € U(Ar; B). Then A1(y) > B. By (2.28), we have A1(x-y) > A1(y) = B. Thus x -y € U(A; B).

Let x € L(Ar;v). Then Af(x) < v. By (2.26), we have Af(0) < Ap(x) < v. Thus 0 € L(Af;y). Next,
y € L(Ar;v). Then Ar(y) < v. By (2.28), we have Ar(x - y) < Ar(y) <7v. Thus x -y € L(Af;y).

Hence, L(A1; o), U(A1; B), and L(Af;y) are near UP-filters of X.

Conversely, assume that for all «, 3,y € [0,1], the set L(A1; o), U(A; ), and L(Af;y) are near UP-filters
if L(At; ), U(A1; ), and L(AF;y) are nonempty.

Let x € X. Then A1(0) € [0, 1]. Choose o« = At(x). Thus A1(x) < «, so x € L(Ar; &) # (). By assumption,
we have L(AT; «) is a near UP-filter of X and so 0 € L(At; «). Thus At(0) < o« = At(x). Next, lety € X.
Then At (y) € [0,1]. Choose & = At(y). Thus A1(y) < «, soy € L(Ar; «) # 0. By assumption, we have
L(At; &) is a near UP-filter of X, and so x -y € L(At; «). Thus At(x-y) < o« = Ar(y).

Let x € X. Then A;(0) € [0,1]. Choose B = Aq(x). Thus Ar(x) > 3, so x € U(Ar; ) # 0. By assumption,
we have U(Ay; B) is a near UP-filter of X and so 0 € U(Ar; ). Thus A1(0) = B = Ar(x). Next, lety € X.
Then Ar(y) € [0,1]. Choose = Ar(y). Thus Ar(y) > B, soy € U(A;; ) # 0. By assumption, we have
U(Ar; B) is a near UPfilter of X, and so x -y € U(A; B). Thus Ar(x-y) = B = Ar(y).

Let x € X. Then A¢(0) € [0,1]. Choose Y = Af(x). Thus Af(x) < v, so x € L(Af;y) # (). By assumption,
we have L(Af;y) is a near UP-filter of X and so 0 € L(Af;y). Thus Ap(0) < v = Ag(x). Next, lety € X.
Then Af(y) € [0,1]. Choose v = Ar(y). Thus Ar(y) < v, soy € L(Ar;y) # 0. By assumption, we have
L(Af;y) is a near UP-filter of X, and so x -y € L(Ar;7y). Thus Ap(x-y) < v =Ar(y).

Therefore, A is a special neutrosophic near UP-filter of X. O
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Theorem 3.4. A NS A in X is a special neutrosophic UP-filter of X if and only if for all «, B,y € [0,1], the sets
L(A1; &), W(AL; B), and L(Ag;y) are UP-filters of X if L(At; o), W(A1; B), and L(Ar;y) are nonempty.

Proof. Assume that A is a special neutrosophic UP-filter of X. Let «, 3,y € [0,1] be such that L(At; x),
U(A1; B), and L(Af;y) are nonempty.

Let x € L(A1; ). Then At(x) < «. By (2.24), we have A1(0) < At(x) < «. Thus 0 € L(AT; «). Next,
let x-y € L(A1;«) and x € L(At;«). Then At(x-y) < o and At(x) < «, so « is a upper bound of
{At(x-y),AT(x)}. By (2.30), we have At(y) < max{At(x-y),At(x)} < a Thus y € L(A1; «).

Let x € U(A1; 3). Then Ar(x) > B. By (2.25), we have A1(0) > Ar(x) > B. Thus 0 € U(A1; 3). Next,
let x-y € U(A; B) and x € U(A; B). Then Ar(x-y) > B and Ar(x) > B, so B is an lower bound of
{Ar(x-y), Ar(x)}. By (2.31), we have Ar(y) > min{A1(x - y),A1(x)} = B. Thus y € U(A; B).

Let x € L(Ar;v). Then Ap(x) < vy. By (2.26), we have Af(0) < Ap(x) < v. Thus 0 € L(Af;y). Next,
let x-y € L(Ar;v) and x € L(Ar;y). Then Ar(x-y) < vy and Af(x) < v, so v is a upper bound of
{Ar(x-y), Ar(x)}. By (2.32), we have Ar(y) < max{Ar(x-y), Ar(x)} <. Thusy € L(Ag;v).

Hence, L(AT; o), U(Ar; B), and L(Af;y) are UP-filters of X.

Conversely, assume that for all «, 3,y € [0,1], the set L(A1; «), U(A1; 3), and L(Af;y) are UP-filters if
L(A1; «), UW(Ar; B), and L(Af;y) are nonempty.

Let x € X. Then At(x) € [0,1]. Choose o« = At(x). Thus A1(x) < «, so x € L(A1; &) # (). By assumption,
we have L(AT; «) is a UP-filter of X and so 0 € L(A; ). Thus A1(0) < o« = A1(x). Next, let x,y € X.
Then At (x - y),Ar(x) € [0,1]. Choose & = max{Ar(x-y),At(x)}. Thus Ar(x-y) < « and Av(x) < «, so
x-y,x € L(A1; ) # (. By assumption, we have L(A1; «) is a UP-filter of X and so y € L(At; ). Thus
At(y) < ao=max{Ar(x-y),Ar(x)}

Let x € X. Then A1(x) € [0,1]. Choose $ = A1(x). Thus A;(x) > 3, so x € U(Ar; ) # 0. By assumption,
we have U(Ag; ) is a UP-filter of X and so 0 € U(Af; 3). Thus Ar(0) > B = Ar(x). Next, let x,y € X.
Then Ar(x-y),Ar(x) € [0,1]. Choose B = min{A;(x-y),A1(x)}. Thus A;(x-y) > B and Ar(x) > B, so
x-y,x € UAr; B) # (. By assumption, we have U(Ay; ) is a UP-filter of X and so y € U(Ay; ). Thus
A(y) = B = min{Ar(x-y), Ar(x)}

Let x € X. Then A¢(x) € [0,1]. Choose v = Af(x). Thus Ar(x) <y, so x € L(Af;y) # (. By assumption,
we have L(Af;y) is a UP-filter of X and so 0 € L(Ar;y). Thus Ar(0) < v = Ap(x). Next, let x,y € X.
Then Ar(x-y),Ar(x) € [0,1]. Choose vy = max{Ar(x-y),Ar(x)}. Thus Ap(x-y) < vy and Ag(x) < 7, so
x-y,x € L(Ar;y) # 0. By assumption, we have L(Af;y) is a UP-filter of X and so y € L(Af;y). Thus
Ar(y) < v = max{Ar(x - y), Ar(x)}.

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

Theorem 3.5. A NS A in X is a special neutrosophic UP-ideals of X if and only if for all o, 3,y € [0,1], the sets
L(AT; &), W(AL; B), and L(Ag;y) are UP-ideals of X if L(At; &), UW(Ar; B), and L(Ag;y) are nonempty.

Proof. Assume that A is a special neutrosophic UP-ideal of X. Let «, 3,y € [0,1] be such that L(At; ),
U(Ar; B), and L(Af;y) are nonempty.

Let x € L(A1; «). Then At(x) < «. By (2.24), we have A1(0) < At(x) < «. Thus 0 € L(AT; «). Next, let
x-(y-z) € L(A1;«) and y € L(At; ). Then At(x-(y-2z)) < o and At(y) < «, so « is a upper bound of
At(x-(y-2z)),At(y)}. By (2.33), we have At (x - z) < max{At(x- (y-z)),A1(y)} < «. Thus x-z € L(A1; «).

Let x € U(Ar; ). Then A1(x) > B. By (2.25), we have A1(0) > )\I( )= B. Thus 0 € U(A; B). Next, let

x-(y-z) €e UALB) and y € UA;B). Then Ar(x- (y-z)) = B and Ar(y) > B, so B is an lower bound of
{7\ (x- (y-2)),A1(y)} By (2.34), we have A;(x - z) = min{A1(x - (y - z)),A1(y)} = B. Thus x - z € U(Ag; B).

Let x € L(Ar;y). Then Af(x) < v. By (2.26), we have Ar(0) < Ar(x) < v. Thus 0 € L(Ar;y). Next, let
x-(y-z) € L(Ar;v) and y € L(Af;y). Then Ar(x- (y-2z)) < v and Ar(y) < v, so v is a upper bound of
{Ar(x-(y-2z)),Ar(y)}. By (2.35), we have Ap(x - z) < max{Ar(x- (y-z)),Ar(y)} < v. Thus x -z € L(Af; ).

Hence, L(At; o), U(Ar; B), and L(Af;y) are UP-ideals of X.

Conversely, assume that for all «, 3,y € [0,1], the set L(At; ), U(Ar; B), and L(Af;y) are UP-ideals if
L(AT; o), U(A1; B), and L(Af;y) are nonempty.
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Let x € X. Then At(x) € [0,1]. Choose o« = At (x). Thus A1(x) < «, so x € L(A1; &) # (). By assumption,
we have L(A1; ) is a UP-ideal of X and so 0 € L(Ay; «). Thus Ar(0) < « = At(x). Next, let x,y,z € X.
Then At(x- (y-2)),Ar(y) € [0,1]. Choose o« = max{At(x- (y-z)),At(y)}. Thus Ar(x-(y-z)) < « and
At(y) < o, s0 x- (y-2),y € L(Ar;x) # 0. By assumption, we have L(At; ) is a UP-ideal of X and so
x-z € L(A1; ). Thus At(x-z) < o« = max{At(x- (y-z)),At(y)}

Let x € X. Then Ar(x) € [0,1]. Choose f = A1(x). Thus A1(x) > 3, so x € U(Ar; ) # 0. By assumption,
we have U(Ay; ) is a UP-ideal of X and so 0 € U(Ay; ). Thus A1(0) > B = A1(x). Next, let x,y,z € X. Then
Ai(x- (y-2)),A1(y) € 0,1]. Choose B = min{Ar(x - (y - ), Ar(y)}- Thus Af(x- (y-z)) > p and Ar(y) > B,
sox-(y-z),y € U(Ar; B) # 0. By assumption, we have U(Ay; ) is a UP-ideal of X and so x -z € U(Ay; B).
Thus A(x-z) > B = min{A1(x - (y - z)), A1(y)}

Let x € X. Then A¢(x) € [0,1]. Choose v = Af(x). Thus Ar(x) <7y, so x € L(Af;y) # (. By assumption,
we have L(Ar;y) is a UP-ideal of X and so 0 € L(Af;y). Thus Ar(0) < v = Ar(x). Next, let x,y,z € X. Then
Ar(x - (y-2)),Ar(y) € [0,1]. Choose vy = max{Ar(x- (y-z)),Ar(y)}. Thus Ar(x- (y-z)) <y and Ar(y) <,
so x- (y-z),y € L(Ar;y) # 0. By assumption, we have L(Af;y) is a UP-ideal of X and so x -z € L(Af; ).
Thus Ag(x - z) < v =max{Ar(x - (y-2)),Ar(y)}

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

Definition 3.6 ([23]). Let A be a NS in X. For «, 3,y € [0, 1], the sets

ULUA (e, B,v) ={x € X| A1 = o, A1 < B, Ar
LL“—/\(O('/ B/Y) :{X € X | }\T < (X/7\I Z
E/\(‘X/ B/Y) :{X S X | 7\T - OC/}\I = B,}\F :Y}

are called a ULU-(«, 3,v)-level subset, an LUL-(«, 3,v)-level subset, and an E-(«, 3,v)-level subset of A,
respectively. Then we see that

ULUA (e, B,v) = U(AT; ) N L(AL; B) N U(AF;Y),
LULA (e, B,v) = L(A1; ) N U(Ar; B) N L(AF; y),
Ea(x, B,v) = E(A1; ) NE(AL; B) NE(AR; ).

Corollary 3.7. A NS A in X is a special neutrosophic UP-subalgebra of X if and only if for all , 3,y € [0,1],
LULA (e, B,7) is a UP-subalgebra of X, where LULA (x, 3,Y) is nonempty.

Proof. It is straightforward by Theorem 3.2. O

Corollary 3.8. A NS A in X is a special neutrosophic near UP-filter of X if and only if for all o, 3,y € [0,1],
LULA («, B,7v) is a near UP-filter of X, where LULA («, 3,7v) is nonempty.

Proof. 1t is straightforward by Theorem 3.3. O

Corollary 3.9. A NS A in X is a special neutrosophic UP-filter of X if and only if for all «,f3,y € [0,1],
LULA («, B,7v) is a UP-filter of X, where LULA (e, 3,7Y) is nonempty.

Proof. 1t is straightforward by Theorem 3.4. O

Corollary 3.10. A NS A in X is a special neutrosophic UP-ideal of X if and only if for all «,f3,y € [0,1],
LULA (e, B,7) is a UP-ideal of X, where LULA (cx, 3,7) is nonempty.

Proof. It is straightforward by Theorem 3.5. O
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4. Conclusions

In this paper, we have introduced the notions of special neutrosophic UP-subalgebras, special neu-
trosophic near UP-filters, special neutrosophic UP-filters, special neutrosophic UP-ideals, and special
neutrosophic strong UP-ideals of UP-algebras and investigated some of their important properties. Then,
we have the diagram of generalization of NSs of special types in UP-algebras as shown in Figure 1.

(2.24), (2.25), (2.26)

T

242) — Special neutrosophic UP-subalgebra

(2.39)+ l M

(2.43) ’ Special neutrosophic near-UP-filter

can| 14

244) — Special neutrosophic UP-filter
(2.41)+ l p'(
(2.45) > Special neutrosophic UP-ideal

Special neutrosophic strongly UP-ideal

|

Constant neutrosophic set

Figure 1: NSs of special types in UP-algebras.

In our future study, we will apply this notion/results to other type of NSs in UP-algebras. Also, we will
study the soft set theory/cubic set theory of special neutrosophic UP-subalgebras, special neutrosophic
near UP-filters, special neutrosophic UP-filters, special neutrosophic UP-ideals, and special neutrosophic
strong UP-ideals.
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