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Abstract

The concept of a neutrosophic cubic set in a UP-algebra was introduced by Songsaeng and Iampan [Neu-
trosophic cubic set theory applied to UP-algebras, 2019]. In this paper, we define the image and inverse
image of a neutrosophic cubic set in a non-empty set under any function and study the image and inverse
image of a neutrosophic cubic UP-subalgebra (resp., neutrosophic cubic near UP-filter, neutrosophic cubic
UP-filter, neutrosophic cubic UP-ideal, neutrosophic cubic strong UP-ideal) of a UP-algebra under some UP-
homomorphisms.

Keywords: UP-algebra, UP-homomorphism, neutrosophic cubic UP-subalgebra, neutrosophic cubic near UP-
filter, neutrosophic cubic UP-filter, neutrosophic cubic UP-ideal, neutrosophic cubic strong UP-ideal

1 Introduction

The type of the logical algebra, a UP-algebra was introduced by Iampan'? Later Somjanta et al*? studied
a fuzzy UP-subalgebra, a fuzzy UP-ideal and a fuzzy UP-filter of a UP-algebra. Guntasow et al” studied a
fuzzy translation of a fuzzy set in a UP-algebra. Kesorn et al'” studied an intuitionistic fuzzy set in a UP-
algebra. Kaijae et al1% studied anti-fuzzy UP-ideals and anti-fuzzy UP-subalgebras. Tanamoon et al *® studied
a Q-fuzzy set in a UP-algebra. Sripaeng et al** studied an anti Q-fuzzy UP-ideal and an anti Q-fuzzy UP-
subalgebra of a UP-algebra. Dokkhamdang et al# studied a generalized fuzzy set in a UP-algebra. Songsaeng
and Tampan®¥2? studied an A/-fuzzy UP-algebra and a fuzzy proper UP-filter of a UP-algebra. Senapati et
al 2%23 studies a cubic set and an interval-valued intuitionistic fuzzy structure in a UP-algebra.

A fuzzy set f in a non-empty set A is a function from A to the closed interval [0, 1]. The concept of a
fuzzy set in a non-empty set was first introduced by Zadeh*® The fuzzy set theory developed by Zadeh and
others have found many applications in the domain of mathematics and other domains. Zadeh®” introduced
an interval-value fuzzy sets. The concept of a neutrosophic set was introduced by Smarandache2® in 1999.
Wang et al*” introduced the concept of an interval-valued neutrosophic set in 2005. Jun et al'¥ introduced
the concept of an interval-valued neutrosophic set in a BCK/BCI-algebra. The concept of a neutrosophic
N -structure in a semigroup was introduced by Khan et al*® in 2017. Jun et al}* applied the concept of a
neutrosophic A\-structure to a BCK/BCl-algebra in 2017. Songsaeng and Iampan"33 applied the concept of
a neutrosophic set to a UP-algebra. Ibrahim et. all’ introduced the concept of a neutrosophic subtraction
algebra and a neutrosophic subtraction semigroup, and Al-Tahan and Davvaz! introduced the concept of a
neutrosophic R-ideal of a subtraction algebra in 2020.

A neutrosophic cubic set which is the generalized form of fuzzy sets, cubic sets and neutrosophic sets was
introduced by Jun et al’? in 2017. Igbal et al'¥' introduced the concept of a neutrosophic cubic subalgebra
and a neutrosophic cubic closed ideal of a B-algebra in 2016. Songsaeng and Iampan? introduced the concept
of a neutrosophic cubic set in a UP-algebra in 2020. Khalid et. al'® applied the concept of a multiplicative
interpretation of a neutrosophic cubic set to a B-algebra in 2020.

From literature review, we will study the image and inverse image of neutrosophic cubic UP-subalgebras
(resp., neutrosophic cubic near UP-filters, neutrosophic cubic UP-filters, neutrosophic cubic UP-ideals, neu-
trosophic cubic strong UP-ideals) under some UP-homomorphisms.
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2 Basic concepts and preliminary notes on a UP-algebra

Before the study, we will review the definition of a UP-algebra.

Definition 2.1. 7 An algebra X = (X, 0,0) of type (2, 0) is said to be a UP-algebra, where X is a non-empty
set, o is a binary operation on X, and 0 is a fixed element of X if it holds the followings:

(UP-1) (forall z,y,z € X)((yoz)o((zoy)o(xroz))=0),
(UP-2) (forall z € X)(0ox = x),

(UP-3) (forall z € X)(x o0 =0), and

(UP-4) (forall z,y € X)(zoy=0,yox=0=x =y).

From/” we already know that the concept of a UP-algebra is a generalization of a KU-algebra (see?l).
Example 2.2. “* Let Y be a universal set and let € P(Y'), where P(Y’) means the power set of Y. Let
Po(Y)={AcP(Y)|Q C A}. Define a binary operation o on Pq(Y’) by putting Ao B = BN (A“UQ) for
all A, B € Po(Y), where A® means the complement of a subset A. Then (P (Y), 0, ) is a UP-algebra. Let
PUY) = {A € P(Y)| ACQ}. Define a binary operation  on P*(Y') by putting A e B = BU (A° N Q)

for all A, B € P(Y). Then (P}(Y), e, (2) is a UP-algebra. In particular, (P(Y),0,0) and (P(Y), e, X) are
UP-algebras.

Example 2.3. “ Let IN; be the set of all natural numbers with zero. Define two binary operations - and * on

]NO by

(for all m,n € INy) (m-n:{ n ifm <n, )

0 otherwise
and

(for all m,n € INy) (m*n{ n ifm>norm =0, >

0 otherwise
Then (INy, -, 0) and (INg, *, 0) are UP-algebras.
2BIRIR2H25

For more examples of a UP-algebra, see!

In a UP-algebra X = (X, 0,0), the followings are valid (see’8).

(forall z € X)(z oz =0), 2.1)
(forall z,y,z € X)(xoy=0,yoz=0=xz02z=0), (2.2)
(forall z,y,z € X)(xoy=0= (zox)o(z0y)=0), (2.3)
(forall z,y,2 € X)(zoy=0= (yoz)o(zxoz)=0), (2.4)
(forall z,y € X)(xo(yox)=0), (2.5)
(forall z,y € X)((yozx)ox =0 x=youx), (2.6)
(forall z,y € X)(x o (yoy) =0), 2.7
(forall a,z,y, 2 € X)((z 0 (y02)) o (v (a0 ) o (a0 2))) = 0), 8)
(forall a,2,, 2 € X)((((a0) 0 (a0y)) o) o (z 0 y) 0 2) = 0), 29)
(forall z,y,z € X)(((xoy)oz)o(yoz)=0), (2.10)
(forall z,y,z € X)(zoy=0=2x0(z0y) =0), (2.11)
(forall z,y,z € X)(((xoy)oz)o(xo(yoz))=0),and (2.12)
(forall a,z,y,2 € X)(((xoy)oz)o(yo(aoz))=0). (2.13)

From/Z the binary relation < on a UP-algebra X = (X o,0) is defined as follows:
(forall z,y € X)(x <y < xzoy=0).
In a UP-algebra, 5 types of special subsets are defined as follows.

Doi :10.5281/zenodo.3746022 90



International Journal of Neutrosophic Science (IJNS) Vol. 3, No. 2, PP. 89-107, 2020

Definition 2.4. 227 A non-empty subset A of a UP-algebra X = (X, 0,0) is said to be
(1) a UP-subalgebra of X if (forall z,y € A)(zoy € A).
(2) anear UP-filter of X if

(i) the constant 0 of X isin A, and

(ii) (forall z,y € X)(ye A= zoyc A).
(3) a UP-filter of X if

(i) the constant 0 of X isin A, and

(ii) (forall z,y € X)(zoye A,z € A=ye A).
(4) a UP-ideal of X if

(i) the constant 0 of X isin A, and

(i) (forall z,y,z € X)(zo(yoz)c A, yc A=zo0zc A).
(5) astrong UP-ideal of X if

(i) the constant 0 of X isin A, and

(ii) (forall z,y,z € X)((zoy)o(z0x) € A,y € A= x € A).

Guntasow et al® and Iampan® proved that the concept of a UP-subalgebra is a generalization of a near
UP-filter, a near UP-filter is a generalization of a UP-filter, a UP-filter is a generalization of a UP-ideal, and
a UP-ideal is a generalization of a strong UP-ideal. Moreover, they proved that the only strong UP-ideal of a
UP-algebra X is X.

Definition 2.5. “Let (X, 0,0x) and (Y, ,0y) be two UP-algebras. A function f from X to Y is said to be a
UP-homomorphism if
(forall z,y € X)(f(zoy) = f(z) e f(y))-

A UP-homomorphism f: X — Y is said to be a UP-epimorphism if f is surjective, a UP-monomorphism
if f is injective, and a UP-isomorphism if f is bijective.

Theorem 2.6. © Let X and Y be two UP-algebras with fixed elements of 0x and Oy, respectively, and let
[+ X =Y be a UP-homomorphism. Then the followings hold:

(1) f(Ox) = Oy, and
(2) (forall 1,22 € X)(z1 <22 = f(21) < f(22)).

In 1965, the concept of a fuzzy set in a non-empty set was introduced by Zadeh®® with the following
definition.

Definition 2.7. A fuzzy set (briefly, FS) in a non-empty set X (or a fuzzy subset of X) is defined to be a
function X : X — [0, 1], where [0, 1] is the unit segment of the real line. Denote by [0, 1] the collection of
all FSs in X. Define a binary relation < on [0, 1]% as follows:

(forall A,z € [0,1]X)(\ < & (forall x € X)(\(z) < p(x))). (2.14)
Definition 2.8. 2Z Let A be a FS in a non-empty set X. The complement of A, denoted by A\, is defined by
(forall z € X)(\%(2) = 1 — \(x)). (2.15)

Definition 2.9. “ Let {)\; | j € J} be a family of FSs in a non-empty set X. We define the join and the meet
of {\; | j € J}, denoted by V;c s\ and Aje s\, respectively, as follows:

(forall x € X)((VjesAj)(x) = sup,c {Aj(®)}), (2.16)

(for all @ € X)((AjesA))(@) = infes (s (@)}): @.17)
In particular, if A and p be FSs in X, we have the join and meet of A and p as follows:

(forall z € X)((AV p)(x) = max{\(x), u(x)}), (2.18)

(forall x € X)((A A p)(z) = min{\(z), p(x)}), (2.19)

respectively.
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An interval number we mean a close subinterval @ = [a~, a™] of [0, 1], where 0 < a~ < a¥ < 1. The
interval number @ = [a~,a™| with a= = a* is denoted by a. Denote by int[0, 1] the set of all interval
numbers.

Definition 2.10. ' Let {a; | j € J} be a family of interval numbers. We define the refined infimum and the
refined supremum of {a; | j € J}, denoted by rinf;c ;a; and rsup;¢ ;a;, respectively, as follows:

. ~ _ . — . +
rinf e s {a;} = [}relg{aj },juelg{aj H, (2.20)
rsup;e ;{a;} = [sup{a;j },sup{a;}]. 2.21)
jeJ jeJ

In particular, if @1,a; € int[0,1], we define the refined minimum and the refined maximum of @; and @s,
denoted by rmin{a;, a2} and rmax{as, as}, respectively, as follows:

rmin{ay,ds} = [min{a;,a; },min{a;, ad }], (2.22)

rmax{ay,ds} = [max{a],a; }, max{a],ag}]. (2.23)

Definition 2.11. ' Let @1,d@ € int[0,1]. We define the symbols “>=”, “<”, “=" in case of @; and a5 as
follows:

Gy = dy & a] >ay andaf > af, (2.24)

and similarly we may have a; = a, and a; = ds. To say a; = as (resp., a; < a2) we mean a; = do and
61 7& ag (resp., 61 j 62 and Zil 7é ag)

Definition 2.12. *? Let @ € int[0, 1]. The complement of @, denoted by @, is defined by the interval number
a“=[1-a*1-a") (2.25)

In the int[0, 1], the followings are valid (see>>).

(for all @ € int[0, 1])(a = a), (2.26)
(for all @ € int[0,1])((a“)° = a), (2.27)
(for all @ € int[0, 1})(rmax{a a} = a and rmin{a,a} = a), (2.28)
(for all @y, as € int[0, 1])(rmax{a;, a2} = rmax{as, @ } and rmin{ay, @z} = rmin{as,a1}), (2.29)
(for all @y, as € int[0, 1])(rmax{a,as} > @y and ay *= rmin{ay, as}), (2.30)
(for all @,dy € int[0,1])(a; = ap < af < ay), (2.31)
(for all @y, as,as,ay € int[0,1])(a; = @2,a3 = a4 = rmin{ay, asz} > rmin{as, a4}), (2.32)
(for all @y, as,as € int[0,1])(a1 > a2,as = a2 < rmin{ay, as} = aa), (2.33)
(for all @y, as,as,as € int[0, 1])(a1 > a9, a3 = a4 = rmax{ay, as} = rmax{as,a4}), (2.34)
(for all ay,as,as € int[0,1])(as = a1,as = as < as = rmax{a,as}), (2.35)
(for all @1, as € int[0, 1])(a1 = a2 < rmin{a;,as} = az), (2.36)
(for all @y, az € int[0,1])(a; = dz & rmax{a;,as} = ay), (2.37)
(for all @y, ds € int[0,1])(rmin{a$,as} = rmax{a;,a,}%), (2.38)
(for all @, dy € int[0, 1])(rmax{a{,as’} = rmin{a;,as}%), (2.39)
(for all @y, ds, a3 € int[0, 1])(@; < rmax{as,ds} < af = rmin{as,a§}), (2.40)
(for all @y,dy, a3 € int[0,1])(@; = rmax{asy, a3} < a¢ < rmin{ag,as}), (2.41)
(for all @y, ds, a3 € int[0, 1])(@; < rmin{as, as} < af > rmax{ay,as’}), and (2.42)
(for all @y, ds, a3 € int[0,1])(@; > rmin{dy, as} < af < rmax{as,as}). (2.43)

In 1975, the concept of an interval-valued fuzzy set in a non-empty set was first introduced by Zadeh*®
with the following definition.

Definition 2.13. An interval-valued fuzzy set (briefly, IVES) in a non-empty set X is an arbitrary function
A X — int[0,1]. Let IVFS(X) stands for the set of all IVFS in X. For every A € IVFS(X) and
r € X, A(x) = [A (z), AT (x)] is said to be the degree of membership of an element = to A, where A=, A"
are FSs in X which are called a lower fuzzy set and an upper fuzzy set in X, respectively. For simplicity, we
denote A = [A—, AT].
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Definition 2.14. "2 Let A and B be IVFSs in a non-empty set X. We define the symbols “C”, “2O”, “="in
case of A and B as follows:
AC B« (forall z € X)(A(z) < B(z)), (2.44)

and similarly we may have A O Band A = B.

Definition 2.15. *?Let A be an IVFS in a non-empty set X . The complement of A, denoted by A€, is defined
as follows: A (z) = A(z)® forall z € X, that is,

(forall z € X)(A%(z) = [1 — AT (x),1 — A~ (x)]). (2.45)
We note that A (z) =1 — AT () and A®" (z) =1 — A (a) forall z € X.
Definition 2.16. ** Let {A4; | j € J} be a family of IVFSs in a non-empty set X. We define the intersection
and the union of {A; | j € J}, denoted by NjcsA; and Ujc s A;, respectively, as follows:

(forall x € X)((NjesA;)(z) =rinf;cs{A4;(x)}), (2.46)

(forall z € X)((UjesAj)(z) = rsup;c ;{A;(z)}). (2.47)

‘We note that
(forall @ € X)((NjesA;) ™ (2) = (Ajes Ay (@) = inf {47 (2)})

jeJ
and
(forall & € X)((MjesA))* () = (AjesAf) (@) = inf {AF (@))).
Similarly,
(forall z € X)((Ujes4;) " (z) = (Vjes A )(z) = igg{A}(I)})
and

(forall = & X)(Ues A7) (2) = (Vies A} () = sup(4] (2)))

In particular, if A; and A5 are IVFSs in X, we have the intersection and the union of A; and A, as follows:
(forall z € X)((A1 N Ag)(z) = rmin{A; (x), A2(z)}), (2.48)
(forall z € X)((A1 U A2)(z) = rmax{A;(x), A2(z)}). (2.49)

In 1999, the concept of a neutrosophic set in a non-empty set was introduced by Smarandache*® with the
following definition.

Definition 2.17. A neutrosophic set (briefly, NS) in a non-empty set X is a structure of the form:
A={(z, \r(x), 1(z), \p(2)) | z € X}, (2.50)

where Ar : X — [0, 1] is a truth membership function, A\; : X — [0,1] is an indeterminate membership
Sunction, and A\p : X — [0, 1] is a false membership function. For our convenience, we will denote a NS as
A= (X, )\T7>\I>)\F) = (X7 >\T,I,F) = {(x, )\T($)7 )\[(ﬁ), )\F(LL')) ‘ x € X}

Definition 2.18. “° Let A be a NS in a non-empty set X. The NS AY = (X, A5, A, \%) in X is said to be
the complement of A in X.

In 2005, the concept of an interval neutrosophic set in a non-empty set was introduced by Wang et al >’
with the following definition.

Definition 2.19. An interval-valued neutrosophic set (briefly, IVNS) in a non-empty set X is a structure of
the form:
A = {(.%‘,AT(LC)7A](LE),AF($)) |$€X}, 2.51)

where A, Ar and A are IVFSs in X, which are called an interval truth membership function, an interval
indeterminacy membership function and an interval falsity membership function, respectively. For our conve-
nience, we will denote aIVNS as A = (X, Ay, A1, Ar) = (X, Ar 1.r) = {(z, Ar(z), Ar(x), Ap(2)) |z €
X}

Definition 2.20. “Z Let A = (X, Ap, A, Ar) be an IVNS in a non-empty set X. The IVNS A¢ =
(X, AS, AS, AS) in X is said to be the complement of A in X.
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In 2012, the concept of a cubic set in a non-empty set was introduced by Jun et al'? with the following
definition.

Definition 2.21. A cubic set (briefly, CS) in a non-empty set X is a structure of the form:
C={(z,A(z),\(x)) |z € X}, (2.52)

where A is an IVFS in X and A is a FS in X. For our convenience, we will denote a CS as C = (X, A, \) =
{(z, A(z), \(z)) | v € X}.

In 2017, Jun et al ¥ introduced the concept of a neutrosophic cubic set with the following definition.

Definition 2.22. A neutrosophic cubic set (briefly, NCS) in a non-empty set X is a pair &/ = (A, A), where
A= (X,Apr, A, Ap)isan IVNS in X and A = (X, Ap, A;, Ap) is a neutrosophic set in X . For simplicity,
we denote & = (Ar 1 rp,Ar1,r). ANCS &/ = (A,A) in a non-empty set X is said to be constant if
Ap, Ar, Ap, A, A1, and Ap are constant functions. The complement of a NCS & = (A, A) is defined to be
the NCS &7/¢ = (AY, AY).

In 2020, the concepts of a neutrosophic cubic UP-subalgebra, a neutrosophic cubic near UP-filter, a neu-
trosophic cubic UP-filter, a neutrosophic cubic UP-ideal, and a neutrosophic cubic strong UP-ideal of a UP-
algebra were introduced by Songsaeng and Iampan? with the following definition.

Definition 2.23. A NCS &/ = (A, A) in a UP-algebra X = (X 0,0) is said to be
(1) aneutrosophic cubic UP-subalgebra of X if

r(xoy) = rmin{Ar(x), A
(forall z,y € X) | Ar(zoy) < rmax{A;(z),A;(v)} |, (2.53)
r(xoy) = rmin{Ar(z), A
Ar(zoy) < max{Ap(z), A
(forall z,y € X) [ Ar(zoy) > min{A;(z),\(y)} |. (2.54)
)

(2) aneutrosophic cubic near UP-filter of X if

Ar(0) = Ap(z)
(forallz € X) [ A7(0) = Ar(z) |, (2.55)
Arp(0) = Ap(z)
Ar(0) < )\T(w))
(forall z € X) | A(0) > As(z) |, (2.56)
Ar(0) < Ar(z)
Ar(zoy) = Ar(y)
(forall z,y € X) | Ar(zoy) < Ar(y) |, (2.57)
Ap(zoy) = Ar(y)
Ar(zoy) < Ar(y)
(forall z,y € X) | Ar(zoy) > A1(y) (2.58)
Ar(zoy) < Ar(y)

(3) a neutrosophic cubic UP-filter of X if it holds the followings: (2.53), (2.56), and

Ar(y) = rmin{Arp(z o y), Ar(z)}

(forall z,y € X) | Ar(y) S rmax{A;(zoy), Ar(z)} |, (2.59)
Ap(y) = rmin{Ap(zoy), Ar(z)}
Ar(y) < max{Ar(zoy), \r(z)}

(forall z,y € X) [ Ar(y) > min{A;(zoy), Ar(z)} (2.60)
Ar(y) < max{Ap(zoy), A\r(x)}
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(4) a neutrosophic cubic UP-ideal of X if it holds the followings: (2.53)), (2.56), and

AT(iﬂ ©z) = rmin{Ar(z o (y 0 2)), Ar(y)}
(forall z,y,z € X) | Ar(zoz) = rmax{A;(xo(yoz }
AF( ) E I

), , (2.61)
Toz min{AF(l‘o(yoz))aAF(y)}

Ar(z o z) < max{Ar(z o (yoz)),Ar(y)}
(forall z,y,z € X) | Ar(zoz)>min{A\;(zo(yoz)),\r(y)} |. (2.62)
Ap(zoz) <max{Ap(zo(yoz)),\r(y)}

(5) a neutrosophic cubic strong UP-ideal of X if it holds the followings: (2.33), (2.56)), and

() = rmin{Ar((z 0 y) o (z0x)), Ar(y)}

(forall z,y,z € X) | Ar(x) 2rmax{A;((zoy)o(z0x)),Asr(y)} |, (2.63)
(z) = min{Ap((z o y) o (z0x)), Ar(y)}
Ar(z) < max{Ar((zoy) e (z01)),Ar(y)}

(forall z,y,z € X) | Ar(z) > min{A;((zoy)o(zox)),A\1(y)} |- (2.64)

Ar(z) <max{Ar((zoy)o(z0x)), Ar(y)}

Songsaeng and Iampan" proved that the concept of a neutrosophic cubic UP-subalgebra is a generalization
of a neutrosophic cubic near UP-filter, a neutrosophic cubic near UP-filter is a generalization of a neutrosophic
cubic UP-filter, a neutrosophic cubic UP-filter is a generalization of a neutrosophic cubic UP-ideal, and a
neutrosophic cubic UP-ideal is a generalization of a neutrosophic cubic strong UP-ideal. Moreover, they
proved that a neutrosophic cubic strong UP-ideal and a constant NCS coincide.

3 Homomorphic properties of a NCSs in a UP-algebra

In this section, the image and inverse image of a NCS are defined and some results are studied.

Definition 3.1. Let f be a function from a non-empty set X into a non-empty set Y and &7 = (Ar 1 p, Ar1 F)
be a NCS in X. Then the image of 27 under f is defined as a NCS f(</) = (f(A)r,1.p, f(N)7r1,p)in Y,
where

_ f rsup,cpoi{Ar(x)} if f7(y) is non-empty,
H(Arly) = { [0,0] otherwise,

= e
f(A)r(y) = { ][fg’u(f))]refﬂ(y){AF(x)} ift}{e;ifigéi’is non-empty,
FN7(y) :{ ilnfmeffl(y){AT(a:)} i)fﬂ{e;\l,v(ii’is non-empty,

inf -1, {Ar(2)} if f~1(y) is non-empty,
FNr() :{ 1 < (y){ @ otl{er\xi(iz()e. o
Example 3.2. Let X = {0x,1x,2x} be a UP-algebra with a fixed element 0x and a binary operation o
defined by the following Cayley table:
o |0x 1x 2y
Ox | Ox 1x 2x
1x |Ox Ox 1x
2x | Ox Ox Ox
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and let Y = {0y, 1y, 2y } be a UP-algebra with a fixed element Oy and a binary operation e defined by the
following Cayley table:
e |0y 1y 2y
Oy | Oy 1y 2y
1y | 0y Oy 2y
2y | 0y Oy Oy

We define a function f : X — Y as follows:

f(0x) =0y, f(1x) =1y, and f(2x) = 1y.

We define a NCS o/ = (AT7 I,FsATI, r) in X with the tabular representation as follows:

X A(x) A(x)

Ox (j0.4,0.7],[0.5,0.7,[0.2,0.4]) (0.1,0.3,0.4)
1x  ([0.1,0.2],[0.1,0.5],0.4,0.5]) (0.3,0.8,0.4)
2x ([0.8,0.9],]0.7,0.8],[0.1,0.6]) (0.1,0.5,0.7)

Then f(</) = (f(A)r,1.7, f(N)7r,1,7) in Y with the tabular representation as follows:

Y A(z) A(z)

Oy ([0.4,0.7],[0.5,0.7],[0.2,0.4]) (0.1,0.3,0.4)
1y ([0.8,0.9],[0.1,0.5],[0.4,0.6]) (0.1,0.8,0.4)
2Y ([070]7[171]7[ ’0]) (17071)

Hence, f(<7) = (f(A)r,r,r, f(N)71,1,r)isaNCSinY.

Definition 3.3. Let f be a function from a non-empty set X into a non-empty set Y and .of' = (AT, I,FsAT,I, F)
be a NCS in Y. Then the inverse image of .7 is defined as a NCS f~1(«?) = (f~*(A)r,1,r, [*(N)7,1,F) in
X, where

(fOI‘ all x € X)(f_l(A)T’[’F(l‘) = ATJ’F(f(l‘))), (3.1)
(fOI‘ all z € X)(f_l(/\)T717F(Z‘) = /\T,I,F(f(x)))~ (3.2)

Example 3.4. In Example we have (X,0,0x) and (Y, e, 0y ) are two UP-algebras. We define a function
f:+ X — Y asfollows:

f(0x) =0y, f(1x) =1y, and f(2x) = 1y.
We define a NCS & = (Ar 1,p, Ar,1,r) in Y with the tabular representation as follows:

Y A(x) Ax)

Oy ([0.3,0.7],[0.3,0.5],]0.1,0.4]) (0.5,0.4,0.7)
1y ([0.6,0.7],[0.1,0.3],[0.4,0.5]) (0.2,0.7,0.8)
2y ([0.5,0.9],[0.3,0.5],[0.5,0.8]) (0.3,0.5,0.4)

Then f~*(«/) = (f"*(A)r.1.r, f~*(N)7,1,r) in X with the tabular representation as follows:

X A(x) Ax)

Ox (]0.3,0.7],[0.3,0.5],[0.1,0.4]) (0.5,0.4,0.7)
1x ([0.6,0.7],[0.1,0.3],[0.4,0.5]) (0.2,0.7,0.8)
2x ([0.6,0.7],]0.1,0.3],[0.4,0.5]) (0.2,0.7,0.8)

Hence, f~1(«) = (f Y (A)r. 1,7, f ' (A\)1,1,F) isaNCS in X.

Definition 3.5. A NCS
of = (Ap 1 r, r1,r)in X is said to be order preserving if

Ar(x) 2 Ar(y), Ar(z) = Ar(y), Ar(2) 2 Ar(y),
(forall 2,y € X) (“y;‘{wx)zxmmwsw(y),AF(x)z r (1) ) G.3

Lemma 3.6. Every neutrosophic cubic UP-filter (resp., neutrosophic cubic UP-ideal, neutrosophic cubic
strong UP-ideal) of X is order preserving.

=
A
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Proof. Assume that &7 = (Ap ; p, A1 1,F) is a neutrosophic cubic UP-filter of X. Let z,y € X be such that
z <yin X. Then z oy = 0. Thus

Ar(y) = rmin{Ar(z o y), Ar(z)} = rmin{Ar(0), Ar(z)} = Ar(z), (E39.2.355).238)
Az(y) = rmax{A;(z oy), A;(z)} = rmin{A;(0), A; ()} = As(z), (39,255,237

Ap(y) = tmin{Ap(z o y), Ap(z)} = rmin{Ar(0), Ap(z)} = Ar(z), (239),@2.55),2-36))

Ar(y) < max{Ar(z oy), Ar(2)} = max{Ar(0), Ar(z)} = Ar(2), ((2.60).2.56))

A1(y) 2 min{A;(z o y), Ar(z)} = min{A;(0), Ar(z)} = Ar(z), ((2:60).2.56))

Ar(y) < max{Ap(z oy), Ap(z)} = max{Ap(0), Ap(z)} = Ar(2). ((2:60).2.56))

Hence, <7 is order preserving. O

Theorem 3.7. Let (X,0,0x) and (Y, ,0y) be two UP-algebras, f: X — Y be a UP-homomorphism, and
= (Ap, 1 r, Ar,1,7) be a NCS in Y. Then the followings hold:

(1) If o is a neutrosophic cubic UP-subalgebra of Y, then the inverse image (<) of & under f is a
neutrosophic cubic UP-subalgebra of X.

(2) If o is a neutrosophic cubic near UP-filter of Y which is order preserving, then the inverse image
f~Y() of o under f is a neutrosophic cubic near UP-filter of X.

(3) If o is a neutrosophic cubic UP-filter of Y, then the inverse image f~'(a/) of &/ under f is a neutro-
sophic cubic UP-filter of X.

(4) If o is a neutrosophic cubic UP-ideal of Y, then the inverse image f~'(</) of </ under f is a neutro-
sophic cubic UP-ideal of X.

(5) If < is a neutrosophic cubic strong UP-ideal of Y, then the inverse image =1 (<) of </ under f is a
neutrosophic cubic strong UP-ideal of X.

Proof. (1) Assume that <7 is a neutrosophic cubic UP-subalgebra of Y. Then for all z,y € X,

[ A)r(xoy) = Ar(f(zoy)) (@)
=Ar(f(z)e f(y))
= rmin{Ar(f(z)), Ar(f(y))} (233))
= rmin{f = (A)r(z), (A2 (y)}, (E81)
FH A (@ oy) = Ar(f(zoy)) (EN1))
= Ai(f(z)e f(y))
= rmax{A;(f(2)), Ar(f(y))} (E33))
= rmax{f "' (A)r(2), [T (A)r(y)}, (G1y
fH A p(xoy) = Ap(f(zoy)) (G
=Ap(f(z) e f(y))
= rmin{Ap(f(2)), Ar(f(y))} (E33))
= rmin{f ™ (A)p(z), T (A)r(y)}, (EB1)
T Nr(zoy) = Ar(f(zoy)) (@)
=M (f(z)e f(y))
< max{Ar(f(z)), A\r(f(y))} (@354
= max{f ' (N7 (2), f (N1 ()}, (32
F 1@ oy) = Ar(f(zoy)) (G2
= Ai(f(z) e f(y))
> min{Ar(f()), Ar(f(y))} (39
= min{f ' (V) r(2), F (N 1()}, G2y
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F p(xoy) = Ap(f(zoy)) (3.2
= Ar(f(z) e f(y))
< max{Ap(f(2)), Ar(f(y))} (@5%)
= max{f ' (N r(2), T (N ry)}- (3.2

Hence, f (/) is a neutrosophic cubic UP-subalgebra of X.

(2) Assume that <7 is a neutrosophic cubic near UP-filter of Y which is order preserving. By Theorem
[(2)]and (UP-3), we have forall z € X,

FHA)2(0x) = Ar(f(0x)) = Ap(f(x)) = f~1(A)r(z)
FHA)(0x) = Ar(f(0x)) = Ar(f(2) = 1 (A)1(2),
FHAF(0x) = Ap(f(0x)) = Ar(f(z)) = [ (A)r(2),
S N1 (0x) = Ar(f(0x)) < Ar(f(2) = F (N7 (2),
FH10x) = Ar(f(0x)) > Ar(f(2) = £ (V)i ()
FH ) r0x) = Ar(f(0x)) < Ar(f(2) = F (V) r(2)

Letz,y € X. Then

FHAr(woy) = Ar(f(zoy)) = Ar(f(z) e f(y)) = Ar(f(y)) = 1 (Ar(y),  (@3D.GI)
FHA)(zoy) = Ar(f(zoy)) = Ar(f(x) o f(y) = Ar(f(y)) = fH (A)1(y), (@57.3.1)
FHA)r(xoy) = Ap(fzoy)) = Ap(f(z) o f(y) = Ar(f(y)) = [T (Ar(y),  (@3D.EI)
F N r(@oy) = Mr(fzoy)) = Ar(f(z) o f(y)) < Ar(f(y) = f Nz (), (238).3.2)
F Wiz oy) = Mi(fzoy)) = Ar(f(z) o f(y) = Ai(f(y) = F (N1(), (258).3.2)
FHNr@oy) = Ap(flzoy)) = Ar(f(z) o f(y)) < Ar(f() = Nk ). (238).3.2)

Hence, f~1 (/) is a neutrosophic cubic near UP-filter of X.

(3) Assume that <7 is a neutrosophic cubic UP-filter of Y. Then 7 is a neutrosophic cubic near UP-filter

of Y. By Lemma [3.6| and the proof of we have f~1(/) satisfies the assertions (2.53) and (2.56). Let
z,y € X. Then

I A)rly) = Ar(f(y)) (@1
~ rmin{Ar(f(z) o (). Ar(f(2))} @
=rmin{Ar(f(zoy)), Ar(f(x))}
=rmin{f~(A)r(zoy), f (A)r(z)}, (A1)

FH A1) = Ar(f(y)) (@1
= rmax{A;(f(z) e f(y)), Ar(f(x))} (@39
=rmax{A;(f(zoy)), Ar(f(x))}

:rmax{ffl(A z(icoy),ffl(A)I(x)}a (@1

FHA)rW) = Ar(f(y) (@3.1)
=rmin{Ar(f(z) e f(y)), Ar(f(2))} (@35
=rmin{Ap(f(xoy)), Ar(f(z))}
=mmin{f ' (A)r(zoy), [ (A)r(z)} @Iy

FHNr(y) = A (f() (32
< max{Ar(f(z) ® (1)), Ar(f(2))} (5m)
= max{Ar(f(zoy)), \r(f(x))}
=max{f '(N)r(zoy), f ' Nr(x)} (@2

T N1ly) = M (£ (y) (32
> min{Ar(£(x)  £(5)), M(f(2))} (@5
=min{A;(f(zoy)), \1(f(2))}
=min{f'(N)r(zoy), F 1 N)i(z)}, (@2
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F r(y) = Ar(f(y)
< max{Ar(f(z) e f(y)),
(f

=
—
/\
—
—~
8
~
=
—

(zoy)), >\F( ( N}
N r(oy), fT (N r(x)}.

Hence, f~1(.<7) is a neutrosophic cubic UP-filter of X.

= max{\p

= max{f~

(@2
(2.60)

(B2

(4) Assume that <7 is a neutrosophic cubic UP-ideal of Y. Then  is a neutrosophic cubic UP-filter of Y.

By the proof of [(3)] we have f () satisfies the assertions (Z:55) and (2:36). Let z,y, z € X. Then

FHA)r(zo2) = Ar(f(zo2))
= Ar(f(z) e f(2)

= rmin{ Az (f(x) 2))) Ar(f(y))}
= rmin{Ar(f(z) o (f(y 0 2))), Ar(f(y))}
= rmin{AT(f( y))}

FHA)(x 0 2) = Ar(f(w 0 2))
= Ar(f(z) o f(2))
= rmax{A;(f(z) o (f(y) ® f(2))), Ar(f(y))}
= rmax{A;(f(z) o (f(y © 2))), A1(f(y))}
= rmax{A;(f(z o (y© 2))), Ar(f(y))}
= mmax{f ' (A)r(z o (yo2)), [~ (A)(y)}
FTHA)F(oz) = Ap(f(z02))
= Ap(f(z) e f(2))
= rmin{Ap(f(z) o (f(y) ® f(2))), Ar(f(¥))}
= mmin{Ap(f(z) e (f(y© 2))), Ar(f(y))}
= rmin{Ap(f(z o (yo2))), Ar(f(y))}

= max{ /\T

= max{Ar

HA/—\A

Hence, f~! (&) is a neutrosophic cubic UP-ideal of X.
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(5) Assume that <7 is a neutrosophic cubic strong UP-ideal of Y. Then 7 is a neutrosophic cubic UP-ideal
of Y. By the proof of[(4)] we have f~! (/) satisfies the assertions (Z.55) and 2-36). Let z, y, z € X. Then

T (A)r(@) = Ar(f(2)) (@)
= rmin{ Az ((f(2) ® f(y)) o (f(2) ® f(2))), Ar(f(y))} (2-63))
= rmin{Ar(f(z 0 y) o f(z 0 x)), Ar(f(y))}
= rmin{A7(f((z0y) o (z 0 7)), Ar(f(y))}
= min{f " (A)r((zoy) o (z0x)), f (A)r(y)}, (@1

FHA)1(2) = Ar(f(2)) (ER1))
=< rmax{Ar((f(z) e f(y)) o (f(2) ® f(2))), Ar(f(¥))} (2.63))
= rmax{A;(f(z 0y) e f(z 0 2)), Ar(f(y))}
= rmax{A;(f((zo0y) o (z02))), Ar(f(y))}
= max{f ™' (A)r((zoy) o (z 0 2)), f T (A)r(y)}, (A1)

M A p(@) = Ap(f(2)) (@1
= rmin{Ap((f(2) o f(y)) o (f(2) ® f(2))), Ar(f(y))} (2.63))

(f
=rmin{Ap(f(zoy)e f(zo0x)),Ar(f(y))}
f

= rmin{Ap(

((
=rmin{f (A p((zoy)o (z02)), f 1A ry)}, (@1

F (@) = Ar(f()) (B2
< max{Ar((f(z) o f(y)) @ (f(2) ® f(2))), Ar(f(y)} (264
=max{Ar(f(zoy)e f(zox)), Ar(f(y))}
= max{Ar(f((zoy) o (z02))), \r(f(y)}
= max{f ' (\r((zoy) o (z0x)), fT (Nr(y)}, (W)

FHN1(@) = Ar(f(2)) (@2
> min{A7((f(z) o f(y)) o (f(2) ® f(2))), Ar(f ()} (264
=min{A;(f(zoy)e f(zo)), Ar(f(y)}
=min{A;(f((z0y) o (z02))),A1(f(y))}
=min{f ' (N)1((z0y) o (z02)), F N1y}, (32

FHNr(@) = Ar(f(2)) (@2
< max{Ar((f(z) o f(y)) o (f(2) @ f(2))), Ar(f(y))} (264
=max{Ap(f(zoy)e f(z0x)), Ar(f(y))}
=max{Ar(f((z0y) o (z02))),Ar(f(y))}
=max{f T (N)r((zoy)o(z02)), f (Nr(y)} (32

Hence, f~1(&7) is a neutrosophic cubic strong UP-ideal of X . O

Definition 3.8. A NCS 7 = (Ap; r, Ar,1,r) in X has NCS-property if for any non-empty subset A of X,
there exist elements ar ; r, Or,1,r € A (instead of ar, ar, ar, Br, B1, Br € A) such that

Ar(ar) = rsup,e a{A7(8)}, Ar(ar) = rinfse a{A1(s)}, Ar(ar) = rsup,c 4 {Ar(s)},
Ar(Br) = infse a{A7(5)}, Ar(Br) = supsca{A1(s)}, Ar(Br) = infoea{Ar(s)}.

Definition 3.9. Let X and Y be any two non-empty sets and let f : X — Y be any function. A NCS
o = (AT,I,F; /\TJ,F) in X is said to be f-invariant if

(forall x,y € X)(f(z) = f(y) = Ar1,r(z) = A7 1,F(y), A 1.7 (2) = A7 1,F(Y))- (3.4)

Lemma 3.10. Ler (X,0,0x) and (Y, e, 0y) be two UP-algebras and let f: X — Y be a UP-epimorphism.
Let & = (Ap 1 r,Ar1,r) be an f-invariant NCS in X with NCS-property. For any xz,y € Y, there exist
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elements ar 1 p,yr.1.r € f~ () and Br 1 r,d1.1.F € 1 (y) such that

f(A)r(z) = Ar(ar), f(A)(z) = AI(CYI) f(A)r(z) = Ar(ar),
fN (@) = Ar(vr), f(N)1(2) = A1(y1), fA)F(@) = Ar(vF),
fA)r(y) = Ar(Br), f(A)1(y) = Ar(B1), f(A)r(y) = Ar(BF),
fNr(y) = Ar(ér), f(N)1(y) = A1(¢1), FA) p(Y) = Ar(oF),
f(A)r(zey) = Ar(ar o Br), f(A)(zey) = Ar(as o Br), f(A)p(z e y) = Ap(ar o Br),
f)r(wey) =Ar(yrodr), f(A)1(z ey) = Ar(vr 0 ¢1), f(N)r(z 0 y) = Ar(yr © ép).
Proof. Letx,y € Y. Since f is surjective, we have f~1(x), f~1(y), and f~!(z oy) are non-empty subsets of

X. Since &/ has NCS-property, there exist elements ar 1, p, vr.1,r € [~ (2), Br.1, 7y ¢7.0,F € [~ (y), and
ar1,r,br.1r € f~1(x e y) such that

)
)
)
)=

f(A)7(2) = rsupye p-1(){Ar(8)} = Ar(ar),
f(A)r(z) = rinfye 1) {Ar(s)} = Ar(a),
f(A)p(z) =rsupses-1(y{Ar(s)} = Ap(ar),
f7 (@) = infecp-1){Ar(s)} = Ar(vr),
fN1(@) = supe () {A1(8)} = Ar(r),
fNp(z) =infse 1) {Ar(s)} = Ar(yF),
F(A)7(y) = 1sup,e -1y {Ar(s)} = Ar(Br),
f(A)r(y) = rlnfsef L(y) {AI(S)} AI(ﬁI)
f(A)p(y) = rsup,ecs-1(,){Ar(s)} = Ar(BrF),
fN)1(y) = infee -1y {Ar(s)} = Ar(or),
FN1(y) =supge -1,y {A1(8)} = Ar(o1),
FNF(y) =infse 1) {Ar(s)} = Ar(¢r),
and
f(A)T(z @ y) = 15UDs¢ p—1 (1ay) { AT (5)} = Ar(arT),
f(A)r(z ey) =rinfcp-1(zey){A1(s)} = Ar(ar),
F(A)F(z @ y) = 1SUP e -1 (pay) 1 AF(8)} = AF(aF)
fNr(z 0 y) =infici1(zey){Ar(s)} = Ar(br
JN)1(x 0y) =supscp1(pay){Ar(s)} = Ar(b )
f)F(zey) =infsci-1(zey) {Ar(s)} = Ar(br).
Since
flar) =z ey = f(ar)e f(Br) = f(ar o Br),
flar) =zey= f(ar)e f(Br) = f(aroB1),
flap) =z oy = f(ar)e f(Br) = f(ar o Br),
flor) =z ey=f(yr)e f(ér) = f(yr o ér),
fbr) =z ey = f(yr)e f(é1) = f(v10¢r),
for) =z ey = f(yp)e f(ér) = f(yro oF),

f(A)r(zey) = Ar(ar) = Ar(ar o Br),
f(A)(xey) = Ar(ar) = Ar(ag o fr),
f(A)r(zey) = Ap(ar) = Ar(ar o fr),
fN)r(xey) = Ar(br) = Ar(yr © ¢1),
JN)1(xey) = Ar(br) = Ai(yr 0 ¢1),
fNF(zey) = Ap(brr) = Ar(YF o ¢F).
The proof is completed. O
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Theorem 3.11. Let (X,0,0x) and (Y, e,0y) be two UP-algebras, f: X — Y be a UP-epimorphism, and
o = (Ar 1 p, Ar,1,5r) be a NCS in X. Then the followings hold:

(1) If o is an f-invariant neutrosophic cubic UP-subalgebra of X with NCS-property, then the image (<)
of & under f is a neutrosophic cubic UP-subalgebra of Y.

(2) If & is an f-invariant neutrosophic cubic near UP-filter of X with NCS-property, then the image f (<)
of of under f is a neutrosophic cubic near UP-filter of Y.

(3) If & is an f-invariant neutrosophic cubic UP-filter of X with NCS-property, then the image f(<) of
o/ under f is a neutrosophic cubic UP-filter of Y.

(4) If & is an f-invariant neutrosophic cubic UP-ideal of X with NCS-property, then the image f(<) of
o/ under f is a neutrosophic cubic UP-ideal of Y.

(5) If < is an f-invariant neutrosophic cubic strong UP-ideal of X with NCS-property, then the image
f(&) of o under f is a neutrosophic cubic strong UP-ideal of Y.

Proof. (1) Assume that & = (Ap 1 F, Ar,1,F) is an f-invariant neutrosophic cubic UP-subalgebra of X with
NCS-property. Let 2,y € Y. Since f is surjective, we have f~1(z), f~1(y), and f~!(x e ) are non-empty.
By Lemma|3.10} there exist elements ar 1 7, yr. 1. ¢ € f~(z) and Br.1,p, é7.1,F € f~*(y) such that

f(A)r(z) = AT(OéT) f(A)(z) = AI( 1), [(A)r(z) = Ar(ar),
F)7(@) = Ar(yr), fN)1(z) = Ar(v1), fN) r(2) = Ar(7r),
F(A)r(y) = Ar(Br), f(A)1(y) :AI( 1), f(A)r(y) = Ar(BF),
F)7(y) = Ar(or), fN1(y) = Ai(b1), FN) F(y) = Ar(oF),
f(A)r(zey) = Ap(arofr), f(A)(zey) = Ar(arofr), f(A)p(zey) = Arp(ar o fr),
F)r(xey) =Ar(yr o dr), f(N)1(zey) = Ai(y1 0 ¢1), f(N)r(z 0 y) = Ar(vF 0 ¢F).
Then
f(A)r(zey) = Ar(ar o Br) = rmin{Ar(ar), Ar(fr)} = rmin{ f(A)r(z), f(A)r(y)}, (E33))
f(A)1(zey) = Ar(ar o 1) = rmax{A(ar), Ar(8r)} = rmax{f(A)r(z), f(A)r(y)}, (33
f(A)r(zey) = Ar(ap o Br) = rmin{Ar(ar), Ar(Br)} = rmin{ f(A)r(z), f(A)r(y)}, (Z53))
f)r(zey) =Ar(yr o 1) < max{Ar(yr), Ar(¢r)} = max{f(N)r(z), f(N)r(y)}, (@354
F)1(zey) = Ar(yroér) = min{A;(vr), Ar(¢r)} = min{f(A\)r(2), fF(N)1(y)}, ()
Fr(xey) = Ap(yr o ¢r) < max{Ar(yr), Ar(¢r)} = max{f(A)r(z), f(Nr(y)}. (3%

Hence, f(<7) is a neutrosophic cubic UP-subalgebra of Y.

(2) Assume that &/ = (Arr p, A7 1,r) is an f-invariant neutrosophlc cubic near UP-filter of X with
NCS-property. By Theorem.- we have Ox € f~1(0y) and so f~1(0y) is non-empty. Thus

f(A)7(0y) =18upse 100,y {Ar ()} = Ar(0x)
f(A)r(0y) = rinf,cr-1(0,){Ar(s)} < Ar(0x)

f(A)F(Oy) = 18up,cs-1(0,){Ar(s)} = Ap(Ox)
fN)7(0y) = infycr1(0,){Ar(5)} < Ar(0x)
F)1(0y) = supsep-1(0,){A1(s)} = Ar(0x)
f)F(0y) = infep1(0,){Ar(s)} < Ar(0x)

Let y € Y. Since f is surjective, we have f~!(y) is non-empty. By (2.33) and (2.36)), we have Ar(0x) =
AT(S),A[(Ox) j A[(S),AF(Ox) i AF(S),)\T(O)() S )\T(S),A[(Ox) 2 /\[(S),)\F(Ox) S )\F(S) for all
s € f~!(y). Then A7 (0x ) is an upper bound of { A7 (s) }se f-1(y)» Ar(0x ) is alower bound of { A1 (s)}se p-1(y).
Ar(0x) is an upper bound of {Ar(s)}scf-1(y) Ar(0x) is a lower bound of {A7(s)}scf-1(y)» Ar(0x) is an

3.5)
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upper bound of {A7(s)}scf-1(y), and Ap(0x) is a lower bound of {Ar(s)}se f-1(,). By (3-3), we have

f(A)7(0y) = Ar(0x) = 1sup,ep-1(,){A7(s)} = f(A)7(y)
F(A)(0y) 2 Ap(0x) 2 rinfoe 1) {A1(s)} = f(A)1(y),
f(A)r(Oy) = Ap(0x) = rsup,e ;- 1(y){AF(S)} = f(A)r(y)
FN)1(0y) < Ar(0x) <infeeprpy{Ar(s)} = f(N)7r(y),
FN1(0y) = Ar(0x) = supgep-1,){A1(s)} = f(N)1(y),
FNFOy) < Ar(0x) <infoep-10){Ar(s)} = fF(N)Fr(y)

Letz,y € Y. By Lemma there exist elements ar 1 7, yr,1,r € f~ 1(x) and Brir, ¢TI, F € 1y
such that

f(A)r(z) = Ar(ar), f(A)(z) = Ar(ar), f(A)r(z) = Ar(ar),
F)r () = Ar(yr), fN)1(x) = Ar(v1), FN) r(2) = Ar(vF),
f(A)r(y) = Ar(Br), f(A),(y):A (B1), [(A)r(y) = Ar(Br),
F)7(y) = Ar(or), FN1(y) = A1(61), FNF(Y) = Ar(oF),
f(A)r(zey) = Ar(ar o Br), f(A)1(z ey) = Ar(as o Br), f(A)r(z ey) = Ap(ar o BF),
f)r(zey)=Ar(yrodr), [N i(zey) =Ai(viodr), f(N)r(zey) = Ar(vr o ¢F).
Then
f(A)r(z oy) = Ar(ar o Br) = Ar(Br) = f(A)r(y), (@37
f(A)(zey) = Ar(aroBr) 2 Ar(Br) = f(A)1(y), (37
f(A)rp(rey) = Ap(aroBr) = Ar(Br) = f(A)r(y), (€37
f)r(zey) =Ar(yr o dr) < Ar(dr) = fF(N)r(y), (38
JNr(xey) = Ar(yroor) > Ar(ér) = fF(N)1(y), (358
TN r(zey)=Ap(yrodr) < Ar(or) = f(N)F(Y). (38

Hence, f(<7) is a neutrosophic cubic near UP-filter of Y.

(3) Assume that &7 = (A 1 p, A7, r) is an f-invariant neutrosophic cubic UP-filter of X with NCS-
property. Then o7 is a neutrosophlc cubic near UP-filter of X. By the proof of . we have f(&) satisfies
the assertions (2:53) and @) Letz,y € Y. By Lemma- 3.10] there exist elements g 1, r, yr, 1,7 € f7 1 (2)
andb’TIF ¢TIF€f ()suchthat

f(A)r(z) = Ar(ar), f(A)(z) = Ar(ar), f(A)r(z) = Ar(ar),

FNr(@) = Ar(yr), N 1(x) = Ar(v1), fN) r(z) = Ar(VF),

F(A)r(y) = Ar(Br), f(A)1(y) = A1(B1), f(A)r(y) = Ar(Br),

F)r () = Ar(o7), F(N1(y) = A1), F(NF(Y) = Ar(dF),

f(A)r(zey) = Ar(arofr), f(A)r(xey) = Ar(aro Br), f(A)r(x ey) = Ap(ar o Br),
f)r(zey)=Ar(yrodr), f(Ni(zey) =Ai(vi0¢ér), f(N)r(zey) = Ar(vr o ¢F).
Then

f(A)r(y) = Ar(Br) = rmin{Ar(ar o fr), Ar(ar)} = rmin{f(A)r(z e y), f(A)r(z)}, (259
J(A)1(y) = Ar(Br) = rmax{Aj(ar o fr), Ar(ar)} = rmax{f(A)r(z e y), f(A)r(z)}, (39
f(A)r(y) = Ap(Br) = rmin{Ar(ar o Br), Ar(ar)} = min{f(A)r(z e y), f(A)r()}, (Z59)
F)r(y) = Ar(¢r) < max{Ar(yr o ér), Ar(yr)} = max{f(N)r(z e y), f(N)r(2)}, ((2:60n)
F1() = Ar(¢r) = min{Ar(y7 0 ¢r), Ar(vr)} = min{ f(A)r(z o y), f(N)1(2)}, ((2-60m)
FNF(y) = Ap(dr) < max{Ap(vr o ¢r), Ar(yr)} = max{f(N)r(z e y), f(N)r(z)}. ((2:60n)

Hence, f(<) is a neutrosophic cubic UP-filter of Y.

(4) Assume that &/ = (Ar 1,p, Ar,7,r) is an f-invariant neutrosophic cubic UP-ideal of X with NCS-
property. Then .o¢ is a neutrosophic cubic UP-filter of X. By the proof of we have (<) satisfies the
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assertions (2.33) and (2:36). Let z,y,2 € Y. By Lemma 3.10| there exist elements oz p,y7.1. 7 € f~1(2),
Br.r.r, ¢r.rr € M (y) and P11, wr e € f71(2) such that

f(A)7(y) = Ar(Br), f(A)1(y) = Ar(B1), f(A) r(y) = AF(ﬂF)
F)r () = Ar(or), F(N1(y) = A1), FN)r(Y) = Ar(or),
f(A)7 (v e2) = Ar(ar otr), f(A)1(z e 2) = Ar(ar o 1), f(A)r(z @ 2) = Ap(ar o YF),
FN)r(xez) =Ar(yrowr), f(AN)i(zez) =Ar(yrowr), f(N)r(z ®2) = Ar(vF owr),
f(A)r(re(yez)) =Ar(ar o (Bror)),
f(A)r(z e (yez)) = Ar(aro(Brovrn)),
f(A)p(z e (yez))=Ap(aro(Broyr)),
f)r(ze(yez))=Ar(yr o (ér cwr)),
f)r(ze(yez))=Ar(yro(¢rowr)),
f)r(ze(yez)) =Ar(vro(¢rowr)).
Then
f(A)r(z e z) = Ar(ar oyr)
= rmin{Ar(ar o (Br o ¥r)), Ar(Br)} (&)
= rmin{f(A)r(z e (ye=2)), f(A)r(y)}
fA)(xez)=Ar(ayoty)
= rmax{A(as o (Bror)), Ar(Br)} (@61))

rmax{f(A)(z e (ye=z)), f(A)1(y)},
f(A)p(rez)=Ap(apotr)

= rmin{Ap(ar o (Br o ¢r)), Ar(Br)} (1))
rmin{f(A)r(z e (yez)), f(A)r(y)},

fN)7(z 2) = Ar(yr owr)
< max{Ar(yr o (¢ owr)), Ar(dr)} (2:62))
=max{f(A)r(z e (yez)), f(MNr(y)},

f)1(ze2) = Ar(vr owr)
> min{Ar(yr o (¢r owr)), Ar(¢r)} (Z62)

min{f(A);(z e (ye2)), f(N)1(y)},
F)r(ze2)=Ap(yrowr)
< max{Ar(vr o (¢F o wr)), \r(dF)} (262
=max{f(A)r(z e (ye2)), [(Nr(y)}

Hence, f (%) is a neutrosophic cubic UP-ideal of Y.

(5) Assume that &7 = (Ar 1 r, A1, F) is an f-invariant neutrosophic cubic strong UP-ideal of X with
NCS-property. Then 7 is a neutrosophic cubic UP-ideal of X. By the proof of we have f (&) satisfies the

assertions (2.53) and (2.536). Let z,y,z € Y. By Lemma there exist elements ar 1 g, Y7 1.7 € [~ (),
Br.i.r,ér,0,r € f1(y) and Y11 p,wr ,r € f71(2) such that
f(A)r(x) = Ar(ar), f(A)(z) = Ar(ar), f(A)r(z) = Ar(ar),
f)r(z) = AT(WT),f()\)I(Z Ar(v)s FN) R(x) = Ar(VF),

)
)
FA)r(y) = Ar(Br), f(A)1(y) = A1(B1), f(A)r(y) = Ar(Br),
F)r(y) = Ar(o7), FN1(y) = Ar(d1), FN)F(y) = Ar(dr),

f(A)r((zey) e (zex)) = Ar((¢r o Br) o (Yr 0 ar)),
f(A)1((zey) e (ze0x)) =Ar((¢roBr)o (Yroar)),
f(A)r((zey)e(z02)) = Ap((r o Br) o (YF o ar)),
fN)r((zey)e(zex)) = Ar((wr o ¢r) o (wr 07)),
JN)r((zey)e(zex)) = Ar((wro¢r) o (wronrg)),
f)r((zey)e(z02)) = Ap((wr o dr)o (WroTF)).
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Then
f(A)r(z) = Ar(ar) = rmin{Ar((¢r o Br) o (Y7 0 ar)), Ar(Br)} (63
— min{ f(A)r((z 0 9) o (2 0 2)), F(A)r (),
f(A)(z) = Ar(ar) X rmax{A;((¢¥r o Br)o (Yroar)), Ar(Br)} ((2.63))
= rmax{f(A)((zoy) e (z02)), f(A)r(y)},
f(A)r(z) = Ap(ar) = mmin{Ar((¢r o Br) o (Yr o ar)), Ar(Br)} (63
=rmin{f(A)p((zey) e (z02)), f(A)r(y)},
fNr(z) = Ar(yr) < max{Ar((wr o ¢r) o (wr 0 ¥7)), Ar(dr)} (@64
=max{f(A)r((zey) e (z0x)), f(N)r(y)},
fN)1(z) = Ar(vr) = min{A;((wr © ¢r) o (wr o 1)), Ar(ér)} (PXZ))
=min{f(A\)((zey) e (ze2)), f(N1(y)},
fNr(z) = Ap(yr) < max{Ar((wr o ¢F) o (wr ovr)), Ap(dr)} (264
=max{f(A)r((zey)e(ze2)), f(Nr(y)}
Hence, f(<7) is a neutrosophic cubic strong UP-ideal of Y. [

4 Conclusions and future work

In this paper, we have studied the image and inverse image of a neutrosophic cubic UP-subalgebra (resp.,
neutrosophic cubic near UP-filter, neutrosophic cubic UP-filter, neutrosophic cubic UP-ideal, neutrosophic
cubic strong UP-ideal) of a UP-algebra under some UP-homomorphisms. The results of the study, in the case
of inverse image, we noticed that only a neutrosophic cubic near UP-filter required order preserving condition.
In the case of image, we noticed that all concepts of NCSs required f-invariant and NCS-property assertions
and UP-epimorphism.

In our future study, we will apply this concept/results to other types of NCSs in a UP-algebra. Also, we will
study the P-intersection, P-union, R-intersection, R-union of neutrosophic cubic UP-subalgebras, neutrosophic
cubic near UP-filters, neutrosophic cubic UP-filters, neutrosophic cubic UP-ideals, and neutrosophic cubic
strong UP-ideals of a UP-algebra.
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