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Abstract

Purpose of this paper is to interpret the multiplication of neutrosophic cubic set. Here we define the notation of ¥-
multiplication of neutrosophic cubic set and study it with the help of neutrosophic cubic M-subalgebra, neutrosophic
cubic normal ideal and neutrosophic cubic closed normal ideal. We also study y-multiplication under
homomorphism and cartesian product through significant characteristics.
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1.Introduction

Theory of existing and non-existing value was first introduced by Zadeh [1,2]. Cubic set was defined by Jun et al.
[3] in 2012, which was the modern form of interval-valued fuzzy set. Cubic set with the help of subalgebras, ideals
and closed ideals of B-algebra was studied by Senapati et al. [4]. After the defing of BCK-algebra and BCl-algebra
by Imai et al. [5] and Iseki [6], cubic set through subalgebras and g-ideals in BCK/BCI-algebra was investigated by
Jun et al. [7, 8]. Notion of M-subalgebra on G-algebra is introduced and analyzed by Khalid et al. [9]. Interval-
valued fuzzy set on B-algebra was studied by Senapati et al. [10,11]. Intuitionistic fuzzy translation and
multiplication of G-algebra were deeply studied by by Khalid et al. [19]. Neutrosophic cubic set is the extended
form of interval valued intuitionistic fuzzy theory with indeterminacy was introduced by Smarandache [12].
Neutrosophic logics and neutrosophic probability gave the new idea of research were interpret by Smarandache [13].
Neutrosophic cubic was introduced by Jun et al. [14]. Neutrosophic cubic point, (a,B)-fuzzy ideals and
neutrosophic cubic (a, §)-ideals were analyzed by Gulistan et al. [15]. A new idea of normal ideal and closed
normal ideal under neutrosophic cubic set was given and investigated by Khalid et al. [16]. Neutrosophic cubic set
was investigated by Jun et al. [17]. PS fuzzy ideals were studied by Priya et al. [18]. Rosenfeld’s fuzzy subgroup
was studied by Biswas [20]. B-homomorphism was deeply studied by Neggers et al. [21]. Neutrosophic soft cubic
subalgebra was extensively studied by Khalid et al. [22]. A B-algebra is an important logical class of algebra was
defined by Neggers et al. [23]. T-Neutrosophic Cubic Set was defined and deeply investigated by Khalid et al. [24].

In this paper, we define y-multiplication of neutrosophic cubic set and investigate the neutrosophic cubic M-
subalgebra, neutrosophic cubic normal ideal (NCNID) and neutrosophic cubic closed normal ideal (NCCNID) under
y-multiplication with the help of P-intersection, P-union etc. We also study the cartesian product and
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homomorphism of ¥-multiplication of neutrosophic cubic normal ideal (xMNCNID) and ¥-multiplication of
neutrosophic cubic closed normal ideal (x\MNCCNID) with important results.

2. Preliminaries

Definition 2.1 [19] A nonempty set X with a constant 0 and * is said to be B-algebra if it fulfills these conditions:
Lt =0,

2:tx0=0, forallt € X.

(kb)) xt=tx(tx(0xp) VL LtEX

Definition 2.2 [21] A nonempty subset K of B-algebra X is called a subalgebra of Y if { * t € KV t, £ € K, a mapping
f: X = Y of B-algebra is called B-homomorphism if f(t * £) = f(t) * f(t) V§,£ € X.

Definition 2.3 [1] Let X be a collection of elements like . Then a FS | in X is defined as | = {< {,v;(}) > |t € X},
where 1 (1) is called the existenceship value of { in ] and v;(}) € [0,1].

For a family J; = {< §,vj,(f) > |t € X} of FSs in X, where i € k and k is index set, Then join (V) and meet
(M) are as follows:

Vi = (Y v = supfyyli €k}
and

ié\k i = (ié\k vi)(§) = inf{v |i € k},
respectively, V { € X.

Definition 2.4 [2] An IVFES B is of the form B = {< t,Vg(}) > |t € X}, where Vg|X — D[0,1], here D[0,1] is the
collection of all subintervals of [0,1]. The intervals V5 (t) = [vg(}), v§ ()] V¥ t € X denote the degree of existence of §
to the set B, also ¥§ = [1 — v (§),1 — v§ (})] shows the complement of V.

For a family B; = {< {,Vg(t) > |t € X} of IVFSs in X where k is an index set and i € k, the union G =
_Uk\"/Bi(;) and the intersection F = _ﬂkOBi (1) are defined below:
1€ 1€

G(1) = rsup{Vg, (1)i € k}
and

F(t) = rinf{Vg, (D)[i € k},
respectively, V t € X.

Definition 2.5 [20] Consider two elements D;,D, € D[0,1]. If D; = [t7,1f] and D, = [t3,13], then rmax(D4,D,) =
[max(t7,17), max(tf,13)] which is denoted by D; V' D, and rmin(D4,D,) = [min(7,t3), min({f,t3)] which is
denoted by D; A"D,. Thus, if D;=[t,tZ] € D[0,1]fori=1,23,.., then we define rsup;(D;) =
[sup;(t7), sup;(57)], i.e., VI D; = [V; 7,V tF]. Similarly we define rinfi(D;) = [infi(t]),infi(t})], i.e, AT D; =
[Ai A 5T]. Now we call Dy =D, < {7 =15 and {f = tI. Similarly the relations D, <D, and D, = D, are
defined.
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Definition 2.6 [19] A fuzzy set B={<t,vg(t) > |t € X} is called a fuzzy subalgebra of X if vg(ft*t) >
min{vg(}),vg(£)} V1,t € X.

Definition 2.7 [14] Let X be a nonempty set. A NCS is P, = (B, A), where B = {(t; B+ (), Bi(t), Be(}) )|t € X} is an
interval neutrosophic set in X and A = {(§; A1(}), A;(}), Ap(}))|t € X} is a neutrosophic set in X.

Definition 2.8 [3] Let U be a universe and cubic set in U, we mean a structure {t, V5 (1), As(})| t € U} in which v
isan IVF setin U and A, is a fuzzy set in U. A cubicset A = {1, V5o(1),Aa(t)| t € U} is simply denoted by C(U),
which is the set of all cubic sets in U.

Definition 2.9 [3] Let C = {(t, C(), A(}))} be a cubic set, where C(%) is an IVFS in Y, A(}) is a fuzzy set in Y. Then A
is cubic subalgebra under * if it fulfills these axioms:

CL: C(t * £) = rmin{C(}), C(1)},

C2: A(t*t) < max{A(t),AB)} VL EX
Definition 2.10 [18] A fuzzy set B = {< t,vg(t) > |t € X} is called a fuzzy ideal of X if
() vg(0) = vg(§),
(i) vg () = min{vg(t * £),vg ()} V1§, € X.

Definition 2.11 [14] For any C; = (A, Fy), where A; = {(ty; Air(8), Au (), Air(O)§ € Y} Fi = {(ty; Fir (8), Fu(9),
Fir(0))It € Y} for i € k, then

P-union: Up C; = (Ujex Ar, Viek Fi),

iek

P-intersection: Np C; = (NiekAi» Aiek Fi)»
iek
R-union: Ug C; = (Ujex Ar, Aiek Fi),
iek

R-intersection: Ng C; = (Niex Aj, Viex Fi)-
iek

Definition 2.12 [16] ANCS R = (Ry, A1 r) of X is called a NCNID of X if it fulfills following axioms:

N3. Ry p(0) = Ry p (5 * @) and Ag p(0) < Apppe(t * ),

N4. Ry p(t * ) = rmin{Rp p((§ * o) * (b * B)), Rr e (b * B)},
NS5. Appp(t * ) < max{Aqp(t* o) * (5% B)), Ar p(b* B)},V, t Xand o, B € [0,1].

Let R = {Rr At r} be a NCS X then it is called NCCNID of X if it fulfills N4, N5 and N6: Ry ; (0 *
(tx ) = Rypp(t* o) and Appp(0 * (% o)) < Appp(f* ), V § € Xand a € [0,1].

Definition 2.13 [16] Let R = (Ryp Ar1r) and B = (Br g, Ut r) are two NCSs of X and Y respectively. The
Cartesian prOduCt R XB = (X X Y, RT,],F X BT,I,F'}\T,],F X UT,I,F) iS deﬁned by (RT,I,F X BT,I,F)(; * QL to* B) =

rmin{Ry;p(f * a), By p(t* B)} and (Agp X v p)(§* ot * B) = max{Arp(f* a), v et * B))}, where Ry p X
BT,I,F | XXY—- D[O,l] and )\T,I,F X UT,I,F | XXY - [0,1] v (;, t:) € XX Yand O(,B € [0,1]
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Definition 2.14 [16] A neutrosophic cubic subset R X F = (X X Y,Rr g X Fr g At r X By p) is called a NCNID if
satisfies these conditions:

L. (Rrr X Frp)(0,0) = (Rypp X Frpp)((F* ), (5% B)) and (Appr X Prp) (0,0) < (Arr X pre) ((F* @), (B *
B)V () EXXYanda,B € [0,1].

2. (Rppp X Frpp)@rxaty +B) = rmin{(Ryp X Frpp) (1 * 61 # B) * (52 * &, 8, * B)), (R p X Frpp) (52 *
a, l:’2 * B)}

3.t X brp) (51 * o By % B) < max{(Arp X pr ) (1 * o, by % B) (52 * o, £z * B)), (Ag,ir X prp) (52 * o, B *
B)}and RxF is closed normal ideal if it satisfies 2, 3, and 4. (Ryyp X Frpp)((0,0) * (3 * o, £y % B)) =

(Rypp X Frpp) (b * o, b+ B) and (Aryp X prp)((0,0) * (5 * a, % B)) < (Aryp X urpp)($* a6 B) V (§5,4;) and
(42, ;) EX X Yand o, B € [0,1].

Definition 2.15 [9] Let Fy = (A¢;, A¢;) be a neutrosophic soft cubic set, where Y is subalgebra. Then Fy is
NSCMSU under binary operation * where t;,t, € Y and a, 8 € [0,1] if it fulfills these conditions:

A ((ty * o) * (ty * B)) = rmin{Ag, (t; * ), A, (tp * B)} and A, ((ty * 0 * (t * B)) < max{Ag, (t; * o), A, (t, *
B}

3. y-Multiplication of Neutrosophic Cubic Normal Ideal and Closed Normal Ideal

Definition 3.1. Let 0 = (Hrpp, Aryp) be a NCS of X and ¥ € [0,1]. An object of the form FoM = (MHE ¢, YA, p) is
called neutrosophic cubic ¥ multiplication of H X if it fulfills following axioms:

THP () = v HP (%), AP (0 =% AP (),
THGO =wH(), A=Ak,
THP () = . HP (), TR () =% AP ().

For convinience we use MHi ; = . H¥ z(x) and MAP p = % AP ().
Theorem 3.1 A y-multilplication of NCCNID of B-algebra X is also a y-multilplication of NCMSU of X.

Proof. Suppose Ho = {Hp g, Ar r} be a NCCNID of X, then for any t € X, we have MHp (0 * (§* a)) =
¥ HT,I,F(O * (4 * 0‘)) > % Hypp(t* o) and MAp;p(0* (% ) = % A p(0 * (£ * ) < % Arp(t* ). Now by N4,
N6, and through proposition 3.3 of article M subalgebra, we know that MHr ¢ ((f * &) * (& * B)) = % Hp p((f * ) *
(8% B)) = w.rmin{Hp r(((§* ) * (5% B)) * (0= (b B))), Hyyp(0 * (5 x B))} = ¥. rmin{Hr; p(§ * &), Hyy p(0 *
(t* B))} = w.rmin{Hy p(t * @), Hyp(t * B)}= rmin{w. Hyp(t * ), . Hypp(t * B)} = rmin{"Hy p(f *

), WHr p(E* )} and  MAppp((G* ) * (5% B)) = . Arp((F* &) * (5% B)) < w.max{Arp(((F* &) * (5% B)) *
(0= (& * B, Arr(0 = (b B))} = ¥ max{Ar (L * @), Arp(0 * (b * B))} < w.max{App(§* o), Arp(h *
B)}= max{w. Arp(t * @), % Ap (b * B)} = max{MAr; p(t * o), MAr p(t % B)}. Hence, yMNCCNID is YMNCMSU
of X.
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Proposition 3.1 Every y-multiplication of NCCNID is a y-multiplication NCNID but the converse is not true in

general.
Theorem 3.2 The R-intersection of any set of YMNCNIDs of X is also a YMNCNID of X.
Proof. Let Hy; = {Hri”'F, N'F_LF}, where i € k, be a YMNCNID of X and {,t € X. Then

(N SHE ) (0) = rinf THE ¢ (0) = rinf Hyp(0).w

> rinfH;; p(t * ). =rinf MHL p (5 * o)

= (N SHi )G * o)

= (N I\:H'ir,l,p)(o) =(N ]\gH’iI‘,I,F)(; * Q)

and
(Vw\ir,l,p) 0) = SUpl\vp\ir,I,F(O) = SUPNT,I,F(O) -
< supMp(t * @) 3 = sup A p(f * o)
= (Vlg)\”i[‘,l,F) (t*)
= (VAR (0) < (VAL R (5 * ),
now

(N MHY B (F * @) = rinf¥HL (0 * )= rinf Hy  p (5% ) .»
> rinf{rmin{Hy; 5 ((t * @) * (6% B)), Hy et * B)I} ¥

= rmin{rinfHy, 5 ((t * ) * (& * B)). ¥, rinfHy ¢ (b * B). ¥}
= rmin{rinfHy ¢ ((§ * o) * (6 * B)), rinfYHy 5 (& * B)}

= rmin{(N TH; ) ((4* @) * (6 * B)), (N SHL ) (6 * B} = (N FHL )G * o) 2
rmin{(N THy ) (G * @) * (6% B)), (N NHi p) (6 * B)}

and
(VST LR (% 0 = sup"Ap p(t* @) = supAy p((b* @) ¥
< sup{max{A;p((§ * o) * (6% B)), Ay p(t+ B)}} .
= max{supA (4 * o) * (& B)). ¥, SupAy p(t * B). ¥}
= max{sup' A r((§ * &) * (& * B)), sup" A p (8 * B)}
= max{(V A p) (5 % ) * (&% B)), (VAL ) (6 * B)}

= (VAR G * 0 < max{(VEAL ) (G * o) = (5% B), (VAL ) (B B},
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which show that R-intersection is a YMNCNID of X.
Theorem 3.3. The R-intersection of any set of yMNCCNIDs of X is also a y-multiplication of NCCNID of X.
Proof. We can prove this theorem as Theorem 3.2.

Theorem 3.4. Let 0 = {Hrp, Ar g} be a NCS of X. Then yMNCNID of H is a NCNID of X iff “ﬁH;’LF, %H{LF and

M\r 1 p are fuzzy ideals of X.

Proof. Suppose that {,t €X. Since MH7;p(0) = Hy (0).% = Hy p(t* o). =Y%Hyp(t* ), MHE p(0) =
Hf £(0).% = HY p(f * 0. = YH p(t * ), therefore, Hyp(0) = Hypr(t* o), also YAp;r(0) = Agrp(0).3 <
Arpp(t* o). =MAp p(t * ). Suppose that MH7 ¢, ¥HY ¢ and MAp g are y-multiplication of fuzzy ideals of X.
Then “Hrpip(t*0)= Hpp(t* ). v= {Hypp(* ), Hip(t* 00} = [min{Hyp((t * o) * (5 * B)), Hy e (b *
B} min{Hy p((f* &) * (& * B)), Hip(t * B)}. > =rmin{[H7; ((t * a) * (& * B)), Hi e ((t * a) * (& *
B [Hrpe(( * B)), Hip (b * B)1}. » =rmin{Hy; p((§ * &) * (& * B)), Hypp(k * B)}.w = rmin{Hyp((§ * «) *

(& B)).w Hyyp(t * B).3} = rmin{5Hyp((t* @) * (& B)), SHrp(b * B)} and Ap;p(t* @) < max{5Agp((f
«) * (& * B)), MAr g (t * B)}. Therefore YMNCNID of H is a NCNID of X.

Conversely, assume that YMNCNID H is a NCNID of X. For any t,t € X, we have {H7 ¢ (t * o), MHf  p(t * )} =
{Hypp(t * 0.9 Hi p(t* ). %} = {Hyp(t * 0, Hip(f * @)} 3=Hrp(§ * 0.5 = YHp, p(5 * @) = rmin

{MHp (G @) * (6% B)), WHyp(e* B)}=  rmin{[%Hre((5 * @) * (6% B)), FHE (5 * 0) * (6 * B))], [H (b *
B), NHErG* B} = [min{Hypp((* o) * (&* B)).w Hyyp(h * B). 3}, min{H{ (5 * o) * (& * B)).w, Hi; p (b *
B).w} = [min{’§H7; r((t* @) * (& * B)), YHr e (b * B}, min{"§HE, r((t * @) * (& * B)), HT 1p (b * B)}]. Thus,
BHT p(h* o) 2 min{"{H7; s ((§ * o) * (% B)), YHT p (b * B)LYHE p (5 * @) = min{SHE; 5((5 * o) * (b
B)), WHT p(t* B)} and NAr;p(t* o) < max{NArp((4* @) * (& * B)), YArr(t * B)}. Hence, WHyp, SHE 5 and
M\r 1 p are fuzzy ideals of X.

Theorem 3.5. For a NCNID Ho = {Hrr, A1} of X, the following statements are valid:

L If G*a)*@*p)<zxy, then YHrp;p(t* o) = rmin{"Hyp(t * B), ¥Hrr(z * )} and MAp p(t* a) <
max{"Azr(t * B), MArr(Z * V)3,

2. If (txa) < (b*P), then “Hppp(t*o) = YHpp(b*B) and “App(t+ o) < NApp(E*B) V thz€
Xanda, B,y € [0,1].

Proof. 1. Assume that {,t,z € X such that ({ * &) * (£ * B) < (z*y). Then ((t* &) * (5 * B)) * (z*y) = 0 and thus
MHppp(t* @) = Hrpp(t* o). = rmin{Hpp((5* @) * (8% B)), Hyyp(t * B)} .3 = rmin{rmin{Hzy; s (((t * o)
(E*B)) * (z*y)), Hyp(z * v)} Hypp( * B} = rmin {rmin{Hr;£(0), Hy (2 * V)}, Hy (B * B)} . % =
rmin{Hr,z (¢ * B). % Hy p(z * V). 5} = rmin{§Hy p (6 * B), YHrp(z * Y)}  and ShAp p(§* @) = A p(f* 0).v <
max{Arr((§* o) * (& * B)), A p(t* B)} . ¥ < max{max{Ar;p(((§* &) * (&% B)) * (2 * V), Arr(Z * V), Ag e (b *
B)}.x= max{max{Ar;r(0), A1 r(z * V), Are(t * B} .= max{Arp(t * B). %, Arp(z * ). ¥} = max{" Ay r(t *
B), l\flfAT,I,F(Z *Y)}.

2. Again, take §,t € X and «, B € [0,1], such that (§ * @) < (£t * B). Then (t * @) * (t * f) = 0 and thus Y Hy, - (t *
a) = Hrpp(t* ).y = rmin{Hr;p(($* @) x (6% B)), Hr p(b* B}y = rmin{Hy,;r(0),Hr p (5% B)} ¥ =
Hrpp(8*B).x = MHr p(6*B),so fHr p(t* @) = "Hr p(b%B)  and  MAr;p(b* @) = Appp(b* a).w <
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max{Ar;p((§* a) * (6% B)), Arpp(t* B)}.w = max{dr;p(0), A7 r(t*B)}.% = Appp(b*B).y= MArp(t*
B),s0 MAr p(§ * ) < MAr p (% * B).

Theorem 3.6. Let F of Wo = {Hy; p, A7, r} is aNCNID of X. V 1, € X and a, B € [0,1], then H is a NCMSU of
X.

Proof. Assume that MH) is a NCNID of X, V t,t € Xand a, € [0,1]. Then ¥ Hp;p((t* @) * (£xpB)) =
%HT,I,F((; *a)* (b f)) = rmin{%HT,I,F((t’ *B) + (G *a) = (txB))), %HT,I,F(t *B)} =

rmin{"tHr,; z(0), Hr, (& * B)} = rmin{Hy;r (4 * @), §Hrp p (b % B)} = rmin{Hy ;z(§ * @). %, Hyp p (6 *
B).w}y=rmin{Hr; p(§* @), Hy p (8% f)}.% = Hp p((5x @) x (8% B)) = rmin{Hy; p(§* @), Hy p (b *

B} and ¥ Agp(( * @) * (% B)) = A7, p (4 * @) * (5% B)) < max{Ay, p((6 % B) * (4 * @) * (b *

B, g e (6 * B} = max{Ar,p(0), SAr, p (b6 % B)} < max{"Ar (4 * @), Ar r (b % B)} = max{Ar (@t *
a).w, A (b * B). ¥} =max{Ar p(§ * @), Ar, (b % )} = Ap p((§* @) * (8% B)) < max{Arr(§*

a), A7 r((t* $))}. Hence, o{Hr; ¢, A7 r} is a NCMSU of X.

4. x-MULTIPLICATION UNDER HOMOMORPHISM

Theorem 4.1. Suppose that I'|X — Y is a homomorphic mapping of PS-algebra. If 2 of o = (Hp;p, Ar;p) is @
NCNID of Y, then pre-image I' ' (M) = (I *(™Hy; p), I (™A1, £)) of 2 under I' of X is a NCNID of X.

PI‘OOf. FOI‘ all ; € X aTLd a € [0,1], F_l(A-;IaHTJ,F)(t * a) = %HT,I,F(F(; * 0()) = HT,I,F(F(F * (X)).?f S HT,I,F(F(O))'X
=MHr r(F'(0))  =T""(MHrp)(0) and T (MArp)G*a) = YA, r (PG * @) = A7 p (TG * @))% 2
AT,I,F(F(O))-X = IV;AT,I,F(F(O)) = F_l(Av/Ir)lT,I,F)(O)-

Let tt€X, T "(%Hpp)@*a)="Hr ;TG *a))=Hr (T *a)).y = rmin{Hp;p(I(§* a) * (L
B)), Hyp p(I(6* B))}. s = rmin{Hy,; p(I'((§ * @) * (& % £))), Hy,, p (T (6 % )} = rmin{I' "' (Hr; r((§ * @) *
(t*B)).%), T (Hypp (b % B). %)} = rmin{l (" Hp p((* @) * (5% B))), T (N Hp (6% B))} and
F (Mg )@ * @) =Map, o (M * @) = Ay p (T4 * @)% < max{Ap,; p(F( @) * T(6* B)), Ag e (5 *
BN}-s = max{Ar, g (I'((4* @) * (6% £))), Ag p (T (6% B))}. 5 = max{T ™ (Ag,; p(( * @) * (b *
BN, T A p (% B).¥)} = max{r_l(%AT,I,F((t xa)* (bxB)), I (MArp(t* ﬁ))} Hence, ' ("H) =
(F_l(%HT'I'F), 11_1(1\1/111',:)) is a NCNID of X.

Theorem 4.2. Let I'| X = Y be a homomorphic mapping of B-algebra. If M1; of H; = (H%','F, AiT_,_F) is a NCNID of
Y where i € k, then the pre-image I'"*(N MR%, x) = (I (N MHE, 2), TN MA%, ) is a NCNID of X.
iek iek iek

Proof. We can prove this theorem through Theorem 3.2 and Theorem 4.1.

Theorem 4.3. Let I'|X — Y is an epimorphic mapping of B-algebra.Then YHy = (MHy; z, ™Az, ;) is a NCNID of Y,
if pre-image ' *(MH) = (I *(MHy 1 p), T (%A1, £)) of M under I' of X is a NCNID of X

Proof. Forany t € Y, t € X and a, B € [0,1] such that (t * ) = I'({ * &). Then MHr; z(t * B) = MHy, (I (§ * @))
=TI "(MHp ) G*a) = T (Hppp)(* ). = T (Hpp p)(0).% = Hy g (I'(0).% = Hp ;¢ (0).% = %Hy; £(0)
and M7 p(b* ) = NAr (TG * @) =T "MAp)G*a) = T A )+ a). s ST (App)(0).% =
AT.I,F([‘(O))-W = AT,I,F(O)-X = %AT,I,F(O)-

Assume t;,t, €Y. Then I'(t; xa) =t, * B and I'(§, * @) =t, * B for some t;,1, € X and «, B € [0,1]. Thus
MHr ey * B) = NHr p (T * @) = T (G Hypp) (G * @) = T (Hpp ) (4 * @) = rmin{T (" Hr ) (8 *
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a) * (5 * a))!F_l(IVm{HT,I,F)(;Z *a)}w = rmin{%HT,I,F(F((tf—l *a) * (2 a))), Hr g (F'(§2 * @)}y =

rmin{Hr p(I'(81 * @) * I'(t2 * @), Hr 1 p (I (82 * @))} = rmin{Hy; g (51 * B) * (b2 * B)), Hr 1 p (b2 * B} % =
rmin{Hr; p((b1 * B) * (b2 * B)).%, Hy 1 r (b2 * B). %} = rmin{"5Hr; p (41 * B) * (b2 * B)), "tHr, 1 p (b2 * B)} and
MArr (% B) = BAr (T * @) =T (A )G @) = T (A p) (g * @) < max{T ™ (547, 0) (5 *
a) * (52 * @), I (A7, ) (2 * @)}y = max{®Ar, p (F((5; * @) * (52 * @))), A7 p (D (8 * @)} =
max{Ar; p ('8 * a) * T'(§z * @), Ap 1 p (I (82 * @)} = max{Ar ;p((b1 * B) * (b2 * B)), Ar 1 r(b2 * )} ¥ =
max{Ar;r((by * B) * (b2 * B)).%, Ar p (b2 * B).- ¥} = max{NAr, p((by * B) * (b2 * B)), S A1,1.6 (b2 * B)}-
Hence, "0 = (MHr;p, ™Az, ) is a NCNID of Y.

5. x-MULTIPLICATION OF CARTESIAN PRODUCT

Theorem 5.1. Let MF0 = (MHy g, A7, p) and MF = (MFyp; p, "ur; ) are NCNIDs of X and Y respectively. Then
MH) x MF is a neutrosophic cubic normal ideal of X X Y.

Proof. For any (,t) € X xY and a, B € [0,1]. We have (MHry;r X MF7;£)(0,0) = ¥. (Hy;p X Fr;£)(0,0) =
¥.rmin{Hy,; p(0), Fr;r(0)} = w.rmin{Hr, r(t x @), Fr 1 p (8 * f)} = rmin{Hy; g (§ * @). 7, Fr g (5 * ). ¥} =
rmin{"{Hy r(§ * @), Fr (b * B)} = (“Hrpp X NFr )+ @b+ B) and (NAr1r X iy, 1,r)(0,0) =
¥ (Ar,1r X Ur,,r)(0,0) = v.max{Ar; r(0), ur,r(0)} < v.max{Ar  r(§ * @), pr; p (& x )} = max{Ar, p(§ *

@)%, oy p (6% B). 5} = max{Ar, p(t * @), g p (6% B} = (GArp X g, p) (8 @, b % ).

Let (§1,81),(2,t,) € X xYanda,pB €[0,1]. Then (“Hy;p X "Fr; )1 * @ty * B) =% (Hppp X Frpp)(§y
@by * B) = w.rmin{Hr;z (41 * @), Fr; p (b1 * B)} 2 w.rmin{rmin{Hr; (41 * @) * (12 * @), Hr 1 (8, *

a)}, rmin{Fr; p((by * B) * (b2 * B)), Frip(b2 * B)Y}=  wrmin{rmin{Hr  p((§1 * @) * (2 * @), Fr 1z ((b1 * B) *
(b2 * BN} rmin{Hy p (82 * @ ), Fr p (b2 * B)}} =w.rmin{(Hrr X Fr ) ((4 * @) * (f2 * @), (by * B) * (b *
B, (Hy 1 X Fr ) (52 * @), (b2 * )} = rmin{(Hy, p X Fr p) (51 * @, £y % B) * (52 * @, 85 * B)). ¥, (Hy g X
Frip)($2 % a8y % B).%} = rmin{("%Ryr X 5Fp p) (1 * @, by * B) * (52 * @, b5 * B)), Ry p X 5Fr p) (82 *
a,ty * B} and Az e X S p) G * @by * B) =% (g p X frp) (81 * @by * B) = w.max{Ar, p (8 *
a), prr by * B)} < womax{max{Ar, p((41 * @) * (52 * @), Ar 1 p (52 * @)} max{ur,; p((6y * B) * (b2 *

B, Fr etz * B3} = v.max{max{Ar p((§1 * @) * (2 * @), Ur 1 p (B * B) * (b2 * B))}, max{Ar; p (32 *
a) prr(tz * B3} =v.max{(Ar;p X pr 1) (1 * @) * (2 * @), (b * B) * (b2 * B)), (A1 p X pr 1) (B2 *
a), (b, * B))} = max{(Arr X pr 1 p) (1 * @, by % B) * (5 * @, 5y % £)).%, (A1 X Ui p) (82 * @, by x B).¥} =
max{(" Az X "ir, p) (1 * @, by % B) * (52 * @, b5 * B)), 5Ar,r X S 7)) (G2 * @, b, * B)}. Hence, “JH X F is
a neutrosophic cubic normal ideal of X X Y.

Theorem 5.2. Let MW = (MHy g, A7 ) and MF = (" Fr;p, "ur, r) are two y-multiplications of neutrosophic
cubic closed normal ideals of X and Y respectively. Then H x MF is a NCCNID of X x Y.

Proof. By Proposition 3.1 and Theorem 5.1, MH x "F is NCNID. Now, (Hy; p X MFp; 2)((0,0) * (4 * a, £ % B)) =
(Hrpp X Frpp)((0,0) * (§* a, 8% B)).w = (Hyp X Frp) (0% (§*a), 0% (5 B)).» = ¥.rmin{Hrp;p(0 * (§ *
@), Frip(0 % (8% B))} = w. rmin{Hrp(§ * @), Frp(t = B)} = rmin{Hpp(f * ). %, Frp(t = ). ¥} =
rmin{"Hr;r(f * ), SFpp(t* B)} = (SHppp X NP G at*B)  and  (NAgr X Surp) ((0,0) * (5 + o, b+
B)) = (Arre X Hrp)((0,0) * (F* o, & % B)).w = (Arpp X Hrp) (0 % (Fx ), 0 (& * B)).¥ = v.max{Arp(0 * (¢
), iy r(0 * (5 B))} < % max{Aq;p(t * @), prp(h * B)} = max{Aq;p(h * @). %, ppp(h * B). ¥} = max{Ay s (f *
o), Mur i p(t* B)} = MAr e X Murp) (8 * o, t * B). Hence, MH X MF is a neutrosophic cubic closed normal ideal of
XXxY.

6. Conclusion
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In this paper, the notion of ¥-multiplication of neutrosophic cubic set was introduced and ¥-multiplication was
studies by several useful results. This study will provide the base for further work like t-neutrosophic soft cubic and
intuitionistic soft cubic set etc
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