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Abstract:

The notion of Neutrosophic cubic soft sets P-union, P-intersection, are introduced and their related
properties are investigated. We discussed about the internal and external neutrosophic cubic soft sets.
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1. Introduction:

Neutrosophic set theory [5] extended the concept of cubic sets to the neutrosophic sets. They
introduced the notions of truth-internal (indeterminacy-internal, falsity-internal) neutrosophic cubic sets and
truth-external (indeterminacy-external, falsity-external) neutrosophic cubic sets and investigate related
properties. In this paper , we introduced the definition of Neutrosophic cubic soft sets(NCSS)and proved some
properties, We give a condition for the P-intersection of truth -external (resp. indeterminacy-external and
falsity-external) neutrosophic cubic soft sets to be truth-external NCSS. We give an example to show that the P-
union of falsity-external neutrosophic cubic soft sets may not be a NCSS. We provide a condition for the P-
union of falsity-external (resp.indeterminacy-external and truth-external) neutrosophic cubic soft sets to be a
falsity-external (resp. indeterminacy-external and truth-external) NCSS. Also we state the condition for the P-
intersection of two neutrosophic cubic soft sets to be both a falsity-internal NCSS and a falsity external NCSS.
We provide a condition for the P-union of two truth-external neutrosophic cubic soft sets to be a truth-internal
NCSS.

2. Preliminaries:
Definition: 2.1
A pair ([:', |) is called cubic soft set over X if and only if Fis a mapping of I(c E) into the set of all cubic

setsin X, i.e., F:| — CP(X) where I is any subset of parameter’s set E, X is an initial universe set and CP(X ) is
the collection of all cubic sets in X. Here we denote and define cubic soft set as (|':",|): E(ei):

A={<x, A, (x), 4, (x)>x € X fe; e I in this set corresponding to each e eI, A=< x, A, (x),4, (x)>xe X | is
a cubic set in X in which A (x) is an interval valued fuzzy set (briefly, an IVF set) and 2 (x) is a fuzzy set.

Definition: 2.2
Let X be a non-empty set. An interval neutrosophic set (INS) in X is a structure of the form:
A={<x A (), A (X) A () > x e X |
Where A, A, and Ar are interval-valued fuzzy sets in X, which are called an interval truth membership
function, an interval indeterminacy membership function and an interval falsity membership function,
respectively.
Let X be a non-empty set. A neutrosophic cubic set (NCS) in X is a pair A:(CA,A) where

={< X A (x), A (x). Ac (x) > x e X } is an interval neutrosophic set in X and

A={<x2;(x),2,(x), 4 (x) > x e X } is a neutrosophic set in X.
Definition: 2.3
Let X be a non-empty set. A neutrosophic cubic set A:(o‘l, A) is said to be,
v truth-internal(briefly, T-internal ) if the following inequality is valid (x e X)(A-(x) < 4, (x) < A’ (X)),
v indeterminacy-internal(briefly, I-internal ) if the following inequality is valid
(xeX)(A () <4 ()< A (X)),
v falsity-internal(briefly, F-internal ) if the following inequality is valid (x e X )(Ac (x) < A (X) < AL (X)),
Definition: 2.4 )
Let X be a non-empty set. A neutrosophic cubic set A=(cA, A) is said to be,
v truth-external(briefly, T-external ) if the following inequality is valid (x e X) (4 (x) & (A7 (X), A7 (X))).
v indeterminacy-external(briefly, I-external ) if the following inequality is valid
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(xe X) (4 (¥) & (A (x), A (X))
v falsity-external (briefly, F-external ) if the following inequality is valid (x e X) (4. (x) & (Az (X), A (X))).
Definition: 2.5 )
Let X be a non-empty set. A neutrosophic cubic soft set (NCSS) in X is a pair (F,1)=A = (A, A)
where, A — i< X, A (x) A (x) A (X)>xe X } is an interval neutrosophic soft set in X and

A= {< X, Ar (x), A, (x), A (X)>xe X } is a neutrosophic soft set.

Theorem: 2.6 )
Let (F,1)=A and (G, J)=B be T-external neutrosophic cubic soft sets in X such that,

max{min {A; (x),B;, (0 min{A; (x),B;, (ff< (4 Aws )(¥)

< minfmax{A; (4, (9} max A (0,87 (0]} ®
forall xe X .Then ([5, I )mp (é,J)is a T-external neutrosophic cubic soft set in X.
Proof:
Consider, (¥, 1), (G,J)=(H,c)where C =13
H(e,)=F(e) if eel-J
=G(e) if eed—I
=F(e)r,Gle) if eelnd.

Where £(g ), G(e,) Is defined as,
Fle) e Gle,) = x rmin{A;, (0,B;, 00} (A, (0 Ay, (0) > XX fe € 1AJ.

Take, a, =min {max {Ar* (X), B, (x)}, max {AT’ (x), B, (x)}}
B, =max{min{A; (x),B; (x)jmin{A; (x),B; (X)f
Then a, = A (9, a, =By (X).a, = A ()ora, =B; (x)

It is possible to consider, the cases ;, — A~ (x)and o, = A’ (x) only because the remaining cases are similar to

these cases, if @, =A (%) ,then, B (0<B; (<A (<A ()
Thus, 5, =B; (x)» a1d 0 B; =(A, NB, )" (\)<(A. NB; ) (0 =B} (x\)=4, <(A Ay )X
Hence, (2, ays )(X) & (A, NBy) (X).(A, NB;) (X)
If a, = Ar; (x) then, B; (x) < AT+ (x)< BT+ (x)and thus
B, :maX{Ar; (.8 (X)}Suppose that, B, =A (%) , then
B, () <A (X)<(4, Apq )(X) <AL (X)<B; (X) (2
It follows that, B (0 <A ()<, Apr ) <AL () <B{ (X) €)
Or By (<A (0<(y Apy )X)=A (0<B; () (4)

The case (3) induces a contradiction. The case (4) implies that,

(e, A, )X 2 (A, N By ) (X).(A, By (X))

Since (r, AWz )0 =AL () =(A, "B ) (X)

Now, if 5 =B (x) . then A_ (x)<Bp (x) < (A, Ay )(X) <AL () <B] () 5)
Hence we have, A () <Bp ()< (4, Aps ) <AL ()<B] (¥) ®)

Or A () <Br ()< (A, Apr )= AL (x) <B; (x) (7)

The case (6) induces a contradiction. Then case (7) induces,
(i, A YO0 2 (A, B, ) (0, (A, (B, )" (4)
Consequently, we note that (F,1)~, (G,J) is an T-external neutrosophic cubic soft set in X.

Theorem: 2.7
Let (F,1) =A and (G, 3)=B be F-external neutrosophic cubic soft sets in X such that,

max{min{A; (x),B;. ()} min{A; (0),B: ()f}< (2, Ape )(X)
< minfmax |A¢ (.8 (0}meax{A; (0,82 (0] ®
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o (G,J)is a F-external neutrosophic cubic soft set in X.

forall xe X .Then (IE,I)m

Proof:
Consider, (E,|)mp (G,J):(ﬁ,c)where C=1nJ
H(e,)=F(e,) if eel-J
=G(e,) if eed-I
:IE(ei)/\P é(ei) if eelnd.

Where F(g)A, (;‘(ei) is defined as,
Fle)As Gle)= f x rmin{Ac, (),Br, (0} (e, ) AW, () > xe X fe €1 A,

Take, ¢, =min {max {A; (x). B, (x)}, max{A;ei (x). B, (x)}}

B = max{min{A;ei (), B;el (X)}, min {A; (x), B;ei (x)}}
Then g, = A- (), @, =B; (¥).a, = AL (x)ora, =B; (x)
It is possible 'Ico consider, tlhe cases a, =AF ) and aeil = A;e. (x)only because the remaining cases are similar to
these cases, if a, = A (x) then B (x)< B;e (<A (<AL (%)
Thus, 5, =B; (x),and S0, By =(A, NBy) () <(A, NB) () =B (0=4, < Ap:, )X
Hence. (7, Ay, )Jx) € (A, MBr, ) (9.(A, NBr) ()
If a, = A;ei (x), then, B;ei (x) < A; (x) < B;ei (x) and thus,
B, = maX{Aéi (x).Bx, (x)}Suppose that, s, = A (x) then,

B, 0O <A (X)<(Ze, Awe )OO = A, (X)<Bg (X) @)
It follows that, Br, (0 <A ()<, Awe J) <AL ()<BL () ®
Or Br, (0= A (%) <(Ze, Ave )00 = A () <Bg (x) (4)

The case (3) induces a contradiction. The case (4) implies that,

(e, AV )09 2 (A, B ) (0, (Ar, NBe ) ()
Since (Ze, AW )0 =AL ()=(A, B ) ()

Now, if g =B (x) then A (x)<B ()< (A, Ape () <AL () <B (%) (5)
Hence we have, A () <Bp (%)< (A, AWe JO) <AL (X) B (X) ©)
o A ()<B: (X)<(4e, Awe )(X)=AL (X)<BL (x) )

The case (6) induces a contradiction. Then case (7) induces,
(e, AWE )0 2 (A, NBg ) (X), (A, NBg )" (X))
Consequently, we note that (E N )mp (éJ) is an F-external neutrosophic cubic soft set in X.
Similarly we have the following theorem.
Theorem: 2.8 )
Let (F, |)=A and (G, J)=B be I-external neutrosophic cubic soft sets in X such that,

max{min{A; (x),B;. ()fmin{A; (X),B; (9)ff< (4, Ay, )X

< min{max (A7 (),B} (0} max{A; (x),B7 (0]}
forall xe X .Then (ﬁ, | )mp (G,J)is a |-external neutrosophic cubic soft set in X.
Example: 2.9

Let (ﬁ,|)=f\ and (é,J)=B be I-external neutrosophic cubic soft sets in X =[0,1] with the tabular

representations in Tables 1 and 2, respectively,
Table 1: Tabular representation of (A, A) =A

X Ae1(X) Aer(X)
0<x<05 ([0.25,0.26],[0.2,0.3],[0.15,0.25]) (0.25,0.15,0.5x+0.5)
05<x<1 ([0.5,0.7],[0.5,0.6],[0.6,0.7]) (0.55,0.75,0.30)
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0<x ([0.1,0.15],[0.2,0.25],[0.15,0.25]) (0.25,0.15,0.1x+0.1)
03<x< ([0.1,0.21,[0.7,0.8],[0.6,0.7]) (0.55,0.70,0.30)

X Aeo(X) Aex(X)
0<x<0 ([0.25,0.26],[0.2,0.5],[0.15,0.35]) (0.25,0.45,0.7)
07<x< ([0.7,0.8],[0.7,0.75],[0.8,0.9]) (0.8,0.85,0.92)
0<x< ([0.25,0.26],[0.2,0.3],[0.15,0.25]) (0.25,0.15,0.5x+0.5)
05<x< ([0.5,0.7],[0.5,0.61,[0.6,0.7]) (0.55,0.70,0.30)

Table 2: Tabular representation of (B, y) =B

X %el(x) \Vel(x)
0<x<05 ([0.25,0.26],[0.2,0.3],[0.8,0.9]) (0.25,0.15,0.40)
05<x< ([0.5,0.7],[0.5,0.6],[0.1,0.2]) (0.55,0.75, X)
0<x ([0.1,0.15],[0.2,0.25],[0.15,0.28]) (0.25,0.15,0.1x+0.1)
03<x<1 ([0.1,0.2],[0.7,0.8],[0.7,0.8]) (0.55,0.70,0.40)

Bey(X) Vea(X)
<x<0.7 ([0.25,0.26],[0.2,0.5],[0.25,0.35]) (0.25,0.45,0.7)
07<x<1 ([0.7,0.8],[0.7,0.75],[0.8,0.92]) (0.8,0.85,0.92)
0<x<05 ([0.25,0.26],[0.2,0.3],[0.18,0.30]) (0.25,0.15,0.5x+0.5)
< ([0.5,0.7],[0.5,0.6],[0.7,0.8]) (0.55,0.75,0.85)

X (C’qel U%el )(X) (Ael U\Vel )(X)
0<x<0.5 ([0.25,0.26],[0.2,0.3],[0.8,0.9]) (0.25,0.15,0.5x+0.5)
05<x<1 ([0.5,0.7],[0.5,0.6],[0.6,0.7]) (0.55,0.75, X)
0<x<03 ([0.1,0.15],[0.2,0.25],[0.15,0.28]) (0.25,0.15,0.1x+0.1)
03<x<1 ([0.1,0.2],[0.7,0.8],[0.7,0.8]) (0.55,0.70,0.40)

X (Aer UBe2 )(X) (Ae2Uyer )(X)
0<x<0.7 ([0.25,0.26],[0.2,0.5],[0.25,0.35]) (0.25,0.45,0.7)
07<x<1 ([0.7,0.8],[0.7,0.75],[0.8,0.92]) (0.8,0.85,0.92)
0<x<05 ([0.25,0.26],[0.2,0.3],[0.18,0.30]) (0.25,0.15,0.5x+0.5)
05<x<1 ([0.5,0.7],[0.5,0.6],[0.7,0.8]) (0.55,0.75,0.85)

Then, (A, Ve )=067<(0.67,0.7) = (A, LB ) (0.67),(A, UB ) (0.67)
(%, Ve, ) =0.78€(0.7,0.8) = (A, UB. ) (0.78),(A. UB: )" (0.79)
(%, Ve )=082€(0.809) = (A, UB ) (0.82),(A, B, )'(0.82)
(Ze, Ve, )=0.78€(0.7,0.8)= (A, wB ) (0.78),(A; wB )"(0.78)
and so the P-union (|5, | )Up (G,J) = (AUB, AUvy) is not an F-external neutrosophic cubic soft set in X=[0,1].
Theorem: 2.10
Let (F, |)=/§ and (G, J)=B be F-external neutrosophic cubic soft sets in X such that,
max {min {A;: (x), B;. () pmin{A- (<),B; (Q)ff< (2, Awe )(X)
<min {max{A.;ei (), B:. (x)}, max {A;e‘ (x),B, (X)}} @
forall xe X .Then (ff, I )Up (G,J )is a F-external neutrosophic cubic soft set in X.
Proof:
Consider, (IE,I)UP (é,J):(H,c)where C=1ul
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H(e)=F(e) if eel-J
=G(e) if eed—I
=F(e)v,G(e) if eelnd.

Where F(e )v, G(e,) is defined as,
F(e,)vyGle)= {< X,r max{AFel (%), B, (x)},(/lFel () Ve, (X)>xe X },ei elnd.
Take, o, =min{max{A. (x), B, (x)fmax{A- (x),B: (9)ff
B = max{min {A; (%), B;ei (x)}, min {A;Ei (x), B;Ei (x)}}
Then ¢, = A (¥), e, =B (¥),a, =A. (X)ore, =B (X)
It is possible to consider, the cases a, =A (X) and a, = A;ei (x) only because the remaining cases are similar to

these cases, if a, = Aéi (x) then, B;ei (x) < B;e, (x) < Aé, (x) < A;Ei (x)

Thus, g5, =By (x).and s0 Br. = (A, UB:) (0 =A (0 =a, > Ape )X
Hence, (1. vy, ) e (A, UBL ) (0),(A, UB ) ()
If a, = A;e. (%) then, Bé, (x) < A; (x) < Bé. (x)and thus
B, :maX{Aéi (¥).B;, (X)}Suppose that, g, = A (%) then
Br. (00 <A (0 <A vire J <AL ()<BE () @
It follows that, Br. ()< Ax ()< (A, vire ) <AL ()<B; (X) 3
Or Be, ) <A (0)=(4e, vire J) <Ac () <Be (X) (4)
The case (3) induces a contradiction. The case (4) implies that, (1. vy )(x) 2 ((A. UB. ) (X).(A. UB. )" (X))

Since (2, vy )0)=Ar (9)=(A,, UB: ) (X)

Now, if 5 =B, (x) then, A. () <B. () <(4 vy J)SAL () <BL (%) ®
Hence we have, A, (0 <Bg ()< (g, v YO <AL (0 <BE (X) (6)
or A, (0<Bg ()=, vire J) <AL ()<B (X) )

The case (6) induces a contradiction. Then case (7) induces,
(e, v we, )00 (A, LB ) (X), (A, B, ) ()
Consequently, we note that (ff, I )Up (é,J) is an F-external neutrosophic cubic soft set in X.

Similarly we have the following theorems.
Theorem: 2.11 )
Let (F,1)=A and (G,J)=B be T-external neutrosophic cubic soft sets in X such that,

max {min{A7 (x),B; (x)fmin{A; (x),B; (x){< (4 vy )(¥)
<min {max {AT+ (), BT; (x)}, max {AT’ (%), BT; (x)}}
Forall X e X .Then (F,1)u, (G, J )is a T-external neutrosophic cubic soft set in X.

Theorem: 2.12
Let (F, |):A and (C~5, J):B be I-external neutrosophic cubic soft sets in X such that,

max jmin A’ (x), B}, (x)fmin{A; (X),B; ()ff< (4, v, )(X)
<min {max{A,; (x), BI; (x)},max{A,; (%), B,*el (x)}}
Forall X e X .Then (F,1)u, (G, J)is an I-external neutrosophic cubic soft set in X.
Theorem: 2.13
Let (IE, 1)=A and (é, J) =B are neutrosophic cubic soft sets in X satisfy the following condition,
min fmiax{A; (x),B., (x)fmax{A- (x),B: (X)ff= (4 Awe )(¥)
= max{min{Az, (085, 00} minfA; (.87 (0]
Forall xe X .Then (IE, I )mp (G,J )of (F,1)=A and (G,J)=B is both F-internal neutrosophic cubic soft set and
F-external neutrosophic cubic soft set in X.
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Proof:
Consider, (E,|)mp (G,J):(ﬁ,c)where C=1nJ
H(e)=F(e,) if eel-J
=G(e) if eed-lI
:lz(ei)/\P é(ei) if eelnd.

Where F(e,)A, G(e,) is defined as,
Fle,)Ae Gle, )=t xrmin{Ac, (0,Be, 00} (e, () Awe, (0)>iXeX e 1A J.

Take, o, =min{max{A; (x),B (x)jmax{A- (x),B: (X)ff

f, =max{min{A’ (x),B; (x)jmin{A: (x),B; (¥)ff
Then o, = A- (%), @, =B; (X).a, = AL (ore, =B (x)
It is possible t(l) consider, thle cases g, :I Aéi (x)and aeil =AL (0 only because the remaining cases are similar to
these cases, if ¢, = A (X) ,then, Br, () <B{ (<A (<A (¥)
Thus, g =B (x), NS0, A- (x)=a, = (4 Ap: )0 =5, =BL (X)
Hence,  B; (0<B: (0=(k, Av, )= A, (<AL ()
Which implies that, (A, AW )(X)=BL (0 =(A, NB.) ()
Hence, (7. Ay )00 € (A, MBe ) (), (A;, MB ) (X)
And (A B ) () <(e, Ave )O) < (A, MB ) ()
T o, = AL () en B, (<AL ()<B. ()N TUS, (2. Ay )00 = AL ()=(A, NB ) (¥)
Hence, e AV 002 (A 0B ) (. (A: M) ()
ANd (A B ) ()< (A, AW )X <(A NB ) (X)

Consequently,
(ﬁ,|)mp (G,J)of (|5,|)=A and (G,J)=B is both F-internal neutrosophic cubic soft set and F-external

neutrosophic cubic soft set in X.
Theorem: 2.14

For any T-external neutrosophic cubic soft sets (F,1)=A and (G,3)=B in X, if (F,1)*=A"and (G,J)’
=B" are T-internal neutrosophic cubic soft sets in X ,then (|5,|)uP (G,J)of (ﬁ,|)=A and (G,J)=B is a T-
internal neutrosophic cubic soft sets in X.

Proof:
Consider, (F,1)u, G,3)=(A,c)where C=10J
H(e )=F(e) if eel-J
=G(e,) if eed-I
=|E(ei)vp(~5(ei) if eelnld.

Where F(g,)v, G(e,) is defined as,
Fe)v,Gle)= {< X,r max{AFel (%).B, (x)},(ipel (Ve (X)) > xeX },ei elnJ.

Assume that (F, |)*:A* and (G,J)"=B” are T-internal neutrosophic cubic soft sets in X for any T-external
neutrosophic cubic soft sets (F,1)=A and (G,J)=B in X. Then,

2 (9 € (A 00, A7 (), pr (92 (A7 (9, A7 (),

B (0= (9<BI (X), AL () <y (<A (X),
We now consider the following case,
D <A )=y (0= A (0,30 (x)<B; (X) <4, (9<B; (%)
2) A ()<yr, (<A (<7, (x),20 B ()< () <B; (9) <y (¥)
3) 2 ()< A (0= (<AL (x),80d BY () <2 ()<B{ (X) <y (%),
D) A )<y (<AL (0= 00,80y ()<B; ()4, (9<B] (¥,

118



International Journal of Computational Research and Development (IJCRD)
Impact Factor: 4.775, ISSN (Online): 2456 - 3137
(www.dvpublication.com) Volume I, Issue I, 2016

First case implies that, v ()=A" (X)=4 (X)=B; (X),
Since, (F,1)"=A"and (G, J)"=B" are T-internal neutrosophic cubic soft sets in X, we have
v (<A (X) and Ao (X)<BY (x) -1t follows that,

(A, By ) () =maxiA; (.B; (0}= (4, ., )

<max{A; (x),B; (¥)}
=(A, UB, )" (¥ WxeX.

Therefore P-union (IE, | )Up (é, J) is a T-internal neutrosophic cubic soft set in X. We can prove the other cases
by the similar to the first cases.
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