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Abstract:

The notion of cubic soft sets P-union, P-intersection, are introduced and their related properties are
investigated. We discussed about the commutative and absorption property along with examples and also
discussed the internal and external cubic soft sets.
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1. Introduction:

In order to deal with many complicated problems in the fields of engineering, social science, economic,
medical science, agriculture, etc., involving uncertainties, classical methods are found to be inadequate in recent
time. Molodtsov [4] pointed out that the important existing theories viz. Probability theory, fuzzy set theory etc,
which can be considered as mathematical tools for dealing with uncertainties have their own difficulties. Maji
et. al[3] worked on some new operations in soft set theory. Chinnadurai and anu [1] discussed some
characterization on operations in soft sets.

2. Preliminaries:
Definition: 2.1

A pair (F,1) is called cubic soft set over X if and only if F is a mapping of I(c E) into the set of all

cubic sets in X, i.e., F:1 — 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 (EJ): Fe)=
A=< x, A, (X) 4, (x)>xe X e e | in this set corresponding to each ¢ e, A=1{< x, A, (x), 4, (x)>x € X|
is a cubic set in X in which A, (x) is an interval valued fuzzy set (briefly, an IVF set) and A, (x) is a fuzzy set.
Definition: 2.2
A cubic soft set (IE, I) is said to be an internal cubic soft set (ICSS), if for all €, € | (cE) (E is set of
parameters) F(g,)= A is so that A ()< (<A (X). VeelandvxeX.
Definition: 2.3
A cubic soft set (IE, I) is said to be an external cubic soft set (ECSS), if for all €, €| (cE) (Eis set of
parameters) F(e,)= A is so that Ao () 2 (AL (X), Al (). Ve elandvxeX.
Definition: 2.4
Let (IE, I) and (é,J) be two cubic soft sets in X, where I and J are any subsets of parameter’s set E.
Then, we define P-union (IE I )up (é,J ): (I:I,C)Where C=1uld
H(e,)=F(e) if eel-J
=G(e,) if eed—I

=F(e)v,Gle) if eelnd.

Where F(e,)v, G(e, ) is defined as,
F(e,)v, Gle )= {< X,r max{Ael (x),B, (x)}, (2 )V 1, (X)) > x € X },ei elnJd.
Definition: 2.4
Let (lE I ) and (G, J) be two cubic soft sets in X, where I and J are any subsets of parameter’s set E. Then,

we define P-intersection (IE, | )mp (é J )z (I—T,C)where C=1nJ

H(e)=Fl(e) if eel-J
=Gle,) if eed—I
= IE(ei)/\P G~(ei) if eelnld.
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Where F(e )a, Gle, ) is defined as,
Fle,)re Gle)={x rmin{A, (x),B, (0} (2, () Az, (X)) > xe X fe el A J.
Definition: 2.3
The complement of a cubic soft set,(F,1)=F(e,)=A={< x, A, (x), 4, (x)>xe X Je, €| is denoted by

(|5,|)c and defined as (E,|)° = (F°,l), where F°:—| -»CP(X) and
Fe(e,)=(F(—e))", foralle ¢l
=(Fe)), (as—(-e)=¢)
(Ff =(Fe ) =A° = {<x, A% (x), 6 (x)>x e X e, €]

3. Main Results:
Properties: 3.1

() (F.)U, (G, )=(G,3) U, (F,1)
(i) (F,1)Mp (G,3)=(G, ), (F, 1)

Proof:
(i) (F.1)ue (6.9)=(H,C) where =103
ﬁ(ei)zﬁei) if eel-J
=Gle,) if e cd-|
=F i)vpé(ei) if eelnd.

=~ (D
~

Where, F(e )v, é(ei):{< x,rmax{Ael (%), B, ()} (4, () v 4, (X)) > x & X}e elnJ.
(éJ)UP (ﬁ,J):(R,D) where D=1uUJ
H(e,)=Gle,) if eel-I
~F(e) if eel-J
=G(e)v, Fle) if eednl.

Where, G(e, )v, F(e,)=1{<x, rmax{Bei (x), A, )} (1, () v 2, (X)) > x € Xhe ednl.
=< x,rmax{A, (x),B, ()} (4, (v 4, (X)) > xe X g, e 1 N J.
= IE(ei)vp é(ei)

Hence Proved.
(ii) (F.1)~ (6.9)=(A.c) where C=1nJ
H(e)=F(e,) if eel-J

Gle) if eed-I

I‘:~ (&)As (ei) if gelnld.

Where, F(e ), Gle )= {< x,rmin{Ael (x),B, (%) }(/1e (X)V 41, (X)) > X € X}e elnd.

(G.1)os (F,9)=(K,D) where D=1U3J

H(e)=Gl(e,) if eed-I

) if eel-J

—G(e)np F(e) if eednl.

Where, G(e,)a, F(e,) { X, rmin{Bei (). A, (x)},(yei () A4, (X)) > xe X},ei elnl.
={x,rmin{A, (x),B, ()} (4, () A, (X)) > xe X fg e I NI
= E(ei)/\P é(ei)

Hence Proved.

Example: 3.2
Let X= {Pl, P,,P;, P4} be initial universe, 1= {el,ez}and J={e,,e,,e,} are any two subsets of parameters set E=

le,.e,.e,} Let (ﬁ, I ) be cubic soft set define as,

P F(e) = A=< A, (p). 4, (p)> Fe,) = A2=<A, (p). 4, (p)>
P, [0.4,0.5], 0.3 [0.3,0.6], 0.7
P, [0.3,0.6], 0.8 [0.7,1], 0.8
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P [0.508], 0.7 [0.3.0.6], 0.6
P, [0.6,0.9], 0.5 [0.1,0.4], 0.9
(,1)=G(e)=8=1{<xB, (p)s, (p)> peXfe €J,i=123
P é(el) =B= é(ez) =B, é(e3): Bs=
<B, (p). 4, (p)> <B,, (p). s, (p) > < By, (). 4, () >
P, [0.3,0.6], 0.8 [0.2,05], 0.7 [0.6,09], 0.7
P, [0.4,0.7], 0.8 [0.3,0.6], 0.8 [0.3,0.6], 0.5
P, [05,0.8], 0.4 [0.4,0.7], 0.9 [0.1,0.4], 0.9
P, [0.6,0.9], 0.7 [0.5,0.8], 0.6 [0.4,0.7], 0.6

(i) (F,1) U (G,3)=(G,3) U, (F,1)
LH.S, (F,1)u, (G,J)

W.K.T,
F(e)ves Gle)=1 x,rmax{Aei (x),B, )} (2, )V g1, (X)) > x & Xhe el .
P Fle,)v, Gle,)={ x,rmax{A, (p),B, (P)} (4, (P)v 4 (P)) > pe X |
P, [0.4,0.7], 0.8
P, [0.4,0.7], 0.8
P, [0.5,0.8], 0.7
P, [0.6,0.9], 0.7
P Fe,)ve Gle,)={< x,rmax{A, (p),B, (P)} (A, (P)v 14, (P)) > P X |
P, [0.3,0.6], 0.7
P, [0.71], 0.8
P, [0.4,0.7], 0.9
P, [0.5,0.8], 0.9
P G(e;) = Bs=<B, (p). 1, () >
P, [0.6,0.9], 0.7
P, [0.3,0.6], 0.5
P, [0.1,0.4], 0.9
P, [0.4,0.7], 0.6
R.H.S,
G.1)os(F.9)
W.K.T,

Gle)v, Fle)= {< x,rmalx{Bei (x). A, (x)}, (1, )V 2, (X)) > X & X},ei eJnl.
P Gle,)v, Fle,)=f< x,rmax{B, (p). A, (P)} (14 (P) v 4, (p)) > p e X }
P, [0.4,0.7], 0.8
P, [0.4,0.7], 0.8
P, [0.5,0.8], 0.7
P, [0.6,0.9], 0.7
P Gle,)v, Fle,)={< x,rmax{B, (p). A, (P)} (1, (P)v 4, (P)) > pe X |
P, [0.3,0.6], 0.7
P, [0.7,1], 0.8
P, [0.4,0.7], 0.9
P, [0.5,0.8], 0.9
P G(e;) = Bs=<B, (), &, (p) >
P, [0.6,0.9], 0.7
P, [0.3,0.6], 0.5
P, [0.1,0.4], 0.9
P, [0.4,0.7], 0.6

Hence L.H.S=R.H.S
(i) (F, 1)y (G,3)=(G,I)m, (F,1)
147



International Journal of Applied and Advanced Scientific Research (IJAASR)
Impact Factor: 5.255, ISSN (Online): 2456 - 3080
(www.dvpublication.com) Volume I, Issue I, 2016

L.H.S, (F,1), (G,J)

W.K.T,
Fe,)np Gle )= {<x,rmin{A, (x),B, (0} (4 () A g1, (X)) > x e X he, €1 A J.
P Fle)Ae Gle)= < x.rmin{A, (p).B, ()} (4, (P) A s, (P)) > P X]
P, [0.3,0.6], 0.3
P, [0.3,0.6], 0.6
P, [0.5,0.8], 0.4
P, [0.6,0.9], 0.5
P Fle,)nr Gle,)= e x.rmin{A, (p).B, (P)} (4, (P) A s, (P) > P X}
P, [0.2,0.5], 0.7
P, [0.3,0.6], 0.8
P, [0.3,0.6], 0.6
P, [0.1,0.4], 0.6
P G(e;) = Bs=<B, (p), 4, (P) >
P, [0.6,0.9], 0.7
P, [0.3,0.6], 0.5
P, [0.1,0.4], 0.9
P, [0.4,0.7], 0.6
R.H.S,
G1)~ (F.9)
W.K.T,
Gle)Ap ﬁ(ei)={< x,rmin{Bel (x), A, (X)}-(Hel (XA, (X)) > xe X},ei eJnl.
P Gle,)Ap Fle)= e x rmin{B, (p). A, (P} (4, (P) A 4, (P)) > P X
P, [0.4,0.7], 0.8
P, [0.4,0.7], 0.8
P, [0.5,0.8], 0.7
P, [0.6,0.9], 0.7
P Gle,)np Fle,)=t<x,rmin{B, (p). A, (D)} (1 (P) A4, () > P X}
Py [0.3,0.6], 0.7
P, [0.7,1], 0.8
P, [0.4,0.7], 0.9
P, [0.5,0.8], 0.9
P G(e;) = Bs=<B, (p). s, (P) >
P, [0.6,0.9], 0.7
P, [0.3,0.6], 0.5
P, [0.1,0.4], 0.9
P, [0.4,0.7], 0.6

Hence L.H.S=R.H.S

Properties: 3.3

For any two cubic soft sets (£, 1) , and (G, J )
OF.Dor (F)reG)=(F1) i F)=@E0)
i) (F. 1) (F1)o, G.9)=(F1) if (Fi1)>(@G.3)
Proof:
(i) (1) (@a)=(A.C) i (F.1)>(G.9)
By the definition,

H(e)=F(e) if eel-J
=Gle,) it e el
=F(e)r,Gle) if e elnd.
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Where, F(e,)a, Gle,)={<x,rmin{A, (x),B, (0}(4, () 1, () > xe X e, €1 A J.

F.1)os (1), 6.9)=(Fo1)os (A.C)=( D)

By the definition,
K(e,)=F(e) if eel-C
=Hfe if eeC-I
=F(e)v, H(g) if eelnC.

Where,
Fle)vp (F(e)np Gle,))= < x rmax{A, (x),rmin{A, (x),B, (00fh 4, v (4, () A 2, (X)) > xe X}, €1 AJ.
—{<x A, (0,2, (0> x e X |
=(F.1)
Hence Proved.
(ii) (E")UP (6’3)=(H~,C) if (F,1)>(G,J)

By the definition,
ﬁ(ei):lz(ei) if eel-J
=Gle,) if eed-I
=F(g)v,Gle) if eelnd.
Where, F(e,)v, Gle,) =< x,rmax{A, (x),B, (00} (4, () v 4, () > xe X e, el A J.

By the definition, _ _
K(e)=Fl(e) if eel-C
=ﬁ(ei) if eeC-I
—F(g)rp H(g) if eelnC.

Where, ﬁ(ei )/\P ('E(ei )\/p é(ei )): {< X, rmin {A%. (x),r maX{Aei (%), Be, (X)}}, ﬂ«ei A (ﬂ«ei (x) VM (x))>xeX }, e elnmd.
=X 4A, (0,4, (0> xe X |
=(F.1)
Hence Proved.

Example: 3.4
Let X={R,P,,P,,P,} be initial universe, I={e ,e,}and J={e e, e,} are any two subsets of parameters

set E=fe,e,,e,}. Let (£,1) be cubic soft set define as,

P Fe)= A= <A (p).4,(p)> F(e,)= A=< A, (p). 4, (p)>
P, [0.4,0.3], 0.3 [0.3,0.6], 0.7
P, [0.3,0.6], 0.8 [0.7.1], 0.8
P, [0.5,0.8], 0.7 [0.3,0.6], 0.6
P, [0.6,0.9], 0.5 [0.2,0.4], 0.9
(6.1)=G(e,)=B=1{<x.B, (P) sz, (p)> pe X je, €3,i=123
P é(el): B= é(ez): B, é(e3): Bs=
< B, (). 44, (P) > <B,, (p). 4, (p)> <B,, (), 4, (p) >
P, [0.3,0.6], 0.2 [0.2,0.5], 0.7 [0.6,0.9], 0.7
P, [0.2,0.5], 0.7 [0.6,0.8], 0.8 [0.3,0.6], 0.5
P, [0.4,0.7], 0.5 [0.2,0.5], 0.9 [0.1,0.4], 0.9
P, [0.5,0.8], 0.3 [0.1,0.3], 0.6 [0.4,0.7], 0.6

O (F1)os (F1)ne Ga)=F.1) if Fi)>@G.3)

First we take, (IE, I)mP <C~5, J)

Fe,)np Gle,)={< x,rmin{A, (p),B, (p)} (4 (P) A1, (P)) > pe X

P

P, [0.3,0.6], 0.2
P, [0.2,05], 0.7
P, [0.4,0.7], 05
P, [0.5,0.8], 0.3
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P F(e,)ns Gle,)= < x,rmin{A, (p),B,, (P)} (4, (P) A, (P)) > Pe X
P, [0.2,0.5], 0.5
P, [0.6,0.8], 0.7
P, [0.2,0.5], 0.4
P, [0.1,0.3], 0.6
P G(e,) = Bs=<B, ()., (p) >
P, [0.6,0.9], 0.7
P, [0.3,0.6], 0.5
P, [0.1,0.4], 0.9
P, [0.4,0.7], 0.6
Now we take,
(F.1)oe () (6.9)
P ﬁ(e1)vp (ﬁ(e1)/\P é(e1))
P, [0.4,0.7], 0.3
P, [0.3,0.6], 0.8
P, [0.5,0.8], 0.7
P, [0.6,0.9], 0.5
P 'E(ez)VP ('E(ez)/\P é‘d(ez ))
P, [0.3,0.6], 0.7
P, [0.7,1], 0.8
P, [0.3,0.6], 0.6
P, [0.2,0.4], 0.9
P G(e,) = Bs=<B, (p). 14, (P) >
P, [0.6,0.9], 0.7
P, [0.3,0.6], 0.5
P; [0.1,0.4], 0.9
P, [0.4,0.7], 0.6

Hence (2.1}, (. ) 6D
i) (F. 1) (F1)oe G3)=(F1) i (F1)>(G9)
First we take, (F,1)u, (G,J)

P Fle)ve Gle,)={< x,rmax{A, (p), B, (p)} (4, (P)v 14, (P)) > P X }
P, [0.40.7], 0.3
P, [0.3,0.6], 0.8
P, [050.8], 0.7
P, [0.6,0.9], 0.5
P Fle,)ve Gle,)= e x,rmax{A, (p).B,, (p)}, (4, (P) v, (P)) > pe X}
P, [0.3,0.6], 0.7
P, [0.7,1], 0.8
P, [0.3,0.6], 0.6
P, [0.2,0.4], 0.9
P G(e;) = Bs=<B, (p), ., (p) >
P, [0.6,0.9], 0.7
P, [0.3,0.6], 0.5
P, [0.1,0.4], 0.9
P, [0.4,0.7], 0.6
Now we take, (,E, e (F.1)o, ((';‘J))
P 'E(el)/\P ('E(el)vp é(el))
P, [0.4,0.7], 0.3
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P, [0.3,0.6], 0.8

P [0.5,0.8], 0.7

P, [0.6,0.9], 0.5

P F(ez)/\P (F(ez)vp G(ez))
P, [0.3,0.6], 0.7

P, [0.7,1], 0.8

P [0.3,0.6], 0.6

P, [0.2,0.4], 0.9

P Ge,) = Bs=<B, (p), 4, (P) >
P, [0.6,0.9], 0.7

P, [0.3,0.6], 0.5

P [0.1,0.4], 0.9

P, [0.4,0.7], 0.6

Hence (F,1)n, (F.1)or (G.3)=(F.1).

Theorem: 3.5
Let (F,1)=F(e,)=A={< x, A, (X), 4, (x)> x e X Jg, e I and
(é ') Gle,)=B=1{<x,B, (x). &, (x)>: x e X je; € J be an external cubic soft sets(ECSS). Then,
@)(F.1)op (G,3) isan ECSS.
(ii)(F.1)~e (6,9) isan ECSS.

Proof:
(i)Since (¢,1)and (53) external cubic soft sets,

So for, (E, | ) we have, Ao () 2 (A (0, A (X). Ve el
Since, 2, (x) 2 (A, (), A (). @nd 0< A, (x) < A7 (X) <1.
Sowe have 2. (x)< A (x) or A (x)<Z, ().

Also for, (G, 1), we have, 4, (x)«(B; (x),B;(x). Ve el
since, 4, (x) e (B; (x),B; (x)). and 0<B; (x) <B; (x) <L
So we have 4, (x)<B,(x) or B;(X) <, (X).
Then, we have,

(g v 12, ) fmax {A; (%), B: () max (A (x),B; (%)

b Ve elnd, vxeX.
Now by definition of P-union, (F I) F,(G J) H

c)where C=1ul

le I

H(e )= ei; if eel-J
=G(e) if eel-I
=F(e)v,Gle) if eelnd.

If e c1~J, F(e)v,G(e) is defined as,

Fe)ve Gle,)= < x,rmax{A, (x),B, (00} (4, () v 4, () > xe X e, €1 A J.
Thus, (ﬁ,|)up (G,J) isan ECSS, if g e 1 nJ

g, el —J ore eJ—1.Thenthe resultis trivial.

(ii)Since (IE, | )and (G, 3) external cubic soft sets,

sofor, (F, 1), we have, 2, (x)¢ (A (x).A(x). Ve <!
Since, 7, (x) e (A, (), Al (x). and 0< A-(x) < AT () <1.

So we have 2, (x) <A, (x) or Al (x)< 4, ().

AlSo for, (G,1), we have, 4, (x) & (B; (x),B; (x)). Ve <l
Since, 4, (x) & (B, (x),B; (x)). and 0< B, (x) <B; (x) <1.

So we have 4, (x)<B; (x) or B;(x)< gz, (x).

Then, we have,
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(4, A, ) {min{A; (x),B; 0 min{A; (x),B; (0]} Ve el nJ, vxe X.
Now by definition of P-intersection, (F |)mp( J) (H c)where C=1ul
H(e,)=F(e) if eel-J
5(e;) if eeJ-I
)

(€)r,Gle) if eelnd.

Il
™ G)

If e, el nJ. Fg)n, Gle) is defined as,
F(e)np Gle )= {< X rmln{AI (x),B (x)},(/lei (X) A p, (X)) > x € X},ei elnd.
Thus, (ﬁJ)mp (G,9)isanECSS, if ¢ c1
e el—J Ore eJ—I.Then the resultis trivial.
Theorem: 3.5
Let (F,1fand (é,|)° be an internal cubic soft sets (ICSS). Then,
@)(F.1)u, G.9)f isaniCss.
(ii)(F.1)n (6.9)f isaniCss.
Proof:
(i)Since (E,|)° and (G 5 be an internal cubic soft sets, so for (ﬁ,|) we have

A ()<A (<A (). Ve el andvxeX.
This implies, 1-A () <1-24, () <1-A(X). Ve el andvxe X .
Also for (63) we have

B, (x) <, (X)<B;(x). Ve el andvxeX.
This implies, 1-B_ (x) <1- 4, (x) <1-B;(x). Ve eJ andvxeX.
Then we have

maxfi— A, ().1- By f< fl—4, () vi-p, (0}<maxii- AT ()1-B; ()} Ve elud

Now by definition,
(ﬁ,l)up (é,J):(ﬁ,c) where C=1UJ

H(e,)=F(e,) if eel-J
=Gle) if eed-I
=F(e)v.Gle) if eelnd.

Where, F(e,)v, G(e,)={< x,rmax{A, (x),B, (00} (4 () v 4, () > xe X & el .
And also,
(F.1)os (G.a)f =(A.c). where C =103

Hc(ei):ﬁc(ei) if eel-J
=G°(e,) if e el
= lzc(ei)vp éc(ei) if eelnld.

Where, F°(e,)v, G°(e, )= {< X,r max{ﬁ\eC (%), B¢ (x)}, (25 () v £ (X)) > x € X } gelnld
= {< X, r max{l— A (X).1-B, (x)}, A-2, () v1-p, (X)) >xeX }

Thus, ((ﬁ,|)up (é,J))° isan ICSS, if g c113J
e el—J Ore eJ—I.Thenthe resultis trivial.
Hence, (([5,|)Up (GJ) isan ICSS in all cases.
(ii) Since (ff, I )° and (@3)‘ be an internal cubic soft sets, so for (£ |) we have

A(X)<A (<A (). VeelandvxeX.
This implies, 1- A (x) <1-4, () <1-A/(x). Ve el andvxe X.
Also for (é,J) we have

B, ()<, (0)<B(X). Ve el andvxeX.
This implies, 1-B_(x) <1- 4, (x) <1-B; (x). Ve eJ andvxeX.
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Then we have

minfl— A (0).1-B; j< -4, () v1- g, ()f<minil- A ()1-B; (x)} Ve elud
Now by definition,
(IE, I)mp (G,J):(H,C) where C=1uUJ

H(e)=F(e,) if eel-J
:é(ei) if egel-|I
—F(e)r,Gle) if eelnd.

Where, F(e,)A, Gle,)={< x,rmin{A, (x),B, (00} (4, ()v s, () > xe X he, 1 J.
And also,
(1) (6.9 ~(. . where €13

He(e)=F°(e,) it ecl-J
=G(e,) if e el
=F°(e)np G'(e) if eelnd.

Where, F°(e,)r, G°(e,)= {< X, rmin{A; (x), B¢ (x)}, (2 () A pg (X)) > x e X},ei elnd

={x,rminfl— A, (x)1-B, ()}, 01— 2, (X) Al- g, (X)) > xe X |
Thus, ((F,1)n, (6,9)f isanICSS, if ¢ 1A
e el—J Ore eJ—1.Thenthe result is trivial.
Hence, ((,EJ)mP (5,3))°is an ICSS in all cases.
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