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Introduction

Neutrosophic set [1] grounded by Smarandache in 1998, is
the generalization of fuzzy set [2] introduced by Zadeh in 1965
and intuitionistic fuzzy set [3] by Atanassov in 1983. In 1999,
Molodstov [4] introduced the soft set theory to overcome the
inadequate of existing theory related to uncertainties. Soft set
theory is free from the parameterization inadequacy syndrome
of fuzzy set theory [2], rough set theory [5], probability theory
for dealing with uncertainty. The concept of soft set theory
penetrates in many directions such as fuzzy soft set [6-9],
intuitionistic fuzzy soft set [10-13], interval valued intuitionistic
fuzzy soft set [14], neutrosophic soft set [15-18], interval
neutrosophic set [19,20]. In 2012, Jun et al. [21] introduced
cubic set combining fuzzy set and interval valued fuzzy set. Jun
et al. [21] also defined internal cubic set, external cubic set,
P-union, R-union, P-intersection and R-intersection of cubic sets,
and investigated several related properties. Cubic set theory is
applied to Cl-algebras [22], B-algebras [23], BCK/BCl-algebras
[24,25], KU-Algebras ([26,27], and semi-groups [28]. Using fuzzy
set and interval-valued fuzzy set Abdullah et al. [29] proposed
the notion of cubic soft set [29] and defined internal cubic soft
set, external cubic soft set, P-union, R-union, P-intersection
and R-intersection of cubic soft sets, and investigated several
related properties. Ali et al. [30] studied generalized cubic soft
sets and their applications to algebraic structures. Wang et al.
[31] introduced the concept of interval neutrosophic set. In
2016, Ali et al. [32] presented the concept of neutrosophic cubic
set by combining the concept of neutrosophic set and interval
neutrosophic set. Ali et al. [32] mentioned that neutrosophic
cubic set is basically the generalization of cubic set. Ali et al. [32]
also defined some new type of internal neutrosophic cubic set
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(INCSs) and external neutrosophic cubic set (ENCSs) namely,
%INCS(U%ENCS)%INCS(U%ENCS). Ali et al. [32] also presented a

numerical problem for pattern recognition. Jun et al. [33] also
studied neutrosophic cubic set and proved some properties. In
2016, Chinnadurai et al. [34] introduced the neutrosophic cubic
soft sets and proved some properties.

In this paper we discuss some new operations and new approach
of internal and external neutrosophic cubic soft sets, and
P-union, R-union, P-intersection, R-intersection. We also prove
some theorems related to neutrosophic cubic soft sets.

Rest of the paper is presented as follows. Section 2 presents
some basic definition of neutrosophic sets, interval-valued
neutrosophic sets, soft sets, cubic set, neutrosophic cubic sets
and their basic operation. Section 3 is devoted to presents some
new theorems related to neutrosophic cubic soft sets. Section 4
presents conclusions and future scope of research.

Preliminaries

In this section, we recall some well-established definitions and
properties which are related to the present study.

© Under License of Creative Commons Attribution 3.0 License | This article is available in: http://www.imedpub.com/global-journal-of-research-and-review/archive.php 1
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Definition 1: Neutrosophic set [1]

Let U be the space of points with generic element in U denoted
by u. A neutrosophic set A in U is defined as A={<u, t*(u), i* (u), f
*(u)>:u€U}, where t*(u):U ] 0, 1*[i*(u):U>] 0,1*[, and f
“(u):U>]1-0,1"[and O<t*(u)+i*(u)+f*(u) <3

Definition 2: Interval value neutrosophic set [31]

Let U be the space of points with generic element in U denoted
by u. Aninterval neutrosophic set Ain U is characterized by truth-
membership function t,, the indeterminacy function i, and falsity
membership function f,. For each u€ U, ta (u), i (u), fa(u) &
[0, 1] and A is defined as

A={<u, [tA (u), t4 ()], [ia (u), ik (U)], [fa (u), fA (u)]:u€U}.
Definition 3: Neutrosophic cubic set [32]

Let U be the space of points with generic element in U denoted
by u€ U. A neutrosophic cubic set in U defined as N ={< u, A (u),
2 (u) >: u€ U} in which A (u) is the interval valued neutrosophic
set and A(u) is the neutrosophic set in U. A neutrosophic cubic set
in U denoted by N = <A, A>. We use CN(U) as a notation which
implies that collection of all neutrosophic cubic sets in U.

Definition 4: Soft set [4]

Let U be the initial universe set and E be the set of parameters.
Then soft set Fx over U is defined by Fx ={<u, F (e)>:e € K, F
(e) P (U)}

Where F: K—> P (U), P (U) is the power set of U and K c E.
Definition 5: Neutrosophic cubic soft set [34]

A soft set F is said to be neutrosophic cubic soft set iff ]N? is the
mapping from K to the set of all neutrosophic cubic setsin U (i.e.,
CN(U)).

ie.F:K— CN(U), where K is any subset of parameter set E and
U is the initial universe set.

Neutrosophic cubic soft set is defined by

F.= {(u,< A(g), Me)>/u,eeKuely,

Where, A(e) is the interval valued neutrosophic soft set and Ae,)
is the neutrosophic soft set.

Definition: Internal neutrosophic cubic soft set
(INCSS)

A neutrosophic cubic soft set Fx is said to be INCSS if for all e,
EKE

Tatep (WS Toe (W) SThpy (1) ,
Faen (W) SFi) (W) SFi) (u) )
Fatep (W <Fi (W) <Fie (), forall ueU.

Definition: External neutrosophic cubic soft set
(ENCSS)

A neutrosophic cubic soft set F is said to be ENCSS if for all e,
EKE

T’»(ei) (u) ¢ (T;\(ei) (u) Tz(ei) (U)’
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Liep (W) € (Tniep (U) Tiep (0) )
FA(e,)(”)E(F;@,)(”)’F;tg,)(u)), for all ueu.

Some theorem related to these topics
Theorem 1

Let Fx be a neutrosophic cubic soft set in U which is not an
ENCSS. Then there exists at least one e, € K< E for which there
exists some ueU such that

Tx(ep(u) € (TR<ei> (u) TX(ei)(u) ) Lucep (u) e(rA(ei) (w) H\(ep(u) )
Fitep (U) €(Fae (W) Fip (0)

Proof

From the definition of ENCSSs, we have

Tcep (u)e (Taeep (W) T (u) )

Liep (W) € (Tnep () Tiep (1) )

F o @#F 1 -F 0@ for all ueU, corresponding to each e
e KcE.

But given that Fx is not an ENCSS, so at least one e, € Kc E.

There exists some ueU such that T (1) €(Taep (W) T (W) ,

Do (W) € (Taep (W) Taiep (W) 7 Fugy (W) € (Ficey (W) Figy (u) -
Hence the proof is complete.

Theorem 2

let Fi={< u,F(©)> e §e KF()€CN(U)} be a NCSS in
U. If F¢ is both an INCSS and ENCSS in U for allueU,
corresponding to each e e K, then,Ti,(wW)eU(T\) VL(Trw) ,
I’A(ei)(u)EG(IA(ei))Ut(IA(ei)) , F’~(ei)(u)Eﬁ(FA(ei))Ui(FA(ei)) ,where
INJ(TAW) ={ Ti,(W):uell, f(Tm) ={ gy :uel}, Ua,) =
{1y () :u €U}, L1, e (W) 1w €U}, UFa) = {Fie, (0) :uel},
i(FA(eQ) ={Fae(w):uel},

Proof

Suppose Fx be both an INCSS and ENCSS corresponding to each
e € K and for all ueU. We have Ti (W) €(Taep (1) Tac (1) ,
Tiep (W) € (Tncep (W) Taey (1) , Fii (W) €(Faey () Fip (0)

Again by definition of ENCSS corresponding to each e €K and
for allueU, we have

Tk(ei) (u) g(T_A(eiJ (u) Tz(ei)(u) , IMei] (u)g(lz(ei) (u) U\(ei) (u) )

Fk(ei) (u) e(F:\(ei)(l’l) F;(ei) (u) .

Since Fx is both an ENCSS and INCSS, so only possibility
s that, T (=T Tug®) [, @=],, @or[, @,
Fp®=F o F ., forallueU.

Hence proved.

Definition

Let FKl and GK2 be two neutrosophic cubic soft setsin Uand K,
K, be any two subsets of K. Then, we define the following:

2 This article is available in: http://www.imedpub.com/global-journal-of-research-and-review/archive.php
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1. F =Gy, ifK=K,and F(e)=G(e)V & €K
:>A(ei)=B(ei) and (ei):7\.2 (ei)VUEU

2. If l~:Kl and Gy, are two NCSSs then we define P- order as
qugl’ Gy, iff the following conditions are satisfied:

i. K cK,and

i. F(e)c Ge) forall e €K, iff
A(e)cB(e)and i (e) S (e)) VueU corresponding to each
e € K, where, A(e)SB(e) = Tai (1) <Tie ()
T+A(ei>(u) STE(ei)(u) ’I;(ei)(u) 2 E(ei)(u)l
IX(ei)(u) 2 Ig(ei)(u) FX(ei)(u) 2 FE(en(u)
Fiep(u) 2 Fg(ei)(u)lfor allueu, and TM(ei)l(U)STM(ei)(u) ,

IM(ei) (U.) 2 Ikz(ei) (u) FM(ei) (u) 2 sz(ei) (u) )

3. If F, and (N}Kz are two neutrosophic cubic soft sets, then we
define the R-order as FKl Cr (N}K2 iff the following conditions
are satisfied:

i. K <K, and

ii. F(ei)gk G(ei) forall e € K iff A(e)c B(e)andn(e)21:(e) VueU
corresponding to each e € K,.

Definition

Let Gy,and Gy, be two NCSSsin U and K., K, be any two subsets

of parameter set K. Then we define P-union as Fy \r Gk, =H |,
where K, € K, UK,

H(e)= F(e). ife e K —K,

= G(ei), ife eK,—K,

=ﬁ(e;) Ve (N}(ei), ife ek NK,

Here F(e)={<u,A(e) n(e)>VueU} ,

G(e;)={< u,B(e) 1.(e) >VueU}and

Ae)={< W,[Tawy> Trepd [Tacews Lo [Faceps Faen]> Yu €U},
B(e)={< 0, [Tacep Tacep] [Tneps Triepd [Facep Fiep] > Vu € U},

n(e)={<u, Ty, (W), L, (W) Fy,,(0)>,Veek,Vuel}

F(e)ve Gle)={< u,rmax{A(e) Ble)}rmax {2, (e) A:(e)}.forallu eUande, €K, N K.} .
Definition

Let INJK1 and E}Kz be two NCSSsin U and K, K, be any two subsets
of parameter set K. The P-intersection of I?Kl and (~}K2 is denoted
by F v Gy, = ﬁm where K,=K,nK and ﬁK3 defined as Nm =
Fle)nGle)ifec K NK,-

Here, i(e) ar G(e) = £< b rmin{A(e) Ble)},rmin{a (e) 2:(e)}, forallu eUandeek. M K.} |
Definition: Compliment
The compliment of ?Kl denoted by 1?; is defined by

Fe () =F(e)={<u,A(e) n(e) >VueU,eek},

F;g,<e)= F(g)={< Ay (w).45 ) >Vuel.g ek }

© Under License of Creative Commons Attribution 3.0 License
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Where,

AL (w)={<u, [1-T,, (W) 1-T, (W], [I- T, (u) 1=Taey (WL Fie (0) 1=Fi, (u] >, VueUy,
7“; (w)={< uyl_Txl(ei)(u) 1_1?»1(30 (v) I_Fxl(ei)(u) >, VueU}
Some properties of P-union and P-intersection

[

ﬁUP

K1 K2 = (}K2 Ur FK1

FKlmPGK2= GszP K1

jesld

Proof 1:

1~:K1 e (N}Kz = ﬁKS where K, =K UK,
H(g)=F(e).e<cK,~K,
=Ge)ifecK, K,
=F(e)v+Gle) T ecKiNK:

Here,
F(e,)\/p G(e,):{< u,rmaX{Ael (u) B, (u)}, rmax {i) (1) Aoy (u} > VuelU,VeeKiN K.}

Gy, wrFy, = Riy»

Ri;=G(e) , if €, € K, =K,

=F(c) ife e K —K,

= Ge)v,Fle) fecK NK,.

G(e) ve Fle) ={< u,rmax{B_(u) A_(W)},rmax{iy (1) riey(u} >VueU,Veek N K.}
={<u,rmax{A_(u) B_(u)},rmax{i,(u) d (0} >Vuel,VeekNK:}
=F(e)wGle) .

Hence the proof.

Proof 2:

SKs = FK] N PGKz

= {<u,rmin{A_(u) B_ ()}, rmin{i (u) rae(u} > VueU,VeeKiN K.}

GKz Mep FK] = Q

K3

{<u,rmin{B_(u) A ()}, rmin{i.c, (W) tie) (U} > VueU,VeeKiN K.}

= {<u,rmin{A_(uv) B_(v)} rmin{n, (w2 (W)} > VueU,VeeKiN K.}

= FKl Ny GK2 .

Hence the proof.

Definition: R-union and R-intersection

Let INJK1 and Gy, be two NCSSs over U. Then R-union is denoted
as IN:K] UR (~}K2 = ﬁm , Where K,=K v Kzand ﬁm . Then R-union
is defined as

Nk, =N(e)=F(e), if e,e K —K,

=G(ei) , if ei € KZ_ Kl

= Fle)v.Gle)- fecK K.

Here F(e,)v. G(e,) defined as

F(e;)\/k C:'(e’)={< u,rmax{Ae‘(u),Be’(u)},rmin{lue‘)(u),lue’)(u)} >VueUVeeK N K,}
R-intersection is denoted as Fo 0eGy, = JK3 where K, e K n

K,.Then R-intersection is defined as:
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TK3 = < u,rmin{Ae’(u), Be, (u)},rmax{/’{l(e’)(u),/’iz(e’)(u)} >VuelUVee K}

Theorem 3

Let U be the initial universe and 1, J, L, S any four subsets of E, then
for four corresponding neutrosophic cubic soft sets F,,G,,H,,T,
the following properties hold

i. If Fc,G,and G.IgPﬁL,thenFIgpﬁL

Proof: F,c.G,=F(c)<G(e)Veellc)

G,cofl, >JcLandG(e)<H(e) Ve el
ecl=eel,sincelc)

Ge)<H(e) V& <!

F(e)<G(e)<H (e)

= Fe)<H(e), Y eelciclL

= Rgl’ ITIL .

Hence the proof.

ii. FcG,then G, c,(F)° ifl=1.
Proof:IfI=) = IcJandJcl

FoG, = IcJand F(e)<G(e) (by definition)
F(e)<G(e) = A(e)=B(e) andi(e)Sh:(e) forallu e U,
Tup®=<T, 0T @sT, @1, =1, @[, w1,
F;le’)(“)z F;<e,)(u)’F:“E.>(u)2 F;(e’y(u)and

Tisce (W) S Tkz(en(u) Lo (W) 2 I?Q(ei)(u) Foen (W) Fmi,(u)

(FI)C = {<u’ A; (U.) }\'Cl(ei)

+

(u) >»VueU,eel} where
o M= L 1= L1= F (1= @] YueU},
N,(ei) (w) ={<u,1- T,ep (W) 1= Ty (W) 1=Fyp (W) >, Vue U}

And
(GJ)° = {<u, Bzi (w) Nz(e” (u) >:VueU,e.eI}l where

4, (u)={<u,[1—T;( (@.1-T
4 i

B @=i<uwll =T, @.1=T, @L0-],, @1, @HI=F,, @1, @]>YueU},
N, ) ={<u,1-T, () I=Toy (u) 1=Fryey () >, Vue U}

NOW, T (W)€ Ty, (W) => =T, (W)= =T, (u)

Adding 1 both sides we get, 1-T, ., (u)21-T,_ (u),

Similarly, 1-T; _ (u)>1-T;  (0),1-I; (W) <1-T; (u) 5

I-T,, (W <1-L, (w),1-F, () <1-F,  (u),

1-F, (W) <1-F,  (u) (1)
And,1-T, (W) 21-T,  (u),1-L (u) < 1-T_  (u),
I_Fxl(en(u) < I_Fwep (u) (2)
&(2)= G, c(F) sincelcl.

Hence the proof.

Theorem 4

Let l~3I be a NCSS over U,

If lNﬂ is an INCSS then Fi is also an INCSS.

If F, isan ENCSS then ¢ is also an ENCSS.

2017

ISSN 2393-8854 Vol.4No.2: 14

Proof

i <u,A,(u) A (u)>:VueU,is an INCSS,

Ty (W) ST (W) S Th (0),

Ly (W) S Ly (W) STi (0),

Fiiep (W) <Fyp (W) <Fiy (1), Yueu, Veel

Now, 1-T,  (u)21-T, . (W)= =Ty, (u),
1-T, o, (W) ST=Ly ) (W) 1= i (w),

1= Faey (W) S1=Fyp (W) S=Fi(y (W) yue U, Veel

= Fi isan INCSS.
ii. For F,,an ENCSS, then

Toep (W) &(Taen (W) Thep (W) |
Ill(ei)(u)g(rl‘(ei)(u) I:r\(ei)(u) )

Firen (W) & (Facep (1) Fay (1) ,Vue UV eel,

and 0 <Ti ) (W< Ti (W1, 0 <Ly (W< (W1, 0 <Fig, (W) < Fae, (W) <1 -
= T ®S<T g @or Ty (2T, @

= [, s [;(ev)(u)or 1= ];(2‘)(1‘):

= F, WsF o F, 2F, w ¥V UE& Uvecel

= 1-T, @=1-T,, worl=T A,(g,)(“)SI‘TZ(e.)("{

= 11, 2], wor 1=1, wsI-I,w

= l—FMe’)(u)21—F](ev,(u)0r 1—Fﬂ"2v,(u)S1—FZ(e})(u)

Thus,

(1-T,, (W) &(1-Taep(w) A-Tiey(W) » (A-T, (W) g(-Tig(w) (I-Tie ()
and(1-F, () & (1 -Fiey (W), 1 =Fiy(0)) Vue U VectVue U,ve €l
Hence F, is an ENCSS.

Theorem 5

Let F and (N}J be any two INCSSs then

F, Ur G, is an INCSS.

F, e G, isan INCSS.

Proof
Since 1N3Iand (~}J are INCSSs, so for | we have
1

Triep (W) STy ep (W) S Thep (1) ,

Taep (W) STy () ST (0)

Fap (W) <Fi) (W) <Fi,(u), forallue U, e el

Also for GJ we have

Tace (W) S Tr e (W) S Tigep (1),

T (W) STy ) (W) ST (W),

Fé(en(u)Ssz(ei)(u)SFE(ei)(u) ,YueUandV e el

Now, max(T;,(u),T s (}smaxiT, )., @}<max{T, .T,, )
max ([ 0. ], @}smac{f, @], @smax{[ @], )

max {0, [ (O} Sma U (), 3 smax (T . VU E U Y e e T U

4 This article is available in: http://www.imedpub.com/global-journal-of-research-and-review/archive.php
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Now by the definition of P-union 1?I Ur G, is an INCSS.

F .~ G,=Hx, whereKe I nJ,

ii. Now, fi, =F(c)A-G(e) and by definition,

Fe)arGle) ={<u,rmin{A.; (1) Be(u)},rmin{i (u) A (u)} > uel,eeK}
Since (Nijand (~}J are INCSSs then we have for f:l , ’
Tara (W) STy (W Thi (8) Ty (W) STy (W) ST (W)
F’Mei,(u)SFn(ep(u)SFZ(ei)(u)’ VueU Vecl

And for G,,

Taen (W) S Toa e (W) STiee (W)

Lnep (W) STz ) (W) ST (0)

Fé(eg)(u)SFKZ(ei)(u) SFE(ei)(u) , Yuu U, \vd ei el
= min{T;(e')(“)’T;(e‘)(“)}Smin{T;,(e’)(”)’T;.ue’)(”)}Smin{T;(el)(“)’T;(e‘)(“)}

min{/, (@.],, @ismin{], ., @}<mini] @.]}, @}

Ale) (e)
min{F, @, F,, @i<min{F, 00, F, @}<min(F, 0. F,, 0} ¥ e eK.

’ ' ' ! ‘ ' 1
Hence Hk isan INCSS.

Theorem 6
Let F, and G, be any two INCSSs over U having the conditions:

max{T, @ T, @ismin{T,  @.T, )}
max { ] ;<e})(u): 1)@y smin{f, @.], @iand
max {7 00, 7y, 3 <min{F, ). F, (0} V€ € InJ, YueU.
Then R-union of F,and G, is also INCSS.
Proof
Since F, and (N}J are INCSSs in U.
So for 1N7I , we have
Tacep (W) <Ly (W) STap (W) , Lacep (u) ST (u) ST (u) ,
Fatep (W) SFiy e (W) SFi (1) ,VueUVecel
Also for (N}] we have
Thep (W<TH, (&) ()< Thee (u) ,
Totep (W) ST o (W) STy (1) ,
Fatep (W) S Fis ) (W) <Fiep (1) ,VueUyecel
From F and G, we get
T g T g 0 ST 0 Ty (00}
min{[ll(e,)(u),[Me')(u)}ﬁmaX{]:(el_)(u),[;(e’)(u)} and
min {7, 0., @i smax {F 60, FL o 01 Ve e K
Also given that max{T", ), T, @}smin{T", @).T, @},
max{[ ), [, @i <min{f, @).], @)}and
max {7, (0 @h<min{ 7, ). F, @} Veelnl, YVueU.
Now, F,uxG,=1, whereK=IUJ and
H, =F(e),ife e I-.

© Under License of Creative Commons Attribution 3.0 License
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=G(e) , if € € I,
= Fe)v,Gle) if e,clnJ.
Her F(e)v. G(e,) defined as

F(ei)\/k G(e,):{< u,rmax{Aev(u),Be‘(u)},rmax{ﬂ (u),lz(e’)(u)},Vu eUVeelnlJy,

()
Since F, and G] are INCSSs so from the given condition and
definition of INCSS we can write,

max{A;v(u),B;’(u)}Smin{l“e})(u),j’z‘e’)(u)}Smax{A;(u),B;(u)}’ Vee InJ,vueU.
Ife e 1-Jore eJ-Ithen, the resultis trivial.

Thus F,u G, is an INCSS.
Theorem 7

Let F and G, be any two INCSSs over U satisfying the
condition: rmin{4, . B, (}z rmax{,, . 1,,@},V e elnl, v ueU.

Then F, A« G, is an INCSS.

Proof

Since F, and CN}J are INCSSs in U,

we have, T ., (W) <Ly ) (W) T (W), Tnen (W) Sy (W) STy (0)
and Faep (W) <Fy (W) <Fie(u),Vue U, Vecel

Also for G, we have, Ts(ep (1) < Tos o (W) S Thiep (1),

Loy (W) =Ty ) (W) <Ti(u) and

Fa (U)<Fy (W) <Fia(v), VUe U, /e el

= min{4, @), B, wismax{], )4}, also F ~G =f,, where K
=1nJand F, G, =F(e)nG(e)- if €€ 1N, then F(e) neG(e)
defined as

Fle)mG(e)= {< u,rmin{A_(u) B_(u)},rmax{u, (u) rx (W)}, VueU,VeeK }.
Given condition that 7min{ 4, (), B, ()} rmax{, (), 1, ()},

vV eelnly uel. Thus from given condition and definition

of INCSSs
rmin{ 4, (), B, }<rmax{}, @), A, (0} <rmin{4 @), B, @)}

Hence F, G, isan INCSS.

Theorem 8

Let F and G, be any two ENCSSs then
F,Ur G, is an ENCSS.

F, e G, is an ENCSS.

Proof

Since IN:I and are ENCSSs, we have
Taae,)(“)*(Ti<e,)(”)’T3<e,)<”)), L.(g)(")ﬂl}(e,y(")’ll(e,)(")),
Fu (W)€ (Fa (W) Fag(u) » VUE U, Ve el
and 0 <Ta, (W) < Tie (W1, 0 < (W< (W1, 0 <Fr gy (W) <Fage (W) <1
= Tae T e T 02T ig®

= Iﬂ,(e,)(")31;<g,)(")or IA,(g,)(")ZI.;(e,)(“)

= F o WSF i @or FMe,)(“)ZF;te,)(”), Yuel vy ecl
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= max( 4, (0 A, (0} #lmax{ 4, @), B, @}max{ 4, . B}, €, € 1 N,V ue U.

Now by definition of P-union, F,u»G,=H.,Where K=I1UT

He =Fee), ifve el-l.

=G(e), ifVe el-I.

=F(e)v» G(e), if YV e €N

Here F(e)v.G(e) defined as

T:(e.)\/y G(e‘)={< u,rmaX{AE’ (u) B, (W}, rmax {hi (1) Ao (W)}, forallueUande el T}

Thus F,urG, isa ENCSSsif vV ee I n .

Fore e 1-Jore €J-1these results are trivial.

Hence the proof.

ii. Since F, and G, are ENCSSs, then

YR OEIVIRON S I S SN S CUN

F o @2(F 0.F ), VUE U, Ve el

and 0 <Ta (W) <The (W1, 0 <Ly (W< (W1 and 0 <Fi,) (W) <Fie (0)<1.
= T 0T u,@or T @)= Tfue,»(”)'

= Ly WS, or [, =], ),

= FoW5F o F o 2F,,w, vue U,Vecel

For (N}J , we have

Tiaen (W) &(Tacep (U) Thee (W),

Laep (W) € (Tiep (W) T (1)

Fizep (W) € (Faey (U) Faep (1)), YUue U,V eel

and 0 < T (W) S Tiy (W)=1, 0 <Ly (W) <Tieey (W) 1, 0 <Figey (W) <y (W) <1
=T lz(e"(u)ST;(e"(u)nr T Al(e’)(u)ZT;e})(u)’

= L)Ly @0r )02 [ @)

= F o WsF,,wor F,  w2F, w, ¥UE U,v e e |

= min{d,, (0. 1., @) elmini4, (0. B, @} min{ 4,0, 8,0}, Ve e ln)vueU

Now, by definition of P- intersection ¥ ~,G,=fi., where K=1"J,
we have

F G = Fen G, ifeeln)

Here F(e)v.G(e) defined as

F(e)ar Gle)={< u,rmin{A () B (w)},rmin{i, (0) e (W)}, Yu €U, Ve eln T}
Thus F ~, G, is an ENCSS.

Theorem 9

Let F, and G,be any two INCSSs in U such that
min{ﬂue )(u),ﬂﬂe @} Smax{A;(u),Bé(u),veleI,Ve',eJanquEU,thenﬁ'lukéjis an ENCSS.

Proof:

Since F, and G,are INCSSs in U.

we have, Tae) (W) STy (W) STi (0),

Ty (W) Sy (W S Th (),

Fatep (W) <Fy ) (W) <Fi((u), Vuel,vVecel
and T (W) STy (W ST (1),

Inep (W<1, ) ()< s (),
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Fg(ei)(u)SFM(ei)(u)SFE(ei)(u) , Vuel, v €€ J.
Since, Fiux G, =i, Where K=TUJ

fic=F(e), ifVeel-l.

=G(e),if Ve el-1.

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

Here F(e) v« G(e) defined as

Fle)vi Gle)={< u,rmax{A_(u) B_(u)},rmin{i, (1) s (u} > VueU,VeelnJ}
Given condition is min{, , ). 4, ()} <max{ 4, ). B, @), Ve,c1.Ve e and VucU.
= min{ ], . Ly, (0} & maxi 4, @). B, (w)}.max{ 4, ). B @)})

Hence F,ur G, isan ENCSS.

Definition

Let F,= F(e)={<u,A«, (1) h,(u)>VueU,Ve el} and

G= Gle)={<U,Bi(U) hay(u) >VueU,Ve ]} are two
NCSSs in U. We defined new NCSSs by interchanging the
neutrosophic part of the two NCSSs. We denoted its by

i, ,G, and defined by f={<u,A(e) r.(e) >VueU,eel},
G,=1<u,B(e) n(e) > VueU,e €J} respectively.
Theorem 10

131 and G, are ENCSSs and 1:“I and G, are INCSSs in U. Then
F,wr G, isan INCSSin U.

Proof

Since F,= {<U,A«, (1) h(0) >VueU,Ve el} and
G, ={<U,B;) (1) Az, (n) >VueU,Ve €]} are ENCSSs,
we have

For F,

Tll(ev(u)f(’r:‘*(ei)(u) T:\(eﬁ(u) ’

Liycep (W) € (T (W) Ty (W)

Fuep (W& (Faep (W) Faep(u) , Yueu, Veel

For CN}J

Tratep (W) & (Toiep (W) Theep (W),

Fizen (W) & (Face (W) Faey (1)

Fi e (W €(Faep (W Fiy (W) , Yue U, Veel

and FI: {<u,Aq;) (1) Aoep(0) > VueU,Ve el} and

G, ={<U, B (U) hiy (1) >VueU,Ve el}

are INCSSs, then

T (W) ST (W) STac (W)

Liep (W) ST (W) S Ti () ,

Faen (WSFue (W<Fie (W), Vueu, eel

and Té(ei)(u)STM(ei)(u)STE(ei)(u) ,

Toiep (W) STy (W) STy (1)

Fﬁ(ei)(u)SFxl(ei)(u)SFE(ei)(u) ,Yuel,VY g€ J. By the

6 This article is available in: http://www.imedpub.com/global-journal-of-research-and-review/archive.php
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definition of ENCSSs and INCSSs all the possibility are as under:
@), T ST g ST ST -

Lo (W) S T (W) STy e (W) STy (W),

Futep(4) < Fap (W) SFi o (W SFi(u), Vue U, Ve e l.
i(b). Tuzep (W) < Tagep (W) SToy e (W) STiiey (1),

Imei)(u) < Ioeep (U)SIM(ep(u)SFB(ei)(u)

Fizep (W) < Foep (W SFip (W) <Fiy (W), ¥V ue U, v eel
ii(@). Tae) (1) < Tiyiep (W) SThiep (W) S Tyyep (W)

IX(ei>(u) STy (u)SrA(ei)(u)Sle(ei) (u)

Facep (W) S Fpliep (W SFi) (W) SFy i (u) Ve elLVuel.
ii(b). Taep (W) < Trep (W) STy (W) S To e (1)

Tniep (W) < Ly ep (W) ST (W) <Ly (W)

Faep (W) S Fiyep (W) SFiep (W SFi (W) e el, yueU
iii(a). Tmei)(u) < T_A<ei)(u)STM(ei)(u)STz(ei)(u)

Lep (W) S Taep (W) ST (W) STiep (1) )

Fiiep (W) S Faiy (W) SFiyp (W) SFi e (W), v eclandVueU
iii(b). Té(ep(u) < TM(ep(u)ST§<ei>(u)Ssz(ei)(u)

Incep (W) < Ly o (0) STy (W) <Ly ) (1)

Fae) (1) < Fot (W) SFiiep (W <P ) (W) v eciVuey,
iv(a). Tawe) (W) < Ty, iep (W) SThe) (W STy (1)

Trien (W) < Tiyiep (W) ST (W <y (W)

Faiep (W) € Fiyie (W) <Fiiep (W) <Fyy (1), Ve €L Vu e U.
iV(b). Toy e (W) < Toiey (W) S Top ey (W) S Tie (0)

Lz e (W) S Loy (W) STy (W) STicep (1),

Fizep(0) < Faoy (WEFoy o (W) <Fi(p(U) , Vue U, ¥ ecl
Since p-union of F,urG,=H,,where C=TUJ.

F,urGi=F(e) ife e l-)

=G(e).if eel-l

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

Here F(c)v.G(e) defined as

Fle)vs Gle)={< u,rmax{A_(u) B_ (u)},rmax fi (u) 2 ()}, Vu eUandVeeln I},
Casel

If 71 =F(c), if & € =), then from i(a)., and ii(a). We have

© Under License of Creative Commons Attribution 3.0 License
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Trep (W)= T (W)
B (W)= T (W) 5 Py (W)= Faig () and Ty (W) = Th e (W),
Lo (W)= Tiep (1) , Fup (W)= Fap (1) , V e e land V u € U.
Thus
Tacep (W) STy (WS Thp (1) ) Tniep (W) Ly o (W) STaey (W) )
Fiep (W) SFo e (W) SFi (1)
veelvuel.
Case 2
H. =e€J-1,if ¢,eJ—1 then fromi(b) and ii(b). , we have
Tizen (W)= Toep (W) ,
Ime”(u): Ig(ﬁ)(u) » Fiy (ei)(u): FE(ep(u) and
oo (W) = Thi (1) + B2 (W)= Ty (W)
Fiep(U)=TFi(1) ,VeelVueU. Thus
Taiep (W) SToa e (W) STy (U) , L) (W) STy ) (W) STie) (U) )
Faep (W <Foy e (W) < Fi (1) »
Veel-Iyyuel.
Case 3
ﬁc =F(e)v,G(e) if e,€1nJ , then from i(a) and i(b)., we have
Tatep (W) ST (W) S Thy (W) Taiep (W Ly (W) STaep (W)
Fue (W) <Fuie (W) <Fie)(u) /€, € ),V ue Uand
Titep (W) STz (W) SThe (1) ) Tatep (W) Lz (W) S Ti e () )
Focep (W) <Fraiey (W) <Fi oy (1)
Veelyuel
Hence, ife € I n J, then
max {A; (u) B; ()} < (e (W) V o (1)) <max {A; (u) B (u)}
in all the three cases.

F,Ur G, isan INCSS in U.

Conclusion

In this paper we have defined some operations such as P-union,
P-intersection, R-union, R-intersection for neutrosophic cubic
soft sets. We have also defined some operation of INCSSs and
ENCSSs. We have proved some theorems on INCSSs and ENCSSs.
We have discussed various approaches INCSSs and ENCSSs. We
hope that proposed theorems and operations will be helpful to
multi attribute group decision making problems in neutrosophic
cubic soft set environment.
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