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Abstract

In this paper, we propose that the complex neutrosophic cubic set (internal and external) show, which is a blend of complex
fuzzy sets, neutrosophic sets, and cubic sets. We characterize a few set theoretic activities of internal complex neutrosophic
sets, for example, union, intersection and complement, and a while later the operational principles. A few ideas identified with
the structure of this model are clarified. We present some accumulation administrators and talk about some basic leadership
issue with genuine model.
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Introduction

Introduction consists of three subsections as by:
Fuzzy sets and its different versions

In 1965 Zadeh [1] first introduced the fuzzy set (FS) the-
ory. After that [2,3] Atanassov proposed the intuitionstic
fuzzy set (IFS). Atanassov included a non-participation
work in intuitionistic fuzzy set to diminish the weak-
ness in which the fuzzy set has just enrollment work.
Smarandache [4] in 1999 define the theme of neutrosophic
sets (NS). In neutrosophic sets (NS), Smarandache added
indeterminacy-membership function, i.e. NS is composed of
(truth truth(ly1), indeterminacy in det er minacy(l;1) and
falsity-membership False(l11). Moreover, the neutrosophic
sets (NS) are the combination of fuzzy sets (FSs) and
intuitionstic fuzzy set (IFSs). The idea of single valued
neutrosophic sets is given by Wang et al. [6]. Yet, in
many real-life problems, the degrees of truth, falsehood,
and indeterminacy of a certain statement may be suitably
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presented by interval forms, instead of real numbers [7].
Multi-criteria basic leadership strategy which depends on
a cross-entropy with interim neutrosophic sets talked about
by Tian et al. [8]. Furthermore, Jun et al. [9] proposed the
concept of neutrosophic cubic set (NCS) by adding (truth
truth(ly), indeterminacy in det er min acy(ly1) and falsity-
membership False(l11) and neutrosophic set and (truth
truth(l1), indeterminacy in det er min acy(ly1) and falsity-
membership False(l11) and neutrosophic set. Neutrosophic
cubic sets (NCSs) which are the generalized form of fuzzy
sets, cubic sets and peutrosophic sets. Different researchers
used the fuzzy sets and extended version such as neutro-
sophic set, single-valued neutrosophic sets neutrosophic soft
sets and neutrosophic refined sets in decision making prob-
lems with the help of aggregation operators for detail see
[10-15].

Complex fuzzy sets and its different versions

Buckly [16] for the first time gave the concept of fuzzy com-
plex numbers, see also [17-19]. In 2002 the Ramot et al.
[20] generalized the concept of fuzzy set and introduced the
notions of complex fuzzy set. In contrast, Ramot et al. [21]
displayed an imaginative idea that is entirely unexpected
from different analysts, in which the researcher expanded
the scope of participation capacity to the unit circle in the
complex plane, different from the idea of other researchers.
Moreover to leads a unique collaboration, or dependency,
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between rules, which is improved by the use of vector aggre-
gation in the inference stage of complex fuzzy logic sets.
These problems may be very hard or difficult to solve using
old techniques of fuzzy logic. There are numerous special-
ists which have dealt with complex fuzzy set, for example,
Nguyen et al. [22] and Zhang et al. [23]. Abd Uazeez et al.
[24], added the non-membership term to the idea of complex
fuzzy set which is known as complex intuitionistic fuzzy sets,
the range of values are extended to the unit circle in complex
plan for both membership and non-membership functions
instead of [0, 1]. The concept of complex intuitionistic fuzzy
set introduced by Salleh [25,26], which are the generalized
form of complex fuzzy set. By the use of complex fuzzy
sets different developing systems utilized by neutrosophic
sets in present time for better designing and modeling real-
life problems. To overcome the information of periodicity
and uncertainty at the same time which is related to ‘com-
plex’ functionality. Naveed at al. [27] examined the uses of
complex intuitionistic fuzzy charts in cell organize supplier
organizations. Additionally observe the possibility of com-
plex intuitionistic fuzzy charts by Naveed and Akram [28].

In recent times, Ali and Smarandache [29] introduced
complex neutrosophic set, which complex neutrosophic set
is a neutrosophic set whose complex-valued truth member-
ship function, complex-valued indeterminacy membership
function, and complex-valued falsehood membership func-
tions are the combination of real-valued truth amplitude
term in association with phase term, real-valued indetermi-
nate amplitude term with phase term, and real-valued false
amplitude term with phase term, respectively. The complex
neutrosophic set is a general structure of the various existing
models, see [30,31].

Our approach

In this paper, being motivated from the idea of complex fuzzy
sets which sums up the fuzzy sets, we propose the com-
plex neutrosophic cubic sets (internal and external), which
is a mix of complex fuzzy sets, neutrosophic sets and cubic
sets. We characterize a few set theoretic activities of com-
plex neutrosophic cubic sets (CNSs), for example, union,
intersection and complement, and later the distinctive opera-
tional laws. Likewise disclosed a few ideas identified with the
structure of this model. We present some collection admin-
istrators and talk about some basic leadership issues with
genuine precedent.

Preliminaries
In this segment we gathered a portion of the helping material

from the current writing.
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Definition 1 [4,5] Let L be a non-empty set. A neutrsophic
set in L is a structure of the form M| := {l11; Niyrurn11),
NRirndeter (11), R1Faise(l11)|l11 € L}, is described by truth,
Indetermacy and False, where Ni;uh, Riindeter
NiFasse 1 L — 07, 17

Definition2 [6] Let L be a universe of discourse, with
a general element in L denoted by /1;. A single valued
neutrosophic set Ny in L is defined as follows:

N = {1 Rrwen@11), Rgndeter T11), Rip i)l € LY,

where N1;,,:5 denote the truth, N7, get o denote the indeter-
mancy and N1 r45. denote the falsity-membership function.

For every /11 in L, we have R yyun(l11), Nirndeter U11),
RiFarse(l11) € [0, 1], and 0 < Rygpurn (11) + Rirndeter (1)
+ NiFarsein) < 3.

Definition 3 [6] Suppose /1] = (truth,indeter;, false;)
and [y = (truthy, indetery, Falses) are two SVNNSs, then
their operational laws are defined as:

1. The compliment of [ is Ii1 = (False;, 1 —indetery,
truthy).

2.1 @y = (truth1 + truthy — truthitruthy, indet
erjindetersy, False; Falsez).

truthy.truthy, indeter; +indeter

—indeteriindeter,

Falsey + Falsey — False| Falsey

4. nly = (1 — (1 — truth))", (indeter)", (Falsel)"),
n > 0.

5.0 = (Gruth)",1 — (I —indeter))",1 — (1
— False;)"),n > 0.

3. ®lp=

Definition 4 [16] Let U % & an NCS in L is defined
in the form of a pair Q = (9, N2), where N =
(A 7wy Mgy MiFaayy) | 1 € lntis an
interval peutrosophic set in /11 and %2 = {(l11; Rorrurnayy) s
Rotnday,)» MaFatseqr)) | 111 € 111)} is a peutrosophic set in
I1.

Definition 5 [30] A complex peutrosophic set is defined
on a universe of discourse U/ , is described by a truth
membership (Truthg(l11)), an indeterminacy membership
(Indeters(l11)), a falsity membership (Falses(l11)), and
assigning a complex-valued grade of Truthg(liy), Indet
ers(l11) and Falseg(l11) in S for any /1] € U. The val-
ues Truths(ly1), Indeters(ly1), Falses(l11) and their sum
may all be with in the unit circle in the complex plane, and
so it is of the following form:
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Truths(li1) = ps(lll)_eil/«s(lll)’
Indeters(iy) = g5 ()€™,

Falses(l11) = rs(11).e' "),

ps(l11), gs(l11),rs(l11) are respectively real values where
ps(11), gs(l11),rs(l11) € [0, 1], and s (I11), vs(L11), ws(I11)
€ [0,2x], such that the following condition is satis-
fied: 0 < ps(l11) + gs(l11) + rs(l11) < 3. A complex
neutrosophic set S can be represented in set form as: S =

{(111, Truths(l) = STruth, Indeters(111)> el

= Sindeter, Falses(l11) = SFaise
where Truths : X — {sTrun @ STruth € N3|87run! < 1},

Indeters : X — {Sindeter : Sindeter € N3|Sindeter| < 1},
Falses : X — {SFaise : SFaise € N3|SFaisel < 1} and
0 < |Truths(l11) + Indet ers(l11) + Falses(l11)| < 3.

Complex neutrosophic cubic sets (CNCSs)

In this segment we start the investigation of new kinds of
neutrosophic sets known as complex neutrosophic cubic sets
which is the mix of complex sets and neutrosophic cubic sets.

Definition 6 A complex npeutrosophic cubic set is defined on
auniverse of discourse L is described by a truth membership
function (Truthzw(l11), truthzw(l11)), an indeterminacy
membership function (In deterzn(l11), indeterzn(I1) )), a
falsity membership function (FalseZN (1), falsezn (13 )),
and assigning a complex-valued grade of (Truth zv (1),
truth zn (111)) , (In deterzn(l11), indeterzn (111)) , and
(Falsezn(11), falsezn (1)), in ZY forany Ij; € U.

The values (TruchN (1), truth zn (11 )) , (In deterzn
(l11), indeter zn (111)) ,

(FalseZN (l11), falsezn (111)) and their sum may all be
with in the unit circle in the complex plane, and so it is of the
following form:

(TruchN(lll), truth zn (111))

= (PZN(ZII)-ejﬂZN(l”), PzN(l11).ei/‘zN<111>),

(In deterzn(li1), indeterzn (111))
— (QZN(ZH),eﬂZNum’ qZN(lll).eiva(l”)) ’
(FalseZN (i), falseZN(lll))

= (RZN(ZII).E'iCbZN(ZII), rZN(111)~eisz(l”)> ,
where

(Pznv (i), pzv(11)) . (Qzv(11). gz (1))
(Rzn (), rzn (1)),

are respectively real values and

(Pzn (). pan () . (Qzv (). gzv ().
(RZN(IH),er(ll])) € [0,1],

where

(zv i), pzv 1), (Dzv (1), vzy (i),
(@zv (D), wzn 1)) €10, 27].

In set form the complex peutrosophic cubic set ZV can be
represented as

ZN
_ l11, Truth zn(l11), Indeterzn(l11), False zn (I11), el
- truth zn (I11), indeter zn (1), falsezn (11) S

Example 1 A complex peutrosophic cubic set is defined on a
universe of discourse L, is described by a truth membership
function ([0.3, 0.4] ¢/710-4.0.51 (O.Sej”0‘4)), an indetermi-
nacy membership function([0.4, 0.5] /(03071 0.6/ 704

a falsity membership function ([0.4,0.6] /7104071,
(0.6¢/79-3)), and assigning a complex-valued grade of
([0.3, 0.4] /7104031 (0 5¢/704))  ([0.4, 0.5] €/ 710-3-07],
(0.6e/704)) | and ([0.4,0.6] &/ 104071 (0.6¢/70)), in
ZN for any [1; € L. Then, the complex neutrosophic cubic
set ZV is given as follows:

ZN _ {(([0.3, 0.4] e/m04031 (0.5¢/704)) | ([0.4, 0.5] /7103071 (0.66/704)) , )}
- 0.

(10.4,0.6] e/

4,0.7] , (O.6€jn0'5))
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bes Shens ) Springer



Complex & Intelligent Systems

Definition 7 A complex peutrosophic cubic set

ZN
_ I, Truth zv (l11), Indeter zn (I11), Falsezn (111), el
B lrutth(l“),indeterzlv(ln),falseZN(l”) S

in U is said to be
1. Truth-internal complex neutrosophic cubic set (TIC-
NCs) if the following is hold (V1] € X) (Truth;,,\, (1) <

truth zn(In) < Truth (111)) and (V11 € circU) (M;N

(1) < pgnv(n) = M};,N(lu)).
2. Indeterminacy-internal complex peutrosophic cubic set
(IICNCs) if the following is hold (VI € circU) (Indet

ergy (I11) <indeterzn(l11) < Indet ergN (lll)) and (Vi
€ circl) (v () < vzv i) = vEy ().

3. Falsity-internal complex neutrosophic cubic set (FIC-
NCs) if the following is hold (Vi1 € circU) (False;,N (l11)

< falsezn(l11) < False}N(111)> and (Vi1 € circU)

(w%N(lll) <wzn(in) < 0k, (111)> .

If a complex neutrosophic cubic set (CNCs) satisfy 1, 2,
3, then it is said to be internal complex neutrosophic cubic
set (ICNCs).

Definition 8 A complex neutrosophic cubic set

ZN
(1, Truth zv (1), Indeter zn (I11), Falsezn (I11), el
- truth zn(l11), indeter zn (l11), falsezn (l11) -

in /11 is said to be
1. Truth-external complex neutrosophic cubic set (TEC-
NCs) if the following is hold (VI € circU) (truthzzv (I11)

¢ (Truzh;.N(z”), Truth:%N(ln)» and (V11 € cireU)
(rzv@) ¢ (ze ) nZu @)

2. Indeterminacy-external complex peutrosophic cubic set
(IECNCs) if the following is hold (VIj; € circU) (in det

eran(liy) & (In deter, (1), Indeterty (111))) and (V1

€ circU) (vzx () ¢ (v (), Vi (D) )
3. Falsity-external complex neutrosophic cubic set (FEC-
NCs) if the following is hold (V] € X) (falseZN () ¢

(FatseZ ). Falseby (i) ) and (V11 € X) (@zx (1)
¢ (w;w(lll),w;v(ln))).
If a complex neutrosophic cubic set (CNCs) satisfy 1, 2, 3

then it is said to be external complex neutrosophic cubic set
(ECNCs).
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Definition9 Let

Ny
_ (111, Truthgy, (I11), Indetery, (I11), Falseml(ln).) el
truthy, (I11), indetery, (I11), falsey, (I11) '
and
Ny

)l Truthy, (I11), Indetery, (l11), Falsey, (I11), el
N truthy, (I11), indetery, (I11), falsey, (I11) o

be two complex neutrosophic cubic sets (CNCSs). We define
1. The complement of 1, denoted as R3(N1), is specified
by functions:

Truthg,m,) (1) = P.‘Ytg(?)tl)(lll)-ej/lmg(ml)(l11)

— le(111)_61'(277—11»:1(111))

Indeterg, ;) (11) = Qﬂh(ﬂt])(111).61-65“3(”{1)(1“)

= (1 - Ow, (1)) e/ (= (1)

Falsey, @iy (1) = Rusony) (111).¢/ a0 0

— Pml(111)_61'(277*5»“‘1(111))

j g (o) (
truthysn,) () = pﬂi3(§)t1)(111).€]'U"“3(-“1)( 1)

o, (111)_ej(2”_“f7‘1 )

; e
indeterg, o) (11) = f]&7t3(5)t1)(l11).3”-“3("‘1)( 1)

= (1 —gw, (D) &I = ()

o )
Falseyy @ (11) = rasen ().’

= pyy, (I11).¢7 C7=em ()

2. M € Ny if, (1) Truthml(ln) < Truthmz(lll) such that
Py, (l11) < Py, (1) and figy, (1) < fige, (1),

(ii) Indetery, (I11) > Indetery,(l11)

such that Qg (I11) > Ow, (l11) and by, ([11) = Ve, (1),

(iii) Falsey, (I11) = Falsey,(11)

such that Ry, (/11) > Ry, (/11) and dw, (I11) > @, (1),

(iv) Ty, (1) < Tow, (L11)

such that pg, (l11) < pa, (l11) and g, (1) < g, (11),

(v)indetery, (l11) > indetery,(l11)

such that gg, (/1) > got, (I11) and vy, (I11) = var, (1),

(vi) falsey, (I11) = falsen,(l11)

such that ry, (/11) > 7o, (l11) and wg, (1) = ww, (11).

3. The union (intersection) of N| and N», denoted as N; U
(M) Ny and the truth membership function (Truthmlu(m)mz
(l11) » truthgy, Uy, (11)) , the indeterminacy membership
function (In det eryy,unym, (L11) , in det ergyun)n, (111))and
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the falsity membership function (Falsegy,uym, (11).
falseg,uinym, (l]])) are defined as:

Truthy, vy, (1)

= [Py, (1) V (A) Py, (1) ] ed (B (Vg (1)
In deterg,uym, (11)

= [ Qo (1) V (A) Qupy (1)] o (B 10V )
Falsey,unym, (l11)

= [Rot, (111) v (A) Ry, (111)] ¢ (P G0V, ()
truthg, iy, (1)

= [por, (1) Vv (A) pa, (1) ] el v (e ()
indetery,umn, (1)

= [gn, (1) v (A) g, (1) ] /O v )
falseg,uiym, (1)

— [7’3)\‘1 (1) V (A) iy, (111)] 'ej(wml(lll)v(/\)wmz(lu))

where V = max and A = min.

Definition 10 Let

Ny

_ | ( hns Truthgy (L), Indetery, (1), Falseml(lll),> el
truthg, (I11), indetery, (I11), falsey, (I11) ’

and

Ny
_ {(111, Truthgy, (l11), Indetery, (11), Falsemz(lu),> e f]}
B Ty, (I1), in deterg, (l11), falsey, (l11) S

be two complex neutrosophic cubic sets (CNCSs) over U.
The union of | and N, is denoted as follows: H| U Ny =

Truthg,us, (1)
= [inf Truthgy,um, (1), sup Truthg, s, (1) ]
e TOR Uy (1)
Indet ers, U, (I11)

= [inf Zy, s, (1), sup T, us, (1) |

_e/'m/}:nlumz(lll)
Falsegp,un, (1)

= [inf Falsegy,um, (111). sup Falseg,ug, (111)]

.ejﬂ(/;ﬂilumz(lll)
Truthy,um, (111)

= [inf g, U, (L11), sup g 09, (L11) ]
el um, (1)

indeterg,un, (l11)
= [inf in det ergy, s, (1), sup in det erg, ugi, (111) ]
eI oy (i)

falsey um, (1)

= [inf falsey,um, (1), sup falsey,un, (11)]
el TP ()

where

inf Truthgy,un, (1)
= v (inf Truthy, (1), inf Truthy, (11)) , sup Truthy,un, (1)
=V (sup Truthy, (I11), sup Truthg, (l11))
inf In det ery,um, (111)
= A(inf In detery, (I11), inf In detery, (/1)) , sup In det ers, us, (11)
= A (sup Indetery, (1), sup In detery, (I11))
inf Falsey,un, (l11)
= A (inf Falsey, (I11), inf Falsey, (111)) , sup Falsey,umn, (1)
= A (sup Falsey, (I11), sup Falseg, (11))
inf truthy,un, (1)
= v (inf truthy, (1), inf truthy, (1)) , sup truthy, o, (1)
=V (suptruthy, (I11), sup truthg, (11))
inf in det erg,um, (11)
= A (inf indetery, (I11). inf in det ery, (1)) , sup in det eryy,up, (1)
= A (supindetery, (I11), supin det ery, (I11))
inf falsey,um, (l11)
= A(inf falsey, (1), inf falsey, (1)) . sup falseg,um, (1)
= A (sup falsey, (I11), sup falsey,(11))

Vi € U. The union of the phase terms remains the same.

Example 2 Let

. {(([0.3, 0.4] e/m040:51 (0.5¢/704)) | ([0.3, 0.5] /(03071 (0.7¢/704)) | )}
N1 =

([0.4, 0.6] /7104071 /(0.6¢/70-3))

g

y

bislase cllalae &Y .
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and

where

%y — { ( (10.4,0.5] /(05061 (0.7¢/70-6))  ([0.4, 0.5] /04071 (0.6€/703)) ) }

(10.3,0.5] /7103061 (0.50/70:4))

be two CNCSs, then their union is defined as

N (10.4,0.5]£/m10-2061 (0.7¢170))  ([0.4,0.5] /7102071 (0.7¢/703)) ,
i Ut = (10.4,0.6] 7104071 (0 6¢/705))

Definition 11 Let

N1
_ | (. Truthy, (i), Indetery, (1), Falsey, (1), el
truthgy, (In), indetery, (I11), falsex, (I11) .
and
Ny

_ )l Truthg, (1), Indetery, (l11), Falsegy, (I11), el
N truthgy, (I), indetery, (l11), falsey,(l11) o

be two complex neutrosophic cubic sets (CNCSs) over /1.
The intersection of 911 and > is denoted as N NNy =

Truthg,ng, (1)
= [inf Truthy,nm, (1), sup Truthg, o, (1) ]
TRy (1)
In deterg,nm, (I11)
= [inf In det ery, g, (1), sup In det eryy, g, (1) ]
_ejmﬁmlmmz(lll)
Falseg ngi, (111)
= [inf Falseg,n, (1), sup Falsey,ngi, (1) ]

_ejﬂq;mmnb(lu)

truthgy,ng, (1)
= [inf truthg, o, (L11). sup truthg, qgi, (1) ]
el o, ()
indeterg, nn, (I11)
= [inf in det ergy, o, (1), sup in det ery g, (1) |

el TV ()

falseg,non, (1)

= [inf falsey, g, (1), sup falsey,nm,(11)]
e TOR; o, ()

P4
y

Liglhte cllod ayao .
KACST il o @ Springer

inf Truthgy,ns, (1)
= A (inf Truthg, (1), inf Truthg, (1))
, sup Truthg, o, (111)

= A (sup Truthy, (I11), sup Truthgy, (11))
inf In det erg, N, (111)
= v (inf In det ery, (I11), inf In det ery, (I11))
, sup In detery, g, (111)

=V (Sup Indeterg, (I11), sup In detery, (111))
inf Falsey,ny, (1)
=V (il’lf Falseml (lll), inf Falsemz (111))

,sup Falseg, ng, (11)

=V (sup FalS6m1 (I11), sup Falsemz (111))
inf l‘ruthmlmmz (111)
=A (inf truthy, (l11), inf truthgy, (111))

, sup truthgy, now, (111)

=A (Sup truthg, (I11), sup truthmz(ln))
inf in det ers, N, (1)
=V (inf indetery, (l11), inf in det erg, (l]]))

, sup in det ergy, g, (l11)

=V (supin det ergy, (/11), sup in det ermz(lll))
inf falsegp, o, (111)
=V (inf falsegy, (I11), inf falsemz(lll))
,sup falseg, g, (1)

=V (sup falseg, (I11), sup falsemz(l“))

Vi € U. The intersection of the phase terms remains the
same.
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Example 3 Let Operational rules of complex neutrosophic
cubic sets

R — (10.3,0.41 /7104051 (0.507704)) ([0.3, 0.5] £/710-5:071, (0.7¢/704))
o (10.4,0.6] e/m10:4.0.71 (0.6ej”0'5))

In this section we define some basic operational rules
and which are helpful in the manipulations between the complex
neutrosophic cubic sets.

9 — (10.4,0.5] /7105061 (0.7¢4705)) ([0'4, 0.51 /7104071 (0.6¢/705)) |
o ([O 3,0.5] ¢/710:3.0.6] (()_SejnOA))

then

[ {(10.3,0.4] /704051 (0.5¢i706)) ([0.3,0.5] £dT10407] (0.6¢/704))
?Rlﬂﬂ‘lz—{( ([03 OS]ejjTO ,0.6] (0561”04))

Proposition 1 Ler Definition 12 Let

9Ny T
_ (1, Truthy, (), Indetery, (hn), Falsey, (I11), el

truthg, (I11), indetery, (I11), falsey, (I11) ’ ’

Ny Ny
_ |, Truthy, (1), Indetery, (1), Falsex, (1), Iy e U

truthgy, (I11), indetery, (I11), falsex, (I11) ' ’

N3 o
_ <111, Truthy, (I11), Indetery, (l11), Falsey, (l11) ) el be two complex peutrosophic cubic sets over U which are

defined by

I, Truthgy (In), Indetery, (1), Falsex, (1), el
truthy (I11), indetery, (1), falsey, (I11) A ’

li1, Truthy, (I11), Indetery, (I11), Falsey, (I11), el
truthy, (I11), indetery, (I11), falsex, (11) ’ ’

truthy, (1), in det eryy (I11), falsep, (I11)

(Trul‘/’lml (11), truthy, (111))
= (Truthy, (I11), truthy, (I11))

be three complex neutrosophic cubic sets over U. Then

1. R URy = Ry UN, i (ejﬂ@sw] (111)’ el TN (111)) ,
2. 3? Ny = 5)?2 Ny, (In deterg, (I11), indetery, (111))
3. M UNR =Ny, )
4. 9{1 N gt] — gtl, = (In deter}){l (l]]), in det eryy (111))
5. N UM UNRz) = (N UNy) UMNs, ) (ejm/}m, )| gim¥m, (111)) i
6. N1 N (M NNR3) = (N NNy) N Ns,
7. % U M NR3) = 1 U NR) Ny UNz) . (Falsey, (I11), falsey, (I11))
8. My N (M2 UNz) = (N NNR) Uy NNR3), = (Falsey, (I11), falsey, (1))
9. MU N ) = Ny, ) (ejﬂﬁgml(ln) ejﬂf/Jm'l(lll))
10. S}hﬂ(f}humz)?fﬁl,c ’
1L (R UR)C =%, NNR,,
c C c and
12 (R N9 =9 UNRS,
C
13, (37) =, (Truthy, (hn). truthy, (1))
= (Truthy,(11), truthy,(11))
Proof All these statements can be easily proved. O _ (efﬂd’f’iz i) | gimenm, (lll)) ,
P

r‘//
y

bislase cllalae &Y .
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(I ndetery,(l11), indeterg,(l 11)) The product of the phase term is defined as follows:
= (In det ersy, (I11), in det ery, (111))

. (ej”%ez(ln)’ ejm//mz(ln)) 7 (wmlxm(l“)’ C‘)-‘“lxmz(lll))

_ < (@91, (L)@, (11), Doy o, L11)) >

(Falsey,(I11), falsey,(11)) (i, (L1 @i, (111, w9ty o, (1))

= (Falsey, (In), falsex,(l11)) = (@n, (1D @w, (1), ow, (1) wn, (1))
. (ejnqg'\wl'l)’ ejnm‘z(ll])) . (%tlxmz(lu), Yo, x 0y (hl))
respectively. Then, the operational rules of complex neutro- _ < (I/mel )Wy (1), Yoy oy (0 11)) ; )
sophic cubic sets (CNCSs) are defined as follows: (1//_%1 DY, (L), Yrogy s (1 11))
1. The product of %11 and N>, is denoted as N x Ny, is: _ (me] (111)1/}% @), o, (1), (111))
(T ruthg, s, (1), truthyy, s, (1)) (&mx% (1), ot xons (111))
B <(Trm}éi;il,(éllff)’,fg::l(tlf?;z)(ll1)) ) _ ((dsml(ln)émz(ln), Bty s (111)> )
eI TER ey (1) (¢on, (L1 wm, (1) oy xeon, (111))
' ( el (i) ) = (d;m] )G, (). dony (1) dony (ln))

(In det ergy s, (1), in det erg, s, (1))
Example 4 Let

Ry = ([0'3’ 0.4] /104051, (0.5€jno'4)) , ([0.3, 0.5] ¢/710.5.0.7] (().7ej710‘4)) ’
o ([0.4, 0.6] ¢/710-4.0.71 (0.6ej”0~5))

and

Ny = ([0.4, 0.5] ¢i710-5,06] (0‘7ej7r0.6 ) ([0.4’ 0.5] e/7104.0.71 (0.6e/'”0-5)),
SN2 = ([037 0.5] ejn[0.3,0.6]’ (O.SejnOA))

then

) [ (10.3,0.4] /7104051 (0.5¢/70:6))  ([0.3,0.5] /70407 (0.6¢/704))
N x Ny = ([0'3’ 0.5] £/710-3.0.6] (O'SEjTIOA))

2. The addition of M| and Ny, is denoted as N; + N», is:

_ <(In det ery, (I11), In det erg)gz(l“)) ,)

(indetery, (I11), in detery, (I11)) (Truthy, 4o, (), Truthy, 1o, (1))

e/'m/;:)il*mz(lll)’ Truthy, (I11) + Truthy,(l11)
“\ e, (1) —Truthg, (l11)Truthy, (1),
truthy, (I11) + truthg, (1)

(Falseg s, (1), falses s, (11)) —truthy, (I11)truthgy, (I11)
_ (Falseml(lll), Falsemz(lll)) , ejﬁ5)>7e1+m‘2(111)’
- (falseml(lll), falsemz(lll)) "\ gdmom 4y ()

e/ﬂti;:)il w9y (L11)
"\ TP, ()

Liglhte cllod ayao .
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(In det eryy, 91, (1), in det ergy, 9, (111))
Indetery, (I11) + Indetery,(l11)

—Indetery, (I11)Indetery,(l11), e/”l@:nwnb(ln),
indetery, (I11) + indetery, (I11) |\ e/7¥mi+m (1)

—indeterg, (l11)in det erg, (I11)

(Falsey, 19, (11), falsey, 4o, (1))
Falsey, (l11) + Falsey, (l11)

—Falsey, (I11) Falsey, (I11), eIy (),
falsex, (I11) + falseq,(I11) | "\ /TP (1)

—falsey, (I11) falsex, (111)

The addition of the phase term is defined as follows:

(@91, 4+90, (111), @9t 491, (L11))
_ ((‘bﬂh(lll) + g, (111)

, @9ty +9, (1)) >

(w91, (L11) + o9, (11), @9t 491, (L11))
= (@, (1) + @, (1), o, (1) + ox, (1))

(%twmz (1), Yot 9ty (111)>
_ ((me] (1) + Yo, 11)s Iﬁm.mb(ln)) )
(W, (1) + Yo (L) Yoy, (1))
= (&ml(lu) + Yo, (11), Yoy, (1) + 1/f§)t2(lll))

((lgmwmz (11)5 d9y 491, (111)>

_ ( (d;m. (1) + oo, (1), ¢~5§7h+.‘7f2(lll)) , )
(or, (111) + sty (111), Doty +91, (L11))

= (flgﬂn(lu) + da, (L11), P, (11) + ¢>sn2(111)>

Example 5 Let

([0.4, 0.6] /7104071 /(0.6¢/70-3))

Multi-criteria group decision-making model
in complex neutrosophic cubic set

In this area we will acquaint the methodology with different
characteristic collective choice making with the assistance
of the complex neutrosophic cubic set (CNCSs). We apply
complex npeutrosophic cubic set administrator to manage
the characteristic basic leadership issue under the com-
plex neutrosophic cubic set situations then we represent our
methodology with a model.

Application in multiple attribute group decision
making problem

In a problem of multiple attribute group decision making,
Suppose U = {U;,Us, ..., Uy} is a set of alternatives.
A; = {A1, Ay, ..., A} is a set of attributes and ¥ =
(i1, Wy, ..., wy,) is the weighted vector of the criteria,
where, W;e [0, 1] and )" ®; = 1. The evaluation value of
an attribute A; (j =1, 2, ..., n) with respect to an alterna-
tivesU; (i = 1,2,...,m) is express by a CNCS

Sijk
_ {(z”, Truths,, (L), Indeters , (In), Falses,, (111),> e L}
lrulhs,-_,-k (I11), in det ers; (L11), falsesi/k (I11)
G=1,2,....mi=12....mk=12,...h,

so, the decision matrix is obtained: D = (Si.i)mxn .

The step of the decision making based on complex
neutrosophic cubic sets is proposed as follows:

Step 1, 2 : Using the operational rules of the complex neu-
trosophic cubic sets (CNCSs), the average suitability rating

- {(([0.3, 0.4] e/m04031 (0.5¢/704)) | (0.3, 0.5] /(05071 (0.7¢/704)) | )}
N =

and

Ny = { ( (10.4,0.5] /105061 (0.7¢/70-6))  ([0.4,0.5] /7103071 (0.6/79-)) , ) }

(10.3,0.5]£/m103:061 (0 5¢/704))

then

(10.58,0.7] /7107081 (0.85¢/708)) ([0.58,0.75] €/710-7:0911 (0.88¢/707))
N+ Ny = ([0.58, 0.8] ¢/710-58.0.881 (O'SejHOJ))

Lisllase cllal .
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’

(Truthsij (), Indeters, (), Falses, (111))
(truthsl.j (I11), indet ers;. (l1), falsesij (111)>

S . — Decision making analysis
i =

J

can be evaluated as:
To formulate the decision matrix

1
Sij = m ® (Sij DS ®..0S8r®d...® Sijh)

where To calculate the average suitability rate of
alternatives
Truth Si;
h
1 1
=|A W E Truthsl.jk, 1], A A E truthst.jk, 1
p =1 To aggregate the weighted rating of
alternatives
h
i |:% > wk(ln)}
e k=1
Indeters,.
J
To rank the alternatives

h h
! 1
=|A ZZIndeterS,«jk,l VA ZZindetersijk,l
k=1 k=1

>

‘I’k(lu)i|
1

|1
T |:ﬁ
: k F -
Falsesij

1 1 h Fig.1 A flow chart of CNCSs based on MADM problem
=|A 7 E Falsegl.jk,l LA W E falsesl.jk,l
k=1 k=1 Ay Ay Az
h 0.2, | jri0103) 0.2, | ;ri0.403) 0.3, | jr01.04)
ir| L 04 |€ 1 07 | : 05 | »
”[’1 Z q)k(l“)} 04, 1 yeiosios 03, | oo 1 p—
e - 05 | 0 |0 06 | | o7 |
U 0.1, | ixj0407] 04,1 jr0.307] 0.5, | j=jo.403)
0.4 0.5 0.6
. . . [ 0.5e7(04), 0.667709) [ 0.4e97(09),
Step 3: To aggregate the weighted rating of alternatives (ose) (o.w‘“’.) (olcef““'*")
. . 0.5611(03) O.lseJZKOJ] O.YPIWO'”
according to the following formula, 03, ] irio203), 02, ] o102 03, ] o105,
0.4 0.4 0.4
03,1 sepaon, |, 04 | oz, |, 04, oz,
h DS Us 02, | jrl0.407] 01, ] jrj0.3.07) 03, | 007
1 0.6 0.3 0.4
Vo = — E Sij X w, 0= 1, p = 1, ey h 0.6e77(0-9), 0.8¢7(02), 0.767(3),
7(0.3) 7(0.3) J7(0.5)
p 1 ( %ze]]-[<o ny ) ( ([)]ieJJ ©04) ) ( %iej 06) )
= ARt .4e7™ .4e77(
b 03, ] setaos, 03.] srzos, 021 sro1o3,
. . 05, | eisaus 04,1 n 04, ] m
Step 4: To rank the alternatives (Fig. 1) 06 [0 | og |0 | o7 |0
. Us 04, | jrl0303] 01, ] jrj0.6.0.7] 0.1, | 0403
0.7 02 |~ 0.5
Numerical example . 9 oy L S o)
Step 1: An investment company intends to choose one (oAse”'”%) (o.wﬂ“'-) (uaem““'.)
0.4e37(0-4) 0.437(0-4) 0.7e37(0.4)

product to invest his/her money from three candidates
(U1 —Us3). Three criteria A = price, Ay = quality and A3
= model have been evaluated. They are shown as follows:

il UoJl Al .
des Shevars 9\ Springer
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Step 2: To calculate the average suitability rate of each
alternatives using 5.1

Ui

[0.2435, 0.3984] ¢/710-2175.0.44418]
[0.35, 0.49] ¢/710-2160,04214]
[0.2004, 0.4680] ¢/710-3235,0.5098]
(0.6334¢/7©0-3327) [(,6333¢/7(0:333) [ (0.433¢/7(0-366))

U

[0.2160, 0.4234] ¢/710:2170.0.35191

[0.3235, 0.5307] ¢/710-2977.0-44511,

[0.16216, 0.25003] ¢/7[0:352.0-5488]
(0.6667¢/70-3664) 0 5666/ 04 0.399¢/7(0-399))

[0 2440 0. 769] ejr[[O 0958,0. 3497]
[0.3483, 0.5099] ¢/710-271.0. 46801
[0.25003, 0.3064] ¢/710-3483.0. 467331
(0.499¢77(03667) 0566777 (0399) [ (0.5996¢/7 (0-4663))

Step 3: To aggregate the weighted rating of alternatives using
the 5.1 where w = (0.5, 0.3,0.2)

Ui

[0.1218, 0.1992] ¢/7[0-1088.0.2209]
[0.175, 0.245] ¢/710-108,02107]
[0_1002’ 0.234] ejn[0.1618,042549]
(0.3167¢/70-1669 [0.3167¢/7(0-1665) 0.2165¢/7(-183))

U,

[0.0648, 0.1270] ¢/7[0-0651,0.1056]

[0.0971, 0.1592] £/ [0-0893.0.1335],

[0.04865, 0.07501] ¢/710-1056.0.1646]
(0.2000¢/7 1099 [0.1698¢/7 (0-12) 0.1197¢/7O-1197))

Us

[0.0488, 0.1538] ¢/710-0192.0.0699]

[0.0697, 0.1019] ¢/710-0342.0. 093]

[0.05001, 0.0613] £/710-0697.0. 13s)
(0.0998¢77 (0:07334) [0, 1133¢/7(0:0799) ,1199¢/7 (0-0933))

Step 4: To find out the rank of the alternatives

Amplitude term Phase term

U 0.5945 —0.40577
U, 0.6353 —0.32237
Uz 0.6533 —0.24197
Us = Uy = U

Score values

0.6533, 35%

=Al =mA2 = A3

Step 5: end.

Comparison and conclusions

This paper sums up the possibility of peutrosophic cubic
sets given by Jun et al. [9]. The possibility of complex
neutrosophic cubic sets gives us a wide range for reality,
uncertain and deception capacities where one can talk about
more parameters. We propose the complex neutrosophic
cubic sets (internal and external) show, which is a mix of
complex fluffy sets, neutrosophic sets and cubic sets. Addi-
tionally we talked about various properties. Toward the end,
with the assistance of the complex peutrosophic cubic set
(CNCSs) we build up a way to deal with different charac-
teristic cooperative choice making. In future our proposed
structure might be use in numerous ways, for example, mas-
ter frameworks, flag handling and in logarithmic structures.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecomm
ons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.
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