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Abstract

This paper presents operational laws along with their cosine measure for the numbers whose base
is an interval value and study their properties. Consequent upon these definitions and properties
neutrosophic cubic weighted exponential averaging and dual neutrosophic cubic weighted
exponential averaging aggregation operators are defined. A multi attribute decision making method
is then developed for proposed aggregation operators. An example is constructed as an application.
The validity of multi attribute decision making method is also tested and comparative analysis is
provided to compare these aggregation operators with existing results.

Keywords: : Neutrosophic cubic number; dual neutrosophic cubic number; neutrosophic cubic exponential
weighted averaging; dual neutrosophic cubic exponential weighted averaging ; multi attribute decision making.

1.Introduction

The decision making is an imperative part of cognitive based human activity. Multi attribute decision making
method (MADM) provides a better environment to rank the set of alternatives under different criteria. The problem
arises when vague and insufficient data is available. This uncertainty in data can be handle by fuzzy set theory (FS)
presented by Zadeh [1] and its extensions like interval valued fuzzy set (IVFS) [2,3], intuitionistic fuzzy set [4],
interval valued intuitionistic fuzzy set (IVIFS) [5], cubic set (CS) [6]. The intuitionistic fuzzy set attracted the
researcher due to its structure of both membership, non-membership and hesitant component. Over the last few
decades, several researchers used it for decision making problems [7,8,9,10,11,12]. In IFS the hesitancy component
is depended upon the choice of membership degree and non-membership degree which restricted the choice of
choosing. Smarandache defined a novel tool, neutrosophic set NS [13] to deal with vagueness in more desirable way.
NS are generalization of IFS [14]. In NS all the components are independent. Soon after its presentation, it is further
extended into INS [15], NCS [16] etc. The collection and manipulation of data is a hard job. In daily life problems we
are often in a situation that the extraction of accurate and precise information is not possible due to the vague nature
of problem, communication gaps, hesitancy etc. Thus NS and its extension are better tools to deal with such situation
in comparison with IFS and cubic set. This characteristic of NS and INS attracted the researchers to apply it in different
field of decision making process [17,18,19,20,21,22,23,24,25]. Neutrosophic Cubic Number (NCN) is a combination
of INS and NS which makes it a better choice so that expert can choose the value in the form of an interval value and
single value. NCS provides a better plate form to deal with vague and insufficient data. In recent pass researchers have
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applied NCS to aggregation operators and decision making problem. Zhan et al. [26] worked on multi criteria decision
making on neutrosophic cubic sets. Banerjee et al. [27] used GRA for multi criteria decision making on neutrosophic
cubic set. Lu and Ye [28] defined cosine measure to neutrosophic cubic set. Pramanik et al. [29] used similarity
measure to neutrosophic cubic set in 2017. Majid et al. [30] presented neutrosophic cubic Einstein geometric
aggreagtion operators. Khalid et al. [31] introduced MBJ — Neutrosophic Translation on G-Algebra and Schweizer
[32] studied two probabilities for the three states of neutrosophy. In their works all these researchers defined
arithematic and Einstein operation and aggregations operators under neutrosophic cubic environment. It is observed
in decision making process that the weight is based on the assumption to be in [0,1] and their sum is one. The aim of
this work is to deal the situation where the weight is crisp or interval value. To support this task some new operational
laws along with some aggregation operators are defined on NCS.

Contribution In this work, we propose methodologies to measures the aggregate value of neutrosophic cubic values
using exponential form.

- The neutrosophic cubic exponential operational laws are defined along with some important properties.

- Based on these operations and properties heutrosophic cubic exponential aggregations operators are defined.
Validity and comparative analysis are discussed.

- The neutrosophic cubic set is the combination of both neutrosophic and interval neutrosophic, this
characteristic enable us to deal both interval valued neutrosophic and neutrosophic set at the same time.

Organization This study consist of nine sections. Section 1 covers the introductory work of researchers over the
some past decades. In section 2 the preliminaries work is reviewed which enable us to start this work. In section 3
some exponential operational laws with base crisp and interval value are introduced, dual neutrosophic cubic number
(DNCN) are defined and some useful properties are obtained. Cosine measures is defined to compare two NCN and
DNCN. Section 4, presents neutrosophic cubic weighted exponential averaging (NCWEA) operators and dual
neutrosophic cubic weighted exponential averaging (DNCWEA) aggregations operators are defined in which the
weight is in the form of crisp value or interval valued and the exponents are NCS. Section 5 develops a decision
making process for the proposed aggregations operators. An illustrative example is provided as an application in
section 6. In Section 7, the validity test is performed for DM problem to check the validity of MADM. In section 8,
the MADM based upon proposed aggregation operators is compared with some neutrosophic cubic weighted
averaging (NCWA) and neutrosophic cubic Einstein weighted averaging (NCEWA) aggregation operators. The paper
ends with conclusion in section 9.

2. Preliminaries
Definition 2.1 [13] A structure N = {(TN (), 1, (y), Fy (y))| y eY} NS, where T, |, and F are fuzzy sets

and respectively called truth, indeterminacy and falsity functions.

Definition 2.2 [15] An INS in Y is a structure N ={('I:N(y), fN (y), IfN(y))| er}WherefN (). I~N (y)and

IfN (y) are interval valued fuzzy truth, indeterminacy an falsity function in Y respectively.

Definition 2.3 [16] A structureA={(y,TN(y), fN(y),lfN(y),TN(y),IN(y), FN(y))/er}is NCS in Y in which

(TNN(y)=[TNL,TH,fN(y)=[|;,|H,|5N(y)=[FNL,FH) is an INS and (T, 1y, Fy)is NS in Y. Simply denoted by

N =(Ty. Ty . To o Fy)  where, [0,0]< T, + Ty +F <[3,3J0<T, +1,+F, <3.N"denotes the

collection of NCSin Y .

For the sake of convenience the NCS are written as A:([TAL|TAUM|k| L [FGR Tl FA)
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Definition 2.4 [30] The sum of wo NCN, A= ([Tr, T [[15. 13 ].[FrFY | T, Fy)  and

AT A

B= ([T Tg 1[5 181, [FE,F51.Te. I8, Fe) is defined as

(rr; TS =TT T 4TS —TITI LI + 1 =15 1Y 1Y —|§|§],J

A'B' A

A®B= L-L ~Uru
[FA FB ) FA FB ]1TATB' IAIB’FA+FB _FAFB

Definition 2.5 [30] The product of two NCN, A=([TA, Ty [[15 18 [[Fr.FY [ To 1, Fy)  eond

Ar' A
Bz([TBL’T;][Iél|g],[FBL,F;],TB,|B,FB) is defined as

A®B=£rr:T;,T:T;1,[|;|;,I;’I:L[F:+F;—F:F;,F:+F;—F:F;],J

To+Tg =T, Tg, L+ 1= 1,05, FFy
Definition 2.6 [30] The scalar multiplication on a NCN A=([TAL,TH,[I,&, IH,[FAL,FH,TA,IA,FA) and a Scalar @
is defined
[1-(1-T0)71-A-T)7 L= 1,)7.1-@A-1;)7],
WA= L w U w w w o
[(FA) ’(FA) ]’(TA) 1(IA) ’l_(l_FA)
Theorem 2.7 [30] Let A= ([TAL,T:],[IX, Iy ],[FAL, FEJ,TA, [ FA) be a NCN, then the exponential operation

is defined by

[ @ L0 0D - (1-Fa )T - (- FY ),
l_(l_TA)w ’1_(1_ IA)w ’(FA)W

3. Exponential operational laws with crisp and interval parameters on neutrosophic cubic sets

Aw'

Operational laws has a key role in any work. In this section we develop some exponential laws in neutrosophic
cubic environment in which the exponential parameters are crisp and interval value.

Definition 3.1 Let A= ([T,\L,T,kJ J,[I,ﬁ, [y ],[FAL, F J T ar L, FA) be a NCN the exponential law for crisp value

V is defined as
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Ve [0,1]
|:1_V(FA)L ’1_V(FA)U i|’1_VTA 1-V' ViR

e o Yoyt e

,V>1
[1_(1/v)<FA> 1-(/v)™ },1—(1/v)“ 1-(UV) @)

In both cases V* isa NCN.

Example 3.2 Let A=([0.2,0.8],[0.4,0.7],[0.1,0.5],0.7,0.2,0.6) be aNCN, V=05 and V =3, then

~ |([0.574,0.870],[0.659,0.812],[0.066,0.292],0.384,0.129,0.757),V = 0.5
| ([0.801,0.411],[0.641,0.460],[0.104,0.425],0.539,0.198,0.514),V = 3

Definition 3.3 Let A=([TA T ] [I,';, I;’} [ } Tail4 FA), be a NCN and

A = ([l 1].,[1.1].[0,0].0, O,l) be maximum NCN, then the cosine measure(C,,) is defined as

C,(A)= {cos%(l—TAL F1-TY #1141 1Y PR FY 4T, +1, +1- FA)},Cm (A)e[0,1]
Remark 3.4 If C_ (A) and C,, (B) be the cosine measures of two NCN then C_(A)>C_(B)= A>B and
C,(A)=C_ (B)=A=B

Theorem 3.5 Let A= ([VHAL,VHAU },[VH’&,VHX },[1—VFAL ,1—VF’E },ZL—VT’*,ZL—V'A ,Vl’FA) be a neutrosophic

cubic value and V, > V,, then (V,)" >(V,)" for V,,V, €[0,1] and (V,)" <(V,)" for V,,V, >1.
Proof: Let V, >V, and V,,V, €[0,1] then

ICARCAR (A RR(A !

(Vl)A: L FY T | 1-F
1) =) |- () () (v
and
o (V)T [
T [ ) A ) a9 ()
since (V) 2 (V) (V)T 2 (V)7 ()7 2 (V)T () 2 ()
1-(V,)" £1-(V,)™ 1-(V)" £1-(V,)™ ) 1-(%,)" <1-(V,)",
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1-(V) 7 1= (V) (V)™ +
cos((V1)") =475 1 (V2) ™ +1(v) " (v,)7 12

1-(V,) ™ +1-(V,) " +(v,)*
Ry

cos((V,)") =4 2| +1-(V,) ¥ +1-(V,) " (V) +
(Vz)TA Jr(VZ)IA Jrl_(vz)l_FA

obviously (V,)">(V,)", if V,>V, and V,,V,>1, then 0</V,,1/V, <L1.

Remark 3.6 Considering some values of V', we can affirm some special cases of (V)"

11t V=1 then (V)" =([11],[11],[0,0],0,0,1).

2. 1t A=([11],[1,1],[0,0],0,0,2) , then (V)" =([1.1],[L1],[0,0],0,0.1). For each value of V.

3.1t A=([0,0],[0,0],[1.1],1L0) then (V)A=([V,V],[V,V],{1—(V)FAL 1-(v)* ]1—(V)“,1—(V)'A,v).

Theorem 3.7 Let A=([Ty, Ty ][ 1502 [ [Fa FY ] T LR, B= ([T T8 1518 [ FEFY ] Tl Ry ) and

C:([TCL,TCUJ,[ICL,Ig],[FCL,FCU],TC,IC,FC)be three NCNs and V €[0,1] (if V >1,thenl/V) then the
following holds.

> Vievei=vtevh

> VAeVE=VvieV”

> (VPeve)eve=vie(Veve)

> VARVERVE =V "®(VPeVe)

Proof Straight forward, so omitted.

Theorem 3.8 Let A=([To.T [[1n 12 J[Fr R ] ToluFa) B=(T 1 ][50 J[F B ] Tl Ry ) e two
NCNs and @ be a scalar then the following holds.

» o(VF Ve )= V" Qo VPt

» (VAevE) =F")"a ()"

> (o1 @wz)VA = w1 vA b o vA

> (VA)"H)7 = (V)™

Proof: Consider
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|:v1—TAL ’vl—Tk’ ][Vl—lk,vl—lg ] [Vl—TBL’Vl—TgJ :|1[v1—|'g ,Vl—lg ]
o(V'OVe)=a [1—VFAL,1—VF5 } @ [1—VFBL,1—VFB” }
1-V™,1-V' v 1-V 1-V' v

|:vl—T); +vl—TBL _Vl—T)\' Vl—TE'; Vl—T,k’ +vl—TéJ _Vl—Tk’ Vl—Té’ }

|:V1—I'g R ViR IR VR TR v R R vE S VR vA B R VA Vl—lg:|

[(1-97)(a=97) =97 -9 |

(1—VTA)(1—VTB ),(1—V'A)(1—V'B ),vl‘FA +VERe iRyt

F(lvlﬁ _yETs Tk T )w ’] r‘(lv“k _yhts ik pls )w ’]
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@—v“)m—@—vH)w+@—vk')+
(I—Vl')m—(l—vl')m(l Vi)
1-(1-v*! f—@—vHﬂw+@ VR
@—v“ Y—@—v“ww@ v“)

[wvﬁ®wvawvw@wV*]wV“@wVWwV“@wVW

1-(1=V" ) = (1= ) (1= ) 4

(1_ yiTe )W _ (1_ yiTa )W (1_ yiTe )”’

[ZUVFAL@ZUVFBL,ZUVFE(-BZUVF;]ZUVTA@ZUVTB,ZUV'A@@VIB
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[ZD'VTAL @ZD'VTBL,ZD'VTE EBZUVTEL’J},[ZUV"k El-)zUV'E%,wV'g @wV'g]

zﬁ

> (w1+w2)VA=(wl+w2)1

E
E

|

aV* Qe V® o V™ @wVFBU]w Vr@a Ve oV @a Ve oV ®a Ve

|

— (1_ v TA )(’”1+132) 1 (1_ Ty )(m‘l+m2):| ,

_(1_v1—|k )(m1+b72) ,1—(1—V1*'3 )(m’l+mz):|,

oV ' ®w V®

|:V1—TAL Vl—T}g':| l:v1—|k Vl—lﬁ:|

[1-VH -9 |1V 1o v v

U

-

\%

Fr )(’Ul“ﬂz) (

1-VF

)(Wﬁwz):l

)

(1™ )™

DOI: 10.5281/zenodo.3758466

(-9")

(@y+@5,)

(wy+@3,)

,1—@—VPH)

54



International Journal of Neutrosophic Science (IINS)

Vol. 4, No. 1, PP. 47-71, 2020

DOI: 10.5281/zenodo.3758466

1-(1-V75) "+ (1-v )" -

55



International Journal of Neutrosophic Science (IINS) Vol. 4, No. 1, PP. 47-71, 2020

o o o )
> ((VA)‘”l )wz - [1—(1—VFAL )" - (19" )WJ

1—(1—VTA )”’1 A-(1-v" )”’1 ,(vl-FA )”’1

(7 o )
oo oo )
i)
i)

o o oo )
= [1—(1—ka )" (1-v7 )%}

1- (1= ) 1= (-9 ) (V)™

(v

Definition 3.9 Let A=([TrTY L[1L 1y L [FrFY L Tolu R B=(T0 T L0 0 ][R R L TR ) b two

NCN, then d = [ A B] isreferred as DNCN.
Definition 3.10 Let A= ([TAL T },[Ik, s },[FAL, F) ],TA, [ 5 FA) be a NCN the exponential law for interval

value parameter for V= [VL VY ] is defined as
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/ [(VL )1*(TA)L’ - )1*(TA)U :l’ h
[(VL )1*(|A)L’ - )1*(|A)U :l’

|:1 — (Ut )(FA)L’ 1— (vt )(FA)U :l’

N TR O BN D R G -b e L 0.1]

< >,V ., = [0,1

( [eovHrr Tt Ut T,

[(vu )17<|A>L,(vu )1—<|A>U :l

[1 — (Y )(':A)L’:L — (Y )(FA)U :l

\ 1 — (vu )TA,l_ (VU )IA,(VU )1—FA

<%>A = < - = ~
4 [ /et T8 ot HTTT ],

[@/cot 0 creot »HTOT ),
[1— @/cot »TVT 1 — @ieots »HET T,
\_ 1 — /o ™1 — @t N aet »hte o
< >, vk ,wv > 1
4 [@/co® NPT ey »aet T,

[@/cov NIV oy et ),
[1— /oY »TPT 1 — @eey »HET ),

\_ 1-— @ MDA L — @/ D', @il )t A
N~ -~

In both cases it is neutrosophic cubic dual.

Example 3.11 Let A=([0.3,07],[0.20.7],(0.308],050506)be a NCN andV=[0.3,0.7], V=[48], then

[0.430,0.696],[0.381,0.696],
[0.303,0.618],0.514,0.452,0.617

[0.779,0.898],[0.751,0.989],
[0.101,0.248],0.807,0.836,0.867

,V=[0.3,0.7]

[0.378,0.659],[0.329,0.659],
[0.340,0.670],0.564,0.500,0.574

[0.233,0.535],[0.189,0.535],
[0.464,0.810],0.712,0.646,0.435

Vv =[4,8]

Definition 3.12 Let di =[A,B;].(i=1,2) be two DNCN and @ be a real number then the algebraic operations

are defined as
> ded=[A®A B®B]
> d®d =[A®A,B®B]
> @d, =[zA, B ]
> () =[(a)(8)]
In these operations, first we use an interval exponential operational laws and then operation between NCNs or
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real numbers are used. Hence it provide both the rationality of interval exponential operational laws and NCNs
or real number operational laws as well.

Definition 3.13 Letdz{([TL T R R T R T T

ALI AL AU AL ALl AL ' AU AU AL AUl AU

AU,|;UMFALU,F:U]TAUJAU,FAU)} bea
DNCNand d” ={([1,1],[1.1],[0,0,],0,0,1),([1,1],[1,1],[0.0.],0,0,1)} be the maximum DNCN, then the
cosine measure(C,,,) is defined as

Cm(d):{cos%(l—TALL +1—T:L +1- I;L +1- I:L +FALL + F:L T+ +1-F, +1—TALU +1—T:U +1- I;U +1- I:U + FALU + F:U tTotly 1-Fy )}
C,(d)e[0,1]

Definition 3.14 Let Cm<dl) and cm(dz) be the cosine measures of two NCN then

C,(d,)>C,(d,)=d,>d, and C,(d,})=C,(d,)=d, =d,.

4. Neutrosophic Cubic Exponential Weighted Aggregation operator
Using definitions 3.1 and 3.10, in this section we propose the NCWEA and DNCWEA operators, where the base

is crisp value or an interval numbers and the exponent is a NCNs.

Definition 4.1 We define the Neutrosophic cubic weighted exponential averaging operator (NCWEA) as

m
NCWEA(Ny, Ny, ..N,)) = @ (V)N
i=1
where N, (i=12,...,m) are weightand V,(i =1,2,...,m) real numbers respectively.

Theorem 4.2 Let N, :([Th; ,T,;’IJ,[I,:I Ay, ],[ng , Fﬁi],TNi Ay s FNi) for (i=1,2,...,m) be the collection

of NCsand V,(i=1,2,...,m) are real numbers respectively, then the NCWEA is a NCs, where
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Jif Ve[O,l]
8 - |
1-8(V,)" 1-8(V,)" .&(v,) "
NCWEA(N,,N,,..,N, )= = -
m S 1Ty
[g(l/vi) ®(11V)) }
o)y
= = Jif V1

-9

i=1

where N, (i=1,2,...,m) is the weight of V(i =1,2,
Proof To prove the theorem we use mathematical induct

For m=2, wehave

NCWEA(N,,

= (Vl)N1 ®(V2)

() (v |
(V) )
[1_(v1)F~L1 ,1-(vl)ﬂ,

1_(V1)TN1 '1_(V1)INl ’(vl)l_FNl

DOI: 10.5281/zenodo.3758466

1-@(1/V,)" 1-(1/V,)" &1/, ™
i=1 i=1

Ry, _m Y
(1/v,)™ 1 ic?l(l/vi) }

M),

ion, let V, €[0,1] where i=1,2,...,m

2

Nz) = .®(vi)Ni

i=1

N,

() (v) |
(V) ()
[1-(v2)F~Lz ,1_(v2)ﬂ,

1-(V,)" 1 (V)" (V)
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1
—~
<
-
N—"
T
—
Zzr
—~~
<
[N
N—"
T
4
Zr
—
<
-
~—"
T
—
zc
—~~
<
N
N—"
T
—
Zc
| E—
1
—~
<
-
~—"
T
zr
—~~
<
N
~—"
T
zr
—~
<
-
T

[l_é(vi)F”L‘ 1-g(v,)" }’“éwif“‘ 1-9(V,)" o (v, )™

i=1 i=1 i=1

Assuming for n=m, isa NCs thatis
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i=1 i=1 i= i=1
NCWEA(Nl, N,,.., Nm): [1—?_91(Vi)FN‘ ,1—i§:<)1(Vi)FN‘ ]
1-0(V,)™ 1-8(V,)" .&(V,) "
i=1 i=1 i=1
We prove the result for n=m+1, isaNCs.
- L .
(V)™
SV, | (Vo) o,
®(V, )lf'hi ] | (Voua) ™
i=1 I ’ B 1-1kL
m L ’ (Vw+1) to ’
(V. 11y, . ,
L i:1( ! ) | i (Vw+1)17IN‘”*l |
NCWEA(Nl, N,,..., Nm+1) = 1_§(Vi )FNi , (9] {1(Vm+1)':¢ml }
1-®(v,)" 1 (V)™
i=1
m 1—(V TNo2 ,
l—®(VI )TNi ’ ( m+l)|
i1 1—(V o) "
:L_i@:)l(vi)lNi , (Vwﬂ)l_Fle
m 1-Fy,
Loav) ,

o+l L o+l L
o]

i=1

@7+l 17|’|\_‘i T+l l*'hi

[g(vi) ®(V1) }
o+l

- TORER (AR

T+l

Ty o+l Iy o+l 1-Fy,
1- @l(vi) I ’1_§(Vi) ' ’.®(Vi) I

If V,>1, then 0<1/V, <1, and then using above procedure a similar proof can be obtained for the following
aggregation operators
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i

NCWEA(N,,N,,..., N, )= [
{1—:(1/2)“- 1- ®(1/v )FN'}

CNE]

U)oV, T“'}

p

I® s

11V, 9 @rv,)" }

1-Fy,

1-®(1/V,)™ 1-8(1/V,)" & (1/V,)

i=1 i=1 i=1

This complete the proof.

Definition 4.3 Let N, = ([T, Ty J.[15. 1% J[Fo R [ Tt o Ry ) for (i=1,2,..,m)  be the

collection of NCs and V = [VILVIU ](i =1,2,...,m) be the collection of interval numbers, then the DNCWEA

operator is defined as

DNCWEA(N,, N,,....N, ) =®(¥,)"

i=1

where N. (i =1,2,...,m) is the weight corresponding to  V/, [VL VU](I =12,...,m).

Theorem 4.4 Let N, :([T’\Il-i’T'\L‘JijI [IN Ay, ],[ng,F,;’i],TNi, INi,FNi) for (i=1,2,...,m) be the collection

of NCsand V = [VIL , ViU ](i =1,2,...,m) be collection of interval numbers, then the DNCWEA operator is given

by

DOI: 10.5281/zenodo.3758466 62



International Journal of Neutrosophic Science (IINS) Vol. 4, No. 1, PP. 47-71, 2020

NCWEA(N,,N,,...,N, )=

~ —

4 |:® T HTTRLD oh H Th :| A
® S D N

N, S :|
i=1 i—1

|:1—<§ O D ok HFN :|

i—1 i=1

500

1-D O™, 1D o o',
i—1 i—=1

D ot
i=1

< >.,ifO = vl =v’ =1
/ |:® S S :|

D v H .S ol Ht N ]
i=1

|:1—<§> PO 1L D (oY O :|

i—1 i=1

&6

=

1-D (TP O™ 1D ol o',
i—=1 i—=1
D P O
\_ =

- |:® A/ ot H TR D (1ot TR

i—=1

.®3

® (17 ~t e 1/ - ' :|
i=1 i=1

|:1—é> A/t > 1 D st HF :|
i—=1 i—1

1- & A/ oFH™, 1 D (A rk o',
i—1 i—=1

S @/~ ot

i=1

>, if v} = vt =1

AN

/ |:® A/ oY HT TR D (/P TR

i=1

i=1 i=1

XD A/ vV HVN D s ol Ot :|
|:1—<§> A/ o HN 1 - s w¥H “:|,
i—=1 i—=1

1- @srwl >,
i=1
1 ® s <P '™, ® (/7Y >y

- -1 S

C ~

The proof is analogous to Theorem 4.2.

5. Decision making method based on the NCWEA and DNCWEA operators

Based on NCWEA and DNCWEA operators, a decision making problem can be dealt. In such MADM problem
the weight is NCs and alternative value are crisp or interval numbers.

For this consider the MADM problem with m alternative Az{ai,az,...,am} and Cz{yl,yz,...,yn} be n

attributes. An expert has evaluated these attributes in the form of NCs and the suitable alternative in the form of crisp
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ij?

value V; €[0,1] (1/V. if v, >l) or interval numbers.

Vi =[ Vi, Vi [<[01](1/ v}

ij? ij’

if Vi>1;1/Vy,if Vi >1)for (i=12,..,m;j=12,..,n).

ij?
Step 1: A preference value decision matrix D = [Vij} or D= [@ij] is constructed for m alternatives and n

attributes, where weight is expressed as N, =({TNLJ*T;,M|L ! },{FJI,FH,T I FNJ) (j =12,.., n) in NCs form for

Nt N Nt INg
corresponding attributes.

Step 2: Using the suitable aggregation operator like NCEWA or DNCEWA the overall aggregated value is obtained.
Step 3: Using the measurement function of definition 3.3 or definition 3.14, values are ranked.
Step 4: The best alternative is chosen amongst the ranked.

6. Example
Next we provide an illustrative example as an application to our aggregation operators.

Example 6.1

Our example from daily life is an application to pick the best alternative using the decision making matrix
with base either crisp values or interval numbers and weight as neutrosophic cubic number.
A steering committee is interested to prioritize the set of information improvement project using a multi-attribute
decision making method. The committee must prioritized the implementation and development of set of six
information technologies improvement projects a i (j=1,2,...,6) . The weight of these six attributes are expressed

in term of NCs
([0.5,0.6],[0.2,0.5],[0.4,0.8],0.7,0.8,0.4),([0.2,0.5],[0.7,0.9],[0.3,0.7],0.8,0.5,0.3),

{a,.a,,3,,2,,a;,8,} =4([0.4,0.7],[0.2,0.5],[0.5,0.7],0.3,0.6,0.2),([0.3,0.6],[0.4,0.7],[0.2,0.5],0.6,0.4,0.7),
([0.2,0.5],[0.3,0.7],[0.2,0.6],0.5,0.3,0.8),([0.1,0.6],[0.3,0.6],[0.4,0.8],0.6,0.9,0.4)

by decision maker. The three factors (alternatives) {yl, Y, y3} , Y, - productivity to maximize the efficiency and

effectiveness, Y, differentiation from products and services of competitors, and - Y, management to assist the

managers in enhancing the planning, are considered to assess the contribution of these project. The goal of committee

is to choose best alternative among them.

Step 1: The decision maker(s) is (are) required to make the suitable judgement of alternatives Y; (i =12, 3) with

respect to these attributes @;(j =1,2,...,6) and give the evaluated information of the crisp values V; € [0,1],

which is structured as follow.

0.7 0.6 05 08 05 04
D=[v,]=|05 07 09 04 06 0.7
02 03 06 05 07 06

Step 2: Utilizing the NCEWA operator to evaluate these preferences of alternatives

DOI: 10.5281/zenodo.3758466 64



International Journal of Neutrosophic Science (IINS) Vol. 4, No. 1, PP. 47-71, 2020

d, = NCWEA(a,,a,,...,a;) =

= ([0.0790,0.2445),[0.0874,0.2959],[0.6964,0.9082], 0.8499, 0.8748,0.1523)
Similarly d, = ([0.1266,0.2859],0.1491,0.3657],[0.5789,0.8545),0.8381, 08054, 0.2616

d, = ([0.0367, 0.1275],[0.0459,0.1827],[0.8126,0.9684],0.9568, 0.9521, 0.0606)
Step 3: We have  C,(d,)=09998067, C,(d,)=09998217  and  C,(d,)=09997450,  here
C,(d,)>C,(d,)>C,(d,) theranking order of alternatives are 'y, >, > Y,.

Step 4: The best alternative on the basis of these calculationsis Yy, management to assist the managers in improving
their planning.

If the suitable judgment of each attribute Y; (i =1, 2,3) is made for interval numbers of interval valued

decision making matrix:

In such a case the proposed MADM is based on DNCWEA operator may be applied to choose the suitable
alternative, described in the following steps:
Step 1: First of all the interval valued decision making matrix is formed by decision maker:

[0.5,0.8] [0.4,0.6] [0.2,0.5] [0.7,0.9] [0.4,0.6] [0.3,0.4]
D=(V;)=|[0.4,05] [0.6,08] [0.80.9] [0.4,0.6] [05086] [0.7,0.8]
[0.2,0.3] [0.3,0.5] [0.5,0.7] [0.4,0.5] [0.6,0.8] [0.50.8]

Step 2: The proposed MADM based on DNCWEA operator is applied to decision making matrix considering NC

values of attributes a;(j =1,2,...,6) as weight for alternatives Y, (i :1,2,3).
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( [0.0163,0.1001], [0.0220,0.1216],[0.8766,0.9819],0.9547,0.9691,0.0348),
( 0 1061,0.2962],[0.1424,0.3700],[0.1524,0.4290],0.2675,0.8458,0.1773)

[0 0835,0.2133],[0.09542,0.2875],[0.6657,0.9098],0.8921,0.8609, 0.1802)
( O 2221,0. 3792] [0.2173,0.4416],[0.4986,0.7823],0.7512, 0.7240,0.2018)

-~ [([0.0211,0.0951],[0.0274,0.1384],[0.8525,0.9804],0.9703,0.9682,0.0426
- ([0.1069,0.2433],[0.1125,0.2970],[0.7165,0.9052],0.8853,0.8736,0.1526)

Step 3: To rank the value the cosine measure is determined for the values computed in Step 2,

C, (dl) =0.3346,C (CTZ) =0.3613,C (d~3) =0.2460. Theranked alternatives areas Yy, > Y, > Y,.

Step 4: The best alternative on the basis of these calculationsis Yy, management to assist the managers in improving

their planning.

7. Validity Test

Wang and Triantaphyllou [33] proposed criteria to figure out the validity of a MADM method.
Test Criterion 1: "The replacement of a non-optimal alternative with an arbitrary worse value does not change the
index of best alternative".
Test Criterion 2: "The transitive property is satisfied by an effective MADM method ".
Test Criterion 3: "If MADM problem is decomposed into the sub DM problem and the same MADM procedure is
applied to sub problem for ranking of alternatives, the order ranking of the alternatives must be similar to ranking of
un decomposed DM problem®.
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Validity Test by Criterion 1

We change the rating value of non-optimal alternative Y, by yé :[0.3 08 04 0.2 09 0.5], we
have d, = ([0.0307,0.1155],[0.0272,0.1118],[0.8034,0.9585],0.9348,0.9462,0.0579)

and C, (d,)=0.1695, made no changes in said method.

alidity test graphical representation

1 2 3
Propsed Example

1 2 3
Man-optirmal altemative replacement

Fig.1: Comparison of graph by changing an alternative with non-optimal alternative.

The graph indicates that if the non-optimal value does not cause any change in optimal alternative, which is
1 (y,) in this graph and 3(y5) is non-optimal alternative.

Validity Test by Criterion 2
Under this criterion we decompose the decision matrix into {yl, y2} , {yl, y3} and {yz, y3} , We observe

that Yy, >VY,, ¥, > Y;and Yy, > Y,. Thatis transitive property is satisfied.
Validity Test by Criterion 3

By validity test in criterion 2, we observe that the sub DM satisfy the original ranking order, that is

Yo > Y1 > Y,
Hence validity test 1,2 and 3 are satisfied by MADM.

8. Comparison Analysis
In this section we compare the exponential aggregation operator with NCWA operator.
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K| =\

d, = NCWA(a,, a,,...,a;) =

, =([0.7311,0.9551],[0.8277,0.9352],[0.0154, 0.2351],0.1429,0.1102, 0.9072)
([0.7309,0.9682],[0.8384,0.9880],[0.0153,0.2411],0.0910,0.1086,0.9062)

([0.5974,0.9262],[0.7160,0.9608],[0.0334,0.3001],0.1484,0.1461,0.9072)

2

d
d
d

]
I this casecm(dl')=o.9831,cm(d2')=o.9851,andcm(d;)=o.9663. This  yields that

Y2> Y1 > Y,
Here the role of real number (base) is change by weight in neutrosophic cubic weighted aggregation operator
(NCWA) operator, we observe the same result as by NCEWA operator.

Now we compare the exponential aggregation operator with NCWA operator.
?i()i(ZHTNLJ )WJ 7%(171_&] )w] é(l*’T;j )wJ 7§(1,T’:JJ )WJ

6 w 6 w6 w6 wo |
R I RPN T
j=1 j=1

j=1 j=1

6 Wi 6
O ]
d, = NCWA(,,3,....3,) = - S RN
@(27':“‘1) +§>:<)1(FJ) ??1(27':1) +§>§1(F1)
28T, ) 2@, @R, @R, )

d, =([0.7231,0.9424],[0.8123,0.9042],[0.0167,0.2413],0.1325,0.1245,0.8952)
d, = ([0.7241,0.9523],[0.8258,0.9752],[0.0149, 0.2253],0.0985, 0.1436,0.8967)
d, = ([0.5862,0.9155],[0.7012,0.9624],[0.0337,0.3001],0.1325,0.1453,0.9157)

In this caseC, (d, ) = 0.9725,C,(d, ) = 0.9753,and C, (d, ) =0.9574 This yields that y, > Y, > Y. Here

the role of real number (base) is change by weight in neutrosophic cubic Einstein weighted aggregation operator
(NCEWA) operator, we observe the we get the same result as by NCEWA operator.
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Comparison of NCWEA, NCA, NCEWA
15 I T T

I cwer
T newa
I \cewA

05— -

Fig.2: Graphical comparison of NCWEA with NCWA and NCEWA.
From the graph it is clear that NCWEA produce same result as NCWA and NCEWA, so we have a good tool to
deal the cases in which neutrosophic cubic values appears in exponential form.

9. Conclusion

This manuscript presents a novel exponential operational laws (EOL) on NCSs with base crisp value and interval
value which is an effective addition to the existing laws. We evaluated some properties and relations. Based upon
these EOLs, we established NCWEA and DNCWEA operators. These aggregation operators are applied to establish
a MADM for solving the daily life problem with the neutrosophic cubic information. The proposed method is used
upon a daily life problem as an application. A comparative analysis with neutrosophic cubic weighted aggregation
operator (NCWA) and neutrosophic cubic Einstein weighted aggregation operator (NCEWA) is provided to show the
effectiveness of the approach. The graphical representation is accomplished between these operators. It is concluded
that these newly defined operational laws and the proposed aggregation operators can parallelly be used to solve the
MADM problems in more accomplished manner.
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