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Abstract. Neutrosophic cubic fuzzy sets (NCF'Ss) involve interval valued and single valued neutrosophic sets,
and are used to describe uncertainty or fuzziness in a more efficient way. Aggregation of neutrosopic cubic fuzzy
information is crucial and necessary in a decision making theory. In order to get a better solution to decision
making problems under neutrosophic cubic fuzzy environment, this paper introduces an aggregating operator to
neutrosophic cubic fuzzy sets with the help of Bonferroni mean and geometric mean, and proposes neutrosophic
cubic fuzzy geometric Bonferroni mean operator (NCFGBM™") with its properties. Then, an efficient decision
making technique is introduced based on weighted operator WNCFGBM.2". An application of the established

method is also examined for a real life problem.
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1. Introduction

Fuzzy set |1] deals with fuzziness in terms of degree of truthness or membership within the
range of interval [0,1]. The traditional fuzzy sets are not efficient when the decision makers
face more complex problems and it is difficult to quantify their truth values. Y.B.Jun et al. [2]
introduced the notion of cubic sets which represents the degree of belongingness or certainty
by interval valued fuzzy sets and single valued fuzzy sets simultaneously. Therefore, cubic sets
are made up of two parts, where the first one is the interval valued fuzzy sets which represents
belongingness in a particular range of interval, and the second one is exact belongingness or

fuzzy sets.
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Smarandache [3] introduced the philosophical idea of neutrosophic sets (NS) which is formu-
lated from the general concept of fuzzy sets and many real life applications are avaliable under
NS. Ajay, D., et al. used neutrosophic theory in fuzzy SAW method [4] and Abdel-Basset.M
et al. utilized neutrosophic sets to asseses the uncertainty of linear time-cost tradeoffs [5] and
also they applied to resource levelling problem in construction projects [6]. Further, biploar
neutrosophic sets have been used in medical diagnosis [7] and decision making suituations [§].
Moreover, Y.B.Jun et al. |9 and M.Ali et al. [10] effectively utilized cubic fuzzy sets to the
neutrosophic sets and introduced the concept of neutrosophic cubic fuzzy sets (NCFSs) with
some basic operations. Therefore the hybrid form of neutrosophic cubic fuzzy set may be
more adequate to address problems of more complexity using interval valued and exact val-
ued neutrosophic information and it has been broadly used in the fields of MCDM [12419].
Neutrosophic cubic fuzzy sets contain more information than general form of NS and therefore
NCEFSs provide better and efficient solution in MCDM.

Aggregating the fuzzy information plays an important role in decision theory and in partic-
ular decision making in real life problems. Variety of aggregating operators exist, but very few
aggregating operators are available under neutrosophic cubic fuzzy numbers such as Heronian
mean operators [21], Einstein Hybrid Geometric Aggregation Operators [22,23], Dombi Ag-
gregation Operators [24], weighted arithmetic averaging (NCNWAA) operator and weighted
geometric averaging (NCNWGA) operator [25]. Still the Bonferroni geometric mean aggregat-
ing operator has not been studied in NCF environment. So the main purposes of this study
are: (1) to establish a neutrosophic cubic fuzzy Bonferroni weighted geometric mean operator
WNCFBWGMy".(2) to develop an MCDM method using WNCFBW GM,," operator to
rank the alternatives under NCFS environment.

The content of the paper is organized as follows. Section 2 and 3 briefly introduce the basic
concepts and operations of neutrosophic cubic fuzzy sets. The concepts of Bonferroni mean and
geometric Bonferroni mean are explained in section 4. The neutrosophic cubic fuzzy geometric
Bonferroni mean NCFGBM™" and weighted neutrosophic cubic fuzzy geometric Bonferroni
mean WNCFGBM,,"* operators are established and examined with their properties in section
5. An MCDM method based on W NCFGBM,," is presented in section 6. Finally conclusions

and scope for future research are given in section 7.

2. Neutrosophic Cubic Fuzzy Set

Definition 2.1. [9] Let X be a non empty universal set or universe of discourse. A neutro-

sophic cubic fuzzy set S in X is constructed in the following form:

§ = {x,(T(x),1(x), F(2)); (Ta(x), Ix(2), F(2)) |2 € X}
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where T'(x), I(z), F(z) are interval valued neutrosophic sets; T'(z) = [T~ (z), T (z)] C [0,1] is
the degree of truth interval values; I(z) = [~ (z), I (z)] C [0,1] is the degree of indeterminacy
interval values; F(z) = [F~(z), F*(z)] C [0,1] is the degree of falsity interval values; and
(T\(x), In(z), Fx(x)) € [0, 1] are truth, indeterminacy, and falsity degrees of membership values
respectively. For convenience, a neutrosophic cubic fuzzy element in a neutrosophic cubic fuzzy
set (NCFSs) S is simply denoted by S = {(T, I, F);(Ty, I, Fx)}, where (T, I, F) C [0,1] and
(T, I, Fy) € [0,1], satisfying the conditions that 0 < (T, It FT) <3 and 0 < (Ty, I, F)) <
3.

Definition 2.2. [10] Let S be a neutrosophic cubic fuzzy set in X given by

S={[T"(),T"(@)], [I"(2),I"(2)], [F~(2), F* (2)] ; (Ta(x), I\(2), Fx(2)) |z € X}

S is said to be internal NCFSs if T~ (z) < Th\(z) < TH(z), I~ (z) < I\(z) < It (z), F(z) <
F\(z) < FT(z)Vz;S is said to be external NCFSs if Ty(z) ¢ [T~ (z),T*(2)],I\(z) ¢

[~ (2), I* (2)], Fa() ¢ [F~ (), F* ()] Vo

Definition 2.3. Let S be a neutrosophic cubic fuzzy set in X. Then the support of neutro-
sophic cubic fuzzy set S* is defined by

S*={[T~(x),T"(x)] > [0,0], [I~(x), I"(x)] D[0,0], [F~(z), F*(z)] C [1,1];
(Th(x) > 0,Ix(x) > 0,F\(z) <1)|zr € X}

Definition 2.4. [25] Let S be a non empty neutrosophic cubic fuzzy number given by

S = {$, <T(3}), I(x)v F(x» ) <T/\(.%’), I)\(J}), F)\(l’» |$ € X}
={[T(2),T* ()], [I"(z), 1" (z)], [F (z), F"(2)] ; (Ta(2), Ix(z), FA(2)) |z € X},
then its score, accuracy and certainty functions can be defined respectively, as follows:

[A4T~ (2)— 1~ (2)—F~ (2)+T* (z)—I* (z) - F* (2)] n (24T (z)— I (z)— Fy (z)]

S(S) = : 9 : ) (1)
~ x) —F (x T(z) — FH(x x)— x

o(§) = TG F )+ T4 — P) 24 Tae) = )], o)

~ “(z T(x x ~ ~ -
o§) = DTN PEDDL - (5).0(8).(8) € 0.1 Q

3. Operations on NCFNs

Let Ai(z) = {[T;,T;7], [I;, L], [F; F; ] 5 (Tvi, Inis Fai) le € X} (i = 1,2,3,---n) and
Aj(y) = {[Tj ,Tj+] [IJ ,[;“] {Fj ,Fj+] i (Thg, Ing, Foj) ly € Y} (j =1,2,3,---n) be two col-

lections of NCFNs. Then the following operations are defined [25]:
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(1) Union

Ai(x) UA;(y) = {[mz’n(Ti_,Tj_),maa:(Tf,T;)} [mam([z A7), mm(I;“,If)} ,

max(F[, Fji)v min(F’iJr’ F]+)i| ) <ma$(T)\i7 T)\j)a min(l)\ia I)\j)’ min(F)\h F/\])>}

(2) Intersection

i P07

Ai(x)NAj(y) = {[max(T{,T;),min(ﬂJr,I?)} [mm([ I7),max (I’ Iﬂ} ,

[min(Fi_, Fj_), maa:(Ff, F;)} s (min(Txg, Thj), max(Ixi, In;), max(Fy, F,\j)>}
(3) Complement

Azc(x) = {[Fi_aF‘i—’—} 3 [1—];,1—[:'_] ) [ﬂ_7ﬂ+];<FAi71_IAi7TAi> ‘ZCEX}

AR

(4) Ailw) € Ajly) it and only it [77, 7] € |17, 77| (17, 017] 2 [17, 1) (R R 2
£y F}'| and Ty < Tai, L > Ly, Fy > FyVo € X,y €Y,

(5) Ai(x) = Aj(y) if and only if A;(x) C Aj(y) and A;(xz) O Aj(y) ie. [1}_,7?'] =
T T | ) = |G| [ B = (B F | (T T, B = (T, L, Fy)

177

(6) For w >0
wA; = {[1-(1=77)" 1= (=), [(;)", (1), [(F7)" (7))
(1= (1 =Tx)", (In)", (Fr)“)}
(7) For w >0
() ={[(T)", ()], - = 17)" 1= (1= 17)°],
[ ( Fz )‘” 1_(1_Fi+)w];<(T)\i)w71_(1_1/\i)w71_(1_F)\i)w>}

(8) Algebraic Sum
Ai(z) ® Aj(y) = { [T; T - TT T T - T;Tj] [1 I ,Ijﬁ]
|:Fi_Fjj_7 FZ-+F]-+} i (Thi + Ty — ToiTng, Dilyg, F)\iFAj>}
(9) Algebraic Product

Ao A) = {|TT T I - I -

Joi

i+ Fy = B Fy B+ F = S| (0D, Da + Dy — Dalg, Fai + By — FaiFy) }
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4. Geometric Bonferroni Mean

Bonferroni proposed the concept of Bonferroni mean (BM) which is defined as follows:

Definition 4.1. [11] Let s;(s = 1,2,...,n) be n number of positive crisp data. For any
u,v > 0,

RPN ST .

o n(n —1)
b,j= 1,
\ i#j /
We call Eq.(4) as the Bonferroni mean (BM) operator. Especially, if v=0, Eq.(4) reduces to

the generalized mean operator given by

g+ )N
w05y, 80, ..., 8n) = gZSg n—
B \i:1 \( #] /} (5)

s

i=1

3

S|

If u =1 and v = 0, the above equation produces the very known arithmetic mean (AM):
1 n
1,0
37(31,32,...,%):”;33 (6)
1=

With the usual notion of geometric mean and the BM, the geometric Bonferroni mean

operator is formulated.

Definition 4.2. Let u,v > 0, and s;(¢ = 1,2,...,n) be a collection of non negative crisp
numbers. If
1 n
u,v _ nn—
GB (81’82’...’871)7(11,4— || us,—i—vs)( iy (7)

]:
it
then GB™" is called the geometric Bonferroni mean (GBM).

Obviously, the GBM statisfies the following properties:
(1) GB*¥(0,0,...,0) =0
(2) GB""(s1,82,...,8,) =sif s;=s, foralli=1,2,... n.
(3) GB™"(81,82,...,8,) > GB""(t1,ta,...,t,) if s; > t; Vi that is, GB"" is monotonic.
(4) Min(s;) < GB™ < Max(s;).

Furthermore, if v = 0, Fq.(7) generates the geometric mean:

n n

1 1
GB%O (31782,...,871) = E | | (usi)n(n—l) = | |(31)% (8)
i,j:l, 'L:l
i
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5. Neutrosophic Cubic Fuzzy Geometric Bonferroni Mean

Definition 5.1. Let S; = {[T;,Tf] [I I+] [F{,Fj] ;<T,\i,I,\i,F,\i)} be a collection of

i 07

neutrosophic cubic fuzzy numbers (NCFN). For any u,v > 0,

1 { " 1 \
—1'® ((uS & vS;) 7D 1>)
e )

is called the neutrosophic cubic fuzzy geometric bonferroni mean operator.

NCFGBM™ (Sl, S Sn) _

Theorem 5.2. Letu,v >0 and S; = {[T;, T;'], [I; . I'], [F;, EY] 5 (Thi, D, Foi) } be a col-

)

lection of neutrosophic cubic fuzzy numbers (NCFN). Then the aggregated value is calculated
using the operator NCFGBMY"

(g N
—!'® ((us ® vS;) D 1>)
A )

f[ ( . 1\u+u
T | FCR IR et I
R "

[+ )l
- I (- a-rhra- Ty ,
1 \1 I (1-a-1Ha-17)) | J

(1 - — — n(nll)\ h ( n(n 1) “+U-l

- II (@@ I TT (- arapy) |

R ) |

(1 - — — n(nll)\ u-lHj ( n(n 1)\ uiv-l
- I1 (- E Y Ao I (= e

N A R )

1

<1 - (1 - ﬁ (1= =Tn)"1 - T,\j)v)"("l”\ :

{1—f[<1—<fxi>“<hj>”>m\ ,{1—]2[(1—(FM)“(FAJ-)”)"<;”\| >}
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Proof. . Using the operational laws on NCF'N described in section (3), we have

wS = {[1= (1 =77)" 1= (=1, ()" (1) [(F7)", (F1)"]

(1= (1=T)", ()", (Fi))}

5= (- (1) - (o) L) )] ) ()

(I=(1=T5)", (In)", (F>;)")}

uS; @08 = {[1 - (0 -1 - 1) 1= =T =17 |L [0 @ )]

1 J J

(ED ) (ED ) 5= (1= ) (1= o), ()" ()" ()" (F)") }

Next, we have the following equation which has been derived by Xu and Yager |2§].

n 1
® (uSi@vS;)""
1,

i#j

1 (-a-mra-1)™ 7 ] (1-a-5a-1) ) ,

Li,j 1, AL J
7] -
l’ - 1 n
G (- o)™ T (a7
|- 27.7:17 27‘7:17
1#] i (10)
| L N
—\U —\V n(n—1 . i 1
1_H<1_(Fi)(Fj)> ’1_H(1_(F¢+) (F]-*)) ;
[ i =1, AL
7 ] |
n 1 ) o
<H (1—(1-T)"Q =Ty, 1 J] (- %) U3) ™0,
i,j=1 Rt
Wé i#j
n L ]
ivjzl,
i#£] )

Using NCF operational laws, Eq.(10) yields neutrosophic cubic fuzzy geometric bonferroni
mean operator NCFGBM®""(S1,Ss,---,5,) given by Eq.(9). In addition, it satisfies the
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following conditions

[un

[ ( . \|uiv
==L (-a-mra-ny) e
[ \ i%&;-l( ) )

\ ij=1
i#]

which completes the proof of the theorem.

0< (1 - ﬁ (1- (F,\i)u(F/\j)v)"("ll)) <1

We discuss some of the important properties of the NCFGBM™":

(1) Idempotency: Suppose the colletive data of neutrosophic cubic fuzzy numbers
Si = {[111‘_7Ti+} ) [IZ_>I7,+} ) [F;'_>F‘Z'+} ) <T/\i7[)\i>F/\i>} (Z =1,2,3,-- TL) are equal, for
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any u,v > 0, the aggregate operator be

NCFGBM""(S1,8s,...,5,) = NCFGBM""(S, S, ..., S)

1 ( - M:U\
- ® uS @ vS
\'i2 (5229 >}

(11)
1 (n ~ nnll\
- ®<(u+v)5)( )
it )

1 ((u+v) 5) 222:8 =S

- U+ v
(2) Commuatativity: Let S;(i = 1,2,3,---n) be a collection of neutrosophic cubic num-

bers. For any u,v > 0,

NCFGBM™" (51,52,...,S> NCFGBMW(' 52,...,§n) (12)

Let (él, §2, . ,Sn> be any permuation of (5’1,32, .. 5*

. , CQ 2
H .
=
@
=}

NCFGBM™? (51752,.-.,5’71) _ ! {é) ((uéieaus "D \

u+v g .S
\w:%
i#£]

/
1 & (o))
— \igK(uSZ@vS o 1>}
— NCFGBM™® (51,52,...,5 )

(3) Monotonicity: Let S; (i = 1,2,3,---n) and S; (j = 1,2,3,---n) be two collections
of neutrosophic cubic numbers. For any u,v > 0, if [T, ,T;],C [T;,Tf] [I7,I] D

AR )

[I I+]7 [-F;_7Fi+] 2 [Fj_aFjJr];T/\i S T)\j7I)\i Z I/\jaF)\i 2 F)\] (\V/LJ = 1,2,3,...71),

jti
Then
NCFGBM™" (s) < NCFGBM™® (Sy) (13)
(4) Boundedness: Let S; = {[’Ti_,ilf] [IZ ,Iﬂ [Fi_,FZﬂ ;(TM,IM,FM)} (i =

1,2,3,---n) be a collection of neutrosophic cubic fuzzy numbers, and let

S; = {inf ([T;,T;L]) ,sup([] Iﬂ) ,sup([F[,Ff]) smin (Ty;) , max (Iy;) , max (FM)},

St = {sup([Ti_,Tiﬂ) Jinf ([I I+]) Jinf ([Fi_,Ff]) smax (Th;) ,min (Iy;) , min (FM)}

P07

For any u,v > 0,

S7 < NCFGBM™" (SZ) (i=1,2,3,...n) <8 (14)
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Thus the boundedness is easily obtained.

If parameters u and v are modified in NCFGBM™", then a special case can be obtained as

follows:

If v — 0, then by equation (9), we have

— (@1 ((ugi@vgijlw)) -1 g(m);))

(M- ) e Tl aemt) |

=1 =1

NCFGBM™ (51, S, oo gn) _

3=

n u

CTLeaoH) T wm?) |

i=1 =1

g=

=1 =1

-1~ (Fi_)“)i>u -0 (Ff)“)i> ;

3=
Sl=

<1— 1—H<1—<1—TM>“>) C-TTa- @y ) 1—H<1—<in>“>i)“>

=1 =1 =1

which we call the generalized neutrosophic cubic fuzzy geometric mean (NCFBGM™").

5.1. Weighted Neutrosophic Cubic Fuzzy Bonferroni Geometric Mean

Generally weighted aggregating operator plays a significant role in decision-making pro-
cesses to aggregate information. Therefore we propose a weighted aggregate operator based

on neutrosophic cubic fuzzy bonferroni geometric mean (WNCFGBM,").

Definition 5.3. Let S; = {[T;,Tf] , [I;,Ij] , [F;,Ff] ;<T>\i,I,\i,F>\i)} be a collection of
neutrosophic cubic numbers (NCN), and w = (Wi, Wa, ..., W,)T the wieght vector of S; =
51,8, ..., S,, where w; indicates the importance degree of S; such that w; > 0 and Yo wp =

1(i=1,2,3,...,n). For any u,v > 0,

uiv (Qn{) ((u(&-)“’i @U(Sj)wﬂ)"‘"l”>) (15)
g;jL

is called the weighted neutrosophic cubic fuzzy geometric bonferroni mean operator.

WNCFGBM! (Sl, S, ... sn) _

Theorem 5.4. Let u,v > 0 and S; (1 =1,2,3,...,n) be a collection of neutrosophic cubic
fuzzy numbers (NCFEN), whose weight vector is w; = (W1, Wa, ..., Wy)T, which satisfies that
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w; >0, and > jw; =1 (i=1,2,3,...,n). Then the aggregated value using the operator is

WNCFGBM"" (31,8, ..., 5,) =

1 ~ ~ =D
{ - . . n(nl 1) \
Ut v Q) (ulS)™ @ wv(S;)™s

f{ ( . 1 \i
=d -t T (- = @y=y - @y )y)e) ™
Tl )

( L . n(n 1)\ u+v-l
- - - ( - ( i+)WZ)u( ( - 'LU] U
1 \1 igl.;lL (1 1—(T. T; / J

I L (1-a-a-pera-a-n >wf>”)"<"1‘”\

)

(1 - JJa-a-a-ny)a-Qa- IAj)wJ')v)n(nln\

\ )
( " 1 \ )
1= [T A== 0= B = (1= Fy)™)") 70D > '
\ ) |
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Proof. The proof is identical with the proof of theorem (5.2) and therefore is omitted.

6. An application of weighted neutrosophic cubic fuzzy geometric bonferroni mean

operator to MCDM problems

In this section, we propose an algorithm for MCDM method based on neutrosophic cubic
fuzzy geometric Bonferroni mean operators and illustrate it with a numerical example.
Algorithm. Let A; = {%1,%,...,3} and C; = {i1,72, ..., 7m} be collections of n al-
ternatives and m attributes respectively. According to the appropriate weight of attributes
(@;)T = {@1,@2,...@n} is determined, which satisfies the condition that @; > 0 and Y. &; = 1.
Then the following steps are used in process of MCDM method.
Step 1. Construct neutrosophic cubic fuzzy decision matrix D = [Nyj]nsxm.-
Step 2. The decision matrix is aggregated using NCFGBM"“" or WNCFGBM," to
m attributes.
Step 3. Utilize the score formula (Eq.1) to calculate the values of s(A;)

Step 4. The n alternatives are ranked according to their score values

6.1. Numerical Example and Investigation

An illustrative example on the selection problem of investment alternatives is adapted
(Ref. [25126]) to validate the proposed MCDM method with NCF data. A company wants a
sum of money to be invested in an industry. Then the committee suggests the following four
feasible alternatives: (a) 47 is a textile company; (b) 42 is an automobile company; (¢) 73 is a
computer company; (d) 74 is a software company. Suppose that three attributes namely, (1) 71
is the risk; (2) 7 is the growth; (3) 73 is the environmental impact; are taken into the evalua-
tion requirements of the alternatives. The weight vectors of the three attributes 7;(j = 1,2, 3)
are (0;)7 = (0.32,0.38,0.3) respectively. Then the experts or decision makers are asked to
evaluate each alternative on attributes by the form of NCFNs. Thus, the assessment data can
be represented by neutrosophic cubic decision matrix D = [Sjj]mxn-

step 1. Neutrosophic cubic fuzzy decision matrix D = [S;;]ax3

{ 0.5,0.6],  [0.1,0.3], 0.5,0.6],  [0.1,0.3], 0.2,0.4],  [0.7,0.8] ]
[ozoq;<aaoza$>’ [0.2,0.4]; 060203> [0.8,0.9]; 030809)
I 06,08, [0.1,0.2], 0.6,0.7],  [0.1,0.2] 0.3,04],  [0.6,0.7] '
1):: [010$;<010L0%> 0.2,0.3]; 060102) [0.8,0.9]; 030609>:
| [04,06], [010&,)7 (0.5,0.6],  [0.2,0.3], ) 0.3,0.5],  [0.7,0.8], ) |
| [0.1,0.3]; (0.6,0.2,0.2) 0.3,0.4]; (0.6,0.3,0.4 0.6,0.7); (0.4,0.8,0.7)) |
07,08,  [0.1,0.2] 0.6,0.7],  [0.1,0.2] 0.3,04],  [0.6,0.7]
{ m1oﬂ,<0&0Lum>’ 0.1,0.3]; 070102) mzoa;<0aozo&>J
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step 2. The decision matrix is aggregated by WNCFGBM."(Si1, Sia, Si3)(i = 1,2,...7n)
operators (Using Eq.16) to the three (7,7 = 1,2, 3) attributes.

If we take the parameter values u = v = 1, then using A4; = WNC’FGBMS’D, we get

the following values

Ay = {[0.7345,0.8126] , [0.0881, 0.1861] , [0.1453, 0.2523] ; (0.7951,0.1453,0.2093) } ,
Ay = {[0.7951,0.8635] , [0.0790, 0.1307] , [0.1453,0.2093] ; (0.8124,0.0790,0.1642)} ,
Ay = {]0.7378,0.8287] , [0.1307,0.1861] , [0.1195, 0.1876] ; (0.8126, 0.1674,0.1703)} ,
A, = {]0.8124,0.8635] , [0.0790,0.1307] , [0.0881, 0.1674] ; (0.8491, 0.0881,0.1453) }

step 3. Utilizing Eq.(1), the score values s(4;) are found
s(A1) = 0.8130, s(Az) = 0.8527, s(A3) = 0.8244, s(A4) = 0.8702.

step 4. Since the values s(Ay) > s(As) > s(A3) > s(A;), the rank of alternatives are in
the order of 4 > 2 > 43 > 1.

From the results, we could see that the ranking order and the best choice of alternatives

are the same as the results in [25,26].

If the parameters u = v = 2 , then using A; = WNC'FGBMQE,M), we get the following

aggregate values

Ay = {[0.7306,0.8111], [0.0950, 0.1940] , [0.1542,0.2619] ; (0.7916,0.1542, 0.2204) } ,

Ay = {[0.7916,0.8563] , [0.0847, 0.1376] , [0.1542, 0.2204] ; (0.8055, 0.0847, 0.1757)} ,

A3 = {[0.7371,0.8283], [0.1376,0.1940] , [0.1354, 0.1945] ; (0.8111,0.1797,0.1841)} ,
= {[0.8055,0.8563] , [0.0847, 0.1376] , [0.0950, 0.1797] ; (0.8395,0.0950, 0.1542)} .

Then we calculate the score of the alternatives s(A;) = 0.8059, s(Ay) = 0.8451, s(A3) =
0.8165, s(A,4) = 0.8621.

Since s(Ay) > s(As) > s(A3z) > s(A1), the order of the rank is 54 > 32 > 33 > 1.

As the values of parameters u and v change according to the subjective preference of the
decision maker, we can find that the ranking order of the alternatives are the same, which
indicates that the proposed method can obtain the most optimistic results than the existing
MCDM methods based on GBM [29]. For a detailed comparision, we represent the scores of

each alternatives in Fig.1 by changing the values of parameters u,v between 0 and 10.
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FIGURE 1. Scores of alternative 7; obtained by WNCFGBMy"

7. Conclusions

In this paper, we have applied geometric Bonferroni mean to neutrosophic cubic fuzzy
sets. A new aggregating operator NCFGBM™? has been established and its properties are
discussed. The MCDM method is developed based on the weighted operator W NCFGBM,"
and is verified with a numerical example where four alternatives are ranked under three criteria.
The graphical representation of the results depicted above shows that the ranking of the
alternatives remains unaffected when the parameters are changed due to subjective preferences.
This proves that the method is objective and moreover the result obtained, when compared
with the results of existing techniques, shows that the proposed method is more effective
in dealing with neutrosophic fuzzy information. In future, NCFGBM™" operator could be

applied to various other MCDM methods.
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