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Abstract

Neutrosophic set can deal with the uncertainties related to the information of any decision making problem in real life sce-

narios, where fuzzy set may fail to handle those uncertainties properly. In this study, we present the perception of trapezoi-

dal bipolar neutrosophic numbers and its classification in different frame. We introduce the idea of disjunctive structures 

of trapezoidal bipolar neutrosophic numbers namely type-1 trapezoidal bipolar neutrosophic number, type-2 trapezoidal 

bipolar neutrosophic numbers, and type-3 trapezoidal bipolar neutrosophic number based on the perception of dependency 

among membership functions in neutrosophic set. In any neutrosophic decision-making problem, the decision maker uses the 

comparison of neutrosophic numbers to choose among alternatives solutions. Here, we introduce a ranking method, i.e., De-

bipolarization scheme for trapezoidal bipolar neutrosophic number (TrBNN) using removal area technique. We also describe 

the utility of trapezoidal bipolar neutrosophic number and its appliance in a multi criteria group decision making problem 

(MCGDM) for distinct users in trapezoidal bipolar arena which is more ethical, precise and reliable in neutrosophic field.

Keywords Trapezoidal bipolar neutrosophic number · De-bipolarization · Multi criterion group decision making problem

Introduction

The theory of impreciseness was first portrayed by Profes-

sor L. A. Zadeh in 1965. Demonstration of membership 

function and its logical significance was described briefly 

in [1]. In this contemporary era, the theory of ambigu-

ity theater a fundamental position in different domain of 

research field like mathematical modeling, social science, 

networking, decision making problem, medical diagnoses 

problems etc. Furthermore, researchers from disjunctive 

arena invented trapezoidal [2], pentagonal [3], hexagonal 

[4] fuzzy numbers and their different applications in vari-

ous fields. Later, in 1986, Atanassov [5] represents a leg-

erdemain idea namely intuitionistic fuzzy set (IFS), where 

both membership and non-membership functions are well 

thought-out together in a graphical frame. After that, Liu 

and Yuan [6] introduced triangular IFS and Ye [7] invented 

trapezoidal IFS which are the congenial combination of tri-

angular, trapezoidal FS and IFS, respectively. Later, in 1998, 

Smarandache [8] ignited a legerdemain conception of neu-

trosophic set (NS) which actually deals with three different 

categories of membership functions namely (i) truth, (ii) 

false and (iii) hesitation membership function. Invention of 

NS plays an important impact in science and engineering 

research domain. In this current epoch, it is generally used 

in decision making (D.M) problem and mathematical mod-

eling. As researches goes on, researchers developed single 

valued NS [9], triangular NS [10], trapezoidal NS [11] and 

recently, Chakraborty [12] constructed the theory of pen-

tagonal neutrosophic set. Basset et al. [13] developed the 

perception of type 2 neutrosophic numbers, Peng et al. [14] 

ignited power aggregation operator-based MCGDM, Maity 

et al. [15] focused on backlogging EOQ model in dense 
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environment, Garg [16] analyzed L.P.P-based D.M problem, 

Wang et al. [17] established linguistic MCGDM problem in 

cloud model, Jiang [18] introduced learning model using 

defuzzification skill, Nabeeh et al. [19] formulated neutro-

sophic AHP model based on IoT, Biswas et al. [20] proposed 

TOPSIS skill MCGDM problem, Yu-Han et al. [21] pro-

posed MCGDM problem using VIKOR method, Stanujkic 

et al. [22] represents MULTIMOORA technique MCDM 

problem, Haque et al. [23] structured generalized spherical 

number, Chakraborty [24] evolved neutron-logic oriented 

EOQ model, the authors [25, 26] developed cylindrical neu-

trosophic number etc.

Recently, conception of bipolarity [27, 28, 29] has been 

introduced in research domain to grab human mind’s dilemma 

based on positive and negative part by Bosc and Pivert [30]. 

Demonstration of positive and negative membership functions 

has been developed in this bipolarity concept. Furthermore, 

Lee [31, 32] extensive the thought of bipolar fuzzy set and 

Kang and Kang [33] applied this conception into group theory 

algebra, semi group and other group-related fields. After that, 

Deli [25] manifested the conception of decision making prob-

lem in bipolar environment. Broumi [26] introduced bipolar 

graph concept and further Ali [34] developed the idea of com-

plex neutrosophic set in uncertainty domain. Later, Molodtsov 

[31] manifested soft bipolar set and Aslam [32] applied it in 

D.M problem. After that, Uluçay [35] and Wang [36] devel-

oped similarity measure in bipolar set and operators in bipolar 

domain, respectively. In recent times, Chakraborty et al. [37] 

ignited the idea of bipolar number in triangular form and its 

classification in different aspects and Hashim [38] introduced 

hope function related to bipolar domain. Furthermore, Lee 

[39] developed operations on bipolar set, Jana [40] established 

dombi aggregation operation on bipolar arena and Broumi 

et al. [41] formulated bipolar neutrosophic shortest path prob-

lem. Cloud computing (CC) is a computational system model 

which assigned different computing assets to the users. The 

main goal of computation of a cloud service-based model is 

to construct the important scope for cloud service user by 

accessing the minimum infrastructure and software applica-

tions from any instance. So, CC gives a new kind of details 

and services that increase the new vision of IT services. The 

recent development of the CC and at the same time the growth 

of the smart mobile components help us to imagine mobile 

cloud computing. Recently, cloud service-based problem 

plays a crucial impact on uncertainty research domain. Fei 

Tao et al. [42] developed cloud manufacturing service prob-

lem, Shuai et al. [43] germinated cloud-based MCDM prob-

lem using trust evaluation, Rehman et al. [44] proposed cloud 

selection-based MCDM skill, Garg [45] established ranking 

of cloud services under uncertainty, Yang et al. [46] ignited 

service assortment skill for cross cloud services, Jaiganesh 

et al. [47] proposed load optimization in CC, Wei et al. [48] 

manifested gray analysis C.C using MADM problem, Ashtiani 

et al. [49] developed TOPSIS-based C.C problem, Chen et al. 

[50] build up MCDM problem in CC services and VIKOR 

skill under impreciseness, Su et al. [51] framed VIKOR 

method in CC services etc. There exists [52–56] lots of work 

in this domain.

In this article, we demonstrate different form of trapezoi-

dal bipolar neutrosophic number and its classification. We 

also manifested the conception of both linear and non-linear 

single valued trapezoidal bipolar neutrosophic number and 

its disjunctive categories according to the dependency and 

independency of membership functions. Additionally, a 

new de-bipolarized technique is developed here using the 

conception of removal area method of linear trapezoidal 

bipolar neutrosophic number. Utilizing this novel technique 

anyone can find out the crispified value of a trapezoidal 

neutrosophic number. Finally, we consider a cloud service-

based MCGDM problem as an application of the work under 

trapezoidal bipolar neutrosophic environment in which we 

applied the developed results of de-bipolarization skill. 

Here, our main goal is to catch the best alternative cloud 

service provider among finite number of service providers. 

Lastly, a sensitivity analysis has been performed on weights 

of the attribute function that clearly shows us disjunctive 

ranking cases of the proposed problem. This novel thought 

will help the researchers to identify classification of trap-

ezoidal bipolar model, de-bipolarization skill, MCGDM 

problem and sensitivity analysis in future research work.

Motivation

The conception of bipolar number has been widely applied 

in various scientific mathematical modeling nowadays. 

Recently, some important questions has been arises in 

researchers mind that if someone want to construct linear 

and non-linear trapezoidal bipolar neutrosophic number 

then what will the mathematical form of the membership 

functions? What will be the graphical representation and 

significance of both linear and non-linear trapezoidal bipolar 

neutrosophic number? Also, how can we classify class—1, 

2, 3 of linear trapezoidal bipolar neutrosophic number and 

its disjunctive forms in case of dependency and independ-

ency of the membership functions? Instead of these question 

further, there is a burning question arises in human thinking 

that how could we relate this number with the crisp number 

that is, what will be the technique of crispification in bipolar-

neutrosophic logic? In this feature, we shall try to create the 

article but again we faced some logical question like what 

will be the application arena of this proposed number and 

can we utilize this number in cloud service-based decision 

making theory? Also, if the attribute values are changed in 

a certain limit what will be the effect in case of ranking? To 

find out the answers of these raised questions we started our 
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work to establish this article in trapezoidal bipolar-neutro-

sophic domain.

Novelties of the work

Various research idea had been previously published in neu-

trosophic ground specifically in bipolar domain. Different 

types of formulations, application and simulations are devel-

oped by researchers in this field. Moreover, some important 

results and analysis are still unrevealed. We shall try to solve 

these unknown points describes below:

(i) Formulation of linear TrBNN.

(ii) Classification of the proposed number (Category 1, 2, 

3) according to dependency and independency of the 

membership functions.

(iii) Geometrical importance and significance of linear 

TrBNN.

(iv) Structure of generalized linear form of TrBNN.

(v) Establishment of non- linear trapezoidal bipolar neu-

trosophic number.

(vi) Geometrical representation of Non- linear form of the 

proposed number.

(vii) Computation of de-bipolarization technique for TrBNN, 

i.e., the crispification skill.

(viii) Construction of cloud service provider-related 

hypothetical MCGDM problem in bipolar-neutro arena 

and finally it’s ranking in a logical way.

(ix) Sensitivity analysis of the proposed MCGDM method 

for different attribute weights.

(x) Formulation of Sensitivity chart and Comparison of 

proposed work with the other published work.

Verbal phrase‑related neutrosophic idea

In our daily life, some researchers often focused on the point 

that how anyone can establish a logical relationship between 

neutrosophic conception and the real life problem with the 

help of verbal phrase concept? In this phenomenon, we shall 

try to construct an idea such that this raised question can be 

revealed so easily.

Example 1.1 Suppose we need to construct a committee 

from the group members maintain the democratic way in an 

important meeting. Thus, this will be a problem of vote cast-

ing. Member have different sentiments, feelings, hope, eth-

ics, dream etc. Thus in vagueness aspect we can select dif-

ferent kind of vagueness parameters like fuzzy, intuitionistic, 

neutrosophic numbers etc. Here, we construct verbal phrases 

in various environment for this given problem (Table 1).

Mathematical preliminaries

Definition 2.1 Fuzzy set: [1] A set S̃ , defined as 

S̃ =
{(

A,�
S̃
(A)

)

∶ A ∈ S,�
S̃
(A) ∈ [0, 1]

}

 and  usua l ly 

denoted by the pair as 
(

A,�
S̃
(A)

)

 , A ∈ S and �
S̃
(A) ∈ [0, 1] , 

then S̃ is said to be a fuzzy set.

D e f i n i t i o n  2 . 2  N e u t r o s o p h i c  s e t :  [ 5 ]  A 

set  T̃  is  identif ied as a neutrosophic set  i f 

T̃ =
�
⟨p;

�
�T̃ (p),�T̃ (p),�T̃ (p)

�
⟩ ⋮ x ∈ P, P = universal set

�
 , 

where �T̃ (p) ∶ P → [0, 1] signifies the scale of confidence, 

�
ñeuBiT

(p) ∶ P → [0, 1] signifies the scale of hesitation and 

�T̃ (p) ∶ P → [0, 1] signifies the scale of falseness. Where, 

�T̃ (p),�T̃ (p) and�T̃ (p) satisfies the relation:

Definition 2.3 Single typed neutrosophic num-

ber: 
(

Ñ
)

 is called STNN, if it can be written as 

Ñ = ⟨
��

a
1, b

1, c
1, d

1
�
;�
�
,
��

a
2, b

2, c
2, d

2
�
;�
�
,
��

a
3, b

3, c
3, d

3
�
;�
�
⟩ 

w h e r e  �, �, � ∈ [0,1] ,  w h e r e  
(

τ
Ñ

)

∶ ℝ → [0,�] , 
(

�
Ñ

)

∶ ℝ → [�, 1] and 
(

�
Ñ

)

∶ ℝ → [�, 1] is given as:

−0 ≤ �T̃ (p) + �T̃ (p) + �T̃ (p) ≤ 3 + .

Table 1  Verbal phrases for different uncertain number

Various parameter Verbal phrase Details

Interval valued number [Poor, large] Members will choose according to their 1st choice 

within a fixed choice like [4th, 5th] nominees

Trapezoidal fuzzy number [Poor, semi median, moderate median, large] Elector will choose according to their 1st choice a 

suitable candidate within [a, b, c] say

Trapezoidal intuitionistic fuzzy [Poor, ordinary, middle, high; very poor, semi 

poor, moderate, high]

Elector will choose any nominee frankly and dis-

card others instantly according to their vision

Trapezoidal bipolar neutrosophic number [Standard, semi high, moderate high, very high; 

intermediate, average, semi median, moderate 

median; very low, semi poor, moderate poor, 

high]

A few electors will choose frankly any of the can-

didates, few of them are in dilemma in casting 

ballot and few of them straight discard voting 

according to their own vision
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and

Definition 2.4 Bipolar neutrosophic set: A set T̃
Bi

 is  

identified as BNS if, T̃Bi =
�
⟨p;

�
�T̃Bi

+(p),�T̃Bi

+(p),�T̃Bi

+(p),

�B̃i
−(p),�T̃Bi

−(p),�T̃Bi

−(p)
�
⟩ ⋮ p ∈ P

�
 ,  where  �T̃Bi

+(p) ∶ 

P → [0,1], �T̃Bi

−(p) ∶ P → [−1,0], signifies the scale of confi-

dence, �T̃Bi

+(p) ∶ P → [0,1],�T̃Bi

−(p) ∶ P → [−1,0] signifies 

�Ñ(p) =

⎧
⎪
⎨
⎪
⎩

�Ñl
(p) when

� when

�Ñu
(p) when

0

a1 ≤ p ≤ b1

b1 ≤ p ≤ c1

c1 ≤ p ≤ d1

otherwise

,

�Ñ(x) =

⎧
⎪
⎨
⎪
⎩

�Ñl
(p) when

� when

�Ñu
(p) when

1

a2 ≤ p ≤ b2

b2 ≤ p ≤ c2

c2 ≤ p ≤ d2

otherwise

,

�Ñ(p) =

⎧
⎪
⎨
⎪
⎩

�Ñl
(p) when

� when

�Ñu
(p) when

1

a3 ≤ p ≤ b3

b3 ≤ p ≤ c3

c3 ≤ p ≤ d3

otherwise

.

the scale of hesitation and �T̃Bi

+(p) ∶ P → [0,1],�T̃Bi

−(p) ∶

P → [−1,0] signifies the scale of falseness.

Single type linear trapezoidal bipolar 
neutrosophic number

This block diagram shows various types of uncertain param-

eters and their classifications (Fig. 1).

Trapezoidal single typed bipolar neutrosophic 
number of category 1: the portion of the validity, 
indecision and negation are independent

A single typed TrBNN of Category 1 is described as:

Whose validity, indecision and negation membership 

function portions are scaled as:

S̃BiTr = (e1, e2, e3;f1, f2, f3;g1, g2, g3).

Fig. 1  Schematic map for special types of single type linear trapezoidal bipolar neutrosophic number
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and

and

where −3 ≤ T
S̃

BiTr
(x) + I

S̃
BiTr

(x) + F
S̃

BiTr
(x) ≤ 3+ and x ∈ S̃

S̃
BiTr

.

Note: Here, T+

S̃
BiTr

 and T−

S̃
BiTr

 represents the positive part 

and negative part of validity membership function T
S̃

BiTr
 , 

respectively, I+
S̃

BiTr
 and I−

S̃
BiTr

 represents the positive part 

and negative part of indecision membership function I
S̃

BiTr
 , 

T
+

S̃BiTr

(x) =

⎧
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎩

x − e1

e2 − e1

when e1 ≤ x < e2

1 when e2 ≤ x ≤ e3

e4 − x

e4 − e3

when e3 < x ≤ e4

0 otherwise

,

T
−

S̃BiTr

(x) =

⎧
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎩

e2 − x

e2 − e1

when e1 ≤ x < e2

−1 when e2 ≤ x ≤ e3

x − e4

e4 − e3

when e3 < x ≤ e4

0 otherwise

,

I+
S̃BiTr

(x) =

⎧
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎩

f2 − x

f2 − f1
when f1 ≤ x < f2

0 when f2 ≤ x ≤ f3

x − f4

f4 − f3
when f3 < x ≤ f4

1 otherwise

,

I−
S̃BiTr

(x) =

⎧
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎩

x − f2

f2 − f1
when f1 ≤ x < f2

0 when f2 ≤ x ≤ f3

f4 − x

f4 − f3
when f3 < x ≤ f4

−1 otherwise

,

F+

S̃BiTr

(x) =

⎧
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎩

g2 − x

g2 − g1

when g1 ≤ x < g2

0 when g2 ≤ x ≤ g3

x − g4

g4 − g3

when g3 < x ≤ g4

1 otherwise

,

F−

S̃BiTr

(x) =

⎧
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎩

x − g2

g2 − g1

when g1 ≤ x < g2

0 when g2 ≤ x ≤ g3

g4 − x

g4 − g3

when g3 < x ≤ g4

−1 otherwise

,

respectively, and F+

S̃
BiTr

 and F−

S̃
BiTr

 represents the positive 

part and negative part of negation membership function 

F
S̃

BiTr
 , respectively, of trapezoidal single typed bipolar neu-

trosophic number of Category 1.

Parametric form of the number

The parametric form or (�, �, �)—cut form of the developed 

category-1 number is describes as follows:

where T+
BiTr1(�) = e1 + �

(

e2 − e1

)

, T
+

BiTr2(�) = e4 − �

(e4 − e3),

T
−

BiTr1(�) = e2 − �

(

e2 − e1

)

, T
−

BiTr2(�) = e4 + �(e4 − e3),

I+BiTr1(�) = f2 − �(f2 − f1),, I
+

BiTr2(�) = f3 + �(f4 − f3),

I−BiTr1(�) = f2 + �(f2 − f1),, I
−

BiTr2(�) = f3 − �(f4 − f3),

F+
BiTr1(�) = g2 − �(g2 − g1), F

+
BiTr2(�) = g3 + �(g4 − g3),

F−
BiTr1(�) = g2 + �

(

g2 − g1

)

, F−
BiTr2(�) = g3 − �(g4 − g3).

Here ,   −1 ≤ � ≤ 1,   −1 ≤ � ≤ 1 ,  −1 ≤ � ≤ 1 and 

−3 ≤ � + � + � ≤ 3.

Note: Here, T+
BiTr(�), T

−
BiTr(�);I

+
BiTr(�), I

−
BiTr(�);F

+
BiTr(�),

F
−

BiTr
(�) denotes the (�, �, �)—cut form of positive and neg-

ative validity, indecision and negation membership function 

of trapezoidal single typed bipolar neutrosophic number of 

Category 1.

Trapezoidal single typed bipolar neutrosophic 
number of category 2: the portion of indecision 
and negation are dependent

A single typed TrBNN of Category 2 is described as 

S̃BiTr = (e1, e2, e3; f1, f2, f3; sBN, tBN) whose validity, 

indecision and negation membership function is scaled as:

and

(S̃BiTr)�,�,� =
[

T
+

BiTr1(�), T
+

BiTr2(�); I
+

BiTr1(�), I
+

BiTr2(�);

F
+

BiTr1(�), F
−

BiTr2(�)
]

,

T
+

S̃BiTr

(x) =

⎧
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎩

x − e1

e2 − e1

when e1 ≤ x < e2

1 when e2 ≤ x ≤ e3

e4 − x

e4 − e3

when e3 < x ≤ e4

0 otherwise

,

T
−

S̃BiTr

(x) =

⎧
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎩

e2 − x

e2 − e1

when e1 ≤ x < e2

−1 when x = e2 ≤ x ≤ e3

x − e4

e4 − e3

when e3 < x ≤ e4

0 otherwise

,
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and

where −2 ≤ T
S̃

BiTr
(x) + I

S̃
BiTr

(x) + F
S̃

BiTr
(x) ≤ 2 and x ∈ S̃

S̃
BiTr

.

Note: Here, T+

S̃
BiTr

 and T−

S̃
BiTr

 represents the positive part 

and negative part of validity membership function T
S̃

BiTr
 , 

respectively, I+
S̃

BiTr
 and I−

S̃
BiTr

 represents the positive part 

and negative part of indecision membership function I
S̃

BiTr
 , 

respectively, and F+

S̃
BiTr

 and F−

S̃
BiTr

 represents the positive 

part and negative part of negation membership function 

F
S̃

BiTr
 , respectively, of trapezoidal single typed bipolar neu-

trosophic number of Category 2. Also, here I
S̃

BiTr
 and F

S̃
BiTr

 

are dependent to each other.

Parametric form of the number

The parametric form or the (�, �, �)—cut form of the devel-

oped category-2 number is describes as follows:

I+
S̃BiTr

(x) =

⎧
⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

f2 − x + sBN

�
x − f1

�
f2 − f1

when f1 ≤ x < f2

sBN when f2 ≤ x ≤ f3

x − f3 + sBN

�
f4 − x

�
f4 − f3

when f3 < x ≤ f4

1 otherwise

,

I−
S̃BiTr

(x) =

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

x − f1 + sBN

�
f2 − x

�
j2 − j1

when f1 ≤ x < f2

sBN when f2 ≤ x ≤ f3

f4 − x + sBN

�
x − f3

�
f4 − f3

when f3 < x ≤ f4

−1 otherwise

,

F+

S̃BiTr

(x) =

⎧
⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

f2 − x + tBN

�
x − f1

�
f2 − f1

when f1 ≤ x < f2

tBN when f2 ≤ x ≤ f3

x − f3 + tBN

�
f4 − x

�
f4 − f3

when f3 < x ≤ f4

1 otherwise

,

F−

S̃BiTr

(x) =

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

x − f1 + tBN

�
f2 − x

�
f2 − f1

when f1 ≤ x < f2

tBN when f2 ≤ x ≤ f3

f4 − x + tBN

�
x − f3

�
f4 − f3

when f3 < x ≤ f4

−1 otherwise

,

where 

T
+

BiTr1(�) = e1 + �

(

e2 − e1

)

, T
+

BiTr2(�) = e4 − �(e4 − e3),

Here,   −1 ≤ � ≤ 1 ,  s
BN

≤ � ≤ 1 ,  t
BN

≤ � ≤ 1 and 

−1 ≤ � + � ≤ 1 and −1 ≤ � + � + � ≤ 2.

Note: Here, T+
BiTr(�), T

−
BiTr(�); I

+
BiTr(�), I

−
BiTr(�);F

+
BiTr(�),

F
−

BiTr
(�) denotes the �, �, �—cut form of positive and nega-

tive validity, indecision and negation membership function 

of trapezoidal single typed bipolar neutrosophic number of 

Category 2.

Trapezoidal single typed bipolar neutrosophic 
number of category 3: the portion of the validity, 
indecision and negation are dependent

A single typed TrBNN of Category 3 is described as 

S̃BiTr = (e1, e2, e3; qBN, sBN, tBN) whose validity, indeci-

sion and negation membership function is scaled as:

(

S̃BiTr

)

�,�,�
=
[

TBiTr1(�), TBiTr2(�); IBiTr1(�), IBiTr2(�);

FBiTr1(�), FBiTr2(�)
]

,

T
−

BiTr1(�) = e2 − �

(

e2 − e1

)

, T
−

BiTr2(�) = e4 + �(e4 − e3),

I+BiTr1(�) =
f2 − s

BN
f1 − �(f2 − f1)

1 − uBN

,

I+BiTr2(�) =
f3 − sBNf4 + �(f4 − f3)

1 − uBN

,

I−BiTr1(�) =
f1 − s

BN
f2 + �(f2 − f1)

1 − uBN

,

I−BiTr2(�) =
f4 − sBNf3 − �(f4 − f3)

1 − uBN

,

F+
BiTr1(�) =

f2 − tBNf1 − �(f2 − f1)

1 − yBN

,

F+
BiTr2(�) =

f3 − tBNf4 + �(f4 − f3)

1 − yBN

,

F−
BiTr1(�) =

f1 − tBNf2 + �(f2 − f1)

1 − yBN

,

F−
BiTr2(�) =

f4 − tBNf3 − �(f4 − f3)

1 − yBN

,
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and

and

T+

S̃BiTr

(x) =

⎧
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎩

qBN

x − e1

e2 − e1

when e1 ≤ x < e2

qBN when e2 ≤ x ≤ e3

qBN

e4 − x

e4 − e3

when e3 < x ≤ e4

0 otherwise

,

T−

S̃BiTr

(x) =

⎧
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎩

qBN

e2 − x

e2 − e1

when e1 ≤ x < e2

qBN when e2 ≤ x ≤ e3

qBN

x − e4

e4 − e3

when e3 < x ≤ e4

0 otherwise

,

I
+

S̃BiTr

(x) =

⎧
⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

e2 − x + s
BN

�
x − e1

�
e2 − e1

when e1 ≤ x < e2

sBN when e2 ≤ x ≤ e3

x − e3 + sBN

�
e4 − x

�
e4 − e3

when e3 < x ≤ e4

1 otherwise

,

I
−

S̃BiTr

(x) =

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

x − e1 + sBN

�
e2 − x

�
e2 − e1

when e1 ≤ x < e2

sBN when e2 ≤ x ≤ e3

e4 − x + sBN

�
x − e3

�
e4 − e3

when e3 < x ≤ e4

−1 otherwise

,

F
+

S̃BiTr

(x) =

⎧
⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

e2 − x + t
BN

�
x − e1

�
e2 − e1

when e1 ≤ x < e2

tBN when e2 ≤ x ≤ e3

x − e3 + tBN

�
e4 − x

�
e4 − e3

when e3 < x ≤ e4

1 otherwise

,

F
−

S̃BiTr

(x) =

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

x − e1 + tBN

�
e2 − x

�
e2 − e1

when e1 ≤ x < e2

tBN when e2 ≤ x ≤ e3

e4 − x + tBN

�
x − e3

�
e4 − e3

when e3 < x ≤ e4

−1 otherwise

,

where −1 ≤ T
S̃

BiTr
(x) + I

S̃
BiTr

(x) + F
S̃

BiTr
(x) ≤ 1, x ∈ S̃

BiTr
.

Note: Here, T+

S̃
BiTr

 and T−

S̃
BiTr

 represents the positive part 

and negative part of validity membership function T
S̃

BiTr
 , 

respectively, I+
S̃

BiTr
 and I−

S̃
BiTr

 represents the positive part 

and negative part of indecision membership function I
S̃

BiTr
 , 

respectively, and F+

S̃
BiTr

 and F−

S̃
BiTr

 represents the positive 

part and negative part of negation membership function 

F
S̃

BiTr
 , respectively, of trapezoidal single typed bipolar neu-

trosophic number of Category 3. Also, here T
S̃BiTr

, I
S̃

BiTr
 and 

F
S̃

BiTr
 are dependent to each other.

Parametric form of the number

The parametric form or the (�, �, �)—cut form of the devel-

oped category-3 number is describes as follows:

where T+
BiTr1(�) = e1 +

�

qBN

(

e2 − e1

)

, T+
BiTr2(�) = e4 −

�

qBN

(e4 − e3),

Here,  −1 ≤ � ≤ q
BN

,  s
BN

≤ � ≤ 1,  t
BN

≤ � ≤ 1 and 

−1 ≤ � + � + � ≤ 1.

Note:  Here ,  T
+

BiTr(�), T
−

BiTr(�); I
+

BiTr(�), I
−

BiTr(�);

F
+

BiTr(�), F
−

BiTr(�) denotes the �, �, �—cut form of positive 

(

S̃BiTr

)

�,�,�
=
[

TBiTr1(�), TBiTr2(�); IBiTr1(�), IBiTr2(�);

FBiTr1(�), FBiTr2(�)
]

,

T−
BiTr1(�) = e2 −

�

qBN

(

e2 − e1

)

, T−
BiTr2(�) = e4 +

�

qBN

(e4 − e3),

I
+

BiTr1(�) =
e2 − s

BN
e1 − �(e2 − e1)

1 − sBN

,

I
+

BiTr2(�) =
e3 − sBNe4 + �(e4 − e3)

1 − sBN

,

I
−

BiTr1(�) =
e1 − s

BN
e2 + �(e2 − e1)

1 − sBN

,

I
−

BiTr2(�) =
e4 − sBNe3 − �(e4 − e3)

1 − sBN

,

F
+

BiTr1(�) =
e2 − tBNe1 − �(e2 − e1)

1 − tBN

,

F
+

BiTr2(�) =
e3 − tBNe4 + �(e4 − e3)

1 − tBN

,

F
−

BiTr1(�) =
e1 − tBNe2 + �(e2 − e1)

1 − tBN

,

F
−

BiTr2(�) =
e3 − tBNe3 − �(e4 − e3)

1 − tBN

,
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and negative validity, indecision and negation membership 

function of trapezoidal single typed bipolar neutrosophic 

number of Category 3.

Single typed non‑linear trapezoidal bipolar 
neutrosophic number

Single typed non‑linear trapezoidal bipolar 
neutrosophic number

A single typed non linear TrBNN is precise as 

S̃BiTr =
(
e1, e2, e3; f1, f2, f3; g1, g2, g3

||p1, p2; q1, q2; r1, r2) 

whose validity, indecision and negation membership func-

tion is scaled as:

and

and

T+

S̃BiTr

(x) =

⎧
⎪⎪⎪⎨⎪⎪⎪⎩

�
x − e1

e2 − e1

�p1

when e1 ≤ x < e2

1 when e2 ≤ x ≤ e3�
e4 − x

e4 − e3

�p2

when e3 < x ≤ e4

0 otherwise

,

T−

S̃BiTr

(x) =

⎧
⎪⎪⎪⎨⎪⎪⎪⎩

�
e2 − x

e2 − e1

�p1

when e1 ≤ x < e2

−1 when e2 ≤ x ≤ e3�
x − e4

e4 − e3

�p2

when e3 < x ≤ e4

0 otherwise

,

I+
S̃BiTr

(x) =

⎧
⎪⎪⎪⎨⎪⎪⎪⎩

�
x − f1

f2 − f1

�q1

when f1 ≤ x < f2

0 when f2 ≤ x ≤ f3�
x − f4

f4 − f3

�q2

when f3 < x ≤ f4

1 otherwise

,

I−
S̃BiTr

(x) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩

�
x − f2

f2 − f1

�q1

when f1 ≤ x < f2

0 when f2 ≤ x ≤ f3�
f3 − x

f4 − f3

�q2

when f3 < x ≤ f4

−1 otherwise

,

Fig. 2  Non-linear trapezoidal bipolar neutrosophic number

where T+
S̃BiTr

(x) ∶ X ∈ [0,1], T
−

S̃BiTr
(x) ∶ X ∈ [−1,0], I

+
S̃BiTr

(x) ∶

X ∈ [0,1],

Note: Here, T+

S̃
BiTr

 and T−

S̃
BiTr

 represents the positive part 

and negative part of validity membership function T
S̃

BiTr
 , 

respectively, I+
S̃

BiTr
 and I−

S̃
BiTr

 represents the positive part 

and negative part of indecision membership function I
S̃

BiTr
 , 

respectively, and F+

S̃
BiTr

 and F−

S̃
BiTr

 represents the positive 

part and negative part of negation membership function 

F
S̃

BiTr
 , respectively, of single typed non-linear trapezoidal 

bipolar neutrosophic number (Fig. 2).

Single typed generalized trapezoidal bipolar 
neutrosophic number

A single typed generalized TrBNN is precise as 

S̃BiTr = (e1, e2, e3; f1, f2, f3; g1, g2, g3|�; �;) whose valid-

ity, indecision and negation membership function is scaled 

as:

F+

S̃BiTr

(x) =

⎧
⎪⎪⎪⎨⎪⎪⎪⎩

�
x − g1

g2 − g1

�r1

when g1 ≤ x < g2

0 when g2 ≤ x ≤ g3�
x − g4

g4 − g3

�r2

when g3 < x ≤ g4

1 otherwise

,

F−

S̃BiTr

(x) =

⎧
⎪⎪⎪⎨⎪⎪⎪⎩

�
x − g2

g2 − g1

�r1

when g1 ≤ x < g2

0 when g2 ≤ x ≤ g3�
x − g4

g4 − g3

�r2

when g3 < x ≤ g4

−1 otherwise

,

I
−

S̃BiTr
(x) ∶ X ∈ [−1,0], F

+
S̃BiTr

(x) ∶ X ∈ [0,1], F
−

S̃BiTr
(x) ∶ X ∈ [−1,0].
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and

and 

T
+

S̃BiTr

(x) =

⎧
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎩

�
x − e1

e2 − e1

when e1 ≤ x < e2

� when e2 ≤ x ≤ e3

�
e4 − x

e4 − e3

when e3 < x ≤ e4

0 otherwise

,

T
−

S̃BiTr

(x) =

⎧
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎩

�
e2 − x

e2 − e1

when e1 ≤ x < e2

−� when e2 ≤ x ≤ e3

�
x − e4

e4 − e3

when e3 < x ≤ e4

0 otherwise

,

I+
S̃BiTr

(x) =

⎧
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎩

�
x − f1

f2 − f1
when f1 ≤ x < f2

0 when f2 ≤ x ≤ f3

�
x − f4

f4 − f3
when f3 < x ≤ f4

� otherwise

,

I−
S̃BiTr

(x) =

⎧
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎩

�
f2 − x

f2 − f1
when f1 ≤ x < f2

0 when f2 ≤ x ≤ f3

�
f4 − x

f4 − f3
when f3 < x ≤ f4

−� otherwise

,

F+

S̃BiTr

(x) =

⎧
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎩

�
x − g1

g2 − g1

when g1 ≤ x < g2

0 when g2 ≤ x ≤ g3

�
x − g4

g4 − g3

when g3 < x ≤ g4

� otherwise

,

F−

S̃BiTr

(x) =

⎧
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎩

�
f2 − x

f2 − f1
when f1 ≤ x < f2

0 when f2 ≤ x ≤ f3

�
f4 − x

f4 − f3
when f3 < x ≤ f4

−� otherwise

,

where −3 ≤ T
S̃

BiTr
(x) + I

S̃
BiTr

(x) + F
S̃

BiTr
(x) ≤ 3+ and x ∈ S̃

S̃
BiTr

.

Note: Here, T+

S̃
BiTr

 and T−

S̃
BiTr

 represents the positive part 

and negative part of validity membership function T
S̃

BiTr
 , 

respectively, I+
S̃

BiTr
 and I−

S̃
BiTr

 represents the positive part 

and negative part of indecision membership function I
S̃

BiTr
 , 

respectively, and F+

S̃
BiTr

 and F−

S̃
BiTr

 represents the positive 

part and negative part of negation membership function 

F
S̃

BiTr
 , respectively, of single typed non-linear trapezoidal 

bipolar neutrosophic number.

Single typed generalized non linear trapezoidal 
bipolar neutrosophic number

A single typed non linear generalized TrBNN with nine  

components is precise as ÃBiNeu = (e1, e2, e3; f1, f2, f3;

g1, g2, g3|p1, p2; q1, q2; r1, r2 ∶ �; �;) whose validity, 

indecision and negation membership function is scaled as:

and

and

T+

S̃BiTr

(x) =

⎧
⎪⎪⎪⎨⎪⎪⎪⎩

�

�
x − e1

e2 − e1

�p1

when e1 ≤ x < e2

� when e2 ≤ x ≤ e3

�

�
e4 − x

e4 − e3

�p2

when e3 < x ≤ e4

0 otherwise

,

T−

S̃BiTr

(x) =

⎧
⎪⎪⎪⎨⎪⎪⎪⎩

�

�
x − e1

e2 − e1

�p1

when e1 ≤ x < e2

� when e2 ≤ x ≤ e3

�

�
e4 − x

e4 − e3

�p2

when e3 < x ≤ e4

0 otherwise

,

I+
S̃BiTr

(x) =

⎧
⎪⎪⎪⎨⎪⎪⎪⎩

�

�
x − f1

f2 − f1

�q1

when f1 ≤ x < f2

0 when f2 ≤ x ≤ f3

�

�
x − f4

f4 − f3

�q2

when f3 < x ≤ f4

� otherwise

,

I−
S̃BiTr

(x) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩

�

�
f2 − x

f2 − f1

�q1

when f1 ≤ x < f2

0 when f2 ≤ x ≤ f3

�

�
f4 − x

f4 − f3

�q2

when f3 < x ≤ f4

� otherwise

,
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where 

T
+

S̃BiTr
(x) ∶ X ∈ [0,1], T

−
S̃BiTr

(x) ∶ X ∈ [−1,0], I
+

S̃BiTr
(x) ∶

X ∈ [0,1], I
−

S̃BiTr
(x) ∶ X ∈ [−1,0]

F
+

S̃BiTr
(x) ∶ X ∈ [0,1], F

−
S̃BiTr

(x) ∶ X ∈ [−1,0].

Note: Here, T+

S̃
BiTr

 and T−

S̃
BiTr

 represents the positive part 

and negative part of validity membership function T
S̃

BiTr
 , 

respectively, I+
S̃

BiTr
 and I−

S̃
BiTr

 represents the positive part 

and negative part of indecision membership function I
S̃

BiTr
 , 

respectively, and F+

S̃
BiTr

 and F−

S̃
BiTr

 represents the positive 

part and negative part of negation membership function 

F
S̃

BiTr
 , respectively, of single typed generalized non linear 

trapezoidal bipolar neutrosophic number.

De‑bipolarization technique of linear TrBNN

It is a technique in which we can generate a certain fixed 

crisp value corresponding to a TrBNN in a logical way 

utilizing a suitable skill. All around the whole world 

F+

S̃BiTr

(x) =

⎧
⎪⎪⎪⎨⎪⎪⎪⎩

�

�
x − g1

g2 − g1

�r1

when g1 ≤ x < g2

0 when g2 ≤ x ≤ g3

�

�
x − g4

g4 − g3

�r2

when g3 < x ≤ g4

� otherwise

,

F−

S̃BiTr

(x) =

⎧
⎪⎪⎪⎨⎪⎪⎪⎩

�

�
g2 − x

g2 − g1

�r1

when g1 ≤ x < g2

0 when g2 ≤ x ≤ g3

�

�
g4 − x

g4 − g3

�r2

when g3 < x ≤ g4

−� otherwise

,

researchers from every states have been interested about the 

fact that what will be the equivalent crisp value coupled 

with TrBNN? Gradually, researchers thought various pro-

cesses which are very much useful for crispification of a 

fuzzy number.

In case of our trapezoidal bipolar neutrosophic condition 

researchers have keen interest to recognize the appropriate 

and rational process of converting a TrBNN into a crisp 

number. Three several membership functions are present 

in case of TrBNN. At last we mentioned “Removal area 

method” which converts a TrBNN into a crisp number.

De‑bipolarization utilizing removal area skill

Suppose, we take a linear TrBNN as follows:

The graphical representation of a TrBNN is (Fig. 3).

Let us consider a real number s ∈ R and a fuzzy number 

P̃ for black line mentioned trapezium, the left part area of 

P̃ w.r.t s is S
l

(

P̃, s
)

 is described as the region covered by s 

and the left part of the TrBNN number P̃. Now, the right 

side area of P̃ w.r.t s is S
r

(

P̃, s
)

, again we consider a real 

number s ∈ R along with a TrBNN Q̃ for the left top most 

red colored trapezium and the left portion area of Q̃ wr.t s 

is Sl

(

Q̃, s
)

 is pointed as the section covered by s and the left 

section of the TrBNN Q̃. Again, the right side area of Q̃ wr.t s 

is Sr

(

Q̃, s
)

 . Now, TrBNN of R̃ for the right most blue colored 

trapezium, then left portion removal of R̃ w.r.t s is S
l

(

R̃, s
)

 

is pointed out as the region covered by s and the left side of 

the fuzzy number R̃. similarly, the right portion removal of 

R w.r.t s is S
r

(

R̃, s
)

.

Mean is described as:

Hence, the de-bipolarization value of a linear TrBNN as,

S̃BiTr = (a, b, c, d; e, f , g, h; i, j, k, l).

S
(

P̃, s
)

=

S
l

(

P̃, s
)

+ S
r

(

P̃, s
)

2
,

S
(

Q̃, s
)

=

Sl

(

Q̃, s
)

+ Sr

(

Q̃, s
)

2
,

S
(

R̃, s
)

=

S
l

(

R̃, s
)

+ S
r

(

R̃, s
)

2
.

S(D̃TrBipo, l) =
S
(

P̃, s
)

+ S
(

Q̃, s
)

+ S
(

R̃, s
)

3
,

Fig. 3  Linear trapezoidal bipolar neutrosophic number
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For  s = 0, S
(

P̃, 0
)

=
Sl(P̃,0)+Sr(P̃,0)

2
,   

S
(

Q̃, 0
)

=
Sl(Q̃,0)+Sr(Q̃,0)

2
,  S

(

R̃, 0
)

=
Sl(R̃,0)+Sr(R̃,0)

2
.

Then, S
(

D̃TrBipo, 0
)

=
S(P̃,0)+S(Q̃,0)+S(R̃,0)

3
.

We take Ã = (a, b, c, d), B̃ = (e, f , g, h),
∼

C= (i, j, k, l).

Then,

Sl

(

Q̃, 0
)

= Area of Fig. 4  = 
(e+f )

2
.2 = (e + f )

Sr

(

Q̃, 0
)

= Area of Fig. 5  = 
(g+h)

2
.2 = (g + h)

S
l

(

R̃, 0
)

= Area of Fig. 6  = 
(i+j)

2
.2 = (i + j)

S
r

(

R̃, 0
)

= Area of Fig. 7  = 
(k+l)

2
.2 = (k + l)

S
l

(

P̃, 0
)

= Area of Fig. 8  = 
(a+b)

2
.2 = (a + b)

S
r

(

P̃, 0
)

= Area of Fig. 9  = 
(c+d)

2
.2 = (c + d)

Hence, 
(

P̃, 0
)

=
(a+b+c+d)

2
, S
(

Q̃, 0
)

=
(e+f+g+h)

2
 ,  

S
(

R̃, 0
)

=
(i+j+k+l)

2

So, S
(

D̃TrBipo, 0
)

=
(a+b+c+d+e+f+g+h+i+j+k+l)

6

Cloud Service base multi‑criteria group 
decision making problem in bipolar 
trapezoidal neutrosophic environment

MCGDM skill is one of the reliable, logistical and mostly 

used topics in this current era. Different kind of alterna-

tives and finite number of attributes having distinct weights 

are associated with a decision making problem. The prob-

lem is to find out the best alternatives among all of them 

maintaining the alternative vs. attribute core relationship. 

Comparison analysis can be done in case ordering the alter-

natives and that will give us more realistic and prominent 

results. Recently, lots of researchers are invented different 

techniques to solve the problem but we applied this cloud 

service-based MCGDM problem in TrBNN environment. 

Finally, we compare our result with the established meth-

ods and make a ranking order using our developed de-

bipolarized value. Cloud computing is a service providing 

accessible object of computer system reservoir, basically 

data accumulation and capability of computing, without 

vibrant controlling by the accessorise. This terminology is 

most frequently used to elucidate data hubs obtainable to 

numerous users over the internet. Nowaday’s large clouds 

occasionally are used to allocate functions over several 

stations from central servers. Moreover, if the connection 

accessed by the user is reasonably close, it can be delegated 

as an edge server. Clouds can be confined to a single agency, 

or be accessible from multiple agencies. Cloud computing 

depends on distribution of supply to acquire consistency and 

economics of scale. Reformers of public and hybrid clouds 

observe that cloud computing permit companies to neglect 

or diminish IT infrastructure expenditure. Profounder also 

demand that cloud computing enables enterprises to secure 

their applications and move with a brisk pace, with refined 

manageability and meagre maintenance system, and that it 

provides IT experts to more swiftly synchronize resources 

to meet oscillating and random demands.

In this section, we consider a multi criteria decision mak-

ing problem based on cloud services in which we need to 

select the best cloud service according to different opinions 

from the engineers. The developed algorithm is described 

briefly as follows:

Design of the MCGDM problem

Let C = {C1, C2, C3 ……… ..C
m
} be the set of dif-

ferent al ternative and R = {R1, R2, R3 ……… ..R
n
} 

be  the  set  o f  d i s junc t ive  a t t r ibu tes .  Also , 

� = {�1,�2,�3 ……… ..�
n
} are the weights co-related 

with set R in which all � ≥ 0 and 
∑n

i=1
�

i
= 1 . Addition-

ally, D = {D1, D2, D3 ……… ..D
K
} be the set of decision 

maker co-related with set C whose weights are pointed as 

Δ =
{

Δ1,Δ2,Δ3 ……… ..Δ
k

}

 , Δ
i
≥ 0 and 

∑k

i=1
Δ

i
= 1 . 

According to the knowledge, philosophical view and opinion 

of the decision maker the set Δ will be created.

Algorithm of the proposed MCGDM problem

Step 1: Formulation of decision matrices (D.M)

Here, all the D.M’s are formulated maintaining the con-

nection in between alternatives and attributes according to 

the choice of the decision makers. Also, the entire member’s 

yij of each matrix are TrBNN. Thus, the computed matrix 

is described as:

Step 2: Formulation of normalised single D.M

To make a single group D.M namely X, we incorporated 

this logical procedure y
�

ij
= {

∑k

i=1
�iX

i} for every D.M of Xi
. 

Thus, the concluding matrix becomes:

(1)XK
=

⎛
⎜
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⎜
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⎟
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Step 3: Formulation of priority matrix

To make single D.M we incorporated the logical compu-

tation y��
ij
=
�
∑n

i=1
Δiy

�

ci
, c = 1,2… .m

�

 for every column 

entity and finally, we find the D.M as,

Step 4: Ranking

Now, by considering the de-bipolarization skill for crispi-

fication of the matrix Eq. (3), we can calculate the best alter-

native of the corresponding problem. The best alternative 

(3)X =

⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎝

. R
1

C
1

y��
11

C
2

y��
21

. .

.

Cm

.

y��
m1

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎠

.

Fig. 4  Step 1

Fig. 5  Step 2

Fig. 6  Step 3

Fig. 7  Step 4

Fig. 8  Step 5
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result will be the maximum value and the minimum value 

will be the lowest one.

Flowchart for the associated MCGDM problem

(After sensitivity circle another circle should be added as 

final decision) (Fig. 10).

Illustrative example

Here, we construct a cloud service-based problem in which 

there are three different cloud services are available. Among 

those cloud services facility we want to select the best cloud 

service in a logical way. Normally, cloud services are fully 

depends on the attributes accountability, reliability, service 

and security of the system. Keeping these points in mind 

different computer science engineers provides some opinions 

and according to their suggestions we construct the distinct 

decision matrices in bipolar trapezoidal environment shows 

below:

C1 = Cloud Service 1,

C2 = Cloud Service 2,

are the alternatives and

are the attributes.

Let us select four distinct decision makers from our 

environment,

C
3
= Cloud Service 3

R1 = Accountability,

R2 = Reliabilty,

R3 = Service and Security

D1 = Youth Engineer,

D2 = Little Experienced Engineer,

D3 = Highly Experienced Engineer
Fig. 9  Step 6

Fig. 10  Flowchart for the associated problem
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of computer science background having weight distribution 

D = {0.30, 0.33, 0.37} and the weight vector related to the 

attribute function Δ = {0.35, 0.33, 0.32}. A verbal matrix is 

formulated by the engineers to support the decision maker 

classifying the D.M. Attribute vs. verbal phrase matrix is 

given below in the Tables 2 and 3.

Table 2  List of verbal phrase
Sl. no Attribute Verbal phrase

Quantitative attributes

1 Accountability Very high (VH), High (L), Intermediate (I), Small (S), Very small (VS)

2 Reliabilty Very high (VH), High (H), Mid (M), Low (L), Very low (VL)

3 Service and Security Very high (VH), High (H), Standard (SD), Low (L), Very low (VL)

Table 3  Verbal matrix
R1 R2 R3

C1 L I VH

C2 VL M H

C3 VL SD VH
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Step 1: According to the D.M’s opinion the decision 

matrices are shown like this:

Step 2: Formulation of weighted decision matrix

Step 3: Formulation of priority matrix

Step 4: Ranking

Now, the de-bipolarization technique for the crispifica-

tion of TrBNN has been performed here to get the final ideal 

D.M as,

D
1
=

⎛
⎜
⎜
⎜
⎜
⎝

. R1 R2 R3

C1 < 1, 2, 3, 4; 0.5, 1.2, 2.5, 3; 1.3, 2.3, 3.5, 4.5 > < 1, 4, 6, 9; 0.5, 3, 6, 8; 3.5, 6, 7.5, 10 > < 1, 5, 7, 9; 0.6, 2, 4, 6; 2, 4.5, 6.5, 9.5 >

C2 < 0.7, 2, 3, 4; 0.5, 1, 2.5, 3; 1.5, 3, 4.5, 5.5 > < 2, 4, 6, 8; 1.5, 2.3, 3.5, 5; 3, 5, 7, 9 > < 1.5, 2.5, 3.5, 4.5; 1, 2, 3, 4; 2, 3, 4, 6 >

C3 < 1, 4, 7, 9; 1, 2, 3, 5; 3, 5, 7, 9 > < 1.5, 2.5, 3.5, 4.5; 1, 2, 3, 4; 2, 3, 4, 6 > < 1, 2, 4, 6; 0.5, 1, 2, 3, 4; 3, 4, 5, 7 >

⎞
⎟
⎟
⎟
⎟
⎠

,

Youth Engineer′s opinion.

D
2
=

⎛
⎜
⎜
⎜
⎜
⎜
⎝

. R1 R2 R3

C1 < 1, 3, 5, 7; 0.5, 1.5, 2.5, 3.5; 2, 4, 6, 8 > < 2, 4, 5, 6; 1.5, 2.5, 3.5, 5.5; 4, 5, 7, 8 > < 1, 2, 3, 4; 0.5, 1, 2.5, 3; 0.8, 1.5, 2.5, 5 >

C2 < 2.5, 4.5, 6.5, 8.5; 1, 3, 5, 7; 5, 6, 7, 9 > < 1.5, 2.5, 3.5, 5; 1, 2, 3, 5; 2.5, 3.5, 6, 7 > < 1, 4, 7, 9; 0.5, 2, 3, 5; 3.9, 5.5, 7.5, 9 >

C3 < 1.5, 2, 3, 4.5; 1, 2, 3, 4; 2.5, 3, 5, 7 > < 1, 4, 7, 9; 0.5, 1.5, 3, 5; 3.5, 5.5, 7.5, 9.5 > < 1, 5, 9, 13; 0.6, 2, 6, 8; 2, 6, 9.5, 11 >

⎞
⎟
⎟
⎟
⎟
⎟
⎠

,

Little Experienced Engineer′s Opinion.

D
3
=

⎛
⎜
⎜
⎜
⎜
⎝

. R1 R2 R3

C1 < 2, 4, 6, 8;1.5, 3.5, 5.5, 7.5; 4, 6, 8, 10 > < 1.5, 3.5, 5, 7; 1, 3, 5, 6; 2.5, 4, 6, 8 > < 1, 2, 3, 4; 0.5, 1, 2, 3.5; 1.2, 3, 4, 5.5 >

C2 < 1, 2, 3, 4; 0.5, 1.5, 2.5, 3.5; 1.3, 2.3, 3.3, 5 > < 1, 3, 5, 7; 1.5, 3, 5, 8; 3.5, 5, 7, 8.5 > < 1, 4, 7, 9; 0.4, 2, 4, 6; 2, 5, 7.5, 9.5 >

C3 < 0.5, 1, 2, 3.5; 0.3, 1, 1.5, 2.5; 1.5, 3, 4, 5 > < 0.3, 2, 4.3, 6; 1, 2, 3, 4; 1.2, 3.4, 5, 7 > < 1, 3, 5, 7; 0.6, 2.6, 3.6, 6; 2.5, 5, 6, 8 >

⎞
⎟
⎟
⎟
⎟
⎠

,

Highly Experienced Engineer′s Opinion.

M =

⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎝

. R1 R2 R3

C1 < 1.37, 3.07, 4.77, 6.47; 0.87, 2.15, 3.61, 4.83; 2.53, 4.23, 5.99, 7.69 > < 1.52, 3.81, 5.30, 7.27; 1.01, 2.83, 4.80, 6.43; 3.29, 4.93, 6.78, 8.60 > < 1.00, 2.90, 4.20, 5.50; 0.53, 1.30, 2.76, 4.08; 1.30, 2.95, 4.25, 6.53 >

C2 < 1.[34], 2.82, 4.15, 5.48; 0.66, 1.84, 3.32, 4.50; 2.58, 3.73, 4.88, 6.47 > < 1.46, 3.13, 4.80, 6.64; 1.33, 2.46, 3.89, 6.11; 3.02, 4.50, 6.67, 8.15 > < 1.15, 3.55, 5.95, 7.65; 0.61, 2.00, 3.37, 5.07; 2.62, 4.56, 6.45, 8.28 >

C3 < 0.98, 2.23, 3.83, 5.48; 0.74, 1.63, 2.44, 3.74; 2.28, 3.60, 5.23, 6.86 > < 0.89, 2.81, 4.95, 6.54; 0.83, 1.83, 3.00, 4.33; 2.19, 3.97, 5.52, 7.52 > < 1.00, 3.36, 6.02, 8.68; 0.57, 1.92, 4.21, 6.06; 2.48, 5.03, 6.85, 8.69 >

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎠

.

M =

⎛
⎜
⎜
⎜
⎜
⎝

< 1.25, 2.72, 4.26, 5.82; 0.76, 1.88, 3.14, 4.37; 2.46, 3.86, 5.38, 7.02 >

< 1.29, 3.26, 5.02, 6.82; 1.06, 2.39, 3.92, 5.65; 2.85, 4.48, 6.34, 8.10 >

< 1.04, 3.26, 5.35, 7.22; 0.57, 1.73, 3.42, 5.04; 2.11, 4.15, 5.81, 7.80 >

⎞
⎟
⎟
⎟
⎟
⎠

.

M =

⎛
⎜
⎜
⎝

< 7.15 >

< 8.53 >

< 7.91 >

⎞
⎟
⎟
⎠
.

Thus, the computed ranking order is 7.15 < 7.91 < 8.53 . 

So, ordering of the cloud service is pointed out as 

C
2
> C

3
> C

1
.

Sensitivity analysis (SA)

In general, sensitivity analysis of a MCGDM problem shows 

ranking order of the alternatives in different situations. A 

sensitivity analysis is performed to recognize how weights 

of the attribute of every criterion changing the computed 

matrix and their ordering. The fundamental idea of SA is to 

swap weights of the attributes keeping the others term are 

fixed. The lower table is the assessment table which illustrate 

the SA results in distinct cases (Figs. 11, 12).

Attribute weight Final decision matrix Ordering

< (0.35, 0.33, 0.32)> ⎛
⎜
⎜
⎝

< 7.15 >

< 8.53 >

< 7.91 >

⎞
⎟
⎟
⎠

C
2
> C

3
> C

1

< (0.33, 0.33, 0.34)> ⎛
⎜
⎜
⎝

< 7.12 >

< 8.49 >

< 7.97 >

⎞
⎟
⎟
⎠

C
2
> C

3
> C

1
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Attribute weight Final decision matrix Ordering

< (0.4, 0.33, 0.27)> ⎛
⎜
⎜
⎝

< 7.22 >

< 8.64 >

< 7.77 >

⎞
⎟
⎟
⎠

C
2
> C

3
> C

1

< (0.3, 0.4, 0.3)> ⎛
⎜
⎜
⎝

< 7.12 >

< 8.53 >

< 8.02 >

⎞
⎟
⎟
⎠

C
2
> C

3
> C

1

< (0.3, 0.3, 0.4)> ⎛
⎜
⎜
⎝

< 7.07 >

< 8.[34] >

< 8.08 >

⎞
⎟
⎟
⎠

C
2
> C

3
> C

1

< (0.35, 0.3, 0.35)> ⎛
⎜
⎜
⎝

< 7.14 >

< 8.50 >

< 7.94 >

⎞
⎟
⎟
⎠

C
2
> C

3
> C

1

< (0.33, 0.35, 0.32) > ⎛
⎜
⎜
⎝

< 7.14 >

< 8.53 >

< 7.97 >

⎞
⎟
⎟
⎠

C
2
> C

3
> C

1

< (0.25, 0.4, 0.35) > ⎛
⎜
⎜
⎝

< 7.05 >

< 8.43 >

< 8.12 >

⎞
⎟
⎟
⎠

C
2
> C

3
> C

1

< (0.35, 0.25, 0.4) > ⎛
⎜
⎜
⎝

< 7.12 >

< 8.44 >

< 7.97 >

⎞
⎟
⎟
⎠

C
2
> C

3
> C

1

< (0.3, 0.35, 0.35) > ⎛
⎜
⎜
⎝

< 7.10 >

< 8.46 >

< 8.06 >

⎞
⎟
⎟
⎠

C
2
> C

3
> C

1

< (0.35, 0.35, 0.3) > ⎛
⎜
⎜
⎝

< 7.17 >

< 8.57 >

< 7.91 >

⎞
⎟
⎟
⎠

C
2
> C

3
> C

1

Remarks: From the above sensitivity analysis table, it can 

be observed that for different values of attribute functions, 
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Fig. 11  Sensitivity analysis table on attribute function

ultimately C
2
 becomes the best cloud service provider in 

all cases although rest of the others changed their positions 

according to different conditions. The above two graphs are 

represents the sensitivity analysis results in dissimilar cases.

Comparison table

In this section, we compared this proposed work with the 

established works proposed by the researchers [32, 36, 41, 

42, 46, 60] to find the best cloud service among those three 

and it is noticed that in each cases C
2
 becomes the best cloud 

service provider. The comparison table is shown as below:

Established methods Ranking

Deli [36] C
2
> C

3
> C

1

Aslam [32] C
2
> C

3
> C

1

Ulucay [41] C
2
> C

3
> C

1

Wang [42] C
2
> C

3
> C

1

Jana [46] C
2
> C

1
> C

3

Garg [60] C
2
> C

1
> C

3

Our proposed method C
2
> C

3
> C

1

Conclusion and future research scope

In this current epoch, the theory of bipolarity and its exten-

sion are widely applied in the field of mathematical modeling 

and engineering oriented technical problems. In this article, 

the conception of trapezoidal bipolar neutrosophic set is prag-

matic, fascinating and has an important practical application 
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in present-day research domain. Moreover, we formulated 

the concept of both linear and non-linear TrBNN along with 

generalized TrBNN and its graphical significance in neutro-

sophic arena. The construction of disjunctive categories of 

TrBNN according to membership component’s dependency 

and non-dependency plays a fundamental impact in real life. 

Furthermore, establishment of de-bipolarization skill uti-

lizing removal area technique gave an additional weight in 

Crispification method. Also, we consider a cloud computing-

based MCGDM problem associated with different decision 

makers from disjunctive domain in TrBNN environment. To 

resolve this MCGDM problem we utilized different operators 

of TrBNN and applied the established de-bipolarization skill 

for ordering of the alternatives. Additionally, a sensitivity 

analysis is performed in MCGDM problem considering dif-

ferent kinds of weight in place of attribute functions. Lastly, 

we performed a comparison analysis with several established 

methods and generate the comparison table which indicates 

the different ranking order in distinct cases.

In future, researchers can apply this valuable concep-

tion of TrBNN in disjunctive fields like pattern recognition 

problem, image-processing, big-data analysis, circuit theory 

problem, medical diagnoses problem and other mathematical 

modeling etc. Also, the crispification value can be applied in 

various realistic problems. Additionally, several new math-

ematical models can be formulated using the help of TrBNN 

classification and its non-linear cases. This remarkable con-

cept will help researchers to counter a plethora of realistic 

problems in TrBNN arena.

Open Access This article is licensed under a Creative Commons Attri-

bution 4.0 International License, which permits use, sharing, adapta-

tion, distribution and reproduction in any medium or format, as long 

as you give appropriate credit to the original author(s) and the source, 

provide a link to the Creative Commons licence, and indicate if changes 

were made. The images or other third party material in this article are 

included in the article’s Creative Commons licence, unless indicated 

otherwise in a credit line to the material. If material is not included in 

the article’s Creative Commons licence and your intended use is not 

permitted by statutory regulation or exceeds the permitted use, you will 

need to obtain permission directly from the copyright holder. To view a 

copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Zadeh LA (1965) Fuzzy sets. Inf Control 8(3):338–353

 2. Abbasbandy S, Hajjari T (2009) A new approach for ranking of 

trapezoidal fuzzy numbers. Comput Math Appl 57(3):413–419

 3. Chakraborty A, Mondal SP, Alam S, Ahmadian A, Senu N, De D, 

Salahshour S (2019) The pentagonal fuzzy number: its different 

representations, properties, ranking, defuzzification and applica-

tion in game problems. Symmetry 11(2):248

 4. Chakraborty A, Maity S, Jain S, Monda SP, Alam S (2020) Hex-

agonal fuzzy number and its distinctive representation, ranking, 

defuzzification technique and application in production inventory 

management problem. Granul Comput 1–15

 5. Atanassov K (1986) Intuitionistic fuzzy sets. Fuzzy Sets Syst 

20:87–96

 6. Liu F, Yuan XH (2007) Fuzzy number intuitionistic fuzzy set. 

Fuzzy Syst Math 21(1):88–91

 7. Ye J (2014) Prioritized aggregation operators of trapezoidal intui-

tionistic fuzzy sets and their application to multicriteria decision-

making. Neural Comput Appl 25(6):1447–1454

 8. Smarandache F (1999) A unifying field in logics. In: Neutrosophy: 

neutrosophic probability, set and logic, pp 1–141

 9. Wang H, Smarandache F, Zhang Y, Sunderraman R (2010) Single 

valued neutrosophic sets. Infinite study

 10. Abdel-Basset M, Mohamed M, Hussien AN, Sangaiah AK (2018) 

A novel group decision-making model based on triangular neu-

trosophic numbers. Soft Comput 22(20):6629–6643

 11. Ye J (2015) Trapezoidal neutrosophic set and its application 

to multiple attribute decision-making. Neural Comput Appl 

26(5):1157–1166

 12. Chakraborty A, Broumi S, Singh PK (2019) Some properties of 

pentagonal neutrosophic numbers and its applications in transpor-

tation problem environment. Neutrosophic Sets Syst 28(1):16

 13. Abdel-Basset M, Saleh M, Gamal A, Smarandache F (2019) An 

approach of TOPSIS technique for developing supplier selection 

with group decision making under type-2 neutrosophic number. 

Appied Soft Comput 77:438–452

 14. Peng JJ, Wang JQ, Wu XH, Wang J, Chen XH (2015) Multi-val-

ued neutrosophic sets and power aggregation operators with their 

applications in multi-criteria group decision-making problems. 

Int J Comput Intell Syst 8(2):345–363

 15. Maity S, Chakraborty A, De SK, Mondal SP, Alam S (2020) A 

comprehensive study of a backlogging EOQ model with non-

linear heptagonal dense fuzzy environment. RAIRO Oper Res 

54(1):267–286

 16. Garg H (2018) A linear programming method based on an 

improved score function for interval-valued pythagorean fuzzy 

numbers and its application to decision-making. Int J Uncertain 

Fuzziness Knowl Based Syst 26(01):67–80

 17. Wang JQ, Peng JJ, Zhang HY, Liu T, Chen XH (2015) An uncer-

tain linguistic multi-criteria group decision-making method based 

on a cloud model. Group Decis Negot 24(1):171–192

 18. Jiang T, Li Y (1996) Generalized defuzzification strategies and 

their parameter learning procedures. IEEE Trans Fuzzy Syst 

4(1):64–71

 19. Nabeeh NA, Abdel-Basset M, El-Ghareeb HA, Aboelfetouh A 

(2019) Neutrosophic multi-criteria decision making approach for 

iot-based enterprises. IEEE Access 7:59559–59574

 20. Biswas P, Pramanik S, Giri BC (2016) TOPSIS method for multi-

attribute group decision-making under single-valued neutrosophic 

environment. Neural Comput Appl 27(3):727–737

 21. Huang YH, Wei GW, Wei C (2017) VIKOR method for interval 

neutrosophic multiple attribute group decision-making. Informa-

tion 8(4):144

 

0

2

4

6

8

10

1

2

3

4

5

67

8

9

10

11

C1

C2

C3

Fig. 12  Best alternative cloud service table

http://creativecommons.org/licenses/by/4.0/


162 Complex & Intelligent Systems (2021) 7:145–162

1 3

 22. Stanujkic D, Zavadskas EK, Smarandache F, Brauers WK, 

Karabasevic D (2017) A neutrosophic extension of the MULTI-

MOORA method. Informatica 28(1):181–192

 23. Haque TS, Chakraborty A, Mondal SP, Alam S (2020) Approach 

to solve multi-criteria group decision-making problems by expo-

nential operational law in generalised spherical fuzzy environ-

ment. CAAI Trans Intell Technol 5(2):106–114

 24. Pal S, Chakraborty A (2020) Triangular neutrosophic-based EOQ 

model for non- instantaneous deteriorating item under shortages. 

Am J Bus Oper Res 1(1):28–35

 25. Deli I, Ali M, Smarandache F (2015) Bipolar neutrosophic sets 

and their application based on multi-criteria decision mak-

ing problems. In: 2015 International conference on advanced 

mechatronic systems (ICAMechS), pp 249–254

 26. Broumi S, Smarandache F, Talea M, Bakali A (2016) An intro-

duction to bipolar single valued neutrosophic graph theory. Appl 

Mech Mater 8:184–191

 27. Chakraborty A, Mondal SP, Mahata A, Alam S (2020) Cylindrical 

neutrosophic single-valued number and its application in network-

ing problem, multi criterion decision making problem and graph 

theory. CAAI Trans Intell Technol 5(2):68–77

 28. Chakraborty A (2020) Minimal spanning tree in cylindrical single-

valued neutrosophic arena, neutrosophic graph theory and algo-

rithm, Chap 9. IGI Global, pp 260–278. ISBN13:9781799813132

 29. Lee KJ (2009) Bipolar fuzzy subalgebras and bipolar fuzzy ideals 

of BCK/BCI-algebras. Bull Malays Math Sci Soc 32(3):361–373

 30. Bosc P, Pivert O (2013) On a fuzzy bipolar relational algebra. Inf 

Sci 219:1–16

 31. Molodtsov D (1999) Soft set theory—first results. Comput Math 

Appl 37(4–5):19–31

 32. Abdullah S, Aslam M, Ullah K (2014) Bipolar fuzzy soft sets and 

its applications in decision making problem. J Intell Fuzzy Syst 

27(2):729–742

 33. Kang MK, Kang JG (2012) Bipolar fuzzy set theory applied to 

sub-semigroups with operators in semigroups. Pure Appl Math 

19(1):23–35

 34. Ali M, Smarandache F (2017) Complex neutrosophic set. Neural 

Comput Appl 28(7):1817–1834

 35. Uluçay V, Deli I, Şahin M (2018) Similarity measures of bipolar 

neutrosophic sets and their application to multiple criteria deci-

sion making. Neural Comput Appl 29(3):739–748

 36. Wang L, Zhang HY, Wang JQ (2018) Frank Choquet Bonferroni 

mean operators of bipolar neutrosophic sets and their applica-

tion to multi-criteria decision-making problems. Int J Fuzzy Syst 

20(1):13–28

 37. Chakraborty A, Mondal SP, Alam S, Ahmadian A, Senu N, De 

D, Salahshour S (2019) Disjunctive representation of triangular 

bipolar neutrosophic numbers, de-bipolarization technique and 

application in multi-criteria decision-making problems. Symmetry 

11(7):932

 38. Hashim RM, Gulistan M, Smarandache F (2018) Applications 

of neutrosophic bipolar fuzzy sets in HOPE foundation for plan-

ning to build a children hospital with different types of similarity 

measures. Symmetry 10(8):331

 39. Lee KM (2000) Bipolar-valued fuzzy sets and their operations. In: 

Proc. int. conf. on intelligent technologies, Bangkok, Thailand, 

2000, pp 307–312

 40. Jana C, Pal M, Wang JQ (2020) Bipolar fuzzy Dombi prioritized 

aggregation operators in multiple attribute decision making. Soft 

Comput 24(5):3631–3646

 41. Broumi S, Bakali A, Talea M, Smarandache F, Ali M (2017) 

Shortest path problem under bipolar neutrosphic setting. Appl 

Mech Mater 859:59–66

 42. Tao F, Zhang L, Liu Y, Cheng Y, Wang L, Xu X (2015) Manu-

facturing service management in cloud manufacturing: overview 

and future research directions. J Manuf Sci Eng 137(4)pp:1–11

 43. Ding S, Xia CY, Zhou KL, Yang SL, Shang JS (2014) Decision 

support for personalized cloud service selection through multi-

attribute trust worthiness evaluation. PLoS ONE 9(9):1–15

 44. ur Rehman, Z, Hussain FK, Hussain OK (2011) Towards multi-

criteria cloud service selection. In: 2011 Fifth international con-

ference on innovative mobile and internet services in ubiquitous 

computing, pp 44–48

 45. Garg SK, Versteeg S, Buyya R (2013) A framework for rank-

ing of cloud computing services. Future Gener Comput Syst 

29(4):1012–1023

 46. Yang J, Lin W, Dou W (2013) An adaptive service selection 

method for cross-cloud service composition. Concurr Comput 

Pract Exp 25(18):2435–2454

 47. Jaiganesh M, Kumar A, Vincent A (2013) B3: fuzzy-based data 

center load optimization in cloud computing. Math Probl Eng

 48. Wei GW (2011) Gray relational analysis method for intuitionis-

tic fuzzy multiple attribute decision making. Expert Syst Appl 

38(9):11671–11677

 49. Ashtiani B, Haghighirad F, Makui A, Ali Montazer G (2009) 

Extension of fuzzy TOPSIS method based on interval-valued 

fuzzy sets. Appl Soft Comput 9(2):457–461

 50. Chen CT, Lin KH (2010) A decision-making method based on 

interval-valued fuzzy sets for cloud service evaluation. In: 4th 

International conference on new trends in information science and 

service science, pp 559–564

 51. Su CH, Tzeng GH, Tseng HL (2012) Improving cloud computing 

service in fuzzy environment—combining fuzzy DANP and fuzzy 

VIKOR with a new hybrid FMCDM model. In: 2012 International 

conference on fuzzy theory and its applications (iFUZZY2012), 

pp 30–35

 52. Chen C-T, Hung W-Z, Zhang W-Y (2013) Using interval-valued 

fuzzy VIKOR for cloud service provider evalution and selection. 

In: Proceedings of the international conference on business and 

information (BAI ’13) , Bali, Indonesia, July 2013

 53. Garg H (2016) A novel accuracy function under interval-valued 

Pythagorean fuzzy environment for solving multicriteria decision 

making problem. J Intell Fuzzy Syst 31(1):529–534

 54. Dey A, Pradhan R, Pal A, Pal T (2018) A genetic algorithm for 

solving fuzzy shortest path problems with interval type-2 fuzzy 

arc lengths. Malays J Comput Sci 31(4):255–270

 55. Zhao H, Lingfei Xu et al (2019) A new and fast waterflooding 

optimization workflow based on INSIM-derived injection effi-

ciency with a field application. J Pet Sci Eng 179:1186–1200

 56. Sheng GL, Su YL, Wang WD (2019) A new fractal approach 

for describing induced-fracture porosity/permeability/compress-

ibility in stimulated unconventional reservoirs. J Pet Sci Eng 

179:855–866

Publisher’s Note Springer Nature remains neutral with regard to 

jurisdictional claims in published maps and institutional affiliations.


	Classification of trapezoidal bipolar neutrosophic number, de-bipolarization technique and its execution in cloud service-based MCGDM problem
	Abstract
	Introduction
	Motivation
	Novelties of the work
	Verbal phrase-related neutrosophic idea

	Mathematical preliminaries
	Single type linear trapezoidal bipolar neutrosophic number
	Trapezoidal single typed bipolar neutrosophic number of category 1: the portion of the validity, indecision and negation are independent
	Parametric form of the number

	Trapezoidal single typed bipolar neutrosophic number of category 2: the portion of indecision and negation are dependent
	Parametric form of the number

	Trapezoidal single typed bipolar neutrosophic number of category 3: the portion of the validity, indecision and negation are dependent
	Parametric form of the number


	Single typed non-linear trapezoidal bipolar neutrosophic number
	Single typed non-linear trapezoidal bipolar neutrosophic number
	Single typed generalized trapezoidal bipolar neutrosophic number
	Single typed generalized non linear trapezoidal bipolar neutrosophic number

	De-bipolarization technique of linear TrBNN
	De-bipolarization utilizing removal area skill

	Cloud Service base multi-criteria group decision making problem in bipolar trapezoidal neutrosophic environment
	Design of the MCGDM problem
	Algorithm of the proposed MCGDM problem
	Flowchart for the associated MCGDM problem

	Illustrative example
	Sensitivity analysis (SA)
	Comparison table

	Conclusion and future research scope
	References


