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Abstract: The generalize form of fuzzy set is soft set theory, 

further it is moved to fuzzy soft set theory, followed by to 

deal with fluctuations Neutrosophic numbers are used. The 

concept of Neutrosophic set based on membership values of 

truth, indeterminacy and falsity, which are independent and 

which play vital role in situations like uncertainty, 

incomplete and inconsistence. The membership values of 

truth, indeterminacy and falsity with nine edges, Nonagonal 

Neutrosophic Numbers have a wide range of applications 

while handling further variances in the decision-making 

condition. In this paper Nonagonal Neutrsophic Numbers 

and their ∝ − cuts and graphs are found out. Further it is 

applied on real life problem which is solved by Technique 

for Order of Preference by Similarity to Ideal Solution 

(TOPSIS) and VIekriterijumsko KOmpromisno Rangiranje 

(VIKOR) method, which are Multi Criteria Decision 

Making (MCDM). After that we compare both methods to 

check which method will give more accurate result in case 

of indeterminacy. 

 

Keywords: Neutrosophic Numbers, Nonagonal Numbers, 

MCDM, TOPSIS Method, VIKOR Method 

 

INTRODUCTION 

The hypothesis of fuzzy set, purposed by Lotfi Aliasker 

Zadeh [12] has picked up affective applications in different 

areas. He presents the concept of fuzzy set. He isn’t as it were 

the originator of fuzzy set hypothesis but he moreover been 

one of the foremost imperatives contributes to related with 

the hypothesis and preserved of numerous of its application. 

Soft set theory is a generality of fuzzy set, which was 

introduced in a parametric way by Molodstov in 1999 to deal 

with uncertainty. We are familiar with Pawlak's soft sets, 

which are a different idea that can be used to solve a wide 
range of isssues. 

Smarandache suggested the conception of neutrosophic set 

[2, 10, 15] in 1995, and idea was issued in 1998. They have 

three divergent logic components: i. truthfulness, ii. 

Indeterminacy, and iii. Falsity. This concept also includes a 

concept of uncertainty and the study has a significant 

influence across various research domain. In neutrosophic 

truth membership is stated as �̃�, indeterminacy membership 

is stated by 𝐼 , falsity membership is stated by �̃�. These are 

all self-determining, and their summation is among 0 ≤ �̃� +
𝐼 + �̃� ≤ 3.  
Scientists from various fields looked into the properties and 

fluctuations of neutrosophic numbers, as well as the 

properties of correlation between them. In terms of decision-

making, the neutrosophic fuzzy number is absolutely 
important, and triangular neutrosophic numbers was just 

getting started, after that Trapezoidal neutrosophic numbers, 

then Pentagonal neutrosophic numbers, then Hexagonal 

neutrosophic numbers, then Heptagonal neutrosophic 

numbers, then Octagonal neutrosophic numbers and then 

Nonagonal neutrosophic numbers. Moreover, scholars 

continue to work to introduce new possibilities. 

We have nine edges in expressions of truthness, falsity, and 

indeteminacy membership value in the case of nonagonal 

neutrosophic amounts. As a result, give us more flexibility to 

deal with more volatility. We needed a system that could be 
used in these difficult situations because decision making is 

so diverse and has so many possibilities. 

Decision-making applications in various fields such as phone 

collection, game prediction, supplier selection, medical, and 

staff selection. 

There might not always be a finite number of options when 

making a decision, or there might be several alternatives to 

the original decision. There is also some probability of the 

criteria not having an acceptable option. MCDM is an 

approach designed to estimate concerns with a finite or 

infinite number of choices. 
Hwang and Yoon (1981) [1] were the first to use the TOPSIS 

system (Also see Chen and Hwang, 1992). In a broad context, 

it is a human being's need to make "calculated" decisions in a 

situation with many choices. In scientific terms, the aim is to 

establish theoretical and computational approaches that 

consider several options through numerous parameters. 

TOPSIS (Technique for Order Preference by Similarity to 

Ideal Solution) is a MCDM phase of numbrics. This is a tool 

that can be used in a variety of situations and has a basic 

mathematical model. Furthermore, it is a very realistic 

approach that relies on computer assistance. The process has 

been used for the past three decades, and there are several 
publications on it. Some recent wrok based on graph theory 

is reported in [25-28]. 

The three main stages in the classical TOPSIS technique are 

as follows. 

(1) Predict one negative ideal solution and one positive ideal 

result for the initial decision-making challenge. 

(2) To figure out how far each alternate is from the positive 

ideal result/negative ideal result, or how close each alternate 

is to the positive ideal result/negative ideal result. 

(3) To mandate the options rendering to their distance or 

similarity closeness coefficients. 
In recent years, VIKOR (VIseKriterijumska Optimizacija I 

KOmpromisno Resenje) [6] technique, which has valuable 
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facts of understanding the balance among group utility 

maximization and human regrettably minimization, has been 

regarded as a useful technique to use in a variety of decision-
making fields. As compared to other models, the VIKOR 

method has the benefit of considering a balance amongst 

group utility maximisation and individual regret 

minimization. 

Motivation: A lot of research articles regards to neutrosophic 

arena available, which they apply and exaggerated the 

concept of MCDM. They presented the notion, properties 
along with application from triangular to nonagonal 

neutrosophic numbers. 

structure of paper: The article is structured as follow as 

shown in the figure 1: 

 

 
Figure 1. Structure of article 

 

PRELIMINARIES 

 

Fuzzy sets: A collection is said to be fuzzy set[12] Ⅎ̌:℧ ⟶ [0 , 1] 

Neutrosophic sets: Let ℇ̿ is a neutrosophic number [4, 10] if 

ℇ.̿ = {< 𝒳: 𝑇
ℇ̿, 
. (𝑥) , 𝐼

ℇ.̿
. (𝑥) , 𝐹

ℇ.̿ 
. (𝑥) >; 𝔛. ∈ 𝑈} 

where 𝑇
ℇ.̿
. (𝑥) ∶ Truth membership function 

𝐼
ℇ.̿
. (𝑥)  ∶ Indeterminacy membership function 

𝐹
ℇ̿.
. (𝑥) ∶ Falsity membership function 

With condition: 0 ≤ 𝑇
ℇ̿.
. (𝑥) + 𝐼

ℇ.̿
. (𝑥) + 𝐹

ℇ̿.
. (𝑥) ≤ 3 

Triangular Neutrosophic Numbers: Triangular Neutrosophic Numbers [16] can be defined as 𝑇𝑟 =
(𝑐1
. , 𝑐2

. , 𝑐3
. ; 𝑔1

. , 𝑔2
. , 𝑔3

. ; ℎ1
. , ℎ2

. , ℎ3
. ) as well as truth, indeterminacy and falsity are given as: 

�̃�𝑇𝑟 =

{
 
 

 
 
𝑥 . − 𝑐1

.

𝑐2
. − 𝑐1

.       𝑓𝑜𝑟 𝑐1
. ≤ 𝑥. < 𝑐2

.

1             𝑤ℎ𝑒𝑛 𝑥 = 𝑐2
𝑐3
. − 𝑥 .

𝑐3
. − 𝑐2

.        𝑓𝑜𝑟 𝑐2
. < 𝑥 . ≤ 𝑐3

.

0                  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

𝐼 ̃𝑇𝑟 =

{
 
 

 
 
𝑔2
. − 𝑥 .

𝑔2
. − 𝑔1

.       𝑓𝑜𝑟 𝑔1
. ≤ 𝑥 . < 𝑔2

.

0             𝑤ℎ𝑒𝑛 𝑥 . = 𝑔2
.

𝑥. − 𝑔2
.

𝑔3
. − 𝑔2

.       𝑓𝑜𝑟 𝑔2
. < 𝑥 . ≤ 𝑔3

.

1                𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

�̃�𝑇𝑟 =

{
  
 

  
 
𝑥. − ℎ1

.

ℎ1
. − ℎ2

.      𝑓𝑜𝑟 ℎ1
. ≤ 𝑥 . < ℎ2

.

1           𝑤ℎ𝑒𝑛 𝑥. = ℎ2
.

ℎ3
. − 𝑥.

ℎ3
. − ℎ2

.       𝑓𝑜𝑟 ℎ2
. < 𝑥. ≤ ℎ3

.

0              𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

Where 0 ≤ �̃�𝑇𝑟 + 𝐼 ̃𝑇𝑟 + �̃�𝑇𝑟 ≤ 3 

𝑥. ∈ 𝑇𝑟  
The parametric form of this kind is 

𝑇𝑟(𝜇,𝜗,𝜑) = [�̃�𝑇𝑟1(𝜇), �̃�𝑇𝑟2(𝜇); 𝐼 ̃𝑇𝑟1(�̃�), 𝐼 ̃𝑇𝑟2(�̃�); �̃�𝑇𝑟1(�̃�), �̃�𝑇𝑟2(�̃�)] 
Where  
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�̃�𝑇𝑟1(𝜇) = 𝑐1 + 𝜇(𝑐2 − 𝑐1) ;  �̃�𝑇𝑟2(𝜇) = 𝑐3 − 𝜇(𝑐3 − 𝑐2) 
𝐼 ̃𝑇𝑟1(�̃�) = 𝑔2 − �̃�(𝑔2 − 𝑔1) ; 𝐼 ̃𝑇𝑟2(�̃�) = 𝑔3 + �̃�(𝑔3 − 𝑔2)  

�̃�𝑇𝑟1(�̃�) = ℎ1 − �̃�(ℎ2 − ℎ1) ;  �̃�𝑇𝑟2(�̃�) = ℎ3 − �̃�(ℎ3 − ℎ2) 
Here  

0 < 𝜇 ̃. ≤ 1, 0 < �̃� . ≤ 1, 0 < �̃�. ≤ 1 

And 0 < 𝜇. + �̃� . + �̃�. < 3 

Trapezoidal Neutrosophic Number: Trapezoidal Neutrosophic Number [17] is defined as 

𝑇𝑟𝑃 = [𝑒 ., 𝑓 ., 𝑔., ℎ.: 𝜃 .] ; [𝑙.,𝑚., 𝑛., 𝑜.: 𝜀 .] ; [𝑞., 𝑟 ., 𝑠 ., 𝑡 .:𝜑.]  
Where 𝜃 ., 𝜀 ., 𝜑.𝜖 [0,1] 
With condition: 0 ≤ 𝜃 . + 𝜀 . +𝜑. ≤ 3 

Pentagonal Neutrosophic Number 
Pentagonal Neutrosophic Number [18] is given as 

𝑃𝑒𝑛 = [∞,~, ≈, ∇, 𝜕: 𝜌] , [∞1, ~1, ≈1, ∇1, 𝜕1; 𝜎] , [∞2,~2, ≈2, ∇2, 𝜕2 ; 𝜏] 
Where 

 𝜌, 𝜎, 𝜏 𝜖 [0, 1] 
Truth membership  𝑇𝑃𝑒𝑛: ℝ → [0, 1] 
Indeterminacy membership  𝐼𝑃𝑒𝑛:ℝ → [0, 1]  
Falsity membership 𝐹𝑃𝑒𝑛:ℝ → [0,1] 
Octagonal Neutrosophic Number 

Octagonal Neutrosophic number [5] well-defined as 

𝑂𝑐𝑡 = [(𝑚.,, 𝑛.,, 𝑜.,, 𝑝.,, 𝑞.,, 𝑟 .,, 𝑠.,, 𝑡 .,) ∶  �̈�] [(𝑚.,1, 𝑛.,1, 𝑜.,1, 𝑝.,1, 𝑞.,1, 𝑟 .,1, 𝑠.,1, 𝑡 .,1) ∶  �̈�] [(𝑚.,2, 𝑛.,2, 𝑜.,2, 𝑝.,2, 𝑞.,2, 𝑟 .,2, 𝑠 .,2, 𝑡 .,2) ∶  ℂ̈] 

 Where �̈�, �̈�, ℂ̈  ∈ [0,1] as well as truth, falsity and indeterminacy well defined as 

�̈�𝑂𝑐𝑡(𝑥) =

{
 
 
 
 
 

 
 
 
 
 
�̈�𝑂𝑐𝑡0(𝑥)      𝑚

., ≤ 𝑥 . < 𝑛.,

�̈�𝑂𝑐𝑡1(𝑥)      𝑛
., ≤ 𝑥. < 0.,

�̈�𝑂𝑐𝑡2(𝑥)      𝑜
., ≤ 𝑥 . < 𝑝.,

�̈�𝑂𝑐𝑡3(𝑥)      𝑝
., ≤ 𝑥. < 𝑞.,

𝔸 ̈                            𝑥. = 𝑞.,

�̈�𝑂𝑐𝑡3(𝑥)      𝑞
., ≤ 𝑥. < 𝑟 .,

�̈�𝑂𝑐𝑡2(𝑥)      𝑟
., ≤ 𝑥 . < 𝑠.,

�̈�𝑂𝑐𝑡1(𝑥)      𝑠
., ≤ 𝑥. < 𝑡 .,

0                  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

�̈�𝑂𝑐𝑡(𝑥) =

{
 
 
 
 
 

 
 
 
 
 
�̈�𝑂𝑐𝑡0(𝑥)      𝑚

.,1 ≤ 𝑥. < 𝑛.,1

�̈�𝑂𝑐𝑡1(𝑥)       𝑛
.,1 = 𝑥 . < 𝑜.,1

�̈�𝑂𝑐𝑡2(𝑥)      𝑜
.,1 ≤ 𝑥. < 𝑝.,1

�̈�𝑂𝑐𝑡3(𝑥)      𝑝
.,1 ≤ 𝑥 . < 𝑞.,1

�̈�                              𝑥. = 𝑞.,1

�̈�𝑂𝑐𝑡3(𝑥)      𝑞
.,1 ≤ 𝑥. < 𝑟 .,1

�̈�𝑂𝑐𝑡2(𝑥)      𝑟
.,1 ≤ 𝑥 . < 𝑠.,1

�̈�𝑂𝑐𝑡1(𝑥)      𝑠
.,1 ≤ 𝑥 . < 𝑡 .,1

1                    𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒  

 

ℂ̈𝑂𝑐𝑡(𝑥) =

{
 
 
 
 
 

 
 
 
 
 
ℂ̈𝑂𝑐𝑡0(𝑥)      𝑚

.,2 ≤ 𝑥 . < 𝑛.,2

ℂ̈𝑂𝑐𝑡1(𝑥)       𝑛
.,2 ≤ 𝑥. < 𝑜.,2

ℂ̈𝑂𝑐𝑡2(𝑥)      𝑜
.,2 ≤ 𝑥 . < 𝑝.,2

ℂ̈𝑂𝑐𝑡3(𝑥)      𝑝
.,2 ≤ 𝑥. < 𝑞.,2

ℂ̈                           𝑥. = 𝑞.,2   

ℂ̈𝑂𝑐𝑡3(𝑥)      𝑞
.,2 ≤ 𝑥. < 𝑟 .,2

ℂ̈𝑂𝑐𝑡2(𝑥)      𝑟
.,2 ≤ 𝑥. < 𝑠.,2

ℂ̈𝑂𝑐𝑡1(𝑥)      𝑠
.,2 ≤ 𝑥. < 𝑡 .,2

1                     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

 

 

where 

 𝑂𝑐𝑡 = [(𝑚., < 𝑛., < 𝑜., < 𝑝., < 𝑞., < 𝑟 ., < 𝑠 ., < 𝑡 .,): �̈�] [(𝑚.,1 < 𝑛.,1 < 𝑜.,1 < 𝑝.,1 < 𝑞.,1 < 𝑟 .,1 < 𝑠.,1 < 𝑡 .,1) ∶ �̈�] [(𝑚.,2 < 𝑛.,2 <

𝑜.,2 < 𝑝.,2 < 𝑞.,2 < 𝑟 .,2 < 𝑠.,2 < 𝑡 .,2): ℂ̈] 

 

Nonagonal Neutrosophic Number 
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Nonagonal Nutrosophic Numbers (NNN) [4, 10] are defined as 

𝒢: [(𝑞; 𝑟;, 𝑠;, 𝑡 ;, 𝑢;, 𝑣;, 𝑤;, 𝑦 ;, 𝑧;): 𝛿] [(𝑞;1, 𝑟;1, 𝑠;1, 𝑡 ;1, 𝑢;1, 𝑣;1, 𝑤;1, 𝑦 ;1, 𝑧;1): 𝜑] 
 [(𝑞;2, 𝑟;;2, 𝑠;2, 𝑡 ;2, 𝑢;2, 𝑣;2, 𝑤;2, 𝑦 ;2, 𝑧;2): 𝜔] 

Where 𝛿, 𝜑, 𝜔 ∈ [0,1] 
Membership function truth, indeterminacy anf falsity is define as 

𝛿𝒢(𝑥) =

{
 
 
 
 
 

 
 
 
 
 
𝛿𝒢(𝑥)      𝑞

; ≤ 𝑥. < 𝑟;

𝛿𝒢(𝑥)      𝑟
; ≤ 𝑥. < 𝑠 ;

𝛿𝒢(𝑥)      𝑠
; ≤ 𝑥. < 𝑡 ;

𝛿𝒢(𝑥)      𝑡
; ≤ 𝑥. < 𝑢;

𝛿                     𝑥 . = 𝑢; 
𝛿𝒢(𝑥)      𝑢

; ≤ 𝑥. < 𝑣;

𝛿𝒢(𝑥)      𝑣
; ≤ 𝑥 . < 𝑤;

𝛿𝒢(𝑥)      𝑤
; ≤ 𝑥. < 𝑦 ;

𝛿𝒢(𝑥)      𝑦
; ≤ 𝑥 . < 𝑧;

0             𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

𝜑𝒢(𝑥) =

{
 
 
 
 
 

 
 
 
 
 
𝜑𝒢(𝑥)      𝑞

;1 ≤ 𝑥. < 𝑟;1

𝜑𝒢(𝑥)      𝑟
;1 ≤ 𝑥. < 𝑠 ;1

𝜑𝒢(𝑥)      𝑠
;1 ≤ 𝑥. < 𝑡 ;1

𝜑𝒢(𝑥)      𝑡
;1 ≤ 𝑥. < 𝑢;1

𝜑                       𝑥. = 𝑢;1

𝜑𝒢(𝑥)      𝑢
;1 ≤ 𝑥. < 𝑣;1

𝜑𝒢(𝑥)      𝑣
;1 ≤ 𝑥. < 𝑤;1

𝜑𝒢(𝑥)      𝑤
;1 ≤ 𝑥. < 𝑦 ;1

𝜑𝒢(𝑥)      𝑦
;1 ≤ 𝑥 . < 𝑧;1

1               𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

𝜔𝒢(𝑥) =

{
 
 
 
 
 

 
 
 
 
 
𝜔𝒢(𝑥)      𝑞

;2 ≤ 𝑥. < 𝑟;2

𝜔𝒢(𝑥)      𝑟
;2 ≤ 𝑥. < 𝑠 ;2

𝜔𝒢(𝑥)      𝑠
;2 ≤ 𝑥. < 𝑡 ;2

𝜔𝒢(𝑥)      𝑡
;2 ≤ 𝑥. < 𝑢;2

𝜔                      𝑥 . = 𝑢;2

𝜔𝒢(𝑥)      𝑢
;2 ≤ 𝑥. < 𝑣;2

𝜔𝒢(𝑥)      𝑣
;2 ≤ 𝑥. < 𝑤;2

𝜔𝒢(𝑥)      𝑤
;2 ≤ 𝑥. < 𝑦 ;2

𝜔𝒢(𝑥)      𝑦
;2 ≤ 𝑥 . < 𝑧;2

1              𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑒   

 

 

Representation and properties of Nonagonal Neutrosophic Number: We represent the Nonagonal Neutrosophic Number by 

Linear and Non-Linear symmetry [4]. 

Linear NNN with symmetry: Let ∇′𝑙 = (𝑎
′ , 𝑏′, 𝑐′ , 𝑑′ , 𝑒′, 𝑓′, 𝑔′, ℎ′, 𝑖′) as linear Nonagonal Neutrosophic Number with membership 

function is define as: 

As, 0 < 𝑘 < 1  
𝐴𝛼 = {𝑥 ∈ 𝑋

.\𝑇′(𝑋 .), 𝐹′(𝑋 .), 𝐼′(𝑋 .) ≥ 𝛼}  
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𝑇𝐿
′(𝑥) =

{
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

0                                       𝑥 < 𝑎∗   

𝑘 , (
𝑥 − 𝑎∗

𝑏∗ − 𝑎∗
)                   𝑎∗ < 𝑥 < 𝑏∗             

𝑘 , (
(𝑥 − 𝑏∗)

𝑐∗ − 𝑏8
)                  𝑏∗ < 𝑥 < 𝑐∗             

𝑘                               𝑐∗ < 𝑥 < 𝑑∗    

𝑘 , + (1 − 𝑘 ,) (
𝑥 − 𝑑∗

𝑒∗ − 𝑑∗
) 𝑑∗ < 𝑥 < 𝑒∗              

1                              𝑒∗ < 𝑥 < 𝑓∗   

𝑘 , + (1 − 𝑘 ,) (
𝑔∗ − 𝑥

𝑔∗ − 𝑓∗
) 𝑓∗ < 𝑥 < 𝑔∗             

𝑘 ,                            𝑔∗ < 𝑥 < ℎ∗  

𝑘 , (
(𝑖∗ − 𝑥)

𝑖∗ − ℎ∗
)                  ℎ∗ < 𝑥 < 𝑖∗                

0                                       𝑥 > 𝑖∗     

 

𝐹𝐿
′(𝑥) =

{
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

0                                      𝑥 < 𝑎∗1

𝑘 , (
𝑥 − 𝑎∗1

𝑏∗1 − 𝑎∗1
)                       𝑎∗1 < 𝑥 < 𝑏∗1

𝑘 , (
𝑥 − 𝑏∗1

𝑐∗1 − 𝑏∗1
)                        𝑏∗1 < 𝑥 < 𝑐∗1

𝑘 ,                                               𝑐∗1 < 𝑥 < 𝑑∗1

𝑘 , + (1 − 𝑘 ,) (
𝑥 − 𝑑∗1

𝑒∗1 − 𝑑∗1
)   𝑑∗1 < 𝑥 < 𝑒∗1

1                                              𝑒∗1 < 𝑥 < 𝑓∗1

𝑘 , + (1 − 𝑘 ,)(
𝑔∗1 − 𝑥

𝑔∗1 − 𝑓∗1
)  𝑓∗1 < 𝑥 < 𝑔∗1

𝑘 ,                                           𝑔∗1 < 𝑥 < ℎ∗1 

𝑘 , (
𝑖∗1 − 𝑥

𝑖∗1 − ℎ∗1
)                     ℎ∗1 < 𝑥 < 𝑖∗1

1                                    𝑥 > 𝑖∗1

 

𝐼𝐿
′(𝑥) =

{
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

0                                                      𝑥 < 𝑎∗2

𝑘 . (
𝑥 − 𝑎∗2

𝑏∗2 − 𝑎∗2
)                        𝑎∗2 < 𝑥 < 𝑏∗2 

𝑘 , (
𝑥 − 𝑏∗2

𝑐∗2 − 𝑏∗2
)                        𝑏∗2 < 𝑥 < 𝑐∗2 

𝑘 ,                                               𝑐∗2 < 𝑥 < 𝑑∗2

𝑘 , + (1 − 𝑘 ,) (
𝑥 − 𝑑∗2

𝑒∗2 − 𝑑∗2
)    𝑑∗2 < 𝑥 < 𝑒∗2

1                                              𝑒∗2 < 𝑥 < 𝑓∗2 

𝑘 , + (1 − 𝑘 ,) (
𝑔∗2 − 𝑥

𝑔∗2 − 𝑓∗2
)   𝑓∗2 < 𝑥 < 𝑔∗2 

𝑘 ,                                               𝑔∗2 < 𝑥 < ℎ∗2

𝑘 , (
𝑖∗2 − 𝑥

𝑖∗2 − ℎ∗2
)                        ℎ∗2 < 𝑥 < 𝑖∗2   

1                                                          𝑥 > 𝑖∗2 
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𝜶− 𝒄𝒖𝒕 of Linear ONN with symmetry: 𝛼 − 𝑐𝑢𝑡 of the membership function truth, indeterminacy and falsity are define as[ 4] 

𝑇𝐿
′(𝑥) =

{
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 𝜇1𝐿

′ (𝛼′) = 𝑎′ +
𝛼′

𝑏1
′ (𝑏

′ − 𝑎′) 𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏1]        

𝜇2𝐿
′ (𝛼′) = 𝑏′ + (

1 − 𝛼

1 − 𝑏′2
) (𝑐′ − 𝑏′) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏2

′ , 1]

𝜇3𝐿
′ (𝛼′) = 𝑐′ + (

1 − 𝛼

1 − 𝑏3
′)(𝑑

′ − 𝑐′) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏3
′ , 1]

𝜇4𝐿
′ (𝛼′) = 𝑑′ + (

1 − 𝛼

1 − 𝑏4
′)(𝑒

′ − 𝑑′) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏4
′ , 1]

𝜇4𝑅
′ (𝛼′) = 𝑒′ −

𝛼′

𝑏4
′ (𝑓

′ − 𝑒′) 𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏4
′ ]          

𝜇3𝑅
′ (𝛼′) = 𝑓′ −

𝛼′

𝑏3
′ (𝑔

′ − 𝑓′) 𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏3
′ ]         

𝜇2𝑅
′ (𝛼′) = 𝑔′ −

𝛼′

𝑏2
′ (ℎ

′ − 𝑔′) 𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏2
′ ]        

𝜇1𝑅
′ (𝛼′) = ℎ′ −

𝛼′

𝑏1
′ (𝑖

′ − ℎ′) 𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏1
′ ]         

 

𝐹𝐿
′(𝑥) =

{
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 𝜇1𝐿

′ (𝛼′) = 𝑎′1 +
𝛼′

𝑏1
′ (𝑏

′1 − 𝑎′1) 𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏1]        

𝜇2𝐿
′ (𝛼′) = 𝑏′1 + (

1 − 𝛼

1− 𝑏′2
) (𝑐′1 − 𝑏′1) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏2

′ , 1]

𝜇3𝐿
′ (𝛼′) = 𝑐′1 + (

1 − 𝛼

1 − 𝑏3
′)(𝑑

′1 − 𝑐′1) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏3
′ , 1]

𝜇4𝐿
′ (𝛼′) = 𝑑′1 + (

1 − 𝛼

1 − 𝑏4
′)(𝑒

′1 − 𝑑′1) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏4
′ , 1]

𝜇4𝑅
′ (𝛼′) = 𝑒′1 −

𝛼′

𝑏4
′ (𝑓

′1 − 𝑒′1) 𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏4
′ ]          

𝜇3𝑅
′ (𝛼′) = 𝑓′1 −

𝛼′

𝑏3
′ (𝑔

′1 − 𝑓′1) 𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏3
′ ]         

𝜇2𝑅
′ (𝛼′) = 𝑔′1 −

𝛼′

𝑏2
′ (ℎ

′1 − 𝑔′1) 𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏2
′ ]        

𝜇1𝑅
′ (𝛼′) = ℎ′1 −

𝛼′

𝑏1
′ (𝑖

′1 − ℎ′1) 𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏1
′ ]         

 

𝐼𝐿
′ (𝑥) =

{
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 𝜇1𝐿

′ (𝛼′) = 𝑎′
2
+
𝛼′

𝑏1
′ (𝑏

′2 − 𝑎′
2) 𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏1]        

𝜇2𝐿
′ (𝛼′) = 𝑏′

2
+ (

1 − 𝛼

1 − 𝑏′2
) (𝑐′

2
− 𝑏′

2) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏2
′ , 1]

𝜇3𝐿
′ (𝛼′) = 𝑐′

2
+ (

1 − 𝛼

1 − 𝑏3
′)(𝑑

′2 − 𝑐′
2) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏3

′ , 1]

𝜇4𝐿
′ (𝛼′) = 𝑑′

2
+ (

1 − 𝛼

1 − 𝑏4
′)(𝑒

′2 − 𝑑′
2) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏4

′ , 1]

𝜇4𝑅
′ (𝛼′) = 𝑒′2 −

𝛼′

𝑏4
′ (𝑓

′2 − 𝑒′2) 𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏4
′ ]          

𝜇3𝑅
′ (𝛼′) = 𝑓′2 −

𝛼′

𝑏3
′ (𝑔

′2 − 𝑓′2) 𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏3
′ ]         

𝜇2𝑅
′ (𝛼′) = 𝑔′

2
−
𝛼′

𝑏2
′ (ℎ

′2 − 𝑔′
2) 𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏2

′ ]        

𝜇1𝑅
′ (𝛼′) = ℎ′

2
−
𝛼′

𝑏1
′ (𝑖

′2 − ℎ′
2) 𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏1

′ ]         
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Non-Linear Nonagonal Neutrosophic Numbers (NONNN) with symmetry: Let ∆𝑛𝑙
′ =

(𝑗 .′, 𝑘 .′, 𝑙.′, 𝑚.′, 𝑛.′, 𝑜.′ , 𝑝.′, 𝑞.′, 𝑟 .′)(𝑥 .′,𝑦 .′,𝑐 .′,𝑑.′) as non-linear Nonagonal Neutrosophic Number [4] with membership function is define 

as: 

As, 0 < 𝑘 < 1  
       𝐴𝛼 = {𝑥 ∈ 𝑋

.,\𝑇′ (𝑋 .,), 𝐹′(𝑋 .,), 𝐼′(𝑋 .,) ≥ 𝛼} 
 

𝑇𝑁
′ (𝑥) =

{
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

0                                                          𝑥 < 𝑗′′

𝑘′′ (
𝑥 − 𝑗′′

𝑘′′ − 𝑗′′
)

𝑥′′

                           𝑗′′ < 𝑥 < 𝑘′′

𝑘′′ (
𝑥 − 𝑘′′

𝑙′′ − 𝑘′′
)

𝑦′′

                          𝑘′′ < 𝑥 < 𝑙′′

𝑘′′                                                𝑙′′ < 𝑥 < 𝑚′′

𝑘′′ + (1 − 𝑘′′) (
𝑥 −𝑚′′

𝑛′′ −𝑚′′
)

𝑐′′

    𝑚′′ < 𝑥 < 𝑛′′

1                                               𝑛′′ < 𝑥 < 𝑜′′ 

𝑘′′ + (1 − 𝑘′′) (
𝑜′′ − 𝑥

𝑜′′ − 𝑝′′
)

𝑑′′

      𝑜′′ < 𝑥 < 𝑝′′     

𝑘′′                                                𝑝′′ < 𝑥 < 𝑞′′ 

𝑘′′ (
𝑞′′ − 𝑥

𝑞′′ − 𝑟′′
)

𝑒′′

 

                          𝑞′′ < 𝑥 < 𝑟′′   

0                                                         𝑥 > 𝑟′′ 

 

𝐹𝑁
′ (𝑥) =

{
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

0                                                          𝑥 < 𝑗′′1

𝑘′′ (
𝑥 − 𝑗′′

1

𝑘′′ − 𝑗′′1
)

𝑥′′

                           𝑗′′1 < 𝑥 < 𝑘′′1

𝑘′′ (
𝑥 − 𝑘′′1

𝑙′′1 − 𝑘′′
1)

𝑦′′

                          𝑘′′1 < 𝑥 < 𝑙′′1

𝑘′′                                                𝑙′′1 < 𝑥 < 𝑚′′1

𝑘′′ + (1 − 𝑘′′) (
𝑥 −𝑚′′1

𝑛′′1 −𝑚′′1
)

𝑐′

    𝑚′′1 < 𝑥 < 𝑛′′1

1                                               𝑛′′1 < 𝑥 < 𝑜′′1

𝑘′′ + (1 − 𝑘′′) (
𝑜′′1 − 𝑥

𝑜′′1 − 𝑝′′1
)

𝑑′

      𝑜′′1 < 𝑥 < 𝑝′′1     

𝑘′′                                                𝑝′′1 < 𝑥 < 𝑞′′1 

𝑘′′ (
𝑞′′1 − 𝑥

𝑞′′1 − 𝑟′′1
)

𝑒′

 

                          𝑞′′1 < 𝑥 < 𝑟′′1   

1                                                         𝑥 > 𝑟′′1  
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𝐼𝑁
′ (𝑥) =

{
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

0                                                          𝑥 < 𝑗′′2

𝑘′′ (
𝑥 − 𝑗′′2

𝑘′′ − 𝑗′′2
)

𝑥′′

                           𝑗′′
2
< 𝑥 < 𝑘′′2

𝑘′′ (
𝑥 − 𝑘′′2

𝑙′′2 − 𝑘′′2
)

𝑦′′

                          𝑘′′
2
< 𝑥 < 𝑙′′2

𝑘 ′′                                               𝑙′′2 < 𝑥 < 𝑚′′2

𝑘′′ + (1 − 𝑘′′) (
𝑥 − 𝑚′′2

𝑛′′2 −𝑚′′2
)

𝑐′′

    𝑚′′2 < 𝑥 < 𝑛′′2

1                                               𝑛′′
2
< 𝑥 < 𝑜′

′2
 

𝑘′′ + (1 − 𝑘′′) (
𝑜′′

2
− 𝑥

𝑜′′2 − 𝑝′′2
)

𝑑′′

      𝑜′′2 < 𝑥 < 𝑝′′2    

𝑘′′                                                𝑝′′2 < 𝑥 < 𝑞′′2 

𝑘′′ (
𝑞′′

2
− 𝑥

𝑞′′2 − 𝑟′′2
)

𝑒′′

 

                          𝑞′′2 < 𝑥 < 𝑟′′2   

1                                                         𝑥 > 𝑟′′2 

 

𝜶− 𝒄𝒖𝒕 of Non- Linear NNN with symmetry: 𝛼 − 𝑐𝑢𝑡 of nON-LNNN [4] with membership function truth, falsity and 

indeterminacy are define as 

𝑇𝑁
′ (𝑥) =

{
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

𝜇1𝐵
′ (𝛼′) = 𝑗′ + (

𝛼

𝑏1
′)

𝑥′1

(𝑘′ − 𝑗′) 𝑓𝑜𝑟𝛼′ ∈ [0, 𝑏1
′ ]

𝜇2𝐵
′ (𝛼′) = 𝑘′ + (

1 − 𝛼

1 − 𝑏2
′)

𝑥2
′

(𝑙′ − 𝑘′) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏′2, 1]

𝜇3𝐵
′ (𝛼′) = 𝑙′ + (

1 − 𝛼

1 − 𝑏3
′)

𝑥3
′

(𝑚′ − 𝑙′) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏3
′ , 1]

𝜇4𝐵
′ (𝛼′) = 𝑚′ + (

1 − 𝛼

1 − 𝑏4
′)

𝑥4
′

(𝑛′ −𝑚′) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏4
′ , 1]

𝜇4𝐷
′ (𝛼′) = 𝑛′ − (

𝛼

𝑏4
′)

𝑦1
′

(𝑜′ − 𝑛′)  𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏4
′ ]

𝜇3𝐷
′ (𝛼′) = 𝑜′ − (

𝛼

𝑏3
′)

𝑦2
′

(𝑝′ − 𝑜′)  𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏3
′ ]

𝜇2𝐷
′ (𝛼′) = 𝑝′ − (

𝛼

𝑏2
′)

𝑦3
′

(𝑞′ − 𝑝′)  𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏2
′ ]

𝜇1𝐷
′ (𝛼′) = 𝑞′ − (

𝛼

𝑏1
′)

𝑦4
′

(𝑟′ − 𝑞′)  𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏1
′ ]
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𝐹𝑁
′ (𝑥) =

{
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

𝜇1𝐵
′ (𝛼′) = 𝑗′1 + (

𝛼

𝑏1
′)

𝑥′1

(𝑘′1 − 𝑗′1) 𝑓𝑜𝑟𝛼′ ∈ [0, 𝑏1
′ ]

𝜇2𝐵
′ (𝛼′) = 𝑘′1 + (

1 − 𝛼

1 − 𝑏2
′)

𝑥2
′

(𝑙′1 − 𝑘′1) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏′2, 1]

𝜇3𝐵
′ (𝛼′) = 𝑙′1 + (

1 − 𝛼

1 − 𝑏3
′)

𝑥3
′

(𝑚′1 − 𝑙′1) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏3
′ , 1]

𝜇4𝐵
′ (𝛼′) = 𝑚′1 + (

1 − 𝛼

1 − 𝑏4
′)

𝑥4
′

(𝑛′1 −𝑚′1) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏4
′ , 1]

𝜇4𝐷
′ (𝛼′) = 𝑛′1 − (

𝛼

𝑏4
′)

𝑦1
′

(𝑜′1 − 𝑛′1)  𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏4
′ ]

𝜇3𝐷
′ (𝛼′) = 𝑜′1 − (

𝛼

𝑏3
′)

𝑦2
′

(𝑝′1 − 𝑜′1)  𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏3
′ ]

𝜇2𝐷
′ (𝛼′) = 𝑝′1 − (

𝛼

𝑏2
′)

𝑦3
′

(𝑞′1 − 𝑝′1)  𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏2
′ ]

𝜇1𝐷
′ (𝛼′) = 𝑞′1 − (

𝛼

𝑏1
′)

𝑦4
′

(𝑟′1 − 𝑞′1)  𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏1
′ ]

 

𝐼𝑁
′ (𝑥) =

{
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

𝜇1𝐵
′ (𝛼′) = 𝑗′2 + (

𝛼

𝑏1
′)

𝑥′1

(𝑘′2 − 𝑗′2) 𝑓𝑜𝑟𝛼′ ∈ [0, 𝑏1
′ ]

𝜇2𝐵
′ (𝛼′) = 𝑘′2 + (

1 − 𝛼

1 − 𝑏2
′)

𝑥2
′

(𝑙′2 − 𝑘′2) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏′2, 1]

𝜇3𝐵
′ (𝛼′) = 𝑙′2 + (

1 − 𝛼

1 − 𝑏3
′)

𝑥3
′

(𝑚′2 − 𝑙′2) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏3
′ , 1]

𝜇4𝐵
′ (𝛼′) = 𝑚′2 + (

1 − 𝛼

1 − 𝑏4
′)

𝑥4
′

(𝑛′2 −𝑚′2) 𝑓𝑜𝑟 𝛼′ ∈ [𝑏4
′ , 1]

𝜇4𝐷
′ (𝛼′) = 𝑛′2 − (

𝛼

𝑏4
′)

𝑦1
′

(𝑜′2 − 𝑛′2)  𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏4
′ ]

𝜇3𝐷
′ (𝛼′) = 𝑜′2 − (

𝛼

𝑏3
′)

𝑦2
′

(𝑝′2 − 𝑜′2)  𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏3
′ ]

𝜇2𝐷
′ (𝛼′) = 𝑝′2 − (

𝛼

𝑏2
′)

𝑦3
′

(𝑞′2 − 𝑝′2)  𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏2
′ ]

𝜇1𝐷
′ (𝛼′) = 𝑞′2 − (

𝛼

𝑏1
′)

𝑦4
′

(𝑟′2 − 𝑞′2)  𝑓𝑜𝑟 𝛼′ ∈ [0, 𝑏1
′ ]

 

𝜇1𝐵
′ (𝛼′), 𝜇2𝐵

′ (𝛼′), 𝜇3𝐵
′ (𝛼′), 𝜇4𝐵

′ (𝛼′) are increasing function with respect to 𝛼′ . 
𝜇4𝐷
′ (𝛼′), 𝜇3𝐷

′ (𝛼′), 𝜇2𝐷
′ (𝛼′), 𝜇1𝐷

′ (𝛼′) are decreasing function with respect to 𝛼′. 
 

Graphical representation of Nonagonal Neutrosophic 
Number: Consider Nonagonal Neutrosophic Number for the 

graphical representation of truth membership function 
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𝑇𝐿
′(𝑥) =

{
 
 
 
 
 
 
 

 
 
 
 
 
 
 

0                                       𝑥 < 0.1  

𝑘 , (
𝑥 − 𝑎∗

𝑏∗ − 𝑎∗
)                    0.1 < 𝑥 < 0.2             

𝑘 , (
(𝑥 − 𝑏∗)

𝑐∗ − 𝑏8
)                   0.2 < 𝑥 < 0.3             

𝑘                               0.3 < 𝑥 < 0.4    

𝑘 , + (1 − 𝑘 ,) (
𝑥 − 𝑑∗

𝑒∗ − 𝑑∗
)  0.4 < 𝑥 < 0.5              

1                                0.5 < 𝑥 < 0.6   

𝑘 , + (1 − 𝑘 ,) (
𝑔∗ − 𝑥

𝑔∗ − 𝑓∗
)  0.6 < 𝑥 < 0.7             

𝑘 ,                            0.7 < 𝑥 < 0.8  

𝑘 , (
(𝑖∗ − 𝑥)

𝑖∗ − ℎ∗
)                   0.8 < 𝑥 < 0.9                

0                                       𝑥 > 0.9    

 

 

 
Consider Nonagonal Neutrosophic Numbers for the graphical representation of  falsity membership function 

 

𝐹𝐿
′(𝑥) =

{
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

0                                      𝑥 < 0.1

𝑘 , (
𝑥 − 𝑎∗1

𝑏∗1 − 𝑎∗1
)                        0.1 < 𝑥 < 0.2

𝑘 , (
𝑥 − 𝑏∗1

𝑐∗1 − 𝑏∗1
)                         0.2 < 𝑥 < 0.3

𝑘 ,                                               0.3 < 𝑥 < 0.4

𝑘 , + (1 − 𝑘 ,) (
𝑥 − 𝑑∗1

𝑒∗1 − 𝑑∗1
)    0.4 < 𝑥 < 0.5

1                                              0.5 < 𝑥 < 0.6

𝑘 , + (1 − 𝑘 ,) (
𝑔∗1 − 𝑥

𝑔∗1 − 𝑓∗1
)   0.6 < 𝑥 < 0.7

𝑘 ,                                           0.7 < 𝑥 < 0.8

𝑘 , (
𝑖∗1 − 𝑥

𝑖∗1 − ℎ∗1
)                      0.8 < 𝑥 < 0.9

1                                    𝑥 > 0.9
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Consider Nonagonal Neutrosophic numbers for the graphical representation of indeterminacy membership function 

𝐼𝐿
′(𝑥) =

{
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

0                                                      𝑥 < 0.1

𝑘 . (
𝑥 − 𝑎∗2

𝑏∗2 − 𝑎∗2
)                      0.1 < 𝑥 < 0.2 

𝑘 , (
𝑥 − 𝑏∗2

𝑐∗2 − 𝑏∗2
)                         0.2 < 𝑥 < 0.3 

𝑘 ,                                               0.3 < 𝑥 < 0.4

𝑘 , + (1 − 𝑘 ,) (
𝑥 − 𝑑∗2

𝑒∗2 − 𝑑∗2
)     0.4 < 𝑥 < 0.5

1                                              0.5 < 𝑥 < 0.6

𝑘 , + (1 − 𝑘 ,) (
𝑔∗2 − 𝑥

𝑔∗2 − 𝑓∗2
)    0.6 < 𝑥 < 0.7 

𝑘 ,                                               0.7 < 𝑥 < 0.8

𝑘 , (
𝑖∗2 − 𝑥

𝑖∗2 − ℎ∗2
)                         0.8 < 𝑥 < 0.9  

1                                                          𝑥 > 0.9 
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CASE STUDY 

For checking the production and viability of VIKOR and 
TOPSIS method, we have a selection of candidates for 

scholarship. 

For selection we have four candidates{Ψ,Ω, Υ,Γ} . 

 

We select the candidates on the basis of {ℳ:𝑀𝑎𝑟𝑘𝑠, ℰ:𝑀𝑒𝑚𝑏𝑒𝑟𝑠 𝑡𝑎𝑘𝑖𝑛𝑔 𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛, ℱ: 𝐹𝑎𝑚𝑖𝑙𝑦 𝑒𝑥𝑝𝑒𝑛𝑠𝑒𝑠, ℐ: 𝐼𝑛𝑐𝑜𝑚𝑒} 
Ψ = {ℳ = 995, ℰ = 4, ℱ = 𝑅𝑠. 40 000, ℐ = 𝑅𝑠. 50 000} 
Ω = {ℳ = 1045, ℰ = 3,ℱ = 𝑅𝑠. 35 000, ℐ = 𝑅𝑠. 50 000} 
Υ = {ℳ = 1001, ℰ = 5, ℱ = 𝑅𝑠. 50 000, ℐ = 𝑅𝑠. 55 000} 
Γ = {ℳ = 970, ℰ = 4, ℱ = 𝑅𝑠. 45 000, ℐ = 𝑅𝑠. 48 000} 

 

Candidates Attributes ℳ ℰ ℱ(𝑅𝑠. ) ℐ(𝑅𝑠. ) 
Ψ 995 4 40 000 50 000 

Ω 1045 3 35 000 50 000 

Υ 1001 5 50 000 55 000 

Γ 970 4 45 000 48 000 

 

Neutrosophic Number assigned by decision maker: Nonagonal Neutrosophic Numbers for candidate  Ψ 

Sr. # Attributes Nonagonal Neutrosophic Numbers 

1 ℳ 
(0.79,0.83,0.85,0.87,0.78,0.81,0.88,0.82,0.89),(0.77,0.67,0.56,0.98,0.78,0.69,0.72,0.83,0.85),

(0.73,0.69,0.84,0.81,0.90,0.49,0.57,0.66,0.56)  

2 ℰ 
(0.79,0.76,0.81,0.84,0.74,0.88,0.89,0.86,0.82),(0.67,0.81,0.88,0.45,0.56,0.80,0.79,0.55,0.40),

(0.66,0.72,0.67,0.81,0.71,0.79,0.77,0.81,0.73) 

3 ℱ 
(0.81,0.52,0.62,0.74,0.73,0.91,0.66,0.82,0.80),(0.59,0.63,0.91,0.57,0.73,0.81,0.43,0.77,0.74),

(0.67,0.86,0.83,0.78,0.90,0.88,0.79,0.67,0.72) 

4 ℐ 
(0.72,0.76,0.80,0.86,0.73,0.66,0.68,0.71,0.53),(0.69,0.72,0.79,0.81,0.86,0.91,0.83,0.78,0.88),

(0.67,0.75,0.88,0.79,0.65,0.73,0.84,0.81,0.90) 

 

Nonagonal Neutrosophic Numbers for candidate  Ω 

Sr # Attributes Nonagonal Neutrosophic Numbers 

1 ℳ 
(0.93,0.95,0.99,0.94,0.91,0.82,0.96,0.98,0.92),(0.87,0.85,0.79,0.81,0.92,0.78,0.86,0.78,

0.95),(0.79,0.86,0.88,0.97,0.76,0.85,0.82,0.90,0.89) 

2 ℰ 
(0.67,0.74,0.72,0.73,0.81,0.80,0.79,0.78,0.82),(0.66,0.61,0.75,0.81,0.79,0.83,0.63,0.78,

0.80),(0.59,0.76,0.82,0.64,0.69,0.78,0.77,0.75,0.66) 

3 ℱ 
(0.87,0.43,0.90,0.46,0.52,0.67,0.81,0.88,0.91),(0.59,0.66,0.81,0.54,0.49,0.63,0.73,0.80,

0.45),(0.79,0.66,0.93,0.85,0.86,0.67,0.56,0.80,0.76) 

4 ℐ 
(0.72,0.76,0.80,0.86,0.73,0.66,0.68,0.71,0.53),(0.52,0.87,0.65,0.69,0.61,0.73,0.58,0.75,

0.81),(0.67,0.57,0.86,0.82,0.64,0.43,0.59,0.66,0.69) 
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Nonagonal Neutrosophic Numbers for candidate  Υ 

Sr # Attributes Nonagonal Neutrosophic Numbers 

1 ℳ 
(0.93,0.95,0.99,0.94,0.91,0.82,0.96,0.98,0.92),(0.89,0.95,0.83,0.88,0.85,0.94,0.92,0.84,0.79),(

0.86,0.83,0.95,0.99,0.92,0.78,0.85,0.88,0.90) 

2 ℰ 
(0.94,0.89,0.85,0.91,0.96,0.97,0.88,0.92,0.93),(0.79,0.76,0.88,0.84,0.94,0.86,0.93,0.99,0.85),(
0.91,0,83,0.85,0.79,0.88,0.93,0.78,0.84,0.94) 

3 ℱ 
(0.90,0.89,0.85,0.88,0.94,0.91,0.80,0.79,0.78),(0.81,0.80,0.79,0.90,0.87,0.76,0.69,0.84,0.88),(

0.97,0.88,0.76,0.87,0.92,0.80,0.79,0.84,0.90) 

4 ℐ 
(0.45,0.72,0.80,0.67,0.63,0.75,0.80,0.81,0.53),(0.55,0.58,0.67,0.49,0.76,0.88,0.62,0.67,0.70),(

0.79,0.55,0.76,0.49,0.67,0.78,0.69,0.75,0.48) 

 

Nonagonal Neutrosophic Numbers for candidate  Γ: 

Sr # Attributes Nonagonal Neutrosophic Numbers 

1 ℳ 
(0.65,0.73,0.81,0.75,0.69,0.72,0.77,0.79,0.80),(0.76,0.85,0.73,0.68,0.74,0.82,0.71,0.90,0.77),

(0.69,0.85,0.81,0.77,0.73,0.95,0.61,0.65,0.71) 

2 ℰ 
(0.79,0.76,0.81,0.84,0.74,0.88,0.89,0.86,0.82),(0.68,0.70,0.73,0.78,0.86,0.82,0.79,0.71,0.84),

(0.77,0.80,0.74,0.89,0.83,0.72,0.82,0.86,0.71) 

3 ℱ 
(0.90,0.89,0.85,0.88,0.94,0.91,0.80,0.79,0.78),(0.82,0.79,0.93,0.78,0.72,0.91,0.86,0.82,0.80),

(0.79,0.73,0.88,0.84,0.94,0.91,0.85,0.85,0.81) 

4 ℐ 
(0.65,0.73,0.78,0.86,0.67,0.68,0.77,0.81,0.72),(0.64,0.73,0.69,0.82,0.81,0.74,0.75,0.60,0.82),

(0.83,0.74,0.92,0.69,0.71,0.89,0.86,0.75,0.72) 

 

Candidate Ψ Candidate Ω Candidate Υ Candidate Γ 

ℳ{(0.93,0.95,0.99,0.94,0.91,

0.82,0.96,0.98,0.92), 

(0.87,0.85,0.79,0.81,0.92,0.7

8,0.86,0.78,0.95), 

(0.79,0.86,0.88,0.97,0.76,0.8

5,0.82,0.90,0.89)} 

ℳ{(0.93,0.95,0.99,0.94,0.91,

0.82,0.96,0.98,0.92), 

(0.87,0.85,0.79,0.81,0.92,0.7

8,0.86,0.78,0.95), 

(0.79,0.86,0.88,0.97,0.76,0.8

5,0.82,0.90,0.89)} 

ℳ{(0.93,0.95,0.99,0.94,0.91,

0.82,0.96,0.98,0.92), 

(0.89,0.95,0.83,0.88,0.85,0.9

4,0.92,0.84,0.79), 

(0.86,0.83,0.95,0.99,0.92,0.7

8,0.85,0.88,0.90)} 

ℳ{(0.65,0.73,0.81,0.75,0.69,

0.72,0.77,0.79,0.80), 

(0.76,0.85,0.73,0.68,0.74,0.8

2,0.71,0.90,0.77), 

(0.69,0.85,0.81,0.77,0.73,0.9

5,0.61,0.65,0.71)} 

ℰ{(0.79,0.76,0.81,0.84,0.74,0

.88,0.89,0.86,0.82), 
(0.67,0.81,0.88,0.45,0.56,0.8

0,0.79,0.55,0.40), 

(0.66,0.72,0.67,0.81,0.71,0.7

9,0.77,0.81,0.73)} 

ℰ{(0.67,0.74,0.72,0.73,0.81,0

.80,0.79,0.78,0.82), 
(0.66,0.61,0.75,0.81,0.79,0.8

3,0.63,0.78,0.80), 

(0.59,0.76,0.82,0.64,0.69,0.7

8,0.77,0.75,0.66)} 

ℰ{(0.94,0.89,0.85,0.91,0.96,0

.97,0.88,0.92,0.93), 
(0.79,0.76,0.88,0.84,0.94,0.8

6,0.93,0.99,0.85), 

(0.91,0,83,0.85,0.79,0.88,0.9

3,0.78,0.84,0.94)} 

ℰ{(0.79,0.76,0.81,0.84,0.74,0

.88,0.89,0.86,0.82), 
(0.68,0.70,0.73,0.78,0.86,0.8

2,0.79,0.71,0.84), 

(0.77,0.80,0.74,0.89,0.83,0.7

2,0.82,0.86,0.71)} 

ℱ{(0.81,0.52,0.62,0.74,0.73,

0.91,0.66,0.82,0.80), 

(0.59,0.63,0.91,0.57,0.73,0.8

1,0.43,0.77,0.74), 

(0.67,0.86,0.83,0.78,0.90,0.8

8,0.79,0.67,0.72)} 

ℱ{(0.87,0.43,0.90,0.46,0.52,

0.67,0.81,0.88,0.91), 

(0.59,0.66,0.81,0.54,0.49,0.6

3,0.73,0.80,0.45), 

(0.79,0.66,0.93,0.85,0.86,0.6

7,0.56,0.80,0.76)} 

ℱ{(0.90,0.89,0.85,0.88,0.94,

0.91,0.80,0.79,0.78), 

(0.81,0.80,0.79,0.90,0.87,0.7

6,0.69,0.84,0.88), 

(0.97,0.88,0.76,0.87,0.92,0.8

0,0.79,0.84,0.90)} 

ℱ{(0.90,0.89,0.85,0.88,0.94,

0.91,0.80,0.79,0.78), 

(0.82,0.79,0.93,0.78,0.72,0.9

1,0.86,0.82,0.80), 

(0.79,0.73,0.88,0.84,0.94,0.9

1,0.85,0.85,0.81)} 

ℐ{(0.72,0.76,0.80,0.86,0.73,0

.66,0.68,0.71,0.53), 
(0.69,0.72,0.79,0.81,0.86,0.9

1,0.83,0.78,0.88), 

(0.67,0.75,0.88,0.79,0.65,0.7

3,0.84,0.81,0.90)} 

ℐ{(0.72,0.76,0.80,0.86,0.73,0

.66,0.68,0.71,0.53), 
(0.52,0.87,0.65,0.69,0.61,0.7

3,0.58,0.75,0.81), 

(0.67,0.57,0.86,0.82,0.64,0.4

3,0.59,0.66,0.69)} 

ℐ{(0.45,0.72,0.80,0.67,0.63,0

.75,0.80,0.81,0.53), 
(0.55,0.58,0.67,0.49,0.76,0.8

8,0.62,0.67,0.70), 

(0.79,0.55,0.76,0.49,0.67,0.7

8,0.69,0.75,0.48)} 

ℐ{(0.65,0.73,0.78,0.86,0.67,0

.68,0.77,0.81,0.72), 
(0.64,0.73,0.69,0.82,0.81,0.7

4,0.75,0.60,0.82), 

(0.83,0.74,0.92,0.69,0.71,0.8

9,0.86,0.75,0.72)} 

 

VIKOR METHOD 

VIKOR method [5, 6] is used for deciphering multi criteria decision problem. VIKOR method give a balance solution that gives 

maximum group benefits for majority. 

Steps of VIKOR method: 

STEP 1: Defuzzified the Neutrosophic numbers and assign weights. 

STEP 2: Ascertain positive ideal result and negative ideal result. 

𝕣+ = {𝕣𝑖𝑗𝑚𝑎𝑥  𝑓𝑜𝑟 𝑏𝑒𝑛𝑒𝑓𝑖𝑐𝑎𝑙 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎        𝕣𝑖𝑗min    𝑓𝑜𝑟 𝑏𝑒𝑛𝑒𝑓𝑖𝑐𝑖𝑎𝑙 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎} 

𝕣− = {𝕣𝑖𝑗min   𝑓𝑜𝑟 𝑛𝑜𝑛 𝑏𝑒𝑛𝑒𝑓𝑖𝑐𝑖𝑎𝑙 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎         𝕣𝑖𝑗max   𝑓𝑜𝑟 𝑛𝑜𝑛 𝑏𝑒𝑛𝑒𝑓𝑖𝑐𝑖𝑙𝑎 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎} 

STEP 3: Calculate group unity ℍ𝑗 = {ℍ𝑗
∗ , ℍ𝑗

−} and individual regard value 𝔖𝑗 = {𝔖𝑗
∗ , 𝔖𝑗

−} 
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ℍ𝑗 =∑[𝑤𝑗
(𝑥𝑗

∗ − 𝑥𝑖)

𝑥𝑗
∗ − 𝑥𝑗

−  ]          𝔖𝑗 = max𝑗
[𝑤𝑗

(𝑥𝑗
∗ − 𝑥𝑖𝑗)

𝑥𝑗
∗ − 𝑥𝑗

− ]

𝑚

𝑗=1

 

ℍ𝑗
∗ = min

𝑗
ℍ𝑗             ℍ𝑗

− = max
𝑗
ℍ𝑗  

𝔖𝑗
∗ = min

𝑗
𝔖𝑗        𝔖𝑗

− = max
𝑗
𝔖𝑗   

STEP 4: Now we will calculate the comprehensive sorting index  𝔔𝑖 . 

𝔔𝑖 = ℘
ℍ𝑖 −ℍ

∗

ℍ− −ℍ∗
+ (1 −℘)

𝔖𝑖 − 𝔖
∗

𝔖− − 𝔖∗
 

℘:𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 , 𝑚𝑒𝑐ℎ𝑎𝑛𝑖𝑠𝑚 𝑖𝑛𝑑𝑒𝑥 ∈ [0,1] 
STEP 5: Rank the values base on the sorting index 𝔔. Decision maker select the best one according to ranking. 

Here we have two conditions; 

(a) Adequate advantage: 

𝔔(𝜔2) −𝔔(𝜔1) ≥
1

𝒿 − 1
 

𝔔(𝜔2): second ranked sorting index 

𝔔(𝜔1) : first ranked sorting index 

𝒿          : number of alternates 

Adequate stability in verdict where 𝜔 as well must ranked by ℍ𝑖 or/and 𝔔𝑖 . 
 

 

TOPSIS METHOD 

In this method two synthetic alternate are theorized [4, 14]. 

Ideal alternative: the one which has the finest level for attributes measured. 

Negative ideal alternative: the one which has the poorest attributes values. 

STEP 1: Defuzzified the Neutrosophic numbers and construct the weights. 

STEP 2: Normalize data using  

𝓇𝑖𝑗 =
𝔵𝑖𝑗

(∑𝔵𝑖𝑗
2 )

1
2

 

STEP 3: Multiply each column by associative weights  

𝑣𝑖𝑗 = 𝑤𝑗𝑟𝑖𝑗 

STEP 4: Determine  

deffuzified 

ideal 
solution

group 
unity

comprehe
nsive 

sorting 
index

alternative
's rankig

Figure 2. Steps for VIKOR method 
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Positive ideal result 𝒜∗  

Negative ideal result 𝒜− . 
𝒜∗ = {𝑣1

∗ , 𝑣2
∗ , …𝑣𝑛

∗} 
𝑣𝑗
∗ = {𝑣𝑖𝑗max𝑓𝑜𝑟 𝑏𝑒𝑛𝑒𝑓𝑖𝑐𝑖𝑎𝑙 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎    𝑣𝑖𝑗min  𝑓𝑜𝑟 𝑏𝑒𝑛𝑒𝑓𝑖𝑐𝑖𝑎𝑙 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎} 

𝒜− = {𝑣1
− , 𝑣2

− , …𝑣𝑛
−} 

𝑣𝑗
− = {𝑣𝑖𝑗min  𝑓𝑜𝑟 𝑛𝑜𝑛 𝑏𝑒𝑛𝑒𝑓𝑖𝑐𝑖𝑎𝑙 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎    𝑣𝑖𝑗min  𝑓𝑜𝑟 𝑛𝑜𝑛 𝑏𝑒𝑛𝑒𝑓𝑖𝑐𝑖𝑎𝑙 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎 } 

STEP 5 : In this step we determine separation measure for each alternate. 

    For positive ideal alternate 

𝒮𝑖
∗ = [∑(𝑣𝑗

∗ − 𝑣𝑖𝑗)
2
]

1
2
                 

     For negative ideal alternative 

𝒮𝑖
− = [∑(𝑣𝑗

− − 𝑣𝑖𝑗)
2
]

1
2
               

STEP 6: Now we will calculate the relative closeness to the ideal solution 

𝒞𝑖
∗ =

𝒮𝑖
−

𝒮𝑖
∗ + 𝒮𝑖

−     0 < 𝒞𝑖
∗ < 1 

Pick the option 𝒞𝑖
∗ closet to 1. 

 

 
Figure 3. Steps for TOPSIS method 

 

NUMERICAL ANALYSIS 

 

VIKOR Method: First we use VIKOR method  for decision making 

STEP 1: We defuzzied the NNN by 

𝔇𝓉𝑁𝑂𝑁 = (
𝒶 +𝒷 + 𝒸 + 𝒹 + ℯ + 𝒻 + ℊ + 𝒽+ 𝒾

9
) 

𝔇𝓉𝑁𝑂𝑁 = (
𝒶1 + 𝒷1 + 𝒸1 + 𝒹1 + ℯ1 + 𝒻1 +ℊ1 + 𝒽1 + 𝒾1

9
) 

𝔇𝓉𝑁𝑂𝑁 = (
𝒶2 +𝒷2 + 𝒸2 +𝒹2 + ℯ2 + 𝒻2 +ℊ2 +𝒽2 + 𝒾2

9
) 

  Ψ Ω Υ Γ 

Defuzzified

Normalized

Ideal 
solution

Separation 
measure

Relative 
closeness
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ℳ (0.83,0.76,0.69) (0.93,0.84,0.85) (0.93,0.87,0.88) (0.75,0.77,0.75) 

ℰ (0.82,0.66,0.74) (0.76,0.74,0.71) (0.91,0.87,0.86) (0.82,0.77,0.79) 

ℱ (0.73,0.68,0.79) (0.71,0.63,0.76) (0.86,0.81,0.85) (0.86,0.82,0.84) 

𝒥 (0.71,0.81,0.78) (0.72,0.69,0.66) (0.68,0.65,0.66) (0.74,0.73,0.79) 

 

𝑥 =

(

 
 

𝟎. 𝟐
0.76
0.74
0.73
0.77

     

𝟎. 𝟏
0.87
0.74
0.70
0.69

     

𝟎. 𝟑
0.89
0.88
0.84
0.66

     

𝟎. 𝟒
0.76
0.79
0.84
0.75

   

)

 
 

 

STEP 2: Now we determine the positive ideal solution and negative ideal solution 

weightage 0.2 0.1 0.3 0.4 

 𝓜 𝓔 𝓕 𝓙 

𝚿 0.76 0.74 0.73 0.77 

𝛀 0.87 0.74 0.70 0.69 

𝚼 0.89 0.88 0.84 0.66 

𝚪 0.76 0.76 0.84 0.75 

𝕣+ 0.87 0.88 0.84 0.75 

𝕣− 0.76 0.74 0.70 0.66 

STEP 3 to 5: In this table we determine ℍ𝒊 , 𝕾𝒊 , 𝕼𝒊 and also select the candidate according to step 5.  

 𝓜 𝓔 𝓕 𝓙 ℍ𝒊 𝕾𝒊 𝕼𝒊 

𝚿 0.2 0.1 0.23 0.08 0.61 0.23 0.5 

𝛀 0 o.1 0.3 0.27 0.67 0.3 0.75 

𝚼 0.03 0 0 0.4 0.43 0.4 0.69 

𝚪 0.2 0.08 0 0 0.28 0.2 0 

ℍ𝒊
∗  ,𝕾𝒊

∗      0.28 0.2  

ℍ𝒊
− , 𝕾𝒊

−     0.67 0.4  

According to ranking candidate Γ is selected. 

TOPSIS Method: Now we apply TOPSIS method on the same application. 

STEP 1: 

weightage 0.2 0.1 0.3 0.4 

 𝓜 𝓔 𝓕 𝓙 

𝚿 0.76 0.74 0.73 0.77 

𝛀 0.87 0.74 0.70 0.69 

𝚼 0.89 0.88 0.84 0.66 

𝚪 0.76 0.76 0.84 0.75 

 

STEP 2: 

𝓇𝑖𝑗 =
𝔵𝑖𝑗

(∑𝔵𝑖𝑗
2 )

1
2

  

 𝓜 𝓔 𝓕 𝓙 

𝚿 0.46 0.47 0.46 0.53 

𝛀 0.53 0.47 0.45 0.48 

𝚼 0.54 0.56 0.53 0.46 

𝚪 0.46 0.48 0.53 0.52 

 

STEP 3: 

𝑣𝑖𝑗 = 𝑤𝑗𝑟𝑖𝑗 

 𝓜 𝓔 𝓕 𝓙 

𝚿 0.092 0.047 0.138 0.212 

𝛀 0.106 0.047 0.135 0.192 

𝚼 0.108 0.056 0.159 0.184 

𝚪 0.092 0.048 0.159 0.208 

 

STEP 4: 

𝒜∗ = {0.108, 0.056, 0.159, 0.184 } 
𝒜− = {0.092, 0.047, 0.135,0.212} 

STEP 5 AND 6: 
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𝒮𝑖
∗ = [∑(𝑣𝑗

∗ − 𝑣𝑖𝑗)
2
]

1
2
                       𝒮𝑖

− = [∑(𝑣𝑗
− − 𝑣𝑖𝑗)

2
]

1
2
 

𝒞𝑖
∗ =

𝒮𝑖
−

𝒮𝑖
∗ + 𝒮𝑖

− 

 𝒮𝑖
∗ 𝒮𝑖

− 𝒞𝑖
∗ 

𝚿 0.039 0.003 0.071 

𝛀 0.027 0.024 4.71 

𝚼 0 0.041 1 

𝚪 0.029 0.042 0.45 

According to relative ideal solution candidate 𝚪 is selected. 

 TOPSIS METHOD                                              

V/S 

VIKOR METHOD 

  𝒮𝑖
∗ 𝒮𝑖

− 𝒞𝑖
∗ ℍ𝒊 𝕾𝒊 𝕼𝒊 

𝚿 0.039 0.003 0.071 0.61 0.23 0.5 

  𝛀 0.027 0.024 4.71 0.67 0.3 0.75 

 𝚼 0 0.041 1 0.43 0.4 0.69 

 𝚪 0.029 0.042 0.45 0.28 0.2 0 

 

 
 

VIKOR method is better than TOPSIS method because it gives more accurate results in indeterminacy. 

 

CONCLUSION 
We work on Nonagonal Neutrosophic Numbers and find out  

𝛼 − 𝑐𝑢𝑡 and graphs of the numbers as well as comparison of 

TOPSIS and VIKOR method is done on a real-life case study. 

In comparison graph blue line is for TOPSIS and orange line 

for VIKOR method, which shows that VIKOR method gives 

more accurate result in indeterminacy. 
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