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Abstract
This year, various researchers paid the attention towards the analysis of m-polar fuzzy attributes for knowledge-processing 
tasks. In this process, a problem addressed while dealing with acceptation, rejection and uncertain parts of m-polar fuzzy 
attributes. One of suitable example is classifying the potential researchers of the given field to upscale the university ranking 
is a major issue for the academic or research team as it is based on multi-valued parameters. This becomes more complex 
when several random, ghost or fake researchers exist in the university. These types of researchers used to have several papers 
in most of the research areas rather than a specialized field. Hence, it is difficult for any expert to characterize them based 
on their truth, false or indeterminant areas based on the given n-number of papers to upscale the university ranking. To 
solve this problem, two methods are proposed in this paper using the algebra of n-valued neutrosophic set and its Euclidean 
distance with an illustrative example.

Keywords  Concept lattice · Formal concept analysis · Neutrosophic set · n-valued neutrosophic set · Neutrosophic graph · 
Three-way fuzzy concept lattice · Granular computing

1  Introduction

Dealing with multi-valued (Singh 2018b), m-polar (Singh 
2018c) or n-valued attributes (Singh 2018e) is addressed as 
most crucial tasks for the Data Analytics researchers. It is 
indeed requirements for the researchers to analyze the n-val-
ued attributes as it exists in various data sets (Kroonenberg 
2008; Zenzo 1988). One of the most suitable and relevant 
example is QS ranking1 or rating of any university2 used 
to be based on multi-valued parameters (Ascar and Yener 
2009). The precise representation of these types of data 
sets and its analysis is indeed requirement for researchers to 
upscale his/her university ranking. The research paper, its 
indexing and citation are also used to be considered as one of 
the prominent parameters while declaration of QS ranking. 
In this process, the classification of authentic research papers 
and its citation from multiple indexing is another concern 
for the academic or research team. The reason is most of the 
researchers just focus on increasing the research document 
or citation count using some non-ethical ways. It becomes 

more hot spot for researchers when SCOPUS retracted sev-
eral papers published by a top institute such as ISM Dhan-
bad,3 Bose Institute4 and others institutes of India.5 This 
issue created an alarm for the research communities to fix 
this issue at any cost and save the research from monkey, 
ghosts or random researchers who publish any papers in any 
fields without knowing the subject. The reason is document 
counts matter for the university ranking rather than exper-
tise or particular research areas. The document count for the 
single author, multiple authors, Web of Science journal or 
conference papers used to be counted as one as discussed in 
Singh and Singh (2019). Due to that, the H-index (Batneck 
and Kokkelmans 2011; Senanayake et al. 2014) and citations 
can be manipulated by old researchers due to his/her honor, 
nearness of editor or a particular group, whereas the new 
scholars are unable to receive a citation. It can be observed 
when a Web of Science paper of old professor is unable to 
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get a single citation, whereas a Google scholar paper of new 
scholar received more than ten citations. Hence, the citation 
of a paper is also vague while considering the intellectual 
measurement. Similarly, the citation of review or technical 
paper cannot be considered equally in case of intellectual 
measurement. The reason is that, receiving a citation for 
technical paper will take more time when compared to any 
review paper due to its less covering areas. At the same time, 
characterizing the citation due to its novelty, significance 
of results, forced citation, honor-based citation, journal to 
journal citation, conference to conference citation, within 
group citation, or editor citations is a difficult task. Some-
times, citation can be motivational or non-motivational as 
a paper cited due to its novelty or significance of results via 
which the author get motivated to start his/her research. The 
another citation used to receive attention due to its wrong 
methodology or disproval of the method. These type of 
citations cannot be considered equally while measuring the 
intellectualism of an author.

All of the above issues demolish the name of univer-
sity, life of researchers as well as ethics of research which 
establishes to share the true knowledge rather than ranking, 
document count or manipulated citation. The day branding 
or count started playing a major role for the university rank-
ing; each of the universities focuses on quantity of papers 
rather than quality of papers as addressed by several agen-
cies, recently. In this case, characterizing the domain-based 
expert is a difficult task for the academic and research teams. 
One of the best example is the research paper published by 
a scholar from young university and old university such as 
MIT in the same journal cannot be considered at equal intel-
lectual level. The type of effort done by the scholar of young 
university cannot be considered as equal to effort given by 
scholar of MIT while considering the intellectual measure-
ments. However, the MIT fellow used to get first job when 
compared to the scholar of a young university which demoti-
vates them. In this case, characterizing the potential scholars 

from these young universities is a major task for the research 
community to save their life or career. It is indeed require-
ment of the university because the potential researchers used 
to mentally harrased by ghost or manipulative researchers. 
These issues degrade the university ranking as well as life 
of students. To resolve this issue, a method is introduced in 
this paper to classify the expertise of any professor based 
on their published papers in n-number of journals or confer-
ences using the mathematics of n-valued neutrosophic set 
and Euclidean distance (Fig. 1).

The neutrosophic set theory is depicted in Smarandache 
1998, Smarandache (2013), Smarandache (2017) as an exten-
sion of intuitionistic fuzzy sets (Atanassov 1986) for multi-
decision process (Chen 2015; Chen et al. 2016a, b; Liu and 
Chen 2017, 2018). In this case, discovering some of the inter-
esting patterns is addressed as a major task for the several 
researchers (Chen et al. 2016a; Liu and Chen 2017, 2018; 
Wang and Chen 2018). The problem becomes more difficult 
when the indeterminacy exists in each component of m-polar 
fuzzy attributes such as rating of any movie6 of any event or 
diagnoses of disease.7 The precise measurement of these types 
of n-valued neutrosophic attributes is a mathematically expen-
sive task as discussed by Singh (2017a, b, 2018a, b, c, d, e, f) 
and other authors as shown in Table 1. To resolve this issue, 
the current paper introduces n-valued neutrosophic context 
and its analysis using the properties of neutrosophic graph 
and multigranulation. One of the applications is also given to 
illustrate the proposed method for investigating the potential 
researchers from their given n-number of papers using the 
n-valued attributes such as keywords, title, abstract and pro-
posed methodology. The level of granulation to decide that the 
claimed paper validates his/her expertise is defined by user or 
expert cognition to solve the particular problem (Wilke and 
Portmann 2016). However, the research paper is closed to the 

Table 1   Recent researches on n-valued neutrosophic sets

n-Valued neutro-
sophic set

Methodology Advantages Pitfall

 Akram et al. (2019) Yes Weighted method Decision-making No comparison
 Alkhazaleh (2017) Yes Algebra of set Context representation No application
 Alkhazaleh and Hazaymeh (2018) Yes Algebra of set Context representation No application
 Broumi et al. (2015) Yes Algebra of set Medical diagnoses No comparison
 Fatimah et al. (2018) Yes Choice values Decision-making Time complexity
 Formica (2018) Yes Type 2 fuzzy set Similarity Pattern
 Singh (2018e) Yes Granulation Context analysis Time complexity
 Smarandache (2013) Yes Algebra of set neutrosophic attributes No application
 Senanayake et al. (2014) Yes Algebra of set neutrosophic attributes No application
 Voutsadakis (2002) Yes Context Decision-making No application

6  www.rotte​ntoma​toes.com.
7  https​://en.wikip​edia.org/wiki/Muscl​e_weakn​ess.
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https://en.wikipedia.org/wiki/Muscle_weakness
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given research areas or not is computed using the Euclidean 
distance. The reason is metric of Euclidean distance provides 
a platform for the precise measurement of given papers dis-
tinctly from n-number of research areas. The paper is closed 
to the given research field iff its distance is near to the define 
threshold as per user or expert requirement.

The motivation of current study is to characterize the 
n-valued neutrosophic attributes based on its acceptation, 
rejection and uncertain parts for knowledge-processing 
tasks. The objective is to find some of the impressive or 
useful pattern in the given n-valued context for multi-
decision process. To achieve this goal, the mathematical 
algebra of concept lattice theory and Lower Neighbors as 
introduced by Lindig (2000) is utilized in this paper. It is a 
well-known mathematical model for knowledge-processing 
tasks as developed by Wille (1982). One of the significant 
outputs of the proposed method is that it provides a flex-
ible way to discover some of the closest patterns in the 
given n-valued neutrosophic context based on user-required 
distance.

Remaining part of the paper is composed as follows: Sect. 2 
provides some basic definitions for graphical visualization of 
n-valued neutrosophic context. Section 3 contains two pro-
posed method for building the n-valued neutrosophic concept 
lattice and its navigation at user-defined granulation for the 
computed distance. Section 4 illustrates the proposed method. 
Section 5 includes discussions followed by conclusions and 
references.

2 � n‑valued neutrosophic context and its 
graphical visualization

Definition 1  (Three-way fuzzy context) (Singh 2017a; 
Li et  al. 2017): a three-way fuzzy context can be writ-
ten as K = (X, Y, R̃ ). The set X represents objects, 
the set Y represents three-way fuzzy attributes, and 
R̃ = {((x, y),TR̃(x, y), IR̃(x, y),FR̃(x, y) ∶ ∀x ∈ X, y ∈ Y} a s 
a corresponding three-way relationship among them. It 
means the R̃ can be characterized by a truth ( TR̃(x, y) ), an 
indeterminacy ( IR̃(x, y) ) and a falsity ( FR̃(x, y) ) membership-
values, independently in [0, 1]3 . The truth ( TR̃(x, y) ), indeter-
minacy ( IR̃(x, y) ), and falsity ( FR̃(x, y) ) membership-values 
are real standard or non-standard subsets of ]0−, 1+[ defined 
as 0− ≤ TR̃(x, y) + IR̃(x, y) + FR̃(x, y) ≤ 3+ . Here, 1− = 1 − � 
represents 1 as the standard part, whereas the � represents 
as its non-standard part which can be characterized as real 
standard format (0, 1) or [0, 1] for defining the L-fuzzy con-
text (Burusco and Fuentes-Gonzalez 1994) in three-way 
fuzzy space where truth, falsity and indeterminacy are rep-
resented, independently.

Example 1  Let us suppose, the university team wants to clas-
sify the expertise of a professor working in the Data Analyt-
ics y1 in CS dept ( x1 ), IT dept ( x2 ), and MBA dept ( x3 ) based 
on their given research papers. In this case, some of the 

Fig. 1   Understanding the neces-
sity of n-valued neutrosophic 
concept lattice
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papers may lie in Data Analytics field, some are the totally 
irrelevant, whereas some of them may be uncertain. This 
case can be written precisely using the neutrosophic context 
as shown in Table 2. The neutrosophic relation (0.6,0.3,0.1)

̃R(x1,y1)

 rep-

resents that 60% papers of CS dept ( x1 ) professor lies truly 
on Data Analytics field ( y1 ), 30% papers are irrelevant from 
Data Analytics ( y1 ), whereas 10% of professors’ research 
papers are uncertain as per its title, keywords and methodol-
ogy. In a similar way, other relationships shown in Table 2 
can be interpreted.

Definition 2  (n-Valued neutrosophic context) (Singh 2018e; 
Voutsadakis 2002): an n-valued neutrosophic context pro-
vides a way to analyze the context based on several truth 
membership-values ( T1, T2, ..., Tp ), indeterminacy member-
ship-values ( I1, I2, ..., Ir ), and falsity membership-values 
( F1,F2, ...,Fs ) where p + r + s ≥ n . The author considers 
the particular case, where p = r = s = n , i.e. ( T1, T2, ..., Tn ), 
n-types of indeterminacy membership-values ( I1, I2, ..., In ) 
and n-types of falsity membership-values ( F1,F2, ...,Fn ). It 
means the n-valued neutrosophic relation ( ̃R ) on the set X 
and Y can be represented as follows:

where 0− ≤
∑n

i=1
TR̃i

(x, y) +
∑n

j=1
IR̃j (x, y) +

∑n

k=1
FR̃k

(x, y) ≤ n+ , 
where n = i + j + k . The detail about n-valued neutrosophic 
context can be studied in Broumi et al. (2015), Senanayake 
et al. (2014). One of the examples for better understanding 
is shown by Singh (2018e).

Example 2  Let us suppose, an n-number of professors are 
working in the field of Data Analytics ( y1 ) in the given 
departments (i.e. x1, x2, x3 ). In this case, their expertise can 
be classified using the word Data Analytics in their title, 

R̃ = {((x, y),

n
∑

i=1

TR̃i
(x, y),

n
∑

j=1

IR̃j
(x, y),

n
∑

k=1

FR̃k
(x, y) ∶ ∀x ∈ X, y ∈ Y},

abstract, keywords, methodology or other parts as shown in 
Table 3, where 

{

x1, x2, x3
}

 represents the Departments, y1 the 
research topic, i.e. Data Analytics and n-valued represents 
the number of professors (Table 4).

Definition 3  (n-Valued neutrosophic graph) (Broumi et al. 
2015; Singh 2018e): let us suppose, G = (V, E) is a neu-
trosophic graph in which the vertices (V) can be charac-
terized by n-valued truth-membership function T1,...,n(vi) , 
n-valued indeterminacy-membership function I1,...,n(vi) 
and n-valued falsity-membership function F1,...,n(vi) where 
{

(T1,...,n(vi), I1,...,n(vi),F1,...,n(vi)) ∈ [0, 1]n
}

 for all vi ∈ V . Sim-
ilarly, the edges (E) can be defined as n-valued neutrosophic 
set: 

{

(T1,...,n(V × V), I1,...,n(V × V),F1,...,n(V × V)) ∈ [0, 1]3
}

 
for all V × V ∈ E such that:

Example 3  Let us suppose, the expert wants to visualize 
the n-number of professors in the given university based on 
their research areas as shown in Table 5 for precise analy-
sis. The graphical structure visualization of given context 
can be resolved using the mathematical algebra of n-valued 
neutrosophic graphs, where the departments can be consid-
ered as vertex n-valued neutrosophic graph 

{

v1, v2, v3
}

 and 
the corresponding n-valued relationship can be considered 
as edges (E). The compact representation of this context is 
shown in Fig. 2.

The n-valued neutrosophic graph is complete iff:

T1,...,n(vivj) ≤min[T1,...,n(vi), T1,...,n(vj)],

I1,...,n(vivj) ≥max[I1,...,n(vi), I1,...,n(vj)],

F1,...,n(vivj) ≥max[F1,...,n(vi),F1,...,n(vj)].

Table 2   A three-way fuzzy context for example 1

Data analytics ( y1)

CS dept ( x1) (0.6, 0.3, 0.1)
IT dept ( x2) (0.3, 0.4, 0.3)
MBA dept ( x3) (0.8, 0.2, 0.0)

Table 3   An n-valued neutrosophic context

Data analytics ( y1)

x1 R̃(x1, y1)((T1,T2...,Tn), (I1, I2..., In), (F1,F2..,Fn))

x2 R̃(x2, y1)((T1,T2...,Tn), (I1, I2..., In), (F1,F2..,Fn))

x3 R̃(x3, y1)((T1,T2...,Tn), (I1, I2..., In), (F1,F2..,Fn))

Fig. 2   An n-valued neutrosophic graph
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It is noted that

Definition 4  (Three-way fuzzy concepts) (Singh 2017a, b): 
let us suppose, any given an L-set A∈ LX of objects an L-set 
A↑ ∈ LY of attributes can be defined using the UP operator 
( ↑ ) of Galois connection as given below:

Similarly, for any L-set of B∈ LY  of attributes an L-set 
B↓ ∈ LX of objects set can be defined using down operator 
( ↓ ) of Galois connection as follows:

T1,...,n(vivj) =min[T1,...,n(vi), T1,...,n(vj)],

I1,...,n(vivj) =max[I1,...,n(vi), I1,...,n(vj)],

F1,...,n(vivj) =max[F1,...,n(vi),F1,...,n(vj)].

{

(T1,...,n(vivj), I1,...,n(vivj),F1,...,n(vivj))
}

= (0, 0, 0)∀(vi, vi) ∈ (V × V⧵E).

A↑(y) = ∧x∈X(A(x) → R̃(x, y)).

A↑(y) is interpreted as the L-set of attribute y ∈ Y  shared 
by all objects from A. Similarly, B↓(x) is interpreted as the 
L-set of all objects x ∈ X having the same attributes from 
B in common. This can be computed similarly for truth, 
indeterminacy and falsity membership-values for the given 
neutrosophic set of attributes. The pair (A, B) is called as 
formal neutrosophic concept iff B↓ = (A, (TA, IA,FA)) and 
A↑ = (B, (TB, IB,FB)) . The ↓ is applied on three-way fuzzy 
attributes as follows:

It provides the covering objects set as follows:

B↓(x) = ∧y∈Y(B(y) → R̃(x, y)).

B↓ =
{

yj, (TB(yj), IB(yj),FB(yj)) ∈ [0, 1]3 ∶ ∀yj ∈ Y
}

.

A =
{

xi, (TA(xi), IA(xi),FA(xi)) ∈ [0, 1]3 ∶ ∀xi ∈ X
}

.

Table 4   An n-valued neutrosophic context

y1 ... ym

x1 ((T11, ...,T1n), (I11, ..., I1n), (F11, ..,F1n)) ... ((T11, ...,T1n), (I11, ..., I1n), (F11, ...,F1n))

. . ...

. . ...

. . ...
xn ((Tn1, ...,Tnn), (In1, ..., Inn), (Fn1, ..,Fnn)) ... ((Tn1, ...,Tnn), (In1, ..., Inn), (Fn1, ...,Fnn))

Table 5   A proposed algorithm 
for the discovery of n-valued 
neutrosophic concepts

Input: A n–valued three–way fuzzy context K=(X, Y, R̃n)
where |X|=n, |Y |=m and R̃n is n–valued neutrosophic relation.

Output: The set of n–valued three–way fuzzy concepts.
{{xi, (TAn (xi), IAn (xi), FAn (xi))} , {yj , (TBn (yj), IBn(yj), FBn (yj))}}

where i ≤ k and j ≤ m
Step 1: Write the n–valued neutrosophic context.
Step 2: Discover the attributes which covers all the objects as follows:

i.e. A↑
si=Bsj .

Step 3: Compute the membership–value for the obtained attributes as follows:
TBsj

(yj) = minj∈TBsj
µR̃
T (xi, yj),

IBsj
(yj) = maxj∈IBsj

µR̃
I (xi, yj),

FBsj
(yj) = maxj∈FBsj

µR̃
F (xi, yj).

Step 4: Discover the covering object set for these attributes as follows:
B↓

sj= Asi

Step 5: The neutrosophic membership–values can be computed as follows:
TAsi

(xi) = mini∈TAsi
µR̃
T (xi, yj),

IAsi
(xi) = maxi∈IAsi

µR̃
I (xi, yj),

FAsi
(xi) = maxi∈FAsi

µR̃
F (xi, yj).

Step 6: The obtained pair (Asi , Bsj ) can be called as n–valued neutrosophic concepts.
Step 7: Invetigate the Lower Neighbors for this concept using uncovered attributes i.e.

yk=Y − yj where j ≤ m and k ≤ m.
Step 8: The covering objects and attributes can be found using the Galois connection (↓, ↑).
Step 9: The maximal n–valued membership Lower Neighbors called as Next Neighbors.
Step 10: Build the n–valued concept lattice based on their obtained Next Neighbor concepts.
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The obtained object set has a maximal membership for the 
truth, indeterminacy and falsity membership-values while 
integrating the information from the given three-way fuzzy 
attributes. In a similar way, the UP arrow ( ↑ ) can be applied 
on the obtained object sets which provide three-way fuzzy 
attributes having maximal membership-values while inte-
grating the information from the constituted objects set for 
its truth, falsity and indeterminacy membership-values. The 
discovered pair of object and attribute sets will be called 
as three-way fuzzy concepts. In this paper, the author tries 
to extend it to n-valued neutrosophic attributes in the next 
section.

3 � Proposed method

This section introduced two methods for analysis of n-valued 
neutrosophic contexts for knowledge-processing tasks.

3.1 � The proposed method for generating 
the n‑valued neutrosophic concepts

In this section, a method is proposed to generate the n-valued 
neutrosophic concepts based on their Lower Neighbors as 
given below:

Step 1 Let us suppose, a n-valued three-way fuzzy context 
K = (X, Y, R̃n ), where |X| = k , |Y| = m and, R̃n represents a 

mapping for their corresponding n-valued neutrosophic rela-
tionship among them as shown in Table 6.

Step 2 The first n-valued neutrosophic concepts can be gen-
erated using the attributes which covers all the objects set with 
user-required level of acceptance.

Step 3 The maximal covering attributes for each object set 
can be discovered using the UP operator ( ↓ ), i.e. A↑

si
 = Bsj

.

Step 4 The neutrosophic membership-value for the obtained 
set of attributes can be computed as follows:

where j ≤ n and R̃ represent the n-valued neutrosophic rela-
tionship between given object and attribute sets.

Step 5 The covering object set, i.e. Asi
 , for the obtained 

attribute set can be discovered using down arrow ( ↓ ), i.e 
B↓
sj
 = Asi

.
Step 6 The neutrosophic membership-values can be 

computed as follows:

TBsj

(yj) = min
j∈TBsj

𝜇R̃
T
(xi, yj),

IBsj

(yj) =max
j∈IBsj

𝜇R̃
I
(xi, yj),

FBsj

(yj) = max
j∈FBsj

𝜇R̃
F
(xi, yj),

Table 6   A proposed algorithm 
for selecting some similar 
n-valued fuzzy concepts

Input: The set C of three–way fuzzy concepts
((A, (TA, IA, FA)), (B, (TB , IB, FB)))

Output: Set of similar n–valued concepts at chosen (α, β, γ)–cut.
Step 1: Let us consider any given n–valued neutrosophic attributes as follows:

(i) B1, (TB1 , IB1 , FB1 ) n
and,

(ii) B2, (TB2 , IB2 , FB2) n
.

Step 2: Write the truth, false and indeterminacy membership–values, independently.
Step 3: Measure the Euclidean distance among them as follows:

(i). TEd
(B1, B2)= (TB1 − TB2 )2.

(ii). IEd
(B1, B2)= (TB1 − TB2 )2.

(iii). FEd
(B1, B2)= (TB1 − TB2)2.

Step 4: Similar way compute for each of the n–valued components.
Step 5: The average distance among them can be computed as follows:

(i). TEAD(B1,B2)=
T (Ed(B1,B2))

max(|B1|,|B2|)
.

(ii). IEAD(B1,B2)=
I(Ed(B1,B2))

max(|B1|,|B2|)
.

(iii). FEAD(B1,B2)=
F (Ed(B1,B2))

max(|B1|,|B2|)
Step 6: Represent the obtained average distance i.e. (T12, I12, F12)ED .
Step 7: Define the granulation for truth α, falseβ, indeterminacy γ.
Step 8: Select the n–valued neutrosophic attributes iff:

T12(B1, B2)ED ≥ α,
I12(B1, B2)ED ≤ β, and
F12(B1, B2)ED ≤ β.

Step 9: Otherwise remove them.
Step 10: Similarly, find all near by n–valued neutrosophic attributes.
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where i ≤ n and R̃ represent the n-valued neutrosophic rela-
tionship between given object and attribute sets.

Step 7 The obtained pair ( Asi
 , Bsj

 ) can be called as 
n-valued neutrosophic concepts.

Step 8 Find the Lower Neighbors for the first concept 
using the addition of their uncovered attributes, i.e.: yk = 
Y − yj , where j ≤ m and k ≤ m.

Step 9 Discovered the maximal n-valued neutrosophic 
concepts for each of the obtained Lower Neighbors using 
the Galois connection ( ↓, ↑).

Step 10 Build the n-valued concept lattice based on 
their obtained Next Neighbor concepts. Table 7 summa-
rizes the proposed algorithm established above.

Complexity The proposed method generates the con-
cepts using their Lower Neighbors for the given n-valued 
neutrosophic context having m number of attributes and k 
number of objects. The Lower Neighbor is generated using 
maximal acceptance of complex fuzzy attributes which may 
take O(k.m) time complexity for the truth, indeterminacy 
and falsity membership-values, independently. It takes 
maximal O (m2.k.n) time complexity that will provide overall 
O (|C|.m4.k2.n) time complexity, where C is Lower Neighbor. 
One of the significant advantages of using the Next Neigh-
bor algorithm is that it builds the concept and edges among 
them simultaneously. It provides an adequate way for finding 
the next successor of the given concept based on top-down 
algorithm which helps in breadth first searching. It is also 
helpful in removing the non-maximal candidate while gen-
erating the Next Neighbor concepts. This reduces the time 

TAsi

(xi) = min
i∈TAsi

𝜇R̃
T
(xi, yj),

IAsi

(xi) =max
i∈IAsi

𝜇R̃
I
(xi, yj),

FAsi

(xi) = max
i∈FAsi

𝜇R̃
F
(xi, yj),

complexity of user or expert to find the adequate pattern for 
knowledge-processing tasks when compared to subset-based 
method shown in Singh (2018e).

3.2 � The proposed method for closest n‑valued 
neutrosophic attribute selection

This section introduces a method for the discovery of clos-
est n-valued neutrosophic attributes and its object set based 
on Euclidean distance and its metric. This metric provided 
a tool to measure the distance via fixing two points on a 
line or considering any chosen point as the origin. In this 
way, it provides a way to compute the distance among two 
points in n-space too, where the distance among two points 
can be computed. At the same time, it gives a mathemati-
cal way to process the given context based on user defined 
multi-granulation (Qi and Wei 2018). Recently, Singh 
(2017b) its properties are utilized to discover some closest 
patterns in the single-valued neutrosophic attributes using 
Euclidean distance. This paper aimed at discovering the 
n-valued closest set of attributes for multi-decision process. 
To achieve this goal, the properties of granular computing 
discussed by Pedrycz and Chen (2015) are utilized in this 
paper. The objective is to refine or coarse the obtained pat-
tern based on the user or expert requirement. The steps of 
the proposed method are given as below:

Step 1 Let us suppose, two n-valued neutrosophic attrib-
utes set as follows:

(1)	
{

B1, (TB1
, IB1

,FB1
)
}

 and (2) 
{

B2, (TB2
, IB2

,FB2
)
}

.

Step 2 Select the attributes B1 and B2 to compute the 
Euclidean distance.

Step 3 Compute the Euclidean distance as follows:

(1)	 TEd
(B1,B2) = 

√

(TB1
− TB2

)2.

(2)	 IEd
(B1,B2) = 

√

(TB1
− TB2

)2.

(3)	 FEd
(B1,B2) = 

√

(TB1
− TB2

)2.

Step 4 Similarly, compute for each n-valued neutrosophic 
components.

Step 5 The average n-valued neutrosophic Euclidean 
distance can be computed for each component as follows:

(1)	 TEAD(B1,B2)
 = 

∑

T(Ed(B1,B2))

max(�B1�,�B2�)
.

(2)	 IEAD(B1,B2)
 = 

∑

I(Ed(B1,B2))

max(�B1�,�B2�)
.

(3)	 FEAD(B1,B2)
 = 

∑

F(Ed(B1,B2))

max(�B1�,�B2�)
,

where |B1| and |B2| represent the number of attributes in 
the set B1 and, B2 , respectively.

Table 7   Characterizing the research papers of professors-x1 in the 
given field

Acceptation Rejection Uncertain

Research paper 1 Yes No No
Research paper 2 Yes No No
Research paper 3 Yes No No
Research paper 4 Yes No No
Research paper 5 Yes No No
Research paper 6 Yes No No
Research paper 7 No Yes No
Research paper 8 No Yes No
Research paper 9 No Yes No
Research paper 10 No No Yes
Neutrosophic-value 0.6 0.3 0.1
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Step 6 It represents the neutrosophic Euclidean distance 
as ( T12, I12,F12)ED for the n-valued neutrosophic attributes 
B1 and B2.

Step 7 The closest set of attributes can be chosen based 
on defined level of neutrosophic granulation for the com-
puted distance, i.e. (�, �, �)-cut, where � level is defined 
for truth, � level defined for indeterminacy and � level is 
defined for falsity.

Step 8 The set of attributes or its corresponding objects 
can be decided as closest iff:

Step 9 The set of attributes having lowest distance is con-
sidered as closest which depends on the variation in neutro-
sophic granulation, i.e. (�, �, �)-cut.

Step 10 It can be observed that the level of granulation 
varies from an expert to solve the particular problem. In 
case the expert wants to select 80% closest concepts with-
out any indeterminacy then the (�, �, �) = (0.8, 0.0, 0.2).

Complexity Let us suppose, the number of attributes in 
the given n-valued neutrosophic context is m (or number of 
objects is k). The proposed method computes neutrosophic 
distance based on truth, falsity, indeterminacy membership-
values, independently. It may take maximum O(m ∗ m ∗ m ) 
(or O(n ∗ n ∗ n )) time complexity for each n-valued neutro-
sophic relations. Hence, the proposed method takes overall 
O(m3.n ). It is one of the significant advantages of the pro-
posed method while considering the time constraints.

4 � Illustrations

In this section, each of the proposed method is illustrated 
considering one of the n-valued neutrosophic contexts with 
their comparative study of the obtained results to validate 
the results.

4.1 � n‑Valued neutrosophic context and its 
application

At the moment, one of the applications of the n-valued neu-
trosophic context is shown in Singh (2018e) with illustra-
tion. At the same time, some other researchers have given an 
application of n-valued neutrosophic contexts to measure the 
rating or ranking of any university. It is used to based on dif-
ferent research fields and publications. In this case, a precise 
measurement of a potential professor and its output become 
one of the crucial tasks for the academic as well as research 
team. This problem arises due to following circumstances:

T12(B1,B2)ED ≥ �, I12(B1,B2)ED

≤ �, andF12(B1,B2)ED ≤ �.

	 1.	 The professor is recruited due to caste-based reserva-
tion,8 by paying money9 or some other resources by 
management in a country such as India.

	 2.	 The professor undeserved the given post but recruited 
due to nearness/dearness/fake data/predatory journal 
publication to give less salary.10

	 3.	 The professor is forced to write other names without 
his/her contribution just to appease some one.11

	 4.	 The higher authority of university forces scholar or 
faculties to write his/her name to get the promotions, 
increments or other facility. In this case, the professors 
do not know who wrote his name and which paper 
came online. It can be identified easily when a profes-
sor got accidently more papers in a year, i.e. per week 
one paper without knowing the subject.

	 5.	 The professors forced by management to publish the 
papers in predatory journals12 orcnferences13 without 
any facility, proper salary just to increase the document 
counts or ranking.14

	 6.	 The professor is monkey- or ghost-type researchers 
who have papers in several research fields without 
expertise.15

	 7.	 The professor is manipulative and try to publish their 
papers in a journal or conference where the Editor of 
Journal is either his/her supervisors or somehow related.16

	 8.	 The professor writes sometime rebuttal, review papers, 
and conference papers just to increase counts without 
any novelty.17

8  https​://en.wikip​edia.org/wiki/Reser​vatio​n_in_India​.
9  https​://times​ofind​ia.india​times​.com/india​/In-TN-money​-decid​es-
recru​itmen​t-posti​ng-promo​tion-and-trans​fer/artic​lesho​w/46510​527.
cms.
10  https​://www.hindu​stant​imes.com/punja​b/regul​ar-assis​tant-profe​
ssor-being​-paid-less-than-contr​actua​l-teach​ers/story​-I8HyG​FT7jN​
bHRSe​cvc15​7O.html.
11  https​://www.natur​e.com/natur​ejobs​/scien​ce/artic​les/10.1038/nj741​
7-591a.
12  https​://www.econo​mist.com/the-econo​mist-expla​ins/2018/07/10/
what-are-preda​tory-acade​mic-journ​als..
13  https​://www.edita​ge.com/insig​hts/how-to-ident​ify-preda​tory-confe​
rence​s-the-think​check​atten​d-check​list.
14  https​://www.thehi​ndu.com/sci-tech/scien​ce/dubio​us-journ​als-
aboun​d/artic​le233​25569​.ece.
15  https​://www.livem​int.com/Opini​on/wXuMY​2QSBN​nCsRV​zUUzJ​
gN/In-India​n-scien​ce-and-techn​ology​-resea​rch-quant​ity-trump​s-q.
html.
16  https​://publi​catio​nethi​cs.org/case/edito​r-autho​r-paper​.
17  https​://sites​.umiac​s.umd.edu/elm/2016/11/19/writi​ng-rebut​tals/.

https://en.wikipedia.org/wiki/Reservation_in_India
https://timesofindia.indiatimes.com/india/In-TN-money-decides-recruitment-posting-promotion-and-transfer/articleshow/46510527.cms
https://timesofindia.indiatimes.com/india/In-TN-money-decides-recruitment-posting-promotion-and-transfer/articleshow/46510527.cms
https://timesofindia.indiatimes.com/india/In-TN-money-decides-recruitment-posting-promotion-and-transfer/articleshow/46510527.cms
https://www.hindustantimes.com/punjab/regular-assistant-professor-being-paid-less-than-contractual-teachers/story-I8HyGFT7jNbHRSecvc157O.html
https://www.hindustantimes.com/punjab/regular-assistant-professor-being-paid-less-than-contractual-teachers/story-I8HyGFT7jNbHRSecvc157O.html
https://www.hindustantimes.com/punjab/regular-assistant-professor-being-paid-less-than-contractual-teachers/story-I8HyGFT7jNbHRSecvc157O.html
https://www.nature.com/naturejobs/science/articles/10.1038/nj7417-591a
https://www.nature.com/naturejobs/science/articles/10.1038/nj7417-591a
https://www.economist.com/the-economist-explains/2018/07/10/what-are-predatory-academic-journals.
https://www.economist.com/the-economist-explains/2018/07/10/what-are-predatory-academic-journals.
https://www.editage.com/insights/how-to-identify-predatory-conferences-the-thinkcheckattend-checklist.
https://www.editage.com/insights/how-to-identify-predatory-conferences-the-thinkcheckattend-checklist.
https://www.thehindu.com/sci-tech/science/dubious-journals-abound/article23325569.ece
https://www.thehindu.com/sci-tech/science/dubious-journals-abound/article23325569.ece
https://www.livemint.com/Opinion/wXuMY2QSBNnCsRVzUUzJgN/In-Indian-science-and-technology-research-quantity-trumps-q.html
https://www.livemint.com/Opinion/wXuMY2QSBNnCsRVzUUzJgN/In-Indian-science-and-technology-research-quantity-trumps-q.html
https://www.livemint.com/Opinion/wXuMY2QSBNnCsRVzUUzJgN/In-Indian-science-and-technology-research-quantity-trumps-q.html
https://publicationethics.org/case/editor-author-paper
https://sites.umiacs.umd.edu/elm/2016/11/19/writing-rebuttals/
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	 9.	 The professors or students are bound to write the 
research papers to get QS ranking without any research 
lab and any motivation, which create many issues.18

	10.	 The paper is retracted19 due to plagiarism.20 It hap-
pened recently in ISM Dhanbad, Bose Institute and 
others as discussed in Sect. 1.

	11.	 The selection committee does not recruit the well-
qualified candidate due to their own insecurity of job 
at some cases.

	12.	 Standardization of impact factor and indexing became 
a measurement of intellectuals rather than content of 
paper.21

	13.	 The professor used to receive their name via paying 
money to scholars or scholars selling papers due to his 
poor condition in a country such as India.

Each of the above-mentioned issues are a cognisable offense 
which damages the name of university, career of scholars 
as well as students. The reason is research becomes docu-
ment count, ranking, producing mountain of garbage, power, 
prestige or influencing someone. However, its motive is to 
share the true knowledge and ideas among the scholars to 
solve the particular problem of society. In this, it is indeed 
a requirement for the university to find some of potential 
researchers in the given field for job, promotions, increments 
and other multi-decision process. It became more difficult 
when n-numbers of professors claim the same. To deal with 
this issue, a current paper tried to resolve the problem using 
the mathematical algebra of n-valued neutrosophic contexts 
as shown in Sect. 3.1. One of the examples is illustrated with 
an example as given below:

Example 6  Let us suppose the university wants to find one of 
the suitable researchers in field of data analytics ( y1 ), quan-
tum computing ( y2 ), and soft computing ( y3 ). In this regard, 
the university team finds three departments, i.e. informa-
tion technology (IT), computer science (CS) and applied 
mathematics (AM) departments, i.e. 

{

x1, x2, x3
}

 which run 

Table 8   The potential 
professors from department of 
IT ( x1 ) in the given research 
field

Professors/expertise Data analytics ( y1) Soft computing ( y2) Quantum computing ( y3)

Professor 1 (0.6, 0.3, 0.1) (0.4, 0.3, 0.3) (0.5, 0.3, 0.2)
Professor 2 (0.5, 0.3, 0.2) (0.4, 0.3, 0.3) (0.6, 0.3, 0.1)
Professor 3 (0.7, 0.2, 0.1) (0.7, 0.1, 0.2) (0.9, 0.1, 0.0)

Table 9   The potential 
professors from department of 
CS ( x2 ) in the given research 
field

Professors/expertise Data analytics ( y1) Soft computing ( y2) Quantum computing ( y3)

Professor 1 (0.5, 0.3, 0.2) (0.4, 0.3, 0.3) (0.5, 0.2, 0.3)
Professor 2 (0.4, 0.2, 0.3) (0.4, 0.3, 0.3) (0.6, 0.1, 0.3)
Professor 3 (0.3, 0.4, 0.3) (0.7, 0.2, 0.1) (0.9, 0.1, 0.0)

Table 10   The potential 
professors from department of 
AM ( x3)in the given research 
field

Professors/expertise Data analytics ( y1) Soft computing ( y2) Quantum computing ( y3)

Professor 1 (0.5, 0.2, 0.3) (0.4, 0.2, 0.4) (0.4, 0.3, 0.3)
Professor 2 (0.3, 0.4, 0.3) (0.4, 0.2, 0.4) (0.3, 0.3, 0.4)
Professor 3 (0.8, 0.1, 0.1) (0.9, 0.1, 0.0) (0.7, 0.2, 0.1)

Table 11   A composed 
representation of Tables 10–12 
using n-valued neutrosophic set

Data analytics ( y1) Soft computing ( y2) Quantum computing ( y3)

IT(x1) ((0.6, 0.3, 0.1), (0.5, 0.3, 
0.2), (0.7, 0.2, 0.1))

((0.4, 0.3, 0.3), (0.4, 0.3, 0.3), 
(0.7, 0.1, 0.2))

((0.5, 0.3, 0.2), (0.6, 0.3, 
0.1), (0.9, 0.1, 0.0))

CS(x2) ((0.5, 0.3, 0.2), (0.4, 0.2, 
0.3), (0.3, 0.4, 0.3))

((0.4, 0.3, 0.3), (0.4, 0.3, 0.3), 
(0.7, 0.2, 0.1))

((0.5, 0.2, 0.3), (0.6, 0.1, 
0.3), (0.9, 0.1, 0.0))

AM(x3) ((0.5, 0.2, 0.3), (0.3, 0.4, 
0.3), (0.8, 0.1, 0.1))

((0.4, 0.2, 0.4), (0.4, 0.2, 0.4), 
(0.9, 0.1, 0.0))

((0.4, 0.3, 0.3), (0.3, 0.3, 
0.4), (0.7, 0.2, 0.1))

18  https​://blogs​.times​ofind​ia.india​times​.com/toi-edit-page/where​
-javad​ekar-errs-resea​rch-must-be-promo​ted-for-both-teach​ers-and-
stude​nts-from-colle​ge-level​-itsel​f/.
19  https​://en.wikip​edia.org/wiki/Retra​ction​.
20  https​://thewi​re.in/educa​tion/jnu-vc-no-trust​-bjp-parli​ament​.
21  https​://retra​ction​watch​.com/.

https://blogs.timesofindia.indiatimes.com/toi-edit-page/where-javadekar-errs-research-must-be-promoted-for-both-teachers-and-students-from-college-level-itself/
https://blogs.timesofindia.indiatimes.com/toi-edit-page/where-javadekar-errs-research-must-be-promoted-for-both-teachers-and-students-from-college-level-itself/
https://blogs.timesofindia.indiatimes.com/toi-edit-page/where-javadekar-errs-research-must-be-promoted-for-both-teachers-and-students-from-college-level-itself/
https://en.wikipedia.org/wiki/Retraction
https://thewire.in/education/jnu-vc-no-trust-bjp-parliament
https://retractionwatch.com/
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these courses. It is well known that each department used to 
contain more than one professor in the given research field; 
among them characterizing one of the potential faculty is 
a rigorous task. In general, the academic or research team 
characterizes the expertise based on their acceptation, rejec-
tion and uncertain parts of published research papers by the 
given professor. Let us suppose, there are three professors 
who claim the same from each department by providing their 
ten best research papers in the given field.

The academic or research team can characterize those 
research papers in particular field based on their accept-
ance, rejection and uncertain parts via matching of key-
words, title, abstract, methodology from the given field 
as shown in Table 7. It provides a neutrosophic value to 
represent the expertise of a given professor for the par-
ticular field. Let us suppose, a professor from IT depart-
ment having 60% papers truly belonging to Data Analytics, 
30% papers are uncertain, whereas 20% papers are not 
in Data Analytics. This classification can be represented 
using the neutrosophic relation as shown in first entry of 
Table 8 which computation is shown in Table 7. Similarly, 
Tables 9 and 10 represent the CS and AM department 
expertise of given field. Table 11 represents the composed 
format of Tables 8, 9, and 10 in the form of n-valued neu-
trosophic context.

The goal is to find some of the impressive patterns from 
the context shown in Table 11 for multi-decision process. To 
achieve this goal, the proposed method shown in Sect. 3.1 can 
be utilized as follows:

Step 1 To illustrate the proposed method shown in Table 5 
the n-valued neutrosophic context shown in Table  11 is 
considered.

Step 2 The first concept can be generated using the attrib-
utes which cover all the object set maximally. It can be dis-
covered using UP arrow ( ↑ ) of Galois connection as follows:

Step 3 The membership-values of covering attributes for its 
truth, indeterminacy and falsity-values can be computed as 
fo l l ows :  TBsj

(yj)  =  minj∈TBsj
𝜇R̃
T
(xi, yj)  ,  IBsj

(yj)  = 

maxj∈IBsj
𝜇R̃
I
(xi, yj) , FBsj

(yj) = maxj∈FBsj

𝜇R̃
F
(xi, yj) . It provides 

following neutrosophic attributes as an Intent:

(1.0, 1.0, 1.0), (0, 0, 0), (0, 0, 0)

x1

+
(1, 1, 1), (0, 0, 0), (0, 0, 0)

x2
+

((1, 1, 1), (0, 0, 0), (0, 0, 0)

x3

↑

.

Step 4 Similarly, apply the ↓ on the obtained objects set as 
follows:

Step 5 The membership-values of covering objects for its 
truth, indeterminacy and falsity-values can be computed as 
fo l l ows :  TAsi

(xi)  =  minj∈TAsi
𝜇R̃
T
(xi, yj)  ,  IAsi

(xi)  = 

maxi∈IAsi
𝜇R̃
I
(xi, yj) , FAsi

(xi) = maxi∈FAsi

𝜇R̃
F
(xi, yj) . It provides 

the following neutrosophic attributes as an Intent:

Step 6 In this way, it provides a formal neutrosophic concept 
as follows:

Concept 1 Extent:

(

(1.0, 1.0, 1.0), (0, 0, 0), (0, 0, 0)

x1

+
(1, 1, 1), (0, 0, 0), (0, 0, 0)

x2

+
((1, 1, 1), (0, 0, 0), (0, 0, 0)

x3

)↑

=
(0.5, 0.3, 0.3), (0.3, 0.4, 0.3), (0.3, 0.4, 0.3)

y1

+
(0.4, 0.3, 0.4), (0.4, 0.3, 0.4), (0.7, 0.2, 0.2)

y2

+
(0.4, 0.3, 0.3), (0.3, 0.3, 0.4), (0.7, 0.2, 0.1)

y3
.

(0.5, 0.3, 0.3), (0.3, 0.4, 0.3), (0.3, 0.4, 0.3)

y1

+
(0.4, 0.3, 0.4), (0.4, 0.3, 0.4), (0.7, 0.2, 0.2)

y2

+
(0.4, 0.3, 0.3), (0.3, 0.3, 0.4), (0.7, 0.2, 0.1)

y3

↓

.

(0.6, 0.3, 0.1), (0.6, 0.3, 0.1), (0.9, 0.1, 0.0)

x1

+
(0.5, 0.2, 0.2), (0.6, 0.1, 0.3), (0.9, 0.1, 0.0)

x2

+
(0.5, 0.2, 0.3), (0.4, 0.2, 0.3), (0.9, 0.1, 0.0)

x3
.

(0.6, 0.3, 0.1), (0.6, 0.3, 0.1), (0.9, 0.1, 0.0)

x1

+
(0.5, 0.2, 0.2), (0.6, 0.1, 0.3), (0.9, 0.1, 0.0)

x2

+
(0.5, 0.2, 0.3), (0.4, 0.2, 0.3), (0.9, 0.1, 0.0)

x3
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Intent:

Information This concept shows that professor number 3 of 
each department has maximal papers in the given depart-
ments, i.e. (0.9, 0.1, 0.0).

Step 7 Now add the uncovered attributes y1 , y2 , and y3 inde-
pendently to the attributes of concept 1 and others recursively 
for generating its lower neighbors. It provides the following 
concepts:

Concept 2 Extent:

Intent:

Concept 3 Extent:

Intent:

(0.5, 0.3, 0.3), (0.3, 0.4, 0.3), (0.3, 0.4, 0.3)

y1

+
(0.4, 0.3, 0.4), (0.4, 0.3, 0.4), (0.7, 0.2, 0.2)

y2

+
(0.4, 0.3, 0.3), (0.3, 0.3, 0.4), (0.7, 0.2, 0.1)

y3
.

(0.6, 0.3, 0.1), (0.5, 0.3, 0.2), (0.7, 0.2, 0.1)

x1

+
(0.5, 0.3, 0.2), (0.4, 0.2, 0.3), (0.3, 0.4, 0.3)

x2

+
(0.5, 0.2, 0.3), (0.3, 0.4, 0.3), (0.8, 0.1, 0.1)

x3
.

(1.0, 0.0, 0.0), (1.0, 0.0, 0.0), (1.0, 0.0, 0.0)

y1

+
(0.4, 0.3, 0.4), (0.4, 0.3, 0.4), (0.7, 0.2, 0.2)

y2

+
(0.4, 0.3, 0.3), (0.3, 0.3, 0.4), (0.7, 0.2, 0.1)

y3
.

(0.4, 0.3, 0.3), (0.4, 0.3, 0.3), (0.7, 0.1, 0.2)

x1

+
(0.4, 0.3, 0.3), (0.4, 0.3, 0.3), (0.7, 0.2, 0.1)

x2

+
(0.4, 0.2, 0.4), (0.4, 0.2, 0.4), (0.9, 0.1, 0.0)

x3
.

Concept 4 Extent:

Intent:

Step 8 Similarly other concepts can be generated using 
Galois connection via adding the uncovered attributes yk 
= Y − yj , where j ≤ m and k ≤ m on the concept numbers 
2, 3 and 4.

Step 9 It provides the following maximal membership-
values Lower Neighbor as concepts:

Concept 5 Extent:

Intent:

(0.5, 0.3, 0.3), (0.3, 0.4, 0.3), (0.3, 0.4, 0.3)

y1

+
(1.0, 0.0, 0.0), (1.0, 0.0, 0.0), (1.0, 0.0, 0.0)

y2

+
(0.4, 0.3, 0.3), (0.3, 0.3, 0.4), (0.7, 0.2, 0.1)

y3
.

(0.5, 0.3, 0.2), (0.6, 0.3, 0.1), (0.9, 0.1, 0.0)

x1

+
(0.5, 0.2, 0.3), (0.6, 0.1, 0.3), (0.9, 0.1, 0.0)

x2

+
(0.4, 0.3, 0.3), (0.3, 0.3, 0.4), (0.7, 0.2, 0.1)

x3
.

(0.5, 0.3, 0.3), (0.3, 0.4, 0.3), (0.3, 0.4, 0.3)

y1

+
(0.4, 0.3, 0.4), (0.4, 0.3, 0.4), (0.7, 0.2, 0.2)

y2

+
(1.0, 0.0, 0.0), (1.0, 0.0, 0.0), (1.0, 0.0, 0.0)

y3
.

(0.4, 0.3, 0.3), (0.4, 0.3, 0.3), (0.7, 0.2, 0.2)

x1

+
(0.4, 0.3, 0.3), (0.4, 0.3, 0.3), (0.3, 0.4, 0.3)

x2

+
(0.4, 0.2, 0.4), (0.3, 0.4, 0.4), (0.8, 0.1, 0.1)

x3
.

(1.0, 0.0, 0.0), (1.0, 0.0, 0.0), (1.0, 0.0, 0.0)

y1

+
(1.0, 0.0, 0.0), (1.0, 0.0, 0.0), (1.0, 0.0, 0.0)

y2

+
(0.4, 0.3, 0.3), (0.3, 0.3, 0.4), (0.7, 0.2, 0.1)

y3
.
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Concept 6 Extent:

Intent:

Concept 7 Extent:

Intent:

Concept 8 Extent:

Intent:

(0.5, 0.3, 0.2), (0.5, 0.3, 0.2), (0.7, 0.2, 0.1)

x1

+
(0.5, 0.3, 0.3), (0.4, 0.2, 0.3), (0.3, 0.4, 0.3)

x2

+
(0.4, 0.3, 0.3), (0.3, 0.4, 0.4), (0.7, 0.2, 0.1)

x3
.

(1.0, 0.0, 0.0), (1.0, 0.0, 0.0), (1.0, 0.0, 0.0)

y1

+
(0.4, 0.3, 0.4), (0.4, 0.3, 0.4), (0.7, 0.2, 0.2)

y2

+
(1.0, 0.0, 0.0), (1.0, 0.0, 0.0), (1.0, 0.0, 0.0)

y3
.

(0.4, 0.3, 0.3), (0.4, 0.3, 0.3), (0.7, 0.1, 0.2)

x1

+
(0.4, 0.3, 0.3), (0.4, 0.3, 0.3), (0.7, 0.2, 0.1)

x2

+
(0.4, 0.3, 0.4), (0.4, 0.3, 0.4), (0.7, 0.2, 0.1)

x3
.

(0.5, 0.3, 0.3), (0.3, 0.4, 0.3), (0.3, 0.4, 0.3)

y1

+
(1.0, 0.0, 0.0), (1.0, 0.0, 0.0), (1.0, 0.0, 0.0)

y2

+
(1.0, 0.0, 0.0), (1.0, 0.0, 0.0), (1.0, 0.0, 0.0)

y3
.

(0.4, 0.3, 0.3), (0.4, 0.3, 0.3), (0.7, 0.2, 0.1)

x1

+
(0.4, 0.3, 0.3), (0.4, 0.3, 0.3), (0.3, 0.4, 0.3)

x2

+
(0.4, 0.3, 0.3), (0.3, 0.4, 0.4), (0.7, 0.2, 0.1)

x3
.

Information This concept shows that professor 3 from IT ( x1 ) 
and applied mathematics ( x3 ) have almost equal papers in 
data analytics ( y1 ), soft computing ( y2 ) as well as quantum 
computing ( y3 ) when compared to any other professors in 
the given university. Hence, these two professors can be con-
sidered as potential researchers in these two fields equally. 
Other professors have either 3 or 4 papers in these areas.

Step 10 The n-valued neutrosophic concepts are shown 
in Fig. 3. The knowledge extracted from above-mentioned 
concepts is shown in Table 12. It shows that the professor 
3 from Applied Mathematics is an expert in the given field 
when compared to any researchers in the university, whereas 

(1.0, 0.0, 0.0), (1.0, 0.0, 0.0), (1.0, 0.0, 0.0)

y1

+
(1.0, 0.0, 0.0), (1.0, 0.0, 0.0), (1.0, 0.0, 0.0)

y2

+
(1.0, 0.0, 0.0), (1.0, 0.0, 0.0), (1.0, 0.0, 0.0)

y3
.

Fig. 3   Three-way n-valued neutrosophic concept lattice generated 
from Table 13

Table 12   Potential researchers extracted from Table 11 using the pro-
posed method shown in Sect. 3.1

Data analytics ( y1) Soft computing ( y2) Quantum 
computing 
( y3)

IT(x1) Professor 1 Professor 3
CS(x2) Professor 3 Professor 3
AM(x3) Professor 3 Professor 3 Professor 3
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the professor 3 from CS department stands at the second. 
The IT department contains professors 1 and 3 as experts of 
Data Analytics and Quantum computing, respectively. In this 
way, the management can pay more attention to professor 
3 in terms of lab facility, increments, promotions or other 
research facility to increase the QS ranking of the given uni-
versity. In case these professors does not get any liabilities 
automatic, the ranking of university is affected by random 
or ghost researchers which may spoil the name of university. 
In this way, the proposed method will be helpful for the 
university research team to maintain university ranking via 

utilizing the maximal effort of the potential researchers in 
the given university.

4.2 � Euclidean distance measurement of n‑valued 
neutrosophic attributes

In the previous section, it is observed that the number of 
concepts generated from the proposed method shown in 
Sect. 3.1 provides repeated concepts. It becomes irrelevant 
when an expert wants to analyze some of the closest or pro-
ductive professor based on given acceptance value for the 

Table 13   Neutrosophic distance 
of each professor shown in 
Table 8 from values (1, 0, 0)

∑

�t(Ed(B1,B2))
∑

�i(Ed(B1,B2))
∑

�f (Ed(B1,B2)) (�tEd ,�
iEd ,�

f Ed)

Professor 1 0.42 0.32 0.12 (
√

0.57∕3,
√

0.27∕3,
√

0.14∕3)
+ 0.42 + 0.32 + 0.32 (

√

0.19 , 
√

0.09 , 
√

0.045)
+ 0.52 + 0.32 + 0.22 (0.43, 0.3, 0.67)

Professor 2 0.52 0.32 0.22 (
√

0.77∕3,
√

0.27∕3,
√

0.14∕3)
+ 0.62 + 0.32 + 0.32 (

√

0.26 , 
√

0.09 , 
√

0.045)
+ 0.42 + 0.32 + 0.12 (0.5, 0.3, 0.21)

Professor 3 0.32 0.22 0.12 (
√

0.19∕3,
√

0.06∕3,
√

0.05∕3)
+ 0.32 + 0.12 + 0.22 (

√

0.063 , 
√

0.02 , 
√

0.016)
+ 0.12 + 0.12 + 0.02 (0.24, 0.14, 0.12)

Lowest distance (0.24, 0.14, 0.12) i.e. Professor 3

Table 14   Comparison of proposed methods with recently introduced related methods

n-valued neutrosophic set Smarandache 
(2013) Senanayake et al. (2014)

N-valued soft set Akram et al. 
(2019) Fatimah et al. (2018)

Proposed method in this paper

Objective Finding pattern Finding pattern Finding pattern
Methodology n-valued neutrosophic set N-soft set n-valued graph, and distance metric
Knowledge discovery from 

Table 11
Same Same Same

Distance measurement No No Yes
Graphical visualization Yes Yes Yes
Application Not given Given Given
Time complexity Not given Not given O(|C|.m4.k2.n) and O(m3.n)

Table 15   Comparative analysis 
of the proposed methods with 
Singh (2018e)

n-valued neutrosophic lattice (Singh 
2018e)

Proposed method in this paper

Attributes N-valued N-valued
Method n-valued neutrosophic set n-valued graph, neutrosophic set
Knowledge extracted from 

Table 11
Similar Similar

Distance measurement No Yes
Lattice visualization Yes Yes
Granulation Yes Yes
Computational cost O(2n.m) O(|C|.m4.k2.n) and O(m3.n)



300	 Granular Computing (2020) 5:287–301

1 3

n-valued neutrosophic attributes. To fulfill this need, another 
method is proposed in Sect. 3.2 to find some of the closest 
n-valued neutrosophic attributes (or objects set) based on 
their Euclidean distance for truth, falsity and indeterminacy, 
independently. Recently, it is introduced for processing the 
single-valued neutrosophic attributes data sets by Singh 
(2017b).

To illustrate the proposed method shown in Sect. 3.2, the 
current paper utilizes the context shown in Tables 8, 9 and 
10 to compute the Euclidean distance. The problem is to find 
some of the potential professors in the given research field 
having maximal papers in the given fields with minimum 
indeterminacy (i.e. minimum plagiarism, minimum random-
ness, minimum manipulative), and falsity (i.e. in different 
areas), i.e. (1, 0, 0) neutrosophic values. Table 13 represents 
the computed Euclidean distance for the neutrosophic val-
ues shown for each professor shown in Table 8. It shows 
that the professor 3 has the lowest Euclidean distance, i.e. 
(0.24, 0.14, 0.12), when compared to any other professor. 
Similarly, Table 14 shows the Euclidean distance of neutro-
sophic values for the professors shown in Tables 9 and 10. 
It shows the professor 3 of each department having lowest 
distance from the given subject and its expertise based on 
their research papers. It means the professor 3 is one of the 
potential experts in the given field based on the requirement 
commensurate with knowledge discovered in Table 12.

Table 15 represents the comparative analysis of the 
proposed methods with recently available approaches in 
n-valued neutrosophic sets (Fatimah et al. 2018; Senanay-
ake et al. 2014) on various parameters. Table 15 represents 
the comparative analysis of the proposed method with 
recently, introduced method in Singh (2018e). It repre-
sents that each of the available methods focuses on precise 
representation of n-valued neutrosophic attributes without 
any mathematical analysis for knowledge-processing tasks. 
In this way, the proposed methods in this paper are distinct 
from following approaches:

•	 It provides a mathematical way to visualize the n-val-
ued neutrosophic attributes in the graph.

•	 It provides a method for precise refinement of closed 
or similar attributes based on their Euclidean distance 
defined in N-valued space.

This significance differentiates the proposed methods from 
three-way n-valued neutrosophic concept lattice shown in 
Singh (2018e). One of the useful examples is given for the 
application of the proposed method which will be helpful 
for the university academic or research team to identify 
some potential researchers based on their n-number of 
published papers. In future, the author will try to incor-
porate the theory of fuzzy hypergraph for the adequate 

analysis of n-valued context as discussed by William-West 
and Singh (2018a).

5 � Conclusions

This paper introduced a mathematical model to character-
ize the n-valued attributes based on its acceptation, rejec-
tion and uncertain parts, independently with its graphical 
visualization. At the same time, a method is proposed to 
discover some of the interesting patterns based on the com-
puted Euclidean distance at user-defined granulation with an 
illustrative example. The analysis derived from the proposed 
method is also compared with recently available approaches 
as shown in Table 15. It shows that the proposed method 
provides a more significant way for the analysis of n-valued 
neutrosophic contexts within O (|C|.m4.k2.n) and O(m3.n) 
time complexity, where C represents Lower Neighbor, m 
number of attributes, and k represents number of objects in 
the given n-valued neutrosophic context. In near future, the 
author will focus on other applications of n-valued neutro-
sophic sets and introducing some of its metric.
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