
Research Article
A New Method for Centrality Measurement Using Generalized
Fuzzy Graphs

R. Dhanalakshmi,1 Junaid Rashid ,2 Jungeun Kim ,3 Arun Kumar Sivaraman,4

Usman Naseem ,5 and Rajiv Vincent4

1Department of Computer Science and Engineering, KCG College of Technology, Chennai, India
2Department of Computer Science and Engineering, Kongju National University, Cheonan 31080, Republic of Korea
3Department of Software, Department of Computer Science and Engineering, Kongju National University, Cheonan 31080,
Republic of Korea
4School of Computer Science and Engineering, Vellore Institute of Technology (VIT), Chennai, India
5Department of IT, Sydney International School of Technology and Commerce, Sydney, NSW 2000, Australia

Correspondence should be addressed to Junaid Rashid; junaidrashid062@gmail.com and Jungeun Kim; jekim@kongju.ac.kr

Received 17 October 2021; Accepted 22 May 2022; Published 7 July 2022

Academic Editor: Tapan Senapati

Copyright © 2022 R. Dhanalakshmi et al.  is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

 e fuzzy graph is the foundation of many actual structures such as networking, picture planning, and so on. Generalized fuzzy
graphs (GFG) are ideal for avoiding certain constraints of fuzzy graphs. Social networks are a useful and powerful way to link
citizens worldwide. A central person in a social network is to deny the leading people in it. Di�erent centrality steps have also been
established over the years. We evaluated the centrality of the social network through a general fuzzy graph in this article. An
application to detect the central person in any online group like WhatsApp is described in this study by using generalized fuzzy
graphs. Also, a few important results are established in this study.

1. Introduction

Nowadays, the graph theory is used in all processes, in-
cluding networks, paths, schedules, photos, etc. A social
network could be seen as a graph, with vertices representing
an account (person, organization, etc.) and edges repre-
senting the relationship between such accounts.  e social
network is an association between persons or groups related
through such relationships. It may be o�ine or through
Internet. Family members establish a network (family), some
farmers in a village shape a farmers’ network, some business
people form a corporate network, and these are typical
o�ine networks. Amillion people use smartphones and they
are pleased to use social apps to communicate and exchange
details. SNs such as Twitter, Facebook, and LinkedIn have
lately achieved great prominence in human life.  e social
network involves people, friends, organizations, etc. It is
thus a marketing medium, news distribution, etc.  e

discovery of a signi�cant or key or power node is a fun-
damental activity to furnish certain works in the social
network. Centrality means the primary node or central node
within a network.  erefore, the calculation of centrality is
an exceedingly critical activity in the social network. Suppose
a club is made up of 100 people.  e club president assumes
to be central.  ere are several branches of a bank in a
region.  e bank’s headquarters is considered to be key.  e
head of a college among the teachers is central.

Day by day, a vast range of central initiatives have been
adopted and developed to implement real-life issues. Bavelas
[1–4] �rst described centrality measurement for graphs and
suggested its implementation for the communication net-
work analysis. Shimbel [5] proposed a centrality measure on
the shortest route to calculate the contact number. To
measure the relative e�ect of a node on the network, Katz [6]
implemented the Katz centrality. Sabidussi [7] stated
Beauchamp’s centrality index improvement and described
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and checked correctly recognized indicators to fulfil that
description’s requirements. Nieminen [8] revised certain
Sabidussi [7] axioms and added the central index based on
undirected graph degrees of vertices. Freeman [9] estab-
lished three form centrality measurements for each concept:
first, an absolute calculation and second, a comparative
centrality measure for a network position, and third, a
centralization measure for a whole device. +ese measure-
ments have been tested for small groups’ experimental
culture. Stephenson and Zelen [10] also implemented an
information center focused on information conveyed via a
linked network between two vertices. Freeman [9] proposed
a modern measure to gain a central value through the
definition of network flows. +is was like the measure of
Freeman but separate from the original. Freeman’s [9] core
indicators for weighted networks contributed tremendously.
Brandes [11] implemented a quicker centrality algorithm,
shortening time, and space for comparative study. Cost-
enbader explored the stability of all main indicators when
the network was sampled, and Costenbader and Valente
[12]. A quantitative methodology has been established to
address Costenbader and Valente [12] shortcomings, and
Borgatti [13] to determine the robustness of broad graphics.
Estrada and Rodriguez-Velazquez [14] proposed a centrality
in subgraphs to calculate the number of times the vertex has
in the numerous connected network subgraphs. Rodriguez
et al. [15] extended the centrality as a central feature, based
on the assumption that closed walks are sufficiently weighed.
+eir effect on centrality reduces as the walking order.

Bonacich [16] addressed a few uniquely centralized
properties. Opsahl et al. [17] also enhanced weighted net-
work centrality indicators. Joyce et al. [18] implemented a
modern leverage centrality and used it to examine the hu-
man brain network. Kitsak et al. [19] implemented the
decomposition of K shells and indicated that the dominant
spreaders remain at the network’s center. Zeng and Zhang
[20] suggested a process known by residual degree and even
depleted degree as “mixed degree decomposition.” Liu et al.
[21] provided an updated system for the rating list to be seen
more clearly. +is approach considers the k-shell values and
the shortest distance from a network core target node, which
is described as the set of k-shell values.

Along with the grade and coreness of the node and its
neighbor, Bae and Kim [22] lay down the central location of
the neighborhood, which lists all the nodes of the network.
Liu et al. [23] suggested locating an influential neighborhood
centrality in a diverse network. Wang et al. [24] then sug-
gested a more precise ranking of prominent nodes in a
weighted neighborhood centrality. In this paper, we have
introduced the new concept of centrality measure
[22, 25–29] and established a real-life application by this
proposed method. Samanta et al. [30] introduced a new
concept of centrality measure in a network.

Also, some system conditions are unclear or uncer-
tain—this type of unclear or uncertainty capture in a fuzzy
graph. Kauffman [31] introduced the first description of a
fuzzy graph [31]. However, Rosenfeld [32] defined fuzzy
relationships with fuzzy sets and established the fuzzy graph
theory. Samanta and Pal [33–35] have demonstrated that

fuzzy graphs can be used in different real-life applications.
Mahapatra et al. [36–42] presented many applications of the
fuzzy graph.Both of these fuzzy graphs have a general
property: edge membership values are smaller than the
minimum of their end vertex membership values. Assume
that a social network is defined as fuzzy graphs. Both social
units are known to be fuzzy nodes here. +e vertical
membership values can depend on multiple parameters.
Assume that the importance of membership is determined
by an information source, and the interaction between such
units is described by fuzzy edges. +us, the membership
benefit is determined by information transfer. However,
information exchanges can be greater than one social actor/
unit, since a more experienced individual tells a less
established person. +is kind of condition cannot describe
by a fuzzy graph. However, generalized fuzzy graph defi-
nition cannot be seen as the value of the edge membership
should be smaller than the vertices membership values.
+us, the generalized fuzzy graph removed this limitation.
Samanta and Sarkar [43] proposed a generalized fuzzy
graph. +e centrality calculation based on a fuzzy graph can
therefore produce a more pertinent result. As the rela-
tionships in social networks do not follow the rules of fuzzy
graphs, the centrality by using fuzzy social network do not
capture the real scenario. +e representation of social net-
works by GFG is thus more meaningful and the centrality by
using GFG is more appropriate.

2. Preliminaries

Definition 1. A fuzzy graph [32] ζ � (V, σ, μ), V is the
nonempty vertex set and σ: V⟶ [0, 1] and
μ: V × V⟶ [0, 1] such that μ(x, y)≤min σ(x), σ(y)􏼈 􏼉,
where σ(x) is the vertex membership value of the vertex x

and μ(x, y) is the edge membership values of the edge (x, y)

in ζ.
Samanta et al. [43] defined generalized fuzzy as follows.

Definition 2. Consider two functions as follows:
ρ: V⟶ [0, 1] and ω: V × V⟶ [0, 1], V is the nonempty
vertex set. We suppose A � (ρ(x), ρ(y))|ω(x, y)> 0. +en,
(V, ρ,ω) is defined to be GFG if there exists a function
ϕ: A⟶ (0, 1] such thatω(x, y) � ϕ(ρ(x), ρ(y))∀x, y ∈ V.
Here, ρ(x), x ∈ V is the membership value of the vertex x

and ω(x, y), x, y ∈ V is the membership value of the edge
(x, y).

2.1. Degree Centrality. Shaw [44] first introduced a central
graduate index, and therefore identified by Nieminen [8] as a
significant vertex. Freeman [9] initially developed a cen-
trality mathematical model focused on links to a vertex. A
general definition of degree centrality in degree power and
centrality has been introduced by Bonacich [16]. Brandes
et al. [11], and Newman [45] and expanded the node grade
by taking the sums of weights instead of the number of
relations into consideration. Albert et al. [46] stated that
another feature that many networks have is right-skewed
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degree distributions. +e previous calculation of the cen-
trality of grades and the power of nodes were generalized by
Opsahl et al. [17].

Definition 3. A central node of a network by degree cen-
trality shows the number of directly connected node. D(a)

has represented the degree centrality of a vertex a. +e
equation D(a) � d(a), where d(a) is the degree of the vertex
a. Normalization degree centrality is D′(a) � d(a)/(n − 1),
where n is the number of vertices of the network.

2.2. Some Basic Notations. Some basic notations are shown
in Table 1.

3. Centrality Measure by the Generalised
Fuzzy Graph

+e crisp graph considers all the edges to be equal or equal,
but this is not considered in a fuzzy graph. +e real social
network and the observed network vary greatly. +e players
(i.e., people, organizations, etc.) and the relationship are
unclear in any social network. +ese kind of uncertainties
can be measured by a fuzzy method. +e centrality calcu-
lation based on fuzzy graph can therefore produce a more
pertinent result.

Definition 4. Let ψ � (V, σ, μ) be a generalized fuzzy graph
and |V| � n then centrality of a vertex vi is denoted by Ci and
defined by

Ci �
􏽐

m
j�1 μj

n − 1
, (1)

where i � 1, 2, . . . , n andm is the number of edges connected
with the vertex vi.

Example 1. Let us assume ψ � (V, σ, μ), a generalized fuzzy
graph with nine vertices has been considered in Figure 1.+e
vertex values are shown in Table 2. Also, consider the
function ϕ(σ(a), σ(b)) � ((σ(a) + σ(b))/2) and all edges
membership values shown in Table 3.

So, the centrality of a vertex A is CA � ((0.55 + 0.55 +

0.65 + 0.40 + 0.65) /(9 − 1)) � 2.8/8 � 0.35. Similarly, we
can easily calculate the centrality of the vertices B, C, D, E, F,

G,H, I and all the calculations are shown in Table 4. Also, the
central person of this network is vertex A.

3.1. Algorithm to Find the Centrality in GFG

Input:- ψ � (V, σ, μ) be a GFG and |V′| � n.
Output:- Centrality of all vertices of this GFG.
Step 1: All the vertices of this GFG are labelled as
1, 2, . . . , n.
Step 2: First of all, calculate the centrality of the vertex
“1” by the formula C1 � 􏽐

m
j�1 μj/(n − 1).

where m is the number of vertex connected with the
vertex “1” and C1 denotes the centrality of the vertex
“1.”
Step 3: Repeat Step 2 until all vertices 2, 3, . . . , n.
Step 4: +e central node of this network is these node
whose centrality value is max C1, C2, C3, . . . , Cn􏼈 􏼉.

Lemma 1. Let ψ � (V, σ, μ) be a generalized fuzzy graph
with |V| � n and Ci is the centrality of a vertex vi then
0≤Ci ≤ 1.

Proof. ψ be a generalized fuzzy graph and |V| � n. So,
0≤ μ(a, b)≤ 1, μ(a, b) be the edge membership value of the
edge (a, b). +en, the centrality of a vertex vi is
Ci � 􏽐

m
j�1 μj/(n − 1) where i � 1, 2, . . . , n and m is the

number of edges connected with the vertex vi. So, 0≤Ci ≤ 1
is true. □

Theorem 1. Let ψ � (V, σ, μ) be a generalized fuzzy graph
with |V| � n and Ci is the centrality of a vertex vi and Di

′ be
the degree centrality of a vertex vi of underlaying crisp graph
of ψ then Ci ≤Di

′.

Proof. ψ be a GFG and Ci is the centrality of a vertex vi then
Ci � 􏽐

m
j�1 μj/(n − 1) where m is the number of edges con-

nected with the vertex vi and the value of μj is 0≤ μj ≤ 1. Di
′ is

the centrality of a vertex vi of underlaying crisp graph of ψ.
+en Di � degree of the vertex vi. In the crisp graph, all edges
are consider as 1. But, in fuzzy graph maximum value of an
edge is 1. So, Ci ≤Di

′ is true. □

Theorem 2. Let ψ � (V, σ, μ) be a complete GFG with |V| �

n and Ci is the centrality of a vertex vi and Di
′ be the degree

centrality of a vertex vi of underlaying crisp graph of ψ then
the value of Di

′ is equal for all vertices but the value of Ci may
be different for all vertices.

Proof. ψ be a GFG and Ci is the centrality of a vertex vi. Di
′ is

the centrality of a vertex vi of Figure 2 underlaying the crisp
graph of ψ. +en, Di � degree of the vertex vi. Since the
graph is complete, the degree of all vertices are same. Also, in
the crisp graph all edges are consider as 1. So, the value of Di

′
is equal for all vertices but in fuzzy graph the edge mem-
bership value is not always same. So, the value of Ci may be
different for all vertices. □

Table 1: Some basic notations.

Notation Meaning
ζ Fuzzy graph
ψ Generalized fuzzy graph
V Vertex set
E Edge set
σ(a) Membership value of the vertex a

μ(a, b) Membership value of the edge (a, b)

D(a) has represented the degree centrality of a vertex a

D′(a) Normalization degree centrality of a vertex a

Ci Centrality of a vertex vi by generalised fuzzy graph
d(a) Degree of the vertex a
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4. Application

Nowadays, online social networks are very useful in human
life. At present, everyone may use social network. Social
networking services are an online platform used by users to
establish social networks or social links with others with
similar interests, professions or backgrounds, or real-life
relationships. Social networking services enable users to
exchange ideas, digital images and videos, posts, and inform
others within their network on online. In 2017, Facebook has
almost 2.13 billion active monthly members and an average
of 1.4 billion active daily users.

But, a new communication rule for WhatsApp and
WhatsApp calls (voice and video calls) will be implemented
by the Indian government.

01. All calls will be recoded.
02. All call recordings will be saved.
03. WhatsApp, Facebook, Twitter, Instagram, and all
social media will be monitored.
04. Your device will connect to the Minister’s system.

Also, all government department maintain an account in
SNs.  ey are try to spread a news in common people
through social network. So, to �nd out a central node of a
social network is very important task.

Here, we consider a network of some WhatsApp’s users
and every users are consider as nodes of a networks. Also,
there exists an edge if they have at least one common
WhatsApp group.  e membership value of a vertex is
calculated based on number of massage shared in last seven
days. Also, the vertex membership value is consider as the
normalized score of this number of massage shared last
seven days. All the calculations are shown in Table 5. Also,
consider the function ϕ(σ(a), σ(b)) � ((σ(a) + σ(b))/2)
and all edges membership values shown in Table 6. In
Figure 2, a generalized fuzzy graph is shown. Now, the
centrality of a vertex A is
((0.66 + 0.54 + 0.8)/(10 − 1)) � 2/9 � 0.22. Similarly, we
can easily calculate the centrality of the vertices
B, C,D, E, F, G,H, I, J, and centrality of all the vertices of
Figure 2 are shown in Table 7. So, the central node of this
network is D. So, the node D can spread a message very
quickly in this network.

Table 4: Centrality of all vertices of Figure 1.

Vertex Centrality
A 0.35
C 0.16
E 0.31
G 0.17
I 0.24
B 0.07
D 0.15
F 0.09
H 0.04

B (0.6)

A (0.5)

C (0.6) D (0.8)

0.55

0.55 0.65

0.4

0.65

0.55

0.35
H (0.4)

0.7

E (0.3)

0.60.55

G (0.9) 

F (0.6) 

0.75

I (0.8)

Figure 1: A generalized fuzzy graph.

Table 2: Vertex membership value of Figure 1.

Vertex Membership value
A 0.5
C 0.6
E 0.3
G 0.9
I 0.8
B 0.6
D 0.8
F 0.6
H 0.4

Table 3: Edges membership value of Figure 1.

Edge Membership value
(A, B) 0.55
(A,D) 0.65
(A, I) 0.65
(D, E) 0.55
(E, I) 0.55
(F, I) 0.7
(A,C) 0.55
(A, E) 0.4
(C,G) 0.75
(G, E) 0.6
(H,E) 0.35
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5. Comparison of Degree Centrality (N) and
Centrality by GFG

Here, a network of Figure 2 has been considered for the
comparison between the degree centrality (N) and centrality
by GFG. Also, the degree centrality (N) of all vertices of this
network has been shown in Table 8 and the centrality by
GFG has been shown in the same table. Also, the comparison
graph of degree centrality (N) and centrality by GFG of all
vertices of Figure 2 is shown in Figure 3.  e degree cen-
trality of all vertices of Figure 2 is shown in Table 9.

5.1. Analysis of the Result. It is observed that the degree
centrality (N) is giving higher values of predictions compared
to centrality by GFG. Also, the central node of this network by
degree centrality (N) isC and the value is 0.78 but the value of
C is 0.33 by the GFG. But the central node of this network isD
by centrality by GFG. It is true that the node C is connected
with the maximum number of nodes but this node is node
active the nodeD is connected with �ve vertices but the vertex
C is connected with seven vertices. But the node D is very
much active rather than the node C in this network. So, our
proposed method gave more accurate results.

A (0.71) 0.66

0.48
C (0.36)0.8

0.
75

B (0.6)

G (0.21) F (0.14)

0.54

0.4

0.3

0.29

0.
63

0.5
7

0.95 E (1)

0.23 0.39

J (0.14)

I (0.43) H (0.24)0.34

0.18

0.57

0.62

0.68

D (0.9)

Figure 2: A generalized fuzzy graph.

Table 5: Vertex membership value of Figure 2.

Vertex Number of massage share last 7 days Membership value
A 50 0.71
C 25 0.36
E 70 1.0
G 15 0.21
I 30 0.43
B 42 0.6
D 63 0.9
F 10 0.14
H 17 0.24
J 45 0.64

Table 6: Edges membership value of Figure 2.

Edge Membership value
(A, B) 0.66
(A,D) 0.80
(B, C) 0.48
(C, E) 0.68
(C,H) 0.30
(D, E) 0.95
(E, F) 0.57
(F, G) 0.18
(F, J) 0.39
(H, I) 0.34
(A,C) 0.54
(B,D) 0.75
(C,D) 0.63
(C,G) 0.29
(C, I) 0.40
(D,H) 0.57
(E,H) 0.62
(F,H) 0.19
(G,H) 0.23

Table 7: Centrality of all vertices of Figure 2.

Vertex Centrality
A 0.22
C 0.37
E 0.31
G 0.08
I 0.08
B 0.21
D 0.41
F 0.13
H 0.23
J 0.04
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6. Conclusion

All the previous methods of centrality were prepared based
on the number of nodes that are connected with this node.
However, in real-life, centrality is dependent on the char-
acteristic/personality of the nodes. A new method of cen-
trality was introduced in this article. Also, this method
depended on this characteristic/personality of node.  is
study makes a comparison of centrality by GFG with the
existing method of degree centrality. However, for sim-
plicity, the proposed method is well expected.

Data Availability

 ere are no data associated with this study.

Conflicts of Interest

 e authors declare that they have no con©icts of interest.

Acknowledgments

 is research was supported by the National Research
Foundation of Korea (NRF) grant funded by the Korea
government (MSIT) (No. 2021R1A4A1031509).

References

[1] A. Bavelas, “Communication patterns in task oriented
groups,” Journal of the Acoustical Society of America, vol. 22,
no. 6, pp. 725–730, 1950.

[2] A. Bavelas, “A mathematical model for group structures,”
Human Organization, vol. 7, no. 3, pp. 16–30, 1948.

[3] R. J. Hu, Q. Li, G. Y. Zhang, W. C. Ma, and W. C. Ma,
“Centrality measures in directed fuzzy social networks,” Fuzzy
Information and Engineering, vol. 7, no. 1, pp. 115–128, 2015.

[4] Q. Wang and Z. T. Gong, “Structural centrality in fuzzy social
networks based on fuzzy hypergraph theory,” Computational
& Mathematical Organization �eory, vol. 26, no. 2,
pp. 236–254, 2020.

[5] A. Shimbel, “Structural parameters of communication net-
works,” Bulletin of Mathematical Biophysics, vol. 15, no. 4,
pp. 501–507, 1953.

[6] L. Katz, “A new status index derived from sociometric
analysis,” Psychometrika, vol. 18, no. 1, pp. 39–43, 1953.

[7] G. Sabidussi, “ e centrality index of a graph,” Psychometrika,
vol. 31, no. 4, pp. 581–603, 1966.

[8] J. Nieminen, “On the centrality in a graph,” Scandinavian
Journal of Psychology, vol. 15, no. 1, pp. 332–336, 1974.

[9] L. C. Freeman, “Centrality in social networks conceptual
clari�cation,” Social Networks, vol. 1, no. 3, pp. 215–239, 1978.

[10] K. Stephenson and M. Zelen, “Rethinking centrality: methods
and examples,” Social Networks, vol. 11, no. 1, pp. 1–37, 1989.

[11] U. Brandes, “A faster algorithm for betweenness centrality,”
Journal of Mathematical Sociology, vol. 25, no. 2, pp. 163–177,
2001.

[12] E. Costenbader and T. W. Valente, “ e stability of centrality
measures when networks are sampled,” Social Networks,
vol. 25, no. 4, pp. 283–307, 2003.

[13] S. P. Borgatti, “Identifying sets of key players in a social
network,” Computational & Mathematical Organization
�eory, vol. 12, no. 1, pp. 21–34, 2006.

[14] E. Estrada and J. A. Rodriguez-Velazquez, “Subgraph cen-
trality in complex networks,” Physical Review A, vol. 71, no. 5,
Article ID 056103, 2005.

[15] J. A. Rodriguez, E. Estrada, and A. Gutierrez, “Functional
centrality in graphs,” Linear and Multilinear Algebra, vol. 55,
no. 3, pp. 293–302, 2007.

[16] P. Bonacich, “Some unique properties of eigenvector cen-
trality,” Social Networks, vol. 29, no. 4, pp. 555–564, 2007.

[17] T. Opsahl, F. Agneessens, and J. Skvoretz, “Node centrality in
weighted networks. Generalizing degree and shortest paths,”
Social Networks, vol. 32, no. 3, pp. 245–251, 2010.

[18] K. E. Joyce, P. J. Laurienti, J. H. Burdette, and S. Hayasaka, “A
new measure of centrality for brain networks,” PLoS One,
vol. 5, no. 8, Article ID 12200, 2010.

[19] M. Kitsak, L. K. Gallos, S. Havlin et al., “Identi�cation of
in©uential spreaders in complex networks,” Nature Physics,
vol. 6, no. 11, pp. 888–893, 2010.

0
0

0.1
0.2
0.3
0.4
0.5
0.6

0.33 0.33

0.22 0.21

0.37

0.7
0.8
0.9

Comparison Graph

1 2 3 4 5 6 7 8 9 10

Compare Graph Degree Centrality (N)
Compare Graph Degree Centrality by GFG

0.78

0.56

0.44
0.33 0.33

0.56

0.23

0.08
0.13

0.31
0.41

0.22
0.11
0.04

0.08

Figure 3: Comparison graph of degree centrality (N) and centrality
by GFG of all vertices of Figure 2.

Table 9: Degree centrality of all vertices of Figure 2.

Vertex Degree centrality Degree centrality (N)
A 3 0.33
C 7 0.78
E 4 0.44
G 3 0.33
I 1 0.22
B 3 0.33
D 5 0.56
F 3 0.33
H 5 0.56
J 1 0.11

Table 8: Comparison of degree centrality (N) and centrality by
GFG of all vertices of Figure 2.

Vertex Centrality by GFG Degree centrality (N)
A 0.22 0.33
C 0.37 0.78
E 0.31 0.44
G 0.08 0.33
I 0.08 0.22
B 0.21 0.33
D 0.41 0.56
F 0.13 0.33
H 0.23 0.56
J 0.04 0.11

6 Discrete Dynamics in Nature and Society



[20] A. Zeng and C. J. Zhang, “Ranking spreaders by decomposing
complex networks,” Physics Letters A, vol. 377, no. 14),
pp. 1031–1035, 2013.

[21] J. G. Liu, Z. M. Ren, and Q. Guo, “Ranking the spreading
influence in complex networks,” Physica A: Statistical Me-
chanics and Its Applications, vol. 392, no. 18, pp. 4154–4159,
2013.

[22] J. Bae and S. Kim, “Identifying and ranking influential
spreaders in complex networks by neighborhood coreness,”
Physica A: Statistical Mechanics and Its Applications, vol. 395,
pp. 549–559.

[23] Y. Liu, M. Tang, T. Zhou, and Y. Do, “Identify influential
spreaders in complex networks: the role of neighborhood,”
Physica A: Statistical Mechanics and Its Applications, vol. 452,
pp. 289–298, 2016.

[24] J. Wang, X. Hou, K. Li, and Y. Ding, “A novel weight
neighborhood centrality algorithm for identifying influential
spreaders in complex networks,” Phys A S0378–, vol. 4371,
no. 17, pp. 30121–30128, 2017.

[25] F. A. Parand, H. Rahimi, and M. Gorzin, “Combining fuzzy
logic and eigenvector centrality measure in social network
analysis,” Physica A: Statistical Mechanics and Its Applica-
tions, vol. 459, pp. 24–31, 2016.

[26] F. Agneessens, S. P. Borgatti, and M. G. Everett, “Geodesic
based centrality: unifying the local and the global,” Social
Networks, vol. 49, pp. 12–26, 2017.

[27] R. L. d. Andrade and L. C. Rêgo, “p-means centrality,”
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