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1. Introduction

Complex networks represent complex systems in different
areas. They can be modeled by a graph, where nodes represent
the actors of the system, connected by edges to describe different
types of relationships. Discovering communities is a fundamental
problem in network science, which has attracted vast attention
in recent years (Xie et al., 2013; de Arruda et al., 2014). Several
research studies have addressed the problem of community detec-
tion. Community detection aims to find clusters as sub-graphs
within a given network (Social Network Analysis, 2017), with the
purpose of finding the communities using the information embed-
ded in the network topology. A community is defined as a set of
nodes highly interconnected, and loosely connected to other nodes
in the network.

Within certain communities, some nodes play more important
roles in diffusion of information, ideas, and innovation within those
communities. They are the catalysts of influence. Therefore, it has
motivated many researchers to look for an efficient method to find
the most influential members in social networks. For example, it is
in trading companies and banks interest to find active and influen-
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tial parties in their existing network and potentially extend their
network to include other parties (Wang et al., 2011a).

Identifying influential or leaders nodes in networks can be
regarded as ranking important nodes, and it has become one of the
main problems in network-based information retrieval and mining
(Domingos and Richardson, 2001). In epidemic spreading, it is vital
to find the important nodes to understand the dynamic processes,
which could shed some light on immunizing modular networks.
In biological systems, key nodes are identified in the communi-
ties for the purpose of treatment, for example in the case of lung
cancer, the treatment option entails destroying cancer cells while
protecting normal cells (Domingos and Richardson, 2001).

Identification of influential nodes relies on quantitative charac-
terization of the node in terms of their importance to community
structure, centrality in particular. Centrality aims to identify the
most important actors in a social network, which determines the
social influence and power of each actor within such network. Cen-
trality can be local or global (Gao et al., 2014; Networks, 2010;
Renoust, 2014). The local methods, which include degree and
betweenness centrality, use the local features of the node to deter-
mine its importance. Degree centrality measures node involvement
in a network and is determined by the number of nodes that a
focal node is connected to. The betweenness centrality assesses
centrality in a network of nodes based on shortest paths.

However, most network node researchers fail to consider global
topological structures. Closeness centrality could be used to over-
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come such limitation, and it is assessed based on inverse of the sum
of the shortest distances between each node and every other node
in the network. Also, K-shell decomposition analysis shows that
network nodes in core layers are capable of spreading to broader
areas compared to those in peripheral layers. Since these central
nodes have the ability to diffuse their influence to the whole net-
work faster than the rest of the nodes, they would be regarded as
the most influential spreaders.

This paper deals with two important research subjects in com-
puter science: the community detection and the leader detection
in complex networks. The majority of the proposed algorithms
detect the community first followed by identification of the leader
of a given community. The main limitation associated with such
methodology is that prior knowledge of the number and the size
of the final partitions are required. In this paper, a scalable and
deterministic approach s presented to detect communities in social
networks using leaders’ nodes. In this approach, leader nodes of the
networks that are responsible for the dissemination of influence
are detected, then communities will be formed around the lead-
ers using similarity between nodes, i.e. using different edge based
similarity measures. In Section 2, relevant work and studies will
be reviewed to provide border perspective and insight to the pro-
posed subject. In Section 3, fundamentals of proposed algorithms
will be presented in detail. In Section 4, experimental results will
be presented, and the final section offers concluding remarks and
further application.

2. Preliminaries & related works

Leader detection and community detection in complex net-
works, particularly in social networks have been the subject for
wide research studies in recent years. The Centrality and pres-
tige measures are used to determine the importance of a node in
undirected and directed networks respectively, where prestigious
nodes, the influential or the leader nodes are identified. Prestige
and centrality provide reliable analysis of the nature of relationship
and connection between nodes, which is important to understand
a wide range of phenomena.

In computer-science literature, several methods have been
applied to analyze user influence in social network and com-
munity leader detection in online social networks. The leader
detection approaches are divided into two main groups: global
and local methods. The global methods emphasize on all the net-
work topology (betweenness centrality), while the local methods
focus on local positions, i.e. individual nodes (degree centrality).
In the context of social science, the influence can be defined as
bargaining power, control over information, or level of persuasive-
ness (Khorasgani et al., 2010). Khorasgani et al. suggested a new
approach to detect leader nodes that consider outliers, i.e. nodes
that are not associated with any leader. This algorithm is inspired by
K-means algorithm. In K-means algorithm, k nodes will be selected
randomly, and other nodes will be assembled at their closest lead-
ers to form communities. For each community, new leader will be
identified gathering other new followers until no node moves. For
each community, the centrality of each member is calculated and
the node with the highest degree will be appointed as the new
leader (Kernighan and Lin, 1970). Another approach of Bae et al.
used the coreness centrality to estimate the spreading influence of
a node. The coreness centrality is estimated by the k-shell indexes
of the adjacent neighbors of the node. Therefore, the coreness cen-
trality of a node is presented as the sum of the k-shell values of its
adjacent nodes (Bae and Kim, 2014).

The existing methodologies used for community detection can
be divided into two main categories, i.e. graph partitioning and clas-
sification. The major drawback of partitioning of graphs is that prior

knowledge of the number of groups to be detected (Newman, 2013;
Bader et al., 2013; Fortunato, 2011) is required. For example, in the
study carried out by Kernighan and Lin, the algorithm of leader
nodes detection in complex networks is based on the partitioning
of graphs. This algorithm tries to find a section of the graph mini-
mizing the number of edges between partitions by trading vertices
between these partitions, and results are generated by introducing
the size of each partition (Fortunato, 2011), and result can vary sig-
nificantly given the assumption of size and number of partitions of
the graphs.

Classification methodology is also used by researchers to ana-
lyze data and partition based on a measure of similarity between
partitions. Approaches based on a partitioned classification require
prior knowledge of the number of communities to be detected
(Fortunato, 2011; Yang et al.,, 2014; Wu et al,, 2013). The major
problem to overcome is to select an appropriate distance for better
data classification (Yang et al., 2014), which explains why classifi-
cation methods are generally more appropriate for networks with
hierarchical structure. Agglomerative methods and divisive meth-
ods are two main groups of methods used in hierarchical clustering.
The agglomerative methods attempt to recursively merge small
communities into larger communities based on a measure of prox-
imity between communities. It is a bottom up approach, each node
will be defined as a cluster, and clusters will be combined at each
step, until pairs of clusters are merged as one moves up the hier-
archy. The divisive methods attempt to identify the inter-links and
remove them to gradually isolate communities, i.e. they initially put
all nodes in a complete graph and they remove the links between
nodes with the lowest similarity (de Arrudaetal.,2014). Some other
studies utilize the spectral classification; in the approach proposed
by Yang et al., the community is defined based on three properties:
community structure to define strong and weak communities, com-
munity membership to detect members of the communities, and
overlapping property, which considers the number of connections
between the node and the corresponding community. The result
obtained by these methods will heavily depend on the choice of
the similarity measure used initially (Yang et al., 2014).

Some other research studies propose methods that combine
the two predefined subjects: leader detection and community
detection. In the Leader-Follower algorithm, internal structure of
a community should be defined, i.e. the community should be a
clique and is formed with a leader and at least one “loyal follower”,
with loyal follower defined as a node that only has neighbors within
asingle community. The leader is a node whose distance is less than
at least one of its neighbors. Nodes will be allocated to the commu-
nity in which a majority of their neighbors belongs by destroying
the links arbitrarily. However, removing parasite communities will
lead to loss of information (Wu et al., 2013).

Qin et al. proposed a novel centrality guided clustering for
detecting leader nodes and communities by choosing the vertex
with the highest centrality as a starting point. The approach is car-
ried out with three steps: grouping will cluster vertices in G into
different groups, merging groups with a large percentage of over-
lap, and contract those vertices in the same groups to form a new
vertex (Zhou et al., 2014). Zhang et al. proposed a greedy algorithm
based on user preferences (GAUP) to operate the top-k influential
users, based on the model Extended Independent Cascade. During
each cycle i, the algorithm adds a record in the selected set such
that the vertex S with the current set S maximizes propagation of
the influence. This means that the vertex selected in round i is the
one that maximizes the incremental propagation influence in this
cycle. This algorithm calculates the user’s preferences for different
subjects, and combines traditional greedy algorithms and prefer-
ences calculated by LSI user and calculates an approximate solution
of the problem of maximizing the influence of a specific topic. This
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algorithm would only provide a good result if k exceeds a certain
threshold k> 15 (Xia et al., 2014).

Recent study also found that the location of the node in the net-
work topology is another important factor when estimating the
spreading ability (Fu et al., 2014). According the study, the location
of a node is identified through the k-shell decomposition method,
by which the network is divided into several layers. Each node
is corresponding to one layer and the entire network formed the
core-periphery structure. K-shell decomposition method indicates
that the inner the layer is, the more important the node. However,
in practical applications, there are often too many nodes having
the same index value by employing these two methods to distin-
guish which node is more powerful. Generally, Degree centrality
and k-shell decomposition are suitable for measuring the spreading
ability of nodes quickly but not very accurately. Previous stud-
ies (Khorasgani et al., 2010; Wang et al., 2011b) use both global
and local methods of centrality measures to effectively identify the
influential spreaders in large-scale social networks. The main idea
is that it reduces the scale of the network by eliminating the node
located in the peripheral layer (namely relatively small ks value)
that will not have much spreading potency comparing with the
core node, and vice versa. This algorithm uses the k-decomposition
centrality to deal only with the nodes in the core of the network.
Hence, it reduces the scale of the network by ignoring nodes with
small ks value and their associated links, and retains the nodes in
the core layers.

The global methods (i.e. betweenness centrality and close-
ness centrality) are used to rank the most influential spreaders.
A novel approach to detect communities and important nodes of
the detected communities using the spectrum of the graph defines
the important nodes to the community as the relative changes in
the c largest eigenvalues of the network adjacency matrix upon
their removal. There are two types of nodes, the core nodes namely
central nodes that are the most important for the community, and
the bridges node that connect the communities to each other’s.
The main drawback of this approach, it needs to know the number
of partitions in the network to obtain a better result, and it can-
not identify the important nodes in small communities (Shah and
Zaman, 2010).

Community and leader detection approaches are diverse. Each
proposed algorithm brings a new idea or improvement to the exist-
ing algorithms. In this paper, a new approach will be proposed to
detect communities and leader nodes in complex networks, with-
out prior knowledge of the number of communities to detect.

3. Proposed algorithms
3.1. General approach

Community and influential detection in networks is crucial to
understand how behavior spreads. An interesting number of theo-
ries are used to analyze how innovations and trends are conveyed
and adopted to targeted parties. The traditional view assumes that
a small number of members in a society possess superior qualities,
which make them exceptionally persuasive in terms of conveying
ideas to others. These exceptional individuals impose more influ-
ence on the society than majority of the so-called ordinary people.
They are called the influential and innovators in the diffusion of
innovations theory, and hubs, connectors, or mavens in other exist-
ing studies (Spizzirri, 2011). The theory of leaders is intuitive and
compelling. In order to detect the catalyst of this influence, we need
to detect the central nodes that are responsible for the dissem-
ination of influence, and form communities around those nodes
that facilitate the spread of influence. In fact, centrality represents
an important factor (Xia et al., 2014) within social network analy-

sis, which measures the relative importance of a vertex within the
graph.

Assume a social network that is modeled as an undirected and
unweighted graph G = (V, E), with V being the vertex set. Each vertex
in G represents an element in the dataset. |(G)| represents the num-
ber of vertices in G (or elements in the dataset). E is the edge set.
Each edge represents arelationship between a pair of elements.n=|
V| represents the number of network nodes and m = |E|, the num-
ber of edges. The network structure is represented as an adjacency
matrix A={a;j} and a;; € R, where a;;=1, if a link exists between
nodes i and j, otherwise a; =0.

In the context of social network, there is an explosion of massive
quantity of varied and unstructured information, i.e. big data, which
careful analysis of such data is required to obtain useful informa-
tion. This network will be modeled as a big graph. Firstly, it will be
stored in NoSQL databases, specifically a scalable graph database
named Neo4j. An ETL will be used to extract the adjacency matrix
of the graph from the Neo4j Database, and will be imported to the
RHadoop platform for the purpose of large-scale data processing as
in Fig. 1.

There are two main steps in the proposed approach:

3.1.1. Leader detection

a) Nodes centrality:

Drawing inspiration from sociometric studies, in a complex
social network system, a powerful leader is chosen by individu-
als, which themselves are powerful and are chosen by some other
powerful individuals within the network (high sociometric status),
whereas the popular leader will be chosen by individuals, which
are more likely to be ordinary and not frequently chosen by others
(Moreno, 1955). In this study, eigenvector centrality will be used to
detect leaders nodes. For each node v in the network G, eigenvector
centrality “Eq. (1)” will be calculated (Ahajjam et al., 2015a). Eigen-
vector centrality or Gould’s index of accessibility (Ruhnau, 2000) is
defined as a measure to describe how well connected an individ-
ual is based on direct and indirect relationships (i.e., it takes into
account the connections of individuals the focal individual is con-
nected to) (Newman, 2004). Nodes that are connected to other high
degree nodes are considered as highly central, and can be quan-
tified by a relative score recursively defined as a function of the
number and strength of connections to its neighbors and as well as
those neighbors’ centralities, it uses the eigenvector corresponding
to the largest eigenvalue of the graph adjacency matrix. Because
eigenvector centrality is proportional to an individual’s neighbors’
centralities (Moody and White, 2003), more influential individuals
will be more connected with other influential individuals. Lastly,
centrality quantifies how isolated or how involved an individual in
the network structure (Fuong et al., 2015; Zachary, 1977).

Ax = Ax (1)

With: A is the adjacency matrix of the network and A is the eigen-
value.

b) Nodes ranking:

Nodes will be ranked according to their centrality scores, and
leader V; is defined as the node with the highest centrality, i.e. the
leader V; is the node with the largest eigenvalue in the adjacency
matrix A. Fig. 2 shows an example of a graph and Table 1 is the
ranked list of its vertices by centrality.

3.1.2. Community detection

For each leader, similarity function will be calculated to find
the neighbors of the leader node with the highest centrality score.
Similar nodes will be assigned to the detected leader node to form
a community based on a certain threshold k, which for this study,
k>0.5.
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Fig. 1. Architecture of the Leader-Community Detection Approach.
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Fig. 2. The initial graph.

Table 1

The initial ranked List.
Node Centrality
26 1.0000000
25 0.9716986
32 0.8813582
24 0.7658899
28 0.6634684
30 0.3423563
29 0.3365316
27 0.1307229

Finding similar objects can be used to predict links in data net-
works (Lu and Zhou, 2011). Detecting similarity between objects
has its application in clustering, collaborative filtering, and search
engines (Ganesan et al., 2003). In the study carried out by Ganesan
et al,, several similarity measures are used, and its utility depends
on domain applications (Rawashdeh and Ralescu, 2015). Seman-
tic similarity is the similarity between concepts using knowledge
such as Wordnet or between words in the semantic web (Ilakiya
et al.,, 2012). The global structural similarities aim to evaluate the
similarity between two nodes in the context of the whole network.

In this study, due to the nature of the graph, which is undirected
and unweighted, edge similarities will be used for the purpose of

analysis. Similarity between nodes will be computed using Jaccard,
Salton, HDI, and HPI similarities.

e Jaccard Similarity:

. IrxX)nry)]
Slm]accard (X’ Y) = —|F(X) U F(Y)| (2)
e Salton Similarity:
. rxynry
Simsaion (X, ¥) = O] 3)
Ky x Ky
e Hub Depressed Index Similarity “HDI”:
. rxynry
Simppr (X, V) = X0 (4)
max {Kx, Ky}
e Hub Pressed Index Similarity “HPI":
. rxXyn'y
Simypr (X, ¥) = L OO (5)

min {K, Ky }

Where I'(X) denotes the set of neighbors of X, and Ky is the
degree of node X.

The proposed approach does not allow overlapping, therefore
the deletion of communities is based on the assumption that one
node can only belong to one community; we can use a political
voting network as an example, where the person can vote for only
one party. The second assumption is that members of a community
share lots of neighbours with a leader; using the same example of
political networks, the members of a party share a lot of neighbours
(others members) with the president of the party. And this is can
be the case for others networks.

Using the main steps of this approach, we will present two algo-
rithms.
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Fig. 3. The graph resulted from LCDA1 algorithm showing the second leader.
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Input: undirected, unweighted graph G=(V.E)

Output: Set C=(C;,Cs,...,Cy)
1:i=0
2: Calculate the centrality score of each vertex V € G,
3: While Q£0
4: Loop
5: Nodes ranking: Order V via their centrality scores,
such that Q= (V1, Va, . .., Vi) with Cent (V1) > Cent
(V2) = - -- >Cent (V,).
6:i=i+1
7: Select where Vi is the first vertex in the vertex list Q.
8: Create a new group Ci= {Vi},
9: New Q=Q~— {Vii}
10: Q=New Q
11: Community detection: Calculate the similarity
function of Vj; to find the candidate nodes set “Similars
S(Vi)”.
12: insert into S(V)).
13: CGi=Ci + S(Vj)
14: New Q=Q-S(V;)
15: End loop

Fig. 4. Pseudo-code of the first algorithm.

3.2. First algorithm: leader-community detection algorithm
(LCDA1)

The proposed algorithm LCDA1 is a new version of the Lead-
ersRank algorithm (Ahajjam et al.,, 2015b). In the LeadersRank
algorithm, the neighborhood of order one of the leader L1 =26 will
be selected to detect community (Table 1). Whereas for the pro-
posed algorithm, similarity functions cited previously will be used
to find the similar nodes of the leader to form communities. Once
the first community is detected, nodes will be deleted from the
network and the same process will be applied to the others nodes
(Fig. 4). In fact, the second leader node will be chosen L2 =25 from
the existed ranking list and second community will be formed as it
is shown in Fig. 3, until all nodes of the network will be dealt with.

Eigenvector centrality considers nodes that are connected to
other high degree nodes as highly central. Since the leader with the
highest eigenvalue will be detected before forming the community,
nodes will be attributed to the community based on the number of
shared neighbors with the leader, so the centrality of those nodes
will be always less than the leader. In fact, the identified leader will
always be a community leader.

3.3. Second algorithm: leader-community detection algorithm
(LCDA2)

The proposed algorithm LCDA2 is a new version of the algorithm
(Ahajjam et al.,2017) in which the similarity between nodes is used
to find the similar nodes of the leader nodes for detecting the com-
munities (Fig. 6). Once first community formed by the Leader L1

. ®
® o
o ©

Fig. 5. The graph resulted from LCDA2 algorithm showing the second leader.

Input: undirected, unweighted graph G=(V,E)

Output: Set C=(C,,Cs,...,Ch)
1:i=0
2: Loop
3: While Q#0
4: Calculate the centrality score of each vertex V € G,
5: Nodes ranking: Get V with max(Cent(V)) from Q ,
such that Q =(Vy, Va,..., Vi) with ( Cent (V1),Cent (V2),
..., Cent (Vy)) .
6:i=1 +1
7: Select where Vi) is the first vertex in the vertex list Q.
8: Create a new group Ci= {Vii},
9: NewQ=Q— { Vii}
10: Q=New Q
11: Community detection: Calculate the similarity
function of Vi to find the candidate nodes set “Similars
S(V)”.
12: insert into S(V;).
13: Ci=Cit+ S(V))
14: New Q=Q-S(V))
15: End loop

Fig. 6. Pseudo-code of the second algorithm.

Table 2
The ranked list of LCDA2 after deletion of the first leader.
Node Centrality
28 1.0000000
24 0.9238795
25 0.9238795
30 0.7071068
32 0.3423563
29 0.3826834
27 0.3826834

and its neighbors (similar) is detected, it will be deleted from the
network and the whole process will be repeated again. Therefore,
the remaining network will be dealt with the same way as the first
one. Centrality will be computed for all the remaining nodes, and
nodes with highest eigenvector centrality will be selected as the
second leader and detects the community. In this case, the second
leader was [2=28 (Fig. 5). As it is shown in Table 2, the centrality
of the nodes has changed.

4. Experimental results

In this section, the proposed algorithms will be tested in real life
social networks in which a ground truth community’ membership
is known. Algorithms will be applied to the following datasets:

e Zachary'’s karate club network. This is a well-known benchmark
network for testing community detection algorithms. The net-
work is made up of 34 nodes and 78 edges, where every node
represents a member of a karate club at an American university.
Two members are observed to have social interactions within or
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away from the karate club, they are connected by an edge. Later,
because of a dispute arising between the club’s administrator and
instructor, the club is eventually split into two factions centered
on the administrator and the instructor, respectively (Zachary,
1977).
e American College football. This is a known network used for val-
idating community detection algorithms. The football network
represents the Network of American football games between
Division IA colleges during regular season Fall 2000. It contains
115 nodes representing players and 616 edges that represent the
interactions between players (Girvan and Newman, 2002).
Political blogs: A network of hyperlinks between weblogs on US
politics, recorded in 2005 by Adamic and Glance. The network is
made up of 1490 nodes and 19090 edges (Adamic and Glance,
2005).

To compare the accuracy of the resulting community structures;
modularity Q is used to measure the quality of community used
extensively in community detection.

k
Q=) (ei—a}) (6)
i=1
k
Where the first term, Ze,-,- is the proportion of edges inside the
i=1
k
communities, and the second term Zaiz is the expected value
i=1
of the same quantity in a random network, which is constructed
to keep the same node set and node degree distribution but to
randomly connect the edges between nodes.

In addition, Adjusted Rand Index will be used, where such mea-
sure penalizes false negatives and false positives. Let a, b, ¢, and d
denote the number of pairs of nodes that are respectively in the
same community in both G and R, in the same community in G but
in different communities in R, in different communities in G but in
the same community in R, and in different communities in both G
and R. Then the ARI is computed by the following formula:

(g)(a+d)—ua+bﬂa+cyuc+dxb+dn
ARI

2 (7)
(;) —[(@+b)(@+c)+(c+d)(b+d)]

Then Normalized Mutual Information (NMI) will be used to mea-
sure the similarity between the true community structures and the
detected ones:

21(X,Y)

N"”(X’Y):::iiﬁffliifij

(8)
Where I(X,Y) the mutual information corresponds to the quantity
of information shared by the variables. The lower bound represents
the independence of the variables (they share no information). The
upper bound corresponds to a complete redundancy; the value is
not fixed, and the H(X) is the entropy of clustering of X.

4.1. Comparison analysis

4.1.1. Similarity comparison

In order to choose well-performing algorithms, the results of
the fourth cited similarities that have been tested in the two algo-
rithms will be compared: HPI, Jaccard, Salton and HDI. Figs. 8 and 9
present the ARI and NMI results for the both algorithms using differ-
ent similarities, which are tested in three datasets. The Hub Pressed

Table 3
Modularity results.

Zachary Karaté American College Political blogs

Club Football
Ground-truth Modularity 0.3582 0.5539 0.4111
LCDA1 0.3266 0.5162 0.3977
LeadersRank1 0.3180 0.0378 0.2359
LCDA2 0.3266 0.4842 0.4062
LeadersRank2 0.3014 0.3750 0.2388

Index similarity gives the best results compared to other similar-
ities. Based on these results, the proposed algorithms LCDAT and
LCDA2 will use the HPI similarity to find the leader’s similar nodes
for community detection.

4.1.2. Algorithms comparison

The detected community structure for each network is visual-
ized in Fig. 7. Fig. 7a and b show a visualization of the detected
communities on the Zachary Karate network. The detected parti-
tions are two communities and it is similar to the original partition
of the network. The colors of nodes represent the community to
which they belong. The blue line divides the network to two com-
munities as they would be in reality (ground truth). As it is shown
in the graph, the only difference is the assignment of nodes 3 and
29. As indicated in Table 3, the proposed algorithms LCDA1 and
LCDA2 provide a better modularity value i.e. 0.3266, compared to
results produced by the LeadersRank1 (Ahajjam et al., 2015b) and
LeadersRanks2 (Ahajjam et al., 2017).

Fig. 7c and d visualize the result of the American college football
network, each color represents a community and the nodes in the
core of the communities are the leaders. The original division of
the network contains 12 communities. For the LCDA2, the detected
communities are 12, they are similar to the ground truth parti-
tion and the modularity value is 0.4497431. While for the LCDA1,
the detected communities are 13, however the modularity value
of 0.5162414 is better than the value produced by LCDA2; LCDA2
detects similar communities as the original network. In addition,
the modularity for both algorithms is impressive compared to Lead-
ersRank1 and especially to LeadersRank2 as shown in Table 3. The
leader of each community is the node with the bigger size. The size
of the leader node represents its level of influence relative to others
leaders.

The US political blogs network contains two communities where
members belong to either the right or the left part of a certain polit-
ical blog. For the LeadersRank1 and LeadersRank2, the number of
the detected communities is 68 and 58 respectively. However, 14
and 13 communities are detected using LCDA1 (Fig. 7e) and LCDA2
(Fig. 7f) algorithms respectively. As shown in Table 3, the ground-
truth modularity and proposed algorithms modularity scores are
very close. For the political blogs, the similarity between the mod-
ularity scores for LCDA2 and ground truth modularity is 98%, while
the similarity is 50% for the LeadersRank2 modularity and ground
truth modularity. The proposed algorithms provide a significant
improvement on modularity compared to the LeadersRank1 and
LeadersRank2 algorithms. In fact, the proposed algorithms have
managed to achieve the optimization of modularity, relative to
previous studies.

Results obtained using proposed algorithms will be compared
with other algorithms in existing researches, such as Infomap
(Rosvall et al., 2009), Multi-level or Louvain (Blondel et al., 2008),
Label propagation (Raghavan et al.,, 2007), Walktrap (Pons and
Latapy, 2005), LeadersRank1 (Ahajjam et al., 2015b) and Leader-
sRank2 (Ahajjam et al., 2017).

Fig. 10 summarizes the NMI and the ARI values for all the
algorithms in previous three data sets in which a ground truth
community’s membership is known. In terms of NMI, the proposed
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a)

¢)  Result for American College football using LCDAI

e)  Result for US Political blogs using LCDA1

Fig. 7. Visualization of the LCDAland LCDA?2 algorithm on each social network dataset.
a) Result for Zachary karate club using LCDA1.

b) Result for Zachary karate club using LCDA2.

c) Result for American College football using LCDA1.

d) Result for American College football using LCDA2.

e) Result for US Political blogs using LCDA1.

f) Result for US Political blogs using LCDA2.

algorithms produce a better result compared to other methods,
especially for the big dataset “US Political blogs”; the LCDA2 algo-
rithm produces the best result in this case. In terms of ARI, in
Zachary karate Club case, the proposed algorithms perform bet-
ter than the others methods, as well as for the other networks,
the proposed algorithms remains competitive relative to others

f) Result for US Political blogs using LCDA2

algorithms. Regardless of datasets size, it can be observed that the
proposed algorithms can produce a community structure with a
good NMI values. However, for the ARI, the proposed algorithms
perform better with relative smaller size dataset. Regarding the US
Political blogs dataset, the LCDA2 produces a better ARI value com-
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Fig. 10. NMI and ARI results for the second algorithm LCDA2 using HPI, Jaccard, Salton and HDI similarities.

pared to LCDA1, but the both algorithms failed to produce a result
with a high ARI value compared to others algorithms.

As mentioned above, the proposed approach deals with undi-
rected and unweighted networks. The proposed algorithms LCDA1
and LCDA?2 represent improved versions of the LeadersRank1 and
LeadersRank?2 algorithms. The proposed algorithms are scalable and
deterministic and its complexity is O (n2). By comparing these algo-
rithms, it is noticeable that the improved versions (LCDA1, LCDA2)
improve ARI and NMI values relative to the LeadersRank1, Lead-
ersRank2, LabelPropagation algorithms. Since the number of the

detected communities is the same as represented in ground truth,
it can be argued that the difference in scores of NMI or ARl com-
pared to other algorithms (Infomap, Multilevel and Walktrap) is due
to the weights or the direction of the edges of the datasets, which
are not considered by our approach.

5. Conclusion

The Leader-Community Detection Algorithms are introduced
for finding community structure in social networks. The proposed



S. Ahajjam et al. / Social Networks 54 (2018) 41-49 49

approach shows a major advantage, which does not require prior
knowledge of the number of leaders and communities. The pro-
posed approach begins with leader detection to find the most
influential nodes of the network, followed by community detec-
tion. For each detected leader, its community is built by seeking
similar nodes. Experimental results demonstrate that the perfor-
mance of the proposed algorithms LCDA1 and LCDA?2 is reliable in
terms of accuracy and finding community structure based on mod-
ularity, NMI and ARI. While the ARI values are not as reliable for
larger size networks, it still represents a significant improvement
relative to previous versions of LeadersRank algorithms.
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