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Abstract— Influence maximization is a problem based on 
diffusion and probability in social networks with the aim of 
finding the least  node with the most influence. These nodes 
play an essential role in the diffusion process. However, the 
influence maximization problem faces two essential challenges 
of time efficiency and optimal selection of the seed nodes. To 
solve these challenges, we proposed an algorithm based on the 
properties of the graph topology structure and centrality, 
called IMT (Influence Maximization based on the Topology) 
algorithm. This algorithm selects the seed nodes from the dense 
part of the graph that can access more nodes in the shortest 
distance. Finally, experiments showed that the proposed 
algorithm outperformed the other algorithms in terms of 
influence spread and running time. 

Keywords—Influence Maximization Problem; Information 
Diffusion; Influence Spread; Graph Topology; Centrality 

I.  INTRODUCTION 

In recent years, people's interest in using social networks 
such as Facebook, Twitter, and LinkedIn has increased for a 
variety of reasons, including easier communication with 
others, easier access to new information and news, and even 
ease of product sale. Therefore, the effect of social networks 
on individuals and economics is undeniable. As such, these 
networks provide a good platform for advertising. 
Advertising companies need to find influential people in 
social networks to sell a large number of their products in a 
short time. This process is called viral marketing [1], which 
is modelled on the Influence Maximization Problem (IMP) in 
social networks [2]. 

In the IMP, individuals or nodes with a specified number 
of social networks or graphs are selected with the greatest 
effect on the network [3]. In other words, the goal of IMP is 
to diffuse information to a large number of people on a social 
network in a short time by a set of effective individuals (seed 
nodes) [4, 5]. The process of diffusion from person to person 
is similar to a tweet on the Twitter social network when a 
specific event occurs. 

Research in the field of IMP has presented various 
information diffusion models [2, 6-13], the most commonly 
used models of which are the Independent Cascade Model 
(ICM) [2] and Linear Threshold Model (LTM) [2]. The IMP 
based on these two models is an NP-hard with submodular 
and monotonic properties [2]. Therefore, the algorithms 
presented by the researchers solve this problem to some 
extent. The algorithms have a number of major drawbacks, 

including (1) In most algorithms proposed for the IMP, the 
high centrality nodes are not considered while these nodes 
can be considered as an important and effective indicator in 
the diffusion process. (2) Most of them have high running 
time on large-scale social networks. (3) They do not have 
optimal selection in seed nodes and therefore do not have 
suitable influence spread. Hence, it is necessary to provide 
methods for reducing the running time on the on large-scale 
graphs as the scale of social network increases. 
Consequently, this article provided a new IMT (Influence 
Maximization based on the Topology) algorithm under an 
ICM. The IMT algorithm is based on the properties of the 
graph topology structure and centrality with respect to the 
part of the graph that is dense. As a result, application of this 
feature to the IMT algorithm reduces the running time and 
achieves high influence spread compared to the topology-
based algorithms on all four datasets. 

In summary, our main contributions in this article were: 

(1) Provision of a new algorithm by examining the 
degree of neighbour nodes at different levels for the IMP, 
which increases the algorithm efficiency. 

(2) Provision of a new algorithm that selects the seed 
nodes from the dense part of the graph using a combination 
of the properties of the graph topology structure and 
harmonic centrality. 

(3) Comprehensive experiments on the real-world 
datasets of social networks in terms of influence spread and 
running time, indicating the effectiveness of our algorithm in 
comparison to other topology-based algorithms. 

Section II briefly discusses the related works and Section 
II presents the proposed method. Section IV analyzes and 
evaluates the experiment. Finally, Section V makes 
conclusion and suggests some future works. 

II. RELATED WORK 

IMP is one of the hard optimization problems that first 
addressed by Domingos and Richardson [14]. Afterwards, 
Kempe et al. proved that this was an NP-hard problem [2]. 
These researchers have formulated this problem under ICM 
and LTM [2]. Accordingly, the influence spread in the IMP 
was calculated by (1) [15]. In this Equation and by 
considering the graph ( , ) under a diffusion model with 
the goal of selecting  seed nodes, an average number of 
nodes activated by ( ) is calculated. ∗ denotes the seed 
nodes with the maximum activation in the graph. 
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Kempe et al. proposed a greedy algorithm to solve the 
IMP [2]. Although this algorithm offered optimal influence 
spread, it had a very high running time, especially for large-
scale graphs due to the use of Monte Carlo simulation. 
Therefore, to improve the running time of the greedy 
algorithm, various algorithms were presented, including 
greedy algorithms CELF [16], CELF++ [17], NewGreedyIC 
[4] and NewGreedyWC [4], but these algorithms still failed 
to handle the running time on large-scale graphs. Moreover, 
various heuristic algorithms, such as HighDegree [2] and 
SingleDiscount [4] algorithms, have been developed. These 
algorithms improved the running time as well as the 
influence spread. Then, researchers proposed topology-based 
algorithms, including CI [18], VoteRank [19], and LIR [20] 
algorithms to handle the running time on the large-scale 
graphs. The CI algorithm selected the seed nodes using the 
localization of influence spread. The main disadvantage of 
this algorithm was the dependence of the influence spread 
calculations on the localization criteria. The VoteRank 
algorithm was introduced to improve the CI algorithm. It was 
also a voting-based algorithm. The main disadvantage of the 
algorithm was the lack of an optimal approximation 
guarantee. In addition, LIR algorithm was presented to 
improve the NewGreedyIC algorithm. This algorithm also 
had very fast running time but did not guarantee optimal 
approximation and had low influence spread. In this regard, 
Qiu et al. proposed the PHG algorithm to improve the greedy 
algorithm [21]. The algorithm was based on the community 
detection and offered the influence spread close to the greedy 
algorithm, but did not guarantee optimal approximation. 
Moreover, Ahmadi Beni et al. developed the TI-SC 
algorithm to improve the CI, LIR, and PHG algorithms [22]. 
This algorithm had efficient performance in high rich-club 
social networks but with high running time in the large-scale 
social networks. 

III. PROPOSED ALGORITHM 

In the IMT algorithm, an approach was presented on the 
basis of the properties of the graph topology structure and 
centrality in the graph. Since diffusion in social networks 
depended on the graph structure, it was necessary to consider 
the intuitive parameter statistics and graph topology structure 
properties in the IMT algorithm for selecting the influential 
nodes in the graph and the node distance factor. These 
attributes helped to select the influential nodes from parts of 
the graph that were dense. Fig 1. depicts the general 
framework of the IMT algorithm. 

According to Fig 1, in the IMT algorithm, for every node 
, the equation of  was calculated based on the 

topology structure and centrality. 1 and 2 in (2) are the 
number of the nodes at level one and level two of the node 

.  represents the degree of the node , which is in the 
neighbourhood of the node .  refers to the local index 
of each node . This index stands for the number of nodes at 
level one of node  that their degree is more than the degree 
of node . Finally,  is the harmonic centrality of each 
node . 	 	 = ∑ × ∑+ 1 +  

(2) 

Fig. 1. The general framework of the IMT algorithm 

     ∑  is the sum of the degree of nodes at level one of 
each node . For example, according to the graph in Fig. 2, 
the sum of the degrees of nodes 9, 11, and 19 were 
calculated to calculate the sum of the degree of nodes at 
level one of the node 10. ∑  is the sum of the degree of the nodes at level two 
of each node . For example, according to the graph in Fig 
2, the sum of the degree of blue nodes was calculated to 
calculate the sum of the degree of nodes at level two of node 
10. 

The harmonic centrality  is the sum of the reciprocal 
of the shortest path distances from all other nodes of the 
graph [23]. This centrality selected the nodes reachable to the 
greater number of nodes in the graph with the least distance 
and the least number of interface nodes. Equation (3) 
calculates  for each node  [23]. ( , ) is the shortest 
distance between the nodes  and . = 1( , ) (3) 

Following the calculation of  equation for all graph 
nodes, the nodes were sorted in descending order by the 

. The  nodes were selected from the top of the sorted 
list as the seed nodes. Then, the influence spread was 
calculated under the ICM. Algorithm 1 shows the pseudo-
code of the IMT algorithm. 

According to lines 2-4 of Algorithm 1, 	 	equation 

was calculated for each node . In line 5, the nodes were 
sorted in the descending order according to the 	 	, and 

in line 6,  nodes were selected as the seed nodes from the 
top of the sorted list. Moreover, in lines 7-10 for every node 

 in the set , the influence spread under the ICM was 
calculated (  is the influence spread under the ICM), and 
finally, the set  was returned as the set of the seed nodes. 

The time complexity in the IMT algorithm consisted of 
two steps. In step 1, ITC	 	equation was calculated for all 
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graph nodes and then the k seed node was selected with the 
maximum value of ITC	 	,which had the time complexity O(m). m is the number of the edges in graph G. In step 2, the 
influence spread of the seed nodes was calculated under an 
ICM with the time complexity of O(kR). k is the number of 
seed nodes and R is the number of Monte Carlo simulations. 
In general, the time complexity of the IMT algorithm is O(m + kR). 

IV. EXPERIMENTS 

In this section, four datasets were used to evaluate the 
effectiveness and efficiency of the IMT algorithm compared 
with the other three well-known algorithms. Simulation was 
programmed in Python language and implemented on a 
computer with 2.5GHz Intel Core i5 CPU-3230M and 16 GB 
memory. TABLE I reports the specifications of four real 
social network datasets, including Email [24], Route views 
[25], Sister cities [25], and As-22july06 [25]. 

According to the research design, performance of the 
IMT algorithm was compared with three based-topology 
algorithms of LIR, CI, and VoteRank, which have been 
successfully applied to social networks. According to [20], in 
the LIR algorithm, the nodes with 0 −  were selected for 
the Route views, Sister cities, and As-22july06 datasets, 
while in the Email dataset, the nodes with 0 −  were low, 
then the nodes with 1 −  were selected. According to [18], 
localization parameter = 3 was used in the CI algorithm. 
All algorithms were implemented with the parameter Monte 
Carlo simulation 	 = 1000 and the activation probability 	 = 0.01. 

A. Diffusion model 

Researchers have provided various types of diffusion 
models such as Independent Cascade Model (ICM)[2], 
Linear Threshold Model (LTM) [2], Weighted Cascade 
Model (WCM) [4], Susceptible Infected Recovered (SIR) 
[26], Susceptible Infected Susceptible (SIS) [27], and so 
forth to model the information diffusion in social networks. 
However, one of the most commonly used models is ICM, 
which is the IMT algorithm under this model. In this model, 
nodes have two active or inactive states. Node  can activate 
node  with probability ( , ). Moreover, activation is 
done only once, if node  cannot activate node ; thus, node 

 has no chance to activate node . Therefore, the activation 
process continues until another new node cannot be 
activated. 

B. Evaluation metrics 

Two metrics were used to evaluate the efficiency of the 
IMT algorithm: influence spread and running time. The 
influence spread means measuring the accuracy of the seed 
nodes in the information diffusion. This is the average 
number of the activated nodes for each iteration of the Monte 
Carlo simulation. The running time means the time elapsed 
to find the seed nodes. 

C. Influence spread results 

To further investigate the effectiveness and efficiency of 
the IMT algorithm, the influence spread was evaluated in 
real social networks where the x-axis represents the number 
of the seed nodes, while the y-axis represented the overall 
influence spread. The results in four datasets reflected that 
the IMT algorithm completely outperformed other compared 
algorithms in terms of influence spread. The LIR algorithm 

Algorithm 1: IMT algorithm 
Input: = ( , ), = { , , , … , } 
Output:  
1: initialize ⟶∅ ; 
2: for each	  in V do 

3:     	 = ∑ ×∑ + 	
4: end for 
5: sort the values of in descending order 
6: select the number of  k nodes with the largest  and add to set  
7: for each  in   do 
8:    S ← 
9:    ← ( ∪ )       
10: end for 
11: Return  //  is seed set nodes. 

TABLE I.  SPECIFICATIONS OF FOUR DATASETS 

22july06-As Sister cities Route views  Email Dataset 

23k 14k  6k  1k # Node 

48k 20k  13k  5k  # Edge  

2390 99  1459  209  Max Degree  
1 1  1  1  Min Degree  

Fig. 2. An example of the calculation of the number of nodes at level one 
and level two for the IMT algorithm 

showed the worst performance on all networks. Moreover, 
IMT algorithm performed well on all datasets. Based on Fig. 
3, IMT and VoteRank algorithms exhibited the same 
influence spread. In addition, significant gaps of influence 
spread could be observed between the IMT algorithm and 
other algorithms in Fig. 4. According to Fig. 5, the influence 
spread of CI, VoteRank, and LIR algorithms was lower than 
the IMT algorithm. For example, on the Sister cities dataset 
with k = 20, the IMT algorithm achieved the influence 
spread of 31.5639, while the influence spread of CI, 
VoteRank, and LIR were 28.9749, 29.2649, and 26.2129, 
respectively. As shown in Fig 6, the IMT algorithm exhibited 
the same influence spread. From the results on the real-world 
datasets, it could generally concluded that the IMT algorithm 
had better efficiency than the state-of-the-art algorithms in 
finding the influential seed nodes. Finally, the VoteRank 
algorithm enjoyed the second-best performance. 

D. Running time results 

Fig. 7 shows the running time of different algorithms on 
the four datasets. As seen in Fig. 7, the running time is the 
time of selection of k = 30	seed nodes. Based on the 
findings, the running time of LIR and VoteRank were low on 
all datasets but could not provide any performance guarantee 
in terms of influence spread. However, the worst running 
time was for the CI algorithm and the IMT algorithm 
provided high influence spread along with acceptable 
running time compared to other algorithms. 
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Fig. 3. Influence spread of different algorithms on the Email dataset 

Fig. 4. Influence spread of different algorithms on the Route views dataset 

Fig. 5. Influence spread of different algorithms on the Sister cities dataset 

V. CONCLUSION AND FUTURE WORK 

This paper proposed the IMT algorithm to select the set 
of seed nodes for IMP. The IMT algorithm used a framework 
based on the properties of the graph topology structure and 
harmonic centrality to improve performance. According to 
the algorithm process, the seed nodes were selected from the 
dense part of the graph. Moreover, experimental results in 
the four datasets showed the effectiveness and efficiency of 
the proposed algorithm under the ICM. Therefore, future 
studies should investigate the IMT algorithm on LTM. In 
addition, researchers should study the influence of other  

Fig. 6. Influence spread of different algorithms on the As-22july06 dataset 

Fig. 7. Running time of different algorithms on four real-world datasets 

topology properties such as similarity criterion and 
clustering coefficient on the selection of seed nodes. 
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