2015년 동계학술발표회 논문집

Running Time Improvement of Influence Maximization in Social Network
Using Graph Reducing Technique (GRT)
Ashis Talukder, Anupam Kumar Bairagi, VanDung Nguyen, and Choong Seon Hong
Department of Computer Science & Engineering, Kyung Hee University.
Email: {ashis, anupam, ngvandung85, cshong}@khu.ac.kr
Abstract
Influence maximization is to find a small seed set of most influence people in a domain. With the increased popularity
of social network, influence maximization in the social network has become a potential problem and the result has been
begun to be applied in various applications like viral marketing, domain expert search, recommending network etc. The
basic influence maximization problem is NP-hard and many researchers has developed different approximation
algorithms. In this research we have proposed an algorithm named Graph Reduced Technique (GRT) which estimates
influence based on heuristics. The algorithm offers better running time and with feasible amount of spread of influence.

1. Introduction
Similar to the real life where people exchange ideas, thoughts,
information and even rumor from person to person by the effect
of word of mouth (also called viral marketing), social network,
now a days, has become very popular medium for spreading
ideas, thoughts and influence among the users [1], [2], [3], [4],
[8]. Facebook, Twitter, Linkedin, Youtube, Google+, Netflix etc
are the prominent social networks using direct or referral
marketing [1], [2].
Analogous to real life, one friend (followee) influences or
motivates other friends (followers) to some action (viz. buy any
product and/or service) in the social network. The Influence
Maximization (IM) problem is to find an optimal seed set so that
expected number of activated node is maximum in a graph
when an initial small seed set size is given. Generally the
number of activated nodes are considered to be the amount of
spread of influence in the network [1], [2], [3], [8]. The scope of
influence maximization covers diverse fields of applications
including product/service marketing, target marketing, public or
community awareness program, discovering community leader
[7], domain expert search [3], recommending (product, service,
movie, music) [2], and isolating rumor with its offenders [9] etc.
In this paper we have proposed an approximation algorithm
based on heuristic. By heuristic approximation we find and
delete all the inactive nodes and associated links to get the
Reduced Social Graph (RSG). Then from the reduced graph,
find the k top influential nodes to be seed set. The main
contribution of this paper is:
- To formulate a technique to reduce the social graph by
probabilistic estimation and heuristics.
- This will decrease running time remarkably.
The rest of the paper is organized as follows: in section two a
study of the state-of-the-art has been provided and the problem

formulation is given in section three. System model and the
algorithm are described in the section four and five respectively.
Evaluation and conclusion have been described in the next
consecutive sections.
2. Related works
The pioneer of the IM research community is Kempe et al. [8].
They proposed two classical greedy algorithms: Linear
Threshold (LT) model and Independent Cascade (IC) model. In
general IM problem is NP hard. So they used submodular
function and got approximation with factor of (1- 1/e) i.e. 63%.
H Nguyen et al. [1] used Directed Acyclic Graph (DAG) and
then efficient heuristic algorithm and got an approximation of
(1-1/√e). In [2] the researchers have solved the problem by
Continuous Markov process they also devised a spread
prediction technique. Chen et al. [4] used quality factor and
quality sensitivity ratio on tree structured social network. It has
the same approximation (1-1/e) factor with standard greedy
method but faster. Many authors have tried to extend the Linear
Threshold and Independent Cascade Model.
Goel et al. [7] proposed Simple Path (SIMPATH) Algorithm
using vertex cover and look ahead optimization to extend LT
model [11] and also used his previous algorithm Cost Effective
Lazy Forwarding (CELF) [10]. The SIMPATH algorithm is
faster but do not guaranty any approximation. Our GRT
algorithm gives a reasonable amount of influence value while it
is faster.
3. Problem formulation
Consider a scenario that there are n users in a social network
and they have friendship relation. The directed graph
G(V , E ) represents social network where nodes are users and
edges represent their social relationship. The relationship in G is
an adjacency matrix and an activation threshold vector
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t  [t1, t2 , ...., tn ]T is given to decide whether the node will be

activated or not. There is another matrix p called influence
probabilities with entries
pi, j 



x
0

0 < x  1, x is the influence probability of node i to node j if gi , j  0
otherwise (if gi , j = 0)

Pi 

The influence  ( S ) is measured by the number of activated
nodes by all the member of the S . The formulation of the
problem is restricted on a given an initial seed size k . The
influence maximization problems is to find such a set S of
fixed size k such that spread of influence,  ( S ) is
maximized i.e.
max  ( S )
s.t.

4.

the follower-followee graph) being friend of more people will
have higher probability of being influenced.
Now in calculation the activation probability we will sum up all
the weighted probabilities to a node i as

| S | k

(1)



(4)

If Pi is no less than ti then node i is activated otherwise stays
inactive. All the inactive nodes and associated edges are deleted
to get the reduced social graph G(V , E) .

B) Influence Estimation within Heuristic limit:
Now influence value for each node  (v ') is estimated by
traversing the reduced social graph G(V , E) using simple

System Modeling

A) Find the reduced Influence graph:
The term n(i) is defined as the set of the out neighbors of a
node i and the term outdegree(i) = | n(i) |. The relative out
degree which is named as influence index is defined as follows:
index (i) 





p





j
,
i
*
j
i
1
| n (i) | 1  1

 jn (i )

1

out deg ree(i)
max out deg ree(v)

breadth-first algorithm starting from each node v ' V  .
Finally k nodes with maximum influence value are selected to
be in the seed set S .
5.

Algorithm

(2)

vV

The idea is that the person having more friends (who have more
followers in the follower-followee graph) will have higher
probability of being more influential.

Figure 1: Node i with activation threshold ti = 0.68, influence
index β = 0.63, activation index α = 0.64 with in degree p=11,
max in degree = 17 out degree q = 8, max out degree = 19
The term n1(i) is defined as the set of in neighbors of node i
and the term indegree(i) = | n1(i) |. The relative in degree which

6. Evaluation
We have simulated the algorithm by a program in C on a
machine featuring Core i7 2GHz, 2.5GHz processor, 4GB RAM,
Windows 8 with synthesized data.

is named as activation index is defined as follows:
index (i) 

in deg ree(i )
max in deg ree(v)

Nodes

(3)
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GRT

4.40

6.04

8.24

10.44

13.33

16.71

The logic is that the person (who is following more people in
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Table 1: Running time comparison.
We have compared the running time of our GRHA algorithm
with classic Linear Threshold (LT) Method. The result is shown
in the Table 1 & Figure 2. We have found that the graph reduce
technique (GRT) has better running time.

Figure 2: Running time comparison.
7. Conclusion
In this research we have seen that our model Graph Reduces
Technique (GRT) estimates the reasonable amount of influence
while two levels of heuristic approximation gives better
performance in terms of running time.
We had approximation heuristic in calculating active nodes to
reduce the running time but the amount of influence is
approximated by the heuristic. This has scope for future
research to get better amount of influence.
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