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Abstract  The complex network has attracted broad attention in recent researches. This filed
maintains a series of challenging problems, including the community detection, the robustness
optimization, the social network analysis, and the information diffusion process. Much progress
has been made in previous studies in summarizing the dynamics of different networked systems
and enhancing the performance of networks. Meanwhile, the rapid development of social network
services attracts millions of users to attend the network-based information spreading process.
Consequently, a growing interest can be found on the influence maximization problem, which is
generally defined as selecting system members with considerable ability to spread influence.
Existing studies mainly concentrated on how to model the information spreading process on
networked systems, and corresponding seed selection strategies to reach a better influence level.
In these studies, the structure of network keeps almost unchanged, and the constructed model and
obtained seeds may be only effective on current status. However, little attention has been paid to
the complicated application environment of networks. Potential failures tend to cause damages on

network structures. Such failures always hinder the related influence spreading process, and the
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structure of networks tend to be disturbed as well. The existence of uncertainty and failures
prevents a robust utilization of current solutions on realistic scenarios, and a thorough study is still
required. Considering such deficiency, we intend to define the robust influence maximization
problem (RIM), and a rational performance metric has been designed based on existing studies. In
terms of the information diffusion process, the designed metric employs a numerical evaluation
strategy to estimate the performance of seeds in a specific state of the inputted network. The
reliability of such strategy was verified in several pilot studies. Then, in terms of the network
destruction process, we focus on link-based attacks and the whole process of losing the connectivity is
considered. A summationand a normalization operation are adopted to get the output of this metric,
which guarantee the comparability of networks with different scales and seed sizes. Further, a changeable
parameter is included in the metric, and a suggested configuration is presented via experimental
validations. This configuration can ensure the generality of this metric towards different damage
scenarios. Guided by the numerical evaluation result provided by this metric, a memetic algorithm,
termed MA-RIM, has been devised to search for seeds that maintain the robust information
spreading ability against structural failures. Considering the RIM is a discrete optimization
problem, corresponding genetic operators and search mechanisms are elaborated to cater to the
data feature. In MA-RIM, the population initialization operator is first conducted to get candidates
that are with diverse gene information. The crossover operator is aimed at generating more potential
candidates. The mutation operator manages to make minor changes on candidates to overcome the
interference of local optima. And the local search operator intends to improve the performance of
the whole population. With the help of the selection operator, those candidates with better
performance are prone to be selected into the next generation. The experimental results on
several network data validate the effectiveness and efficiency of the proposed method together
with aforementioned operators. A possible method to select seeds with robust performance is
given in this work.

Keywords complex network; influence maximization problem; robustness; optimization; memetic
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theory propagation.

Existing studies successfully simplify the information
spreading processes in networks with the help of several
propagation models. Further, the influence ability of seeds
has also been defined in a numerical form. Based on these
studies, the influence maximization on social networks can be
tackled as an optimization problem, and a series of algorithms

have been devised to select influential seeds from networks.



6 WA — Bl 2% A R T 5 R A ) B R AR T G Memetic B35 1167

However, all of these existing algorithms only consider that
the network system keep steady in the seed selection process,
and the stability or robustness of selected seeds against
structural perturbances is not touched.

For networked systems, attacks and errors may happen
from time to time, and a robust network is expected to still
perform well under structural failures. For the influence
spreading process, some point studies have investigated the
robustness of seeds towards the uncertainty of system parameters
such as different spreading models or activation probability.
In terms of the robustness, structural perturbances cannot be
omitted for its high threats. But the method that evaluates
the robustness of seeds under structural perturbances and
how to solve this robust influence maximization problem

remain to be addressed.

For tackling these problems, in this paper, a measure
which evaluates the robustness of seeds in an information
propagation process (the independent cascading model) is
defined. Then, guided by this measure, the robust seed
selection task is taken as an optimization problem, and a
problem-directed memetic algorithm has been designed to find
possible solutions to the problem. The experimental validations
on several synthetic and real-world networks demonstrate
the effectiveness of the proposed algorithm, and show that
robust seeds can be found at the cost of a certain of the
influence ability.

This paper concentrates an important performance of
solutions in the influence maximization problem, which may
provide better solutions for decision makers to deal with

realistic dilemmas with complicated scenarios.





