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Analysis of Multi-Scale Stability in Community Structure
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Abstract  The analysis of stability of community structure is an important problem for scientists
from many fields. Differently from the previous studies, we established a new framework to study
the dynamics of Potts model for community structure detection by using the Markov process,
which has a clear mathematical explanation. Critical topological information regarding multivariate
spin configuration could also be inferred from the spectral significance of the Markov process. We
test our framework on some example networks and find that it does not have resolution limitation
problems at all. Finally a parameter-free algorithm is developed to determine fuzzy communities
based on the belonging vectors across multiple timescales. Results have shown the model we

proposed is able to uncover the hierarchical structure in different scales effectively and efficiently.
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from various scientific fields and formed an intermediate level

between the microscopic and macroscopic description of
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networks. Furthermore, it is able to provide the knowledge
about the relation between the function and structure of
complex networks. Thus, the study of community structure
plays a crucial role in the research of complex networks.
Recent researches on community detection devote most
efforts to reflecting the intrinsic properties of community
structure’s dynamics. In this paper, we show that the local
uniform behavior of Potts model across multiple timescales in
the representation of the Markov variables could naturally
reveal the network’s hierarchical community structure. Critical
topological information regarding multivariate spin configura-
tion could also be inferred from the spectral significance of
the Markov process. Furthermore, a novel algorithm is
developed to determine fuzzy communities based on the optimal
number of communities and the stability across multiple time-
The effectiveness and efficiency of the framework are

scales.

theoretically analyzed as well as experimentally validated.
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