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Abstract: 
Community detection is a fundamental task in network analysis. Approaches for detecting communities 
have largely focused on identifying communities in static networks. However, most real-world social 
networks are usually dynamic (evolve over time), thus communities are constantly changing in 
memberships and topology structures. Applications on massive dynamic networks require more efficient 
solutions and lead to incremental community detection, which revises the community assignments of 
new or changed nodes during network updates. In this paper, we propose an incremental approach 
based on the coalition formation game theory to identify communities in dynamic social networks. We 
represent a dynamic network as a sequence of network snapshots evolving over time, and model the 
community evolution as the problem of transformations of stable coalition structures. We propose and 
prove the conditions needed for the existence of an approximate Dc-stable coalition structure, analyze 
how a community structure is affected by changes of a network, and introduce algorithms for updating 
coalitions. The proposed algorithms adaptively update network communities from the previous known 
structures and the change of topological structures of networks, rather than re-computing in the 
snapshots network at different time steps, such that the computational cost and processing time can be 
significantly reduced. Furthermore, this incremental manner naturally traces the evolution of community 
structure over time. Extensive experiments have been conducted to evaluate the effectiveness and 
efficiency of the proposed approach. 
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