Title: Improving decentralized search in complex networks

Abstract:

Most networks corresponding to complex distributed systems, whether technological, social or biological, have been found to display a large degree of heterogeneity. This talk will present three applications of this heterogeneity to improve search and detection processes on large-scale networks. A common feature of all three proposed algorithms is that they do not require global information about the network.

We studied trade-offs presented by local search algorithms in complex networks which are heterogeneous in edge weights and node degrees. We found that search based on local betweenness centrality utilizes the heterogeneity of both node degrees and edge weights to perform the best in scale-free weighted networks. We then extended the study to a family of spatial network models that are heterogeneous in node degree. We found several algorithms that exploit the heterogeneity in the network to find short paths by using only local information. In addition, we demonstrate that the spatial network model, as well as the US airline network, belongs to a class of searchable networks.

These results provide insights on designing the structure of distributed networks that need effective decentralized search algorithms.

We proposed a simple label propagation algorithm for community detection that requires neither optimization of a predefined objective function nor prior information about the communities. Through an iterative process in which each node adopts the label that most of its neighbors currently have, densely connected groups of nodes form a consensus on a unique label. We validated the algorithm by applying it to networks whose community structures are known. We also demonstrated that the algorithm takes an almost linear time and hence it is computationally less expensive than what was possible so far.

Due to the local nature of he search and community detection algorithms, they may be relevant in dynamic command and control situations.
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