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Fig. 2. (color online) Distribution of components pf of eigenvector p2.
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Fig. 3. (color online) The maintaining of A2 obtained by using ISCG and SCG algorithms in coarse graining
network: (a) NW network; (b) ER network; (c) BA network; (d) clustered network.
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Fig. 4. (color online) The maintaining of Ax /A2 obtained by using ISCG and SCG algorithms in coarse
graining network: (a) NW network; (b) ER network; (c) BA network; (d) clustered network.
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Abstract

Complex network as a key approach to understanding many complex systems, such as biological, chemical, physical,
technological and social systems, is ubiquitous in nature and society. Synchronization of large-scale complex networks
is one of the most important issues in network science. In the last two decades, much attention has been paid to the
synchronization of complex dynamic networks, especially the meso-scale networks. However, many real networks consist
of even hundreds of millions of nodes. Analyzing the synchronization of such large-scale coupled complex dynamic net-
works often generate a large number of coupled differential equations, which may make many synchronization algorithms
inapplicable for meso-scale networks due to the complexities of simulation experiments. Coarse graining method can map
the large-scale networks into meso-scale networks while preserving some of topological properties or dynamic charac-
teristics of the original network. Especially, the spectral coarse-graining scheme, as a typical coarse graining method, is
proposed to reduce the network size while preserving the synchronization capacity of the initial network. Nevertheless,
plenty of studies demonstrate that the components of eigenvectors for the eigenvalue of the coupling matrix, which can
depict the ability to synchronizing networks, distribute unevenly. Most of the components distribute concentrically and
the intervals are small, while some other components distribute dispersedly and the intervals are large, which renders the
applications of original spectral coarse graining method unsatisfactory. Inspired by the adaptive clustering, we propose
an improved spectral coarse graining algorithm, which clusters the same or the similar nodes in the network according
to the distance between the components of eigenvectors for the eigenvalue of network coupling matrices, so that the
nodes with the same or the similar dynamic properties can be effectively clustered together. Compared with the original
spectral coarse graining algorithm, this method can improve the accuracy of the result of clustering. Meanwhile, our
method can greatly reduce algorithm complexity, and obtain better spectral coarse graining result. Finally, numerical
simulation experiments are implemented in four typical complex networks: NW network, ER network, BA scale-free net-
work and clustering network. The comparison of results demonstrate that our method outperforms the original spectral
coarse graining approach under various criteria, and improves the effect of coarse graining and the ability to synchronize

networks.

Keywords: complex network, synchronization, spectral coarse graining, improved algorithm
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