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Design of robust network dynamics against noises and its thermodynamical
characterization
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There are many functional systems with robust against noises in nature, e.g.,
chemical reactions in cells and neural networks. We have designed network dynamics having given function
with robust against noises through the Markov chain Monte Carlo method. We have considered networks of
phase oscillators and designed its connection networks to show better synchronization performance against
noises. To do this, we have used the inverse of the sum of eigenvalues of the Laplacian matrix for
network as a "'synchronization performance" for the Markov chain method. Our designed networks showed a
structural transition from core-periphery to interlaced network with increasing number of nodes. The
method enabled us to characterize network thermodynamically. For smaller number of nodes, we found that
the heat capacity had a peak called the Shottky anomaly in statistical mechanics, which comes from energy
(corresponding to the synchronization performance) gap between highly optimization networks.
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