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Probabilistic Analysis on Fault Tolerance of 3-Dimensional Mesh Networks
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(College of Information Science and Engineering, Central South University, Changsha 410083)

Abstract Mesh network is very popualr and important topological structure in parallel computing. In this paper,we
focus on the fault tolerance of 3-dimensional mesh. We use the probability model to analyze the fault tolerance of
mesh. To simplify our analysis, we assume the failure probability of each node is independent. We partition a 3-
dimensional mesh into smaller submeshes and compute the probability with which each submesh satisfies the condition
we define. If each submesh satisfies the condition, then the whole mesh is connected. We then compute the probability
that a 3-dimensional mesh is connected assuming each node has a failure probability p. We use mathematical methods
to derive a relationship between network node failure probability and network connectivity probability. Qur
simulations show that 3-dimensional mesh networks can remain connected with very high probability in practice. For
example, the paper formally proves that when the network node failure probability is bounded by 0.05%, 3-
dimensional mesh network of more than two hundred thousand nodes remain connected with probability larger than
99%. Theoretical and experimental results show that our method is powderful technique to calculate the lower bound
of the connectivity probability of mesh network.
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