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Switch Fault Tolerance in a Mirrored K-Ary N-Tree

Fat-tree and Clos network are the commonly used
topologies of the interconnection networks in current
large-scale parallel computers. They provide high path
diversity but meanwhile require a higher number of switches
and have a greater packet latency than other low cost
multistage interconnection networks. A Mirrored K-Ary
N-Tree (MiKANT) network is a variant of fat-tree aimed
at reducing hardware cost and packet latency. MiKANT
doubles the number of compute nodes of the fat-tree by
adding a few switches and making all the switches have a
same radix. Fig. 1 shows a MiKANT(k,n) with k=3 and
n=3.

The purpose of fault tolerant routing is to find a routing
path from source node to destination node with high
probability in a system with switch or link faulty. We
proposed three fault tolerant routing algorithms: one-port
algorithm, all-port algorithm, and go-back algorithm.

We have evaluated the performance of these algorithms
through simulations. The network is a MiKANT(4,5) with
2,048 switches and 2,048 compute nodes. Some switches
are marked as faulty randomly. For each routing, we
randomly select two distinct compute nodes as the source

and destination, respectively.

Fig. 2 shows the successful routing ratios of the
algorithms with the switch faulty rate ranging from 0% to
100%. We can see that the go-back-three algorithm has
better performance than others. Obviously, if the switch
connected to the source node or destination node is faulty,
for any algorithm it is impossible to perform the routing
successfully. The curve labeled with "S/D switch faulty"
shows the ratio of such a case.

Fig. 3 shows the average path length when the routing is
successful. The reason why the average path length becomes
short when the switch faulty rate is high is that in such high
faulty rate, only the routing can be successful between two
nodes that have a short distance between each other.

Fat-tree is widely used in recent designs of supercomputers.
As a variant of fat-tree, the MiKANT network can achieve
high performance at low implementation cost. The proposed
three simple fault tolerant routing algorithms are deadlock-
free and can find a path between source and destination
nodes at high probability. The future research work may
include the link fault tolerant routing in MiKANT and
implementation of MiKANT on a chip.
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