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The consequence is that for an application running on
a single compute node, the inverse of the application
MTTFE is the sum of the inverses of the failure
modes scaled by the fraction of compute nodes
impacted by each mode
N
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In the case of an application running across the entire
system (! =" ), we recover the corresponding result
from Equation 1 for the randomly distributed case

n=#

Equation 2 for the contiguously distributed case
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and Equation 3 for the minimally distributed case
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The consequence is that for an application running
across all compute nodes, the inverse of the
application MTTFE is the sum of the inverses of the
failure modes
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We demonstrated in the preceding section that the
random, contiguous, and minimal distributions are
the same for single node and full system jobs. Now
consider intermediate application sizes (2! I I "-1)
where we will demonstrate that in general

M,, %M %% M %% BH% (0 +<k<N .(9)

These relationships are illustrated in Figure 4 using
simulated failure mode data. Notice that there can be
a substantial divergence between the reliability for
contiguously and randomly distributed applications.
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scheduling consideration for computations at scale.
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To prove Equation 9, we will use bounds on the ratio
of the binomial terms in Equation 1

e B8
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and the sum of the differences of the floor and ceiling
functions in Equation 2
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Applying the binomial inequality to
o
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the second sum in Equation 3 can be bounded by

S = Sli-L =Sl

Equation 10 gives us a lower bound for the second
summation in Equation 1. Since the number of terms
in the sum is at least |N/k|, we have that
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Inverting both sides gives the desired result
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Since each term in the following summations is
bounded for 2 ! ! I " -1, and there are at least as
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