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ABSTRACT ENERGY RESILIENCY

FFT, FMM, and multigrid methods are widely used fast and highly scalable solvers for elliptic PDEs.
However, emerging systems are introducing challenges in comparison to current petascale computers.
The International Exascale Software Project Roadmap [1| identifies several constraints on the design
of exascale software. Challenges include massive concurrency, energy efficiency, resilience management,
exploiting the high performance of heterogeneous systems, and utilizing the deeper and more complex
memory hierarchy expected at exascale. In this study, we perform model-based comparison of the FF'T,
FMM, and multigrid methods in the context of these constrains and use the performance models to offer
predictions about the methods performance on possible exascale system configurations, based on current
technology trends.
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Assuming arithmetic and memory operations can
be overlapped, the total execution time is given by
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where T¢omp 1s the computation time and Them, 1s the
memory access cost.
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where o represents communication latency, B;inx 1s the

send time per element, m is the number of messages
sent, and n is the total message size.

For the data structure, we use the data vulnerabil-
ity factor (DV F) [3],

To compare power and energy efficiency, we use the
energy Roofline model [2| where energy cost (Joules)
is defined as

DV Fy=FIT X Tegze X Sq X Npa, (5)
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where F'I'T" is the failure in time, Sy is the size of the

data structure, and Nj, is the number of hardware
accesses.

where L, is the total energy ot computation, F, ., .
is the total energy of memory operations, and FEjg is
the total constant energy.
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For communication, we introduce the communication
vulnerability factor (C'V F),
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CVFk = m X Tnet X Rn, (6)
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where R,, 1s the network resilience.
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The above energy model can be used to estimate the
average power consumed by an algorithm as

E
P = . 4
ower T (4)
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On the application side:

e Reduce memory requirements.

e Improve arithmetic intensity.

MEMORY

e Enable energy-efficient software.

On the architectural side:

e Increase memory bandwidth.

e Enable energy-efficient computers.
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