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Abstract

Besides energy harvesting based on renewables and energy nets
adapting to this decentralised energy production, energy consumers
have to adapt to the needs of the German Energiewende, which in
principle means a necessary increase of energy efficiency. Mathe-
matical Modeling, Simulation and Optimization (MSO) are right-
fully considered offering powerful tools for conserving energy in
industrial processes. Still, this automatically puts the focus on how
energy efficient the corresponding computations can be performed.

For energy-efficient simulation, both hardware and software issues
have to be addressed. Numerical simulation, for instance Compu-
tational Fluid Dynamics, has large computational needs: Technical
flows arising in industrial processes are characterised by complex
(multi-)physics, high accuracy requirements, large systems of lo-
cally and globally coupled equations as well as large amounts of
data. The computational hardware consists of massively parallel
distributed memory systems where the compute nodes are again
multi-level parallel and heterogeneous. They normally comprise a
high-end server CPU for instance based on the x86 architecture,
accelerated by GPUs or other floating point arithmetic hardware.
HPC sites of this type have huge energy requirements. Often a fi-
nancial strain of the same order of magnitude as the initial total
system cost is imposed over their lifetime. This makes them un-
affordable especially for small and medium enterprises. There is
a huge gap between pure performance and energy-efficiency: The
Top500 list’s best performing HPC system (dissipating power in
the mega-watts range) is only ranked 84th on the corresponding
Green500 list, whereas the most energy-efficient system in place
only performs 160th in the metric of pure floating point perfor-
mance [Meuer et al. 2015] [Feng et al. 2015]. This means, that
energy efficiency on the hardware side is not a matter of pure float-
ing point performance. Scientific software often fails to cover this
fact and does not internalise power dissipation, energy consumption
or energy efficiency and therefore often remains solely tuned for
high performance. Fortunately, performance engineering is starting
to cover the power and energy metrics [Hager et al. 2014] [Benner
et al. 2013] [Benner et al. 2014].

The most obvious feature all Green500 top ten systems share is, that
they rely on accelerators - mostly GPUs, but the top three even on
an unconventional ARM- and FPGA- based microarchitecture. We
have already shown, that the energy to solution in simulation can
be reduced by using ARM-based processors designed for mobile
computing exploiting the fact, that these originate from the domain
of embedded computing and that they are historically optimised for
energy efficiency as opposed to the compatibility-optimised com-
modity CPUs [Göddeke et al. 2013]. With the NVIDIA Tegra K1,
a programmable embedded low power GPU becomes accessible
alongside the ARM cores on one System-on-Chip (SoC), provid-
ing a jump in theoretical peak performance whilst preserving low
power requirements. In this talk, we demonstrate a prototype of a
future data center, combining high-end photovoltaic farming with
a supercomputer consisting of low-energy components. We utilise
NVIDIA Tegra K1 Processors in each compute node and add a spe-
cially designed low-energy data storage subsystem based on the
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Banana-Pi board. In addition, we discuss the performance engi-
neering issues for simulation software on mobile SoC-based super-
computers in order to validate our approach. We compare the per-
formance, energy-to-solution and energy efficiency of integral parts
of PDE-based simulation on our system to the corresponding val-
ues on x86 and desktop GPUs. These benchmarks include BLAS,
sparse matrix-vector multiply and direct as well as iterative solvers
up to geometric multigrid.

Our system comprises 60 NVIDIA Tegra K1 SoC, that is 240 ARM
CPU cores and 60 GPUs offering a theoretical peak performance
of more than 21 TFlop/s at a total power dissipation of 2kW with
no additional energy-cost due to an insular solar power supply and
battery system. The storage backend provides up to 10TBytes of
distributed filesystem space with a total energy consumption that is
lower than that of a single standard server processor. In addition,
the system is cheap: Including housing and power supply it only re-
quires less than 100k EUR. Our design is autonomous and scalable.
We show, that compared to commodity CPUs, -accelerators, and
storage solutions, energy-efficiency is enhanced to a great extend.

With our approach, we show that the power of the mass market-
driven mobile computing industry offers a way to change hosting
of simulations. This, on the one hand, lowers the energy require-
ments of future HPC centers, and on the other hand, makes MSO
accessible to more enterprises.
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A. 2013. On the impact of optimization on the time-power-
energy balance of dense linear algebra factorizations. In Al-
gorithms and Architectures for Parallel Processing, R. Aversa,
J. Kolodziej, J. Zhang, F. Amato, and G. Fortino, Eds., vol. 8286
of Lecture Notes in Computer Science. Springer International
Publishing, 3–10.

BENNER, P., EZZATI, P., QUINTANA-ORTÍ, E. S., AND REMÓN,
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