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Introduction

Recent high-end processar architectures offer advanced power-monitoring and power-saving
features, previously available only an lovwe-power devices 1] In this work we exploit thess
features in order to tune energy consumption an a per function/application basis

We present simple technigues to tune processors clock frequencies (fer both CPUs and
GPUs) and to measure the effects of these optimizations in terms of the consumed energy
and execution time for a given application.

Lattice Boltzmann Simulations

As a typical HPC workload we adopt a Lattice Baltzmann simulation implemented in
different languages, optimized for different architectures, such as Intel Haswedl CPUs [] and
NVIDIA kepler GPUs [3]

Lattice Boltzmann methads (LB) ame widely used in computational flusd dynamics, to describe
flowes in two and three dimenssons. LB methods — discrete in position and momentum spaces
= are based on the synthetic dynamics of populations sitting at the sites of a discrete lattice.
LE models m n dimensions with p popilations are labefed as DnQp; we consider a 02037
miodel describing the thesmo-hydnsdynamecal evolution of a flukd in veo dimensions; this
model has been used for large scale simulations of convective turbulence [3, 4. 5]

Figute: Four dilferent stegm, of a typecal mmulation, computed |y oot code

At each iteration two critical kernel functions are executed:
+ propagate moves populations across lattice sites invalving a large number of sparse
memary accesses; it is therefore strengly memeory-bound;
« collide performs all mathematical steps in order to compute the population valuss at each
lattice sate for the next time step; collide & the flcating point intensive step of the code

Changing the CPU clock

Running on an Intel Xeon E5-2630 CPU, we set a specific clock frequency before executing
each function of the Lattice Boltzmann ssmulation, paying a cost of == 10jes for each
frequency change. We concurrently measured energy consumption from Intel RAPL hardware
energy counters [6]
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Figuan: Average emergy coniumgtion for o imslition teration; ose peint for ssth couple of frequescy (feported in
MHi on 1 lsbels, for some points. On the left the ose used for propagate, while on the right for collide)

Changing the GPU clock

Wi did the same on an NVIDIA GPU hosted in a K80 board, but in this case the cost of a
frequency change is = 10ms, thus identifying a single GPU frequency for the whole
simulation seems a better chaice
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Figure: Average energy consumption for 3 smulation iteration The point ciowd on the left-bottom represent nam
at a fiwed single frequency.

Results for single processors

Taking inte account, for both CPU and GPU processors, the frequencies that led the best
energy efficiency, we estimated the energy saving wrt the performance penalty:
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Results for a GPU cluster

We applied the proposed methad also on a full production code [3] running on 16 GPUs (B x
NVIDIA K30 Dual GPL boards) hasted on a single node. Power drain of the whole node was
measured during code execution, for different GPUs clock freguencies, fram the node’s power
supplies, through IPMI:
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Then we computed the average energy in Joule, needed by each iteration, for the different
clock frequencies
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At a specific frequency (i.e. T33MHz) = 7% of the total consumed energy of the computing
nade can be saved without impacting performances. Taking into account the ltalian average
energy cost of 0.1T€ /kKWh, the savings amount to = J00€ ‘year for each computing node
Node No. 32 128 1024
k€ /year 05 3|1 M5

Table Potentlal wndsg in k€ 'year of electrcity bill o chasters of differens sizes, net taking inte sccount the
savings related to ke energy dissipated by the cooling wstem

Conclusions

default frequency governors do not seems to be energy awane;

per function frequency optimization i not viable yet on GPLUs, but it s on CPUs;

per application frequency optimization can give intevesting energy savings with minimal or
no impact on performances on both CPU and GPUSs;

in general, for compute bound functions higher clock frequencies are desiderable for both
energy efficiency and performances, while for memory bound functions clock frequency can
often be reduced to minimize energy consumption minimally impacting on perfermances,
the presented method s directly applicable on any other apgplication and interestingly most
applicatians are memory-bownd
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