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Motivation

Energy Measurement
Necessary for energy modeling and optimization.
Difficult, especially for GPUs

Power visualization (Li et al., 2015 [4]) for a CUDA program.
Illustrating "capacitor effect". Data obtained by Nvidia NVML.
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Requires numerical postprocessing
(Burtscher et al., 2014 [1]) to calculate real energy cost

Goal: as simple as measuring time in good old days.
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MeterPU

A software multimeter
A generic measurement abstraction,
hiding platform-specific measurement details.
Four simple functions to unify measurement interface for
various metrics on different hardware components.

Time, Energy on CPU, GPU
Easy to extend: FLOPS, cache misses etc.

On top of native measurement libraries (plug-ins).
CPU time: clock_gettime()
GPU time: cudaEventRecord();
CPU and DRAM energy: Intel PCM library.
GPU energy: Nvidia NVML library.
...
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MeterPU API

template<cl ass T ype> / / analogous to swi tch
/ / on a r eal mul t imeter

cl ass Meter
{

publ i c :
void st ar t ( ) ; / / st ar t a measurement
void stop ( ) ; / / stop a measurement
void cal c ( ) ; / / cal cul at e a met r i c value

/ / of a code regi on
typename Meter_ T raits<Type>:: R esultT ype const &

get_ value( ) const ;
/ / get the cal cul at ed met r i c value

pr i vat e :
/ / P lat form speci f i c measurement det ai l s hidden . . .

}
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An MeterPU Application: Measure CPU Time

#incl ude <MeterPU .h>

i nt main ( )
{

cpu_ func ( ) ; / / Do sth here

}

#incl ude <MeterPU .h>

i nt main ( )
{

using namespace MeterPU ;
Meter<CPU_ Time> meter ;

cpu_ func ( ) ; / / Do sth here

}

#incl ude <MeterPU .h>

i nt main ( )
{

using namespace MeterPU ;
Meter<CPU_ Time> meter ;

meter . st ar t ( ) ; / / Measurement Star t !

cpu_ func ( ) ; / / Do sth here

meter . stop ( ) ; / / Measurement Stop !

}

#incl ude <MeterPU .h>

i nt main ( )
{

using namespace MeterPU ;
Meter<CPU_ Time> meter ;

meter . st ar t ( ) ; / / Measurement Star t !

cpu_ func ( ) ; / / Do sth here

meter . stop ( ) ; / / Measurement Stop !

meter . cal c ( ) ;

}

#incl ude <MeterPU .h>

i nt main ( )
{

using namespace MeterPU ;
Meter<CPU_ Time> meter ;

meter . st ar t ( ) ; / / Measurement Star t !

cpu_ func ( ) ; / / Do sth here

meter . stop ( ) ; / / Measurement Stop !

meter . cal c ( ) ;
BUILD_ CPU_ TIME_ MODEL( meter . get_ value( ) ) ;

}
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An MeterPU Application: Measure GPU Energy

#incl ude <MeterPU .h>

i nt main ( )
{

using namespace MeterPU ;
/ / Only one l i ne d i f f er s ! ! ! !
Meter<NVML_ Energy<> > meter ;

meter . st ar t ( ) ; / / Measurement Star t !

cuda_ func<<< . . . , . . . >>>(...) ;
cudaDeviceSynchronize( ) ;

meter . stop ( ) ; / / Measurement Stop !

meter . cal c ( ) ;
BUILD_GPU_ ENERGY_MODEL( meter . get_ value( ) ) ;

}
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Measure Combinations of CPUs and GPUs

#incl ude <MeterPU .h>

i nt main ( )
{

using namespace MeterPU ;
/ / Only one l i ne d i f f er s ! ! ! !
Meter< System_ Energy<0> > meter ;

meter . st ar t ( ) ; / / Measurement Star t !

async_ cpu_ func ( ) ;
cuda_ func<<< . . . , . . . >>>(...) ;
wait_ for_ cpu_ func_ to_ finish ( ) ;
cudaDeviceSynchronize( ) ;

meter . stop ( ) ; / / Measurement Stop !

meter . cal c ( ) ;
BUILD_ SYSTEM_ ENERGY_MODEL( meter . get_ value( ) ) ;

}
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Unification → Reuse Legacy Autotuning Framework

Figure 1 : Unification allows empirical autotuning framework to switch to
multiple meter types on different hardware components.
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SkePU Reduce Skeleton (A Single Skeleton Call)
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(a) Time tuning for
Reduce.
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(b) Energy tuning for
Reduce.

Further results see paper
Empirical autotuning framework for time optimization
reused for energy optimization.

9 / 13



LU decomposition (Multiple Skeleton Calls)
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(a) Time tuning for LU
decomposition
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(b) Energy tuning for LU
decomposition

Easy switching for optimization goals.
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Related Work

Other measurement abstraction software:
EML (Cabrera et al., 2015 [2])
REPARA (Akos et al., 2015 [3])

MeterPU:
Requires much fewer lines of code (LOC) to use.
Very low overhead, negligible.

Only one function call
Can even be inlined for some meter types.
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Pluggable to Other Work

Some MeterPU Use Cases
Energy-tuned SkePU
Energy comparison between SkePU’s Myriad Backend and
Nvidia GPU
Global Composition Framework
TunePU
...
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Summary of Contributions

Hide complexity of platform-specific energy measurement,
especially for GPUs.
MeterPU enables to reuse legacy empirical autotuning
frameworks, such as the one in SkePU.
With MeterPU, SkePU offers the first energy-tuned
skeletons, as far as we know.
Switching optimization goal can be easy,
facilitates building time and energy models for
multi-objective optimization.

, Open source, download at:
http://www.ida.liu.se/labs/pelab/meterpu
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