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Fower and Energy — Wiy do MWe LCare’r

Hew:. mas=siwve., HFC machines use
impressive amounts of power

When gou hawe 188K+ cores, Eauing
a few Joules per core quickly adds up

To 1mprove pouer-<energd draw. Y4ou
nesd same wad of measuring 1t




Enerad-sFower Measurement 1= Hlreaady
Fos=ible

Three common wads of doing this:

*

Hand-instrumenting a s4stem H
tappinga all power inputs to CFL.,
memDrTJ disk, etc., and using 3
data logger

l=ing a pass—-througah power meter
that gou plug gyour server into.
Often these will log owver USE

Estimating power~<energay with a
softuware model based an
system behawviar







shortcamings of LCurrent Methods

¥ BEach measurement platform has a
different 1nterface

3 TEpicallg data can only be recorded
otff-line, to a separate logging
machine, and analusis 1= done after
the fact

¥ Correlating energg<spower wWilth other
performance metrics can be difficult




Can we make this easier’y
== PAFI!

¥ FAFI CFerformance AFI» 1= =3
platform—independent libraryg for
gathering performance-related data

¥ FAFI-C i1nterface makes addinga new
POWE meazurlng components
stralghtforwar

¥ FAFI can provide power<enaray
Fesults in—-limne to running programs




Mare FARAFLI benetits

Une 1nterface for all pouwer
measurement devices

Exi=ting FAFI code and
instrumentation can =asily be
extended to measure pawer

Exi=ting high-lewel tools CTauw.
LIAMP IR, etc. > can be used with
no changes

Ea=sgy to measure other performance
metrics at same time




Current FAFI Components

¥ Larious components are nearing
completion

¥ Code for mang of them already
avallable 1n papl.alt
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Watt ' = Up Fro Features
¥ Can measure 128 different wvalues
wmith 1 =s=econd resoclution
Cbhatts, Uaolts, Amp=s. etc. )
¥ Ualues read owver LUSE

¥ Joules can be deriwved from power
and time

¥ Can only measure system-—wide




Average Fower LW Yersus lime L= )
"ELHSHH EthEin

an Intel Core?
I =K I 7




FAFL
Funning Awerage Fower Limit
FPart of an i1nfrastructure to allow

setting custom per—-package hardware
enforced power limits

U=zer Accessible EnergEfPamer
Freadings are a bonus
af the 1ntertface

e3tUrea




How EAFL Horks
EFAFL 1= not an analog power meter

FAFL u=ze=s a =software power model,
running on a helper contraller
an the main chip package

Energy 1= estimated using wvarilious
hardware performance counters,
temperature, leakage models and I-0

The model 1= wused for CFU throttling
and turbo-boost., but the walues are
also exposed to users wia 3
model-specific reglister (MSE 2




Awvallable EAFL Eeadings=s

FACKAGE_EHMHEEGY: total energy used
by entire package

FFE_EHERGY : energﬁ_uzeq bT
'"Power Plan=e A' 1ch 1ncludes
all cores and caches

FF1_EHMEEGY: an Driginal_SandgbridEe
this i1ncludes the on-chip Intel GFLU

ORAM_EHERGY : on Sandabridge EP this
measUur-es ORAM enerﬁg Lu=sage.
It 1= unclear whether thls 1= Just

the i1interface or 1f 1t includes all
power wsed by all the DIMM=E too




. CIEEE Micro Mar-<Apr 28122
alnst Actuwal Power REeadings




EFAFL Measurement ACCUracy

¥ Intel Documentation i1ndicates Energy
readings are updated roughly euery
millisecond ¢1kH=z2

¥ The hardware also reports measurement
quanta. This can uarg AMong Processar
releases. On ouwr Sandubridgoe EFP all
Energg measurements are in multiples
af 13.2nd

¥ Fower and Energy can warg between
1dentical packages on a system.
even when running 1dentical workloads.

It 1= unclear whether this 1= due to
process varlation aor else calibration




FAFL FARAFI Intertace

Access to REAPL data requires reading
a CFU MSE register.
This reguires 05 =support

Linuwx currently has no driver and
likely won't for the near future

Linux does support an 'MERE' driver.
Given proper read permissions. MsSEs
can be accessed wia Adevscpusismsr

FAPI u=se=s the 'MSE' driwer to gather
EAFL walues










HLIFIL

Recent HUIDIA GPU= suEpart Feading
ower wia the HUIDIA Management
1brarg CHUML 2

On Fermi C2875 GPU=s 1t haz milliwatt
Fresolution within +-- 3 and 1=
Updated at roughly sHH=z

The power reported 1= that for the
entire board, GFU and memoryg
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Mear—tuture FAFI Components

These components do not exist yet,
but =support for them =s=hould be
stralghtforward.




Application Fower Management

¥ Fecent AMO FamilE 15h FOCESS0rS
report 'Current Fower In Matts'
w1ia Processor Power 1 the TOP MSE

Support for this can be provided
=similar to EAFPL

Me jJjust need an Interlagos system
where someone gluves uys read
permlissions Lo Adevscpusismsr




FowerMon 2
FowerMon 2: a custom board from EEMHCI
Flug=s 1n-line with ATA power supplyg
Reports results owver USE

3 channel=s., 1kHz =ample rate

HOH W W W

We hawe hardware; =ti11]1 debugaing




FAFl-bazed Fower Models

¥ There'=s a lot of related work on
estimating energd<power using
performance counters

¥ FAFI u=zer-defined events can be
used to create power models using
exlsting events

¥ Freuvious work (McKee et al.» zhows
accuracy to within 185




Measuring using FARAFL

¥ Measuringa Energy-Fower with FAFI 1=
done the same as measuring and other
avent




Li=ting EBEwvents

#  papl_native_awaill

FaACkAGE_EHMERGY : PACKAGEA
Eneray used ba chip package @A

FRCEAGE _EMERGY : PACKAGE1L
Eneray used bgy chip package 1

ORAM_EHERGY : PACKAGERA
Energy u=sed by ORAM on package @A
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Buestions before OigressingT




HOH W W

¥

Apple lle
Apple Il released 1in 1377
Apple Ile Flatinum released 1n 1387
1MHz &2CBZ Proces=zor. 1Z28kKE EAHM

28H=x132, 6-color graphics
LIIe can do DoubleHiEes)

Fowear: 13 — 28l



M= = 00—
nem WO
act i WEOTE

A
M =S G

I

Linpack Hesult=s

Matrix-—-matrixz multiply

N (.

ing BASIC 1= unfair
oo lazy to code up a
plementation 1n assembler
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