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1 Intr oduction

Paver and enegy have cometo the forefrontin pro-

cessordesign. The increasingdemandfor portable
electronicdn new areashastightenedconstrainton

power andenegy consumptionfor embeddedsys-

tems. Pawer densitiesare creepingup ower 100

watts/em3 [2]. High enegy consumptiorpresents
significantdesignchallenges.

InstructionLevel Enegy Estimation(ILEE) is in-
tendedfor use duringhe softwaredesignphase:af-
ter the chip hasbeenproducedwhenthe transistor
level descriptionis not publicly available, and the
accurag requirementarenot asstrict asin transis-
tor simulaton. A fast,accuratesstimaton is prefer
able. Accuratehigh-level estimationscan be gen-
eratedup to 1000 times fasterthan transistotlevel
estimations]].

In this abstracive describeour work on ILEE and
how we have movedthis framework into the Analog
Devices Blackfin VisualDSP++oolchain. We pro-
vide exampleson hav the frameawvork usedinstruc-
tion level enegy analysisto producecompletepro-
gram paver budgets.

2 Instruction Level Energy Estima-

tion (ILEE)

ILEE is foundedon the asseiibn that: An accurate
estimationof enegy consumptioncan be obtained
by consideringthe enegy effectswhena singlein-

structionis executed,aswell asthe enepgy effects
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whentwo different instructionsare executedin se-
guence.Theinformationacquiredwhenconsidering
only thesawo factorss sufficientto provide anover-
all estimation[3]. We have supplementedhis base
estimationtheory with studiesspecificto the Ana-
log Device Blackfin DSPin orderto understandhow
to tailor the framework to take advantageof unique
characteristicsf this processar

Therearetwo setsof data requiredor ILEE, the
Base Cost dataset,andthe Overhead Cost dataset.
The Base Cost datasetrepresentshe amountof en-
ergy requiredto executea single instruction. The
Overhead Cost datasetrepresentsan additional, or
reducedamountof enepgy incurredby different in-
structionsexecutingin sequence.The two setsof
dataare obtainedin part by running test programs
on the processorand acquiringthe average current
drawvn duringtheirexecution.TheBase Cost is based
on acquiredcurrentmeasurementiaken while exe-
cuting aninfinite loop containingmultiple instances
of a single instructiontype. The Overhead Cost
datasetis basedon the mentionedBase Cost mea-
surementsswell asasecondsetof currentmeasure-
mentstakenwhile executinganinfinite loop contain-
ing two instructions(with multiple instancesn the
loop body).

In orderto calculatethe two datasetsthe follow-
ing equationsareused:
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Thefirst two equationsdescribethe derivation of
the Base Cost dataset. The power is proportional
to the measurecturrentand the supply voltage(),
while the enegy is calculatedoy accountingfor the
numberof cyclesconsumedas well as the power
andfrequeng(2). Thelastthreeequationdescribe
the derivation of the Overhead Cost dataset.Equa-
tion 3 calculatesthe expectedcurrentbasedon the
Base Cost measurements=quation4 calculateghe
overheadcurrentbasedon the dualinstructionmea-
surementsandthe expectedcurrentcalculatedin 4.
The final equationcalculatesthe enegy muchlike
Equationl, however usingthe currentcalculatedn
4.

Our currentmodelfor estimatingthe enegy con-
sumptionor a sequenceof instructions, or a ba-
sic block, is quite simple. Following our asser
tions,givena sequencef n instructions,L, thetotal
estimationF'g, canbe found by summingthe mea-
suredsingle instructions’base costs, E",VI € L,
andall estimatecbverheaobosts,El‘jl Vle Ll #
ly:

n n—1
Es=Y E"+ Y Ef;, (6)
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We have alsoconstlerprocessostalls,parallelin-
structions processotemperatureanddatavalues in
our modelingwork. Theseadditionalfactorseach
have aconsiderablémpacton the enegy consump-
tion of the processomandmustbetakeninto account
in our estimationframework.

3 Energy Acquisition and Profiling
(EAP) Application

We have developeda framevork using Analog De-
vices Inc’s Blackfin 537 processorto demonstrate
the effectivenessof ILEE. EAP hasbeendesigned
to provide anarchitecturallyindependentramework
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for ILEE. Theapplicationprovidesnotonly aframe-
work for acquiring the requireddata, but dso the
functionality to utilize the datato provide estima-
tions. UsingEAP, we areableto estimatgpower bud-
getsfor shortsequencesf instructionswith lessthan
5% error.

EAP is comprisedof threemodules.The Instruc-
tion ProgrammingModule(IPM), the Measurement
Acquisition Module(MAM), and the Paver Simu-
lation Module(PSM).The IPM is the basemodule
containing instruction characteristicghat facilitate
power simulationandmeasuremeracquisition.This
is themostcritical module asit is abaseor theother
two modules.The MAM is amodulethatinterfaces
to aprocessoanda measuremerdevice to acquire
datausedfor power profiling. The PSMis responsi-
ble for utilizing the given data. Interfacingwith the
IPM, thismoduleloadscharacteristidataspecificto
a given processqrand calculateghe results,an en-
ergy calculator

4 Conclusionand Futur e Work

Usingthisautomatedystemacompletesnegy pro-
file of the Blackfin processorcanbeenacquiredfor

differentmodelsof the Blackfin processorWe have
producedestimationsat the basicblock level with

less than 5% error. A version of this methodol-
ogy hasbeenintegratedinto Analog Device’s Visu-
alDSP++developmentsoftware.

We intendto continuedevelopmentof the frame-
work to provide for completeprogramestimation.
We arealsoworking to produceestimationgon large
programs.
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