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DSSWattchis a powerful tool that allows usersof the DynamicSimpleScalar(DSS)toolsetto obtain
cycle-accuratepower estimatesin a detailedout-of-ordersimulationenvironment. DSSWattchis anadap-
tationof Wattch,originaly for SimpleScalaron theAlpha andPISA architectures,to DSSfor thePowerPC
architecture.

1 Intr oduction

Power andheatdissipationarerapidly becomingsigni�cant constraintsin microarchitecturedesignandit
hasbecomenecessaryfor architectsto explore the power implicationsof microarchitecturaldesigndeci-
sions.Many alreadyexisting toolscanprovide power estimatesonly afterlayoutor �oorplanning arecom-
plete. In additionto providing informationlate in thedesignprocess,thesetoolsareoftenquiteslow [1].
Thegoalsof DSSWattchandits predecessor, Wattch,areto provide a freely available,fast,andreasonably
accuratetool thatcanbeusedto explorepower consumptionearlyin thedesignprocess.

DSSWattchis anadaptationof Wattchto DynamicSimpleScalar(DSS),anew versionof SimpleScalar.
DSSaddsdynamicfeatures,allowing it to simulateprogramssuchastheJikesRVM Java virtual machine,
thatperformsuchactionsasdynamiccompilationandmemorymappingor thatrequiredynamiclinking [3].
In addition,DSSWattchextendsthefunctionalityof Wattchwith betterregister�le modeling,�oating point
capabilities,andsupportfor the32-bitmixeddata-widthPowerPCarchitecture.

This documentoutlinesmajor differencesbetweenWattchandDSSWattch,givesinstructionson how
to make useof DSSWattch,providesinformationaboutDSSWattch's power modelandhow it canbecus-
tomized,anddiscussessomeof DSSWattch's presentlimitations. This documentassumesthereaderhasa
basicunderstandingof theSimpleScalarsimulationenvironment. For moreinformationon SimpleScalar,
SimpleScalarfor thePPC,andDynamicSimpleScalar, pleasereferto [2], [5], and[3] respectively.

2 Differ encesBetweenDSSWattch and Wattch

ThemajorchangesbetweenWattchandDSSWattchfall into � ve categories:operandharvesting,handling
of �oating point operands,populationcountenhancements,register �le modeling,anddifferentiationof
integer, �oating-point, andaddressdata-widths.



2.1 Operand Harvesting

Wattchassumedthatall instructionswould take exactly two argumentsandproducea singleresult. Addi-
tionally, memoryinstructionsalsohadtheoption to updatetheir baseaddressregister. Unfortunately, this
simpli�cation is notwell suitedfor thePowerPCInstructionSetArchitecture(ISA) wheresomeinstructions
requiremorethantwo operandsandmany alsoreadspecialpurposeregistersfor input andupdatespecial
purposeregistersasaside-effect. To offer bettersupportfor this ISA, weintroducedamore�e xible operand
harvestingmethodthatstoresall inputsandoutputsaswell astheir registeridenti�ers in theRUU station
associatedwith eachin-�ight instruction. The arraysthat storethe identi�ers for the inputsandoutputs
are namedwattch ideps and wattch odeps respectively. The actualregister valuesare storedin
the wattch inputs andwattch outputs arrays.We �ll in thesearraysin thedispatchstagewhen
functionalsimulationof theinstructionis performedandits reservationstationis enteredin theRUU.

2.2 RegisterFile Modeling

Wattchwasoriginally designedto modela singleinteger register�le of uniform word-length.This model
wasnot compatiblewith the 32-bit PPC's ISA which calls for a 32-bit integer anda 64-bit �oating-point
register�le. In ordertoaccommodatethisnew register�le layout,wehaveextendedDSSWattchtoallow any
numberof register�les, whicharedescribedin the�les wattch regfile.c andwattch regfile.h .
We storeregister �les in the wattch regfiles array. During power calculations,we examineeach
register�le andcalculateindependentpowerestimatesbeforeaddingthemtogetherto �nd thetotal register
�le power usage.

2.3 Handling of Floating-Point Operandsand Population Counting

Wattchis ableto estimatedynamicbus power usageby performingpopulationcountson datathat is sent
over thebussesin its thepower model,generatinga dynamicActivity Factor(AF). Populationcountingis
theprocessof countingthenumberof one-bitsin a variable.Wattchwasoriginally designedto work only
with integer operandsandits dynamicAF wasnot ableto distinguishbetweeninteger and�oating-point
registers.Weaddedthis functionalityto DSSWattchusingthenew operandharvestingdata.

2.4 Differentiation of Data-Widths

The32-bitPowerPCuses32-bitaddressingandperforms32-bit integerand64-bit �oating-point operations.
Wattch, however, was designedto work with a uniform 64-bit architecture.Thus, Wattch's notion of a
uniformdata width wasdividedinto anaddress width , int data width , fp data width , and
avestigialdata width , which re�ects thedefault datawidth of combinedunitssuchastheRUU.

3 DSSWattch Power Model

Figure 1 shows an overview of DSSWattch's microarchitecturalpower model. For simplicity, we don't
show edgesbetweentheLoadStoreQueue(LSQ)andthedatacacheanddataTLB (TranslationLookaside
Buffer). We alsoomit edgesbetweenthe instructionfetch unit and the instructioncacheandinstruction
TLB. Theinstructionfetchunit is notapartof thepower model;weshow it only for clarity.
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Figure1: DSSWattch Power Model: This�gure showsall of themajorpartsof DSSWattch'spowermodel,
how they interactwith oneanother, andtheir respective bit-widths. InstructionFetch is not a part of this
power model,we show it only for clarity.
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DSSWattch'spowermodelis, in largepart,aconsequenceof thedesignof DSS'sout-of-ordersimulator.
In particulartherenamelogic, instructionwindow, anduni�ed RUU, which holdsall in-�ight instructions,
re�ect themicroarchitecturesimulatedby theout-of-ordersimulator.

4 Using DSSWattch

4.1 Compiling DSSWattch

DSSWattchcanbebuilt independentlyof othersimulatorsin theDSSsuiteby building thesim-wattch
targetor byde�ning BUILD WATTCHatcompiletime. Thisproducesabinarynamedsim-wattch ,which
is effectively a copy of sim-outorder , the out-of-ordersimulator, with DSSWattchpower modelling
enabled.

Becausetheextremelylargeswitch statementin sim-outorder.c's ruu dispatch functionis made
evenlargerby DSSWattch,compilationhasbeenknown to fail onolderversionsof GCCwith optimizations
enabled.Thisproblemcanbeavoidedeitherby disablingoptimizationsor by usinganewerversionof GCC.

Additionally, generationof dynamicactivity factorscanbedisabledatcompiletimebyde�ning STATIC AF
insteadof DYNAMICAF in the power.h �le. Using a staticactivity factorgreatlydecreasessimulation
timebut alsoreducestheaccuracy of powerstatisticsthatdependonactivity factors.

4.2 Running DSSWattch

Onerunssim-wattch in thesameway assim-outorder . Beforesimulationbegins,sim-wattch
outputsinformationaboutits power modelandafter simulationhas�nished it displaysthe resultsof the
power simulationfollowing DSS'ssimulationstatistics.

5 Making Changesto DSSWattch

DSSWattch is easyto extendedand customizefor specialsimulationsituations. In addition to the �les
requiredby sim-outorder, DSSWattchis madeup of thefollowing �les:

sim-outorder.c DSS'sout-of-ordersimulator. Modi�cations weremadeto thissimulatorto generateaccess
countsandpopulationcountsfor all of theelementsin DSSWattch'spower model.

dsswattch.h This �le containscodeusedto interfacewith sim-outorder.

dsswattch reg�le.f hcg These�les arepartof DSSWattch'snew register�le abstraction.

power.f hcg These�les containDSSWattch's power modelandcontainall of the codeusedto calculate
power estimatesfrom theinformationgatheredin sim-outorder.

cacti/ The�les in thecactidirectoryareusedfor power modelingof arraystructures.Cacti is anindepen-
dentprojectwhich wasstartedby DECandis presentlyunderthedirectionof Hewlett-Packard.This
copy of cactihasbeenadaptedfor usein DSSWattch.
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5.1 Adding RegisterFiles

Oneaddsregister�les toDSSWattchbychangingtheconstantNUMREGFILESin dsswattch regfiles.h
andby updatingthe wattch init regfiles() function in dsswattch regfiles.c to initialize
theregister�le' s con�gurableparameters.Additionally, onemustmodify sim-outorder.c to maintain
per-cycleaccessandpopulationcountsfor thenew register�le. Oncethesechangesarein place,DSSWattch
will automaticallyincludethenew register�le in its power modelandcalculateits per-cycle statistics.

5.2 ChangingBit-W idths

Theregister-�le datawidthsarede�nedasint data width andfp data width in thedsswattch regfile.c
�le. Theaddr width , data width , instr length , andopcode length constantsarede�ned in
thepower.c �le andcanalsobeupdatedto re�ect new architectures.

6 Known Limitations

6.1 RUU (RegisterUpdateUnit)

TheRUU of sim-outorderintroducesseveral inaccuraciesinto thesimulationof thePowerPCarchitecture.
Foremostis an inaccuracy in simulationtiming. The32-bit PowerPCutilizesseparatereservationstations
for eachfunctionalunit andmakesuseof a commitbuffer to storecompletedinstructionsandretire them
in programorder[4]. BecausetheRUU is meantto simulateboth thereservationstationsandthecommit
buffer, it is possiblefor instructionsto get a slot in the RUU even whenall of the reservation stationsfor
the functionalunit requiredby this instructionwould be occupiedin a real PowerPC.Likewise, it is also
possiblefor instructionsto beunableto issue,eventhoughtherewould befreereservationstationsin a real
PowerPCbecausetheRUU is full of instructionswaiting to commit.

In termsof the power model, the RUU is alsoa large sourceof error becauseit is unableto separate
the power usedin the PowerPC's commit buffer from the power usedby the reservation stations.Power
is furtherskewedby thefact thatall entriesin sucha uni�ed RUU mustcontain64-bit operandssinceany
slot canbe occupiedby a �oating-point instructionwith 64-bit operands.This meansthat even thougha
realPowerPCuses32-bit reservationstationsfor its integerunits,they aresimulatedas64-bit entriesin the
RUU.

6.2 Special-PurposeRegisters

Powerconsumedby special-purposeregistersis notsimulatedby DSSWattch.Theoverallerrorfrom sucha
decisionis believedto beminimalandit is believedthatthepowerconsumedby thespecialpurposeregisters
is negligible comparedto thetotalpower consumedby thePowerPC.

SeeSection5.1 for detailson how to addregister�les to DSSWattch. Adding supportfor thespecial-
purposeregistersis further complicatedby the fact that the split-dependency featureof the PowerPC's
ConditionRegister(CR) is not simulatedin DSS.The PPC's CR is accessibleas8 one-bytesubregisters,
sooneinstructioncanaccessthe �rst CR (calledCR0)without con�icting with anotherinstructionwhich
accessesonly thesecondsecondbyte(CR1),etc.
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6.3 Functional Units

Thefunctionalunit powermodelis estimatedusingstaticpowerconsumptionestimates.Accessescaneither
bemadeto theintegerunit or �oating-point unit, eachof which hasits own constantpower cost.Thus,all
�oating-point operationsconsumethesameamountof energy andlikewiseall integeroperationsconsume
thesameamountof energy. This simplemodelproducesreasonableaveragepower-consumptionestimates
andwouldberelatively easyto enhanceshouldit benecessaryto getmoredetailedpowernumbersfrom the
functionalunits.
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