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DSSWattchis a powerful tool that allows usersof the Dynamic SimpleScalakDSS)toolsetto obtain
cycle-accurat@ower estimatesn a detailedout-of-ordersimulationervironment. DSSWattchis anadap-
tationof Wattch,originaly for SimpleScalapn the AlphaandPISA architecturesto DSSfor the PaverPC
architecture.

1 Intr oduction

Paver andheatdissipationarerapidly becomingsigni cant constraintgn microarchitecturelesignandit
hasbecomenecessaryor architectsto explore the power implicationsof microarchitecturatiesigndeci-
sions.Mary alreadyexisting tools canprovide power estimate®nly afterlayoutor oorplanning arecom-
plete. In additionto providing informationlate in the designprocessthesetools are often quite slow [1].
Thegoalsof DSSWattchandits predecesspWWattch,areto provide a freely available,fast,andreasonably
accurateool thatcanbe usedto explore power consumptiorearlyin the designprocess.

DSSWattchis anadaptatiorof Wattchto DynamicSimpleScala(DSS),anew versionof SimpleScalar
DSSaddsdynamicfeaturesallowing it to simulateprogramssuchasthe JikesRVM Java virtual machine,
thatperformsuchactionsasdynamiccompilationandmemorymappingor thatrequiredynamiclinking [3].
In addition,DSSWattchextendsthe functionality of Wattchwith betterregister le modeling, oating point
capabilitiesandsupportfor the 32-bit mixed data-widthPowverPCarchitecture.

This documentutlinesmajor differencesdbetweenwattichand DSSWattch, givesinstructionson how
to make useof DSSWattch,providesinformationaboutDSSWattch's power modelandhow it canbe cus-
tomized,anddiscussesomeof DSSWattch’s presentimitations. This documentassumeshereaderhasa
basicunderstandingf the SimpleScalasimulationervironment. For moreinformationon SimpleScalar
SimpleScalafor the PPC,andDynamicSimpleScalamleaseaeferto [2], [5], and[3] respectiely.

2 DifferencesBetweenDSSWattch and Wattch

The majorchangedbetweenVattchandDSSWattchfall into  ve catayories: operanchanesting,handling
of oating point operandspopulationcountenhancementsegister le modeling,and differentiationof
integer, oating-point, andaddresslata-widths.



2.1 Operand Harvesting

Wattchassumedhatall instructionswould take exactly two argumentsand producea singleresult. Addi-

tionally, memoryinstructionsalsohadthe optionto updatetheir baseaddressegister Unfortunately this

simpli cation is notwell suitedfor the PowverPClinstructionSetArchitecture(ISA) wheresomeinstructions
requiremorethantwo operandsandmary alsoreadspecialpurposeregistersfor input andupdatespecial
purposeaegistersasaside-efect. To offer bettersupporffor thisISA, weintroducedamore e xible operand
hanestingmethodthat storesall inputsandoutputsaswell astheir registeridenti ers in the RUU station
associatedvith eachin- ight instruction. The arraysthat storethe identi ers for the inputs and outputs
are namedwattch _deps andwattch _odeps respectiely. The actualregister valuesare storedin

thewattch _inputs andwattch _outputs arrays.We Il in thesearraysin the dispatchstagewhen
functionalsimulationof theinstructionis performedandits reseration stationis enteredn the RUU.

2.2 RegisterFile Modeling

Wattchwasoriginally designedo modela singleinteger register le of uniform word-length. This model
was not compatiblewith the 32-bit PPC5 ISA which calls for a 32-bit integer anda 64-bit oating-point
register le. In ordertoaccommodatthisnew register le layout,we have extendedSSWattchto allow ary
numberof register les, whicharedescribedn the les wattch _redfile.c andwattch redfile.h

We storeregister les in the wattch _redfiles array During power calculations,we examineeach
register le andcalculatendependenpower estimatedbeforeaddingthemtogetherto nd thetotal register
le powerusage.

2.3 Handling of Floating-Point Operandsand Population Counting

Wattchis ableto estimatedynamicbus power usageby performingpopulationcountson datathatis sent
over the bussedn its the powver model,generatinga dynamicActivity Factor(AF). Populationcountingis
the procesof countingthe numberof one-bitsin a variable. Wattchwasoriginally designedo work only
with integer operandsandits dynamicAF wasnot ableto distinguishbetweeninteger and oating-point
registers.We addedhis functionalityto DSSWattchusingthe nev operanchanestingdata.

2.4 Differentiation of Data-Widths

The32-bitPoverPCuses32-bitaddressingndperforms32-bitintegerand64-bit oating-point operations.
Wattch, however, was designedto work with a uniform 64-bit architecture. Thus, Wattchs notion of a
uniformdata _width wasdividedintoanaddress _width ,int _data width ,fp data width ,and
avestigialdata _width , whichre ectsthedefault datawidth of combinedunits suchasthe RUU.

3 DSSWattch Power Model

Figure 1 shaws an overview of DSSWattchs microarchitecturapower model. For simplicity, we don't

shav edgeshetweerthe Load StoreQueug(LSQ) andthe datacacheanddataTLB (Translation_ookaside
Buffer). We alsoomit edgesbetweenthe instructionfetch unit and the instructioncacheandinstruction
TLB. Theinstructionfetchunit is nota partof the power model;we show it only for clarity.



Figurel: DSSWattch Power Model: This gure shavsall of themajorpartsof DSSWattch’s power model,
how they interactwith one anotherandtheir respectie bit-widths. Instruction Fetch is not a part of this
power model,we shaw it only for clarity.
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DSSwattchs power modelis, in large part,aconsequencef thedesignof DSS's out-of-ordersimulator
In particularthe renamdogic, instructionwindow, anduni ed RUU, which holdsall in- ight instructions,
re ect themicroarchitectursimulatedoy the out-of-ordersimulator

4 Using DSSWattch

4.1 Compiling DSSWattch

DSSwattchcanbe built independentlyf othersimulatorsin the DSSsuiteby building the sim-wattch
talgetor by de ning BUILD WATTCHtcompiletime. Thisproducesbinarynamedsim-wattch , which
is effectively a copy of sim-outorder , the out-of-ordersimulator with DSSWattch powver modelling
enabled.

Becausdhe extremelylarge switch ~ statemenin sim-outordec's ruu _dispatch  functionis made
evenlargerby DSSWattch,compilationhasbeenknown to fail on olderversionsof GCCwith optimizations
enabled.This problemcanbeavoidedeitherby disablingoptimizationsor by usinganewerversionof GCC.

Additionally, generatiorof dynamicactvity factorscanbedisabledatcompiletime by de ning STATIC AF
insteadof DYNAMICAF in thepower.h le. Usinga staticactvity factorgreatlydecreasesimulation
time but alsoreducesheaccurag of power statisticshatdependon actvity factors.

4.2 Running DSSWattch

Onerunssim-wattch  in the sameway assim-outorder . Beforesimulationbegins, sim-wattch
outputsinformationaboutits power modeland after simulationhas nished it displaysthe resultsof the
power simulationfollowing DSS's simulationstatistics.

5 Making Changesto DSSWattch

DSSwattchis easyto extendedand customizefor specialsimulationsituations. In additionto the les
requiredby sim-outorderDSSWattchis madeup of thefollowing les:

sim-outorder.c DSS'sout-of-ordersimulator Modi cations weremadeto this simulatorto generateccess
countsandpopulationcountsfor all of theelementsn DSSWattch’s power model.

dsswattch.h This le containscodeusedto interfacewith sim-outorder
dsswattchreg le.f hcg Theseles arepartof DSSWattch's new register le abstraction.

power.f hcg These les containDSSWattchs power modeland containall of the codeusedto calculate
power estimategrom theinformationgatheredn sim-outorder

cacti/ The les in thecactidirectoryareusedfor pover modelingof arraystructures Cactiis anindepen-
dentprojectwhich wasstartedby DEC andis presentlyunderthe directionof Hewlett-Packard.This
copy of cactihasbeenadaptedor usein DSSWattch.



5.1 Adding RegisterFiles

Oneaddsregister les to DSSWattchby changingheconstanNUMREGFILESin dsswattch  redfiles.h
andby updatingthewattch _init _regfiles() functionin dsswattch _redfiles.c to initialize
theregister le' s con gurableparametersAdditionally, onemustmodify sim-outorder.c to maintain
percycle accesandpopulationcountsfor thenew register le. Oncethesechangesrein place DSSWattch
will automaticallyincludethe new register le in its powver modelandcalculateits percycle statistics.

5.2 ChangingBit-Widths

Theregister le datawidthsarede nedasint _data _width andfp _data _width inthedsswattich regfile.c
le. Theaddr _width , data _width ,instr _length ,andopcode length constantarede nedin
thepower.c le andcanalsobeupdatedo re ect new architectures.

6 Known Limitations

6.1 RUU (RegisterUpdate Unit)

The RUU of sim-outordetintroducessereralinaccuraciesnto the simulationof the PowverPCarchitecture.
Foremostis aninaccurag in simulationtiming. The 32-bit PoverPCultilizes separateesenration stations
for eachfunctionalunit and makesuseof a commit buffer to storecompletednstructionsandretire them
in programorder[4]. Becauséhe RUU is meantto simulateboththe reseration stationsandthe commit
buffer, it is possiblefor instructionsto geta slotin the RUU evenwhenall of the reseration stationsfor
the functionalunit requiredby this instructionwould be occupiedin areal PoverPC.Likewise, it is also
possiblefor instructionsto be unableto issue eventhoughtherewould befreereseration stationsin areal
PaverPChbecaus¢he RUU is full of instructionswaiting to commit.

In termsof the power model,the RUU is alsoa large sourceof error becausat is unableto separate
the power usedin the PaverPCs commit buffer from the power usedby the reseration stations. Power
is further skawed by the factthatall entriesin sucha uni ed RUU mustcontain64-bit operandsinceary
slot canbe occupiedby a oating-point instructionwith 64-bit operands.This meansthat even thougha
realPoverPCuses32-bitreseration stationsfor its integerunits,they aresimulatedas64-bit entriesin the
RUU.

6.2 Special-PuposeRegisters

Pawverconsumedy special-purposeegistersis notsimulatedby DSSWattch. Theoverall errorfrom sucha
decisionis believedto beminimalandit is believedthatthe powerconsumedby thespeciaburposeegisters
is negligible comparedo thetotal power consumedy the PoverPC.

SeeSection5.1 for detailson how to addregister les to DSSWattch. Adding supportfor the special-
purposeregistersis further complicatedby the fact that the split-dependenc featureof the PoverPCs
ConditionRegister (CR) is not simulatedin DSS.The PPC5 CR is accessibleas8 one-bytesubregisters,
sooneinstructioncanaccesghe rst CR (called CRO)without con icting with anotherinstructionwhich
accessesnly thesecondsecondyte (CR1), etc.



6.3 Functional Units

Thefunctionalunit pover modelis estimatedisingstaticpower consumptiorestimatesAccesseganeither
be madeto theintegerunit or oating-point unit, eachof which hasits own constanfpower cost. Thus,all
oating-point operationsconsumehe sameamountof enegy andlikewise all integer operationonsume
the sameamountof enegy. This simplemodelproduceseasonableveragepover-consumptiorestimates
andwouldberelatvely easyto enhanceshouldit be necessaryo getmoredetailedpowver numberdrom the
functionalunits.
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