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Abstract

Minimizingpowerconsumptioris of paramountimportanceduring the
designof embeddedmobilecomputing)systemshat comeassystems-on-
a-chip, sinceinterdependenciesf designcharacteristicslike power per
formance andareafor varioussystenparts (cores)becomencreasingly
influential. In this scenario,interfacesplay a key role sincethey allow
oneto contwl/exploit theseinterdependenciewith the aimto meetdesign
constaints like power In this paper we presentthe first compehensive
approad to explore thisimpact. We considera whole systentomprising
a CPU, caches,a main memoryand interfacesbetweerthosecoresand
demonstate the high impactthat an adequateadaptationbetweencore
parametes andinterfaceparametes in termsof powerconsumptiorhas.
We especiallyfoundthatcacheparametes andbusconfiguationsof cache
buseshavea significantimpactin this respect.In addition, we madethe
importantobservatiorthat optimizingfor performanceno longer implies
that poweris optimizedaswell in deepsubmicon technolagies. Instead,
wefoundoutthat especiallyfor newvertechnolaggies,therelativeinterface
powercontributionincreasesleadingto scenariosvhele weobtainareal
power/performancéradeof. In summaryour explorationsurveiled not
yetinvestigatednterdependenciethat representhefirst steptowards fu-
ture efforts to optimize/adapinterfacesandcachesin core—baseadystems
for low powerdesigns.

1 Intr oduction

The powver consumptiorof electronicdevicesis becomingan increas-
ingly essentiatoncernvhendesigningembeddedystemsespeciallymo-
bile computingdevices. This is becauseéhosedevices draw their cur
rentfrom batteriesthat placea limited amountof enegy at the systems
disposal. Consequentlythe lower the averagepower consumptionof
thosedevices,thelongerthey canoperatébetweertwo re—chage phases.
Hence their mobility is higherandthisis a strongargumentfor preferring
suchadevice to competitve devices.

Fromadesignpoint of view, thoseconsumedevicesoftencomein the
form of a SOC(System—On—a—Chiph orderto keepproductionandde-
velopmentexpensesaslow aspossiblewhile complyingwith variousde-
signconstraintsncluding pover consumptionperformanceetc. Though
currently-deplged semiconductotechnologie$1] allow oneto integrate
morethan100million transistor®ntoonesinglechip,theso-calleddesign
gap currently hardly allows designsthat exceed10 million transistorso
beintegratedontoa chip (excludingmemory).A solutionthathelpsover
comethis designgap(seealso[2]) is a designprocessalledcore—based
systendesign Ratherthandevelopingevery sub—systenfrom scratchthe
designemon composes systemby integratingvariouspurchaseaores
(or re—usegpreviously deplo/ed ones). Dependingon the form in which
the corecomes(soft coreor hardcore,seealso [3]) the designethasthe
leavay to adaptthosecoresto specificconstraintsr canusealreadyopti-
mizedandsynthesizedhard)coresin casethey alreadycomplywith those
constraints.

Still, interfacingthosevariouscores which mayevencomefrom differ-
entvendorsyemainsa key problem.Thoughorganizationdike VSIA [4]
areworking on defininguniforminterfaces gventuallythe designehasto
choosethekind andthe configuration®f theinterfacesthatconnectheir
coresbestin termsof their designconstraints.

The impact of interfacesin core-basedlesigns,especiallywith re-
spectto low power consumptionhashardly beeninvestigated.Our pre-
investigationshave shavn that a single applicationunderdifferentcom-
binationsof cachedesignparametergcachesize, block size, associati-
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ity etc.) andinterfacesdesignparameterglike bus width, bus encoding
etc.) may resultin solutionsthat featureas little as only 3% of rela-
tive bus power consumptionup to as much as 41% relatve bus power
consumptioh.

Olviously; thereis astronginterdependenychetweertheoptimumcore
parameterandthe accordingoptimumbus parameters.This adaptation
hasto be performedconcurently in orderto achieve optimumresults.In
addition, it is importantto concurrentlytake into consideratioras much
aspossiblerelevantdesignconstraintdik e power, performanceandhard-
ware effort.

In thispaperwe presenthefirst comprehenske explorationof interface
power dissipationin core-basedesignssincewe exploretheinterdepen-
denciesbetweervariouscore parametersind diverseinterface(i.e., bus)
configurationsIn addition,we take into consideratiomot only power dis-
sipationbut its interdependenciewith performanceand hardware effort
also. As we will discussn Section2, otherapproachesrelesscompre-
hensve sincethey focusonly on alimited amountof designconstraintor
they do notfocuson acompleteSOC (for example,justinvestigatingous
andcachebut notincludingmainmemoryor CPU).

Therestof this paperis structuredasfollows. After introducingrelated
work in thesubsequerection2, Section3 explainsthetargetarchitecture
onwhich we focus. The experimentaketupto conductour explorationis
summarizedn Section4. Section5 describesn detail our explorations
of thedesignspacethroughour experiments.Section6 providesthe main
conclusionsandhighlightsfuturework.

2 Relatedwork

The relatedwork importantto our approachcanbe divided into three
categories:work on system-lgel powver optimizationin generalarchitec-
tural power optimizationfocusingon a single core (like a CPU, cache,
main memoryetc.) andwork on busissuedike pawer, performanceand
size.

As for the first group, Dave et al. [5] introducea co-designmethod-
ology that optimizesfor power and performanceat the task-level. Their
procedureor taskallocationis basedon an aveiage pover consumption
anddoesnot take into consideratiordatadependenciesn theinstruction
level to estimate/optimiz@ower. In addition,they do not take into con-
siderationcacheandbus effectsin termsof power andperformanceThe
system—leel power optimizationapproachproposedby Hong et al. [6]
hasthe samelimitations regardingthe addressingf architecturalrade-
offs. Ratherthey exploit thetechniqueof variablevoltagescalingin order
to minimize powver consumption.

At the architectural-leel for single systemcomponentgi.e., not con-
sideringary trade-ofs betweervarioussystemparts),high performance
microprocessorsave beeninvestigatedandspecificsoftwaresynthesisl-
gorithmshave beenderived to minimize power by Hsiehet al. [7]. Ti-
wari [8] investigatedthe powver consumptiorat the instruction-leel for
differentCPUandDSParchitecturesindderived specificpowver optimiz-
ing compilationstrateyies.

An approachhatis system-lgel basedandtakesinto consideratiorthe
interdependencidsetweervarioussystempartshasbeenproposedy Li
etal.[9]. Theirtamgetsystemfeaturesa CPU,a datacacheaninstruction

! Therelativebus powerconsumptioris definedasthe relationshipbetweerbus
power consumptionand the power consumptionof all otherinvolved coreslike
CPU,cachesmainmemory etc.
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Figurel: Targetarchitecture.

cacheanda mainmemory Theimpactof busess notaccountedor. For-
naciariet al. [10] explore the impactof differentbus encodingschemes
for embeddedystemsn termsof power dissipation. Thoughthey study
power consumptiorfor variouscachesizesthey do not explore all rele-
vantinterdependencig®.g.,cacheline size,associatiity, mainmemory
size,etc.). So, their approachbasicallyassumeshat mostsystemparam-
etershave alreadybeendeterminedandthey focuson finding the bestbus
encodingscheme.

A key contribution in reducingbus power hasbeenthe encodingof
data,suchasbus-irvert [11]. Here, the Hammingdistanceof two con-
secutve datawordsis computed.If this distanceis greaterthanhalf the
wordsize theinverteddatais sentanda controlsignalis assertedo signal
decodingof the dataon the recever side. Using bus-invert, a theoreti-
cal power savings of 25% averageand50% peakis obtainable.Limited-
weightcodedq12] aregeneralizee@ncodingschemeshat,usingmorethan
one control signal, reduceaveragebit transitionson the bus, resultingin
evenlower power consumption.

GivargisandVahid[13], have developedasetof mathematicalormulas
for rapidly estimatingbit switchingactvities on a bus with a given size
andencodingschemeThey have alsocontritutedformulasto estimatebit
switchingactwities usedby theencoding/decodintpgic. Theseformulas,
combinedwith the capacitancestimationformulasby Chernetal. [14],
canbeusedto performasystenievel explorationof bussizeandencoding
schemegor low power designs.

Our approachis morecomprehense thanapproachegroposedsofar
sincewe: (a) take into considerationmostof the relevantpartsof awhole
embeddeadystem(CPU, instruction/dat@ache mainmemoryandbuses),
and (b) we explore the interdependenciesf differentsystemparameters
(like cachesizes cacheassociatiities etc.,mainmemorysize,busencod-
ing schemegshuswidths),and(c) we considerbesidegpower, performance
andareaaswell.

3 TargetArchitecture

Figurel shawvs the block diagramof our SOCtargetarchitecture The
whole systemmay featurea CPU, aninstructioncache(l-cache),a data
cache(D-cache),a main memory peripheralunits, andcoresfor diverse
applicationglike MPEG encodingfor example),aswell asvariousbuses
to connectall thesecores. Our investigationsfocus on the sub-system
CPU, CPU-to-cachdus, I/D-cachescache-to-main-memonryus andthe
main memory(highlightedin dark grey). Changeof systemparameters
within this sub-systenprimarily have animpacton coreswithin this sub-
systemandmerelyinfluencethebehaior (in termsof power, performance,
hardwareeffort) of coresoutsideof this group.

The I-cacheand D-cacheeachhave the following designparameters:
cachesize, line size,associatiity, tag sizeandindex size. The rangeof
valuesconsideredare: cachesizesof (32K, 16K, 8K, 4K, 2K, 1K, 512,
256, or 128), line sizesof (8, 16, or 32), and associatiity of (2, 4, or
8). Tagandindex sizesfollow from earlierparametersEachbus hasthe
following designparametersnumberof datalines (32, 16, 8 or 4) with
businvert (onor off).

We assumethat the surface areausedfor routing bus wires is fixed
betweenCPU and cacheand betweencacheand memory Given some
amountof routingareathe spacingoetweerwireswill begreaterfor nar
rower buses,i.e., 4-bit bus wires will be spacedgreaterthan 32-bit bus
wires. Greaterspacingof buswireswill resultin lower bus capacitance
dueto reducedcouplingcapacitanceasdescribedn [14].

In our experiments we focus on evaluating bus and cache
parameterstogether in order to find the best tradeof between
power/performance/hardawe effort.
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Figure2: Experimentaketup.

4 Experimental setup

For ourexperimentsye usedthesetupshavn in Figure2, whichallows
usto estimatepowver consumptiorof the sub—systershavn in Figurel, as
well asto estimatats performancédor agivensetof busandcacheparam-
eters.First,thesourcecodeof theapplicationis fedinto atracesimulation

tool that providestracesto a cachesimulato?. The cachesimulatorout-
putsthe numberof total cacheaccesseghe numberof cachemissesand
the numberof cachehits. This datais usedto calculatethe total num-
ber of main memoryaccesseaswell asthe numberof bus transfersvia
busesA andB, accordingto Figure 1, suchthat by meansof analytical
powver modelsfor buses,the cachesand the main memory the specific
power consumptioris calculated As for the CPU,a simulationapproach
Is deployed thatusesan ISS (instructionsetsimulator)with an attached,
instruction—leel basedpowver model. The performances obtainedasan
outputof thelSSwhereaghe powver consumptiorof thewholesystenre-

sultsasthe sumof the power consumption®f all involved cores® The
designspaceexplorationcanbe accomplishedy runningan application
throughthis setupwith varying cacheparametergcachesizes associati-
ities, line sizes)and bus parametergbus width, bus encodingschemes,
etc.) Differentcacheand bus parametersesultin a differenthardware
effort. Distinguishingdesignpointsthat would otherwiseresultin simi-
lar designpoints (similar power consumptionand similar performance),
basedon the hardware effort at which thoseresultshave beenobtained,
representanimportantcriteriafor thedesigner The arearequiredto im-
plementa given bus/cacheconfiguratiorwascomputedasthe sumof the
arearequiredby thefollowing logic: bus-invertcoding/decoding24 gates
* bus-size),datamultiplexing/de-multipleing (2200 + 32 * numberof
sub-items)cachecell area(.75* cachesize),andcacheassociatiity (96
* (associatiity-1)).

For our experimentswe deplo/ed four, mostly data—dominatedgppli-
cations:analgorithmfor computing3D vectorsof a motion picture(”3d-
image”), anMPEGII encode(” mpgy”), acomplex chroma—ky algorithm
("ckey”), anda dieselenginecontrolalgorithm(” diesel). (Wein factdid
afifth exampleof atrick animationalgorithm,but omit resultsfor presen-
tationbriefnesssincethey matchedheothers).Theapplicationgangedn
sizefrom about5kB to 230kBof C code.

5 Design-spacexplorations

5.1 Overview

For eachof the four applications,we ran the cachesimulationtool
for all 712 differentcacheconfigurationsand obtainedthe cache main-
memory andCPUpawer consumptiorvaluesaswell asthe CPU-to-cache
andcache-to-main-memotyustraffic traces We theninputthebustraffic
tracedo a buspower estimatiortool [13] previously shavn to beaccurate
to within 1% of atracedrivenestimatoyfor all 64 possiblebus configura-
tions. We thusobtainedtotal powver (cacheplus main-memoryplus CPU
plusbus)consumptiorfor 712 x 64 = 45568 possibleconfigurationgor
eachexample. Generatinghis power datafor all four examplesrequired
roughly one week of computationtime. We did this procedurefor two
distincttechnologiesan oldertechnology(0.8x), shawvn in Figure3, and
a newer technology(0.18:), shavn in Figure4. Plotsrepresenthe 3d-
image, mpey, ckey anddieselexamplesstartingfrom uppetleft andgoing
clockwise. The wire-to-gatecapacitanceatiosfor old andnew technolo-
gieswere3 and100,respectrely, basedn [15], alsosupportedy datain
[16] shawing rapidly increasingatios.

2Tracegeneratoandcachesimulatorarethird partytools.
3For moredetailson our analyticalpowver models pleasereferto [13].
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Figure3: Pawer vs execution-timeplots for oldertechnology- X-axis is
execution-timein secondsY-axisis total poverin watts.
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Figure4: Poner vs execution-timeplotsfor newer technology- X-axisis
execution-timein secondsY-axisis total powverin watts.

Eachplot representseveraltenthousandgseenumbersabove) of con-

figurations eachconfiguratiorrepresents pointin theplot*. In addition,
mary inferior datapointshave beencroppedto furtherimprove the pre-
sentation.

5.2 Power and performance tradeoffs in newer tech-
nologies

Figure3 providesplots of execution-time(X-axis) andtotal pover (Y-
axis)for eachexamplein the old technology Total power includesCPU,
cachememoryandbuses.Notethatin 3 of the 4 examplesthe configu-
rationwith thelowestexecution-timecorrespondedith the configuration
having thelowestpower consumptionOnly in 1 examplewasthereareal
tradeof betweerexecution-timeandpower.

Figure 4 providesplots in the newer technology Upon examination,
we find thatall four examplesexhibit a tradeof betweenexecution-time
andpower Thereasorfor this behaior is thatthe bus power is a signif-
icantcomponenof total power in newer technologiesand bus power is
inverselyrelatedto execution-time.In particular fewer wiresimpliesless
wire capacitancandhencdesspower, but alsoimpliesmorebustransfers
andhencea higherexecution-time.

4pleaseotethatdueto thescale/resolutiormary differentdesignpointsappear
asonly onepointin theplots.

Eachplot displaysat leastfour distinct“regions’ In the oldertechnol-
ogy, eachregion appearsasa spike. In the never technologyeachregion
appearsn anL—shape Uponinvestigatiorof thedata,we foundthateach
region correspond#o a particularCPU-to-cachéseeFigurel) bussizeof
either32,16,8 or 4 (i.e., thefour sizeswe evaluated).Theleftmostregion
correspondso a CPU-to-cachéus of 32 bits (giving the smallestexecu-
tion time), the rightmostcorrespondso 4 bits. The bottom-mospoint of
eachregion correspondto theoptimalcache/ns configuratiorfor thatre-
gion basednly on pover andexecution-time(not size). Themary points
above andoftento theright of the optimal correspondo differentcache
and cache-to-main-memonus configurations.Within a region, thereis
notradeof betweerpoverandexecution-time- thelowestexecutiontime
configurationis alsothe lowestpower configurationin ary given region.
Thus,we obsenre thatthe CPU-to-cate bus sizeis the major component
in determiningthe systenms powerand execution-timeametrics,andthere
is a tradeof amongthosetwo metrics We concludefrom this datathat
future automatedsearchheuristicsshouldbegin by selectinga CPU-to-
cachebussizethatfirst putsonein the appropriateegion basedn power
and execution-timeconstraintsand/orcost function for a given applica-
tion, andsecondseekshe nearoptimal power andexecution-timepoints
in thatregion.

As an additionalnote, someplots shav more thanfour regions, with
aregion X appearingdirectly abose anothermregion Y (actuallyall plots
originally shawed four pairsof regionsbeforebeingcropped). TheseX
andY regionsdiffer in that Y usesbus-irvert for the CPU-to-cachéous
while X doesnot. We seethatbus-invertis crucialfor low-powerin never
technologies.

5.3 Sizeand differing cache/lus configurations

At the bottom of eachregion in the new technology we seea very
densesetof points. Thesepointscorrespondo theoptimalor nearoptimal
power and performanceconfigurationsfor that region, eachpoint repre-
sentinga different cacheconfigurationand cache-to-main-memorius
configuration. We obviously want to choosethe configurationwith the
smallessizethatis nearthe optimalwithin sometolerance.

We thereforeexaminedall configurationswithin a couple percentof
the optimal power andexecution-timeof eachregionto find theminimum
sizeconfiguratiorin this sub-rgion. Onemight expectthatthebestcache
configurationin oneregion would be the bestin the otherregions, for a
singleexample.In someexamplesthis wasindeedthe case.But in other
examplesthebestconfigurationvasdifferentin differentregions. Tablel
illustratesthis differencefor two examples. The columnheadingsareas
follows: executiontime (sec), power (watts), silicon area(gates),CPU-
to-cachebuswidth (wires),CPU-to-cachdusencodingO=binary 1=hus-
invert), cache-to-memorpuswidth (wires),cache-to-memorpusencod-
ing (O=binary 1=hus-invert), instruction cachesize (bytes), instruction
cacheassociatiity, instructioncachetag (bits), datacachesize (bytes),
datacacheassociatiity anddatacachetag(bits). Thefirst threerows cor
respondto the bestconfigurationin the 32, 16 and 8-bit CPU-to-cache
regionsfor the mpey exampleandthe secondhreerows for the dieselex-
ample. Notice that the bestconfigurationgor the first exampleinvolve
variationsin cachesizes,associatiity, andtag sizes,andin onecasebus
invert is not usedon the cache-to-memoryus. In the secondexample,
associatiity andtagsizesvary, asdoesthe cache-to-memorkussizeand
theuseof businvert.

Slight changesn theseparametersesultin significantpenalties. For
example,changinghetagin thefifth row from 25to 24 (to matchthatof
thelastrow) resultsin a performancegenaltyof 28%!

The key conclusionfrom the above discussioris that thereis no one
bestcacheconfigurationindependentf busconfigurationandvice-versa.

EX T Pwr Size[ Cb [ Cb-i [ Mb | Mb-i [TTaJlt D [D-a[ D-t
.086 | 43.6 | 199888 32 17 32 O[Iek| 420 I6k 4120
.389 | 11.4 | 204568| 16 1] 32 1|16k| 8| 21|32k 8| 21
.995| 3.4 303672 8 1] 32 1|32k| 8|20] 16k 8| 21
002 19| 15496 32 17 32 I7 Ik 4124512 4125
.003| .07 | 17096| 16 1] 32 1| 1k | 4| 24]512 41 25
.005| .02| 17656| 8 1 4 0] 1k| 2]23]|512 2| 24

Table1: The bestcacheconfigurationdiffers for different CPU-to-cache
bussizeregions.

5.4 Tradeoffs betweendesign constraints: old vs. new
technology

Thefollowing experimenthave beenconductedo demonstratéhedif-
ferentbehaior of the old andthe new technologyin termsof power con-
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Figure5: Powver/performancéradeofs for two specificconfigurationsfor
nev andold technologies- X-axis is execution-timein seconds)Y-axis
is power/gatedor cachesandbuslogic only (CPU andmain-memoryare
constant).

sumption. In Figure5, the plot in the upperleft cornershaws the power
consumption(vertical axis) vs. executiontime (horizontal axis). Each
point of oneset(the setdenotedby “+” hasa smallerdatacachesizethan
setdenotedby “*") correspondso differentbus sizes(from left to right:
32,16,8,4). As we cansee thegraphsshav a strongpower/performance
tradeof in dependengof the CPU-to-cachéus. Evenif we choosehalf
the cachesize(“+"), the qualitative behaior is the samedueto the CPU-
to-cachebus’ dominance. The plot in the lower left corneralso shaws
power vs. performancéfor the sameapplication)deplo/ing the sameset
of parameterasmentionedfor the plot abore, exceptthatthisis for the
oldertechnology However, asignificantpower/performancéradeof with
respecto bus sizescannotbe obsered (i.e., all correspondingpointsare
almostlocatedon a horizontalline). This is becaus®f the alreadymen-
tioned lower wire/transistorcapacitanceelationshipfor older technolo-
gies.

In termsof area/performanceadeof, shavn in theupperright corner
(horizontalaxis shavs executiontime, verticalaxis shavs area) we again
have a significanttradeof for the nen technology But sinceareais the
same(in termsof transistorcounts) jin this casethe old technologyshavs
thesametradeof (in termsof theshapeof thegraph;theabsolutenumbers
of theareaaredifferentdueto differentfeaturesizes,of course).

Ohviously, thequestiorwhetherthereis atradeof or notdependsnthe
technologyaswell ason the constraintthatis of concern.Theseare key
obserationswhenperformingdesignspaceaxplorations.Areaandpower
olviously behae differently eithershaving atradeof in conjunctiorwith
performancer not. A Brandh—and—Boundechniquefor example,could
usethis knowledgefor a fastandefficient searctof thedesignspace.

5.5 Simultaneousoptimization of busesand caches

Theimplicationof the above datais thatcacheandbus cannotbe opti-
mizedindependentlythey mustbe optimizedin somecombinedmanner
Any approachthattriesto separataheir optimizationmay producevery
inferior results(especiallywhen newer technologiesare deplo/ed). For
example, considera straightforvard heuristicthat first optimizescache
without consideringous (assumingstandard32-bit buseswith negligible
capacitance)which essentiallyrepresent®arlier cachepower optimiza-
tion work donefor oldertechnologiesandthatsecondoptimizesthe bus.
While the cacheconfigurationmay representhe bestpower, execution-
time andsizein someregions,it mayrepresenaratherinferior configura-
tion in otherregions. We appliedthis heuristicto the sametwo examples
abore. Theheuristicachievesthe bestpower andperformancevithin each
region, but doesvery poorly in termsof sizecomparedo the bestsizesin
Tablel. Forthefirst example thesizesobtainedfor thethreeregionswere
301272,304472,and 306072, representingize penaltiesof nearly50%
in the first two regions. The sizesfor the secondexamplewere 26272,
27872,and26872 representingizepenaltieof 70%,63%,and52%, re-
spectvely. Thus,we seethe needfor new heuristicsthat simultaneously
optimizecacheandbus.

6 Conclusions

In this paper we presenteaur explorationson interface(i.e., bus)and
cachepower consumptiorin embeddediata-intensie systems.Our ex-
perimentabetupallowedusto explorethecompletedesignspaceof asys-
tem comprisinga CPU, instruction/datecachesa main memoryandthe

busesconnectinghesecores.We conductedxperimenton two different
technologiedor five data—dominatedpplicationswhile varying various
cacheand bus parameters.Our obsenationscan be summarizedas fol-

lows: (1) In oldertechnologiesthereis hardly a tradeof betweerpover

andexecutiontimes,i.e., a smallexecutiontimesimplieslow power con-
sumptionanda large executiontime implieshigh power consumption(2)

Newer technologieslo featurea realtradeof, sincebus power consump-
tion becomegnoresignificantdueto a higherwire/gatecapacitanceatio

for smallerfeaturesizes.(3) The dominatingsourcefor power consump-
tion in newer technologiess the CPU-to-cachéus. The selectionof this

bus’ sizethereforeis the major factorin makingthe tradeof betweena
systems power andperformance(4) For a given CPU-to-cachéous con-
figuration, thereis an optimal configurationof remainingcache/s pa-
rameterghat minimizesboth power and performance However, thereis

no optimum set of cacheparametersacrossdifferent CPU-to-cachebus
configurationsandthereforethe bus parametersf the CPU-to-cachdus
parametermustbeadaptedo oneanother (5) Regardingsize,for agiven
CPU-to-cachéous configuration thereis a nearoptimal configurationof

remainingcache/lns parametershat minimizespower, performanceand
size.Again, this CPU-to-cacheonfiguratiordiffersfor differentCPU-to-
cachebusconfigurationsandminorchangeso theconfiguratiorcanyield

large penaltiesn performancer size.

Underthesecircumstances full searchthroughthedesignspaces not
typically feasibledueto large spaceandthe stronginterdependencidse-
tweenbus andcacheparametersThoughwe performeda full searchwe
limited the rangeof cacheandbus parameterso a fraction only, andwe
still requiredsimulationtimesof up to four daysfor a singleapplication.
Marny more parametersre possible,suchasaddress-s encodingtech-
nigues,data-tus limited-weightcodes,and multiplexed addressand data
buses thusmakingthe designspacesxponentiallylarger Therefore fur-
therwork is needednheuristicghatexploit the peculiaritiesof thedesign
space Basedon thefindingsreportedn this paper suchheuristicsvould
likely first determinethe appropriateregion of the power/performance
cune throughCPU-to-cachdusconfigurationandthensearchtheregion
for the nearoptimal pover/performance/sizeache/lns configurationsn
thatregion. We arecurrentlyexaminingsuchheuristicandareperforming
researclon relatedproblemsaspartof the Dalton project [17] at Univer-
sity of California,Riverside,n collaborationwith NEC USA, Princeton.
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