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Abstract
Minimizingpowerconsumptionis of paramountimportanceduring the

designof embedded(mobilecomputing)systemsthatcomeassystems-on-
a-chip, sinceinterdependenciesof designcharacteristicslike power, per-
formance, andareafor varioussystemparts(cores)becomeincreasingly
influential. In this scenario,interfacesplay a key role sincethey allow
oneto control/exploit theseinterdependencieswith theaimto meetdesign
constraints like power. In this paper, we presentthe first comprehensive
approach to explore this impact.We considera wholesystemcomprising
a CPU, caches,a main memoryand interfacesbetweenthosecoresand
demonstrate the high impact that an adequateadaptationbetweencore
parameters andinterfaceparameters in termsof powerconsumptionhas.
Weespeciallyfoundthatcacheparametersandbusconfigurationsof cache
buseshavea significantimpactin this respect.In addition,wemadethe
importantobservationthat optimizingfor performanceno longer implies
that poweris optimizedaswell in deepsubmicron technologies. Instead,
wefoundout that especiallyfor newer technologies,therelativeinterface
powercontribution increases,leadingto scenarioswhereweobtaina real
power/performancetradeoff. In summary, our explorationsunveilednot
yet investigatedinterdependenciesthat representthefirst steptowardsfu-
tureefforts to optimize/adaptinterfacesandcachesin core–basedsystems
for low powerdesigns.

1 Intr oduction
Thepower consumptionof electronicdevicesis becomingan increas-

ingly essentialconcernwhendesigningembeddedsystems,especiallymo-
bile computingdevices. This is becausethosedevices draw their cur-
rent from batteriesthat placea limited amountof energy at the system’s
disposal. Consequently, the lower the averagepower consumptionof
thosedevices,thelongerthey canoperatebetweentwo re–chargephases.
Hence,theirmobility is higherandthis is astrongargumentfor preferring
suchadevice to competitive devices.

Fromadesignpointof view, thoseconsumerdevicesoftencomein the
form of a SOC(System–On–a–Chip)in orderto keepproductionandde-
velopmentexpensesaslow aspossiblewhile complyingwith variousde-
signconstraintsincludingpower consumption,performance,etc. Though
currently-deployedsemiconductortechnologies[1] allow oneto integrate
morethan100million transistorsontoonesinglechip,theso-calleddesign
gap currentlyhardly allows designsthat exceed10 million transistorsto
beintegratedontoachip (excludingmemory).A solutionthathelpsover-
comethis designgap(seealso[2]) is a designprocesscalledcore–based
systemdesign. Ratherthandevelopingeverysub–systemfrom scratch,the
designernow composesa systemby integratingvariouspurchasedcores
(or re–usespreviously deployed ones).Dependingon the form in which
thecorecomes(soft coreor hardcore,seealso [3]) thedesignerhasthe
leeway to adaptthosecoresto specificconstraintsor canusealreadyopti-
mizedandsynthesized(hard)coresin casethey alreadycomplywith those
constraints.

Still, interfacingthosevariouscores,whichmayevencomefrom differ-
entvendors,remainsa key problem.Thoughorganizationslike VSIA [4]
areworkingondefininguniforminterfaces,eventuallythedesignerhasto
choosethekind andtheconfigurationsof theinterfacesthatconnecttheir
coresbestin termsof theirdesignconstraints.

The impact of interfacesin core-baseddesigns,especiallywith re-
spectto low power consumption,hashardly beeninvestigated.Our pre-
investigationshave shown that a singleapplicationunderdifferentcom-
binationsof cachedesignparameters(cachesize,block size,associativ-

ity etc.) andinterfacesdesignparameters(like bus width, bus encoding
etc.) may result in solutionsthat featureas little as only 3% of rela-
tive bus power consumptionup to as much as 41% relative bus power
consumption

�
.

Obviously, thereis astronginterdependency betweentheoptimumcore
parametersandthe accordingoptimumbus parameters.This adaptation
hasto beperformedconcurrently in orderto achieve optimumresults.In
addition,it is importantto concurrentlytake into considerationasmuch
aspossiblerelevantdesignconstraintslikepower, performanceandhard-
wareeffort.

In thispaper, wepresentthefirst comprehensiveexplorationof interface
power dissipationin core-baseddesigns,sinceweexploretheinterdepen-
denciesbetweenvariouscoreparametersanddiverseinterface(i.e., bus)
configurations.In addition,wetake into considerationnotonly powerdis-
sipationbut its interdependencieswith performanceandhardwareeffort
also. As we will discussin Section2, otherapproachesarelesscompre-
hensivesincethey focusonly ona limited amountof designconstraintsor
they do not focuson a completeSOC(for example,just investigatingbus
andcachebut not includingmainmemoryor CPU).

Therestof thispaperis structuredasfollows. After introducingrelated
work in thesubsequentSection2,Section3 explainsthetargetarchitecture
on which we focus.Theexperimentalsetupto conductour explorationis
summarizedin Section4. Section5 describesin detail our explorations
of thedesignspacethroughour experiments.Section6 providesthemain
conclusionsandhighlightsfuturework.

2 Relatedwork
The relatedwork importantto our approachcanbe divided into three

categories:work on system-level power optimizationin general,architec-
tural power optimizationfocusingon a single core (like a CPU, cache,
mainmemoryetc.) andwork on bus issueslike power, performanceand
size.

As for the first group,Dave et al. [5] introducea co-designmethod-
ology that optimizesfor power andperformanceat the task-level. Their
procedurefor taskallocationis basedon anaverage power consumption
anddoesnot take into considerationdatadependencieson theinstruction
level to estimate/optimizepower. In addition,they do not take into con-
siderationcacheandbuseffectsin termsof power andperformance.The
system–level power optimizationapproachproposedby Hong et al. [6]
hasthe samelimitations regardingthe addressingof architecturaltrade-
offs. Rather, they exploit thetechniqueof variablevoltagescalingin order
to minimizepowerconsumption.

At the architectural-level for singlesystemcomponents(i.e., not con-
sideringany trade-offs betweenvarioussystemparts),high performance
microprocessorshavebeeninvestigatedandspecificsoftwaresynthesisal-
gorithmshave beenderived to minimize power by Hsiehet al. [7]. Ti-
wari [8] investigatedthe power consumptionat the instruction-level for
differentCPUandDSParchitecturesandderivedspecificpower optimiz-
ing compilationstrategies.

An approachthatis system-level basedandtakesinto considerationthe
interdependenciesbetweenvarioussystempartshasbeenproposedby Li
et al. [9]. Their targetsystemfeaturesa CPU,a datacache,aninstruction

�
Therelativebuspowerconsumptionis definedastherelationshipbetweenbus

power consumptionand the power consumptionof all other involved coreslike
CPU,caches,mainmemory, etc.

1

0-7803-5832-X /99/$10.00 ©1999 IEEE.



Figure1: Targetarchitecture.

cacheandamainmemory. Theimpactof busesis not accountedfor. For-
naciariet al. [10] explore the impactof differentbus encodingschemes
for embeddedsystemsin termsof power dissipation.Thoughthey study
power consumptionfor variouscachesizesthey do not explore all rele-
vant interdependencies(e.g.,cacheline size,associativity, mainmemory
size,etc.). So,their approachbasicallyassumesthatmostsystemparam-
etershave alreadybeendeterminedandthey focuson finding thebestbus
encodingscheme.

A key contribution in reducingbus power hasbeenthe encodingof
data,suchasbus-invert [11]. Here, the Hammingdistanceof two con-
secutive datawordsis computed.If this distanceis greaterthanhalf the
wordsize,theinverteddatais sentandacontrolsignalis assertedto signal
decodingof the dataon the receiver side. Using bus-invert, a theoreti-
cal power savingsof 25%averageand50%peakis obtainable.Limited-
weightcodes[12] aregeneralizedencodingschemesthat,usingmorethan
onecontrol signal,reduceaveragebit transitionson the bus, resultingin
evenlowerpowerconsumption.

GivargisandVahid[13], havedevelopedasetof mathematicalformulas
for rapidly estimatingbit switchingactivities on a bus with a given size
andencodingscheme.They havealsocontributedformulasto estimatebit
switchingactivitiesusedby theencoding/decodinglogic. Theseformulas,
combinedwith thecapacitanceestimationformulasby Chernet al. [14],
canbeusedto performasystemlevel explorationof bussizeandencoding
schemesfor low powerdesigns.

Our approachis morecomprehensive thanapproachesproposedsofar
sincewe: (a) take into considerationmostof therelevantpartsof awhole
embeddedsystem(CPU,instruction/datacache,mainmemoryandbuses),
and(b) we explore the interdependenciesof differentsystemparameters
(likecachesizes,cacheassociativitiesetc.,mainmemorysize,busencod-
ingschemes,buswidths),and(c) weconsider, besidespower, performance
andareaaswell.

3 Target Ar chitecture
Figure1 shows theblock diagramof our SOCtargetarchitecture.The

whole systemmay featurea CPU,an instructioncache(I-cache),a data
cache(D-cache),a main memory, peripheralunits,andcoresfor diverse
applications(likeMPEGencoding,for example),aswell asvariousbuses
to connectall thesecores. Our investigationsfocus on the sub-system
CPU,CPU-to-cachebus,I/D-caches,cache-to-main-memorybusandthe
mainmemory(highlightedin darkgrey). Changesof systemparameters
within this sub-systemprimarily have animpacton coreswithin this sub-
systemandmerelyinfluencethebehavior (in termsof power, performance,
hardwareeffort) of coresoutsideof thisgroup.

The I-cacheandD-cacheeachhave the following designparameters:
cachesize,line size,associativity, tag sizeandindex size. The rangeof
valuesconsideredare: cachesizesof (32K, 16K, 8K, 4K, 2K, 1K, 512,
256, or 128), line sizesof (8, 16, or 32), and associativity of (2, 4, or
8). Tagandindex sizesfollow from earlierparameters.Eachbushasthe
following designparameters:numberof datalines (32, 16, 8 or 4) with
businvert (onor off).

We assumethat the surfaceareausedfor routing bus wires is fixed
betweenCPU and cacheand betweencacheandmemory. Given some
amountof routingarea,thespacingbetweenwireswill begreaterfor nar-
rower buses,i.e., 4-bit bus wires will be spacedgreaterthan32-bit bus
wires. Greaterspacingof bus wires will result in lower bus capacitance
dueto reducedcouplingcapacitance,asdescribedin [14].

In our experiments we focus on evaluating bus and cache
parameters together in order to find the best tradeoff between
power/performance/hardwareeffort.

Figure2: Experimentalsetup.

4 Experimental setup
Forourexperiments,weusedthesetupshown in Figure2,whichallows

usto estimatepowerconsumptionof thesub–systemshown in Figure1, as
well asto estimateits performancefor agivensetof busandcacheparam-
eters.First,thesourcecodeof theapplicationis fedinto atracesimulation
tool thatprovidestracesto a cachesimulator

�
. Thecachesimulatorout-

putsthenumberof total cacheaccesses,thenumberof cachemissesand
the numberof cachehits. This datais usedto calculatethe total num-
ber of main memoryaccessesaswell asthe numberof bus transfersvia
busesA andB, accordingto Figure1, suchthat by meansof analytical
power modelsfor buses,the cachesand the main memory, the specific
power consumptionis calculated.As for theCPU,a simulationapproach
is deployed thatusesan ISS(instructionsetsimulator)with an attached,
instruction–level based,power model.Theperformanceis obtainedasan
outputof theISSwhereasthepowerconsumptionof thewholesystemre-
sultsasthe sumof the power consumptionsof all involved cores.

�
The

designspaceexplorationcanbe accomplishedby runningan application
throughthissetupwith varyingcacheparameters(cachesizes,associativ-
ities, line sizes)andbus parameters(bus width, bus encodingschemes,
etc.) Different cacheand bus parametersresult in a different hardware
effort. Distinguishingdesignpointsthat would otherwiseresult in simi-
lar designpoints (similar power consumptionandsimilar performance),
basedon the hardwareeffort at which thoseresultshave beenobtained,
representsanimportantcriteriafor thedesigner. Thearearequiredto im-
plementa givenbus/cacheconfigurationwascomputedasthesumof the
arearequiredby thefollowing logic: bus-invertcoding/decoding(24gates
* bus-size),datamultiplexing/de-multiplexing (2200 + 32 * numberof
sub-items),cachecell area(.75* cachesize),andcacheassociativity (96
* (associativity-1)).

For our experimentswe deployed four, mostlydata–dominated,appli-
cations:analgorithmfor computing3D vectorsof a motionpicture(”3d-
image”), anMPEGII encoder(”mpeg”), acomplex chroma–key algorithm
(”ckey”), anda dieselenginecontrolalgorithm(”diesel”). (We in factdid
afifth exampleof a trick animationalgorithm,but omit resultsfor presen-
tationbriefnesssincethey matchedtheothers).Theapplicationsrangedin
sizefrom about5kB to 230kBof C code.

5 Design-spaceexplorations
5.1 Overview

For eachof the four applications,we ran the cachesimulation tool
for all 712 differentcacheconfigurations,andobtainedthe cache,main-
memory, andCPUpowerconsumptionvaluesaswell astheCPU-to-cache
andcache-to-main-memorybustraffic traces.Wetheninputthebustraffic
tracesto abuspowerestimationtool [13] previouslyshown to beaccurate
to within 1%of a tracedrivenestimator, for all 64possiblebusconfigura-
tions. We thusobtainedtotal power (cacheplusmain-memoryplusCPU
plusbus)consumptionfor
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�
possibleconfigurationsfor

eachexample.Generatingthis power datafor all four examplesrequired
roughly oneweekof computationtime. We did this procedurefor two
distinct technologies,anolder technology(0.8� ), shown in Figure3, and
a newer technology(0.18� ), shown in Figure4. Plotsrepresentthe 3d-
image, mpeg, ckey anddieselexamples,startingfrom upper-left andgoing
clockwise.Thewire-to-gatecapacitanceratiosfor old andnew technolo-
gieswere3 and100,respectively, basedon [15], alsosupportedby datain
[16] showing rapidly increasingratios.

�
Tracegeneratorandcachesimulatorarethird partytools.�
For moredetailsonouranalyticalpowermodels,pleasereferto [13].



Figure3: Power vs execution-timeplots for older technology– X-axis is
execution-timein seconds,Y-axisis totalpower in watts.

Figure4: Power vs execution-timeplotsfor newer technology– X-axis is
execution-timein seconds,Y-axisis totalpower in watts.

Eachplot representsseveraltenthousands(seenumbersabove)of con-
figurations,eachconfigurationrepresentsa point in theplot

�
. In addition,

many inferior datapointshave beencroppedto further improve the pre-
sentation.

5.2 Power and performance tradeoffs in newer tech-
nologies

Figure3 providesplotsof execution-time(X-axis) andtotal power (Y-
axis) for eachexamplein theold technology. Total power includesCPU,
cache,memoryandbuses.Notethat in 3 of the4 examples,theconfigu-
rationwith thelowestexecution-timecorrespondedwith theconfiguration
having thelowestpowerconsumption.Only in 1 examplewasthereareal
tradeoff betweenexecution-timeandpower.

Figure4 providesplots in the newer technology. Upon examination,
we find that all four examplesexhibit a tradeoff betweenexecution-time
andpower. Thereasonfor this behavior is that thebuspower is a signif-
icant componentof total power in newer technologies,andbus power is
inverselyrelatedto execution-time.In particular, fewer wiresimpliesless
wire capacitanceandhencelesspower, but alsoimpliesmorebustransfers
andhenceahigherexecution-time.
�
Pleasenotethatdueto thescale/resolution,many differentdesignpointsappear

asonly onepoint in theplots.

Eachplot displaysat leastfour distinct“regions.” In theoldertechnol-
ogy, eachregion appearsasa spike. In thenewer technology, eachregion
appearsin anL–shape.Uponinvestigationof thedata,we foundthateach
regioncorrespondsto aparticularCPU-to-cache(seeFigure1) bussizeof
either32,16,8 or 4 (i.e., thefour sizesweevaluated).Theleftmostregion
correspondsto a CPU-to-cachebusof 32 bits (giving thesmallestexecu-
tion time), therightmostcorrespondsto 4 bits. Thebottom-mostpoint of
eachregioncorrespondsto theoptimalcache/busconfigurationfor thatre-
gionbasedonly on power andexecution-time(notsize).Themany points
above andoften to the right of the optimal correspondto differentcache
andcache-to-main-memorybus configurations.Within a region, thereis
notradeoff betweenpowerandexecution-time– thelowestexecutiontime
configurationis alsothe lowestpower configurationin any given region.
Thus,we observe that theCPU-to-cachebussizeis themajor component
in determiningthesystem’s powerandexecution-timemetrics,and there
is a tradeoff amongthosetwo metrics. We concludefrom this datathat
future automatedsearchheuristicsshouldbegin by selectinga CPU-to-
cachebussizethatfirst putsonein theappropriateregionbasedon power
andexecution-timeconstraintsand/orcost function for a given applica-
tion, andsecondseeksthenear-optimalpower andexecution-timepoints
in thatregion.

As an additionalnote,someplots show more thanfour regions,with
a region X appearingdirectly above anotherregion Y (actuallyall plots
originally showed four pairsof regionsbeforebeingcropped).TheseX
andY regionsdiffer in that Y usesbus-invert for the CPU-to-cachebus
while X doesnot. Weseethatbus-invert is crucialfor low-power in newer
technologies.
5.3 Sizeand differing cache/bus configurations

At the bottom of eachregion in the new technology, we seea very
densesetof points.Thesepointscorrespondto theoptimalor near-optimal
power andperformanceconfigurationsfor that region, eachpoint repre-
sentinga different cacheconfigurationand cache-to-main-memorybus
configuration. We obviously want to choosethe configurationwith the
smallestsizethatis neartheoptimalwithin sometolerance.

We thereforeexaminedall configurationswithin a couplepercentof
theoptimalpowerandexecution-timeof eachregion to find theminimum
sizeconfigurationin thissub-region. Onemightexpectthatthebestcache
configurationin oneregion would be the bestin the otherregions,for a
singleexample.In someexamples,this wasindeedthecase.But in other
examples,thebestconfigurationwasdifferentin differentregions.Table1
illustratesthis differencefor two examples.The columnheadingsareas
follows: executiontime (sec),power (watts),silicon area(gates),CPU-
to-cachebuswidth (wires),CPU-to-cachebusencoding(0=binary, 1=bus-
invert),cache-to-memorybuswidth (wires),cache-to-memorybusencod-
ing (0=binary, 1=bus-invert), instructioncachesize (bytes), instruction
cacheassociativity, instructioncachetag (bits), datacachesize (bytes),
datacacheassociativity anddatacachetag(bits). Thefirst threerowscor-
respondto the bestconfigurationin the 32, 16 and 8-bit CPU-to-cache
regionsfor thempeg exampleandthesecondthreerows for thedieselex-
ample. Notice that the bestconfigurationsfor the first exampleinvolve
variationsin cachesizes,associativity, andtagsizes,andin onecasebus
invert is not usedon the cache-to-memorybus. In the secondexample,
associativity andtagsizesvary, asdoesthecache-to-memorybussizeand
theuseof businvert.

Slight changesin theseparametersresult in significantpenalties.For
example,changingthetagin thefifth row from 25 to 24 (to matchthatof
thelastrow) resultsin aperformancepenaltyof 28%!

The key conclusionfrom the above discussionis that thereis no one
bestcacheconfigurationindependentof busconfiguration,andvice-versa.

Ex Pwr Size Cb Cb-i Mb Mb-i I I-a I-t D D-a D-t
.086 43.6 199888 32 1 32 0 16k 4 20 16k 4 20
.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 1 32 1 1k 4 24 512 4 25
.003 .07 17096 16 1 32 1 1k 4 24 512 4 25
.005 .02 17656 8 1 4 0 1k 2 23 512 2 24

Table1: Thebestcacheconfigurationdiffers for differentCPU-to-cache
bussizeregions.

5.4 Tradeoffs betweendesign constraints: old vs. new
technology

Thefollowing experimentshavebeenconductedto demonstratethedif-
ferentbehavior of theold andthenew technologyin termsof power con-



Figure5: Power/performancetradeoffs for two specificconfigurations,for
new andold technologies– X-axis is execution-timein seconds,Y-axis
is power/gatesfor cachesandbuslogic only (CPUandmain-memoryare
constant).

sumption. In Figure5, theplot in theupperleft cornershows thepower
consumption(vertical axis) vs. execution time (horizontalaxis). Each
pointof oneset(thesetdenotedby “+” hasasmallerdatacachesizethan
setdenotedby “*”) correspondsto differentbussizes(from left to right:
32,16,8, 4). As wecansee,thegraphsshow astrongpower/performance
tradeoff in dependency of theCPU-to-cachebus. Evenif we choosehalf
thecachesize(“+”), thequalitative behavior is thesamedueto theCPU-
to-cachebus’ dominance.The plot in the lower left corneralsoshows
power vs. performance(for thesameapplication)deploying thesameset
of parametersasmentionedfor the plot above, exceptthat this is for the
oldertechnology. However, asignificantpower/performancetradeoff with
respectto bussizescannotbeobserved(i.e., all correspondingpointsare
almostlocatedon a horizontalline). This is becauseof thealreadymen-
tioned lower wire/transistorcapacitancerelationshipfor older technolo-
gies.

In termsof area/performancetradeoff, shown in theupperright corner,
(horizontalaxisshowsexecutiontime,verticalaxisshows area),weagain
have a significanttradeoff for the new technology. But sinceareais the
same(in termsof transistorcounts),in thiscasetheold technologyshows
thesametradeoff (in termsof theshapeof thegraph;theabsolutenumbers
of theareaaredifferentdueto differentfeaturesizes,of course).

Obviously, thequestionwhetherthereisatradeoff ornotdependsonthe
technologyaswell ason theconstraintthat is of concern.Thesearekey
observationswhenperformingdesignspaceexplorations.Areaandpower
obviouslybehavedifferently, eithershowing atradeoff in conjunctionwith
performanceor not. A Branch–and–Boundtechnique,for example,could
usethisknowledgefor a fastandefficientsearchof thedesignspace.
5.5 Simultaneousoptimization of busesand caches

Theimplicationof theabove datais thatcacheandbuscannotbeopti-
mizedindependently;they mustbeoptimizedin somecombinedmanner.
Any approachthat tries to separatetheir optimizationmay producevery
inferior results(especiallywhennewer technologiesaredeployed). For
example,considera straightforward heuristic that first optimizescache
without consideringbus (assumingstandard32-bit buseswith negligible
capacitance),which essentiallyrepresentsearliercachepower optimiza-
tion work donefor oldertechnologies,andthatsecondoptimizesthebus.
While the cacheconfigurationmay representthe bestpower, execution-
timeandsizein someregions,it mayrepresenta ratherinferior configura-
tion in otherregions. We appliedthis heuristicto thesametwo examples
above. Theheuristicachievesthebestpowerandperformancewithin each
region,but doesvery poorly in termsof sizecomparedto thebestsizesin
Table1. For thefirst example,thesizesobtainedfor thethreeregionswere
301272,304472,and306072,representingsizepenaltiesof nearly50%
in the first two regions. The sizesfor the secondexamplewere26272,
27872,and26872,representingsizepenaltiesof 70%,63%,and52%,re-
spectively. Thus,we seethe needfor new heuristicsthat simultaneously
optimizecacheandbus.

6 Conclusions
In this paper, we presentedour explorationson interface(i.e., bus)and

cachepower consumptionin embeddeddata-intensive systems.Our ex-
perimentalsetupallowedusto explorethecompletedesignspaceof asys-
tem comprisinga CPU, instruction/datacaches,a main memoryandthe

busesconnectingthesecores.Weconductedexperimentson two different
technologiesfor five data–dominatedapplications,while varying various
cacheandbus parameters.Our observationscanbe summarizedasfol-
lows: (1) In older technologies,thereis hardlya tradeoff betweenpower
andexecutiontimes,i.e., a smallexecutiontimesimplieslow power con-
sumptionanda largeexecutiontime implieshighpowerconsumption.(2)
Newer technologiesdo featurea real tradeoff, sincebuspower consump-
tion becomesmoresignificantdueto a higherwire/gatecapacitanceratio
for smallerfeaturesizes.(3) Thedominatingsourcefor power consump-
tion in newer technologiesis theCPU-to-cachebus. Theselectionof this
bus’ size thereforeis the major factor in makingthe tradeoff betweena
system’s power andperformance.(4) For a givenCPU-to-cachebuscon-
figuration, thereis an optimal configurationof remainingcache/bus pa-
rametersthatminimizesbothpower andperformance.However, thereis
no optimumset of cacheparametersacrossdifferentCPU-to-cachebus
configurations,andthereforethebusparametersof theCPU-to-cachebus
parametersmustbeadaptedto oneanother. (5) Regardingsize,for agiven
CPU-to-cachebusconfiguration,thereis a near-optimal configurationof
remainingcache/bus parametersthat minimizespower, performanceand
size.Again,thisCPU-to-cacheconfigurationdiffersfor differentCPU-to-
cachebusconfigurations,andminorchangesto theconfigurationcanyield
largepenaltiesin performanceor size.

Underthesecircumstances,afull searchthroughthedesignspaceis not
typically feasibledueto largespaceandthestronginterdependenciesbe-
tweenbusandcacheparameters.Thoughwe performeda full search,we
limited the rangeof cacheandbus parametersto a fractiononly, andwe
still requiredsimulationtimesof up to four daysfor a singleapplication.
Many moreparametersarepossible,suchasaddress-bus encodingtech-
niques,data-bus limited-weightcodes,andmultiplexed addressanddata
buses,thusmakingthedesignspaceexponentiallylarger. Therefore,fur-
therwork is neededonheuristicsthatexploit thepeculiaritiesof thedesign
space.Basedon thefindingsreportedin thispaper, suchheuristicswould
likely first determinethe appropriateregion of the power/performance
curve throughCPU-to-cachebusconfiguration,andthensearchtheregion
for the near-optimalpower/performance/sizecache/bus configurationsin
thatregion.Wearecurrentlyexaminingsuchheuristicsandareperforming
researchon relatedproblemsaspartof theDaltonproject [17] at Univer-
sity of California,Riverside,in collaborationwith NECUSA, Princeton.
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