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Abstract— Texture mapping is a technique for adding re-
alism to an image by mapping a texture image onto a sur-
face. Realistic texture mapping requires large processing
power and high memory bandwidth. Portable graphics de-
vices,however, cannot afford large cachesdue to systemre-
quirementssuch as gate count limitations and low power.
We propose employing a very small (128-512 bytes) tex-
tur e cachebetweenthe graphics acceleratorand the texture
memory. Simulation resultsshaow that a small textur e filter
cacheachievesremarkably high hit rates and significantly
reducesthe total power consumedby the memory hierar-
chy. For example, a 256-byte dir ect-mappedcachewith a
line sizeof 16 bytesreducespower dissipation by a factor of
7.0 compared to a corventional 16KB cachewith aline size
of 32 bytes, while reducing performance by a factor of 1.5.
This correspondgo areduction of the energy-delayproduct
by afactor of 3.1. It is alsoshawn that a widely-usedbench-
mark exhibits anomalousbehavior.

Keywords—Graphics accelerator embeddedsystemstex-
tur e mapping, low power.

I. INTRODUCTION

Low power is becomingmore and more of a concern
in microprocessodesign. Especiallywhendesigningmi-
croprocessorthatareto beembeddedhn portabledevices,
enegy consumptionis an importantissue,sinceit must
be suppliedby batteries.Of the overall powver dissipated
by modernmicroprocessorghe power dissipationdueto
on-chipcachesonstitutesa significantpart. For example,
the on-chipD-cacheof the StrongARM 110, a low-power
RISC microprocessorconsumesl6% of its total power
[1]. Furthermorethe rapidly growing portableelectron-
ics marketis demandindow power devices,makingtech-
niquesfor enegy-efiicient cachesan importantresearch
area[1], [2], [3].

In this paperwe proposea low-cost, power-efficient
cachearchitecturdor portablegraphicsdevices.In partic-
ular, we proposea cachearchitecturdor texture mapping,
which is oneof the mostexpensve tasks(bothin termsof
processingower aswell asmemorybandwidth)thatneed
to be performedby 3D graphicsapplications. Real-time
texturemappinghasbecomepossibledueto improvements
in semiconductotechnologybut supplyingenoughmem-

ory bandwidthremainsa problem. Consequentlymary
high-performancdexture cachearchitectureshave been
proposedsee.e.g.,[4] andthereferenceshere). A com-
mon techniqueto improve memorybandwidthis to em-
ploy large caches.In portablegraphicsdevices,however,
large cachesare unafordabledueto systemrequirements
suchasgatecountlimitationsandlow powerconsumption.

In this paperwe, therefore,proposeemploying a very
small (128-512bytes)texture cachebetweenthe graphics
acceleratorand the texture memory Sucha small cache
hasbeencoinedfilter cacheby Kin etal. [1], sinceit fil-
tersreferenceso lower memorylevels. Our hypothesigs
that a small texture filter cacheis ableto exploit the ac-
cesscharacteristic®f texture mappingfor the following
reason. Texture mappingconsistsof mappingan image
(texture) to an object. Any objectcanbe decomposedh
trianglesafter which eachtriangle can be renderedsepa-
rately having its own coordinatesn thetexturespace One
methodto renderatriangleis to decomposé in horizon-
tal lines (scanlinesandthento walk alongeachscanline.
In orderto find the color componenof eachpoint of the
scanlineaprojectionin thetexture spacds performedand
avaluecorrespondingo aninterpolationamongneighbors
is computed. The caseof bilinear interpolationis illus-
tratedin Figurel. As canbe seen,point P, corresponds
to point U in texture space.Thevalueof U; is computed
by bilinearinterpolationamongthetexelsTi, Ts, T3, and
Tx. Whencomputingthe correspondingaluefor the next
point of the scanline,P,, thetexels T, andT3 arereused.
In general,for eachnext point of the scanlinetwo previ-
oustexels from the texture spacearelikely to be needed
again. Furthermore,in the caseof the more often used
trilinear interpolation,it is likely thatfour of the previous
eighttexels areneededagain. Dueto this spatiallocality,
we assumehatevenasmalltexture cachecanimprove the
performancedf texture mappingsubstantially

This paperis organizedasfollows. Sectionll describes
themodelusedo estimatecachegpoverconsumptionSec-
tion Il presentshe experimentaimethodsandworkloads,
andpresentshe experimentaresults.Conclusionsanddi-
rectionsfor futureresearclaregivenin SectionlV.
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Fig. 1. Bilinear Interpolation.

I. CACHE POWER CONSUMPTION

In this sectionwe describethe modelusedto estimate
cachepower consumptionand discussand motivate the
metricschosento measureenegy efficieng. We did not
usethemodeldescribedyy Kin etal. [1] becausé canbe
ratherinaccurate.For example,they assumehat half the
addresdines switch during eachmemoryrequest. How-
ever, this assumptioris not valid for cachegand, more-
over, biasessmallblock sizes)dueto temporalandspatial
locality of references.In our estimationswe, therefore,
usedprecisecountsobtainedby simulation.

A. CadePowerModel

Thecachepowvermodelis basednthecacheiming and
power consumptiormodelusedin the CACTI 2.0tool [5],
which in turn is basedon the cachemodel proposedby
Wilton andJouppi[6]. The sourceof power dissipationin
this modelis the chaging anddischaging of capacitatie
loadscausedby signaltransitions. The enegy dissipated
for avoltagetransition0 — V or V' — 0 is approximated

by:
1)

where(C is the capacitanceriven. An analyticalmodelof
the cachepower consumptionincludesthe equivalentca-
pacitanceof cachecomponentgonsideredndthevoltage
swingof atransition.The pover consumptions estimated
by combiningEg.(1)andthetransitioncountat theinputs
andoutputsof eachmodeledcomponentusuallyobtained
by simulation.

To reducewordlineandbitline capacitanceandachiere
minimal accessime, thecacheSRAM arrayis subdvided
into subarraysThewordlinesaresubdvidedin Ng,,; par
titions, eachcontainingthetotal numberof cacherows and
a full row decoder The bitlines are subdvided in Ny,
parts,eachcontainingﬁ of the total cacherows. An-
otherparameterN,,,, allows to map moresetsin a sin-
glewordlineandthuschangeheoverall accesgime with-
out breakingthe arrayinto smallersubarrays.The power
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modelusedtakesinto accounthevalueof theseorganiza-
tional parametersThe optimal valuesfor the arrayorga-
nizationparameterV gy, Nan, Nspa dependonthecache
sizeandtheblocklength,andarecomputedusingCACTI.

The other cacheparametersisedin the formulaepre-
sentedbelon are summarizedn Tablel. The numberof
columnsN, ;s androws N,..,,s Of the SRAM subarraycan
bederived from the cacheparameters.

parameter | description

A Associatvity.

c Cachesize(in bytes).

B Block size(in bytes).

Dyirs DataWord size.

Apits Addresssize.

Vid Supplyvoltage.

Viore Bitline prechagevoltage.

Toce Accesgime.

Nyce Numberof cacheaccesses.

Ny Numberof cachereadaccesses.

Nyr Numberof cachewrite accessegnrite hits).

Nymiss Numberof cachemissesonaread.

Nymiss Numberof cachemissesonawrite.

Natr,m Total addresshit transitionson the outgoing
lines.

Notr,e Total addressit transitionson the cachede-
coders.

w Averagenumberof bits written perwrite oper
ation.

TABLE |
CACHE PARAMETERS AND TRANSITION COUNTS.

To obtaingoodestimate®f the power dissipatedaccu-
ratetransitioncountsare essential. Transitioncountscan
be determinedexactly by simulationor, whenthis is not
possiblecanbeapproximatedyy multiplying theexpected
transitionprobability at a nodeby the cycle count[7]. In
our estimationswe useprecisecountsfor cacheaccesses
andaddresdit transitionsto andfrom memory The av-
eragewidth of a dataitem written to memory(W) is esti-
matedassumingan equaldistribution of bytes,half-words
and32-bitwords,asin [1]. We alsoassumeéhatthetransi-
tion countsof addressanddatabits areevenly distributed
betweeraccessethathit andmissthecache.

Thefollowing cachecomponentsrefully modeled:ad-
dressdecoderwordline, bitline, senseamplifiers(seeFig-
ure 2), anddataoutputdrivers(Figure 3). In addition,the
addresdinesgoingoff-chip andthe datalines (bothgoing
off-chip andgoingto the CPU,aretakeninto account.The
following sectionsdescribethe enegy contritutionslisted
above to the overall dissipation.
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Fig. 2. Component®f astaticRAM consideredn the cachepower model: (a) 6-transistomit cell; (b) bit line prechaginglogic;

(c) word line drivelogic.

B. Bitlines

A majorfractionof thepower consumptions neededo
drive thebitlinesof thedataSRAM arrays.The cachebit-
linesaredrivenduring prechaging (Eq.(2)),read(Eq.(3))
andwrite (Eq.(4)).

1
Ebit pre :§Vdd%re * Nace * Neots * Chittines (2

1
Ebit ra =§Vd2d “ Npg * Dpits A - Chittine,out
1
+ §Vddere ' Nrd * Ncols : Cbz'tlz'ne: (3)

1
Ebit,wr :EVddV;)'re : (Nwr W+ Nrmiss : 8B)
(4)

' Cbitlme .

Thecapacitancef thebitline, Cy;iine, IS givenby:

1
Chittine = Nrows - (icd,Ql + waire) + 2Cd,Qpa

+ Cd,Qp + Cd,muw

The value of drain and gate capacitanceslependon the
sizeof thetransistorandarecomputedisingtheequations
presentedby Wilton andJouppi.Thefactor% accountdor
the fact that the drain of the passtransistorof a bit cell
is sharedwith the adjacentcell, thereforethe capacitance
Ca,@1 is reducedby half. Cpyre is the capacitancef a
bitline seggmentone bit cell high. Cy gpa, Ca,qp arethe
drain capacitancesf prechage andequilibrationtransis-
tors, respectrely. Thedrain capacitanc€’y ,,,, is dueto
thebitline multiplexor attheinput of the bit line senseam-
plifiers,whichis presenpnly if 8B - Ngy Nspg > Dyigs-
The capacitance&yyine,out 1S dueto the input transis-
torsof thesensemplifiersat theendof thebitlinesand,if

presentthedrainsof thebitline multiplexors.

8B - Ngpi Nspg

Cbitline,out = 2C, ,senseamp T ( D
bits

) ' Cd,muw

Noticethatthecachesnodeledarewrite-through there-
fore a write operationcausesa cacheupdateonly if the
word is alreadyin the cache(write hit).

C. Wordline
Theenegy dissipatedy thewordlinesis givenby:

Eword :V¢12d ' Nacc : (Ncols ' (QCg,Ql + waire)

+ Cd,'wdrv +C ,2wdrv + Cd,wz'n'u)- (5)

The factor ;V2, is multiplied by 2 becausethe word se-
lectsignalis assumedo be pulsed thuseachreador write
operationcauseswo transitionson the selectedvordline.
The capacitanc&’y 4, IS dueto the drain of the P- and
N-channeltransistorsof the wordline driver. The overall
loadof thewordlineinverterstageat theinputof theword-
line driver is modeledasthe combinedcapacitancef the
driver gatesCy .4, andtheinverterdrains,Cy,yino-

D. SenseAmplifieis

Eachsenseamplifier detectsthe voltagevariation of a
bitline resultingfrom a readoperationandamplifiessuch
variationto the full voltageswing V,. Accordingto the
cachemodelused,the enegy dissipatedn the senseam-
plifiers is a large fraction of the overall dissipation,and
cannotbeignored:

(6)

Psense is the averagepower consumptiornof a senseam-
plifier when a bitline transitionoccurs. Notice that the
numberof senseamplifiersis reducedoy multiplexing the
bitlines,hencethefactor ADy;;,.

Esenseamp = Psense . Tacc : Nacc : ADbits-
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Fig. 3. Outputdatabus: (a) overview; (b) outputdriver (tri-state).

E. Dataand AddressOutput

The data output driver drives the cache output data
lineswith the signalsfrom the senseamplifiers. In a set-
associatie cachethereare ADy;;; senseamplifieroutputs
andonly Dy;;, outgoingdatalines, thereforeeachoutput
driver is actuallya tri-statethat chagesor dischagesthe
outputline only if the correspondingsetis selected(see
Figure3).

The enegy dissipatedin the dataand addressoutput
linesis givenby:

1
Edout :EVde . Nrd ) Dbits . (Cd,outnor + Cg,outdrv

+A- Cd,outdrv + Cuwwire - SBA - Nspd - vstack
(7)

(8)

1 1
+ Cdoutc) + §Vd2d . §W * Nwr . Cdoutma
1

2
2Vdd . Natr,m * Caoutm-

anut =

whereCy ouimor IS thetotal capacitancef thedrainsof the
NOR gate P- and N-channeltransistors,Cy ,utdrv IS the
gatecapacitancef the outputdriver and Cy ytarv IS the
capacitancef the outputline dueto the driversattached
to it. Theremainingoutputline capacitances dueto the
wire (whoseestimatedengthis 8 BA- Ny -vstack, where
vstack is the numberof subarraysarrangechorizontally)
and Cyyuie, the overall capacitanceof the path between
cacheoutputline andthe CPU. Similarly, Cyoutm s Caoutm
are,respecitrely, the capacitancef the dataand address
pathsgoingoff-chip.

F. AddressDecoder

Thecachemodelusedin CACTI assumethateachsub-
array hasits own decoderwhich is madeof threestages.
The first stagecontainspredecodeblocks. Thesetake 3
addressits asinput and producea 1-of-8 outputsignal
by meansof 8 3-input NAND ports. The 1-of-8 codes
from differentblocksarecombinedusing N3;,s-portNOR

gateswhere

1
N3t08 = [g logQ(NTows)-‘ .

EachNOR gatecontrolsthe selectionsignalof oneword-
line.

The enepgy dissipatedin the decoderis subdvided in
threecomponentgorrespondingo thethreestages:

1
Eadec,l :EVde : 2Natr,c ' (Cd,ddrv + NdblNdwl

-4Cy 3108 + 2BA - Ny Ny - Cwwire), (9)
1 N,
Eadec,2 :EVde - Nacc . (Cd,StOS +C, ,decnor * %
+waire ) Nrows) 3 (10)
1
Eadec,3 :EVde . Nacc ' (Cd,decnor +C, ,winv)- (11)

The enegy dissipatedn the first andthird stageis based
on the precisetransition countsobtainedvia simulation:
Nair, . and N, respectrely. Thecapacitancéoadof the
drivers at the input of the first stage,Cy 4r,, dueto the
drainsof the transistorsjs sharedacrossall the subarray
decoders.Eachdecodercontributesto the overall capac-
itance of the first stagewith the wire that connectsthe
driver outputwith the NAND gatesof the 3-to-8 prede-
coderblocks and with the transistorgatesof the blocks.
The factor2 of N, . accountsfor the factthatfor each
addressit therealsothe invertedbit mustbe driven. For
eachaddresdit undegoing a transition,all 8 gatesof the
3-to-8block undego atransition(4 arechagedand4 are
dischaged). The factor2 beforethe term dueto the wire
capacitancaccountgor thefactthatthe SRAM arraysare
assumedo be organizedsothatthe predecoderareatthe
centerof the arrayandthe wires thatconnectthemto the
inputdriver area quarterof thetotal arraylength. Thelast
stagespendspower to drive the capacitancef the NOR
drainsof the selectedword line and the gatesof the in-
verter at the input of the wordline driver. Note that the



power consumedy thewordlineinverteris accountedor
in Eq.(5).

The power consumedn the tag pathto selectandre-
trieve the cacheblock tagis alsotakeninto account.The
expressiongor thetagpatharesimilarto thosefor thedata
path. In this case,the numberof columnsis the number
of tag bits. The tag arrayis organizedin subarraysnde-
pendentrom the datasubarraysi.e. thetagpathis char
acterizedby threeorganizationalparameters.The model
presentedbore doesnot includethe power dissipatedy
comparatorghat verify a tag / addressmatch, nor data
steeringogic andcachecontrollogic. Thesecomponents
give aminimal (< 2%) contrikution to the overall power
dissipation.

G. Enegy-RelatedVetrics

In orderto evaluatethe efficiengy of the texture cache
architecture,we also measurethe enegy-delay (E-D)
product. This metric was proposedby Gonzalesand
Horowitz [8], who argueit is superiorto the commonly
usedpower or enegy metricsbecauset combinesnegy
dissipationandperformance.

To computethedelay D we assumea clock frequeng
compatiblewith the accesstimes estimatedby CACTI.
TheE-D productis givenby:

ED=E-D=P-D*=P-(Neyctes " Tetock)*- (12)
Although the E-D metric presentamportantadwantages,
like thereduceddependenc&om technologyclock speed
and implementationsye also presentour measurements
for enegy consumptionAs arguedin [7], theenegy con-
sumptionis animportantmetric for battery-operateg@ro-
cessorén portabledevices,becausé determinesheirbat-
tery duration.

[11. EXPERIMENTAL EVALUATION

A. ToolsandBendmarks

Oneof the mostoften usedbenchmarkgor 3D Graph-
ics Acceleratorss the Qualelll Arenaapplication. This
benchmarkrequiresan OpenGL compliant library, for
whichwe usedMesa.Sincethe sourceof theMesalibrary
is freely available,we couldinstrumentthe codeto gener
ate addresdraces. We usedour own trace-drven cache
simulator (called BOCS) to gatherinformation such as
the numberof cacheaccesseandtransitioncounts. This
informationwas subsequentlyed to CACTI, which pro-
ducespower, enegy andenegy-delayestimates.

A.1 Detailson Tools Settings

The Qualelll Arenaapplicationwaschosendueto its
flexibility andarich setof featureghatallowedusto cus-
tomizethe benchmarko our needs.The graphicoptions
weresetto “High ImageQuality” (trilinear filtering) and
the screenresolutionwas chosenas “640x480”. One of
thefeaturesof Qualelll is to be ableto run a prerecorded
demoasareferenceThefirst availablerecord(demo001)
was usedand we gatheredstatisticsfor all framesstart-
ing from frame 40 (the first 40 framesare not relevant
sincethey areintroductoryframes).The Mesalibrary was
instrumentedwith nev code so that eachreferenceto a
2D texture elementwasloggedto afile. Write operations
werenotloggedsincewe areinterestedn readoperations
mostly andassumehat the numberof writesis insignifi-
cantcomparedo the numberof reads.Furthermorewrite
operationsareencountere@t theinitialization phaseonly.
The addresdracefile obtainedfrom Mesawassimulated
using BOCSfor several cacheandblock sizes. We only
considerdirect-mappedaches becauseassociatiity in-
creaseghe amountof dataand control informationread
out on eachcacheaccessandthereforeassociatie caches
consumemorepower [1]. The assumptionsve madefor
thecachesimulatorarethattheword sizeis 32 bitsandthat
themisspenaltyis 12+ w cycles,wherew is theblocksize
in words.

B. ExperimentaResults

At first, we usedthe Mipmap benchmarkrom the Me-
diabenchsuite [9] insteadof the Qualelll ArenaDemo.
However, this benchmarlshaved anomaloubehaior, as
is explainedbelow.

Figure 4(a) depictsthe missratesfor the texture map-
ping phaseof the Mipmap benchmarlasa function of the
cachesize, for four differentblock sizes. Someavhat sur
prisingly, the missrateincreasesvith the block size. This
effect becamesven moresignificantwhenwe changedhe
samplingmethodfrom point samplingto the more often
usedtrilinear interpolation(Figure5(a)). Althoughit can
beexpectedhatfor smallcachesmallblock sizesarebet-
ter dueto thesmallnumberof entriesandtherisk of cache
conflicts, it is really surprisingthat, for example,a 256-
byte cachewith a block size of 8 bytesexhibits a higher
miss rate than a 128-byte cachewith a block size of 4
bytes,eventhoughthey have the samenumberof entries.
Furthermoreasexplainedin theintroduction,trilinear fil-
tering shouldbe ableto take advantageof spatiallocality.
We, therefore studiedthe codeof theMipmapbenchmark,
and discoreredthat therewas not only a high degree of
spatiallocality, but alsoa high degreeof temporallocality
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Fig. 4. Mipmapmissratesusingpointsampling.

becausemost of the texels from the texture were cover-
ing morethanone pixel. So, the sametexel was reused
for the coverageof more than one pixel. Sucha beha-
ior is not realisticsinceit canbe encountereanly when,
for instancan a 3D game we arevery closeto awall and
we have a low resolutiontexture. Figures4(b) and 5(b)
shawv themissratesaftermodifyingthe numberof tiles ap-
plied ontherespecite surface. They shav thatthisindeed
changedhe cachebehaior, andthatthe Mipmap bench-
markis notrepresentate. We thereforeusedthe Qualelll
ArenaDemoinstead.

The resultsobtainedwere very similar acrossframes.
We, therefore presenbnly theresultsfor onerepresenta-
tive frame(Frame520).

Table Il depictsthe power consumedby the texture
cachewhenframe 520 is processeds a function of the
cachesizeandblock size. As canbe expectedthesmaller
thecacheandtheblocksize thelowerthepowerconsump-
tion. Oneinterestingobseration aboutthis tableis that
doublingthe block sizedoesnot imply a similar increase
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Fig.5. Mipmapmissratesusingtrilinear interpolation.

in power consumptionalthoughtherearetwice asmary
lines. This canbe explainedby the improved hit ratethat
compensate®r theincreasegower perreferenceandby
thespatiallocality of referenceglargerblocksimply fewer
addresdine transitions).

Table Il shawvs the enegy (power times delay) con-
sumptionasafunction of the cacheandblock size.In this
casethe bestresultsare not necessarilyobtainedfor the
smallesicacheandblock sizes sincethey incuralargede-
lay. It appearghatthe bestresultsareachiezed whenthe
cachesizeis 128 or 256 bytes,andthatthe block sizeis
lessrelevant. Althoughemploying larger blocksimproves
the hit rateandreduceghe numberof addressine transi-
tions, thisappeardo bealmostneutralizedy theincrease
in the numberof bitline andwordlinetransitions.

The missrateasa function of the cacheandblock size
is depictedin TablelV. It shavs thatthe 128-bytefilter
cacheis too smallto be usefulasa texture cache sinceit
incursmissratesin the orderof 20-50%.\We alsoobsere
thatalthoughthe missratedecreasewhenwe increasehe



block size,theimprovementsquickly becomesmaller

However, the mostimportant metric for our study is
the enegy-delayproduct,which is shavn in TableV. As
canbe seenthe 256-bytecachewith a 16-byteblock size
yields the bestresult. This wasthe casefor mostframes
but for someframescharacterizetby intensegeometryre-
qguirements higher polygon countsand higher overdrav,
the512-bytecachewith ablocksizeof 16 bytesyieldedthe
bestresult. To confirmthis, TableVI depictsthe enegy-
delayproductfor oneof theseframes.

For comparisorreasonswe have alsoincludedthe re-
sultsfor acorventionalcachesize(16KB) in TableVII. It
canbe verified thata 16KB cacheconsumesnuch more
power andenegy thana small texturefilter cache but of
course,it exhibits a lower missrate. Overall, however,
thefilter cacheyields a muchsmallerenegy-delayprod-
uct. For example,when processingrame 520, the 256-
byte filter cachewith a block size of 16 bytesimproves
the enegy-delayproductby afactorof 2.1 comparedo a
16KB cachewith the sameblock size.

Cache Block Size(B)

Size(B) 4 8 16 32
128 11.16| 13.47| 13.67| 13.45
256 39.02 | 45.87| 46.39| 48.90
512 49.72 | 59.23| 61.94| 59.15
1024 | 64.75| 77.14| 83.80| 85.03

TABLE I
POWER FOR FRAME 520 (MW).
Cache Block Size(B)
Size(B) 4 8 16 32
128 7.34| 7.11| 6.74| 7.39
256 7.08| 7.11| 6.85| 7.54
512 7.71| 8.02| 8.03| 7.96
1024 | 9.03| 9.51| 9.87| 10.20
TABLE Il
ENERGY FOR FRAME 520 (MJ).
Cache Block Size(B)

Size(B) 4 8 16 32
128 46.67 | 33.39| 26.89| 24.51
256 7.31 | 467 | 3.67 | 3.28
512 514 | 3.25 | 2.46 | 2.22
1024 3.84 | 233 | 1.66 | 1.49

TABLE IV

M1ss RATE FOR FRAME 520 (%).

Cache Block Size(B)
Size(B) | 4 8 16 | 32
128 482 3.75| 3.32| 4.05
256 1.28|1.10| 1.01| 1.16
512 1.20| 1.09| 1.04| 1.07
1024 | 1.26|1.17| 1.16| 1.23
TABLE V

ENERGY*DELAY FOR FRAME 520 (MJ*S). FOR EACH
CACHE SIZE, THE BLOCK SIZE THAT ACHIEVES THE BEST
RESULT IS SHOWN IN BOLD.

Cache Block Size(B)
Size(B) 4 8 16 | 32
128 11.40| 8.75| 7.77 | 9.53
256 5.12 | 4.25| 3.93| 4.74
512 257 | 2.34| 2.25| 2.33
1024 | 250 | 2.39| 2.44| 2.66
TABLE VI

ENERGY* DELAY FOR FRAME 120. FOR EACH CACHE SIZE,
THE BLOCK SIZE THAT ACHIEVES THE BEST RESULT IS
SHOWN IN BOLD.

Block Size(B)
4 8 16 32
E*d 2.39 2.33 2.15 3.14
E 21.70 | 22.70 | 21.60 | 32.00
P 197.93| 220.95| 217.50| 326.54
MissRate| 1.39 0.75 0.43 0.27
TABLE VII

RESULTS FOR A 16KB CACHE USING FRAME 520.

IV. CONCLUSIONS

In this paperwe have proposedand evaluatedusing a
smallfilter cachebetweerthegraphicsacceleratoandthe
texturememoryin portablegraphicsdevices. Suchdevices
cannotafford large cachegdueto restrictionssuchasgate
countlimitationsandthe needfor low power.

For mostframesin the usedrecorda cacheof 256 bytes
andwith a block size of 16 bytesyields the bestresults
w.r.t. the Enegy-Delaymetric, but for someframesbetter
resultsare obtainedwhen a 512-bytecachewith a block
size of 16 bytesis used. The performancepenaltycom-
paredto a cornventional cachesize of 16KB is approxi-
mately a factor of 1.5, andit remainsto be evaluatedif
this is acceptableWe have alsoshavn thata widely-used
benchmarlexhibits anomaloubehaior.



In thefuturewe intendto evaluatethe robustnesf the
texturefilter cachearchitecturdoy conductingexperiments
usingotherscenewwith differentcharacteristicsWe also
intendto completethe designof alow-power graphicsde-
vice andseeif the low-power cachedesigntranslatedo a
low-power graphicssystem.
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