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Abstract

Increasingcachdatenciedimit L1 cachesizes.In this papermwe
investigaterestrictive compessiontechniquesor level 1 data
cache,to avoid an increasein the cacheaccesdateng. The
basictechnique— All WordsNarron (AWN) — compressesa
cacheblockonly if all thewordsin thecacheblockareof narrov
size. We extendthe AWN techniqueto storea few upperhalf-
words(AHS) in a cacheblock to accommodata smallnumber
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IncreasingLevel 1 cachesize impacts cacheaccesstime,
whereasmallsizedcachedncreaseéhe cachemissrate. Cache
compressiolis a popularapproacho increasethe capacityof a
smallcache However, elaborateeompressiomechniquegannot
beappliedto thelevel 1 cache asthey increasehe cacheaccess
lateng. In this paperwe proposerestrictivecompessiontech-
niques,that do not increasethe cacheaccesdateng, and still
resultin signi cant increasén theL1 datacachecapacity

Our basictechniqgue— All Words Narrov (AWN) — com-

of normal-sizedvordsin the cacheblock. Further we makethe Presses cacheblock only .if all the wordsin .the cacheblock
AHStechniqueadaptie, wherethe additionalhalf-wordsspace &r€of narrav width (requiringlessthana particularnumberof
is adaptiely allocatedto thevariouscacheblocks. We alsopro- bits for representation)\WNtechniquealoneincreaseshelevel
posetechniqueso reducethe increasein the tag spacethatis L datacachecapacity(in termsof the averagenumberof valid
inevitablewith compressionechnigquesOverall, thetechnigues Plockspercycle) by about20%,comparedo acorventionaldata
in this paperincreasethe averagel 1 datacachecapacity in cache. We extendthe AWN technlqueb_y providing additional
termsof the averagenumberof valid cacheblocks per cycle) SPacefor afew upperhalf-words(AHS in a cacheblock to ac-
by about50%, comparedo the corventionalcachewith no or commodat@smalinumberof normal-sizedvordsin eachcache
minimal impacton the cacheaccesgime. In addition, thetech- Plock. AHStechniqueincreaseshe L1 datacachecapacityby

niqueshave the potentialof reducingthe averageL 1 datacache 2/most90% (with an averageof about50%). We alsoinvesti-
missrateby about23%. gateanadaptve AHStechnigue— AAHS— wherethe number

of additionalhalf-wordsallocatedto a cacheblock s variedde-
pendingontherequirementFinally, we proposeatechnique—
1 Intr oduction OATS— to reducethe increasectachetag spacerequirement,
. . ) . which is inevitable with ary cachecompressiortechnique. It
CMOS scalingtrendsresultin fastertransistorsandrelatiely g importantto note thatwe performedour experimentswith a

longerwire delaysmakingit dif cult tohavelow lateny caches 3 pjt architecturewhereasour techniqueswill be muchmore
[9]. Thisis dueto the long wires requiredto accesshe RAM  pane cial for a 64-bit architecture.

structures. This trend hasresultedin pipelined cacheaccess

andsmall-sizedLevel 1 caches.Anotherimportantparameter
thataffectscachedesignis the enegy consumptiorin thecache
[4, 13, 22]. To reducethe cacheenegy consumptiondesigners
have decoupledhe tag comparisongrom the dataaccesg15].
Figure 1 shows the decoupledand pipelinedcachereadaccess
[11]. A cacheaccessstartswith decodingthe setindex. In the
next cycle, byte-ofsetis decodedn parallelto addressagcom-
parisonsandthebit-linesin the dataarrayarepre-chaged.The
tag comparisongontrol whetheror not the datais readfrom a
cacheblock. If thedatais read thenit is thendrivento theunits
thatrequestedhedata.

Decode | Compare tags + drive
Set Decode Read data ouput
byte-offset

Figurel: PipelinedDataCacheReadAccess

The rest of the paperis organizedas follows. Section?2
discusseshe motivation behindour techniquesandthe related
work. Section3 presentthe AWN andthe AHScachecompres-
siontechniques.Section4 presentghe experimentalsetupand
the results. Section5 presentghe OATS and the AAHStech-
nigues,alongwith their results.Section6 presents sensitvity
studyastheblock sizeandcachesizeis varied. We concluden
Section?.

2 Motivation and RelatedWork

2.1 Motivation

Elaboratecachecompressioriechniquescannotbe appliedfor
L1 cachespecausesuchtechniquegequiremultiple cyclesto
decompresshe datareadfrom the cache,thusincreasingthe
cacheaccesdateng. For instance,if a cacheblock is com-
pressedy ignoringall theinsigni cant higherorderbytes,then



sucha cacheblock will consistof both compressedswell as

uncompressedords. Thebyte-ofsetof eachwordin thecache
blockwill dependnthesizeof thewordsbeforeit. Thiswill re-

quirerecalculatinghe byte-ofsetto readaword from theblock,

shawvn in Figure2. Thereforejt is imperative thatany compres-
sion techniquethatis appliedto L1 cachesshouldnot require
updatedo the byte-of'set. We call suchcompressiotiechniques
asrestrictivecompessiortechniques

Decode
byte-
offset

drive
ouput

Decode
Set

Adjust
byte-offset

Compare

tags Read data

Figure2: PipelinedDCacheReadwith byte-ofsetadjustment

To motivate the techniquegproposedn this paper we mea-
surethe numberof normal-sizedvords(thatrequiremorethan
16 bits for representation)n cacheblock. Figure 3 presents
theresultsof the measurements the form of a stacledgraph,
whereeachbar is divided into the percentagef cacheblocks
with 0, 1, 2, 3, 4, andmorethan4 normal-sizedvords.
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Figure3: Percentagédistribution of word sizesin thenew cache
blocksbroughtinto theL1 Dcache

Figure3 shavsthat,for mary benchmarksasigni cant frac-
tion of the new cacheblocksthat are broughtinto the L1 data
cachehave all narrov words. In addition,therearemary cache
blocksthat have just 1 or 2 normalwords. Narrov words are
lessprevalentin the oating-point benchmarkdecauseof the
IEEE 754format.

2.2 RelatedWork

Compressiortechniqueshave mainly beenproposedto com-
presshedatain mainmemory[5, 7] andin L2 cachd10, 6, 19,
20, 21, 14). More sophisticatedcompressioriechniquegsuch
asXRL compressiofil 7], andparallelcompressionvith dictio-
nary construction[12]) canbe appliedto main memoryandL?2
cacheasthey aremoretolerantto increasean hit times.

Level 1 datacachecompressiortechniqueshave beenpro-
posedn [16, 24, 25]. However, all thesetechniqueéncreasdhe
L1 accesdime. Yanget. al. [24, 25] usea smallFrequenialue
Cacheg(FVC) to storesmallnumberof frequentlyseervaluesin
cacheblocks. They thenusea separatduffer to storethe masks
for thewordsin a cacheblock. A level 1 datacacheacceswiill
readthe maskat the byte-ofset speci ed by the memoryref-
erence andthenbasedon the decodingof the maskeitherthe

frequentvalue cacheis accessedr the dataarrayis accessed.
Thistechniquewill increasahe cacheaccessdateng by atleast
1 cycle.

Kim et. al [16] compresshe higherorder“insigni cant” bits
of wordsin a cacheblock to save enepgy. The higherordersig-
ni cant bits andthe lower orderbits of the wordsare storedin
separatecachebanks. The bank storing the higher order bits
is accessedf required,doubling the cacheaccesdateng for
uncompresseavords. Othertechniquedq4, 2] also compress
the higherorder*“insigni cant” bits of wordsto save enegy in
caches.

Exploiting narrov width operand$or powerandperformance
improvements,in hardware modulesotherthanthe cache,has
alsobeenproposedn [1, 3, 18].

3 Restrictive CompressionTechniques

We considermaword narraw if it canberepresentedsingl6bits,
andcanbereconstructedy sign-extendingthe narrav word.

3.1 All Words Narrow (AWN)

In this technique,a cacheblock is compressednly if all the
words in the cacheblock are of narrov size. We call sucha
cacheblock a narrow cache blodk, anda cacheblock whereall
the words arerepresentedsingthe entire setof bits asa nor-
mal cache block. We call the physicalRAM spaceprovidedin
the cachefor a cacheblock asa physicalcacheblodk. A phys-
ical cache block canhold onenormal cache block or up to two
narrow cade blocks asshown in Figure 4(a). Note that, the
lastword in the lower cacheblock is not narrov becausesign-
extensionof will resultin , whereaghis is not
the casewith thelastword in theupperblock .

Figure4(b) showvs thateachphysicalcache block is provided
with additionaltag spaceandstatusbits for the additionalnar-
row cacheblock (asis the casefor all compressiortechniques),
andawidth bit signifying the presencef a normalcache block
(width bit = “0") or two narrow cache blodks (width bit = “1”).
In parallelto tagcomparisonghebyte-of'setis decodedby also
consideringhewidth bit for the cacheblock. Thesizebits, also
usedin a corventionalcache andthe width bit decidethe num-
berandthe locationof bit-linesto be activated. Whenreading
aword, if the width bit is set, 2 half-wordsare simultaneously
readfrom two locationsin the cacheblock (by consideringthe
byte-ofsetasa byte-ofsetaswell asa half-byteoffset). If the
width bit is reset,1 normal-sizedword is readfrom only one
locationasin the corventionalcase.Bit-line activationfor load
half-word and load byte instructionswill also be accordingly
modi ed. Figure5 illustratesreadaccessesf a 32-bit word if
the width bit is setor reset. Hence,the AWN techniqueavoids
byte-ofset updates. The datareadfrom the cacheshasto be
sign-extendedf thewidthbit is set.

Thereplacemenpolicy usedin the AWNtechniquss still the
LRU policy (with somemodi cations). If the new cacheblock
broughtin is a narrow cache block, thenthe cornventionalLRU
policy is followed. Notethattheleastrecentlyusedcacheblock
couldbe a narrow or anormal cacheblock, andis replacedac-
cordingly,. Whena normal cache blodk is broughtin, the age
of themostrecentlyusedcacheblock in a physicalcache block
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is chosenfor comparisorto nd the leastrecentlyusedcache
block. For instance,if a physicalcade block has?2 narrow
cadhe blocks, andone of themis the mostrecentlyused,then
the cacheblocks in that physical cache blodk will not be re-
placed. This ensureghat the AWN techniquewill not perform
worsethanthe corventionalcache.
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Thewrite operation(for astoreinstruction)is performedsim-
ilarly, after checkingthe size of the datato be written. A po-
tential problemcould ariseif a write operationwritesa normal

on themodi ed LRU policy discussecbarlier In our measure-
mentswe considersuchcasesascachemisses.

3.2 Additional Half-Word Storage(AHS)

In the AWN technique,even a single normal-sizedword will
male theentirecacheblock a normalcadceblodk, thusnotben-
e ting from thetechnique To make thecacheblockswith afew
normal-sizedwords as narrow cade blocks, we provide addi-
tional half-wordsstoragefor eachphysicalcacheblodk, to store
the higherorder half-wordsof the few normal-sizedvords. In
the AHStechniquewe equallydivide the additionalhalf-words
amongall the narrow cache blocks in a physicalcacdhe blodk.
Hence,if a physicalcace block is provided with 2 additional
half-words,thenthatcacheblock cancontaintwo narrow cache
bloks eachwith a maximumof onenormal-sizedvord, but it
cannothold onenarrowcacheblodk with 2 normal-sizedvords.
In the AHSschemean extra storage bit (for the caseof 2 half-
wordsper physicalcache blo) is providedfor eachhalf-word
in the physicalcacheblock, indicatingthe presencef anupper
half-word in theadditionalstorage Figure6(a) shonvs how data
is pacledin a physicalcacheblock. Thelower cacheblockis a
normalcacheblock, which getscorvertedinto a narrav oneby
placingthe upperhalf-word “01f0” for the word “01f09401”in
the additionalstorage,and setthe correspondingxtra storage
bit. Figure 6(b) shows the schematicdatareadaccessrom a
cachewith AHS To readdatafrom a cachewith the AHStech-
nique, oncethe byte-of'setis decodedthe extra storage bit is
readto determinewhetherthe additionalhalf-wordsneedto be
reador not. Alternately additionalstorageor acacheblock can
always be read on a tag comparison. The additionaldelayin
readingthe additionalhalf-wordscaneasilybe overlappedvith
readingthe datafrom the dataarray (basedon our experiments
with cacti[23]). Therestof the datacacheacceswill remain
thesameasin the AWNtechnique.

CacheAccesd.atency Impact: The AWNtechniquewill incur
additionaldelayin the byte-ofsetdecodex(it alsoconsiderghe
width bit) andthe outputdata stage(becausef additionalcon-
trol signalsin the MUXes anda sign-extendenrequiredbetween
the 2 levels of MUXes in Figure4(b)). The AHStechniquen-
cursadditionaldelayin the byte-ofsetdecodeffor readingthe
extra storage bit. However, theseadditionaldelayswill notim-
pactthe overall cacheaccesdateng. Our experimentswith the
cactitool [23] shawv thatthedelayin thereaddatastageis more
thandoublethe delayin the outputdatastage andthe byte-ofset
decoderandthattheadditionaldelayscanbeeasilyabsorbedn
the shorteroutputdata and decodebyte-ofset pipeline stages.
We performedour experimentswith a0.18 m technology

Cache Energy Consumption In the AWN and the AHS tech-
nigques, additional enegy is primarily consumedn the addi-
tionaltagcomparisonsandin theL1 cachedataarrayasaresult
of anincreasean thehit rate. However, on a hit, the numberof

valueinto a narrow cache block. We obsenedthat suchcases bits thatthe AWN techniquereadsfrom the dataarrayis almost

areveryrare(onanaverageabout2%). In ourimplementation,

if awrite operationwrites a normalvalueinto a narrow cache
blodk, the narrow cache blodk is readandcorvertedinto a nor-
mal cacheblodk. It thenreplacesanexisting cacheblock based

thesameasthatreadby the conventionalcache For instancen
aloadword, the AWN techniquereadseither2 half-wordsor 1
word. Someminimaladditionalenegy will alsobeconsumedn
maintainingandreadingthe additionalstatusandwidth bits. In
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section5, we proposeatechniqueto reducethe additionalcom-
plexity andenegy consumptionntroducedoy theadditionalad-
dresstags. On the otherhand,becausef a reductionin the L1

datacachemissrate, enegy consumptiorin the L2 cacheand
in the bus betweenthe L2 andthe L1 datacacheswill reduce.
Overall, thetechniquesliscussedh this papercanresultin sas-

ingsin thetotal enegy consumptiorin the L1 andthe L2 data
cachesandthe bus betweenthe L1 andL2 datacaches.How-

ever, performinga detailedenegy consumptioranalysisof the
schemess beyondthe scopeof this paper

4 PerformanceResults

4.1 Experimental Setup

We useamodi ed SimpleScalasimulator[8], simulatinga 32-
bit PISA architecture. The hardwarefeaturesanddefault pa-
rameterghatwe usearegivenin Tablel. For benchmarkswe
useacollectionof 6 integer(vpr , mcf, parser ,bzip2 ,gcc,

andart ), and6 FP (equake , mgrid , swim, applu , ammp
and apsi ) benchmarksusing ref inputs, from the SPEC2K
benchmarksuite. The statisticsare collectedfor 500M instruc-
tions after skippingthe rst 1B instructions. Eventhoughthe
schemesn the papercanbe appliedto ary cache,we employ

theschemewnly for the Level-1 datacacheswhereeachphys-
ical cacheblodk canhold upto 2 narrow cacheblocks

4.2 Results

In this section,we presenthe L1 datacachecapacity(in terms
of averagenumberof valid cacheblockspresentn thecacheper
cycle) resultswith the AWN andthe AHStechniques.Figure7
shavsthe percentagéncreasen cachecapacityfor the 8KB 2-
way, 32-byteblock, cachewith ANNandAHStechniquesgom-
paredto thecorventionalBKB 2-way cache.Figure7 shavsthat
the percentagéncreasen capacityincreasesrom AWNto AHS
with 2 additionalhalf-words (AHS-2to AHS with 4 additional
half-words(AHS-9. AWNtechniquencreaseshe cachecapac-
ity by about20%with minimal additionalstorageandno access

The techniquesof this paperwill be much more bene®cialfor a 64-bit
architecture.
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time impact. AHS-4techniqueincreaseshe cachecapacityby
about50%onanaveragewith about38%additionalstorageand
minimal, if ary, impacton cacheaccesdime. It is importantto
notethatfor the AHStechniquesin somebenchmarkgsuchas
applu andbzip2 ), theincreasen cachecapacitymaybeless
thanthe spaceoverheadof our techniques.If the spaceover
headrequiredfor the AHStechniquds utilized towardsmaking
the cachebigger, the overall cacheaccesgsime canbe severely
impacted.However, in our techniquesthe cachecapacityin in-
creasedvithoutary increasen the overallcacheaccesgime. In
addition,the OATStechniqudn Section5 helpsin reducingthe
spaceoverheadf the AHStechniques.

5 EnhancedTechniques

5.1 Optimizing AddressTags(OATS)

As is the casewith all the cachecompressiortechniquesaddi-
tional tag spaceandtag comparisonsarerequiredfor the AVN
andthe AHS techniques.In this section,we proposea tech-
nigque to reducethe additionaltag spaceandtag comparisons.
Intuitively, the higherorderbits of the addresgagsin a setare
expectedo bethesame Ourexperimentcon rmedthesugges-
tion. Hence,in the optimizing addresdags(OATS) technique,
insteaddf providing theentiresetof bitsusedfor theaddressag,
only asmallnumberof additionaltag bits areprovidedfor each
physicalcacheblodk. For instancea physicalcache block with
22 bit addresgagsin the corventionalcache may be provided
with 24 tagbitsin the ANNandthe AHStechniquespartitioned
into three parts; one of 20 higher order bits, and 2 partsof 2
lower orderbits each.In this casethe physicalcache blodk can
eitherhold just 1 cacheblock or it canhold two narrow cache
bloksthathave the same20 higherordertag bits. Tagcompar
ions are performedaccordingly Whencomparedo a corven-
tional cachewith 22tagbits, the cachewith the OAT Stechnique
requiregust 2 additionaltag bits andtag bit comparisonsNote
thatthe OAT Stechniquaeduceshespaceoverheadf the AHS-
4 techniqueto about30%. The cachecapacityresultswith the
OATStechniquearepresentedn the Section5.3.



| Parameter | Value I Parameter | Value |
Fetdh/Commitwdth 8 instructions Instr. Window Size | 96Int/64 FPinstructions
ROB Size 256instructions FrontendStages 9 pipelinestages
Uni ed 128Int/128FR, Int. Functionalunits 3 ALU, 1 Mul/Div,
Phy. RegisterFile | 2-cycle pipelinedaccess. 2 AGUs
IssueWdth 5Int/ 3FP FP FunctionalUnits 3 ALU, 1 Mul/Div
Brandch Predictor gsharedK entries BTBSize 4096entries4-way assoc.
L1- I-cache 16K, direct-mapped, L1- D-cache 8KB, 2-way assoc.,
2 cyclelateng 32 bytesblock
4 cycle pipelinedaccess
MemoryLatency 100cycles rst chunk L2 - cache uni ed 512K,
2 cycles/interchunk 8-way assoc.10cycles

Tablel: Default Parametergor the ExperimentaEvaluation
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Figure7: Percentag@creasen L1 datacachecapacitywrt a 2-way 8KB corventionalcache

5.2 Adaptive AHS (AAHS)

In the AHS techniquediscussedn Section3.2, the additional
half-words storageprovided with eachphysicalcache block is
notoptimally utilized. For instancejf spaces providedto store
theupperhalvesof 4 words,the spaces equallydividedamong
the 2 potentialnarrow cache blocks that canoccupy the physi-
cal cache blodk. In this case,the physicalcace block cannot
containoneblock with 1 normal-sizedvord andanothercache
block with 3 normal-sizedwords. Here,we proposean adap-
tive schemethat allows the narrov cacheblocksto usevaried
numberof additionalhalf-words. If 2 additionalhalf-wordsare
provided, thenin the AAHStechnique2 extra storage bits are
required,becausea cacheblock can use both the half-words,
andthe extra storage bits will be 01 and10. To avoid increas-
ing the numberof extra storage bits requiredfor 4 additional
half-words,we restrictthe maximumnumberof half-wordsthat
acacheblock canuseto 3. Hence gxtra storage bits“01”, “10”,
and“11” correspondo , ,and half-wordsfor the rst
narrow cache block and , and half-words for the
secondnarrow cache block. Figure 8 shaws the contentsof a
physicalcache blodk containing2 narrow cacheblocks The
block has1 normalword (“00ff7401") andthe block has3
normalwords(“01003801",“00100000",and“00009401").

5.3 Results

In this section,we presentthe L1 datacacheresultswith the
OATSandthe AAHStechniquesin Figure9, respectiely, com-
paredto the corventional 8KB 2-way corventional L1 data
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physical cache block 4 Extra half words Extra Storage bits

‘00‘00 ‘00‘ 01‘01‘ 10‘ OO‘ 11‘

Figure8: Corverting2 normalcacheblocksinto narrav cache
blocksandpackingthemin the AAHStechnique

cache. For the OATS technique,we experimentwith provid-
ing additional2 (OATS-2and4 (OATS-4 bits for the additional
tag, using the AHS-4techniquewords as the basecase. For
the AAHStechnique,we experimentwith 2 (AAHS-3, and 4
(AAHS-jadditional half-words per physical cache block. As
seenn Figure9, providing just 2 additionaltagbits perphysical
cache blodk is enoughto capturealmostall the narrow cache
blodksobtainedwith all thebits providedfor theentiretag. Fig-
ure9 shovsthatthe AAHS-4techniquancreaseshepercentage
increasan cachecapacity comparedo the corventionalcache,
by about50%, which is only slightly betterthan AHS-4tech-
nique.However, AAHS-2performsabout8% betterthanAHS-2
Our experimentsshaved that the increasein cachecapacity
did nottranslatanto comparableeductionsn cachemissrates.
On an average,the L1 datacachemissrate reducedby about
1%, 3%, and 7% for the AWN, AHS-2 and AHS-4techniques,
respectiely. The smallreductionin cachemissrateis because
differentbenchmarkgequire different cachesizes,and if the
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8KB 2-way cacheis enoughto getrid of mostof the misses, creasein the future microprocessors.To prevent the increas-
thenincreasinghe cachecapacitymaynotimpactthemissrate ing latenciefrom affectingthecachethroughputthelL1 caches
considerablyTo studythe potentialof our techniquesn reduc- are small-sizedand their accessesre pipelined. Small-sized
ing the L1 datacachemissrate, we experimentwith different L1 datacachescanresultin signi cant performancedegrada-
cachesizesfor differentbenchmarksThe cachesizeis chosen tion dueto increasednissrates. Compressiontechniquesan
for abenchmarksuchthata noticeablyreductionin cachemiss be usedto increasehelL 1 datacachecapacity However, these
rateis obsenedwhengoingfrom a 2-way smallercorventional compressiotiechniguegannotalterthebyte-ofsetof themem-
cacheto a 4-way larger corventionalcache(doublethe sizeof ory referenceto avoid ary increasen the cacheaccesdateng.
the 2-way cache). We also experimentedwith a corventional  |n this paper we proposerestrictivecachecompressionech-
cacheprovided with 38% more dataspace(equalto the over niquesthatdo not requireupdatego the byte-ofset,andhence
headof the AAHS-4technique) wheresomesetshad 2 cache resultin minimal, if any, cacheaccessateng impact. Our ba-
blocks and somehad 3 cacheblocks. Figure 10 presentshe sic technique— AWN — compressea cacheblock only if all
percentagenissrate reductionfor AHS-4 AHS-4 with OATS- thewordsin the cacheblock areof smallsize. The compressed
4, andAAHS-4techniquesn a 2-way smallercache compared cacheblocksarethenpaclkedtogetheiin asinglephysicalcache
with a 38% more corventionalcache.Figure 10 shavs thatan block. The AWN techniquerequiresminimal additionalstorage
averagemissratereductionof about23% canbe achievedwith in the cacheandresultsin a 20% increasen the cachecapac-
the AAHS-4technique whereasthe 38% more cacheachieres ity. We extendthe AWNtechniqueby providing someadditional
areductionof about..%. However, for somebenchmarksour spaceor theupperhalf-words— AHS— of afew normal-sized
techniquegperformsigni cantly betterthanthe 38% morecon- wordsin a cacheblock, with an aim to corvert theminto nar
ventionalcache. Note that the spaceoverheadof the AAHS-4 row blocks. We further extendthe AHStechniqgue— AAHS—
techniquecanbefurtherreducedy usingthe OATStechnique. so that the numberof upperhalf-wordsusedby a cacheblock
canvary dependingon the requirement. AHS and AAHStech-
6 Sensit'vity Study niguesincreasethe cachecapacityby about50%, while incur-
ring a 38% increasdn the storagespacerequired,comparedo
a corventionalcache. However, thesetechniquesstill do not
impactthe cacheaccesdateng. To reducethe additionaltag
requirementgwhich is inevitable with ary cachecompression

In this section,we measurethe increasein the L1 datacache
capacityastheblock sizeis variedfrom 16 bytesto 128 bytes,
while keepingthe cachesize constant. Figure 11 presentghe

measgrement&)r the variouscacheblock sizesfor the AHS-4 technique)we proposereducingthe numberof additionaltag
technique. _ _ bits provided for the additionalcacheblocksto be pacledin a

As seenin Figure 11, the percentagéncreasen theL1 data ppysicalcache block, reducingthe overheadof the AHS tech-
cachecapacitygenerallyreducesstheblock sizesareincreased niquesto about30%. Our studiesshaved that providing just 2

from 16 bytesto 128bytes. This is expected pecausehenum- o qgitionaltagbits is enoughto give a performancealmostequal
berof narrow cacheblocksreduceastheblock sizeis increased. i thatobtainedwith doublingthe numberof tagbits.

Note that, asthe block sizeincreasesthe percentag@verhead

of the techniquedliscussedn this paperalsoreduces.Never

thelessthe percentagéncreasein the L1 datacapacityrateis References
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