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Abstract

Increasingcachelatencieslimit L1 cachesizes.In thispaperwe
investigaterestrictivecompressiontechniquesfor level 1 data
cache,to avoid an increasein the cacheaccesslatency. The
basictechnique— All WordsNarrow (AWN) — compressesa
cacheblockonly if all thewordsin thecacheblockareof narrow
size. We extendthe AWN techniqueto storea few upperhalf-
words(AHS) in a cacheblock to accommodatea smallnumber
of normal-sizedwordsin thecacheblock. Further, wemake the
AHStechniqueadaptive,wheretheadditionalhalf-wordsspace
is adaptively allocatedto thevariouscacheblocks.Wealsopro-
posetechniquesto reducethe increasein the tag spacethat is
inevitablewith compressiontechniques.Overall,thetechniques
in this paperincreasethe averageL1 datacachecapacity(in
termsof the averagenumberof valid cacheblocksper cycle)
by about50%,comparedto theconventionalcache,with no or
minimal impacton thecacheaccesstime. In addition,thetech-
niqueshave thepotentialof reducingtheaverageL1 datacache
missrateby about23%.

1 Intr oduction
CMOS scalingtrendsresult in fastertransistorsand relatively
longerwire delays,makingit dif�cult to havelow latency caches
[9]. This is dueto the long wires requiredto accessthe RAM
structures. This trend has resultedin pipelinedcacheaccess
andsmall-sizedLevel 1 caches.Another importantparameter
thataffectscachedesignis theenergy consumptionin thecache
[4, 13, 22]. To reducethecacheenergy consumption,designers
have decoupledthe tagcomparisonsfrom thedataaccess[15].
Figure1 shows the decoupledandpipelinedcachereadaccess
[11]. A cacheaccessstartswith decodingthesetindex. In the
next cycle,byte-offsetis decodedin parallelto addresstagcom-
parisons,andthebit-linesin thedataarrayarepre-charged.The
tagcomparisonscontrol whetheror not thedatais readfrom a
cacheblock. If thedatais read,thenit is thendrivento theunits
thatrequestedthedata.
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Figure1: PipelinedDataCacheReadAccess

IncreasingLevel 1 cachesize impactscacheaccesstime,
whereassmallsizedcachesincreasethecachemissrate.Cache
compressionis a popularapproachto increasethecapacityof a
smallcache.However, elaboratecompressiontechniquescannot
beappliedto thelevel 1 cache,asthey increasethecacheaccess
latency. In this paper, we proposerestrictivecompressiontech-
niques,that do not increasethe cacheaccesslatency, andstill
resultin signi�cant increasein theL1 datacachecapacity.

Our basictechnique— All Words Narrow (AWN) — com-
pressesa cacheblock only if all the words in the cacheblock
areof narrow width (requiringlessthana particularnumberof
bitsfor representation).AWNtechniquealoneincreasesthelevel
1 datacachecapacity(in termsof theaveragenumberof valid
blockspercycle)byabout20%,comparedtoaconventionaldata
cache. We extendthe AWN techniqueby providing additional
spacefor a few upperhalf-words(AHS) in a cacheblock to ac-
commodateasmallnumberof normal-sizedwordsin eachcache
block. AHStechniqueincreasesthe L1 datacachecapacityby
almost90% (with an averageof about50%). We alsoinvesti-
gateanadaptiveAHStechnique— AAHS— wherethenumber
of additionalhalf-wordsallocatedto a cacheblock is variedde-
pendingon therequirement.Finally, we proposea technique—
OATS— to reducethe increasedcachetag spacerequirement,
which is inevitable with any cachecompressiontechnique. It
is importantto notethatwe performedour experimentswith a
32-bit architecture,whereasour techniqueswill be muchmore
bene�cial for a 64-bit architecture.

The rest of the paper is organizedas follows. Section2
discussesthe motivationbehindour techniquesandthe related
work. Section3 presentstheAWNandtheAHScachecompres-
sion techniques.Section4 presentstheexperimentalsetupand
the results. Section5 presentsthe OATS and the AAHStech-
niques,alongwith their results.Section6 presentsa sensitivity
studyastheblocksizeandcachesizeis varied.We concludein
Section7.

2 Moti vation and RelatedWork
2.1 Moti vation
Elaboratecachecompressiontechniquescannotbe appliedfor
L1 caches,becausesuchtechniquesrequiremultiple cyclesto
decompressthe datareadfrom the cache,thus increasingthe
cacheaccesslatency. For instance,if a cacheblock is com-
pressedby ignoringall theinsigni�cant higherorderbytes,then
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sucha cacheblock will consistof both compressedaswell as
uncompressedwords.Thebyte-offsetof eachword in thecache
blockwill dependonthesizeof thewordsbeforeit. Thiswill re-
quirerecalculatingthebyte-offsetto readawordfrom theblock,
shown in Figure2. Therefore,it is imperativethatany compres-
sion techniquethat is appliedto L1 cachesshouldnot require
updatesto thebyte-offset.Wecall suchcompressiontechniques
asrestrictivecompressiontechniques.
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Figure2: PipelinedDCacheReadwith byte-offsetadjustment

To motivatethe techniquesproposedin this paper, we mea-
surethenumberof normal-sizedwords(that requiremorethan
16 bits for representation)in cacheblock. Figure 3 presents
theresultsof themeasurementsin theform of a stackedgraph,
whereeachbar is divided into the percentageof cacheblocks
with 0, 1, 2, 3, 4, andmorethan4 normal-sizedwords.
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Figure3: Percentagedistributionof wordsizesin thenew cache
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Figure3 showsthat,for many benchmarks,asigni�cant frac-
tion of the new cacheblocksthat arebroughtinto the L1 data
cachehave all narrow words. In addition,therearemany cache
blocksthat have just 1 or 2 normalwords. Narrow wordsare
lessprevalent in the �oating-point benchmarksbecauseof the
IEEE 754format.

2.2 RelatedWork
Compressiontechniqueshave mainly beenproposedto com-
pressthedatain mainmemory[5, 7] andin L2 cache[10, 6, 19,
20, 21, 14]. More sophisticatedcompressiontechniques(such
asXRL compression[17], andparallelcompressionwith dictio-
naryconstruction[12]) canbeappliedto mainmemoryandL2
cacheasthey aremoretolerantto increasein hit times.

Level 1 datacachecompressiontechniqueshave beenpro-
posedin [16, 24, 25]. However, all thesetechniquesincreasethe
L1 accesstime. Yanget. al. [24, 25] useasmallFrequentValue
Cache(FVC) to storesmallnumberof frequentlyseenvaluesin
cacheblocks.They thenuseaseparatebuffer to storethemasks
for thewordsin a cacheblock. A level 1 datacacheaccesswill
readthe maskat the byte-offset speci�ed by the memoryref-
erence,andthenbasedon the decodingof the maskeither the

frequentvaluecacheis accessedor the dataarrayis accessed.
This techniquewill increasethecacheaccesslatency by at least
1 cycle.

Kim et. al [16] compressthehigherorder“insigni�cant” bits
of wordsin a cacheblock to save energy. Thehigherordersig-
ni�cant bits andthe lower orderbits of thewordsarestoredin
separatecachebanks. The bank storing the higher order bits
is accessedif required,doubling the cacheaccesslatency for
uncompressedwords. Other techniques[4, 2] also compress
thehigherorder“insigni�cant” bits of wordsto save energy in
caches.

Exploitingnarrow width operandsfor powerandperformance
improvements,in hardwaremodulesother thanthe cache,has
alsobeenproposedin [1, 3, 18].

3 RestrictiveCompressionTechniques
Weconsiderawordnarrow if it canberepresentedusing16bits,
andcanbereconstructedby sign-extendingthenarrow word.

3.1 All Words Narr ow (AWN)
In this technique,a cacheblock is compressedonly if all the
words in the cacheblock are of narrow size. We call sucha
cacheblock a narrow cacheblock, anda cacheblock whereall
the wordsarerepresentedusingthe entiresetof bits asa nor-
mal cacheblock. We call thephysicalRAM spaceprovidedin
thecachefor a cacheblock asa physicalcacheblock. A phys-
ical cacheblock canhold onenormalcacheblock or up to two
narrow cache blocks, asshown in Figure4(a). Note that, the
last word in the lower cacheblock is not narrow becausesign-
extensionof

�������

will resultin �������

�������

, whereasthis is not
thecasewith thelastword in theupperblock 	

���
�

.
Figure4(b) shows thateachphysicalcacheblock is provided

with additionaltagspaceandstatusbits for theadditionalnar-
row cacheblock (asis thecasefor all compressiontechniques),
anda width bit signifying thepresenceof a normalcacheblock
(width bit = “0”) or two narrow cacheblocks(width bit = “1”).
In parallelto tagcomparisons,thebyte-offsetisdecoded,byalso
consideringthewidth bit for thecacheblock. Thesizebits, also
usedin a conventionalcache,andthewidth bit decidethenum-
ber andthe locationof bit-lines to be activated. Whenreading
a word, if thewidth bit is set,2 half-wordsaresimultaneously
readfrom two locationsin thecacheblock (by consideringthe
byte-offsetasa byte-offsetaswell asa half-byteoffset). If the
width bit is reset,1 normal-sizedword is readfrom only one
locationasin theconventionalcase.Bit-line activationfor load
half-word and load byte instructionswill also be accordingly
modi�ed. Figure5 illustratesreadaccessesof a 32-bit word if
the width bit is setor reset. Hence,the AWN techniqueavoids
byte-offset updates. The datareadfrom the cacheshasto be
sign-extendedif thewidthbit is set.

Thereplacementpolicy usedin theAWNtechniqueis still the
LRU policy (with somemodi�cations). If thenew cacheblock
broughtin is a narrow cacheblock, thentheconventionalLRU
policy is followed.Notethattheleastrecentlyusedcacheblock
couldbea narrow or a normalcacheblock, andis replacedac-
cordingly. Whena normal cache block is broughtin, the age
of themostrecentlyusedcacheblock in a physicalcacheblock
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Figure4: (a) Placementof narrow andnormalcacheblocksin
a physicalcacheblock; (b) Schematicdatacachereadaccessin
theAWNtechnique

is chosenfor comparisonto �nd the leastrecentlyusedcache
block. For instance,if a physicalcache block has2 narrow
cache blocks, andoneof themis the mostrecentlyused,then
the cacheblocks in that physicalcache block will not be re-
placed. This ensuresthat the AWN techniquewill not perform
worsethantheconventionalcache.
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Figure5: Readaccessof a32-bitwordwhen(a) thewidth bit is
set;and(b) thewidth bit is reset

Thewrite operation(for astoreinstruction)is performedsim-
ilarly, after checkingthe sizeof the datato be written. A po-
tentialproblemcouldariseif a write operationwritesa normal
valueinto a narrow cache block. We observedthat suchcases
areveryrare(onanaverage,about2%). In our implementation,
if a write operationwrites a normalvalueinto a narrow cache
block, thenarrow cacheblock is readandconvertedinto a nor-
mal cacheblock. It thenreplacesanexisting cacheblock based

on themodi�ed LRU policy discussedearlier. In our measure-
ments,weconsidersuchcasesascachemisses.

3.2 Additional Half-Word Storage(AHS)
In the AWN technique,even a single normal-sizedword will
maketheentirecacheblockanormalcacheblock, thusnotben-
e�ting from thetechnique.To makethecacheblockswith a few
normal-sizedwordsasnarrow cache blocks, we provide addi-
tionalhalf-wordsstoragefor eachphysicalcacheblock, to store
thehigherorderhalf-wordsof the few normal-sizedwords. In
theAHStechnique,we equallydivide theadditionalhalf-words
amongall the narrow cache blocks in a physicalcache block.
Hence,if a physicalcache block is provided with 2 additional
half-words,thenthatcacheblockcancontaintwo narrowcache
blocks, eachwith a maximumof onenormal-sizedword, but it
cannotholdonenarrowcacheblockwith 2 normal-sizedwords.
In theAHSscheme,anextra storage bit (for thecaseof 2 half-
wordsperphysicalcacheblock) is providedfor eachhalf-word
in thephysicalcacheblock, indicatingthepresenceof anupper
half-word in theadditionalstorage.Figure6(a)showshow data
is packedin a physicalcacheblock. Thelower cacheblock is a
normalcacheblock,which getsconvertedinto a narrow oneby
placingtheupperhalf-word “01f0” for theword “01f09401” in
the additionalstorage,andsetthe correspondingextra storage
bit. Figure6(b) shows the schematicdatareadaccessfrom a
cachewith AHS. To readdatafrom a cachewith theAHStech-
nique,oncethe byte-offset is decoded,the extra storage bit is
readto determinewhethertheadditionalhalf-wordsneedto be
reador not. Alternately, additionalstoragefor acacheblockcan
always be readon a tag comparison.The additionaldelay in
readingtheadditionalhalf-wordscaneasilybeoverlappedwith
readingthedatafrom thedataarray(basedon our experiments
with cacti [23]). The restof the datacacheaccesswill remain
thesameasin theAWNtechnique.

CacheAccessLatency Impact: TheAWNtechniquewill incur
additionaldelayin thebyte-offsetdecoder(it alsoconsidersthe
width bit) andtheoutputdatastage(becauseof additionalcon-
trol signalsin theMUXesandasign-extenderrequiredbetween
the2 levelsof MUXes in Figure4(b)). TheAHStechniquein-
cursadditionaldelayin the byte-offsetdecoderfor readingthe
extra storage bit. However, theseadditionaldelayswill not im-
pacttheoverall cacheaccesslatency. Our experimentswith the
cactitool [23] show thatthedelayin thereaddatastageis more
thandoublethedelayin theoutputdatastageandthebyte-offset
decoder, andthattheadditionaldelayscanbeeasilyabsorbedin
the shorteroutputdata anddecodebyte-offsetpipelinestages.
We performedourexperimentswith a0.18� m technology.

Cache Energy Consumption In the AWN and the AHS tech-
niques,additionalenergy is primarily consumedin the addi-
tional tagcomparisons,andin theL1 cachedataarrayasaresult
of an increasein thehit rate. However, on a hit, thenumberof
bits that theAWNtechniquereadsfrom thedataarrayis almost
thesameasthatreadby theconventionalcache.For instancein
a loadword, theAWN techniquereadseither2 half-wordsor 1
word. Someminimaladditionalenergywill alsobeconsumedin
maintainingandreadingtheadditionalstatusandwidth bits. In
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Figure6: (a)Cacheblockpackingwith AHStechnique;(b) Schematicdatacachereadaccessin AHStechnique

section5, we proposea techniqueto reducetheadditionalcom-
plexity andenergyconsumptionintroducedby theadditionalad-
dresstags.On theotherhand,becauseof a reductionin theL1
datacachemissrate,energy consumptionin the L2 cacheand
in the bus betweenthe L2 andthe L1 datacacheswill reduce.
Overall, thetechniquesdiscussedin thispapercanresultin sav-
ings in the total energy consumptionin theL1 andtheL2 data
cachesandthe bus betweenthe L1 andL2 datacaches.How-
ever, performinga detailedenergy consumptionanalysisof the
schemesis beyondthescopeof this paper.

4 PerformanceResults
4.1 Experimental Setup
We usea modi�ed SimpleScalarsimulator[8], simulatinga 32-
bit PISA architecture� . The hardwarefeaturesanddefault pa-
rametersthatwe usearegivenin Table1. For benchmarks,we
useacollectionof 6 integer(vpr , mcf , parser , bzip2 , gcc ,
andart ), and6 FP(equake , mgrid , swim, applu , ammp,
and apsi ) benchmarks,using ref inputs, from the SPEC2K
benchmarksuite. Thestatisticsarecollectedfor 500M instruc-
tions after skippingthe �rst 1B instructions. Even thoughthe
schemesin the papercanbe appliedto any cache,we employ
theschemesonly for theLevel-1datacaches,whereeachphys-
ical cacheblock canhold up to 2 narrow cacheblocks.

4.2 Results
In this section,we presenttheL1 datacachecapacity(in terms
of averagenumberof valid cacheblockspresentin thecacheper
cycle) resultswith theAWN andtheAHStechniques.Figure7
shows thepercentageincreasein cachecapacityfor the8KB 2-
way, 32-byteblock,cachewith AWNandAHStechniques,com-
paredto theconventional8KB 2-waycache.Figure7 showsthat
thepercentageincreasein capacityincreasesfrom AWNto AHS
with 2 additionalhalf-words(AHS-2)to AHSwith 4 additional
half-words(AHS-4). AWNtechniqueincreasesthecachecapac-
ity by about20%with minimaladditionalstorageandnoaccess

�

The techniquesof this paperwill be much more bene®cialfor a 64-bit
architecture.

time impact. AHS-4techniqueincreasesthe cachecapacityby
about50%onanaverage,with about38%additionalstorageand
minimal, if any, impacton cacheaccesstime. It is importantto
notethat for theAHStechniques,in somebenchmarks(suchas
applu andbzip2 ), theincreasein cachecapacitymaybeless
than the spaceoverheadof our techniques.If the spaceover-
headrequiredfor theAHStechniqueis utilized towardsmaking
thecachebigger, theoverall cacheaccesstime canbe severely
impacted.However, in our techniques,thecachecapacityin in-
creasedwithoutany increasein theoverallcacheaccesstime. In
addition,theOATStechniquein Section5 helpsin reducingthe
spaceoverheadof theAHStechniques.

5 EnhancedTechniques
5.1 Optimizing AddressTags(OATS)
As is thecasewith all thecachecompressiontechniques,addi-
tional tagspaceandtagcomparisonsarerequiredfor theAWN
and the AHS techniques. In this section,we proposea tech-
nique to reducethe additionaltag spaceandtag comparisons.
Intuitively, thehigherorderbits of theaddresstagsin a setare
expectedto bethesame.Ourexperimentscon�rmedthesugges-
tion. Hence,in theoptimizingaddresstags(OATS) technique,
insteadof providing theentiresetof bitsusedfor theaddresstag,
only a smallnumberof additionaltagbits areprovidedfor each
physicalcacheblock. For instance,a physicalcacheblock with
22 bit addresstagsin theconventionalcache,maybeprovided
with 24 tagbits in theAWNandtheAHStechniques,partitioned
into threeparts;one of 20 higherorder bits, and2 partsof 2
lowerorderbits each.In this case,thephysicalcacheblock can
eitherhold just 1 cacheblock or it canhold two narrow cache
blocksthathave thesame20higherordertagbits. Tagcompar-
ions areperformedaccordingly. Whencomparedto a conven-
tionalcachewith 22tagbits,thecachewith theOATStechnique
requiresjust 2 additionaltagbits andtagbit comparisons.Note
thattheOATStechniquereducesthespaceoverheadof theAHS-
4 techniqueto about30%. The cachecapacityresultswith the
OATStechniquearepresentedin theSection5.3.
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Parameter Value Parameter Value
Fetch/CommitWidth 8 instructions Instr. WindowSize 96 Int/64FPinstructions

ROBSize 256instructions FrontendStages 9 pipelinestages
Uni�ed 128Int/128FP, Int. Functionalunits 3 ALU, 1 Mul/Div,

Phy. RegisterFile 2-cyclepipelinedaccess. 2 AGUs
IssueWidth 5 Int/ 3 FP FP FunctionalUnits 3 ALU, 1 Mul/Div

Branch Predictor gshare4K entries BTBSize 4096entries,4-wayassoc.
L1 - I-cache 16K, direct-mapped, L1 - D-cache 8KB, 2-wayassoc.,

2 cycle latency 32bytesblock
4 cyclepipelinedaccess

MemoryLatency 100cycles�rst chunk L2 - cache uni�ed 512K,
2 cycles/inter-chunk 8-wayassoc.,10cycles

Table1: DefaultParametersfor theExperimentalEvaluation
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Figure7: Percentageincreasein L1 datacachecapacitywrt a 2-way8KB conventionalcache

5.2 Adaptive AHS (AAHS)
In the AHS techniquediscussedin Section3.2, the additional
half-wordsstorageprovidedwith eachphysicalcache block is
notoptimallyutilized. For instance,if spaceis providedto store
theupperhalvesof 4 words,thespaceis equallydividedamong
the2 potentialnarrow cacheblocks that canoccupy thephysi-
cal cache block. In this case,the physicalcache block cannot
containoneblock with 1 normal-sizedword andanothercache
block with 3 normal-sizedwords. Here,we proposean adap-
tive schemethat allows the narrow cacheblocksto usevaried
numberof additionalhalf-words. If 2 additionalhalf-wordsare
provided, thenin the AAHStechnique,2 extra storage bits are
required,becausea cacheblock can useboth the half-words,
andtheextra storage bits will be01 and10. To avoid increas-
ing the numberof extra storage bits requiredfor 4 additional
half-words,werestrictthemaximumnumberof half-wordsthat
acacheblockcanuseto 3. Hence,extra storagebits“01”, “10”,
and“11” correspondto

�����

,
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, and 	�


�

half-wordsfor the�rst
narrow cache block and
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, 	�
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, and
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half-words for the
secondnarrow cache block. Figure8 shows the contentsof a
physicalcacheblock containing2 narrowcacheblocks. The

�����

block has1 normalword (“00ff7401”) andthe
�����

block has3
normalwords(“01003801”,“00100000”,and“00009401”).

5.3 Results
In this section,we presentthe L1 datacacheresultswith the
OATSandtheAAHStechniques,in Figure9, respectively, com-
pared to the conventional 8KB 2-way conventional L1 data

00009401

narrow cache block with 3 normal words

0010000001003801 fffff8b2

physical cache block

03af0000 93af7401 38010000 f8b29401 00ff 0100 0010

4 Extra half�words

narrow cache block with 1 normal word

000003af 00000000 ffff93af 00ff7401

0000

Extra Storage bits

00  00   00   01   01  10   00   11 

Figure8: Converting2 normalcacheblocksinto narrow cache
blocksandpackingthemin theAAHStechnique

cache. For the OATS technique,we experimentwith provid-
ing additional2 (OATS-2)and4 (OATS-4) bits for theadditional
tag, using the AHS-4 techniquewords as the basecase. For
the AAHStechnique,we experimentwith 2 (AAHS-2), and 4
(AAHS-4)additionalhalf-words per physicalcache block. As
seenin Figure9, providing just2 additionaltagbitsperphysical
cache block is enoughto capturealmostall the narrow cache
blocksobtainedwith all thebitsprovidedfor theentiretag.Fig-
ure9 showsthattheAAHS-4techniqueincreasesthepercentage
increasein cachecapacity, comparedto theconventionalcache,
by about50%, which is only slightly betterthanAHS-4tech-
nique.However, AAHS-2performsabout8%betterthanAHS-2.

Our experimentsshowed that the increasein cachecapacity
did not translateinto comparablereductionsin cachemissrates.
On an average,the L1 datacachemiss rate reducedby about
1%, 3%, and7% for the AWN, AHS-2, andAHS-4techniques,
respectively. Thesmall reductionin cachemissrateis because
different benchmarksrequiredifferent cachesizes,and if the
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8KB 2-way cacheis enoughto get rid of mostof the misses,
thenincreasingthecachecapacitymaynot impactthemissrate
considerably. To studythepotentialof our techniquesin reduc-
ing the L1 datacachemiss rate,we experimentwith different
cachesizesfor differentbenchmarks.Thecachesizeis chosen
for a benchmarksuchthata noticeablyreductionin cachemiss
rateis observedwhengoingfrom a 2-waysmallerconventional
cacheto a 4-way largerconventionalcache(doublethesizeof
the 2-way cache). We also experimentedwith a conventional
cacheprovided with 38% more dataspace(equalto the over-
headof the AAHS-4technique),wheresomesetshad2 cache
blocks and somehad 3 cacheblocks. Figure 10 presentsthe
percentagemissratereductionfor AHS-4, AHS-4 with OATS-
4, andAAHS-4techniqueson a 2-way smallercache,compared
with a 38%moreconventionalcache.Figure10 shows thatan
averagemissratereductionof about23%canbeachievedwith
theAAHS-4technique,whereas,the38% morecacheachieves
a reductionof about..%. However, for somebenchmarks,our
techniquesperformsigni�cantly betterthanthe38%morecon-
ventionalcache. Note that the spaceoverheadof the AAHS-4
techniquecanbefurtherreducedby usingtheOATStechnique.

6 Sensitivity Study
In this section,we measurethe increasein the L1 datacache
capacityastheblock sizeis variedfrom 16 bytesto 128bytes,
while keepingthe cachesizeconstant.Figure11 presentsthe
measurementsfor the variouscacheblock sizesfor the AHS-4
technique.

As seenin Figure11, thepercentageincreasein theL1 data
cachecapacitygenerallyreducesastheblocksizesareincreased
from 16 bytesto 128bytes.This is expected,becausethenum-
berof narrowcacheblocksreduceastheblocksizeis increased.
Note that, asthe block sizeincreases,the percentageoverhead
of the techniquesdiscussedin this paperalsoreduces.Never-
theless,the percentageincreasein the L1 datacapacityrate is
still about38%for a block sizeof 64 bytes,andabout27%for
a blocksizeof 128bytes.

7 Conclusion
With the CMOS scaling trendsand slow scalingof wires as
comparedto the transistors,the cacheaccesslatencieswill in-

creasein the future microprocessors.To prevent the increas-
ing latenciesfrom affectingthecachethroughput,theL1 caches
are small-sizedand their accessesare pipelined. Small-sized
L1 datacachescan result in signi�cant performancedegrada-
tion dueto increasedmissrates. Compressiontechniquescan
beusedto increasetheL1 datacachecapacity. However, these
compressiontechniquescannotalterthebyte-offsetof themem-
ory reference,to avoid any increasein thecacheaccesslatency.

In this paper, we proposerestrictivecachecompressiontech-
niquesthatdo not requireupdatesto thebyte-offset,andhence
resultin minimal, if any, cacheaccesslatency impact. Our ba-
sic technique— AWN — compressesa cacheblock only if all
thewordsin thecacheblock areof smallsize.Thecompressed
cacheblocksarethenpackedtogetherin asinglephysicalcache
block. TheAWNtechniquerequiresminimal additionalstorage
in the cacheandresultsin a 20% increasein the cachecapac-
ity. WeextendtheAWNtechniqueby providing someadditional
spacefor theupperhalf-words— AHS— of afew normal-sized
wordsin a cacheblock, with an aim to convert theminto nar-
row blocks. We furtherextendtheAHStechnique— AAHS—
so that the numberof upperhalf-wordsusedby a cacheblock
canvary dependingon the requirement.AHSandAAHStech-
niquesincreasethe cachecapacityby about50%, while incur-
ring a 38%increasein thestoragespacerequired,comparedto
a conventionalcache. However, thesetechniquesstill do not
impact the cacheaccesslatency. To reducethe additionaltag
requirements(which is inevitable with any cachecompression
technique),we proposereducingthe numberof additionaltag
bits provided for theadditionalcacheblocksto be packed in a
physicalcache block, reducingthe overheadof the AHStech-
niquesto about30%. Our studiesshowedthatproviding just 2
additionaltagbits is enoughto giveaperformancealmostequal
to thatobtainedwith doublingthenumberof tagbits.
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