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Intr oduction

Needfor efficientmanagementof secondarycaches.

Idealcache:fully associative with OPTreplacement.
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Fully AssociativeCaches:Costv/sBenefit

Benefits

Conflict misselimination
GlobalReplacement(finds thebestvictim)

Cost

Significantincreasein thenumberof tagcomparisons
Increasedaccesslatency
Increasedpower consumption
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Fully AssociativeCaches:Costv/sBenefit

Benefits

Conflict misselimination
GlobalReplacement(finds thebestvictim)

Cost

Significantincreasein thenumberof tagcomparisons
Increasedaccesslatency
Increasedpower consumption

Canwegetthebenefitsof a fully associative cachewithoutpaying
thecost?
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Exampleof Local Replacement

X = {x0, x1, x2, x3}

Y = {y0, y1, y2, y3}

SET A

SET B

x0 x1 x2 x3

y0 y1 y2 y3

WORKING SET
dx0

dx1

dx2

dx3

dy0

dy1

dy2

dy3

DATA�STORETAG�STOREADDRESS
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Exampleof Local Replacement

SET A

SET B

x1 x2 x3

y0 y1 y2 y3

WORKING SET

dx1

dx2

dx3

dy0

dy1

dy2

dy3

DATA�STORETAG�STOREADDRESS

X = {x0, x1, x2, x3, x4}

Y = {y0, y1, y2}

x4

dx4

DORMANT WAY

THRASH

Staticpartitioningof resources.
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Exampleof Global Replacement

Y = {y0, y1, y2, y3}

X = {x0, x1, x2, x3}

SET B1

SET A1

SET B0

SET A0 x0 x2

x1 x3

y0 y2

y1 y3

dy0

dx3

dx2

dy3

dy1

dx1

dy2

ADDRESS

dx0

DATA�STORETAG�STORE

WORKING SET

REDISTRIBUTED
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Exampleof Global Replacement

SET B1

SET A1

SET B0

SET A0 x0 x2

x1 x3

y0 y2

y1

dy0

dx3

dx2

dy1

dx1

dy2

ADDRESS

dx0

DATA�STORETAG�STORE

WORKING SET

REDISTRIBUTED

X = {x0, x1, x2, x3, x4}

Y = {y0, y1, y2}

x4

dx4

Dynamicsharingof resources!!
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The V-Way Cache

TAG
COMPARE

FPTR
SELECT

HIT

RPTRV

ARRAY

SCHEME

GLOBAL
DATA

DATA

FPTRTAGSTATUS

REPLACEMENT

INDEX OFFTAG

TAG�STORE DATA�STORE
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The V-Way Cache
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The V-Way Cache
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A Practical Global ReplacementAlgorithm

LRU is impracticalbecausetherearethousandsof lines

Secondlevel cacheaccessstreamis a filteredversionof the
programaccessstream

Reusefrequency is skewedtowardsthelow end
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ReuseReplacement

00 01 10 11

VICTIMIZE

INITIALIZE

TESTTESTTESTTEST

TABLE

PTR

REUSE COUNTER

ACCESS ACCESS ACCESS

ACCESS
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Victim Distancefor ReuseReplacement

Problemof variablereplacementlatency
Averagevictim distance:3.9
Worstcasevictim distance:1888
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Victim Distancefor ReuseReplacement

Problemof variablereplacementlatency
Averagevictim distance:3.9
Worstcasevictim distance:1888

Solution
Testeightcounterseachcycle
Limit searchto five cycles

1 2 3 4 5

98.9%Probability (victim)

Latency (in cycles)

91.3% 96.9% 99.2%98.3%
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Evaluation Outline

ExperimentalMethodology

Reductionin Misseswith theV-WayCache

ComparingReuseReplacementandLRU

Storage,Latency, andEnergy Cost

Impacton IPC
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Experimental Methodology

First level I-cache,D-cache:16kB,2-way, 64B linesize,LRU

BaselineL2: Unified, 256kB,8-way, 128Blinesize,LRU

Benchmarks:SPECCPU2000
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Reduction in Misseswith the V-Way Cache

Primaryupperbound:Fully associative cache

Secondaryupperbound:Doublesizedcache
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Reduction in Misseswith the V-Way Cache

Primaryupperbound:Fully associative cache

Secondaryupperbound:Doublesizedcache
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Comparing ReuseReplacementand LRU

Comparisonof miss-ratefor LRU andReusereplacement

Bmk bzip2 crafty gcc gzip mcf parser perl. twolf vortex

LRU 34.6 1.1 3.8 2.4 29.5 32.7 0.1 36.5 8.5

Reuse 35.0 1.0 3.8 2.4 29.9 32.9 0.1 35.4 7.1

Bmk vpr ammp apsi facerec galgel mesa swim amean

LRU 11.0 50.0 34.8 50.7 8.3 3.4 65.3 23.3

Reuse 10.5 50.0 34.8 50.6 8.5 3.5 65.3 23.2
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Storage,Latency, and Energy Cost

Storageneededfor extra tags,FPTR,RPTR,andReusebits

Line-size Miss-ratereduction Increasein area

128B 13.2% 5.8%

256B 14.9% 2.9%

Delaydueto moretagsandFPTRselection:0.13ns

Energy in accessingbiggertag-store

Parallellookup Baseline V-Way

1.02nJ 0.35nJ 0.40nJ
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Impact on IPC

Pipeline:12stage,8 wide with 128entryreservationstation

L1 hit latency of 2 cyclesandL2 hit latency of 10cycles

L3/Main memory:access-latency of 80cycles
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RelatedWork

Extrastoragefor conflict misses:Victim cache[JouppiISCA'90]

Multi-probetechniques
Predictive sequentialassociative cache[Calder+HPCA'96]

Adaptive groupassociative cache[Peir+ASPLOS'98]

Cacheindexing function
Skewedassociativity [SeznecISCA'93]

Prime-moduloindexing [Kharbutli+ HPCA'04]

Softwaremanagedfully associative cache:IIC [Hallnor+ ISCA'00]
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Other PossibleApplications of the V-Way Cache

Platformfor globalreplacementwith inbuilt shadow directory

Taginclusiondataexclusion[PiranhaISCA'00]

Cachecompression[Hallnor+ HPCA'05]

Interactionwith NuRAPID [Chishti+MICRO'03]
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Conclusion

Traditionalcacheassumesuniformaccessesacrosssets

Globalreplacementallows theV-Way cacheto vary the
numberof valid waysdependingon thesetdemand

Reusereplacementis fastandperformscomparableto LRU

V-Way cachecanlower miss-rateandimprove performance

V-Way cachecanserve asaninfrastructurefor other
optimizations
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Questions
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