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Intr oduction

@ Needfor efficientmanagemenf secondargaches.
@ ldealcache:fully associatie with OPTreplacement.
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Fully Associatve Caches:Costv/s Benefit

@ Benefits

a Conflict misselimination
a GlobalReplacemenffindsthe bestvictim)

@ Cost

a Significantincreasen the numberof tagcomparisons
a Increasedccesdateny
a Increasegower consumption
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@ Benefits

a Conflict misselimination
a GlobalReplacemenffindsthe bestvictim)

@ Cost

a Significantincreasen the numberof tagcomparisons
a Increasedccesdateny
a Increasegower consumption

Canwe getthebenefitsof afully associatie cachewithout paying
thecost?
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Example of Local Replacement

ADDRESS TAG STORE DATA STORE
WORKING SET
dx0
dx1
SET A | xO| x1| x2| x3 -
- dx2
X = {0, X1, X2, X3} dx3
Y ={y0, y1, y2, y3} dyO
I l l I
\ dyl
SET B |y0|yl|y2|y3 -
dy2
dy3
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Example of Local Replacement

ADDRESS TAG STORE DATA STORE
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dx4
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Example of Local Replacement

ADDRESS TAG STORE DATA STORE

WORKING SET

THRASH dx4

dx1

SET Al| x4 | x1| x2| x3 -

/ dx2

X = {x0, X1, X2, X3, x4} dx3

Y ={y0, y1, y2} dyO

(I
SETB |y0|yl|y2|y3 -

/ dy2
DORMANT WAY = dy3
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Example of Local Replacement

ADDRESS TAG STORE
WORKING SET
THRASH

DATA STORE

dx4
dx1

/SET Al | x4| x1| x2| X3

X = {x0, X1, X2, X3, x4}
Y ={y0, y1, y2}

dx2
dx3

dyO
dyl

(I
T seTs/[yolyi|yv2lya

dy2

DORMANT WAY /

Staticpartitioningof resources.

= dy3
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Example of Global Replacement

REDISTRIBUTED
ADDRESS TAG STORE DATA STORE

WORKING SET

SET AO X0| x2

X ={x0, x1, x2,x3} SET BO yO| y2

Y ={y0,y1,y2,y3} SETALl |x1|x3

~ SET B1
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Example of Global Replacement

REDISTRIBUTED
ADDRESS TAG STORE DATA STORE

WORKING SET

SET AO X0| x2| x4

X = {x0, X1, X2, X3, X4}SET BO | y0|y2

Y = {y0, y1, y2} SET AL | x1|x3

\ SET B1

Dynamicsharingof resources!!

yl
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The V-Way Cache

STATUS| TAG | FPTR TAG STORE DATA STORE
DATA
ARRAY
V| RPTR
TAG | INDEX | OEF
\

TAG FPTR
COMPAR SELECtJ

HIT

DATA

REPLACEMEN
SCHEME

GLOBAL _%
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The V-Way Cache
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The V-Way Cache
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The V-Way Cache
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The V-Way Cache
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The V-Way Cache

|
| STATUS| TAG | FPTR] TAG STORE | DATA STORE
|
DATA
ARRAY
V| RPTF
|
TAG | INDEX] OFF | e e |
|
| ||
TAG FPTR | 1
COMPAR SELECT ;
MISS
DATA

GLOBAL
REPLACEMEN
SCHEME

Con guration TagAccess| DataReplacement

&

Set-Associatie Fast'& Local &

Fully-Associatve
V-Way
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The V-Way Cache
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The V-Way Cache

| STATUS| TAG | FPTR]

7AG [INDEX | OFF | e
ot | rter I
Con guration | TagAccess| DataReplacement
Set-Associatie Fast® Local @
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A Practical Global ReplacementAlgorithm

@ LRU isimpracticalbecauseherearethousand®f lines

@ Secondevel cacheaccesstreams afiltered versionof the
programaccesstream

@ Reusdrequeny is skewedtowardsthelow end
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ReuseReplacement

INITJALIZE

ACCESS ACCESS ACCESS

TEST TEST TEST TEST

VICTIMIZE

REUSE COUNTER

TABLE

<—— PTR

UT==15¢8
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Victim Distancefor ReuseReplacement

@ Problemof variablereplacemeniateng
@ Averagevictim distance3.9
@ Worstcasevictim distance:1888
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Victim Distancefor ReuseReplacement

@ Problemof variablereplacemeniateng
@ Averagevictim distance3.9
@ Worstcasevictim distance:1888

@ Solution
a Testeightcounterssachcycle
@ Limit searcho five cycles

Latency (in cycles)] 1 2 3 4 5
Probability (victim)| 91.3%| 96.9%| 98.3%| 98.9%| 99.2%
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Evaluation Outline

ExperimentaMethodology

Reductionn Misseswith the V-Way Cache
ComparingReuseReplacemenandLRU
Storagelateng, andEnegy Cost

Impacton IPC
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Experimental Methodology

@ Firstlevel I-cache D-cache:16kB, 2-way, 64B linesize,LRU
@ Baselinel.2: Unified, 256kB, 8-way, 128Blinesize,LRU

@ BenchmarksSPECCPU2000
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Reductionin Misseswith the V-Way Cache

@ Primaryupperbound:Fully associatie cache
@ Secondarypperbound:Doublesizedcache
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Reductionin Misseswith the V-Way Cache

@ Primaryupperbound:Fully associatie cache
@ Secondarypperbound:Doublesizedcache
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Comparing ReuseReplacementand LRU

Comparisorof miss-ratedor LRU andReuseaeplacement

Bmk | bzip2 | crafty | gcc | gzip | mcf | parser| perl. | twolf | vortex

LRU 34.6 11 | 38| 24 | 295| 32.7 | 0.1 | 36.5 8.5
Reuse| 35.0 1.0 | 38| 24 | 299| 329 | 0.1 | 354 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 | 233
Reuse| 10.5| 50.0 | 34.8| 50.6 8.5 35 | 65.3 | 23.2
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Storage,Latency, and Energy Cost

@ Storageneededor extratags,FPTR,RPTR,andReusebits

Line-size | Miss-ratereduction| Increasan area
128B 13.2% 5.8%
256B 14.9% 2.9%
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Storage,Latency, and Energy Cost

@ Storageneededor extratags,FPTR,RPTR,andReusebits

Line-size | Miss-ratereduction| Increasan area

128B

13.2%

5.8%

256B

14.9%

2.9%

@ Delaydueto moretagsandFPTRselection:0.13ns

@ Enegy in accessindpiggertag-store

Parallellookup

Baseline

V-Way

1.02nJ

0.35nJ

0.40nJ
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Impact on IPC

@ Pipeline:12 stage 8 wide with 128 entryresenationstation
@ L1 hitlateny of 2 cyclesandL?2 hit lateng/ of 10 cycles
@ L3/Main memory.access-laterycof 80 cycles
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Impact on IPC

e pp
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RelatedWork

@ Extrastoragdor conflict misses.Victim cacheaouppiiscago]

@ Multi-probetechniques
a Predictve sequentiahssociatie cachgcalder+Hpcaos)
a Adaptive groupassociatie cachgpeir+ASPLOS'98]

@ Cachendexing function
a Skewedassociatiity [SeznedSCA93]

@ Prime-modulandexing [Kharbutii+ HPCA04]

@ Softwaremanagedully associatie cache:llC [Halinor+1scao0]
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Other PossibleApplications of the V-Way Cache

@ Platformfor globalreplacementvith inbuilt shadev directory
@ Taginclusiondataexclusion[piranhaiscAo0]
@ CachecompressiomHalinor+ HPCAO5]

@_ Interactionwith NURAPID [chishti+ MICRO'03]
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Conclusion

Traditionalcacheassumesiniform accesseacrosssets

Globalreplacemenallows the V-Way cacheto vary the
numberof valid waysdependingn the setdemand

Reuseaeplacemenis fastandperformscomparabldéo LRU
V-Way cachecanlower miss-rateandimprove performance

V-Way cachecansene asaninfrastructurefor other
optimizations
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Questions
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