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- [1p€1TEl VO PEILWOOUUE TO processor-memory performance gap

- H mrpootréAaon dedopévwy (code & data) dev givai

ouolopopen (“principle of locality”) .
« 2XE0I0OUOC IEpAPXiag uvUNG ME BAoN 2 apxEG :

- TomkoTnTa

- Ta pIkpoTEPa components gival o ypriyopa (“smaller hardware is

faster)
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[Mapadeiyua lepapxiac Mvnung

MikpoTEPO KOOTOG/bit
MeyaAUTepn xwpenTIKOTATA

—

/O bus f
I/O devices

C Memory
CPU a bus
. c Memory
Reglsters h
o
Register Cache Memory
reference reference reference
Size: 500 bytes 64 KB 1GB
Speed: 250 ps 1ns 100 ns
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- block —line — page:
N MIKPOTEPN HOVADA HETAPOPAS OEOOUEVWV HETACU TWV

EMTTEOWYV UVAUNG

Lower Level
~ ToProcessor | Upper Level Memory
. Memory
Blk X
From Processor R BIK Y
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* hit : To block Bpiokeral o kaTTOIO BE0N TOU
eCeTalOUEVOU ETTITTEOOU PUVAMNG

- hit rate: hits/ouvoMNIKEC TTPOOTTEAACEIC UVAMNG
* hit time: xpovog TTPpooTTEAAONG TWV OEDOPEVWV

 miss: 10 block dev urrapyer oto e€etalOpevo
EMTTEQO MVAMNG
- miss rate: 1 — (hit rate)
* miss penalty: (xpdvog HETAPOPAC TWV OEDOUEVWYV EVOC
block 010 OUYKEKPIPEVO ETTITTEDO HVAUNG) + (XPOVOC
aATTOKTNONG TWV dedopEVWY atro Tnv CPU)

. XPOVOG atrokTnoNG TNS 1nG Aégng
. XPOVOC ATTOKTNONG TWV UTTOAOITTWV AECEWV
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[ToU TotToBEeTOUE £Vva block o€ KATTOI0 E£TTITTEDO TNC 1EPAPXIAC
MVAMNG ( )

Direct mapped

- MikpdTEPOC XPOVOG TTPOORAONG

- MeyaAutepo miss rate
Fully associative

- MikpOTEPO miss rate

- MeyaAuTepog Xpovog TTpooacng
Set associative

- 2UVOUOQONOC TWV 2 TTPONYOUHEVWYV

- H mo ouvnBiouévn etmiAoyn

cslab@ntua 2011-2012



Fully assaciative:

Direct mapped: Set associative:

To block 12 To block 12 pmaivei To block 12 pTraivel
UTTQVE uévo oTo block 4 OTTOUBATIOTE PéTa OTO set
OTTOUSHTTOTE (=12 mod 8) 0 (=12 mod 4)
Ap. D1234567 Ap. 01234567 Ap. 0D1234567
Block Block Block
Cache
Sel Sel Set St
o 1 2 43
d1euBuvon Tou block frame
Ap. Block 111111111 1z2z22222222233
n:. 012345678901 234568789012345678890 1

1 4

Mvnun
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- 1w Bpiokoupe €va block o€ KATTOI0 €TTITTEDO TNC IEPAPXIOC
HVAMNG ( );

A

dvoikn) ArevOovon (CPU) >

AigvBuvon Tou Block Block
Tag Index Otfset

—

MéyeBog block offset = log2(néye0og block)

Méye0og Index = log2( Xvvolkog aprOuoc blocks/associativity)

Méye0og tag = néye0og address - péyeog index - péye0og offset
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- [1oi6 block avTtikaBioTouue o€ TTEPITITWON EVOC MISS (

- Random, LRU, FIFO

* Ti TTONITIK} akoAouBouUuE OTav TO TTEPIEXOMEVO £VOC block
METABANGEI;

- write hit : write-through vs. write-back

- write miss : write-allocate vs. no-write-allocate

cslab@ntua 2011-2012
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- Compulsory: 2uufaivouv kKata Tnv TPWTN TTPOoRacn oe €va
block. To block Ttrpétrel va kAnBei ammd yxaunAdtepa eTTiTTeda
UVNUNG Kal va ToTroBeTnBei otnv cache (arrokaAouvtal kai cold
start misses N first reference misses). ©a cuvéBaivav akOua Kal
o€ Jia “atreipn” cache.

« Capacity: Otav n cache d¢ xwpd 6Aa 1a dedouéva katroia blocks
ammopakpuvovtal. Otav {ntnBouv cava oT1o0 MPEANOV  EXOUME
capacity miss. Eivar Ta misses uia¢ Fully Associative Cache
(apou agalpEécoupe Ta compulsory misses).

- Conflict: Ze upia set-associative ) direct-mapped cache, TToAANG
blocks aTtreikoviovrtal oto idlo set. ‘ETol evw utTOpEI VO UTTAPXOUV
adela sets otnv uttoAoitrn cache, karmroia blocks amropakpuvovral.
Otav {nTnBouv cava oto yEANoV €xoupe conflict miss.
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Miss Rate / 1UTtT0
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Cache Misses : 3C's
ATToOAUTO Miss Rate (SPEC92)
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Cache Misses : 3C's
2. XETIKO Miss Rate (SPEC92)
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Meiwaon Tou cache miss penalty
. Multilevel caches, Critical word first, victim caches,...

Meiwon Tou miss rate
. Block/Cache size, Associativity, Pseudoassociative Caches,...

Meiwon Tou miss penalty kal Tou miss rate peow
TTapaAANAIoHOU

. Non-blocking caches, prefetching,...

Meiwon Tou hit time
. Mikpécg caches, trace caches, ...
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Multilevel Caches

o 2XEOIAOTIKO DiANuua

Mikpry cache kal dpa 1600 ypriyopn 000 Kal O ETTECEPYAOTNC;
MeyaAn cache 1Tou va xwpa TToAAG 0edopEva AAAG TTOAU TTIO ApYN;

o Auon : lepapxia pvApNG TTOAAWVY ETTITTEOWV.

L1 : Mikpn Kal ypriyopn WOTE O ETTECEPYACTNAC VA PTTOPEI va TNV
TTpoaTreAdoel o€ 1-2 KUKAoug (hit time).

L2 : MeyaAuTepn atro Tnv L1. o apyn, aAAG YTTopEi va IKAVOTTOIET TO
TTEPICOOTEPA ATTO TA L1 misses YeIiwvovTag auta TTou TTPETTEI VA
TTPOCTTIEAQCOUV TNV KUPIA PVAUN.

L3

Main memory
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Critical Word First kai1 Early Restart

o Agv xpelaleTal va TTEPINEVOUME va PeTapePBei oAOKANpo 10 block
TIPIV €100TTOINOOUME TOV ETTECEPYAOT VO CUVEXIOEI TNV EKTEAEON
TOU TTPOYPAUMATOG.

« Critical word first: @opTwveTal TTPWTN N AEEN TTOU (TNOE O £TTECEPYAOTAC. Ol

uTTOAOITTEC AECEIC TOU block petagpépovtal oTnv cache evw O E€TTECEPYAOTNC
ouvexilel TNV eTTECEPYATIQ.

. Early restart: O1 AéCeic Tou block @optwvovtar otnv cache pe Tnv oeipd.
Otav @opTtwbei n {ntoupevn AEEn, 0 €TTECEPYAOTNC ouveyilel TNV AsIToupyia
TOU, EVW TAUTOXPOVA QOPTWVOVTAlI 0TV cache Kal o1 UTTOAOITTEG AECEIC TOU
block TTou akoAouBouv.

« XpNnoiueg yia caches pe peyalo pEyebog cache block.

o [poopépouv piIkpny BeEATIWON yIa TTPOYPANMPATA PE UWNAR XWPIKA
TOTTIKOTNTA, apou Ttrapoucialouv peyaAn TmBavotnta va ¢nTouv
OedOoEVA TTOU BPICKOVTAI O€ YEITOVIKEC BETEIC UVAMNG.

cslab@ntua 2011-2012



[MpotepaidTnTa TWV Read Misses

< > Cache |&=——
Processor DRAM

—— —

Write Buffer

- Ecuttnpétnon Twv Read Misses 1Tpiv oAokAnpwoOouv ta write
misses.

- O write-buffer (FIFO doun) ammoBnkeuel Ta writes (TpoTtroinuéva
dedopEVA) TTOU TTPETTEI VA ATTOONKEUTOUV OTA ETTOMEVA ETTITTEDQ

NG IEpAPXiAg PvRUNG.

- [TBavéTnTa RAW hazards!

cslab@ntua 2011-2012 19



[MpotepaidTnTa TWV Read Misses

- RAW hazards o¢ write-through caches pe write-buffers:
- O write-buffer kpatd Ta M0 TTPOCPATA TPOTTOINMEVA OEDOUEVQ

- Mia AUon va mrepiyévoupue va adeiaoel o write-buffer. ‘Etol dpwcg auavertai 10
miss penalty

- AeuTepn AUON ival 0 EAeyX0C TwV TTEPIEXOPEVWY TOU buffer og kKABe read miss.
Av 1a dedopéva tou BéAoupe va dlapdooupe dev uttapyxouv oTov buffer,
OiVOUNE TTPOTEPAIOTNTA OTO read mMiss Kal TO TTPOWBOUUE OTO ETTOUEVO ETTITTEDO

NG IEpapxiag uvAunG.

- H texvikn autr) BonBd kai o€ write-back caches. ‘EoTtw 611 £€va read
miss 0a avrikaraoTtrioel Eva dirty block Tng cache.

- [lpiv : Eyypaen Tou dirty block oto etTopevo emTitredo uvung — Egutrnpétnon
TOU miss, avAyvwan Kal ETTAVEKKIVNON TOU ETTECEPYQOTH

- Twpa : Metagopd Tou dirty block oTtov write-buffer — E€utrnpéTnon Tou miss,
avAyvwaon Kal ETTAVEKKIVNOoN Tou €TTeCepyaoTr)-> Eyypa@r) Tou dirty block oTo
ETTOMEVO ETTITTEDO UVAMNG
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Evotroinon (merging) Twv write buffers

+ 2UvOuUaOoNOg TTOAAATTAWY writes o€ €va entry Tou write buffer.

+  AtTod0oTIKOTEPN XpPrjon Tou cache badwidth (multiwrites 1m0 ypriyopa atrd eyypagéc
MOVAOIKWYV AECEWV PE TN OEIPQ)

- Meiwon Twv stalls Tou ogeidovral o€ full write-buffers.

Aevbuvon eyypagnig

Wirite address  V \Y} V v
100 1 | Mem[100]| 0 0 0
108 1 | Mem[108] o 0 5
116 1 | Mem[116]| 0 0 0 ’ ’
124 1 | Mem[124]( O 0 o KGOB¢ buffer XWPEAEI 4

AEGEIG TwV 64-bit.
AebBovon eyypoaenc

Write address v v ¥ L Movo o1o 20 oxnua

100 1 | Mem[100]| 1 | Mem[108] | 1 | Mem[116]| 1 | Mem[124] G(‘.';IO'ITOIOL'JVTGI
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Victim Caches

- [1pooBnNkn evog uikpou buffer yia ammoBnkeuon twv blocks TToOU

aTTopakpuvovTal atro Tnv cache.

« 2€ KABE miss eAéyxoupe Ta
TTEPIEXOMEVA TNG victim cache
TTPIV OUVEXIOOUUE TNV
avalnTnon oTo ETTOUEVO

EMTTEQO TNG IEPAPXIAC MVAMNG.

TAGS DATA

1

Tag and Comparator

One Cache line of Data

. Jouppi [1990]: Mi& victim

Tag and Comparator

One Cache line of Data

cache 4 Béocwv aTTOTPETTEI TO

Tag and Comparator

One Cache line of Data

20%-95% TwVv conflict misses

Tag and Comparator

One Cache line of Data

via pia 4KB direct mapped
cache.

cslab@ntua 2011-2012

To Next Lower Level In
Hierarchy
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Meiwon Tou cache miss penalty
. Multilevel caches, Critical word first, victim caches,...

Meiwon Tou miss rate
. Block/Cache size, Associativity, Pseudoassociative Caches,...

Meiwon Tou miss penalty kal Tou miss rate peow
TTapaAANAIoHOU
. Non-blocking caches, prefetching,...

Meiwon Tou hit time
. Mikpécg caches, trace caches, ...

cslab@ntua 2011-2012
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Aucnon Tou block size

- Aclotroinon TNG TOTTIKNG XWPIKOTNTAG (Spatial locality).

10% "
- Meiwon Twv compulsory [ #
misses

- Tautoxpova : Miss
- AuUgnon Tou miss penalty '\9'-
- [hBavi augnon Twv capacity —— 16K

kKal conflict misses
o —0 g4K
A
l — | 256K

* [1pOCEKTIKNA ETTIAOYI) TOU 16 32 64 128 256
block size! Block size

© 2003 Elsevier Science (USA). All rights reserved.
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Aucnon Tou cache size

- Meiwon Twv capacity misses
- Meiwaon Tou miss rate

- MelovekTnuara
- Auc¢non Tou hit time
- AUENon TOU KOTAOKEUQOTIKOU KOOTOUG

- AZloTroinon Tou peyaAou aplBpou transistors TTou UTTAPXE!
TTAEoV oTa chips.

cslab@ntua 2011-2012
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Aucnon Tou BaBuou Associativity

- Au¢non Tou PaBpou associativity CUVETTAYETAI PEiWON TOU
mIss rate.

* [1paKTIKA :

- [Na single processor systems, pia 8-way set associative

cache €xel TTpakTika 10 id10 miss rate ue upia fully associative
cache.

- Mia direct-mapped cache ue size N €xel 10 idl0 miss rate e
Mia 2-way set associative cache ue size N/2.

- MelovekTiuara :
- Augnon Tou hit time
- AuUgnon Tou KOGOTOUC

cslab@ntua 2011-2012
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Pseudoassociative Caches

« 2UVOUQONOG TWV
- Direct-mapped caches — Mikp0o hit time
- 2-way set associative caches — Meiwon Twv conflict misses

« OT1av €xoupe miss, TTPIV TTPOXWPINOOUME OTA ETTOUEVA ETTITTEDA TNG
lEpAPXIaC MVAMNG, EAEYXOUME av UTTAPXEI N d1EUBuvVON TTOU WAXVOUME O€
Mia 0euTePn B€on TNG cache (pseudo-hit).

- YAotroinon : AvaoTtpogr Tou MSB Tou index yia va TTpo0TTEAQGCOUE TO
“pseudo-set”.

- ‘Exouv éva ypnyopo (hit) kail éva 1mio apyo (pseudo-hit) xpovo
avalntnong (hit time).

Hit time

Pseudohit time Miss penalty

© 2003 Elsevier Science (USA). All rights reserved.
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Compiler Optimizations

« O1I TTPONYOUMEVEC TEXVIKEC QATTAITOUV OAANQYEC/TTPOOONRKEC OTO
hardware Tou cuCTAMATOCG.

- EvaAAakTikG : BeATioTotroinon Tou software!
- Compiler Optimizations
- Instructions

- Avadlopydvwon Twv procedures oTn PvAPN yia TN MEiwoN
Twv conflict misses

- Data
- Merging arrays
- Loop interchange
- Loop fusion
- Blocking

cslab@ntua 2011-2012
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Merging Arrays

/* Before: 2 sequential arrays */
int val[SIZE];
int key[SIZE];

/* After: 1 array of stuctures */
struct merge ({

int val;

int key;
};

struct merge merged array[SIZE];

> Meiwvovrtail ta conflicts yetagu Twv oToixeiwyv Twyv val kai key
> BeAtiwon 1n¢ xwpIkAG TotmikOTNTAC (Spatial locality)

cslab@ntua 2011-2012
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Loop interchange

/* Before */

x[1]1[3] = 2 * x[i][]];
/* After */
for (i = 0; i < 5000; i = i+1)
for (jJ = 0; j < 100; jJ = j+1)
x[1][3] = 2 * x[1][3];

> ApXIKQ, n kKaBe Aécn trou dlapadetal atrexel 100 BEoeic atro TNV
TTPONYOUUEVN.

> Metra tnv aAAayr], n TTPoOTTEAACN Yiveral o€ OIAdOXIKEC OEOEIC
HVAMNG.

> AlaBadovrtal ye Tn oc1pd OAec o1 Aégeic Tou cache block

> BeATiwon TNG XWPIKAGC TOTTIKOTNTOC

cslab@ntua 2011-2012
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(2) Meiwon Tou miss rate

Blocking

- AilaBaopa Twv NxN oToixeiwyv Tou z Kal Twv N

OTOIXEIWV piag YPOUMAG TOU Yy Kal ayypa(pr]
Twv N OTOIXEiWV MIOG YPANMAG TOU X.

- Ta capacity misses ecaptwvrtal ammd 1o N Kai
TO MEyEBOC TNC cache.

- size = 3xNxNxsizeof(array_elem) — 0 capacity
misses

«  ZUVOAIKOC apiBudg accesses : 2N3 + N2

- |[0¢a : EmreCepyaoia evog BxB uTtrotrivaka TTou
va Xwpdel otnv cache

/* Before */

r(i=0;i<N; i= i+l)

for (j = 0; j < N; j = j+1)
{r =0;
for (k = 0; k < N; k = k+1) {
r=r + yl[il[k]*z[k][J];}’
x[1i]1[3] = x;
}i

0
IMoMotepes mpoonehacers | ] i

n
w N - o

w N - o

Agv £ovv npoonerooTEl
OKOJLOL

cslab@ntua 2011-2012
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(2) Meiwon Tou miss rate
Blocking

/* After */
for (37 = 0; JjJ < N; jj = JJj+B)
for (kk = 0; kk < N; kk = kk+B)

> B : Blocking factor
for (i = 0; i < N; i = i+1)

for (4 = 99; § < min(554B-1,N); § = 5+¢1) > MEiwaon Twv capacity misses :
{r =0; 2N3/B +N?

for (k = kk; k < min(kk+B-1,N); k = > BeAtiwon kal TNG XpovIKAG Kal

k+1) ) :
TNG XWPIKAG TOTTIKOTNTAG

r=r + yli][k]*z[k][]]"
x[1]1[J1 = x[1]1[J] + x;

}i
j k j
X y z
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

/0' 0 0
IoMotepeg TPpoomerdoerg ! - ! - !
2 2 2

i i k
3 3 3
4 4 4
5 A 5 5

Agv &yoov ggggnskuaral NeoTepeg TpooneLdoELg
L

© 20083 Elsevier Science (USA). All rights reserved.
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Meiwon Tou cache miss penalty
. Multilevel caches, Critical word first, victim caches,...

Meiwon Tou miss rate
. Block/Cache size, Associativity, Pseudoassociative Caches,...

Meiwaon Tou miss penalty kal Tou miss rate peow
TTapaAAnAicuoU

. Non-blocking caches, prefetching,...

« Meiwon Tou hit time
. Mikpég caches, trace caches, ...

cslab@ntua 2011-2012
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Multiple Banks

« Avrti va Bewpoupe Tnv cache ocav éva pyovadikod block, Tnv diaipouue
o€ TTOAAATTAG avegdpTnTa banks.

- 1rX. Niagara L2 : 4 banks
-« AuvatoTnTa TAUTOXPOVWY TTPOCTTEAGCEWY (1 o€ KABe bank)

* YwnAn arrodoaon otav ol TTPooTTeEAACEIC poipalovTal avaueoa oTa
banks. ETTopévwg, To mapping Twv dleuBuvoewy o€ banks
eTNPEEeadlel Aueca TNV arédoon Tou CUCTAUATOC.

‘Eva atrAo kai atrodoTiKO mapping €ival To “sequential interleaving”
- O1 dieuBuvozelg avTioTolxiCovTal e T o€lpd o€ KABe bank

- Av €xoupe 8 banks, 101€ Ta blocks yia Ta otroia block address mod 8 =0
arroOnkevovTtal oto bank 0, auTtd yia Ta oTroia 1oxUel block address mod 8 = 1
oTo bank 1, ...

cslab@ntua 2011-2012
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« O

Nonblocking caches

nonblocking caches emTpémouv OTI¢ data caches va amooTEAAOUV

dedopéva (e€uttnpéTnon cache hits) 6co diektrepalwveTal €va cache miss.

Xpnon og out-of-order cuoTAuaTa

AttaitouvTal TTOAAATTAG memory banks yia Tnv TTapAAANAn eCuTTNEETNON
TTPOCTTEAQCEWV

“hit under miss” : Meiwaon Tou effective miss penalty kaBwc¢ dev ayvoouvral
KQIVOUPIEG TTPOCTTEAACEIG

“hit under multiple miss” / “miss under miss” : ETittAéov peiwon Tou effective
miss penalty eTKAAUTITOVTAG TTOAAATTAQ misses

AuZnon TnG TToAUTTAOKOTNTOC TOU cache controller kaBw¢ pTTopEi va utTdpyouv
TTOANQTTAEC TTPOOTTEAACEIC TTOU TTEPIMEVOUV VA IKAVOTTOINBoUV

cslab@ntua 2011-2012
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Percentage

of the average
memory

stall time
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Nonblocking caches

Hit under 1 miss

Benchmarks

© 2003 Elsevier Science (USA). All rights reserved.
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Hardware Prefetching

- 10¢a . Pépvw otnv cache autd tTou Ba {NTAOEI OTN CUVEXEIQ O
ETTECEPYAOTNAC!
- Instructions

- 2€ KABe miss @pEpvoupe 2 block. AuTo TToU (TNOE O ETTECEPYACTAG
(atT0BrKeuon oTnv cache) Kal To APECWC ETTOUEVO (YEITOVIKO). To 20 block
atroBnkeveTal o€ eva instruction stream buffer.

- Jouppi [1990] : Instruction stream buffer ye 16 blocks BeATiwvel 10O hit rate
Miag 4KB direct-mapped instruction cache kata 72%.
- Data
- ‘Idia Aoyikn) kai yia TIC data cache.

- EmékTaon pe ToAAatTAoug stream buffers, 61Tou o kaBévag kavel prefetch pia
dlagpopeTIKr) dieuBuvaon.

- Palacharla [1994]: 8 stream buffers ptropouv va peiwoouv kata 50-70% Ta
misses evog auoThuaTog pe 64KB 4-way assoc. caches (Instr. & Data)
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Software Prefetching

O compiler eicayel KatdAANAec evioAég (“prefetch instructions™), ol
OTTOIiEG TTPOKAAOUV Tn MeETA@OpPA OedopeEvwy (data) TTpiv autd
XPEIOOTOUV ATTO TO TTPOYPAMMA.

AUO €IdWV

- Register prefetch : ®o6pTwaon dedopévwy o€ kataxwpnTtéeS (11.X. loads Tou HP
PA-RISC)

- Cache prefetch : ®opTwon dedouévwy otnv cache (11.x. MIPS IV, PowerPC,
SPARC v9)

Nonfaulting/Nonbinding : Agv emTPETTETAI VA TTPOKAAECOUV
exceptions (171.x. virtual address faults)

O1rwcg ka1 otnv trepitrtwon Tou hardware prefetching, ta
ouoTnuaTa auTa TTpoUTToBEToUY TN Xpron nonblocking caches.

cslab@ntua 2011-2012
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Meiwon Tou cache miss penalty
. Multilevel caches, Critical word first, victim caches,...

Meiwon Tou miss rate
. Block/Cache size, Associativity, Pseudoassociative Caches,...

Meiwon Tou miss penalty kal Tou miss rate peow
TTapaAANAICHOU

. Non-blocking caches, prefetching,...

« Meiwon Tou hit time
. Mikpgcg caches, trace caches, ...
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MIKPEC KI QTTAEC caches

[ToAU onuavTikO 1ID1aitepa yia TG first-level caches
MeyaAo KoupdT Tou hit time atroTeAEl N TTPOCTTEAQCN TOU

tag array kal n oUYKpPION ME TO KATAANAO KOMMATI TNG

{nToupuevnc dieubuvong.
MikpEG pvnueg
- ['pRyopo indexing
- TotroBETnon Kovtd oTov
ETTECEPYQOTN
ATTAEC pvAueg TT1.X. Direct-
mapped

- EmkdAuwn TG ouykpiong
TwV tag JE TNV ATTOCTOAN
TWV OEOONEVWV
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ATtropuyn Address Translation

- Virtual Caches ) Virtually Addressed Caches

- ATTOOTOAN TNG virtual address otnv cache.
- 2¢€ KABe aAAayn digpyacaiag TrpéTrel va “kaBapioupe” (flush) Tnv cache
- KooTog : xpoévog flush + compulsory misses

- Aliases 1 Synonyms : AlagopeTikég virtual address (11.x. OS kai user
program) avTtioToixiCovTal aTnv idla Quolkr dieubuvon — MNoAAaTTAG
avTiypaga Tou idlou block

- Virtual addresses yia Tnv emkoivwvia I/0O yovadwyv ue TIC caches

« N\UOEIC
- Xpron evog process-identifier tag (PID). Atraiteital flush poévo 6tav éva
TaAio PID ¢avaxpnoiyoTrolgital yia pia Kaivouplia digpyaaia.

- Aliases:

» Hardware : KatadAAnNAol unxaviouoi Kal EAEyX0l yyuwvTal JIia Jovadiki QUOIKN
d1evBuvaon yia k&Be block Tng cache

» Software : Page coloring — KatdAAnAn etmAoyr Twv virtual pages/addresses yia
TNV atmo@uyr dnuioupyiag aliases.
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CPU

2 UuBarTIkn
Opydavwon
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Virtually Addressed Caches

VA
Tags

Virtually Addressed Cache
MeTd@paon JOvVo o€ Miss
Synonym 1TpoAfjuaTa

CPU

MEM

CPU

VA |

v

$

B

L rog JPA

_I_l

MEM

EmkaAuwn TG $
mmpootreAaong pe VA
META@pPaon: ATTaiTeiTal
o¢eiktng otnv $ index yia
Va TTapapével oTaBepo
KATA TN METAPPAON
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Trace Caches

- Méxpl Twpa 10 cache block uiag Instruction cache TrepiExel pia
ocIpd  eVIOAWV OTTWG auTtég opifovral (arrobnkevuovrtal) oTNV
MVAMN.

« [Tio ammodoTikd To block va TTepIEXEl MO OUVAUIKA O€IPA EVTOAWV
OTTWC AUTEG eKTEAOUVTAI OTOV £TTECEPYanT! — Trace Cache

« MelovekTrjuara :

- [MoAutTAOKO address mapping

- Katroleg evToAEC UTTOPEI va atroOnkeUuovTal TTOAAATTAEG POPEC KABWGS
ep@aviCovTtal o€ TTOANQTTAG traces ecaiTiag dIaPoOPETIKWY branches.
— Mn atrodorTIK Xprion Tou dIaBEaIPou XWEou.
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Texvikn MP MR HT Complexity

2 Multilevel caches + 2
& Critical Word First & Early Restart  + 2
S MpotepaidtnTa ota Read Misses  + 1
@ Merging write buffers + 1
s Victim Caches + 1
@ MeyaAuTepo block size - + 0
S YywnAoTepo Babud Associativity + - 1
¢ Pseudo-associative caches + 2
s Compiler Optimizations + 0
§, Multiple Banks + 1
S Nonblocking caches + 3
< Hardware Prefetching + + 2
Es Compiler Controlled Prefetching + + 3
£ Small & simple caches - + 0
‘= Avoid Address Translation + 2
-*:12:' Trace Cache + 3
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