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- [1pETTEl VO PJEILWDOOUUE TO processor-memory performance gap
- H mrpootréAaon dedopevwy (code & data) dev givail

ouoiopopen (“principle of locality”) .
« 2XE0I00UOC IEpapXiag uvUNG ME BAon 2 apxEg :

- TomkoTnTa

- Ta uikpdtepa components ival 1o ypriyopa (“smaller hardware is

faster)
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[Mapadeiyua lepapxiac Mvnung

MikpOTEPO KOOTOC/bit
MeyaAuTepn XwWpPNTIKOTNTO
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Size: 500 bytes 64 KB 1GB 1 TB
Speed: 250 ps 1ns 100 ns 10 ms

£ 2007 Elsevier, Inc. All righta reserved.
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- block - line — page:
N MIKPOTEPN HOVADA UETAPOPAC DEDONEVWV METACU TWV
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 hit : To block Bpiokeral g kaTTOIO BE0N TOU
eCETAlOMEVOU ETTITTEOOU UVAUNG

- hit rate: hits/ouvoAikéC TTPpOOTTEAACEIC MVAMNG
* hit time: xpovog TTpooTréAaonG Twv OEDOUEVWV

* miss: 10 block d¢v urrapyer o010 €€TAlOUEVO
ETTITTEQ0 PVAMNG
- miss rate: 1 — (hit rate)
* miss penalty: (xpOvog HETAPOPAG TWV OEDOUEVWYV EVOC
block 010 OCUYKEKPIPEVO ETTITTEDO PVAMNG) + (XPOVOCS
ATTOKTNONG TWV dedopEVWY aTro Tnv CPU)

- access time: Xpovog ammdokTnong NS 1nc Aégng
- transfer time: xpOvog A1TOKTNONG TWV UTTOAOITTWV AECEWV
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[ToU ToTTOBETOUE £Va block o€ KATTOI0 ETTITTEDO TNC IEPAPXIOC
HvAMNG ( ) ;

Direct mapped
- MIkpOTEPOG XPOVOGS TTPOCRaONG
- MeyaAutepo miss rate

Fully associative
- MikpOTEPO Miss rate

- MeyaAuTtepocg xpovoc TTpdéoaong
Set associative
- 2UVOUOQONOC TWV 2 TTPONYOUHEVWV

- H mo ouvnBiopévn mAoyn
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Fully assaciative:; Direct mapped:; Sel associalive:

To block 12 To block 12 praivel To block 12 paivel
UTTOVE pévo oo block 4 OTTOUBATIOTE péoa OTO set
OTTOUSHTTOTE (=12 mod 8) 0 (=12 mod 4)
Ap. D1234567 Ap. 01234587 AP. 01234567
Block Block Block

Cache

Sel Sel Set 5=t

o 1 2 3
d1euBuvon Tou block frame
Ap. Block 111111 1111222222222 233
ne. 0123456780901 2346687689012345678801

Mvnun
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- 1w Bpiokoupe €va block o€ KATTOI0 €TTITTEDO TNG IEPAPXIAC
HvAMNG ( ) ;

A

dvoikn AevOvven (CPU ) >

AiguBuvon Tou Block Block
Tag Index Offset

/

Méye0og block offset = log2(uéye0og block)

Méye0og Index = log2( Xvvolkog aprOunog blocks/associativity)

Méye0og tag = néye0og address - néye0og index - néye0og offset
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- [loi6 block avtikaBioTouue o€ TTEPITITWON EVOC MISS (
) ;
- Random, LRU, FIFO

* Ti TTONITIK akoAouBouUuE OTaV TO TTEPIEXOMEVO £VOC block
METABANOEI;

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

- write miss : write-allocate vs. no-write-allocate
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- Compulsory: 2uuPaivouv katd tnv TTPWTN TIPOCRACN O€ €va
block. To block trpétmrer va kAnBei ammd xaunAdtepa eTTitreda
UVAMNG Kal va TotroBeTnBei oTnv cache (arrokaAouvtal kai cold
start misses n first reference misses). ©a ouvéBaivav akopa Kal
o€ Jia “atrelpn’ cache.

-+ Capacity: Otav n cache d¢ xwpda o6Aa ta dedopéva katroia blocks
arrodakpuvovtal. Otav {ntnBouv cavad oTo MEANOV  EXOUUE
capacity miss. Eivali ta misses uiag Fully Associative Cache
(apou agaipEcoupe Ta compulsory misses).

- Conflict: 2¢ pia set-associative 1 direct-mapped cache, 1ToAAG
blocks aTtreikoviovrtal oto idl0 set. ‘ETol evw pTtTOpEi Vva uttdpxouv
adela sets otnv uttoAoitrn cache, kamoia blocks atropakpuvovral.
Ortav {nTnBouv cava oto uEANov Exoupe conflict miss.
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Cache Misses : 3C's
AtToAuTo Miss Rate (SPEC92)
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Cache Misses : 3C's
2. XETIKO Miss Rate (SPEC92)

100%

80%

w

@)

Ko

s 60% w
o

e 40%

3

=

20%

0%
— ™ No) o™

Cache Size (KB) Compulsory

cslab@ntua (advanced_ca, ak. é1og 2008-2009)



Meiwon Tou cache miss penalty
. Multilevel caches, Critical word first, victim caches,...

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

e Meiwon Tou miss penalty kal Tou miss rate JEow
TTapAaAANAICHOU
. Non-blocking caches, prefetching,...

« Meiwon Tou hit time
. Mikpecg caches, trace caches, ...
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Multilevel Caches

o 2XEOIQOTIKO DIANUMQ

Mikpr) cache ka1 apa T000 ypriyopn 000 Kal O ETTECEPYAOTNG;
MeyaAn cache 1Tou va xwpa TToAAG dedopEva aAAG TTOAU TTIO apyn;

. Auan : lepapxia pvApNG TTOAAWY ETTITTEOWV.

L1 : Mikpr kai yprijyopn WOTE O ETTECEPYACTNAC VA PTTOPEI va TNV
TTpoaTreAdoel o€ 1-2 KUKAouG (hit time).

L2 : MeyaAutepn atro tnv L1. Tio apyn, aAAG UTTOpEi va IKAVOTTOIET TA
TTEPICOOTEPA ATTO Ta L1 misses peiwvovtag autd TToU TTPETTEI Va
TTPOCTIEAGCOUV TNV KUPIA PVAUN.

L3

Main memory
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Critical Word First ka1 Early Restart

o Agv xpeidletal va TTEPIMEVOUNE va PETAPEPOEI 0AOKANPO TO block
TTPIV €I00TTOINCOUME TOV ETTECEPYOAOTH) VO CUVEXIOEI TNV EKTEAEON
TOU TTPOYPAMMATOG.

« Critical word first: @opTwveral TrpwTn N Aé¢N TToU ATNOE O £TTeCEPYanTnG. Ol

UTTOAOITTEC AECEIC TOU block petagpépovtal otTnv cache evw 0 ETTECEPYACTNAC
ouvexilel TNV eTTECEPYATia.

. Early restart: O1 Aéceic Tou block @optwvovtalr otnv cache pe Tnv osipd.
Ot1av @opTtwbei n {nToupevn AEEN, O €TTECEPYAOTNC ouveyilel TNV AsIToupyia
TOU, EVW TAUTOXPOVA POPTWVOVTAlI 0TV cache Kal o1 UTTOAOITTEC AECEIC TOU
block Tou akoAouBouv.

« XpPNoIJeg yia caches ue peyalo pEyebog cache block.

o [pooépouv PiIkpn BEATIWON yia TTPOYPAUUATA JE UWNAR XWPEIKA
TOTTIKOTNTA, agou Trapoucialouv peyaAn mlavotnta va {ntouv
dedouEva TTOU BpiokovTal O€ YEITOVIKEC BETEIC uvAUNG.
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[MpotepaidTnTa TWV Read Misses

Cache |&—

Processor DRAM

—- —

Write Buffer

- Ecuttnpétnon Twv Read Misses 1Tpiv oAokAnpw6Bouv Ta write
misses.

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

TNG IEPAPXIAG PVNUNG.

- [hBavotnTta RAW hazards!
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[MpotepaidTnTa TWV Read Misses

- RAW hazards o¢ write-through caches ue write-buffers:
- O write-buffer kpatd Ta TTI0 TTPOCPATA TPOTTOINUEVA DEDOPEVA

- Mia AUon va Trepigévoupe va adeiaoel o write-buffer. 'ETol dpwg augdveTal 10
miss penalty

- AeuTepn AUon gival 0 €Aeyxo¢ Twv TTEPIEXOMEVWY Tou buffer oe KGBe read miss.
Av Ta O0ecdopéva TTou BEAoupe va dlaBdacouue dev uttapyouv otov buffer,
divoupue TTpoTEPAIOTNTA OTO read miss Kal TO TTPOWOOUNE OTO ETTOMEVO ETTITTEDO

NG IEPAPXiag HvAUNG.

- H texvikn auth) Bondd kai o€ write-back caches. ‘EoTtw 0711 €va read
miss Ba avtikaraoTtioel Eva dirty block Tn¢ cache.

- [piv : Eyypaen tou dirty block oTto etropevo etritredo pvung — ECuttnpétnon
TOU MissS, avAayvwarn Kal ETTAVEKKIVNON TOU ETTECEPYAOTN

- Twpa : Metagopd Tou dirty block aTtov write-buffer — ECuttnpéTnon Tou miss,
avAayvwaon Kal ETTAVEKKIVNON ToU €TTECEPYAOT-> Eyypaor] Tou dirty block oTo
ETTOMEVO ETTITTEDO PVAMNG
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Evotroinon (merging) Twv write buffers

+  2UvOuaopOg TTOAAaTTAWY writes o€ €va entry Tou write buffer.

«  ATTodoTIKOTEPN XPrion Tou cache badwidth (multiwrites 1m0 ypriyopa atrd eyypagpeg
MOVAJIKWYV AECEWV WE TN OEIPA)

- Meiwon Twv stalls TTou ogeidovtal o€ full write-buffers.

Aedbovon eyypoaeng

Write address  V \Y v Vv
100 1 | Mem[100]| 0 0 5
108l |1 | Memi108] o 0 s
116 1 | Mem[116]| 0 0 g ’ |
124 1 | Mem[124]| 0 0 . KGBe buffer xwpdel 4

AECEIC TV 64-bit.

AebBuvon eyypapng

Write address v v i v Movo oTo 20 oxnua
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Victim Caches

- [pooBnkn evoc uikpou buffer yia atmroBrikeuon Twv blocks TTOU

aTTOMaKpUvovTal atro Tnv cache.

* 2€ KAOE miss eAEYXOUUE TA TAGS DATA
TTEPIEXOMEVA TNC victim cache
TTPIV OUVEXIOOUME TNV .

avalnTnon OTOo ETTOMEVO /\
EMTTEQO TNG IEPAPXIAC MVAMNG.

Tag and Comparator| One Cache line of Data

- Jouppi [1990]: Mia victim Tag and Comparator| One Cache line of Data
cache 4 BE0EWV ATTOTPETTEI TO | 1ag 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 ﬂ

To Next Lower Level In
Hierarchy L

cache.
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CPU

Address Address
. In
Out
@ -
Tag
Victim Cache
Data
Cache
=?
/
Write
Buffer

Lower Level Memory




Meiwon Tou cache miss penalty
. Multilevel caches, Critical word first, victim caches,...

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

e Meiwon Tou miss penalty kal Tou miss rate JEow
TTapAaAANAICHOU
. Non-blocking caches, prefetching,...

« Meiwon Tou hit time
. Mikpecg caches, trace caches, ...
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Aucnon Tou block size

- AcloTToinOoN TNG TOTTIKAG XWEIKOTNTAC (spatial locality).

10% |
* Meiwon Twv compulsory [ 4K
misses
- Tautoxpova : Mss _ (e
, . ate O
- AU¢non Tou miss penalty \
- MBavh alténon Twv . e oK
capacity kai conflict misses
0 —0 64K
, , 0% ' ll | 256K
- [1pOoCEeKTIKN €TTIAOYI TOU 16 32 64 128 256
block size! Block size

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

- Meiwaon Twv capacity misses
- Meiwon Tou miss rate

- MelovekTiuara
- Aucnon Tou hit time
- AUCNoN TOUu KATAOKEUAOTIKOU KOOTOUC

- AZloTroinon Tou peyaAou aplBuou transistors TTou UTTAPXE!
TTAEov oTa chips.
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Aucnon Tou BaBuou Associativity

- Au¢non Tou PaBuou associativity cuveTTayeTal Pueiwan Tou
miss rate.

 [1paKTIKA :

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

cache €xel TTpakTika 10 id10 miss rate pe pia fully associative
cache.

- Mia direct-mapped cache pe size N €xel TO id10 miss rate pe
Mia 2-way set associative cache pe size N/2.

- MelovekThuara :
- Aucnon Tou hit time
- AulZnon Tou KOOTOUG
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Pseudoassociative Caches

« 2UVOUQOUOC TWV :
- Direct-mapped caches — Mikp0o hit time
- 2-way set associative caches — Meiwaon Twv conflict misses

« OT1av £€xoupe miss, TTPIV TTPOXWPINOOUME OTA ETTOPEVA ETTITTEDA TNG
lIEpAPXIAGC MVNMNG, EAEYXOUME av UTTApXEl N dlEUBuvon TTOU WAXVOUNE O€
MIa OeuTePn B€on TNG cache (pseudo-hit).

« YAotroinan : AvaoTtpo®r) Tou MSB Tou index yia va TTpooTTEAQGOOUE TO
“pseudo-set”.

- ‘Exouv &va ypnyopo (hit) kai Eéva 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 aTTAITOUV aAAQyEC/TTPOOONKEC OTO
hardware Tou cuoTAMATOG.

- EvaAAaKTIKG : BeATioTOTTOINON TOU Software!
- Compiler Optimizations
- Instructions

- Avadlopyavwon Twv procedures oTn PVAMN yia TN MEIWON
Twv conflict misses

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

> Meiwvovrai Ta conflicts yetagu Twv oToixeiwv Twv val kai key
> BeAtiwon TnG XwpIkAG TOoTTIKOTNTAC (Spatial locality)
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Loop interchange

/* Before */

x[1]1[3] = 2 * x[1][]];
/* After */
for (i = 0; i < 5000; i = i+l1) 7
for (§ = 0; § < 100; § = j+1)
x[1][J] = 2 * x[1][3];

> ApxIka, n kGBe Aécn tTou diapaletan arréxel 100 B€oeic atd Tnv
TTPONYOUMEVN,.

> Metd tTnVv aAAayr}, n trpooTtréAacn yivetrar o€ OlAdOXIKEC BEOEIg
HVAMNG.

> AlaBadovrtal e Tn oe1pd OAeC o1 AE€elC Tou cache block

> BeATtiwon TNG XWPIKAG TOTTIKOTNTOG
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(2) Meiwaon Tou miss rate
Blocking

AldBacpa Twv NxN 0T0|x£|'wv TOU Z Kal Twv N

OTOIXEIWV HIOG YPAUHAG TOU y Kal Eyypaor
TwV N OTOIXEIWV YIOC YPAUMIC TOU X.

/ Before */
r (i=0; i <N; i = i+l1)]
for (7 = 0; j < N; j = j+1)

Ta capacity misses e¢aptwvtal attéo 10 N Kal (r=0;
TO p€yeBo¢ Tn¢ cache. for (k = 0; k < N; k = k+1) {
- size = 3xNxNxsizeof(array _elem) — 0 capacity r=r + ylil[kl*z[k][J]1;};
misses x[i]1[9] = r;
2 UVOAIKOC apiBuocg accesses : 2N3 + N2 s

|0 : ETregepyaaoia evog BxB utrotrivaka tTou
va Xwpdael otnv cache

1] 1 2 3 4 5 . . ] 1 2 3 4 5 0 1 2
0 0 0
HoMoTtepes TpoomeLaTELS 1 i 1
2 2 2
i i k
3 3 3
4 v 4 4
5 5 5
Agv £0ovv TpocTELAGTEL Nedtepeg mpooneldcels
KOO, © 2003 Elsevier Science (USA). All rights reserved.
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Blocking

/* After */
for (jj = 0; 33 < N; 7 = jJ+B)]
for (kk = 0; kk < N; kk = kk+B)
for (i = 0; i < N; i = i+l) i ) )
for (i = 99; 5 < min(35+B-1,N); j = +1)7 > MEiwon Twv capacity misses :
{r = 0; 2N3/B +N2

for (k = kk; k < min(kk+B-1,N); k =
k+1) 9

> B : Blocking factor

> BeAtiwon kal TNG XpoVvIKAG Kal

T IKNG TOTTIKOTNT
r = r+ ylil [K]*z[k][3]; 16 XWPIKNG TOTTIKOTNTAS

x[11[31 = x[1]1[J] + x;

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

0 0

IMoMoéTEPES TPOCTELAGELS ! !
2 2 2

i k

3 3 3

4 4 4

5 A 5 5

Agv axom{r,g‘g‘)ggnskamal Neotepeg mpoomeracelg
QKOG

© 2003 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,...

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

Meiwon Tou hit time
. Mikpecg caches, trace caches, ...
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Multiple Banks

« AvTi va Bewpoupe Tnv cache oav éva povadikd block, Tnv diaipoupue
o€ TTOANaTTAG avecdpTnTa banks.

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

* YWnAn ammrodoaon otav ol TrpooTTeAACEIC polpalovTal avaueoa oTa

banks. ETTopévwe, To mapping Twv dieuBuvoewy o€ banks

eTTNEEACEl GQueoa TNV arodoon ToOU CUCTAMATOC.

‘Eva atrAd kai atrodoTikO mapping €ival To “sequential interleaving”
- O1 dieuBuvoeig avtioToixiovral Je TN o€Ipa o€ KABe bank

- Av €xoupe 8 banks, 1o1e Ta blocks yia Ta otroia block address mod 8 = 0
atroBnkevovTal o1o bank 0, auTtd yia Ta otroia 10xUel block address mod 8 = 1
oT1o bank 1, ...
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« Ol

Nonblocking caches

nonblocking caches emTpémmouv OTI¢ data caches va amooTEAAoOuV

dedopéva (e€uttnpéTnon cache hits) 6co diektrepaiwveTal Eéva cache miss.

Xpnon oe¢ out-of-order cucTAuaTa

ATttaitouvTal TTOAAATTAG memory banks yia Tnv TTapAdAANAn CuUTTNEETNON
TTPOOTTEAQCEWV

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

“hit under multiple miss” / “miss under miss” : ETrimtAéov pyeiwon Tou effective
miss penalty eTKAAUTITOVTAG TTOAAATTAG misses

Augnon Tn¢ TTOAUTTAOKOTNTOC TOU cache controller KaBw¢ PTTOPEI VO UTTAPXOUV
TTOANQTTAEC TTPOCTTEAACEIC TTOU TTEPIMEVOUV VA IKAVOTTOINBoUV
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Nonblocking caches

Hit under 1 miss

Percentage
oftheaverage 60% =g =i s
memory
stall time

Benchmarks

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

-« 10¢a : PEpvw oTtnv cache autd tou Ba {NTACElI OTN OUVEXEID O
emeCepyaoTnc!
* Instructions

- 2¢€ KABe miss pépvoupe 2 block. Auto TTou {TNOE O ETTECEPYATTAG
(atT0Br|KEUON OTNV cache) Kal TO AUECWC ETTOUEVO (YEITOVIKO). To 20 block
atrolnkeveTal o€ eva instruction stream buffer.

- Jouppi [1990] : Instruction stream buffer ye 16 blocks BeATiwvel TO hit rate
Miag 4KB direct-mapped instruction cache kata 72%.

- Data

- ‘Id1a Aoyikn kal yia TIG data cache.

- EmékTaon pe ToANatTAouG stream buffers, 61rou o kaBévag Kavel prefetch pia
dlagpopETIKN dIEUBUVON.

- Palacharla [1994]: 8 stream buffers ptropouv va peiwoouv katd 50-70% Ta
misses evo¢ ouoThuaTog Je 64KB 4-way assoc. caches (Instr. & Data)
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Software Prefetching

O compiler eicayel KATAAANAEG eVTOAEG (“prefetch instructions™), ol
OTTOIiEC TTPOKAAOUV Tn METAPOPA OedopEVWY (data) TTpiv autd
XPEIAOTOUV ATTO TO TIPOYPAUUA.

« AUO €IdWV
- Register prefetch : ®o6pTwon dedopévwy o€ kataxwpnTtég (11.X. loads Tou HP
PA-RISC)
- Cache prefetch : ®o6pTwon dedopévwy otnv cache (11.xX. MIPS IV, PowerPC,
SPARC v9)

- Nonfaulting/Nonbinding : Agv emITPETTETAI VA TTPOKAAECOUV
exceptions (11.x. virtual address faults)

- O1rw¢ kai otnv TrepiTTTwon Tou hardware prefetching, Ta
ouoTnuaTa auTa TTPoUTToBETOUY TN Xpnon nonblocking caches.
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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
TTapaAAnAiouou
. Non-blocking caches, prefetching,...

Meiwon Tou hit time
. Mikpecg caches, trace caches, ...
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MIKPEC KI ATTAEC caches

[ToAU onuavTiko 1d1aitepa yia Ti¢ first-level caches

MeyaAo KoupdT Tou hit time atroTeAei n TTpooTTEAQCN TOU
tag array kar n ouykpion ME TO KATAANAO KOMMATI TNG
{nToupuevnc dieubuvonc.
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ATtropuyn Address Translation

- Virtual Caches 1} Virtually Addressed Caches

- AmrooToAn Tn¢ virtual address oTnv cache.
- 2¢€ KABe aAAayn) digpyacoiag TrpéTrel va “kaBapiloupue” (flush) Tnv cache
- Koaotocg : xpoévog flush + compulsory misses

- Aliases i Synonyms : Ala@opeTikég virtual address (11.x. OS ka1 user
program) avTioToixiovTal aTtnv idla uolikn dieuBuvon — MoAAaTTAG
avTiypaga Tou idiou block

- Virtual addresses yia Tnv emkoivwvia /O povadwv pe TIG caches

- A\UOEIG
- Xpron evog process-identifier tag (PID). Atraiteital flush povo 6tav €va
Talio PID ¢avaxpnoiyoTrolgital yia pia Kaivouplia digpyaaia.
- Aliases :

» Hardware : KatdAAnAol pnxaviopoi Kai EAeyX0l eyyuwvTal Jia JovadiKn QUOIKN
d1evBuvaon yia KGBe block TnG cache

» Software : Page coloring — KatdAAnAn €tmAoyry Twyv virtual pages/addresses yia
TNV atro@uyr dnuioupyiag aliases.
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Virtually Addressed Caches
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Trace Caches

- Méxpl Twpa 10 cache block piag Instruction cache TrepiExel uia
ocIPpA eVIOAWV OTTWG auTéC opilovTal (atroBnkevuovTtal) OTnNV
HvAuN.

« [lio atmodoTIKO TO block va trepiExel yia SUVAMIK OEIPA EVTOAWY
OTTWC AUTEG EKTEAOUVTAI OTOV €TTECEPYaOTn! — Trace Cache

- MelovekTiuara :
- [NoAutTAoko address mapping

- Kartroleg evToAéC utTopEi va atroBnkeuovTal TTOANATTAEC POPEC KABWC
eM@aviCovtal o€ TTOAATTAG traces e€aiTiag dla@opeTIKWY branches.
— Mn atrodorTIK Xprion Tou dIaBEaIuou XWwpEou.
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