KepaAaio 5

lepapXia Tng HVNENG




TexvoAoyia yvnuNng

2taTikn RAM (Static RAM — SRAM)
0.5ns — 2.5ns, $2000 — $5000 avéa GB

Auvauikn RAM (Dynamic RAM — DRAM)
50ns — 70ns, $20 — $75 ava GB

MayvnTIKOC OIOKOC
5ms — 20ms, $0.20 — $2 avd GB
|davIKN yvNun
Xpovog TTpooTtreAaonc 1N SRAM
XwpnTikOTNTA KAl KOOTOC/GB TOU diokou
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ApXN TNG TOTIKOTNTAG (locality)

Ta rpoypapuaTta TPooTTeEAAlOUV EVa UIKPO
MEPOC TOU XWPOU O/VOEWV TOUC KABE aTIVUN
Xpovikn TotrikoTnTa (temporal locality)

AVTIKEIJEVA TTOU TTPOCTTEAQCTNKAV TTPOCPATA Eival
mMOavo va TTPooTTEAQCTOUV TTAAI CUVTOUO

TT.X., EVTOAEC O€ €va BPOX0, METABANTEC ETTAYWYNC
(induction variables)
XwpIKN TommkoTNTa (spatial locality)

AVTIKEIJEVA KOVTA O€ AUTA TTOU TTPOCTTEAAOTNKAV
TPOo@ATA gival TTBavo va TTPOCTTEAACTOUV CUVTONA

T.X., TTPOOTTEAQCN EVTOAWYV OTN O€1pd, OEOONEVA
TTIVAKWV
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EKMETAAEUON TNC TOTTIKOTNTOG

lepapxia pvAung
ATT0ONKeUOE T TTAVTA OTO OIOKO
AvTiypaye 1a TTPO0@ATA TTPOCTTEAQACOEVTA (KAl
TO KOVTIVA TOUG) QVTIKEINEVA ATTO TO OIOKO O€ MIa
UIKpOTEPN pvAun DRAM

Kupia pvAaun
AvVTEYpAYE TA TTIO TTPOC@ATA TTPOOCTTEAACOEVTAI
(Kal Ta KOVTIVA TOUG) avTikEipeva atro Tn DRAM
O€ MIa JIKPOTEPN UVNUN SRAM

Kpuon pvAun (cache) rpoocaptnuévn otn CPU
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EtriTreda 1epapyiag NvAUNG

MT1TAOK — block (etriong Aéyetal ypauun — line):
Movada avTiypagpng

MTTopei va TTepIEXEI TTOANEG AECEIC
Av 1a 0edouéva TTou TTpoaTreAalovTal Bpiokovral

OTO AVWTEPO ETTITTEDOD

EmegepyaoTig

EuoTtoyia (hit): TrpooTtréAAon IKavoTTOIEiTAI ATTO TO
I AVWTEPO ETTITTEDOD
NAOyog euoToyiag (hit ratio): euaToxieg/TrpooTTeEAACEIC

Av 1a 0edouéva TTou TTpoaTreAalovTal

i arroucialouv

| MeTagopa SE00LEVWY , AgToyial (Miss): TO UTTAOK QVTIYPAQETAI ATTO TO

XAUNAOTEPO ETTITTEDOD
ATTQITOUPEVOG XPOVOG: TTOIVI) aoToXiag (miss penalty)
. AbGyog aoToyxiag (miss ratio): aoToxXieg/TTPOCTTEAQCEIG
=1 — AOyoG euaToyiag
27N ouveExela Ta dedopéEva TTou TTpoaTtreAalovTal

TTAPEXOVTAI ATTO TO AVWTEPO ETTITTEDOD
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Kpuopn pvAun (cache memory)

Kpupn yvnun (cache memory)

To €miTedO TNC IEPAPXIAC UVAMNG TTOU €ival
mmAnolieotepa otn CPU

AeOOUEVEG TTPOCTTEAACEIG X4, ..., X _1, X,

X, X,
X, X,
Xo-2 Xp [Tw¢ yvwpiCoupue av
- - T OedOEVA Eival
. % TTAPOVTQ;

X, [ToU KoITACOUE;
X3 X3

a. Mpiv amé v avagopd ato X, B. Met& amd v avagopd oto X,
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Kpupn uvaun AQUECNG ATTEIKOVIONG

H 6€on kaBopiletal atrd 1n d1evBuvon
Aueon artreikovion (direct mapping): yovo pia
ETTIAOVYN

Kpuen pvAun

OOOOOOOO
OOOOOO
OOOOOOOO

AN

1

J

[\ >.

|

00001 00101 01001 01101 10001 10101 11001 11101

Mvrun

(AleuBuvon p1TAoK) modulo (#MTTAOK KpU@NG UVAUNG)

[TAABOC uTTAOK
gival duvaun Tou 2

Xpnon twv

XaunANng Tagng bit
NG d1EUBuvaong
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ETIKETEC KOl EYKUPA DIt

[Tw¢ YyVWPICOUPE TTOI0 OCUYKEKPIUEVO MTTAOK
aTTOONKEUETAI O€ MIa BEON TNC KPUPNGC
MvAMNG;

AtT00NKeuon TG d/vaong Tou PTTAOK padi e Ta
OedopEVa

2.TN TTPAYMATIKOTNTA, XPEeIalovTal uovo Ta bit
UYnANgG Tagng
ovopadovTal ETIKETA (tag)

Kal av dgv uTTapxouv dedouEvVa o€ Uia BEon;
‘Eykupo (valid) bit: 1 = Trapovra, 0 = éxI TTapovTa
ApxIka O
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MNapadeiypa KpUPng MVAUNG

8 MTTAOK, 1 AEEN/UTTAOK, AUEONC ATTEIKOVIONG
ApPXIKN KAaTadoTaon

ApIBUOOEIKTNG
000
001
010
011
100
101
110
111

ETikéETO Aedouéva

Z|IZ2lZ2|I1Z2|Z2|2|12(2|I<
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MNapadeiypa KpUPng MVAUNG

A/lvan Aégng Auadikn d/von | EuoTtoxia/aoTtoyxia | MTTAOK KPUQAG MVAUNG

22 10 110 AoToxia 110

ApIBu0dEIKTNG
000
001
010
011
100
101

ETikéETO Aegdoucva

Z|l1Z2lZ2|1Z2|Z2|2|<

111 N
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MNapadeiypa KpUPng MVAUNG

A/lvon Aégnc | Auadiki &/von | EvoToyia/acTtoyxia | MTTAOK Kpu®n¢ uvipng

26 11 010 AoToyia 010

ApiBuodeiktng |V ETikETO Aedopeva
000 N

001 N

011 N

100 N

101 N

110 Y 10 Mem[10110]
111 N
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MNapadeiypa KpUPng MVAUNG

A/lvon Aégng | Auadiki &/von | EuoToyia/acTtoxia | MTTAOK Kpu®n¢ uvipng

22 10 110 EuoToyia 110
26 11 010 EuoToyia 010

ApiBuodeiktng |V ETikETO Aedopeva

000 N

001 N

010 Y 11 Mem[11010]

011 N

100 N

101 N

110 Y 10 Mem[10110]

111 N
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MNapadeiypa KpUPng MVAUNG

A/lvon Aégnc | Auadiki &/von | EvoToyia/acTtoyxia | MTTAOK Kpu®n¢ uvipng
16 10 000 AoToxia 000
3 00 011 AoToyia 011
16 10 000 EuoToyia 000

ApiBuodeiktng |V ETikETO Aedopeva
001 N

010 Y 11 Mem[11010]
100 N

101 N

110 Y 10 Mem[10110]
111 N
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MNapadeiypa KpUPng MVAUNG

A/lvon Aégnc | Auadiki &/von | EvoToyia/acTtoxia | MTTAOK Kpu®n¢ uvipng

18 10 010 AoToyia 010

ApiBuodeiktng |V ETikETO Aedopeva

000 Y 10 Mem[10000]

001 N

010 Y 10 Mem[10010]

011 Y 00 Mem[00011]

100 N

101 N

110 Y 10 Mem[10110]

111 N
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YTtrodlaipeon Tn¢ dievubuvong

AigvBuvon (pe opartég Tig BEoeig Twyv bit)
3130 =+- 131211 =2 10

2YETIKN
ardoTaoT
byte
EuaToxia ] 420 410
N ETikéta
ApiBuoBEiKTNG Aedopeva
Ap1Bp0deikTNG ‘Eykupo ETikéTa Aedopéva
0
1
2
- 9 ®
1021
1022
1023
420 d 32
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MNapddelyua: HEYOAUTEPO NEYEOOC MTTAOK

64 utTAOK, 16 byte/utrAok

2.€ TTOI0 APIOUO PUTTAOK ATTEIKOVICETAI N
d1evuBuvon 1200;

Aig0Buvon ptrAok = [ 1200/16] = 75
ApIOUOC uTTAoK = 75 modulo 64 = 11

31 10 9 4 3 0

1 1 1
22 bit 6 bit 4 bit

ETIKETO ApIBUOOEIKTNG  TxeTIKA aTTdOTACN
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ZnTAHAaTa MEYEOOUG MTTAOK

MeyaAuTepa PTTAOK Ba UEILWOOUV TO PUBUO
QoTOXIOC
AOYW XWPIKNG TOTTIKOTNTOC
AANNG O€ Kpu®r) pvAun oTaBepou peyeBoug
MeyaAUTepa UTTAOK = AIYOTEPA PTTAOK
[1ePIOCOTEPOC AVTAYWVIOUOC = AUZNMEVOC PUBUOC aoTOoXiag
MeyaAutepa UTTAOK = «dOAuvon» (pollution)
MeyaAuTepPN TTOIVH) OOTOXIAC
MTTOPEI VO CETTEPATEI TO OPEAOC TOU PEIWMPEVOU
puBuou aoToyiac
H Tpowpn etTavekkivnon (early restart) kai n TTOAITIKA
«Kpioiun Aégn TrpwTtax (critical-word-first) BonBouv

KepdAaio 5 — MeydAn kai ypyopn: agliomroinon Tng 1epapxiag yvipng — 17



AOCTOYXIEC KPU®PNCS MVNMNG

2.€ TTEPITTITWONC euoToxiacg, n CPU
ouvexifel Kavovika

2.€ TTEPITTTWAON ACTOXIAC
KaBuoTtepei n dioxeteuon tng CPU

[ToOOKOWMICElI TO UTTAOK OTTO TO ETTOUEVO

ETITTEDO TNG IEPAPXIAC

AoTOXia Kpu@NG PVAMNG EVTOAWY
ETravekkivnon TTpooKOMIONG EVTOANG

AoToXia Kpupng uvnuNG 0edouEVWV
OAOKANpwaonN TTPOCTTEAAONG OEQOMEVWIV
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TauToxpovn eyypopn

2.€ EUOTOXIO eyypagpnc dedopEVWY, Ba UTTOPOUCE VA ViVEl
LOVO EVNUEPWON TOU UTTAOK OTNV KPU®PN PVAMN

AAANG TOTE N KPUPN PVAUN KAl N JvAMn 8a gival aOUVETTEIG
Tautoxpovn eyypaon (write through): evnuépwaoe Kai TN
N%[%y
AANNG £XEI ATTOTEAEOUA OI EYYPAPEC VA DIAPKOUV
TTEPIOOOTEPO

1.X., av 10 Baoiko CPI gival ioo e 1, 10 10% Twv eVTOAWYV gival

aTToOnKeUOEIC, Kal N eyypagpn otn pvrun dlapkei 100 KUKAoug

[Mpayuatikd CPI =1+ 0.1x100 =11

Auon: TTpoowpEIV) hVAMN eyypagnc (write buffer)

Kpatda 0ed0ouEVA TTOU TTEPIPEVOUV VA yPa@POoUV OTN UVAUN

H CPU ouvexilel auEowg

KaBuoTepei atnv eyypaer HOvVo av N TTPOCwWPIVA VAN EYYPAPNAG
gival Nodn yepaTn
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ETepoxpovn eyypagn

Write back

EvaAAQKTIKN: O€ euaTOoXia eyypa@ncg
OEQOUEVWV, EVNUEPWOE YOVO TO UTTAOK OTNV
KPU®N pvnun
[TapakoAouBnoe av KABE PTTAOK gival «akABapTO»
(dirty)
Otav £va akdBapTo PtTAOK avTtikalioTartal
[[pAWe TO TTIOW OTN YVNUN

MTTOPEI VO XPNOIYOTTOINCEI hIA TTPOCWEIVI MVAMN
EYYPOAPNC WOTE VA AVTIKATAOTAOEI TO UTTAOK TTOU
Oa diafBaoTei TTPWTO
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Kartavoun eyypa@wyv

Write allocation
TI TTPETTEI VA YiveEl O€ aOTOXiO EYYPAPNG;
EVAAANOKTIKEC yia TAUTOXPOVN EyyPA®N

Katavoun o€ aoToyia (allocate on miss): TTpOOKOUION
TOU UTTAOK

Evyypa@n atmrd yupw (write around): OxI TTPOOKOMION
TOU UTTAOK

AQOoU Ta TTPOYPANUATA OUXVA YPAPOUV £va OAOKANPO UTTAOK
TTPIV TO OIaBACOUV (TT.X., ATTOd00N APXIKWY TIHWV)

[1a TNV €TEPOXPOVN EYYPAPN

2.UVNOWC TTPOOKOMIZETAI TO UTTAOK
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MNapadeiypa: Intrinsity FastMATH

Evowpatwpévocg erecepyaotnc MIPS
Aloxéteuon 12 otadiwv
[TpooTrEAaon eviOANC Kal OEOOPEVOU O€ KABE KUKAO
Alaipepevn (split) kpuen pvAun: ¢exwpioTn |-
cache ka1 D-cache

H KaB¢e pia Twv 16KB: 256 uTTAOK *x 16 A£Ceic ava
UTTAOK

D-cache: Tautoxpovn n €TepOXpOVN Eyypaen
PuBuoi aotoxiac SPEC2000

|-cache: 0.4%

D-cache: 11.4%

2TABUIOEVOC HECOG OpOC¢: 3.2%
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MNapadeiypa: Intrinsity FastMATH

EuaToyia

s

Y

AigbBuvon (pe opartég TiIg BE0eIg TWV bit)

31 -~ 1413---65--:210
] 418 48 44  Zxemkn Aedopéva
Etikéra amoaTacn byte y
ApIBu0dEIKTNG ZXETIKA amréoTacT PTTAOK
18 bit 512 bit
V ETikéTa Aedopuéva
A
256
* ? * 'Y ? KaToXw-
pioelg
\ i
416 432 J.32 432
f: Y s
( |-|0)\U'IT)\£'KTI'|\,
g
432
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Kupia pviun ME KPUPEG MVIHEG

Xpnon DRAM yia KUpia pyviun

21a0ePO TTAATOC (T1.X., 1 AfCN)

2UVOEETAI UE OiaUAO OTOBEPOU TTAATOUC TTOU

XPNOIYOTIOIEI POAOI

To poAdI Tou diauAou gival TUTTIKG TT1I0 apyo atro Tng CPU

[Tapdaodelyua avayvwaong MTTAOK KpUPng vnung

1 KUKAOG d1auAou yia peTagopa Tne dieubuvoncg

15 KUkAoI diauAou ava mrpootreAacn DRAM

1 KUKAOGC OIaUAOU ava JETAPOPA DEDOUEVWV

[1a uTTAOK TwV 4 AéCewv, Kal DRAM 1TAGTouC 1

AEENG
[Toivry aoToxiag = 1 + 4x15 + 4x1 = 65 KUKAOI dlauAou

Eupoc¢ (wvng (bandwidth) = 16 byte / 65 kUkAol = 0.25
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Augnon gupoug wvng pvNUNgG

Eme€epyaoTng

>

Kpuon
HVAN

/\
AiauAog

\/

Mvrun

a. Opydavwon pvAung
e0poug piag AéEnc

EmeEepyaaTrg EmegepyaaTig
MoAUTTAEKTNG

Kpugn
M uvApn
Kpuer) pvipn

- B /\\
Aiauhog Aiauhog
\//—' "\ /’

Mvrun Mvrun Mvriun Mvrun

Mvikin oeipa 0 oeipd 1 osipa 2 ogsipa 3

B. Opydavwan NvANNG MEYGAOU EUPOUC y. MAekT opydvwon PvAung

Mvrun TTAaTouc 4 Aégewv
[Moivr) aoTtoxiagc =1 + 15 + 1 = 17 KUKAOI dlaUAouU
EUpog dwvng = 16 byte / 17 kUkAoi = 0.94 B/kUkAo

«lAekT» (interleaved) puvAun pe 4 ocipég
(banks)
[Moivr) aoToxiagc = 1 + 15 + 4x1 = 20 KUKAOI dIaUAoU

EUpog dwvng = 16 byte / 20 kukAol = 0.8 B/kKUKAO
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[Mponyuévn opyavwon DRAM

Ta bit o yia DRAM opyavwvovTal o€ Evav
opBoywvIo TTivaka
H DRAM trpooTtreAddel Hia OAOKANPN YPOMUN

Tpdtroc Acitoupyiac «pitmrc» (burst mode):
TTAPOXN OIAOOXIKWV AECEWVY ATTO MIA YPOANMN
UE HEIWPEVO AavBavovTa Xpovo

Double data rate (DDR) DRAM

MeTagopa atn avodikn Kal TNV KaBodIKr akun
TOU pOAoyIoU

Quad data rate (QDR) DRAM
—EXWPIOTEG gicodol Kal Ecodol DDR
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["'eviec DRAM

‘Etoc | Xwpntikdétnta | $/GB 300

1980 | 64Kbit $1500000 250 |

1983 | 256Kbit $500000 \

1985 | 1Mbit $200000 | 200

1989 | 4Mbit $50000 \  Trac
1992 | 16Mbit $15000 | " \ = Tcac
1996 | 64Mbit $10000 100

1998 | 128Mbit $4000 \_\

2000 | 256Mbit $1000 >0 *—-\\‘\L\‘\L:

2004 | 512Mbit $250 0 e S

2007 | 1Gbit $50 '80 '83 '85 '89 '92 '96 '98 '00 '04 '07
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MeTpNnon Arod00NG KPUPNG UVNHNG

2.UCTATIKA TOU Xpovou CPU

KUKAOI EKTEAEONC TTPOYPAUMATOC
[TepiAapBavel TO XpOVO EUCTOXIOC KPUPNGS MVAMNG
KUkAoI kaBuoTepnoncg (stall) pyvAung
Kupiwg¢ aTtro acToxiec KpuPng Pvung
Me aTTAOUOTEUTIKEC TTAPADOXEC:

Memory stallcycles

_ Memory accesses
Program

xMissrate xMiss penalty

Instructions Misses .
— X xMiss penalty

Program Instruction
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MNapdadeiypa amrédoong KpUPng NvAMNG

AivovTal

PuBuoc aotoyxiag kpuPng pvnung evioAwv (I-cache) =
2%

PuBuocg aotoyxiag kpu@ng pvAung oedopévwy (D-
cache) = 4%

[Toivry aoToxiag = 100 KUKAOI

Baoikd CPI (1davikr) Kpu@pn uviun) = 2

0l eVTOAEC load & store gival To 36% TwV EVTOAWY
KUKAOI aoTOoYxiag ava evioAn

|-cache: 0.02 x 100 = 2

D-cache: 0.36 x 0.04 x 100 = 1.44
MpayuaTikO CP1=2+2+1.44=5.44

H 1davikr) CPU eivail 5.44/2 =2.72 @opEc TaxuTEPN
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MEoOGC XpOVOG TTPOCTTEAAONG

0 XPOVOC €UCTOXIOC €ival ETTIONC ONUAVTIKOC YId
TNV A1T0000N
MEoog xpovocg TrpooTtreAacng pvnung (Average
memory access time — AMAT)
AMAT = Xpovocg euoToyiag + PuBuoc aoTtoyxiag x
[Toivry aoToxiag
[Mapadelyua
CPU pe poAdI Tou 1 ns, XpoOvo euaToyiag = 1 KUKAOC,
TToivry aoTtoyiag = 20 KUkAol, puBuoc aoTtoyiacg I-cache
= 5%
AMAT =1+ 0.05 x 20 = 2ns

2 KUKAOI ava eVTOAN
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[MepiAnwn TNG atTodoong

Ortav au¢avel n arrodoon tnc CPU
H TTOIV ) aoTOXiag YiveTal TTIO ONUAVTIKI

Meiwon Tou Baoikou CPI

MeyaAUTEPO TTOOOOTO TOU XPOVOU dATTAVATAI O€
KaBuoTEPNOEIC hVAMNG

Aucnon Tou pubBuou poAoyiou

Ol KOBUOTEPNOEIC UVIMNG ATTOTEAOUV TTEPICOOTEPOUC
KUkKAoug CPU

Agv UTTOPOUPE VA AyVONOOUWUE TN CUUTTEPIPOPA

TNG KPUPNG MVAMNG OTAV ACIOAOYOUME TNV
Q1TO000N TOU CUCTHMATOG

KepdAaio 5 — MeydAn kai ypyopn: aglomroinon Tng 1epapxiag pyvipung — 31



2UCXETIOTIKEG KPUPEC NVIUEG

[TANpwc¢ ouoxeTioTikN (fully associative)
KaBe ptrAok utTopei va 1Tasl o€ OTroIadNTTOTE KATAXWEIoN
NG KPUPNG pvnung
ATTaITel TAQUTOXPOVN avalnTnon OAwWV TwWV KATAXWPIOEWV
2 UYKPITAG 0€ KABe kataxwplon (akpio)
2 UOYXETIOTIKI) OUVOAOU N dpopwyV (n-way set
associative)
KaBe aUvoAo TTEPIEXEI N KATAXWPIOEIC
0 apIOUOC UTTAOK KaBOopilel TO OUVOAO
(Ap1BuOC ptTAOK) modulo (#ZuvoAwv aTn KPpU®Pr) MVAMN)
Tautoxpovn avadlntnon OAwV TwV KATaXWPITEWV EVOG
OeOOUEVOU OUVOAOU

N OUYKPITEC (AIYOTEPO aKPIBO)
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Mapdadelyua CUCKETIOTIKAG KPUPNSG MVAMNG

Apeong ameikéviong ZUOXETIOTIK) OUuVOAou NMARPWG CUOCYKETIOTIKA

Ap.ummhok 01234567 Ap. cuvohou O 1 2 3

Aedopéva Aedopéva Aedopéva

Enkéra 1 ETikéra 1 ETikéTa 1
2 2 2

AvaZAton T AvaZAon T T AvaZimon T T T T T T T T
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DACHA CUOXETIOTIKOTNTAG

[0 pIa Kpuepn JvAun JE 8 KaTaxwpioelg
il

MtrAok ETikéTa Aedopéva

0 ZUOXETIOTIKI] ouvoAou BUo Spoduwv
; 2Uvoho Etk. Asdop. ETK. Aedop.

3 0

4 1

5 2

6 3

7

ZUCYETIOTIKA OUVOAOU TEGOApWYV SpouwY

2uvoho  ETk. Aedop. ETK. Aedop. ETK. Aedop. ETK. Aedop.
0
1

ZUOXETIOTIKI) CUVOAOU OKTW SpOPwWYV (TTApWG CUOXETIOTIKN)
Enk. Asdop. ETik. Aedop. Enik. Aedop. ETik. Asdop. ETik. Aedop. ETik. Asdop. Emk. Asdop. ETik. Asdop.
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[MapAadEIYyNO CUCXETIOTIKOTNTOG

2. UYKPION KPUPWV UVNHWV PE 4 JTTAOK
AUECNC ATTEIKOVIONC, CUCXETIOTIKN OUVOAOU 2
OPOHWYV, TTANPWGC GUOXETIOTIKI
AxkoAoubBia TTpooTtreAdoewyv ptTAok: 0O, 8, 0, 6, 8

AUEONC ATTEIKOVIONC
A/lvon ApiBuodei- | EuoToxia | Mepiexdueva KPUPAG UVAUNG META TNV TTPOCTTEAQCN
MTTAOK KTNG KPUPAG | /acToxia 0 1 2 3
MVAUNG
0 0 miss
8 0 miss Mem|8]
0 0 miss Mem[O]
6 2 miss Mem]O0]
8 0 miss Mem[8] Mem|[6]
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[MapAadEIYyNO CUCXETIOTIKOTNTOG

2 UOXETIOTIKI) OUVOAOU 2 OpO

WV

A/lvon ApiBuo- | EuoTtoxia/ | Mepiexdueva KpUPNS IVAUNG META TNV TTPOCTTEAQON
MTTAOK O¢€iKTNG agToyia Set 0 Set 1
KpUeng
MvNUNg
0 0 miss
8 0 miss Mem]O0]
0 0 hit Mem|[O0] Mem|[8]
6 0 miss Mem]O] Mem[6]
8 0 miss Mem[8] Mem|6]

[TANPWC CUOXETIOTIKN

A/von EuoToxia/ | Mepiexdpeva KpUPRG UvnUNG META TV TTPOCTTEAQCN
MTTAOK aoToyia

0 miss

8 miss Mem]O0]

0 hit Mem|[O] Mem|[8]

6 miss Mem([O] Mem|[8]

8 hit Mem]O0] Mem[8] Mem][6]
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[T1OON CUCXETIOTIKOTNTA,;

AucnUEVN CUCXETIOTIKOTNTA MEIWVEI TO
PUONO aoToxiac

AANG e peloUpEVa OPEAN OO0 aucaveTal
[TpocopoiwonN CUCTAUATOC ME KpUuPN
uvnun osdouévwy (D-cache) 64KB, ptrAok
Twv 16 Aécewv, petpotrp/ta SPEC2000

1 dpopou: 10.3%

2 OpOuWV: 8.6%

4 dpOouwV: 8.3%

8 dpouwV: 8.1%
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OPYAVWON KPUPAGS MVAMNG CUCXETIOTIKAG OUVOAOQOU

Aigvbuvon
3130---12111098---3210

422 48
ETnikéta
ApiBpodeiktng
ApiBpodeikne V Etikéta Asdopéva V ETkéra Asdopéva V Etikéta AeBopéva V Erikéta Asdopéva
0
1
2
~(o ¢ ? ¢ ¢ ? o ¢ ’ [ ?
253
254
255
Jd22 {32
¢ ¢ ¢ [~ ~
(= (= (=

ﬁo)\un)\émng 4 O'ED

EuoToyia Aedopéva
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[MoAITIKA avTIKaTdoTaoNG

AUEONC ATTEIKOVIONC: KOMIA ETTIAOYI

2. UOXETIOTIKI) OUVOAOU
[TpoTiuNOE TN UN £YKUPN KATAXWEION, AV UTTAPXE! Jid

AANIWC, IAAECE avAueoa OTIC KATAXWPIOEIC TOU
OUVOAOU

NAIYOTEPO TTPOCPATA XpnolyoTtroinuevn (Least-
recently used - LRU

AIGAece auTtn TTOU O€ XPNOIMOTTOINBNKE yIa TO
MEYOAUTEPO dldOTNUA

ATTAN yia 20p0pwyv, dlaxelpioiun yia 40p0uwv, UTTEPPOAIKA
OUOKOAN aT1To €KEI KAl TTEPA

Tuxaia

Aivel Trepitrou TNV idla atrodoon pe Tnv LRU yia
MEYAAN CUCXETIOTIKOTNTA
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[MOAUETTITTEOEC KPUPEC NVNMEG

Kupla kpuen pyvaun (L-1) ouvdeetal ye Tn CPU
Mikpr), aAAG ypryopn
H kpu@n yvnun 0sutépou emmtTEdoU (level-2
cache) eCuTTNPEETEI AOTOXIEC TNGC KUPIAC KPUPNG
MVANG
MeyaAuTepn, TTI0 apyn, AAAA Kal TTAAI TOXUTEPN ATTO TN
KUpIa pvApn
H KUpIa gvApN €CUTTNPETEI AOTOXIEC TNC KPUPNC
pvAuNg L-2
Mepik&d ocuoTAUATA UPNAWY ETTIOOTEWY
TTEPIAQUBAvVOUV Kal KpuPr yvAun L-3
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MNapddeiypa TTOAUETTITTEONG KPUPNG MVAMNG

AivovTal

Baoiko CPU CPI = 1, puBudg poAoyiou =
4GHz

PuBuocg poAoyiou ava evioAn = 2%

Xpovo¢ TTpooTtreAaong Kuplag yvnung = 100ns
Movo pe pia Kupla Kpugn uvnun (L-1)

[Toiviy aoToxiag = 100ns/0.25ns = 400 KUKAoOI

[Mpayuatikd CPI =1+ 0.02 x 400=9
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MNapadeiyya (ocuvey.)

Twpa TTpocBETOUPE KAl KpuPn uvnun L-2
XpOvog TTpOCTTEAQCNC = 5ns

KaBoAikog pubudg aoToxiag TTpog TNV KUPIa PIVAN =
0.5%

AcToxia otnv L-1 Kal eucToxia otnv L-2
[Toivr} = 5ns/0.25ns = 20 KUKAOI

AcToyia kal otnv L-1 kai otnv L-2
EmitrA£ov tToIvr) = 500 KUKAOI

CPI=1+0.02 x 20+ 0.005 x 400 =34
Aoyoc¢ atmodoonc = 9/3.4 = 2.6
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ZNTAMOTA TTOAUETTITTEOWYV KPUPWV NVNHWV

Kupia kpuen pvnun L-1

EoTialel oTov EAAXIOTO XPOVO EUCTOXIAC

Kpuen pvnun L-2
EoTidlel 010 XapunNAG puBuod aoToxiac yia va aTToQuYEl
TIC TIPOOTTEAACEIC TNC KUPIAC UVAMNG
0 XPOVOG EUCTOXIAC EXEI MIKPOTEPN CUVOAIKN £TTIOPAON

ATToTEAEOUATO
H kpuepn pviun L-1 gival ouvABwe JIKpOTEPN aATTO TNV
TTEQITITWON Miag povadikNG KPUPNGS MvAUNG
To péyeboc utTAoK TNG L-1 gival JIKPOTEPO ATTO TO
uEYEBOC PUTTAOK TNC L-2
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AAANAeTIOpacEIg e TTPpONYHEVES CPU

0l EKTOC o€lpac (out-of-order) CPU ptropouv va
EKTEAOUV EVTOAEC KATA TN OIAPKEIQ AOTOXIAC
KPUPNG UvNUNG
H eKKpEUNG EVTOAN Store TTapapEVEl 0T Hovadda
popTwonc/amodnkeuong (load/store unit)

Ol AAANAECOPTWHEVEC EVTOAEC TTEPINEVOUV OTOUC
oTa0u0oUC KpATNONC (reservation stations)
Ol AVECAPTNTEG EVTOAEG ouveXilouv
H emidpaon TnC aoToxiag ecapTaTal atrd Tn pon
OeOOUEVWY TOU TTPOYpAppaTOC (data flow)
[TOAU ODUOKOAOTEPN N avaAuon
Xprjon TTPoCoU0iwoNG CUCTAMATOG
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AAANAeTIOPAOCEIC NE TO AOYIOHIKO

Ol QOTOXIEC
£CAPTWVTAI ATTO TA
JOTIBa TTpOCTTEAQONG

.8 2000

VAUNG I
S UPTTEPIPOPE TOU
aAyopiBuou
BeATioTOTTOINON TOU

METAYAWTTIOTN YIA
TTPOCTTEAACEIC HVNUNG

4 256 512 1024
£yeBog (K oToixeia pog Tagivopnon)
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Eikovikn pvAun (virtual memory)

XpNon_TNg KUPIAg HVAUNG WG «KPUPNG UVAUNGY
via TN 0guTeEpEUOUOa atrofnkeuon (To OiOKO)

Alaxeipion atro Koivou atro 10 UAIKG Tng CPU kail atro
TO AEITOUPYIKO 2UoTnua (AZ)

Ta rpoypaupara goipalovral TNV KUpIia uvnun
KaBeva traipvel Evav I01ILTIKO XWPEO EIKOVIKWV

O1EUBUVOEWYV TTOU KPOTAEl TOV KWAIKA Kal dedouEva
TOU TTOU XPNOIJOTTOIOUVTAl OUXVA

[TpooTaoia ammod aAAa TTpoypapuaTa
H CPU kai To A2 pyetappalouV TIC EIKOVIKEC
O/VOEIC O€ QUOIKEG O/VOEIG

To «JTTAOK» €IKOVIKAC MVAMNG AéyeTal ogAida (page)

H «aoToyxia» piag JETAPPAONG EIKOVIKAC MVAMNG
ovopadleTal opaApa oelidac (page fault)
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MeTa@paon dl1eubuvoewyv

2.eNidec oTaBepou peyebBouc (T1.X., 4K)

Eikovikn} 81e00uvaon

Eikovikég BieuBuvoelg Duoikég dieubUvVOoEIg 3130292827 weeereerrrneeeee 1514131211 1098 ----eee- 3210

Metdppaon dieuBivoewy

ApIBUOG €IKoVIKAG OeAIdag ZXeTIKA amméoTaon ogeAidag

LI

@

AEUBGOVOEIC BioKo 292827 rerures [ EETEPPPRPP 1514 1312111098 «=+i---+-- 3210

ApIBu6GS YuUaIKNG OeAiIdag ZXETIKN) amOoTaan aeAidag

®duoiki dievbuvon
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[Moivil 0@AANATOG GEAIOOG

2.€ TTEPITTITWON OPAAPATOC OEAIDAC, N
O€ENIOQ TTPETTEI VA TTPOCKOMIOTEI ATTO TO
OIOKO
AIQPKEI EKATOMMUPIA KUKAOUC pOAoyIoU
Alaxeipion atrd Tov KwoIKa Tou A2

[TpooT1TaBcIa EAaXIOTOTTOINONG TOU pUBUOU
O@AAUATWY O€AIdAC

[TAAPWC CUCXETIOTIKI TOTTOBETNON

«EEutTVOI» aAyopIBuOoI avTIKATAOTAONG
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[livakeg oeAidwV (page tables)

ATT0ONKEUOUV TTANPOPOPIEC TOTTOBETNONC
[Tivakag atro KataxwpioeIg Trivaka oeAidwyv,
OEIKTOOOTEITAI ATTO TOV APIOUO EIKOVIKAG OEAIDOC
KaTtaxwpntng trivaka ogeAidwv otn CPU 0o¢ixvel oTov
TTiVOKQ OEAIOWYV OTN QUOIKN PVAUN

Av n oeAida BpiokeTal OTN PVAUN
H kataxwpion Tou TTivaka oeAidwyv atroOnkKeuel TovV
apIBUO PUOIKNC OeAIdAC
Kai etmittAéov aAAa bit katdotaong (avagopdac,
«OKABQPTOY, ...)

Av n oeAida O€ BPIOKETAI OTN UVAMN

H kKaTaxwplon TOU TTiVOKO OEAIOWV PTTOPEI va
Qva@EPETAl O€ PIa BEon O0TO XWPO evaAlaync (swap

space) oT1o dioKO
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MeTa@paon HE TTIVAOKO OEAIOWYV

Karayxwpntrig mivaka aeAidwyv

Eikovikn 81eU0uvon
31302928 27 trssernsisnsirnrssatssnsanisnanins 1514131211 1098 +cvrervraranaran 3210
ApIBUG6G €IKOVIKNG aeAibag ZXETIKN atréaTaon aeAidag
\20 \12
‘EYKUpO ApIBUOG QUOIKAG oeAidag
°

Mivakag ogAidwv

\ \18
Av givail 0, n oghida
O¢ BpiokeTau oTn PVAUN
292827 .......................................... 15141312111098 ............... 3210
Ap1Buog puaikng oelidag ZXETIKN améoTaon oeAidag

®uoikn dievbuvon
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ATTEIKOVION CEAIOWYV OTNV ATTOOAKEUON

Api1Bpoég
£IKOVIKNG O£Aidag

| | Mivakag ogAidwyv

duaoikr oghida n Quoiki pvAaun
‘Eykupo  d1e0Buvaon diokou
1 —_
1 —
1 —_
1 —__ | .
0 o«
1 ——<7 i
0 A ] ]
1 ¢« </ ATtroBnkeuon diokou
1 = \//—\
0 \_//
1 . \\l |
B
\ | |
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AVTIKOTACTOON KOl EYYPOUPEG

[a Tn peiwon Tou pubuou oPaAPATWY OEAIdAG,
TTPOTIPATAI N AVTIKATAOTOON TNG AlyOTEPO TTPOCPATA
xpnoigotroinuevng oeAidac (least-recently used —
LRU

To bit avagopdc (reference bit — Aéyetal kai bit xpriong,
use bit) oTnv KaTaxwplon Tou TTivaka oeAidwv YyiveTal 1
oTNV TTPOCTTEAQCN TNG OEAIdAGC

Kata 1Tep1odouc undevideTal atrd 10 AZ
Mia oeAida pe bit avagpopdag = 0 Oev £xel XpNOIPOTTOINDEI
TpdoaTa
Ol EYYPAPEC OTO OIOKO OIAPKOUV EKATOMMUPIA
KUKAOUGC
‘Eva UTTAOK JHOVOMIAG, OXI MEMOVWHEVEC BEOEIC
H tautoxpovn eyypaor] (write through) dev gival TTPAKTIKI)
Xpnon eTepoOxpovns eyypaoeng (write-back)

To «akaBapTo» bit 0TNV KATAXWPION TOU TTiVaKa OEAIdAG

yivetal 1 oTav no oeAida ypageTal
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[[pnyopn peTappaon ME TLB

H petad@pacon &/voewyv atraiTei ETITTAEOV avaAPOPEC OTN
MVAMN
Mia yia Tn TTpooTTEAQCN TNG KATAXWEIONS TOU TTiVaKa OEAidwV
‘ETTEITA TNV TTPAYMATIKA TIPOCTTEAACN MVAMNG
AANNG N TTPOCTTEAQCN TWV TTIVAKWY CEAIDWYV £XEI KAAN

TOTTIKOTNTA
ZUVETTWG, XPNON HIAg YPryopng KPUPNG UVANG yia
KATaXWEIoEIC TTivaka oeAidwyv péoa otn CPU

NAEYETAI KpUPN uvun avalntnong petagpaonc (Translation
Look-aside Buffer — TLB)

Tummka: 16-512 kataxwpioelg Tivaka ogeAidwy, 0.5—1 KUKAOI yia
geuoToyia, 10—100 kukAol yia acTtoyia, 0.01%—-1% puBuocg
agToyiag

TiG aoToxieg xelpieTal €iTE TO UAIKO E€ITE TO AOYIOUIKO
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[[pnyopn peTappaon ME TLB

o w
Ap18p6C g & g TLB
EIKOVIKNG s 8 g AieuBuvon
oeAidag o E Z ETKETA  QUOIKAS OEAIDOC
I !
1/0[1 ha
1111 e Quoikni pvipn
111]1 ® >
> 101 e
0]0|0
1[0]1 ha
o ¥ Nivakag oeAidwyv
g g Aie0Buvaon
2 g g  QuOIKAS oEAIBag
- A diokou
111]1 .o;/
1100 A i
1/0[0 *« M
1/10]1 °/// ~_ A
0]0|0 *— yz .
- 1]0]1 - _7 / " |
1[0]1 o / -
0[0[0 7 | '
1111 s~/ ] |
111([1 v / ~_
0/l0f0 —
111]1 ¢
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AocToyiec TLB

Av n oeAida gival oTn hvAuN

DopTWOE TNV KATAXWEION TTivaKa geAidwV atrd TN
UVAMN KAl CavaTTpooTTatnoe
MTtropei va yivel dlaxeipion oT1o UAIKO

MTTOpEi va yivel TTOAUTTAOKN 0€ OUVOETEC DOMEC TTIVAKWYV
oeAidwv

'H o€ Aoyiopiko

Apaon €I0IKAG ecaipeonc (exception), ue BEATIOTOTTOINUEVO
xeipiot (handler)

Av n oelida dev gival otTn pvAun (o@aAua
oeAidag)
To AZ xeipideTal TN TTPOCKOMION TNG O€AIdAC Kal TNV
EVNUEPWON TOU TTIVAKA OEAIdWV
‘ETTEITA, ETTAVEKKIVEI TNV EVTOAN TTOU TTPOKAAECE TO
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Xelp1oTNG aocToxiag TLB

H aoTtoyxia TLB Ociyvel

2.€NI0Q TTapouCa, aAAG N KaTaxwplon TTivaka gEAIdWY
dev Bpioketal oto TLB, n

2.€Aida atTouca
[p€TTel va avayvwploTei n actoxia TLB tTpiv
YPOA®EI VEQ TIUN OTOV KATAXWENTA TTPO0PICUOU
Anuioupyia ecaipeoncg
0 XEIPIOTNG AVTIYPAPEI TNV KATAXWEION TTiVaKa
oeAidwv aTtrd Tn pyvun oto TLB
‘ETTEITA, ETTAVEKKIVEI TNV EVTOAN
Av n oeAida ival atrovoa, 8a oupPei oeaAua oeAidag
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Xe1p1oTNG OPAAMOTOC OEAIOQC

Xpnon tn¢ €IKOVIKNAC 0/vonG TTOU TTPOKAAEI TO
OQ@AAUQ YIa EUPECN TNG KATAXWEIONC TTivaka
oeAidwV

EvTOTIONOC 0eAidag aTO OIOKO

ETrIAoyr) o€AIdAC yIa AVTIKATAOTOON

Av gival «akdBapTtny», TTpWTA YPAPETAl OTO OIOKO
Avayvwaon geAidag aTn PvAUN Kal EvNUEPWON
TTiVaKa oeAIOWYV

H diadikaagia yiveTal EKTEAETIUN TTAAI

ETravekkivnon atro TNV EVTOAN TTOU TTPOKAAECE TO
OPAAuQ
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AAANnAeTTidopaon TLB ka1 KpUu®ARg HVAMNG

Eikovikn SievBuvon

31 30 29 rerecenrrirriannneennes 14 13 12 11 10 9 veveer 3210
Ap1Bpog eikovIKrG oeAiBag ZyeTIKA amoaTaan oeAidag |
2]
o B J20 +12
a B
28
o< ETikéta ApIBUGC QUOIKAC OENBaC
TLB O~
[Cham
EuoToxia TLB = (Gl
O
[Cham
Ol
420
ApiBuss puoikig oehidag . I ZXETIKA améaTaon oehidag
Quoikn Sievbuvon SXETIKN EXETIKN
ETikéta guoikng SieuBuvang ApIOpoBeikTNG  |aToaTaan| |amooTacn
KPUQAG UVrAUNG | HTTAoK byte
+1a Js Ja +2
48
Ja2 Aedopéva
‘Eykupo E
Kpuen pvipn
——
(=
EucToyia
KpUQrig
HVAKNG L
432
Aedopéva

KepdAaio 5 — MegydAn ka1 ypryopn:

AV n ETIKETA TNC
KPUPNG HVNHNG
XPNOIMOTTOIEI TN
QuoiIkn d/von
Avaykn JETAPPAONG
TTPIvV TNV avadntnon
oTNV KPUQr pvnun
EvaAAaKTIKA: xpnon
ETIKETWV ATTO TNV
EIKOVIKI &/von

ETTITTAOKEG AOYW
weudwvupiag (aliasing)

AIOQOPETIKEG EIKOVIKEG
O/vOoEIg yia pia
KOIVOXPNOTN QUOIKN
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[MpooTacia uvAuNg

AIQQPOPETIKEG EPYATIEC UTTOPEI va polipalovTal EPN TOU
EIKOVIKOU XWPOUG O/VOEWYV TOUG
AANG aTTQITEITAI TTPOCTACIA EVAVTIOV E0QPAAUEVNC TTPOOTTEAQONG
ATtraitei BonBeia ammd 1o A2

YTTooTAPIEN UAIKOU yIa TTPpOOTACia TOU AZ

[TpovouIoUX0G KaTaoTaon AIToupyiac eTTOTITN (Supervisor
mode), AéyeTal Kal katdoTtaon Asitoupyiag Trupriva (kernel mode)

NMpovouIoUXEG EVTOAEG

Ol TTivakeg oeAidwV Kal AAAEC TTANPOPOPIEC KATAOTAONG Eival
TTPOOTTEAAOCIUEG HMOVO O€ KATAOTAON AEITOUPYIOC ETTOTITN

E€aipeon kAnjong ouoTtiuaToc (system call exception, 11.X.,
syscall oto MIPS)
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H 1epapxia pvnung

KOIVEC apXEC IOXUOUV O€ OAA TA ETTITTEQA
NG IEPAPXiag PvNuNgG

Me Baon TIC EVVOIEC TWV KPUPWV UVNHWV
2.€ KABg €TTiTTe00 TNC 1EPAPXIOC

TotroBETNnoN UTTAOK

EUpeon YTTAOK

AVTIKAOTAOTOON O€ TTEPITITWON ACTOXiAC
[TOANITIKA eyypa®ng
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TomTo0ETNON MTTAOK

KaBopiletal atro TN CUCXETIOTIKOTATA

Apeonc artreikoviong (CUOXETIOTIKA 1 dpOuoU)
Mia €1TiAoyn yia TOTT00€TNON

2UOXETIOTIKI OUVOAOU N OpOHWYV
N ETMAOYEC HEOA O€ €va OUVOAO

[TANPWC CUOXETIOTIKN
oTTo1adNTTOTE B€0N
MeyaAUTEPN CUOXETIOTIKOTNTA WEIWVEI TO pUBUO
QoTOXiOC

Aucavel TNV TTOAUTTAOKOTNTA, TO KOOTOC, KAl TO XPOVO
TTpooTreAAoNG
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EUpeon evog NTTAOK

OXETIOTIKOTNTA MEBOOOG evTOTTIONOU 2UYKPIOEIG
ETIKETWV

Aueonc atreikoviong | ApiOuodeEikTng 1

2UOXETIOTIKI) OUVOAOU | ApIBUOOEIKTNG OUVOAOU, UETA | N

n OPOUWV avalnTnon KaTaxwpioewyv
MECQ OTO OUVOAO

[TAApw¢ cuoxeTioTIK | AvalTnon OAwvV Twv HKATAXWPICEWV
KATOXWPIOEWV
[MAApN¢ tTivakag avalntnong |0

Kpu@£EC HVAMES UAIKOU
Meiwon CUYKPIOEWYV VIO PEIWON KOOTOUG
EIKoVIK pyvAun

[MANENG avalnTnon TTivaka KAVEl EPIKTA TNV TTARPN
OUOXETIOTIKOTNTO

O@eAocg o€ peiwpéEvo pubuod aoTtoxiog
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AvTIKOTAOTOON

ETTIAoyn Kataxwpiong yia avTIKaTaoTaon
O€ TTEPITITWON ACTOXIOC
NAIYOTEPO TTPOC@ATA XpnolyoTroinuévn (Least
recently used — LRU)

[TOAUTTAOKO Kal akpif3O UAIKO yia uypnAn
OUOXETIOTIKOTNTO

Tuyaia

[Mapouoia arrodoon pe TNV LRU, eukoAoTEPN OTNV
UAoTTOIiNON

EIKovIKA pyvAun
[Tpoo€Eyyion TNG LRU pe utrootnpicn UAIKOU
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[MTOAITIKR eyypO®NG

Tautoxpovn eyypaen (write-through)
EvnuEpwaon Kal Tou uwnAOTEPOU Kal TOU XauMNAOTEPOU
ETTITTEOOU
ATTAOTTOIEI TNV AVTIKAOTAOTAON, AAAG UTTOPEI va
XPEIQOTEI TTPOCWEIVI MVAMN eyypagpng (write buffer)
ETepoxpovn eyypagn (write-back)
EvnuEpwaon YOvo Tou UPNAOTEPOU ETTITTEOOU
EvnuEpwaon Tou XapnAOTEPOU OTAV TO MUTTAOK
avTikaBioTarai

ATTaITel ATTOBAKEUON TTEPIOCOTEPNC KATAOTAONCS
EiKovIKA hvAun

MOVO n ETEPOXPOVN EYYPAPN Eival EPIKTN, ME
OedOPEVO TO HEYAAO AavBavovTa XpOVo TOU OiOKOU
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[MpoEAEUON TWV ACTOXIWV

YTTOXPEWTIKEG AO0TOXieC (compulsory misses),
AEyovTal Kal Puxpng ekkivnong (cold start misses)
[TpwTn TTPOCTTEAQCN O€ £va UTTAOK
AOTOYXiEC XwWPNTIKOTNTAG (Capacity misses)
NAOYW TTEPIOPIOUEVOU PEYEBOUGC TNG KPUPNG MVAMNG
‘Eva UTTAOK TTOU QVTIKATAOTAONKE TTPOCTTEAALETAI ApYOTEPQ
Kal TTAAI

AoToyiec 01Evegng (conflict misses), AcyovTal Kal
aoToxiec ouykpouaonc (collision misses)

2.€ Mia OXI TTAPWC CUCXETIOTIKN KPUPN UVAUN

AOYW avTaywvIiououU yIa TIG KATAXWPIOEIC EVOG OUVOAOU

Ae Ba ouvEBaivav o€ pia TTANPWGS CUOXETIOTIKA KPU®N)
UVIUN ME TO idI0 OUVOAIKO HEYEBOC
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2upfifaocuoi oxediaong KPUPNG HVAENG

2 xeS100TIKA aAAayn

Emidpaon oto
puBuO6 aoToXiag

ApvnTIKA ETTITITWON
oTtnv amédoon

Augnon peyEBoug
KPU®Ng MvAUNG

Meiwon Twv acToxIwyv
XWPNTIKOTNTAG

MTTopei va auénoel To
XPOVO TTPOCTTEAQCNG

Algnon
OUCXETIOTIKOTNTAG

Meiwon Twv acToxIwV
OIEVEENC

MTTopei va auénoel To
XPOVO TTPOCTTEAQCNG

Augnon peyéBoug
MTTAOK

Meiwon Twv
UTTOXPEWTIKWV
AOTOXIWV

Aucavel TNV TTOIVI)
aoTOXiOgC.
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YTTOOTAPIEN OUVOAOU EVTOAWYV

KaTtaoTaoeic XpRoTn Kal CUCTAMOTOG
(user/system modes)

[TpovopIoUXEC EVTOAEC OIOBECINEG UOVO OF€
KATAOTAON OUCTAUATOC
[Mayideuon oTO CUCTNUA AV EKTEAEOTOUV O€ KATAOTAON
XPNoTn
OA\ol o1 puOoIKoi TTOPOI €ival TTPOCTTEAACIUOI HOVO
LUE XPNON TTPOVOUIOUXWYV EVTOAWYV
loxUEl KAl yIa TOUG TTIVOKEC OEAIDWYV, TOV EAEYXO TWV
OIAKOTTWYV, TOUC KATAXWPENTEC £10000U/eCOO0U

AvayéEvvnaon TG UTTooTAPIENS TNG
€IKOVIKOTTOINONG
TpExovTa ouvoAa evioAwv (TT.X., X86) TrpocapuolovTal
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"EAgYyX0G KpU®PNG NVAUNG

XAPAKTNPIOTIKA KPUPNC NVAUNG TTAPADEIYUATOC
Aueon atreikovion, ETEpOXpovn eyypaen (write-back),
Katavoun o€ eyypaon (write allocate)

MeEyeBocg uTTAOK: 4 Aé€eic (16 byte)

MéyeBocg kpupnc pvAung: 16 KB (1024 utrAok)
Aieubuvoelg byte Twv 32 bit

‘Eykupo (valid) bit kar «akaBapTto» (dirty) bit ava
UTTAOK

AvaoTaATikn (blocking) kpugprn pvAun

H CPU trepipével va oAoKANPWOEi N TTpooTTEAQCN
31 14 13 4 3 0)

Tag Index | Offset
18 bit 10 bit 4 bit
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2NMATA O1IAOUVOEDCNG

CPU

Kpuen
MVAKN

Read/Write

Valid

Address 32 R
Write Data 32 .
Read Data >
Ready
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Read/Write

Valid

Address 3 R
Write Data 128 R
Read Data  %°
Ready

[MoAAOi KUKAOI ava
TTPOCTIEAAON

/

Mvnun




[MPpoAnua ocuvoxng KPU®PNG HvNuNgG

Cache Coherence

Y1roBeoTe O11 duo TTupnvec CPU poipdalovral Eva
(PUOIKO XWPO OIEUBUVOEWY

KpUu@EC UVNUEC TAUTOXPOVNG eyypagn (write-through)

XPOVIKO | Zuppav Kpuon Kpuon Mvriun
Bnua MVAMN TNG | MVAMN TNG
CPUA CPUB
0 0
1 H CPU A diapBadel To X 0 0
2 H CPU B diapadel 1o X 0 0 0
3 H CPU A ypadagel 1 oto X 1 0 1
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OPICHMOG CUVOXNG

ATUTTA: Ol AVOYVWOEIC ETTIOTPEPOUV TNV TTIO
TTPOCPATA YPAUMEVN TIMN
TUTTIKQ:
0 P ypagpel X, o P diaadlel X (Xwpic evOIAUETEC
EYYPOPEQ)
= N avayvwaon ETTIOTPEPEI TNV TIMA TTOU YPAPNKE
0 P, ypaoel X, o P, diaBdadel X (QpKETA apyoTepQ)
= N avayvwaon €TTIOTPEPEI TNV TIMA TTOU YPAPNKE
0 P, ypaopel X, o P, ypagel X
= OAOI 01 ETTECEPYAOTEC PAETTOUV TIC EYYPOAPEC UE TNV
idla ogIpa
KaTtaAnyouv pe Tnv idia TEAIKN TINA YA TO X
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[MPpWTOKOAAQ OCUVOXNS KPUPAGS HVAMNG

NAEITOUPYIEC TTOU EKTEAOUV Ol KPUPEC NVAUEC O€
TTOAUETTECEPYAOTEC VIO VA €yyunBouv Tn ouvoxn

MetavaoTeuon (migration) OeOONEVWY OE TOTTIKEG
KOUQEG UVNHEG
Melwvel To eUpog (wvng yia TV KOIVOXPNoTn JvAun

Avatrapaywyn KoivoxpnoTwy 0eO0NEVWV HOVO Yid
avayvworn
Meiwvel Tn diapdxn yia TTPO0TTEAQCN

[ToWTOKOAAQ KATAOKOTTIOG (Snooping)
KaBe kpupr hvAun TTapakoAouBEi TIC
AVAYVWOEIC/EYYPAPEC OTO DIAUAO

[TpWTOKOAAQ BacIOuEVa O€ KAOTAAOYO

Ol KPUPEC UVAMEC KAl N VAMN KATAYPAPOUV TNV
KATAoTAON TWV PTTAOK O€ £€vav KataAoyo (directory)
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Evépyeleg

MeTappaong Aigubuvoswyv

ElKoVIKA ;

AlevBuvon )

Exception

Avayvwaon page armo dioko
otn RAM kot evhuépwaon
Page Table

N TLB hit Quokn  __ cqche...
& AlevBuvon
TLB miss
Page Table hit<
Exception
Page Table miss H oeAiba Sev undpyet.
Mpopavwc¢ Aadoc

TTPOOTIEAOION VN . H
NaiL P n uvnung

Sdlepyaoio okoTwVETAL.

Segmentation Fault...




TLB, virtual memory, cache cuvouaouoi

TLB Mikakag Kpupn
ogAidwyv MVAMN
hit hit miss
miss hit hit
miss hit miss
miss miss miss
hit miss miss
hit miss hit
miss miss hit
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\ Intrinsity FastMath CPU

Virtuad addrass

|

TLB access

TLE miss
excapton

Dellver data
1o the CPU

§
¢
:
!
:
i

%
:
|

Chapter 5 — Large and Fast: Exploiting Memory Hierarchy — 75



2UHUTTEPOAOCHMATIKES TTAPATNPNOEIG

Ol YPNYOPEC UVNMEC Eival MIKPEC, Ol MEYAAEC
UVAMEC €ival apYEC
[MpaypaTikd BEAOUPE YPYOPEC, MEYAAEC NVIUEC ©

H xpnon Kpuencg pvAung divel autn tnv
weudaiobnon ©

ApXnN TNG TOTTIKOTNTAG
Ta TTPOYyPAUMATA XPNOIMOTIOIOUV CUXVA £va PIKPO
MEPOG TOU XWPEOU PVAUNG TOUC

lepapxia pvnung

Kpupn pvnun L1 <> kpuen pvnun L2 <> ... <> gvRun
DRAM <« 0ioKo¢

H oxediaon Tou cuoTAMATOC UVAMNG Eival
KPIOIUN YIO TOUC TTOAUETTECEPYAOTEC
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