Eikovikn MvAaun (virtual memory)

+ TToAAd TtpoypdppaTa ekTeAoUvTal
TAUTOXpPOVA O€ £vd UTTOAOYIOTNA

* H ouvoAIkA HVAUN TToU dTtaiTeiTal givai
HeyaAUTepn amd To péyeBoc¢ Tne RAM

* Apxh ToTkOTNTAG (N HVAHN
XPNOIUOTIOIEITAI ATIO TA €VEPYA THAUATA
TWV TTpoypddpdTwy - working sets)

+ TTpémel va e€aopaliooupe TtpooTaacia
HETACU TWV TTpOYpApHATWY
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Eikovikn MvAaun (virtual memory)

» Tnv wpa Tou compile, dev yvwpiCoupe
Told Tpoypduparta O©a poipdlovrai Th
HvAUN
- Auvapikf ekTéAson TipoypaupdTwy

» O¢éAoupe kKAOe poypappa va vopiler OTI
EXEI Th OIKA TOU HVAUN

» O¢éAoupe kKAOe poypappa va vopiler OTI
EXEl amepiopioTn pvaun (HeyaAUTepn aTod
Th RAM)
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Eikovikn MvAaun (virtual memory)

H Virtual memory eAéyxel 2 emimeda Tng 1epapxiag HVAUNG:
+ Kupia pviapun (DRAM)
*  Malikn amoBnkeuon (ouvABwW¢ payvnTikoi digkot)

H kUpia pvhun diaipeital oc blocks karavepunpéveg ae d1aPopeTIKEC TPEXOUTEC
dlepyacdieC Tou CUCTAUATOG:

- Blocks kaBopiopévou peyéBoug: Pages (uéveBog 4k éwg 64k bytes).

* Blocks peTapAnTtou peyéBoug : Segments (uéyeBog To oAU 216 péxpr 232)

2 ¢ dedopévo Xpovo, yia kdBe Tpéxouaa dicpyaaia, Eva KOPUAT! Twy 0edopévwy N
TOU KWOIKA POPTWVETAI OTNV KUpIA VAN eVW To uTtoAoitto cival 81aBéoipo povo

OTOUC HayvnTikoU¢ Oiokouc.

‘Eva block kwdika n dedopévwy Tou xpeialeTal yia Thv eKTEAEON HIAC
6|£pvaoia§ aAAd dev UTtdpx €l OTN KUPIA HVARN £XEI WG ATTOTEAEOUA £vd page
fault (address fault) kai To block mpémel va popTWOEI 0TNV KUPIA HVAUN ATTO TO
dioko N Tov XEIPIOTA Tou AsiToupyikoU cuoThpaTtoc (OS handler?.

‘Eva tpoypappa pmopei va ekteAeaTei og omoladntmoTe B€on ThS KUpIac HVAENG A
TOU QiOKOU XPNOIHOTIOIWVTAG £vav HNXAvIOPo £avaTomoO£Tnong o omoiog va
eAEYXETAI ATTO TO AEITOUPYIKO OUOGTNUA TTOU va AVTIOTOIXE TIC O1eUBUVOEIC aTrd
Tov XWwpo Twv virtual addresses (logical program address) oto xwpo Twv
physical addresses (kUpia pvAaun, diokog).
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Eikovikn MvAaun (virtual memory)

-+ EikovikA MvApun uAoTroisi yeTdppaon Tou
XWpou 01euBuvoswy £vo¢ TTpoypdUHATOC O€
PUOIKEC O1EUBUVOEIC

- Aiadikacia pyeTdppaonc evioxUel Thv
TPOOTACId

(Eikovikh pvApn poidlel pe Thv cache)
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T1 PAEmer n epapoyh. . ..

ElkoVIKEC AleuOUVOELC
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MeTagppaon Twv Virtual Addresses

Physical memory

Valid disk address

1 .\ >

1 ./\

1 .\

1

0 ~

1 ./\/ ~

1

° o ]

1 O/N Disk storage
0 o/ \&//
1 ¢
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T1 ouupaiver ornv moayuarikornrall

ElkoVIKEC AleuOUVOELC DuoikéEg AleuOuvoeLg
Metadpoon AievBuvoewv S [reess
AN M

other process

1GB RAM

AlevOUvoEeLg
Ailokou

500GB DISK
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EikovikA MvAun

- Ai1eUBuvon xwpileTal og dUo TUAPATA

- ap1Buo¢ eikovikA¢ aeAidag (virtual page
number)

- OXETIKN amoaTtaon oeAidac (page offset)

Ewkovikn AtevBuvon

3130292827 ¢ 00 141312511109 876543210

Virtual Page Number Page Offset

\

\

| npoodlopilel peyebog oeAidag
m.X. 4KB
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MeTdppaon 2 cAidwv

220 yirtual pages Ewkoviki AlevBuvon 4GB virtual space
3130292827 ¢ o o 141312511109 876543210
Virtual Page Number Page Offset

Cransiation KB page size

v | \ 4

Physical Page Number Page Offset

2928 ¢ 0o 1413(1211109 8/ 7/6 5 4/ 3/2|1 0

218 physical pages Puowkn AlevBbuvon 1GB virtual space (RAM)
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TTAeovekTHAHATA

- 'Exougs TV weui}aio@non 0TI d1aOETOUNE TTEPIOTOTEPN
PUOIKA KUpIa HvAUN

- EmiTpémel Tov emavaTtomoB£ETnon Twy TTPOYPAUHATWY

- TlpooTaTeUel amd mapdTumh tpéopach oTh HVAuN

Virtual address

3130 29 28 27 15 14 13 12 1110 9 8 3210

oooooooooooooooooo

Virtual page number Page offset

\ 4

C Translation )

29 28 27 1514 1312 1110 9 8 .'.."3210

oooooooooooo

v v

Physical page number Page offset

Physical address
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2 Xe01a0TIKEC ETTIAOYEC

* YynAo KOOTOC aoToXiadg - opdaApa oeAidag
(page fault)

eplexopeva ato dioko (100.000 popéc Mo

apyog)
« 2X€0IAOTIKEC ATTOPAOEIC YIA ATTOPUYNA
doToOXIWV
- «MeydAec» aehidec (4KB - 16KB)
- Fully assosiative Tomo8éTnon ogeAidwv oTn PvAUNn

- 2¢pdAuaTa avTigetwmifovTtal He AOYIOUIKO - TTIO
e€uttvol aAyopiOpuot emAoyRc/TomoBETNONC
ocAidwv

- Mévo write-back (yiari 6x1 write through;)
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2 xe01aoTIkd AdBn

* 2UuvnNOwoc virtual address cival yeyaAutepn atro
physical address
— TT.X. vs 1GB physical space

(RAM)

* Tivyiveral 0Ttav peyebocg dieubuvong
ETTECEPYAOTH) Eival JIKPO O OXEON ME TIC
TEXVOAOVYIEC HVNHWV;

— TT.X. MNTTOPW TTOAU @TNVa va ayopaow 8GB RAM,
OAAQ KUKAOPOpPOUV povo 32bit UTTOAOYIOTEC
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2 xe01aoTIkd AdBn

» 2uvhOwoc virtual address civail peyaAUtepn
a6 physical address
- T.X. vs 1GB physical space
(RAM)
» T1 yiveTail oTav péyeBoc d1eUBuvonc
eme€ EPYAOTN €ival HIKPO 0 oxEon HE TIC
TEXVOAOYIEC HVNHWV;
- T1.X. HTTopw oAU @TNnva va ayopdow 8GB RAM,
aAAd KukAopopoUv povo 32bit umtoAoyioTEC
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2 xe01aoTIkd AdBn

» Me 32bit umtoAoyioTh ptropoupe BewpnTiKA va
mpoomeAdooupe 4GB kai oTnv mpdén yUpw oTa

3-35GB
* PA. memory mapped devices
* PA. OS kernel address space

* Tep100OTEPA OTA AEITOUPYIKA 2ZUCTHUATA -
POH Y
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MeTappaon ZeAidwv - TTivakag ZeAidwv

3130292827 ¢ oo 14131211109 8 7 6 54 3 2 10
Virtual Page Number Page Offset
I
Page Valid  Physical Page Number
Table >
Register
20b
Av Valid pundév, n oeAidba e e o
Oev Bploketal otn pvnun I
18b
Physical Page Number Page Offset

2928 ¢ oo 14131211109 8/7/6 5 4/ 3/2|/1 0
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MeTappaon 2ZeAidwv - TTivakacg
Virtual Page Number Z 8Ai6wV Physical Memory

Physical Page Number or RAM
Valid Disk address
1
1
1
0
1
1
0
1
1
0
1
Disk Swap Space
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MeTdappaon Virtual -> Physical Addresses

Virtual
address:

0

4K

8K

Physical
address:

0

o v

12K

Virtual memory

2OVEYONEVOS Y DPOS
TV virtual addresses
EVOS TPOYPAUNATOG
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4K
I_ 8K
12K

— 16K
20K

— 24K
28K

Physical
main memaory

O Physical 0¢ce1g
TV blocks A, B, C

Disk



Eikovikh MvAun

+ AV QUOIKA pvAun vepdTh (oUvolo
TIPOYPAHUATWY HUTTOPEI HEYAAUTEPO ATIO
PUOIKA UVAUN), YiveTal avTikaTdoTaon
- 2¢ehida dirty ypdpetai oto dioko (swap space)
- Néa oeAida épxeTal oTn YUOIKA PUVAKN
- TTpoypappa ouvexilel ekTéEAEDn

+ AAyop1Bpoc avTikardotaonc LRU (pac
Oupilel TimoTa;) oe software-operating
system
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MéyeBoc TTivaka ZeAidwy

Page
Table

3130292827 ¢ o0

14131211109 8 7 6 5 4 3 210

Virtual Page Number

Page Offset

Valid

Physical Page Number

Register

cslab@ntua 2007-2008

20b

» QewpPOUE OTL KAOE KaTaxwpnon

EXEL LEyeBOC 4 bytes

— 220x 4B=4MB
I o | ©
18b
Physical Page Number Page Offset
2928 A A 1413121110 7,6 543210




MéyeBoc TTivaka ZeAidwy

Page
Table

3130292827 ¢ o0

14131211109 8 7 6 5 4 3 210

Virtual Page Number

Page Offset

Valid

Physical Page Number

Register

cslab@ntua 2007-2008

20b

» QewpPOUE OTL KAOE KaTaxwpnon

EXEL LEyeBOC 4 bytes

- 220x 4B =4MB

AnA. yla KABe poOypaLUO TIOU

° . ekteAeital, Eodevovpue 4MB
I dUOLKNAC LVAMNG VLA Ttivoka
_J oeAibwv!!!
18b
Physical Page Number Page Offset
2928 A A 1413121110 7,6 543210




Page Table

Xpewalovron 2
TPOCTELAGELS UV UNC:

*6TO page table
*GTO UVTIKELUEVO
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Page table regster
Virtual address
31 30 29 28 27 s et e et s s ot tse0s0es 15 14 13 12 11 10 9 8 « oo 3210
Virtual page number Page offset
20 J.2
~ Valid Physical page number
v
®
Page table
Y \\18
If O then page is not
present in memory
29 28 27 e ceeeccscssrccese 15 14 13 12 11 10 9 8 « e} e+ 3 2 1 O
A 4 \ /
Physical page nurmber Page offset
Physical address




AvTioToixion Twv Virtual Addresses oc
Physical Addresses péow &vo¢ wivaka
ocAidwv (Page Table)

Virual address

‘ Virtual page numbear Paga affsst I

fdain
PR MGy

Pags
table Physical address

T
ry
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TToAuemtitedol TTivakec 2 eAidwv

............... e
;;;;;;;;;;;;;;;;;;Z. """""""""""""""""" O
NN

FTE

Ta tuApota Tov nivakoc ceAidwv nouv dev
xpewalovtay, 6ev Bpiokovtat otn HvAMN.
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Translation-Lookaside Buffer (TLB)

WigtuayRaces Physical Memory
Number o . ..

- . 2 TLB (fully assosiative) RAM

2 o

8 558 Virtual Page # Physical Page #

11

11

101

000

Reference

Page Table

=1Dirty

Disk Swap Space
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EvEpyeiec Metdgppaong
AleuBuvoewv

Ekovik . TLB hit, uowkn . ache...

AtevBuvan AevBuvon
Page Table hit
Exception
Avayvwon page oo 5ioko Page Table miss Exception
otn RAM kat evnuéepwon H oeAiba Sev untdpyet.
Page Table . 0C Ad
g Noi Oxt Hpocpaywc Aou?olc
npoornéAaon uviung. H

Slepyaoia OKOTWVETAL.
Segmentation Fault...
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TLE mias

BacaEphon
_Trgr';:udﬂu
Ne White mcoaEs vas
kit an?
| w"_“pm" Try 1o write data
Cacha miss stal T N e 1o cacha
whils read Black
Dellver data
o tha GPLU
Cacha mss stall N Yes
while read block LR
Write cala o cache,
updais tha dirty bR, and
put the data and the
addrass indo the wrile buter




Paging & Segmentation

Code Data
Paging
Segmentation
Page Segment
Words per address One Two (segment and offset)

Programmer visible?

Invisible to application programmer

May be visible (o application programmer

Replacing a block

Trivial {all blocks are the same size)

Hard {must find contiguous, vanable-size,
unused portion of main memory)

bMemory use
inefficiency

Internal fragmentation {unused portion
of page)

External fragmentation (unused pieces of main

MEMOry s

Eftficient disk traffic

Yes (adjust page size to balance access
time and transter time)

Not always (small segments may transfer just a
few bytes)
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Tumikéc mapapeTpol Tng Cache
kai Tn¢ Virtual Memory

Parameter

First-level cache

Virtual memory

Block (page) size

| 6—128 bytes

4096-65,.536 bytes

Hit time

1-2 clock cycles

40-100 clock cycles

Miss penalty
(Access tume)

(Transfer ime)

s—100 clock cycles
{6—060 clock cycles)
(240 clock cycles)

FOO,000-6,000,000 clock cycles
(500,000-4,000,000 clock cycles)
(200,000-2,000,000 clock cycles)

Miss rate

0.5-10%

0.00001- 0.001%

Data memory size

0.016-1MB

16-8192 MB
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Virtual Memory
2. TPATNYIKEC

TomoBéTnon Tou block atnv kupia pvApn: H fully associative Texvikh
XpnoigoTroleiTal yid Thv eAdTTWON ToU Miss rate.

AvTikatdoTtaon Tou block: The least recently used (LRU) block
avTikaBioTaral oTtav éva véo block épxeTal oTn pvhpun amoé To dioko.

2TpdTnyIKA eyypagwyv: XpnoigoTolgiTal n TeXVIKA write back kai pévo ol
dirty oeAideg petapépovral amd Tnv KUpia HvAUn oTo dioKo.

Ma tnv TomoBéTnon Twy blocks oTnv KUpia pvApn xpnoipomolsital £vag
page table. O pa%e table deikTodoTeiTal amd Tov eIkovik apiBué oeAidag
(vir‘rt;.llal ﬁage humber) kai epi€éxel Tn puoikn dieuBuvon (physical address)
Tou block.

- Paging: To Offset ouyxwvebetal ge Tn 81e0Buvon TNG YUOIKAG otAidag.

- Segmentation: To Offset wpooTiOeTai oTn d1eUBuvon Tou physical
segment.

Ma tnv alomoinon Tng address locality, xpnoipomoieitar cuvhiBwg o
translation look-aside buffer (TLB) yia Tnv amoOnkeuon Twy TpoopdTwg
HETAPPAoHEVWY O1EUBUVOEWY WAOTE va adToPelyeTdl TTpoaTtéAdan ThG HVAKNG
Tipokelpévou va diapactei o ivakag oeAidwy (page table).
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Cache hit

2.UvOuacouog Virtual Memory, TLB, cache

Virtual addross
A A0 B 13 12 T 0 e 3210
‘irlual pages fumber Pags otset '
20 412
Vialid Diiety Tag Physical page numbar
(=) =—

(5=
[
NEL
Fhyslcal page number | Page céizat
~ physical pddress O RIERE A
Physical address tag | Cache indax IH‘."'*I |
Jis A Ja
L ]
".‘12 DITE
Walid Tag [
'
1 }
-

L



Page Faults

* Page faults: the data is not in memory,

retrieve it from disk

- huge miss penalty, thus pages should be fairly large
(e.g., 4KB)

- reducing page faults is important (LRU is worth
the price)

- can handle the faults in software instead of
hardware

- using write-through is oo expensive so we use
writeback
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EniTaxuvon tTnc perappaonc disvOuvoswv:

Translation Lookaside Buffer (TLB)

TLB: Mia pikpr on-chip fully-associative cache mou
XPNOILOTIOIEITAl YIA Th HETAPPAOh d1eVBUVOEWV.
Av pia virtual address umtdpxei péoa oto TLB (TLB hit), dev
TpooTteAaUveTal o Trivakag oeAidwyv ThG KUpIAG HVAUNG.

Physical Page  TLB (on-chip)

: valid Tag Address _ .
Virtual Page | lal 128-256 Entries

Number

Physical Memory

»

alolal=]=-a]-=-

128-256
TLB Entries

Physical Page
or Disk Address

Valid

Disk Storage

7L’\\\'\

Page Table
(in main memory)

A\

QN

\\4\
NAN
R’

alol-al-alol-al_alol-al-a]-a]-~
D\Q\

i
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Intrinsity fastMATH processor

Virtual address

3030 28 4 13 12 1 10 8 s g5 2 9

Virlual page ramibes Paga cflset

-32 bit address space/byte vata Doy

Jzn

Tag

+IE

Physical page numbar

addressing ne g;
TLB hit = =)
‘4KB/page =
NED
*TLB fully associative: 16
enTrieS ‘ Fhyslcal paga numisar ,.:Hrlu. pﬂ,uaul;:m
Physical address tag | Cache indax |m
.+1E 18 14 +E
48
Jiz Data
Valid Tag
Cache
{=
Gmnn._(:l——j)
—-.|
cslab@ntua 2007-2008 132
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TLB & Cache Operation (Intrinsity
FastMATH)

TLB Operation

TLB miss
use page table

A

Cache miss stall

cslab@ntua 2007-2008

Virtual address
TLB access
l Cache is physically-addressed
No Yes
’ Physical address
No e Yes Cache operation
N
| Trytoread data
from cache Write access
bit on?
l "
erée([:)é‘o';%(;z;tlon Write data into cache,
No Yes xceptl update the tag, and put
Cache hit? the data and the address
into the write buffer
Deliver data
to the CPU




TLB, virtual memory, cache
ouvOudooi

TLB | Page Table | Cache | Possible? If so under what circumstance?
hit hit miss | Possible, although the page table is never really
checked if TLB hits
miss hit hit TLB misses, but entry found in page table; after retry,
data is found in cache
miss hit miss | TLB misses, but entry found in page table; after retry
data misses in cache
miss miss miss | TLB misses and is followed by a page fault; after retry,
data must miss in cache
hit miss miss | Impossible: cannot have a translation in TLB if page is
not present in memory
hit miss hit Impossible: cannot have a translation in TLB if page is
not present in memory
miss miss hit Impossible: data cannot be allowed in cache if the page
is not in memory
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Pentium P4 / AMD Opteron

characteric el pentim P4 | WD Optaron

Wirtual addrass 32 b= 48 pts
Physlcal addrass | 36 bis 40 plts
Page size 1 KB, 2,4 MB 4 KB, 2,4 MB
TLE organtzation | 1 TLE for Instructlons and 1 TLE for | 2 TLES Tor Instructlons and 2 TLBs Tor data
data Both L1 TLES Tully assoclathve, LRLU
Both are Tour-way set assoclative replacement
Both use pseudo-LRU replacement | Both L2 TLEE are fourway sat assoclathvity,
Both have 128 entries round-robin LRU
TLE mis=as handied In hardwars Both L1 TLEs have 40 entries
Both L2 TLES higve 512 antries
TLE misses handled In hardware

FIGURE 7.34 Address translation and TLE hardware for the Intel Pentium P4 and AMD
Opteron. The word size sets the maximum size of the wirtual address, but a processor need not use all bits.
The physical address size 1s independent of word size. The P4 has one TLE for instructions and a separate
identical TLE for data, while the Opteron has both an L1 TLE and an L2 TLE for instructions and identical
L1 and L2 TLEs for data. Both processors provide support for large pages, which are used for things like the
operating system or mapping a frame buffer. The large-page scheme avoids using a large number of entries
to map a single object that 15 always present.
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Pentium P4 / AMD Opteron

Crarctaristc it pentim P4 AW Opteron

L1 cache arganlzation

Split Instructlon and data caches

Splt Instructlon and data cachas

L1 cache slzs

8 KB Tor data, 25 KB tracs cachsa tor
RISC Instructions (12K RISGC
operations)

S KB each 1or Instructlons /data

L1 cache assoslatity

d-way sel assoclatve

24954y 52T assoclative

L1 replacament

Approximated LREL raplacamsant

LRL raplacemsant

L1 block slze Gd Dytes Sd bytas

L1 write polloy Wiritethrough Write-ack

L2 cache organization | Unifed {Instruction and data) Lnffied {Instruction and data)
L2 cache slza 512 KB 1324 KB (1 MB)

L2 cache assoclativity

B-way et assoclative

15-way set azsoclative

L2 replacament

Approximated LREL raplacamsant

Approximatad LRL replacament

L2 block slze

126 bytes

&4 bytas

Lz write pollcy

Wiite-hack

Wnta-ack

FAGURE 7.35 Firstdevel and second-evel caches in the Intel Pentium P4 and AMD
Opteron. The primary caches in the P4 are physically indexed and tagged; for a discussion of the alterna-
tives, see the Elaboration on page 527.
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Desktop/embedded/server
microprocessors (2004)

AMD
Optaron Intal PXAZE0

Instruction set architecture | 1432, AMDS4 MIPS32 SPARC vo
Intanded appllcatlon Sefvelr ambaddad EIEIEH'LDD |IJ'l'l'-m'l'l'Elf embedlded | sanvar
Dla size (mm2) (2004) 193 122 217 356
Instructions Issusd /clock 3 2 3 RISC ops 1 4x32
Clock rate {2004) 2.0 GHz 2.0 GHz 3.2 GHz 0.4 GHz 1.2 GHz
Instruction cache &4 KB, 16 KB, 12000 RISC op trace 32 KB, 32 KB,
oy sat diract mapped cache (~55 KB) J2ay set d-way set
asaoc|athva assod]atlve ASS00] ST ve
Latency clocks) 37 4 4 1 2
Data cache &4 KB, 16 KB, B KB, 32 KB, 64 KB,
oy sat 1-way d-way 2wy set d-way set
asaoc|athva 2ol gesoclative sol assoclative assod]atlve ASS00] ST ve
Latency (clocks) 3 3 2 1 2
TLE entrles (I/D/L2 TLE) 40/40,/512/ 16 128/126 32/32 128,512
512
MInlmum pags size 4 KB 4 KB 4 KB 1 KB B KB
on-chip L2 cache 1024 KB, 1024 KB, 512 KB, — —
16way 5ot d-way set By sat
asanclativa assodlative assoclativa
oft-chip L2 cache — — — — 16 MB, 2-way
2ot gasodlative
Block slze (L1/L2, bytes) &4 6 64,128 32 32

AGURE 7.36 Desktop, embadded, and sarver microprocessors in 2004, From a memory hisrarchy perspective, the primary ditter-
ences between categories is the L2 cache. There is no L2 cache for the low-power embedded, a large on-chip L2 for the embedded and deskiop, and 14
MEB off chip for the server. The processor clock rates alss vary: 0.4 GHz for low-power embedded, 1 GHz or higher for the rest. Mote that UliraSPARC
IV has two precessors on the chip.
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H Asitoupyia Tou Alpha AXP 21064
Data TLB kara tn perappaon twv
O1eVBUVoEWV

Page-frame  Page
address offset Virtual address TLB = 32 blocks

<30> <1 3}/ Data cache = 256 blocks
LJ H npocPaon ota TLB

<l><2><2> =30= <21= yivetar cuovi0mg pe v
@ @ Vv R W Tag Physical address Teyvuc] pipeline

¥

¥

¥

(Low-order 13 bits
o5 <0= of address)
¥ / - 34-bit

. +
Valid (3)Le 32:1 Mux I o (4) physica
# e address

R
Pee:":lission Write (High-order 21 bits of address)

Permission
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2.Uvoyn

cslab@ntua 2007-2008

Virtual page

Page

number <35>  offset<13>

CPU

Store queue/

Data virtual page Page

number <35> offset<13>
ASN oo l I | Instruction  data out [ ] )
= I . <128>  <bd> , il Datain<4>
o) == 9
D Tag Physical address
| A4 <i28> T B>
c L
A ) <64>, .
(1024 ASNProt V Tag WayLine Data — B
c blocks) <8> <4><1><33> <1> <11><512
H
E
(High-order 28 or 31 bits@
@ physical aﬁdress]fab @
<9>y <b>
D Index Block @
<B><d><i> 435> 41> c offset
ASNProtV Tag Physical address @
| N A Valid Tag Data
T | C <1> <20> <512>
L i H
B | E !
(High-order 28 or 31 bits
of physical address) @
/ <31> |
<Al @ Instruction prefetcher ;ﬁ— 2:1 mux
® =7)={ Tag <38> Data <512> = )
. ]
|Addressi = @ <445 ) @ | Address<38> Data <512> I
=7
} =y vee
| I
@ &) Victim | ]
buffer |
|
L bs @
4:1 mux
Alpha 21264 L—J @ @
<dd> A4 <128>4" <15> 1 <b4> 4
(8) V D Tag Data M System chip
.<21> <17> A =510 @@ A memory crossbar
5 Tag Index N :
c @ I I N <256> <256>
A
; (131,072 | w (o © | oww]
H blocks) E
E I | ] g
D) g |_omm | _omm |
X5 @ ¥




Read/Write (Intrinsity FastMATH cpu)

cslab@ntua 2007-2008

Virtual addrass

TLE access

Cache miss stal
whila raad Book

Mo

Try fo read data

Try to write data
1o cacha

from cacha
Writa protection
Yas wmxcaption
C:ache hit?
Digllver data
fo tha CPL
C-aacha mEs siall
whiln mad blook

Wirite GiEla Tio cache,

updain tha difty bR, and
put the data and the

acdrass indo tha write butier




