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Recap: Levels of the Memory Hierarchy
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Recap: What is virtual memory?

" Wirtual memaory == freat memory 28 a cache for the disk
* Terminalogy: Bocks in fhig cache are called “Pages”
" Typical alze of A page: 1K — 8K

i F"aga tabks maps virtual page numbers to physkcal frames
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Recap: Three Advantages of Virtual Memory

* Translation:

* Program can be given congletent view of memory, evan
though physlcal memory |2 acrambled

+ Makss multithreading reasonable (now ussd a kotl)

« Only the most Important part of program |(“Working Sat")
muat b In physlcal memory.

« Contiguous structures (Nks stacks) ues only 38 much
physical memory a8 necessary yat atill grow latsr.

* Protection:

« Differgnt threads [or procasess) profected from aach other.
+ Different pagee can be given epecial bahavior

- [Faad Oniy, krelsible {0 ucer programe, ato).
« Karniel data profected from Ussr programs

« Wary Impaortant for protection from malkclous programs
== Far more “viruees”™ under Microsoft Windows

* Sharing:

« Can map same phyalcal page to multipls usars

asiel" Shared MeMOry") such soeg < 5453/ Watinicaicn
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Recap: Making address franslation practical: TLE
* Transiation Look-gslde Buffer {TLB) Is a cacha of recent
tranalations
¢ Spaads up transtation process “most of the Bme™

* TLE In typlcally a fully-assoctstive lookup-tabis
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Recap: TLE organization: include protection
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* TLB wsually organized as fully-associative cache
+ Lookup le by Virtual Addrazs
« Returns Physical Address - other Info
® Dirty == Page maodified ?
Hefrtjr=:-r Faggtnunhed (Y H??n
Valid == TLE entry valid (YiN)?
Access == Read? Write?
ASID == Which User?
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Recap: MIP 5 R3000 pipelining of TLB

NS SO0 Ipebne
[ eatrmich | vesdsg | ALy eA | vemory | Wi iteg |
| 12 | rosche | #r | Openson | . | wa |

| | 1= | vcuche |

ILE
B antry, os-cihap, Sully ssdccmires, aoSware | LD fSaull b ndler

Wil Addreds Specs

leam I 0| ] . Pogs Rursksr | oot |

[ I_|_| HT i
e Uesr aagreans (casblng b on FT/TLD smirg
F00 Kurmad phyadonl apnca, caskasd

i el phyadon] apsss, urosshed
4z Kermad wimusl apos

Alloae SouThHnT S king wrierg

A e procacasd wiour TLO fusy

Ty | e " | i:'l‘l-]'iii &l bl
Lol

Reducing Translation Time |: Overlapped Access

¥irtual Addmcc |Foir &K pagat)
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“ Machines with TLBs overlap TLE lookup with cache
ACCESS.
= Works bacause lower bit2 of resulf (offest) avallable sarhy
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COwverlapped TLE & Cache Access

* If we do this in parallel, we have to be careful,
howewver:

[ [ =t e
H:l-u-l:up- In-d-u
L7 TLE - 4% Cache | 1K
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* With this technigque, size of cache can be up to
same size 35 pages.

= What if we want a larger cacha???
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Problems With Overlapped TLE Access
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This bit Ic shanged
- 43 ::-_.11#1. I:runfll::._l.llm.l:l.rl:
|vidpage® | dicp | lockup

* Solutions:

= &0 fo ZK byts page slzes;
= Gofo 2 pet gasociative cache; or
= 3WW guaraniss VATIFPA[S]

'u\l\__- 'Ill'i. 2 way pof accoo canhs
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Reduced Translation Time |I: Virtually Addressed Cache Survey
£ =& - * R4000
FU m “T.mm - 22 b wirtual, 38 bit pivycioad
- varabie page ciza (4KE o 18 MB)
Caohe - &E anirec mapping pege palre (133 bt
"'tr = ‘—1 *MPCED1 (32 bit implementation of 64 bit PowerPC

* Only requirs addmce fmnclafion on cackhe mice]
« Vary fact as meult (as fact st osohe lookug)
« Mo meiriotlone on ceche onganlzaton

Ermovmem protdam: fwo dferent vidusl addmeceas map o came phyeloal
sddmee = bwo cache andriec holding data for the came phycleal sddrecs!

Soicdtloni:
-~ Frowide sccoolattes lockup oo oal f2gc during osche mise io enforos
B cingla oapy In the cachs | SETETEE]
- Maks cparatimeg cyclsm srforca cna copy per osche sat by cslsoting

wirhual= phyclcal mappings carsfully. Thie only worke for dimot mappesd
nachae.

Wiriuslly Addreccad oscbas ourrsnty out of fevor becawes of synonym
ciomplax e

e A BUCH Saing T ':5'5?+;1=!-'f'=ﬂ'=
L ol

A5

arch)

- B2 bt wirtual, 22 bit pivreioal, 18 cagemand mgloisrs
- EHE page, 26EME cagman =

= & amiry Instructon TLE
- 962 ankry, 2-&wy TLE (amd wariats clmd blook mats)
- oyesriappad lookup Inks 3-wwy 22KE L1 oachs
= hardwars tabds cesarch through hached pege ieblsc
® Alpha 21064
- mreh |6 24 bt virfusl, ieplamantabon subest 43, 47,61.56 bit
= 8,418,252, ar BEKE pagas |2 lewel page takde)
= 12 andry ITLE, 32 anbry DTLE
- &% ol wirtual, 23 bit pereloel cobaord addmen

F e - CEiSS etk
Chi & ] -
LCh Sering Lacdd .13




