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dressed, therefore, address teanslation is not teguired when there is a cache hir, Virmally wcllressed
sches cequize kermel involvement to address seme consigwney problems. These issuss are de-
sebed in Seetion 1503

13.3.4 The MIPS R3000

The MIPS RIMM is 3 RISC svstem and has been g platform lor SYR4 UNIX as well as [Hgrinal
Euipaent Corparation’s UL TREIX (a 47850 baned sysreml. T has an vougeal MMU aechilegiure
Ranc 83 in that (here is =0 hardware spport for page tables, The onlv address iranslationes pT-
rmied by the hardwere are those detined by the un-chip LI,

This kas Tar-reaching impucations on the division of memety manggemeant 1nsks and the in-
lerace betweer 1the hardware and the kemel. In the [ntel a8 urchireciure, Far instanve, the struchue
of the TLE eatry is opaque to the kerncl. The only apcrations allowed sre invalidation of single co-
s Keyad 3y virtual address or of the enziee T1R, [n conteust, the MIPS archileoture miskes the
farmat and comerts of the 110 enoy public to the Lernel and allows aperations o resd, madify. and
lead =pecific cotrigs.

Phe virmal address space itaclf s divided int [bur scgrenils, s shownin Fipurz 13-71. The
hireg. spanning the lirst two pigabvtes, containg the mser addeess spece. The other thooe seziments
ar= auzessible vnly in kernel mexde, ksepl and kseg? ench map directly t the tirs: 512 miepabytes nf
Plrsical memory, tnes requiting ro TLB Epping. O These, ksegl uses the detasinstenction caches,
wokseel docs nat The ton givabyic is devated kvepr s which is the mazped. cachegble kernel
gamenl. Addresses in dsep? can he mapped 10 any physical memory locatinn.

Figure 13213 deseribes the MM rerkstors and Lhe Formnat of ihe TL12 entrs, L he MIPS pase
e iy fved at 4 kilobytes: thus the virna! sddress is divided i s 2M-bit vicluul page numier and a
12kt offset. The 7113 contains &4 enities. amd eack eniry 1 &4 bits in sive. The entryhi ang ex-
tryle regsters bave the same format as the legh and low 32 bits of the TLE colry, Tespectively, and
a2 1sed Wy wead and wrile a TLIY entry. The YPN rvirtyal pazc numbery and PEW {physical frame
mmber) (ields allow iranslation of virtual 1o physical puge nummbers, The PID Geld acrs as Atag. -
wealiny each TTB entrv with a peocess. This 210, which is 6 bits in size. can lake the vaines ©
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Figore L3-11, M5 R53000 virtuad sddress AL,
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Figure 13-12. %1105 K3000 adideess translatian.,

through 6 and is not the some a3 the raditional process 11 Rach provess wil ray 2w activg
VLB ontrics wil] e wseipned a wdbpid butweer 0 and 23, The kome] sets the PO Se'd i ihe catrghd
renister o the (i of the curcont process. The hardware compurzs W 1o the comesponding tield m
the | LY enries, el ojeets teasslations Mol de not match, This albowes Lhe TLE zo conlain @niigs
tior the same virlua? page noember belomgmy odiffzoent prooesses wilhoml cosflies.

The 4 e coche) B iU ser, savs tkal the page siould not go through the data or sz b
caches, The & faterbwds bitspecifies than the P1Y shoold be fmoned tor thiz page, 1 the ¥ afir b
clear, the eniry i invalid, and if the D fedend bit s cloar, the eery is write-protected. Note taac tier:
13 maither o pefirenced bin nos A smoditied il

In Inmslesing kraeg o fsew? sddresses, te virsl puge number 135 compured with =] ILD
cnries simultenenously, 15 a match s Tomud aec the G bt is clean the =T3 ol the citny 3 gorr e
with the cumment Wi stored (o the entrvhi repister, 10 they arc equal (or i ahe G pics sct) aml the
Vb is sef, the PR fiokl vie'ds the valic physica] nege number, 1 pos g TLRmiss exceprion i
iized. For wrile [slors) aperaions, the O bil must be sel or else o TLBmod exceptivon will be
lzizcd.

Sineu e husdware providos me lasther faslies (such iy page table suzpor, These owp-
lrns masl be bandled v the kemel The kemel will Jook at it awn mappings, and etther locate 2
valid tramslaticn or sand 8 sigeal w Qe peocess. o the fozmes case i7 must load o vald TLIY coiry
and restart Vae Tuuiting matuction. The hasdwsare impeses noe reguirermetls an whuthise the fame
mappings shoald be page atle-lase: and what the puge wile ertres should ook tke. 1n prache:,
howewver, TN implementzaiions on IS use page fables 5o i Looretain the fesie roemmy Tan-
mzernenl desion. Tl format of the enteybe register is the nulare] frum af the PTT s anw the cizal
Lowe-oeder Bils, which are unnsed by bardware, may be vsed by the kernel Inany way.

he luck of refereioed and erediZed bits places Turthes demands oo (ke heroel. The kel
st knevw wich paocs are meeliliedl. since they must be saved hefore reuse, This s achiescd by
write-pretzelive all clean pages (clzaring the I bt in their TLRs), o as o foree 2 TLEmuwd 2w
sian nn the first wrile o thesn The cxceptinn herdler can then sei the T bilin the TLE and =1 4
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[WpriAte bty i the sofiware PTE o mark the page as iy, Reterence infoncalion mmsl slee e
cal'auied inddivectly, a5 slown 0 Section 1323

[ Tlus urchiteclure leads to u luger nurber of payy faols, vinee every I miss mua he
bwiled i the soffwuare The necd s rack Pags mediflivalions ard efieteneos cadses cven moore
paze Laalts. Fhisovg oflse! by the specd gained by o simpler memory urchitecture, which allows very
last aeldrisa Trarslatzon when thene is a T3 eache hin Funlur, the Gaster CPU spees] helps keep
e e eost ol e pege fanlt bamdling. Finallv, the uamapped rEpion Evept s used W store the
S Test A <ty of the kemcl. Thiv incrowses (he spesd of exceation of kerel code, sinee address
melatons ase nol recwized, [t alse nfuces comentior on the TLE. which iz neaded only for wser
sediesses snd for some dy manically allocuted kernel datg stucres,

134 4.3B5D — A Case Study

bl we kv described the nasic coneepls af demznd paging, zrd how hordware characterslios
car inlizence the design, 1o understamd by isoues gvolveel me coearly, we use A SBED memnry
MARCICENT s o case study. The fiast LINTY A¥ElLm o supporl virlnal memmone was 1RSD. g
ey archiieemes evolved ncrementally over the subseiuert sefeases, 431390 was the Jost Beye
keler release hased oo this memery madel, 44351 adapted a new memory architecture busad on
Wacn; this o5 described [ Sectign |58, et B9) provides o more complete freasment of 4.173903
LETery menagement . Inodis chepter, we sumimarize its impurtant eaures, evaluale its srenglhes
{ wldmwhacks, and develep the motisalion for the more sophisticated approsches desoribes ip (he
Dlliwing chaplers.

Altheozh the target plarlimn for the BS1D reloazes. wis the VAR 110 1 hag heen syeeszail Iy
ported € several other plarfarms. The hurdwars characteristics mmpeel mary kernel algorithms,
mehcular the Jewer-level function: that manirulaie page wehles and the ranalgtion buffer Portirg
350 memary management has rol baen =gy, since the hardware dependeicies permears thromgks
Al paris of the syslem. Ay a reswir, severed BST-Feived PR emeniaEioees eplduie the T I IIRE
wrhideciueg i sofbvere, eiciting iy addresy space fereott ond s magre fohle vty formon, We
peerd 2 siataibid desetiption of the VAR ey archilecture, sinee the macking is now ohsalete,
lestead, we describe some o its imperant features as part of the 138D descripiion.

AASTY aviy s small cumbier of fanduraentzd das s reetune, e core wtoge descrihbes phvsi-
Al meneery, the mawe fadis deseribe virtoal My, ard the divk gy cdeseribe the SWE[ Qi
Mo are alse resoures maps o marags illocztion of eesources such s page 1dbles and swap space,
Fnally, some impartant inlamnazion i stored i (ke prac structure and o area of each process,

« 134.1 Physical Memory

Cesical mewrory can be vicwed g g linedr array ol byies ranging from 0 to v where # i3 the 1ol
Bieunl o imarory on the svsten, 1 s ingicaliy divided inso fages, wilh the page si2c dependant op
dz wackine archileetuze, This ety can be divided ines thres sectioas, as shivsn in Figuse 13413,
Athe low end is the sonpaged pool which conaing the kernel code il the portron of the kerne)
w1 that can be allocated either stalicalty ot boat fime. Since 4 kernel e Baolt cur Moet a proc-
es e lhe kerrel alan inceovenien potnt, most 1081% maplomentations raguite il kemel Jraes fo



