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Review: Multi-level Translotion
» WhiT OEI0T O THes a1 Tagies T
- Lowest lewel poge Toble=memory still allacoted with bitmap
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have any rmber of levels. Example (fop segment):

T3 iral Address
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v What must be soved/restored om comtext switch™

- Contents of fop-level segment registers {for this exomple)
- Fointer o fop-level foble (poge fobic)
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Review: Simgle-Level Tronslation
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Review: Two-level page toble
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EGoals for Today

* Finish discussion of both Address Trorslaotion omd
Protection
* Coching and TLEs
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Exomples of how T2 usz a FTE
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gives cogy of parent address space to child
eCted aer chid rreeted

I

= data 25 must carry ne mformohion (saoy be Zeroe
-Hth'E:I:Ei'ni:l lrmﬂunmgm?ﬂl-nd;ﬂg:j
ﬁmﬂumﬂpqummwm

s 5542 81 S 24 ler 27

Poge 2

What is in a PTE?

» What is in a Page Toble Entry (or P15)7

- Fointer fo next-level page table or fo ocheal poge
- Permission bits: valid, reod-onky, reod-write  write-caky

* Exomple: Imtel w86 orchitecture PTE:

- Address some Tormat previous slide (10, 20, 12-bit affset)

- Intermediofe tobles called “Direc tories"
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F: FPresent [zome as =salid™ bit in ather archifeciures)
W: ‘Writeoble
Vs User occessibie
FWT: Foge write tramsparent: external coche write-through
PCL: Poge coche disabled jpoge canmat be cached)
A:  Accessed: page hos beem acressed recemtly
B: Dirfy (PTE only): poge has beea medified recentiy
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How is the tronslotion accomplished?
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* What, esmctly hoppens inside MML?
* Ome possibility: Hordwore Tree Troversal

- Far @ach virfual oddress, tokes toble base poinfer
and troverses the poge fobke m
- Generates @ "Fage Fault” if' it encounters imalid PTE
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- Cans: II'II'H:I-:II:II-I Complex Rerdware

* Another pmﬂ:ili'rgﬂ Software

- Bzch traversaol done | sofhwars

- Fros: Very flexble
- Cans: Every fransirhon must imoke Foult!
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Daual-Made Operation

* Com Application medify its own translation tobles?
- IT it cowdd, coald get occess fo all of physicol memery
- Hos to be restricted somehow
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- “User” mode (Mormal program mede)

- Maode set with bifs in il coatred Eter
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How o get from Kernel—+User
v What does the kernel da to creote a new user
pracess?
- Allecote and inifialize oddress-spoce control bloeck
- Reod program ofT disk and store in memary
- Allecate and infhalize frenshction ekl
= Falat gt code 'n mEMArY SO OPOAFOM CEn EXEOITE
* Psthly mott of statically wetakzed deta
- Pun Pregram-
= 31 machme rea'sters
= 5¢1 herdware ue'wter 8 trasslaton Teble
= 3t orecessar stats ward far ws2r mode
* Jum s start of wraoren
* How does hermel switch between processes?
- Same savingsrestoring of registers o= before
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For Protection, Lack UserProgroms im Asylum

with no exit or sharp objects s
- Cannet change mode to kernel mods

- User coanet maciTy poge table mapping e N o
- Limited occess to memory= comnot e r-r? h
odversely affect other proresses .-d
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* A couple of issues
- Haw to shore CPU Eetween kermel and user pregroms™
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Usar—sKemel {System Call)
« Can'f ket inmate (user) get out of padded cell @n own

- Would defeat purpose af protection
- o, how daes the user pregram get back inte kernel®

S

'+ System call: Voluntary procedure coll imfo kermel
- Hardwere far confralled User—sEernel transitian
- Can ary kerrel routime be called?

E',p-rm; e mﬁ::[.-ﬁ rte system coll mstruction
* Fpdex forces well-defned wierfoor with kel
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