T ranslation bu�ers

T o translate a virtual address in to a ph ysical address, w e need to

lo ok up a page table.

A translation for one memory address requires another memory ref-

erence. Without sp ecial hardw are, there is a slo wdo wn factor of 2 at

the v ery least.

Hence the need for \cac hing" the page tables: this is done via ded-

icated \cac hes" called tr anslation bu�ers (sometimes called tr ans-

lation lo okaside bu�ers or TLB’s)

T ranslation bu�er Organizations

TLB’s are organized as cac hes.

An en try in the TLB has a tag (similar to a cac he tag but of course

not necessarily of the same length) and information (data) whic h is

the con ten ts of a page table en try (PTE) (instead of the \real" data

found in a cac he en try).

TLB’s are small { from 8 to 128 en tries, can b e fullly-asso ciativ e (for

small TLB’s) or direct-mapp ed. There can b e uni�ed, or w e can ha v e

ITLB’s and D-TLB’s, or user TLB’s and system TLB’s.

virtual address offset page number index tag frame number prot dv

Memory access (global picture)

This picture assumes that the page b eing referenced is in main mem-

ory , i.e., no page fault

CPU virtual address

TB physical address cache main memory

hit

TB miss

Reload TB

(hardware or software)

cache hit cache miss

3

T ranslation from virtual to ph ysical address

On h memory reference, the are hes the TLB for the

translation.

On a TLB hit, the ysical address is passed to the he

On a TLB miss, either the are or the are (this dep ends

on tations) hes the page table of the pro cess. If the

PTE is v alid, its ts are loaded in the TLB and the address

translation resumes.

Note that in the case of a are tation, the TLB miss

resolution is fast - of the order of 10’s of instructions.

In either case, there is no need for a h.

4

TLB Managemen t

TLB’s are organized as hes.

If small, they are often e (but not the usual case to-

y).

The t trend is for ving o TLB’s, one for Instructions and

one for Data.

TLB’s are k. The only things that can hange are the y

bit and y other information that t b e needed for the page

t algorithm (see CSE451).

What happ ens at h? Virtual page translations are no

longer v alid for the new task. o p ossible actions:

� Flush the TLB when ving from one program to another

� App end a Pro cess Id b er (PID) to the virtual address. t

h, the O.S. loads a sp ecial register with the PID of

the program to execute

5

MIPS TLB managemen t

The size and organization of the TLB w y tries, what is in

an try etc.) is de�ned y the are tation.

The O.S. is resp onsible for:

� w page tables are organized

� the loading of tries in the TLB

� on a TLB miss, e e a tr ap and the are es er (but

no h)

6

MIPS TLB

MIPS R3000 has a try fully asso ciativ e TLB

t is \random"

8 tries are \safe", i.e., not replaced, and used y the O.S.

virtual page number PID physical frame number N D V G N don’t cache this page

D dirty bit

V valid bit

G global (no PID matching)

20 6 6 20 4 8

7

P aging systems: hardw are-soft w ar e in teraction

age tables are built y the O.S.. The �rst lo cation of the page table

is found in a sp ecial register that is part of the state of the pro cess.

In a paging system, only part of the co de/data is in main memory

at a en time. Some virtual page t b e discarded (or written

k to disk) and reloaded in a t ysical frame (r elo c ation)

The O.S. tains the data structures necessary to read/write pages

from disk (can b e b edded in page table or b e a t data

structure)

When a program attempts to access a lo cation that is not in main

memory

, e e a p age fault

8

P age fault detection (simpli�ed...)

A page fault is an exc eption.

It will b e detected y the are v alid bit in PTE either in TLB

or in page table)

T o e a page fault es 100,000’s of cycles (disk I/O). The

program where the page fault o ccurs ust b e terrupted text-

h)

A page fault o ccurs in the middle of an instruction. In order to

restart the program later on, the program state ust b e ed and

instructions ust b e restartable.

The state consists of all registers, including the PC and sp ecial regis-

ters h as the one indicating the starting lo cation of the page table

of the program.

T o handle the exception, trol is passed y are) to the p age

fault hand ler, a pro cess in the O.S..

9

P age fault handler (sc hematic)

In general the page fault handler will:

1. Grab a ysical frame from a free list (it’s the role of the O.S. to

b e sure that there is ys a few free frames)

2. Find out where the faulting page resides on disk

3. Initiate a read from disk of the faulting page to the selected frame

4. Cho ose a frame to free (if necessary).

5. If the frame is y

, initiate a write k to disk

6. h, i.e., h the pro cessor to another program

When the faulting page has b een read from disk (a few milliseconds

later), mo dify the PTE try to e it b ecome v alid. This will imply

an interrupt (another form of exception) and a h to the

O.S. .

The faulting program is w ready to run again.

10

Arc hitectural asp ects of paging systems

(as a con trast with cac he organization)

Timing asp ects

� A page fault es milliseconds (100,000’s of cycles).

� A TLB miss es 100’s of cycles

� A he miss es from 5 to 50 cycles.

Who do es what?

� On a page fault, are (O.S.) es er and there is a text

h

� On a TLB miss either are or are es er. There is

no h

� On a he miss, erything is ed y are

Mapping

� In a paging system the mapping is e. It is sup-

p orted y are (TLB) and are (page tables)

� Mapping in TLB’s can b e fully-asso ciate but t trend is

ards set-asso ciate

� hes are direct-mapp ed or set asso ciativ e

11 age/blo k sizes

� age sizes are from 4K to 16K ytes

{ Large page sizes amortize disk I/O time, reduce the b er of

tries in page tables (less tation) and e TLB

e�ciency

{ Small page sizes increase lo y

, supp ort �ner-grain protec-

tion, e er disk transfer latency

� TLB tries map one or o e PTE’s, from 8 to 16

ytes.

� he blo k sizes range from 8 to 128 ytes

W rite p olicy

� ages are ys k".

� TLB tries are ys k"

� hes can e write-through or k p olicies

t algorithm

� Imp t for paging systems (in general some ximation to

tly-Used)

� Not imp t in hes and TLB’s.

12

Some optimizations

Sp eed-up the most common case (TLB hit + he hit)

� Do TLB lo ok-up and he lo ok-up in parallel

{ e index b e indep ende t of whether e e a ysical or

virtual address ) he y = page size x asso ciatiy

� e he indexed y virtual address but with ysical tags

� e he indexed y virtual addresses with virtual tags

The last o solutions e (solv able) problems b ecause of the pres-

ence of synonyms o t virtual addresses mapping to the

same ysical address)

13