Chucng 7

= Ky thuat phan trang (paging)
= Ky thuat phan doan (segmentation)
= Segmentation with paging



Ky thuat phan trang (1/3)

= Ky thuat phan trang (paging) cho phép khéng gian dia
chi vat ly (physical address space) cua mot process c6
thé khéng lién tuc nhau.
= BO nhd thuc dugc chia thanh cac khdi cd dinh va co kich
thudc bang nhau goi la frame.
« Thong thudng kich thudc clia frame la Gy thtia clda 2, tt khoang
512 byte dén 16 MB.

s B6 nhd luan ly (logical memory) hay khéng gian dia chi
ludn ly 1a tap moi dia chi luan ly cua qua trinh.
_ Diachiluan ly c6 thé dudc qua trinh sinh ra bang cach dung
indexing, base register, segment register,..



Ky thuat phan trang (2/3)

= BO nhdé luan ly cling dudgc chia thanh cac khoi cé dinh ¢co
cung kich thudc goi la trang nhd (page).

« Frame va trang nhé c6 kich thudéc bang nhau.

= Hé diéu hanh phai thiét lap mot bang phén trang (page
table) dé anh xa dia chi luan Iy thanh dia chi thuc
- Mobi process dugc cadp phat modt bang phan trang
. Thiét lap bang phan trang cho process la mdt phan cla chuyén

ngli canh

» Ky thuat phan trang khién bd nhdé bi phan manh noi,

nhung khac phuc dugc phan manh ngoai.



Ky thuat phan trang (3/3)
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Chuyén déi dia chi trong paging

= Dija chi ludn ly gobm co:

« Page number, p, 1a chi muc (index) vao bang phan trang. Moi
muc (entry) trong bang phéan trang chiia chi s6 frame (con goi la
sO frame cho gon) chia trang tuong Ung trong b6 nhd thuc.

» Page offset, d, dugc két hgp vGi dia chi nén (base address) clia
frame dé dinh vi dia chi thuc.

= Néu kich thudc clia khong gian dia chi do 1a 2™ va kich
thudc clia trang la 2" (byte hay word tuy theo kién tric may)

page number page offset
P d
m — n bit n bit

(dinh vit 0 = 2m-n—1) (dinh vitl 0 + 27— 1)

Bang phan trang sé cé téng cdng 2m/2" = 2m-n muc



Paging hardware
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Chuyén ddi dia chi nhé trong paging

= Vidu:
< 16-bit logical address .
< 6-bit page # e 10-bit offset
0/0/0j0j0(2/0f2(1(2/0]2/2}2]2|0
k__——-\rr——'——_h T 4
0{000101
»1(000110
2(011001
Process
page table il il
——————
0 T T R (0 T Ol T [ Y R

16-bit physical address



Hién thuc bang phan trang (1)

= Bang phan trang dudgc gili trong bd nhdé chinh

Moi process dugc cap modt bang phan trang

Thanh ghi page-table base (PTBR) trd6 dén bang phan trang
Thanh ghi page-table length (PTLR) bi€u thi kich thudc clia bang
phan trang (c6 thé dugc dung trong co ché bédo vé bd nhd)



Hién thuc bang phan trang (2)

= MOi truy cap dii liéu/lénh can hai thao tac truy xuat ving
nhd

1. DUng page number p lam index dé truy xudt muc trong bang
phan trang nham lay s6 frame

2. Dung page offset d dé truy xuat dii liéu/lénh trong frame

» Do dé, thuéng dung mot cache phan cing cé toc do truy
xuat va tim kiém cao, goi la thanh ghi két hop
(associative register) hoac translation look-aside buffers
(TLBSs)



Associative register

= La thanh ghi ho trg tim ki€m truy xudt dif liéu véi téc do
cuc nhanh, con goi la TLB. S8 muc clia TLB

Page number | Frame number khoang 8 + 2048

TLB la cache cla
bang phan trang

Khi c6 chuyén ngii
canh, TLB bij x6a

Khi TLB day, thay
thé muc dung LRU

Anh xa page number

— Né&u page number nam trong TLB (“hit”, tring) = &y ngay dugc frame
number = ti€t kiém dugc viéc truy cap bd nhd dé 1ay frame number tu
bang phan trang.

— Ngudc lai (“miss”, trat), phai lay frame number tti bAng phan trang nhu
binh thudng.
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Paging hardware vaGi TLB
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Panh gia hiéu nang cua TLB (1/2)

Tinh thdi gian truy xuat hiéu dung (Effective access time, EAT)
= Thdgi gian tim kiém trong TLB: ¢
= Thdi gian mét chu ky truy xuat bd nha: x
s Hit ratio o tf sO gilia s6 lan page number dugc tim thay
(hit) trong TLB va s6 lan truy xuat kh&i nguon ti CPU
e 0<La<
= Tinh thdi gian can thiét dé truy xuat 6 nhd:
- Khi page number c6 trong TLB (“hit”) g+ X
- Khi page number khong c6 trong TLB (“miss”) &+ X + X

« Thoi gian truy xuat hiéu dung
EAT = (e + X)a + (¢ + 2Xx)(1 — a)
=(2—-—a)x+¢
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Panh gia hiéu nang cua TLB (2/2)

= Gia sU (don vi thdi gian: nano giay)
« Timtrong TLB =20
« Memory access = 100

s Vidu 1 m Vidu?2
« Hit ratio=0,8 « Hit ratio = 0,98
« EAT=(100 + 20) x 0,8 + « EAT =(100 + 20) x 0,98 +
(200 + 20) x 0,2 (200 + 20) x 0,02
=1,2x 100 + 20 =1,02 x 100 + 20

=140 =122
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N V4

Bao vé bd nhd

= Viéc bdo vé bd nhé dugc hién thuc bang cach gan vai
frame cac bit bao vé (protection bit) dugc gili trong bang
phan trang. C4c bit nay bi€u thj cac thudc tinh sau

. read-only, read-write, execute-only

= Ngoai ra, con c6 mot valid bit gan véi moi muc trong
bang phéan trang
- “valid”: cho biét la trang clia process, do do la mot trang hgp 6.

- “invalid”: cho biét la trang khéng clia process, do dé la mot trang
bat hop 1é.
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Bao vé bang valid bit

00000 frame  valid 0
number bit .
0 E 2 | pageO
1 13]v 3 | page 1
2 14 |v 4 | page 2
> > 3 |7|v > > 5
4 |8 |V 6
10468
12287 5 19 |v 7 | page 3
6 011 8 | page 4
7 1011 9 | page 5
=« M@bitrang nhé c6 kich thudc 2K = 2048 page n

= Process c6 kich thuéc 10.468 = phan manh ndi é frame 9 (chtia page
5), cac dia chi do > 12287 la cac dia chi invalid.

=« Dung PTLR dé ki€m tra truy xudt dén bang phan trang c6 nam trong
bang hay khong.



Bang phan trang 2 muc (1/5)

= Céac hé théng hién dai déu ho trg khéng gian dia chi do
rat I6n (232 dén 2%4), & day gia su la 232
« Gia sU kich thudc trang nhé la 4 KB (= 212)
= bang phan trang sé c6 232/212 =220 =1 M muc.
« Gia st méi muc gdbm 4 byte thi méi process can 4 MB cho bang
phan trang ®

= MOt giai phap la, thay vi dung mot bang phan trang duy
nhat cho moi process, “paging” bang phan trang nay, va
chi sinh nhiing bang phéan trang can thi€t — bang phan
frang 2 muc (two-level page table).
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Bang phan trang 2 muc (2/5)

Vidu
= Mot dia chi luan ly trén hé thong 32-bit véi trang nhé 4K dudc chia
thanh cac phan sau:
- Page number: 20 bit
» NEu mbi muc dai 4 byte
— Cé‘.rl 220 4 byte =4 MB 20 bit 12 bit
cho moi page table

- Page offset: 12 bit

page number offset

= Bay gig, bang phan trang ciing dugc chia nh6 nén page number
Cﬁng dudgc chia nhd thanh 2 phén, vd page offset
- 10-bit page number
» 10-bit page offset

Py P2 d
10 bit 10 bit 12 bit

= Vivay, mot dia chiluan ly sé nhu hinh vé bén
p,: chi sd clla muc trong bang phan trang muc 1 (outer-page table)
P, : chi s0 clla muc trong bdng phan trang muc 2



Bang phan trang 2 muc (3/5)

nl bit n2 bit

outer-page
table

- C6 2" muc trong bang phéan
trang muc 1

- Méi bang phan trang muc 2 chua
2"2 muc
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cac bang phan trang mtc 2

memory
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Bang phan trang 2 muc (4/5)

= SO d6 chuyén dbi dia chi (address-translation scheme)
cho ky thuat phan trang 2 mtc, véi 32-bit dia chi

logical address
Py | P, | d

.

P

Pg{

outer-page q
table {

page table muc 2




Bang phan trang 2 mutc (5/5)

= Bang phan trang 2 muc giup =
tiét kiém bd nhg: T

« Vlung mau doé tudng Uing véi T
phan chua dugc s dung clia
khong gian dia chi ao.

« Cac muc mau dé dudgc danh Unused
dau la khéng cé frame; khi can (not in mem)
thiét, OS sé tao thém bang
phan trang muc 2 mdi.

Stack

e Data

-1
1
— - = Text
1st level 2nd level Virtual Addresses
page table page tables

Fig from Gottlieb
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Bang phan trang da muc

= Vidu: Khong gian dia chi luan ly 64-bit véi trang nhé 4K
. Béang phan trang 2-muc van con qua I6n! Tuong tud bang phan trang 2
muc, ta cé bang phan trang 3, 4,.., n mtc

page number | page offset page numbers , page offset

=

52 12 42 10 12

&~

page numbers , page offset page numbers , page offset

=)

32 10 10 12 & 22 10 10 10 12

= Tiét kiém ché trong bd nhd chinh bang céach chi sinh cac bang phan
trang ma process can.
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Bang phan trang bam (1/2)

= DUng ky thuat bam dé gidm khéng gian bang phan trang
- Pho bién trong céac hé théng cé dia chi 16n hon 32 bit.

= D& giai quyét dung do, mdi muc clia bang bam dugc
gan mot danh sach lién két. Moi phan tli clia danh sach
la m6t cap (chi so trang, chi s6 frame).

. Chi s6 trang dugc bi€n déi qua ham bam thanh mot hashed
value. Cap (chi so trang, chi s6 frame) sé dugc luu vao danh
sach lién két tai muc c6 chi sé la hashed value.
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Bang phan trang bam (2/2)

= Giai thuat tim trang: Chi sé trang dudc bién déi thanh hashed
value. Hashed value la chi s6 clla muc can truy cap trong bang bam.
Sau dd, tim trong danh sach lién k&t phan ti chiia chi sé trang dé
trich ra dugc chi s6 frame tuong Ung.

logical address |

physical

P

d

hash table

1 address

d

SR

—-Iq|5|'T|_TIp|r|

N

physical
memory
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Chia sé cac trang nhé

Process 1 0
ed 1 ol 3 1 data 1
ed 2 1| 4 2
od 3 2| 6 Process 2 8
1
data 1 : ed ! 013 ’ =
ed 2 1|4 S
ed 3 216 °
ed 1 S| 7 !
0| 3 data 2
, 9
. 3 10
Process 3 BO nhd thuc
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Phan doan (1/3)

= DUGi géc nhin clia user, mot chudng trinh cdu thanh tu
nhiéu don vi luan ly goi la doan (segment)
« Mmain program, procedure, function

- local variables, global variables, common block, stack, symbol
table, arrays,..
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User view cia mdt chuong trinh

= Théng thudng, mét chuong
trinh dudc bién dich. Trinh
bién dich sé ty dong xay
duyng cac segment.
= Vidu, trinh bién dich Pascal
sé tao ra cac segment
« Global variables
« Procedure call stack
« Procedure/function code
« Local variable

= Trinh loader sé gan moi
segment mot sd dinh
danh riéng.

procedure

function
sqrt

main program
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Phan doan (2/3)

« Ky thuat phdan doan (segmentation) quan ly bé nhé cé
hé trg user view

« Khéng gian dia chi §o 1a moét tdp cac doan, moi doan cé tén va
kich thuGc riéng.

» Mot dia chi luan ly dugc dinh vi bang tén doan va do dgi (offset)
bén trong doan do (so sanh vaGi phan trang!)

. Cho phép khéng gian dia chi vat ly cdp cho process c6 thé
knong lién tuc nhau.
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Phan doan (3/3)

logical address space physical memory space

segment 1

segment 2

segment 3 segment 4
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Hién thuc phan doan

= Dia chi ludn ly la mot cap
(segment number, offset)

« Bdng phan doan (segment table): gém nhiéu muc, moi

muc chua

« limit, xac dinh kich thudéc ciia segment

- base, chiia dia chi khéi dau clia segment trong bd nhé
s Segment-table base register (STBR): trd dén vi tri bang

phan doan trong bd nhd
= Segment-table length register (STLR): s0 lugng segment

cua chuong trinh

= Mot chi s6 segment s la hgp 1é néu s < STLR
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M6t vi du vé phan doan

stack 1400
orocedure procedure
segment 3 limit | base 2400
segment O symbol U [ 200 [ 2t 3200
table 1| 400 | 6300 stack
_ 2 | 400 | 4300
function segment 4 4300
sqrt 3 | 1100 | 3200 main
main program
4 |1 1000 | 4700 4700
segment 1 segment symbol table
segment 2 table
5700
6300 function sqrt

logical address space

physical memory space
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Phan cléing ho trg phan doan

r

segment
> S table

limit | base

CPU (— s

| /
yes @ | physical
< > memory
nol

trap; addressing error
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Chuyén doi dia chi trong ky thuat phan doan

16-bit logical addres
P it logical address .
4-bit segment # 12-bit offset
« > »

0 L S Sl L O A
—

Length Base
0 |001011101110|0000010000000000 b4
— 1 (011110011110/{0010000000100000 I'-@

Process segment table

0/j0]1/0|0|0f1(1|/0|0O]0]1|0|0]|O

v O/

16-bit physical address
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Chia sé cac doan

- e o o e = ———

- mm mm mm o e e

_______________________

editor

data 1

segment O

R —

segment 1

_________________

logical address space

process P,
editor
data 2
segment O segment 1

D i —

—— e e o o o = = = -

logical address space

process P,

s e s s e e e s e

LS o ) e e e e e

limit base
25286 | 43062
4425 68348

segment table

process P,
limit base
25286 | 43062
8850 90003

segment table
process P,

43062

68348
12773

90003

98853

physical memory

editor

data 1

data 2




Két hgp phan trang va phan doan (1/2)

= K&t hgp phan trang va phan doan nham tan dung cac uu
diém va han ché& céac khuyé&t diém clia ching:
- V&n dé cha phan doan: mot doan c6 thé khédng nap dugc vao bd
nhé do phan manh ngoai, mac du di khong gian trong.

. Y tudng giai quyét: paging doan, cho phép céac page cla doan
dudc nap vao cac frame khdng can nam lién tuc nhau.
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Két hgp phan trang va phan doan (2/2)

= CO nhiéu cach két hgp. Mot cach don gian la
segmentation with paging

Moi process sé dugc cap:
« Mot bang phan doan
- Nhiéu bang phan trang: méi doan c6 mot bang phan trang

Mot dia chi ludn ly (dia chi 4o) bao gom:
« segment number: 1a chi s6 cla m6t muc trong bang phan doan,

muc nay chtia dia chi nén (base address) clia bang phan trang
cho doan do

- page number:la chi sé6 cia mét muc trong bang phan trang, muc
nay chia chi s6 frame trong bd nhé thuc

» Offset: d6 dGi cua vi tri nhé trong frame nai trén.
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Segmentation with paging (1/3)

Segment Table
STE O

STE 1

STE 2

STE 3

STE 4

Page table for seg O

164

Page table for seg 4

\

PTE 2 frame #=1

seg# page# offset

Page 2 of
Segment 4

Page O of
Segment O

frame O

frame 1

frame 2

frame 3

frame 4

frame 5

frame 6
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Segmentation with paging (2/3)

| | |
| | |
Virtual Address : : i :
Seg # | Page # | Offset | 3 I Frame # Offset I
| [ [ T [
I | 1 \/\
i i |
| | |
I |Seg Table Ptr | 1
I . I I
1 Segment 1 Page I
I Table I T}]hle I
| | | I
1 I I Offset Page
I S# 1 | Frame
l_.. |
| | |
| | 1
| | |
| | |
| | |
| | | \./\
| | 1
Program I Segmentation ! Paging I Main Memory
| | |
| | |
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Segmentation with paging (3/3)

Virtual Address
Segment Number Page Number Offset
Segment Table Entry
(Other Control Bits Length Segment Base
Page Table Entry

P=present bit

IP‘Lﬂ-uumr l’_‘uanIHiu-;‘ Frame Number I M = Modified bit

= Segment base: dia chi thuc ctia bang phan trang
= present (hay valid) bit va modified bit chi ton tai trong bang phan
trang
= Cac thong tin bao vé va chia sé vung nhdé thudng nam trong bang
phan doan
« Vidu: read-only/read-write bit,..
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