B?.. 7.Virtual Memory

0 Co ché phan trang va phan doan
o Cd ché& bd nhé ao
o Cac chién lugec quan ly
— Fetch Policy
— Placement policy
— Page replacement policy
o Cap phat frame cho process
a Thrashing
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*3 CG ché phan trang (paging)

o Co ché phan trang cho phép khdng gian dia chi thuc (physical
address space) clla mot process c6 thé khéng lién tuc nhau.

o B6 nhd thuc dugc chia thanh céac khéi kich thudc ¢é dinh bang nhau
goi la frame.

— Thong thudng kich thudc clia frame la Iy thita cla 2, ti khoang 512
byte d&n 16MB

0 B6& nhé luan ly (logical memory) cling dugc chia thanh khéi cling
kich thudc goi la trang nhé (page).

o Hé diéu hanh phai thiét lap mot bang phan trang (page table) dé
anh xa dia chi 4o, luan ly thanh dia chi thuc (address translation
scheme)

— Mai process c6 mot bang phan trang dugc quan ly bdng mét con trd Iuu
gili trong PCB. Céng viéc nap bang phan trang vao hé théng (do CPU
dispatcher thuc hién) 1a mét phan clia chuyén ngii canh

o Cd’ché' phan trang khi€n bd nhd bi phan manh noi, tuy nhién lai
khac phuc dugc phan manh ngoai.
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3 Co c phan trang (t.t)

IM'. g,

0 0 0 0 7 0o 4 13
1 1 1 1 8 1[5 e
202 2 ] 2109 21 6 | Free frame
il 3 Process B 3|10 ) i }:1! ] list
Process A page table Process C
page table page table Process D
page table
frame
number
page 0 e 0
>0 | 1le
1 page 0
page 1 1
2
page 2 2
age 2
page 3 3| 5 3 pag
4 page 1
logical memory page table
5 page 3

physical memory
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*% M hinh chuyén d8i dia chi

o Dia chi nhé do CPU tao ra (logical address) gom cé:

— Page number (p) — dugc dung lam chi muc do tim trong bang
phan trang. Mdi muc trong bang phan trang chua dia chi cd s&
(hay chi s6 frame) clia trang tuong Ging trong bé nhd thuc.

— Page offset (d) — dudc két hgp véi dia chi cd sG (base address)
dé dinh vi moét dia chi thuc.
o Né&u kich thudc clia khéng gian dia chi do la 2™, kich
thudc cua trang la 2"

page number page offset

p d

m-n bits n bits
(dinh vi td 0 = 2mn-1) (dinh vi td 0 + 2-1)

Do d6, bang phan trang sé& c6 téng cong 2m/2" = 2m 1 myc
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-ls?.. Paging Hardware

physical f {
logical address
address l f000...0000
CPU —»Eﬁ [ ] ]
f111...1111
p
> f
’ : physical
Néu kich thudc cua khdng memory
gian nhé thuc la 2/ bytes, page table

thi m&i muc clia bang phan
trang co I-n bits

frame number | frame offset
| f (-nbits) | d(nbits) |
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#% Chuyén ddi bd nhé véi paging

16-bit logical address

-
-

_ 6-bit page # 10-bit offset

L |

[o[ofofo[o[1]0[1[1[1]0[1][1[1]1]0]
-
|

.
L

000101
000110
011001

Process
page table

M= O

L 4
—_——~ e — A

[o]ofo[1[1]ofo[1]1]1[0]1]1[1[1]O]

- Ll

16-bit physical address
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3 Hién thuc bang phan trang

o Bang phan trang dugc luu gili trong bé nhd chinh (kernel
memory)
— M®i process c6 mot bang phan trang
— Thanh ghi page-table base (PTBR) trd dén bang phan trang
— Thanh ghi page-table length (PTLR) biéu thi kich thudc clia bang
phan trang (va dung dé bao vé bd nhd)
o Maéi tac vu truy cap di liéu/lénh can hai thao tac truy
xuat ving nhé
— M6t thao tac truy xuat bang phan trang (page number: p) va mét
thao tac truy xuat di liéu/Iénh (page offset: d — displacement)
— Thudng dung mot bd phan cache phan cling ¢ téc do truy xuat
va tim ki€ém cao, goi la thanh ghi két hgp (associative register)
hoac translation look-aside buffers (TLBs)
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3 Associative Register (hardware)

o Thanh ghi k&t hgp (associative register): hé trg tim kiém
truy xuat dii liéu déong thgi vai toc do cuc nhanh.

S6 muc cla TLB
Page # Frame # khoang 8 + 2048

TLB la “cache” clia
bang phan trang

Khi cé chuyén ngii
canh, TLB bj x6a

Khi TLB bi day,
thay thé béng LRU

Anh xa dia chi do (A’, A”)
—Né&u A’ ndm trong TLB (HIT) = |&y ngay dudc chi s8 frame = tiét
kiém dudc ~ 10% thgi gian tim ki€m.

—Ngudgc lai (MISS), phai tim chi sé frame ti bang phan trang nhu
binh thudng.
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D Paging Hardware véi TLB

logical
address
CPU —>| p | d |
_ | page frame
number number
E TLB hit
physical
E y __address physical
memory
B Y~ _
~
~
~
p{
TLB miss
> f
page table
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:. Effective Access Time (EAT)

o Thdi gian tim kiém (associative lookup): £ (don vi)

0 Thdai gian mot chu ky truy xuat bd nhd: x (don vi)

O Hit Ratio — ti 1& phan tram thdi gian mot chi sé trang
dudc tim thay (HIT) trong TLB; ti 1& v3i s6 thanh ghi két
hgp cua TLB.

— Ki hiéu hit ratio = o

0 Thdi gian lay dudc trang
— Khitrang cé trong TLB (HIT) €+ X
— Khi trang khéng c6 trong TLB (MISS) ¢+ 2x

o Thdi gian truy xudt hiéu dung - Effective Access Time
(EAT)

EAT = (x+g)a+ (2x+¢)(1 — a)
=(2-a) * x+¢
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,.BE__ Effective Access Time (1.1)

a Vidu 1
— Associate lookup = 20
— Memory access = 100
— Hitratio=0.8
— EAT =(100 +20) * 0.8 +

(200 + 20) * 0.2
=1.27100 + 20

=140

40% slow in memory
access time

a Vidu 2
— Associate lookup = 20
— Memory access = 100
— Hit ratio = 0.98
— EAT =(100 + 20) * 0.98 +

(200 + 20) * 0.02
=1.02 100 + 20

=122

22% slow in memory
access time

Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.11-

N L, .. ]
#e Bao vé bO nhé

o Viéc bao vé bd nhé dugc hién thuc bang cach gén vai
frame cdc bit b&o vé (protection bits). Céc bit nay biéu

thi cac thudc tinh sau

— read-only, read-write, execute-only

o Ngoai ra, con c6 mét valid/invalid bit g&dn v8i méi muc

trong bang phan trang

— “valid”: cho biét la trang bd nhé tuong ting ndm trong khéng gian
nhé dia chi &o cla process, do dé la mot trang hgp 1é.

— “invalid”: cho biét Ia trang bd nhd tuang Ging khéng nam trong
khéng gian nhé dia chi o cla process, do d6 la mot trang bat

hop lé.
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¢ B0 vé bang Valid/Invalid bit

00000 —_— frame number valid-invalid bit 0
1
YRS 012|v 2 | page 0
page 2 13|V 3 | page 1
page 3 2ay 4 | page2 |
> > 3 |7|v = > s
page 4 ]
10468— s 418V 6
12287 —» page 5 9]V 7 | page3
page 6 6 01l i 8 | page 4
page 7 7 |01 9 | pages |
% Mbi trang nhé c6 kich thude 2K = 2048 pagen
& Process c6 kich thudc 10,468 = phan manh néi & page 5
= cac dia chi > 12287 la céac dia chi invalid.
% Dung PTLR dé kiém tra kich thugc bang phan trang
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:. Hierarchical Page Table

o Céac hé théng hién dai déu ho trg khéng gian dia chi o
rat Ign (232 dén 264).
— Kich thudc trang nhé la 4KB (= 2'2) = bang phan trang sé cé ~
282/212 = 220 = {MB.
— Gi& st mbi phan t 1a mét con trd 32 bit thi mbi process cén
4MB cho bang phan trang ®
o Mot gidi phap dugc dat ra la chia thanh nhiéu bang phan
trang quan ly cac vung khong gian bd nhé o khac
nhau — bang da muic (multilevel paging table).
o Cd ché tao bang phan trang 2-muc (two-level page
table), hay con dugc goi la forward-mapped page table
trong hé thong Intel Pentium®-1I
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,.B?__ M6 hinh bang 2-muc (two-level)

o

| g
w1
/ > 100
\><
~~" 00} fom
= B
- 708
outer-page h\“"" 929

table - \ 202
200 /><
page of 929

page table

page table

mermory
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*3 Phan trang 2-muc

0 Mot dia chi luan ly (trén hé thdng 32-bit véi trang nhé 4K)
dudc chia thanh cac phan sau:
— Page number: 20 bit
= N&u méi muc 4 byte
= 220 * 4 pyte = 4 MB
— Page offset: 12 bit
o Bang phan trang ciling bi chia nhé nén page number
cling dudc chia nho thanh 2 phan:

page # offset
| 20bit [ 12bit |

— 10-bit page number page number page offset
— 10-bit page offset [ | o | o |
10 bit 10 bit 12 bit

o Vivay,mét dia luan ly sé nhu hinh vé bén
— p,: chi muc cla bang ngoai (outer page table)-muic 1
— p, : do doi (displacement) & trong trang muc 2 (xac dinh bdi *p,)
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*% S d6 anh xa dia chi

o So do anh xa dia chi (address-translation scheme) cho
ki€n truc bang phan trang 2 muc, 32-bit dia chi

logical address

P [ e[ o]

Memory Address: A

A
p?{
outer-page d 3
table
page of
page table
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% Phan trang da muc (multilevel)

o Khong gian dia chi luan ly 64-bit vgi trang nhé 4K
— Trong sa dé phan trang 2-muc, sé muc cla bang phan trang =
252 (264/212 = 252) = qua I6n. Thuc hién tuong ty mé hinh 2 muc,
phan chia thanh bang 3, 4,..., n-mtc

page number | page offset page number | page offset
| 52 12 | = 42 [ 10 12
&=
page number | page offset page number | page offset
| 32 Jiw00 2 | =) | 22 |10]10 |10 2 |

— Hé théng SPARC 32-bit hé trg ¢o ché 3-miic con céc hé thdng
Motorolla 68030 32 bit hé trg co ché 4-muc. Hé thong 64bit
UltraSPARC thi diing bang phan trang 7-muc

— Hiéu sudt cGia hé théng phan trang da muc ?
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#% Bang bam (hashed page table)

o Dung y tudng clia bang bam dé gidm bt khong gian
bang phan trang, tdng toc dé tim ki€m trang.

— R4t phé bién trong cac hé théng I16n hon 32 bit dia chi.

o Dé gidi quyét dung do, mbi phan ti clia bang phan trang
quan ly mot danh séach lién két. Moi phan ti danh sach
chtia chi s6 trang 4o va chi sé frame tuong ung.

— Chi s6 trang &o (virtual page number) dugc bién d6i qua ham
bam thanh mot hashed value. Cac théng tin nhu chi sé trang &o
va chi s6 frame sé& dudc luu vao danh sach lién két tai vi tri Ging
v3i hashed value.

o Giai thuat do tim trang:

— Chi s6 trang &o dugc bién ddi thanh hashed value (v&i cung ham
b&m nhu trén). Hashed value dugc dung dé tim ra phan t tuong
Uing trong bang phan trang. Sau dé, do tim trong danh sach lién
k&t véi chi s6 trang 4o dé trich rut ra dugc frame tuong Ging.
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'“?-. Hashed Page Tables

physical
logical address address
[ p [ d] _r]d]

physical
_'lqlsllTI-TlplrlilT"' memory

hash table

o Cac hé théng 64-bit dia chi thudng dung clustered page table, i.e.
m&i muc trong hash table tham chi€u dén nhiéu trang (~ 16 trang)
thay vi 1 trang.

Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.20-
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N . 2 p
“e Chia se cac trang nhd

Process 1 0
ed1 ol 3 1 data 1
ed 2 11| 4 2
ed 3 216 Process 2 3 ed 1
1 N
o 3 ed1l ol 3 4 ed 2
ed 2 1|4 5
ed 3 216 6 ed 3
ed 1 3 Bt 7
0 data2
8
ed 2 1
9
ed 2 2
3 10
Process 3
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¢3 Phan doan (segmentation)

o Nhin lai co ché phan trang
— user-view (khong gian dia chi ao) tach biét véi khéng gian bo
nhd thuc. Ca ché phan trang thuc hién phép anh xa user-view
vao bd nhé thuc.
o Trong thuc té€, dudi géc nhin clia user, mot chuadng trinh
cau thanh ti nhiéu phan doan (segment). Moi phan
doan la mot don vi luan ly, vi du nhu:

— main program, procedure, function, local variables, global
variables, common block, stack, symbol table, arrays

o Cd ché& phan doan l1a mé hinh quan ly bd nhé hd trg
user-view
— Khéng gian dia chi 4o |a mét tap cac phan doan (segment), mbi
phan doan c6 tén va kich thudc riéng.
— Mét dia chi luan ly dugc dinh vi bang tén phan doan va do doi
(offset) bén trong phé&n doan do (so sanh véi phan trang ?77?)

Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.22-
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-ls?.. User-view cua moét chuong trinh

a Théng thudng, mot chuang trinh
dugc bién dich. Trinh bién dich
sé ty déng xay dung cac
segment.

o Viduy, trinh bién dich Pascal sé
tao ra cac segment sau:

— Global variables

— Procedure call stack

— Procedure/function code
— Local variable

o Trinh loader s& gan moi
segment mot s6 dinh danh
riéng.

main program

Logical address space

Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.23-
EE N N n’ ~
#*s MO hinh cd ché phan doan
user space physical memory space

1
4
3
2
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N 2 , ” n A
#s TO chuc cua cd ché phan doan

o Dia chiluan ly la mét cap gia tri
<segment-number, offset>
o Bang phan doan (segment table)
— base — chua dia chi kh&i dau clia phan doan trong bd nhé
— limit — xac dinh kich thudc clia phan doan
o Segment-table base register (STBR): trd dén vi tri bang
phéan doan trong b6 nhd
o Segment-table length register (STLR): s6 segment cla
chuong trinh
= M6t chi s6 segment s la hgp 1é néu s < STLR
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. A 7 N n n
#>s MOt vi du vé co ché phan doan

1400
segment O
2400
limit | base
0 | 1000 | 1400 3200
- - 11 400 | 6300 segment 3
function 2 | 400 | 4300 4300 —
sqrt 3| 1100 | 3200 s
4 | 1000 | 4700 4700 i
segment
segment 1 tgble segment 4
segment 2 5700
6300
. segment 1
Logical address space 67001 59
physical memory space
Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.26-
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¢=3 Phan cing hd trg phan doan

segment
table

limit | base

CPU

—>S
—>| s | d
< yes physical
memory

no

v

trap; addressing error
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*% Chuyén déi b nhd phan doan

16-bit logical address

o

4-bit segment # 12-bit offset

Iy
L Lt

[o]ofo[1]o]o]1]0[1[1][1]1]0]0]0]0O

—y—t

Length Base l

0{001011101110]0000010000000000
1(011110011110[0010000000100000——M

Process segment table

P
L

P

[0]o]1[o]o]o[1]2[0[0]o[1[0]0[0][0]

o
|

»

16-bit physical address

Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.28-
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B -, N
“s Chia se cac phan doan

’

! limit | base
25286 | 43062 43062

i 4425 | 68348

E\ segment table

N process P,

Logical address space 68348
process P, 72773

limit base

25286 | 43062

8850 | 90003

segment table
process P,

Logical address space
process P,

editor

data 1

physical memory
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-X.29-

¢3 Nhin lai paging va segmentation

o Céc tham chi€u dén bd nhé dugc chuyén ddi dong

thanh dia chi thuc Iuc process dang thuc thi

o M6t process c6 thé dugc chi thanh cac phan nhé (page
hay segment); cac phan nay dugc nap vao cac vi tri

khéng lién tuc trong bé nhé chinh

o Nhan xét quan trong: khéng phai tt cac cac phan cla
mot processs can thiét phai dugc nap vao bd nhaé chinh

tai cung mot thdi diém
a Vidu
Poan ma diéu khién cac 16i hiém khi xay ra

nhiéu hon yéu cau can thiét

— M6t s6 tinh nang it khi dugc dung cia mét chuang trinh
Ngay c& khi toan bd chuong trinh déu can dung thi .. cé thé

khong can dung toan bd cung mét luc

Cac arrays, list, tables dugc clp phat bo nhé (cap phat tinh)

Khoa Cong Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM

-X.30-
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¢*% Qua trinh thuc thi clia process

o OS nap mét s6 phan clia chuong trinh vao bd nhé

o MGi bang phan trang/doan c6 thém mot present bit cho
bi€t phan tucng Ging c6 nam trong bd nhaé chinh hay
khong.

o Khi cé6 mot tham chi€u nam trong phan khdéng cé trong
bd nha chinh (present bit = 0) thi mot ngét dudc kich
hoat goi la memory fault

o Process chuyén vé trang thai Blocking

o OS phat ra mdt yéu cau doc dia dé nap phan dugc
tham chi€u vao bd nhé chinh va trong khi do, mot
process khac dugc chi€ém quyén thuc thi

o Sau khi I/0 hoan tat, modt ngat dudgc kich hoat, bao cho
OS chuyén process tuong ting vé trang thai Ready

Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.31-

. . A 2 n s, 2
s>y Uu diém clia bd nhé ao

0 S6 lugng process trong bd nhé nhiéu han

o Mot process c6 thé thuc thi ngay ca khi kich thuéc cla
no I6n hon bd nhd thuc

0 Bd nhé tham chi€u bdi mot dia chi luan ly dudc goi la
bd nhé &o (virtual memory)

— Bao gém bd nhd thuc + mot phan bd nhd tha cdp (dia clng,...)

— Nh&m dat hiéu qué cao, cac dich vu file system thudng dugc bd
qua; doc/ghi dia truc ti€p véi cac khoi dii liéu I6n hon so véi
khéi clia hé théng file.

— Théng thudng phan bd nhé 530 dudgc luu trii 8 mét vung dac
biét goi la khdng gian trao dbi (swap space). Vi du file system
swap trong Unix/Linux, file pagefile.sys trong Windows2K

o Viéc chuyén ddi tu dia chi luan ly thanh dia chi thuc dugc thyc hién
vGi su ho trg clia phan cling (memory management hardware)

Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.32-
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. N ~n o 7. n 7, 2
#*s YEéu cau doi vGi bo nhé ao

o Phan cliing memory management phai hd trg paging

va/hoac segmentation

o OS phai quan ly sy di chuyén cla trang/doan giiia bd

nhé chinh va bd nhd thi cap

o Trong pham vi chugng nay, ching ta thao luan vé sy ho
trg cdp phan cling trudc, sau do la cac giai thuat clia hé

diéu hanh

0 Su hd trg clla phan cung déi vSi phan trang va phan
doan da dugc khao sat & chuong 9. Chi c6 mot diém
khac biét la moi muc (entry) cia bang phan trang/doan

c6 thém cac bit trang thai dac biét

— Present bit= 1= hgp |1&é va in-memory; = 0 = not-in-memory

hoéc khéng hgp 1é

— Modified bit. trang/doan cé thay déi ké ti khi dudc nap vao hay

khéng
Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.33-
e Diéu khién page fault
If"a"\.l page is on
. backing store )
\\H__h____ __/
operating
system —
I;.2 )
refeﬂr_epce I;a-p
| (1)
load M ‘ [i
O)
restart page table
instruction
free frame —_— N B4
(5) (4)
reset page bring in
table missing page
physical
memaory
Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.34-
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¢35 K&t hop trang va doan

o Nh&m k&t hgp céc uu diém déng thdi han ché cac khuyét diém cla
hai mé hinh phan trang va phan doan
o Co rat nhiéu mo hinh két hgp. Sau day 1a mét mé hinh don gian

o Maéi process sé co:
— Mot bang phan doan
— Nhiéu bang phan trang: méi phan doan c6é mét bang phan trang

o Mbét dia chi luan ly (dia chi &o) bao gém:
— segment number. 1a chi myc ctia mot phan ti trong bang phan doan,
phan tli nay chiia dia chi cd s& (base address) clia bang phan trang
trong phan doan doé

— page number: 1a chi muc trong bang phan trang, dung dé tinh ra chi s
frame trong bé nhd thuc tuong Ung

— offset. diing dé dinh vi mét vi tri nhé trong frame néi trén.

Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.35-

Virtual Address

1 1
1 1
1 1
1 1
[ Sex | Page #] Ot | -
1 1 1
1 1 1 Wi
1 1 1
1 1 1
1 1 1
1 3 1 1
1 Segment 1 1
1 Table 1 1
1 1 1
' . . ()ffsctI Page
1 1 1 Frame
1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1 W
1 1 1
Program 1 Segmentation ! Paging ! Main Memory
1 1 1
1 1 1
Khoa Cong Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.36-
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4= M hinh k&t hgp don gidn

Virtual Address

Segment Number Page Number Offset

Segment Table Entry

Other Control Bits Length Segment Base

Page Table Entry

= - - = — P= present bit
I L&)lhu Control Bils rame Number I M = Modified bit

o Segment Base: dia chi thyc clia bang phan trang

0 Present bit va modified bits chi ton tai trong bang phan
trang

0 Cac thong tin bao vé va chia sé vung nhé thudng nam
trong bang phan doan
— Vidu: read-only/read-write bit, ...
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% C4c giai thuat cua OS

o OS cung cép céac thu vién quan ly bé nhé ao.

o Cac chuong trinh quan ly bd nhé 4o clia OS phu thubc
vao sy hé trg clia phan cling trong viéc phan trang,
phan doan hoac két hgp ca hai.

o Rat it hé théng st dung cG ché phan doan thuan tiy ma
théng thudng sé st dung mod hinh két hgp trong dé cac
segment dugc ap dung cd ché phan trang. Nhu vay, van
dé can giai quyét clhia cac giai thuat nap, thay thé,...chd
yéu hudng dén déi tugng la trang nho.

— Fetch policy
— Placement policy
— Replacement policy

o Muc tiéu cla cac giai thuat nay 1a gidm thiéu page fault

Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.38-
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#% Fetch & placement policy

o Fetch Policy
— Xéc dinh thdi diém nén nap trang nhé vao b6 nhé. C6 hai chién
lugc théng dung
— Demand paging: chi nap trang vao bé nhd chinh khi va chi khi cé
tham chi€u dén trang dé (i.e.: chi nap theo yéu cau ma thoi)

= Khi process mdi thuyc thi thi c6 nhiéu page fault nhung sau do6 sé
page fault s& giam dan

— Pre-paging nap trudc cac trang nhé: dua trén tinh locality
o Placement policy

— Xéc dinh vi tri d4t mot trang nhd clia process trong bé nhd thuc

— V@i hé théng segmentation thuan tay: first-fit, next fit...

— VGi hé théng paging hoadc két hgp pagin/segmentation:

* Phan cling quan ly boé nhé quyét dinh vi tri dat trang, tuy

nhién vi cac trang nhé c6 kich thuéc nhu nhau nén khéng
gép phai kho khan gi
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:.. Replacement Policy

o Giai quyét van dé chon lya mot trang trong bd nhé
chinh sé& bi thay thé khi c6 mot trang méi can nap vao
bd nhé chinh. Tinh huéng nay xay ra khi bo chinh day
(khdng con frame tréng nao)

o Khéng phai toan b trang trong bdé nhé déu cé thé dudc
thay, c6 mot s6 frames bi locked
— Pa s6 céc kernel luu giii cac théng tin diéu khién va cac cau

tric dii liéu quan trong clia hé théng trong cac locked frames

o Cac gidi thuat thay thé trang
— Least recently used (LRU)

— First-in, first-out (FIFO)
— Clock

o Cac giai thuat thay thé trang phu thudc vao resident set

(s6 frame cdp cho mdi process)

Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.40-
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g N eR Lo
#*s Hai van dé chu yéu

o Frame-allocation algorithm

— C4p phat cho méi process bao
nhiéu frame b6 nhd thyc?

o Page-replacement algorithm

— Chon frame sé& dugc thay thé
trang nhé

— Mong muén c6 muc doé page-
fault nhd nhat

— Lugng gia mét giai thuat bang

o Thu tu tham chi€u cac dia chi
nhé (véi page size = 100):
— 0100, 0432, 0101, 0612, 0102,
0103, 0104, 0101, 0611, 0102,
0103, 0104, 0101, 0610, 0102,
0103, 0104, 0101, 0609, 0102,
0105
« cac trang nhé sau dugc tham
chi€u lan lugt = chubi tham
chiéu bé nhd

cach thu thi giai thuat trén S 1416111161111,
mot chudi tham chi€u bd nhé » bbb 9 4
(memory reference) va tinh s6
lan xay ra page fault
Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.41-

*% Qua trinh thay thé trang nhé

frame , ; valid—invalid bit »
swap out
change victim
0o |i to invalid @ page ’D
i v ///
=
@ f| victim
reset page \
table for @
page table new page t::;:::_h
swap ==
desired |
page in
physical
memory
Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.42-
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¢-3 Least Recently Used (LRU)

o Thay thé trang nhé khéng dugc tham chi€u lau nhat
a Viduy: mot process cé 5 trang; resident set = 3

Page address
stream

2 3 2 1 5 2 5 3 2 5 2
- 2] [z [2] [z [4 [4] (2] [2] [2
o HEEHEFEEEEEEE
1 5 5 5 5 5 5 5 5

¥ G

2] [Z 2 7] 3 3 3
w PEADEDEEEDEE
1 4 4 2 2

10 ¥ ¥

4

= [

a Méi trang dudc ghi nhan (trong bang phan trang) thdi diém dudc
tham chiéu = trang LRU la trang nhG c6 gia tri thGi gian tham chi€u
nhd nhat (cAn mot chi phi tim ki€m trang nhé LRU nay méi khi c6 page
fault)

o Do vay, LRU cén sy hd trg rat I6n clia phan cling va chi phi kha cao
cho viéc tim ki€m. Tuy nhién, rat it hé théng may tinh cung cdp du su
hd trg phan cling cho chién luge LRU
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% Giai thuat FIFO

o Xem céac frame dudgc céap phat cho process nhu la circular
buffer
— Khi bd dém day, trang nhé cii nhat sé dugc thay thé: first-in,
first-out
— Mét trang nhé hay dugc dung thong thudng sé la trang ci nhat
= hay bi thay th& bai giai thuat FIFO
— Hién thyc don gian: chi can mot con trd xoay vong céac frame
clia process
o Sosanh FIFOva LRU

Page address

stream @ 3 @ 1 '\i_’/\ @ l\§l\ @ I\f> @
LRU L [ 5|
I (o AN O B B (1] 4] [4]
FIFO [ [5] [5]
1 ] [ (] 4] [a] 4] [4] [4]
F F F F F F
Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.44-
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,.B?__ Belady’s Anomaly

Y - i -y
@ W o o] B o]
T T T 1 | I

number of page faults

N
]

1 1 1 1
1 2 3 4 5 6 7

number of frames

é Bat thudng: sO page-fault gia tang khi resident set tang
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ﬁﬂ?., Giai thuat Clock (second-chance)

o Resident set cdp cho mdi process dugc xem nhu mot bd
dém xoay vong (circular buffer)

o Khi mét trang dudc thay, con trd sé chi dén frame ké
ti€p trong buffer

o Méi frame c6 mot use bit. Bit nay dugc thiét lap tri 1 khi
— Mét trang dudc nap lan dau vao frame
— Trang chua trong frame dugc tham chiéu

0 Khi can thay thé mét trang nhé, trang nhGé nam trén
frame dau tién co use bit bang 0 sé dudc thay thé.

— Trong su6t qua trinh tim trang nhé thay thé, tat ca use bit dugc
reset vé 0

Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.46-
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¢-3 Vi du vé giai thuat clock

next frame
pointer

(a) State of buffer just prior to a page replacement (b) State of buffer just after the next page replacement
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¢% So sanh Clock, FIFO va LRU

Page address
stream 2 3 2 1 5 2 4 3 5 2
2 2 2 2 2 2 2 2 3 3 3 3
LRU | 3 3 (3 [5 [5] [ 5 5| [5] [5] [5
I o I I NN o I O B fa N (R 2R 2N (R
F F F F
2] [2] [2] [2] [5] [5] [= 5] [3] [3] [3] [
FIFO N Ty Ty Ty I e 5 ey I Iy I o A e T R
L ey b pry f4f f4) (4] (4] [4] [2]
F F F F F F
2* 2% 2% —m 2% ik Fhe Fhe i i ar g% — 3%
CLOCK — | [3* 3% 3% 3| [2% 2% 2% | o 2 | 2% 2 2%
L b ] [1#] [Lfe 1| [4] [4%] [4] [4] [5] [&*
F F F F F

o DAu *: use bit tuong ting dudc thiét 1ap tri 1

0 Giai thuat Clock b4o vé céc trang thuong dugc tham chiéu
béng cach thiét l1ap use bit bang 1 véi mdi Ian tham chiéu

0 Mot sé két qua thuc nghiém cho thay clock c6 hiéu suat gan
vGi LRU

Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.48-
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Figure 8.15 Comparison of Fixed-Allocation, Local Page Replacement Algorithms

:. Kich thudc Resident Set

o OS phai quyét dinh cdp cho méi process bao nhiéu
frame bd nhg.
— Né&u qua it frame = nhiéu page fault
— Cé&p nhiéu frame = gidm muc dé multi-programming

o Chién lugc cép phat tinh (fixed-allocation)

- Sc“{frame cédp cho m6i7process khéng ddi, dugc xac dinh vao thdi
diém loading va cd thé tuy thudc vao tung ung dung (kich
thudc,...)

o Chién lugc cap phat dong (variable-allocation)

— S6 frame cdp cho mdi process c6 thé thay déi

* Néu ty |1é page-fault cao = cép thém frame
* Néu ty I1é page-fault thadp = giam bat
— OS phai mat chi phi dé udc dinh cac process

Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -X.50-
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o Thrashing

0 NE&u mét process khéng cé dl sé frame can thiét thi ti
suét page-fault rat cao. Diéu nay khién giam hiéu suét
CPU rét nhiéu

o Vidu motvong lap N 1an, méi lan tham chi€u dén dia chi
nam trong 4 trang nhé trong khi d6 process chi dugc cap
3 frames.

o Thrashing = hién tugng mot process bi hoan chuyén
vao/ra lién tuc cac trang nhd.

123
423
413
412
312
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:. Thrashing Diagram

I thrashing

CPU utilization

Y

degree of multiprogramming
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¢=% M6 hinh Locality

o D& han ché thrashing, ching ta phai cung cép cho
process cang “d0” frame cang t6t?
— Bao nhiéu frame thi dii cho mot process thuc thi hiéu qua?
= dya trén mo hinh locality
— Locality la mét tap cac trang thudng hay dugc tham chié’u cung
nhau (chudi con tham chiéu cac trang nay thudng xuat hién)
= Trong vi du trudc, locality sé bao gém 4 trang
— Mot chuang trinh thuong gom nhiéu locality va trong qué trinh
thuc thi, process sé chuyén tu locality nay sang locality khac
» Vi du khi mét tha tuc dugc goi thi sé c6 mot locality mdi.
Trong locality nay, tham chi€u bo nhé bao gém Iénh cla thd
tuc, bién cuc bd va moét phan bién toan cuc. Khi thi tuc két
thuc, process sé thoat khdi locality nay (va cé thé quay lai
sau nay).
0 Vi sao hién tugng thrashing xuat hién ?
¥ size of locality > memory size
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*3 M6 hinh Working Set

0 Dua trén gia thiét vé locality
o Xéac dinh xem process thuc sy st dung bao nhiéu
frame?
0 Dinh nghia A = working-set window = sé tham chiéu
trang nhé c¢6 dinh. Vidu: 10,000 Iénh
o WSSi (working set of Process Pi) =
téng s6 trang dugdc tham chi€u trong khodng A gan nhat
— A qua nhd = khéng dd bao phll toan bo locality.
— A qua I6n = bao phi nhiéu locality.
— A = = bao gém toan bd chuadng trinh.
o D =3 WSSi =t6ng s& frame yéu cau
— D > m (s6 frame cla hé thong) = xay ra thrashing
— Né&u D > m = suspend mot trong cac process.
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Figure 8,18 Typical Graph of True Working Set 8ize [MALKS7]

¢3 Minh hoa mo hinh Working-Set

page reference table
...2615777751623412344434344413234443444 ...
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-IB?.. Theo doi cac Working Set

o Dung interval timer két hgp vdi reference bit

o Vidu: A=10,000
— Timer interrupt dinh ky 5000 don vj thdi gian.
— Gili trong bd nhé 2 bit cho mbi trang nha.

— Khi timer interrupt xay ra, copy va reset tri tdt ca cac reference
bits = 0.

— N&u 1 trong 2 bit trén = 1 = trang thudc vé working set.

o Caitién = 10 bit va interrupt timer dinh ky 1000 dan vi
thdi gian.

0 Tén chi phi theo doi working set va x{ ly cac timer dinh
ky
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*% M hinh tan suat Page-Fault

r

increase number
of frames

upper bound

page-fault rate

lower bound

decrease number
of frames

number of frames

< Dung tan suét page-fault frequency dé diéu chinh muc do page-
fault rate.

é Tan sult qua thdp < process c6 qua nhiéu frame, giam baét.
é Tan sult qua cao < process can thém frame.
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