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i To chirc thuc hién

= MOt hoac nhiéu chuong trinh (Process)
cung luc.

= Dung lugng cap phat giong nhau hay khac
nhau.

= COng viec dugc thi€t ké chay trén vung c6
dinh hay co thé thay doi.

= COng viéc co thé phai nap vao vung lién
tuc hay gian doan.
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i Chién lwgc quan ly

= Chién ludc nap: = Chién lugc thay thé:
= Nap theo yéu cau Chon vung nao dang
= Nap trudc Dl (fh'emm de IayAbQ n
e o au nho cap cho mot yeu
= Chien lugc sap dat: AU
= Best fit . OPT
» First fit = Random
. = FIFO
= Page faults
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Nhin lai paging va segmentation

= Cac tham chiéu dén bd nhé dugc chuyén ddi déng thanh
dia chi thuc luc process dang thuc thi

CPU The CPU sends virtual
package addresses to the MMU

CPU { Jpa )

Disk
controller

) l Bus
The MMU sends physical
addresses to the memory MMU: memory management unit

MMU {

= MOt process gom cac phan nho (page hay segment), cac
phan nay dugc nap vao cac vung co thé khong lién tuc
‘BK ong bd nhd chinh

Khoa Khoa hoc & Ky thuat Mgy, tinh.
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i BO nhdg ao

= Nhan xet: khong phai tat ca cac phan cua mot
process can thiét phai dudc nap vao bo nhd chinh
tai cung mot thai diém
= Vidu:
= Doan ma diéu khién cac 16i hiém khi xay ra
« Cac arrays, list, tables dugc cap phat b6 nhd (cap
phat tinh) nhiéu hon yéu cau thuc su
= MOt sO tinh nang it khi dugc dung cua mot chuong
trinh
= Ngay ca khi toan b chuong trinh déu can dung thi co
thé khong can dung toan bo cung mot Iuc.
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i BO nhd ao (tt.)

= BO nhd ao (virtual memory)
= Ky thudt dugc hién thuc trong hé diéu hanh dé
cho phép thuc thi mot qua trinh ma chi can gilr
trong bo nhd chinh mot phan cua khong gian
dia chi luan ly cua no, con phan con lai dugc
gilr trén bo nhd dai tra (dia).
= Uu diém ctia bd nhé ao
= SO lugng process trong bd nhd sé nhiéu hon
= MOt process co thé thuc thi ngay ca khi kich
thudc cua nd I6n han bo nhd thuc
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i BO nhé ao (tt.)

= Thong thuong phan cua khong gian dia

BK
TP.HCM

chi luan ly cua qua trinh, néu chua can
nap vao bo nhd chinh, dugc gilr ¢ mot
vung dac biét trén dia goi la khong gian
trao doi (swap space).
= Vi du:

= Swap partition trong Linux

= file pagefile.sys trong Windows 2K

Khoa Khoa h_OC & Kj; thu.é‘t %/ymalieudientucntt
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iTﬁ’ng quan hién thu'c bo nhag ao

= Phan cl’ng memory management phai ho
trd paging va/hoac segmentation

» OS phdi quan Iy su di chuyén cua
trang/doan gitta bo nhd chinh va bd nhd
thdr cap

= Trong chucng nay:
= Chi quan tam dén paging
= Phan cing ho trg hién thuc bd nhd do
= Cac giai thuat cua hé diéu hanh
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:_L Phan cirng ho trg bd nhé ao

= Su ho trg clia phan cltng d6i v&i phan trang da dudc khao

BK
TP.HCM

sat trong chuong trudc. Chi cd mot diém khac biét 1a moi
muc cua bang phan trang co thém cac bit trang thai dac
biét
= Present bit = 1 = trang hdp € va hién trong memory
= 0 = trang khong hgp 1€ hoac khong
trong memory

= Khi c6 mot tham chiéu dén mot trang ma khong co
trong bo nhd chinh (present bit = 0) thi phan cing
s€ gay ra mot ngat goi la page-fault trap
= Modified bit: cho biét trang cd thay doi ké tur khi dugc
nap vao memory hay khong

Khoa Khoa h_OC & Kj; thu.é‘t %/ymalieudientucntt 10
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Hién thu'c bo nhé ao: demand paging

= Demand paging: cac trang cua qua trinh chi dugc
nap vao bo nhd chinh khi dudc yéu cau.
= Khi qua trinh tham chi€u dén mot trang ma khong co
trong bo nhd chinh (present bit = 0) thi sé gay ra
page-fault trap kich khdi page-fault service routine
(PFSR) cua hé dieu hanh.
= PFSR:

1. Chuyén process vé trang thai blocked

2. Phat ra mot yéu cdu doc dia dé nap trang dugdc tham chiéu
vao mot frame trong; trong khi dgi I/O, mot process khac
dugc cdp CPU dé thuc thi

3. Sau khi I/O hoan tat, dia gay ra mot ngat dén hé diéu hanh;
PFSR cdp nhat page table va chuyén process vé trang thai

BK
ready.
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Page fault va cac budc xur' ly
\Q

page is on
backing store

operating
system

®

reference

restart page table
instruction

free frame

(s O

reset page bring in
table missing page

physical
BK memory
TP.HCM
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Thay thé trang nho

BK
TP.HCM

BudGc 2 cla PFSR gia st tim dugc frame trong. D& x(r ly
dudc ca truéng hdp phai thay trang vi khong tim dugc
frame tréng, PFSR dudc bd sung nhu sau:

1. Xac dinh vi tri trén dia cua trang dang can

2. Tim mot frame trong:
a. NéEu co frame trong thi dung no
b. NEu khong co frame trong thi dung mot giai thuat thay
trang dé€ chon mot trang hy sinh (victim page)
c. Ghi victim page Ién dia; cap nhat page table va frame table
tucng Ung
3. Boc trang dang can vao frame trong (da co dugc tu
budc 2); cap nhat page table va frame table tucng
ung.

CuubDuongThanCong.com Kh oa Kh oa h .OC & Ky th u.aA t %/QMJ 13
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Thay the trang nho (tt.)

frame\' .Z valid—invalid bit

Swap out
change V|Ct|m
to invalid

@ victim

reset page
table for
new page

page table

desired
page in

physical

BK memory
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& Hien thuc demand paging

BK
TP

Hai van dé chu yéu:
Frame-allocation algorithm

= Cap phat cho process bao
nhiéu frame?

Page-replacement algorithm

= Chon frame cla process sé
dudc thay thé trang nhé

= Muc tiéu: sé luong page
fault nho nhat

= Dugc danh gid bang cach
thuc thi giai thuat doi Vi
mot chubi tham chiéu bd
nhé (memory reference
string) va xac dinh sb lan
Xay ra page fault

Th tu tham chi€u cac dia chi nhg,

vGi page size = 100:
0100, 0432, 0101, 0612, 0102,
0103, 0104, 0101, 0611, 0102,
0103, 0104, 0101, 0610, 0102,
0103, 0104, 0101, 0609, 0102,
0105

— chudi tham chiéu trang nhé/ b

nhd
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(OPTimal)

= Thay thé trang nhdé sé dugc tham chiéu trong
tuong lai xa nhat

= Vi du: mot process co 5 trang, va dugc cap 3

& Giai thuat thay trang OPT

frame
chudi tham chiéu
trang nh¢
Page address
streaem 2 3 2 1 5 2 4 5 3 2 5 2
2 2 2 2 2 2 4 4 4 2 2 2
OPT 3 3 3 7] 3 H 3 3 i 3 3
1 5 5 5 5 5 5 5 5
F F 1)

BK
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Giai thuat thay trang LRU
(Least Recently Used)

= Thay thé trang nhé khong dudc tham chiéu lau nhat

chudi tham chiéu

. 2 3 2 1 5 2 4 5 3 2 5 2
trang nh¢
2 2 2 7] 7l ] 4 4 4 2 2 2
OPT 3 3 3 3 3 3 3 3 3 3 3
1 5 5 5 5 5 5 5 5
F F F
2 2 2 2 2 R 2 7] 3 3 3 3
LRU E 3 3 5 5 5 5 5 5 5 5
1 1 1 3 4 4 2 2 2
F F F F

= MOdi trang dugc ghi nhan (trong bang phan trang) thdi diém dugc
tham chiéu. Trang LRU la trang nhd& co thaoi diém dudc tham chiéu
nho nhat

= OS tbn chi phl tim kiém trang nhG LRU nay moi khi cé thay trang. Do
. vy, LRU can su ho trg clia phan ciing. It CPU cung c&p du su ho trg

B
TP.HCM phan c’ng cho giai thuat LRU.
Khoa Khoa hoc & Ky thuat Mgy, L c.cewen 17
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i Giai thuat thay trang FIFO

= Xem cac frame dugc cap phat cho process

nhu' la circular buffer

= Khi b6 dém day, trang nhé cli nhat sé dugc
thay thé: first-in first-out

= MOt trang nhé hay dugc dung sé€ thudng la
trang cl nhat nén hay bi thay thé bdi giai
thuat FIFO

= Hién thuc don gian: chi can mot con tro xoay
vong cac frame cua process

Khoa Khoa h_OC & Ky thu.ét %/ymalieudientucntt 18
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LRU vs. FIFO

= S0 sanh cac giai thuat thay trang LRU va FIFO

chu?:at:gn;h%hié'u @ 3 @ I:i ) @ l: ‘iz‘ @ l: i) @

1 4 3

D 2 2 ) D 2 2 ;) 3 3 3 3
LRU 3 3 3 5 5 5 5 5 5 5 5
1 1 1 4 4 4 A A 3

F F F F
-~ - - - 5 B - e 3 3 o
FIFO 3 3 B " 2 2R -EE B 5 5
1 B - 4 4 4 4|~ 4 0
F F F F F F
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& Giai thuat FIFO: Belady’s anomaly

= SO page fault tang mac dau qua trinh da dugc
cap nhiéu frame haon.

number of page faults

—t

3 4
number of frames

BK
TP.HCM
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Hién tugng bat binh thuong
¢ trong FIFO

Hanh | Trang | Thay trang theo FIFO | Trang Thay trang theo FIFO
- (9 faults) fa(ull?s) (4 trang)
A Fault A - - Fault A - - -
B Fault B A - Fault B A - -
C Fault C B A Fault C B A -
D Fault D C B Fault D C B A
A Fault A D C N-F D C B A
B Fault B A D N-F D C B A
E Fault E B A Fault E D C B
A N-F E B A Fault A E D C
B N-F E B A Fault B A E D
C Fault C E B Fault C B A E
| D Fauy D C E Faut D C B A
E N-F D C E Fault E D C B

N
=

¢
¢

Khoa Khoa h.oc & Ky thu.at %/gMailieudimtucntt
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i Giai thuat thay trang clock

BK
TP.HCM

Cac frame cap cho process dugc xem nhu mot bd dém
xoay vong (circular buffer)

Khi mot trang dugc thay, con tro sé chi dén frame k€ tiép
trong buffer

Moi frame c6 mot use bit. Bit nay dugc thiét 1p tri 1 khi
= MOt trang dugc nap vao frame
= Trang chua trong frame dugc tham chié€u

Khi can thay thé mot trang nhd, trang nhé nam trong
frame dau tién co use bit bang 0 sé dudc thay thé.

= Trén dudng di tim trang nhd thay th€, tat ca use bit
dugc reset vé 0

CuuDuongThanCong.com Kh oa Kh oa h OC & Ky th ua t ﬁ'lﬁ,y//ﬂ{l!/? lieudientucntt 22
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Giai thuat
thay trang clock (tt.)

n n

next frame
pointer

page 222

6 5
(a) State of buffer just prior to a page replacement (h) State of buffer just after the next page replacement

BK
TP.HCM
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| So sanh LRU, FIFO, va clock

chudi tham chiéu ; ) . . R ) . R R .
trang nh¢ i - - 2
B ] 2 ) o D o D 3 7] 3 3
LRU 3 3 3 5 3 3 5 3 35 5 3
1 1 1 4 4 4 2] D ]

F F F F

) 7] 2 P 5 5 5 5 3 7] 3 3
FIFO 3 3 3 3 " D ] 7] A 5 5
1 1 1 4 4 4 4 4 ]
F F F F F F
2% 2% 2% | 2% 5% 5 5 5% RE 3 RE 3%
CLOCK —» RE RE 3 | o 3 2% 2 2% | p 2 L pf 2% 5] 2%
L . K T | 4 4% 4 4 5% 5%

F F F F F

= Dau *: use bit tuong ’ng dugc thiét lap tri 1

= Giai thuat clock bao vé cac trang thuGng dugc tham chi€u bang cach
thiét 1ap use bit bang 1 v&i moi lan tham chiéu

MOt so két qua thuc nghiém cho thay clock co hiéu suat gan véi LRU

BK
TP.HCM
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* Not-Used-Recently

= Reference bit = 0: trang chua dugc tham chi€u
1: trang d dugc tham chi€u
0 .
1

Modified bit = trang chua bj thay doi

trang d bj thay doi

Chwa tham chiéu (0) | Chwa thay dbi (0)

Group 2 Chuwa tham chiéu (0) Thay déi (1)
Group 3 Tham chiéu (1) Chuwa thay déi (0)
Group 4 Tham chiéu (1) Thay dbi (1)

BK
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SO lugng frame cap cho process

= OS phai quyét dinh cip cho mdi process bao nhiéu frame.
« Cap it frame = nhiéu page fault
= Cap nhiéu frame = giam muc d6 multiprogramming

= Chién ludc cap phat tinh (fixed allocation)

= SO frame cAp cho mdi process khdng ddi, dugc xac dinh vao thdi
diém loading va co thé tuy thudc vao tung Ung dung (kich thudGc
clia ng,...)

= Chién lugc cap phat dong (variable allocation)
= S8 frame cip cho moi process cd thé thay ddi trong khi n6 chay
= NEu ty |é page-fault cao = cap thém frame
= NEu ty |é page-fault thap = giam bdt frame
= OS phai méat chi phi d& udc dinh cac process

BK
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Chiéen ludc cap phat tinh

Cap phat bang nhau
= Vidu, cé 100 frame va 5 process thi moi process dugc 20 frame
Cap phat theo ti |€: dua vao kich thuGc process

s, =size of process p. Vi du
m =64
S=>s 51 _10
=127
m = totalnumberof frames 10
x64 ~5
137
: S. 127
a. =allocation for p, S Xm 2 = 137"

CuuDuongThanCong.com Kh oa Kh oa h OC & Ky th uat W/QM 27
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i Thrashing

= Néu mot process khong co du s6 frame can thiét
thi ti sO page faults/sec rat cao. bieu nay khién
giam hiéu suat CPU rat nhiéu.
= Vi du: mot vong 18p N [an, moi [an tham chiéu
dén dia chi nam trong 4 trang nhd trong khi dé
process chi dugc cap 3 frame.

« Chuoi tham chiéu trang: 012301230123

= Thrashing: hién tudgng cac trang nhG cua mot
process bi hoan chuyén vao/ra lién tuc.

Khoa Khoa h_OC & Ky thUét %/ymalieudientucntt 28
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Thrashing diagram

| >
| thrashing

CPU utilization

degree of multiprogramming

'BK
TP.HCM
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i Nguyén ly locality (tt.)

= P& han ché thrashing, hé diéu hanh phai cung cdp cho
process cang “du” frame cang tot. Bao nhieu frame thi du
cho mot process thuc thi hiéu qua?
= Nguyén ly locality (locality principle)
= Locality la tap cac trang dudc tham chi€u gan nhau
= Trong vi du trudc, locality sé bao gobm 4 trang

= Process gom nhiéu locality, va trong qua trinh thuc thi,
process sé “chuyén tU locality nay sang locality khac”
= Vi du khi mot thu tuc dudc goi thi s€ co mot locality mdi.
Trong locality nay, tham chi€u bo nhd bao gom Iénh cua thu
tuc, bién cuc bd va mot phan bién toan cuc. Khi thu tuc két
thlc, process sé thoat khoi locality nay (va co thé quay lai sau
nay).

BK
TP.HCM
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i Nguyén ly locality (tt.)

Cac trang dugc qua trinh

tham khao )
'y

L RN

time es)

BK
TP.HCM Hinh tr “The locality principle”, P.J.Denning
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i Nguyén ly locality (tt.)

m ' Jhe working set idea was based on an
Implicit assumption that the pages seen
in the backward window were highly
likely to be used again in the immediate
future.” (P. Denning)

Khoa Khoa h_OC & Ky thu.é‘t %/ymalieudientucntt
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Han ché thrashing:

Giai phap working set

= Giai phap working set con dugc goi la working set model; dudc thiét
ké dua trén nguyén ly locality.
= Can xac dinh process “thuc su” s’ dung bao nhiéu frame.

= Tham sO A cua working-set window xac dinh s6 lugng cac tham
chi€u trang nhd cua process gan day nhat can dudc quan sat.

= Vidu

chubi tham khao

trang nhé 24[5691)32639214
thoi didm t,

BK
TP.HCM
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Han ché thrashing:
Giai phap working set (tt.)

Cac trang dwgc qua trinh

tham khao A working set window

| | fime

BK t
TP.HCM Hinh tir “The locality principle”, P.J.Denning
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Han ché thrashing:

Giai phap working set (tt.)

M nghia: working set cua process P, , ky hiéu WS, , la tap cac so trang
trong working set window.
Vidu: D =10va
chubi tham khéo trang
...2615777751623412344434344413234443444 ...

4 o cons o s o

t1 iL2
WS(t,) = {1,2,5,6,7} WS(t,) = {3,4)

= Nhan xét:
= A qua nho = khong du bao phu toan bo locality.
= A qua I6n = bao phu nhiéu locality khac nhau.
s A= = bao gom tat ca cac trang dudc sur dung.
DUng working set clia mot process dé xap xi locality cta no.

BK
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Han ché thrashing:
Giai phap working set (tt.)

= Pinh nghia WSS, la kich thuGc cua working set cua
P, :

I

= WSS, = s0 lugng cac trang trong WS,
Vi du (ti€p): - = 10 va
chudi tham khao trang
...2615777751623412344434344413234443444...

- -
t1

WS(t,) = {1,2,5,6,7) WS(t,) = {3,4}
WSS(t)=5=— WSS(t,)=2

BK
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Han ché thrashing:
i Giai phap working set (tt.)
= D3t D = = WSS, = tong cac working-set size cla moi
process trong hé thong.

= Nhan xét: Néu D > m (s6 frame cua hé thong) thi
sé xay ra thrashing.

= Giai phap working set:
= Khi khai tao mot qua trinh: cung cap cho qua trinh s6
lugng frame thoa man working-set size cua no.

= Néu D > m thi suspend mot trong cac process.

= Cac trang clia qua trinh dugdc chuyén ra dia clrng va
cac frame cta nd dugc thu hoi.
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i Xap xi working set

= Theo dinh nghia, mot trang la & trong working set néu né dugc tham
chiéu trong working-set window

= Gid si hardware hd trg mét reference bit cho modi page: khi page
dugc tham chi€u, reference bit dugc set thanh 1.

= Dung interval timer k&t hop vdi reference bit d&€ xap xi working set

reference bit
1

lcopy

0
history bits

« Vidu: A =10.000
= Timer interrupt dinh ky, sau mdi 5000 dan vi thdi gian.
= Gilr trong bd nhé 2 bit (history bits) cho madi trang nhé.

= Khi timer interrupt xay ra, shift history bits mot vi tri sang phai, copy
reference bit vao history bit trai, va reset reference bit = 0.

I BK = Trang nao co history bits chlra 1 thi thudc vé working set.
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Han ché thrashing:
Piéu khién page-fault rate

increase number
of frames

upper bound

page-fault rate

lower bound

decrease number
of frames

number of frames
= Dung giai thudt PFF (Page-Fault Frequency) dé diéu khién page-fault rate (s6
page-faults/sec) cla process:

= Page-fault rate qua thap: process cd qua nhiéu frame = giam so frame.
= Page-fault rate qua cao: process can thém frame = cap thém frame.
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