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6.1. Tong quan hé théng nh&

1. Cac dac trung cua bé nhd
= Vi tri
= Bén trong CPU:
= tap thanh ghi
= B6 nh& trong:
= bd nh& chinh
= bo nhé dém (cache)
= BO nhd ngoai:
=« cac thiét bi luvu trir
= Dung luong
- D6 dai tir nhd (tinh bang bit)
= SO lwong tir nhé




Cac dac trung cta bé nhd (tiép)

« Don vi truyén
= Tuw nhé
« Khoi nh&
- Phuong phap truy nhap
= Truy nhap tuan tu (bang tu)
= Truy nhap truc tiép (cac loai dia)
= Truy nhap ngau nhién (bd nh& ban dan)
= Truy nhap lién két (cache)




Cac dac trung cta bé nhd (tiép)

- Hiéu nang (performance)
= Thoi gian truy nhap
= Chu ky nhé&
= Toc do truyén
« Kiéu vat ly
- B6 nh& ban dan
= BO nhd tu
= BO nh& quang




Cac dac trung cta bé nhd (tiép)

» Cac dac tinh vat ly
= Kha bién / Khong kha bién (volatile / nonvolatile)
= Xoa duoc / khong xoa duoc

« TO chirc




2. Phan cap bo nhé

BO xur ly

CPU

Tap
thanh Cache
ghi

B6 nho
chinh

Tu trai sang phai:
= dung luong tang dan
= toc db giam dan

Thiét bj
lwu trit
(HDD, SSD)

= gid thanh cung dung lwvong gidm dan




Cong nghé bd nhé

Cong nghé Thoi gian Gia thanh/GiB
bo nh¢& truy nhap (2020)
SRAM 0.5-2.5ns S500 — $1000
DRAM 50-70ns S3— S6

Flash memory 5000 — 50 000 ns S0.06 — $0.12
HDD 5—-20ms S0.01 - $0.02

« BO nhd ly tudng

= Thoi gian truy nhap nhu SRAM
« Dung lvong va gia thanh nhu 6 dia cirng




Phan cap bo nhé cho thiét bi di dong

Size
Speed

-

CPU h

Registers

J

1000 bytes
300 ps

m:rnm(‘)l':

64 KB
1ns

L2

C
a
C
h
e

256 KB
5-10 ns

Memory

4[ Storage }

1-12 GB

50-100 ns

64GB-1TB
25-50 ps




Phan cap bo nhé cho may tinh PC

Laptop

Desktop

f CPU

~

Registers

-

J

Size 1000 bytes
Speed 300 ps

Size 2000 bytes
Speed 300 ps

L1 L2

C C

d d

C C

h h

(S e
64 KB 256 KB
1ns 3-10 ns
64 KB 256 KB
1ns 3-10 ns

C
a
C
h
e

L3

4-8 MB
10-20 ns

8-32 MB
10-20 ns

Memory

Storage

4-32 GB
50-100 ns

8-64 GB
50-100 ns

256 GB-2TB
50-100 ps

1-2TB
5-10 ms




Phan cap bo nhé cho may chu

-

CPU

~

Registers

L1

-

J

Size
Speed

4000 bytes
200 ps

C
a
C
h
e

64 KB
1ns

(D:rnmns

256 KB 16-64 MB

3-10 ns

m:'nmmo'_o

10-20 ns

Memory

Disk
storage

Flash
storage

32-256 GB
50-100 ns

16-64 TB
5-10 ms

1-16 TB
50-100 ps




Nguyén ly cuc b6 hoa tham chiéu b6 nhé

= Trong mot khoang thoi gian du nho CPU
thudng chi tham chiéu cac théng tin trong
mot khoi nhé cuc bo
= Cuc bo hoa theo thoi gian
= Cuc b6 hoa theo khong gian
= Vi du:
« Ciu trudc chuong trinh tuan tu
= Vong lap c6 than nho
« Cau truc dir liéu mang




6.2. B6 nhd chinh

1. B6 nhd ban dan

Kiéu bd nhé Titu | Kha ning xo4 | Co ché ghi Tinh
chuan kha bién
Read Only Memory 9
Mat na
(ROM) Bd nhé Khong xo4 -
Programmable ROM | chi doc dugc
(PROM)
Erasable PROM bang tia cuc tim, Khong
(EPROM) Bo nho cé chip . kha bién
Electrically Erasable hilil ghu’ bang dién, Bang dicn
PROM (EEPROM) | "M% | muec timg byte
Flash memory bang dién,
B0 nhé tung khoi
Random Access doc-ghi bang dién, : A Kha bién
e Bang dién
Memory (RAM) muc tung byte




ROM (Read Only Memory)

« BO nhé khong kha bién
» Luwu trir cac théng tin sau:
= Thu vién cac chuong trinh con
« Cac chuong trinh diéu khién hé thong (BIOS)
= Cac bang chirc nang
= Vi chuong trinh




Cac kiéu ROM

= ROM mat na:
« thong tin dugc ghi khi san xuat
» PROM (Programmable ROM)
= Can thiét bj chuyén dung dé ghi
« Chi ghi dwgc mot lan
« EPROM (Erasable PROM)
= Can thiét bj chuyén dung dé ghi
= X6a duoc bang tia tir ngoai
« Ghi lai dugc nhiéu lan
« EEPROM (Electrically Erasable PROM)
= C6 thé ghi theo tirng byte
= X6a bang dién

nnnnnnn




Bo nh& Flash

» Ghi theo khoi
= X6a bang dién
« Khéng kha bién
» Dung luong [on
« Thay thé cho ROM
» SU’ dung cho:
- ©® SSD cho Laptop
= BO nhd luu trir ciia Smartphone va Tablet
= O nh& két ndi qua cong USB
» Thé nhé




RAM (Random Access Memory)

» B6 nhé doc-ghi (Read/Write Memory)
» Khd bién
» Ly trir théng tin tam thoi

» C6 hai loai: SRAM va DRAM
(Static and Dynamic)




SRAM (Static) - RAM tinh

= Cac bit duoc luu trir bang cac Flip-Flop
- thong tin 6n dinh

« Cau trac phtre tap

= Dung lugng chip nho

« T6c do nhanh

- Pat tién

 Dung lam b nhd cache




DRAM (Dynamic) - RAM dong

» Cac bit duoc luu trir trén tu dién
—> can phai c6 mach lam tuoi

« Ciu truc don gian

» Dung lugng Ion

« Toc d6 cham hon

« Ré tién hon

= Dung lam b nhd chinh




Mot s6 DRAM tién tién théong dung

« Cai tién dé tang toc do

» Synchronous DRAM (SDRAM): [am viéc duoc
dong bo bai xung clock

» DDR-SDRAM (Double Data Rate SDRAM)

= DDR3, DDR4, DDR5




2. Cac dac trung co ban cua bé nhé chinh

» Chtra cac chuong trinh dang thuc hién va cac dr
liEu dang duoc s dung

« TOn tai trén moi hé thong may tinh

» Bao gom cac ngan nhé& duoc danh dia chi truc tiép
boi CPU

= Dung luvgng cua bé nhé chinh nhé hon khdng gian
dia chi b6 nhd ma CPU quan ly.

= Viéc quan ly logic b6 nh&é chinh tuy thudc vao hé
diéu hanh




T6 chirc bang nh& dan xen (interleaved memory banks)

= PO rong clia bus dit liéu dé trao doi vai bd nhd: m
=8, 16, 32, 64,128 ... bit

» Cac ngan nhd duoc to chire theo byte

- t6 chirc b nhé vat ly khac nhau




m=8bit 2 mo6t bang nh& tuyén tinh

o b W N - O

An-1-Ao ) i

1l

D7 -DO
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m = 16bit 2 hai bang nhd dan xen

Bang 1

O N w -

An-1 - Aq > 2i+1

I te

D15 - D8

Bang 0

o oo ~DNO

2i

1 te

D7 - DO




m = 32bit 2 bon bang nh& dan xen

bang 3

11

15

19

4i+3

bang 2 bang 1

10

14

_ O 01 =
~N @D

18

4i+2 4i+1

et

D23-D16 D15 - D8

bang 0

e

D7 - DO

- a2 00 b O

N

4i




m = 64bit > tam bang nh& dan xen

bang 7 bang 1 bang 0
7 1 0
15 9
23 17 16

:Am Ao ) 8i+7 8i+1 8i

N IR

D63-D56 D15 - D8 D7 - DO




6.3. B6 nh& dém (cache memory)

1. Nguyén tac chung ctia cache

« Cache c6 toc d6 nhanh hon bd nhé chinh

= Cache duoc dat gitra CPU va bd nhé chinh nham tang toc
dé CPU truy cap bé nhé

« Cache c6 thé dugc dat trén chip CPU

B6 nhé&
CPU <}:{> cache Q:{) chinh

A A

truyén theo tr nhé  truyén theo block nh&




Vi du vé thao tac cta cache

« CPU yéu cau ndi dung clia ngan nh&

« CPU kiém tra trén cache v&i dir liéu nay

= Néu cé, CPU nhan dir liéu ttr cache (nhanh)

« Néu khéng cé, doc Block nhé chira dir liéu tir bo
nhd chinh vao cache

= Tiép d6 chuyén dir liéu tir cache vao CPU




Cau truc chung ctia cache / b6 nhé chinh

B& nhé chinh
Tag Cache Bo
L Lo B1
L B,
L L B,
L L
CPU &
B;
L L.
L Lo
Bp.1




Cau trdc chung cua cache / bo nhé chinh (tiép)

» B6 nhé chinh cé 2N byte nh&
» BO nhé chinh va cache duoc chia thanh cac khoi
cd kich thuédec bang nhau
= B6 nhé chinh: By, By, B,, ..., B,_4 (p Blocks)
= B6 nh& cache: Ly, Ly, Ly, ..., L1 (m Lines)
« Kich thudc ctia Block (Line) = 8,16,32,64,128 byte
= Mai Line trong cache cé mét thé nhé (Tag) duoc
g3n vao




Cau trdc chung cua cache / bo nhé chinh (tiép)

» M6t s6 Block ctia bo nhé chinh dwoc nap vao cac
Line cua cache
« NOi dung Tag (thé nh&) cho biét Block nao ctia bo
nhd chinh hién dang duoc chira ¢ Line do
- N6i dung Tag duoc cap nhat moi khi Block tir b
nhd chinh nap vao Line do
» Khi CPU truy nhap (doc/ghi) mot tir nhé, cé hai
kha nang xay ra:
« TU nhé doé cé trong cache (cache hit)
» T nh& dé khéng co trong cache (cache miss).




2. Cac phuong phap anh xa

(Chinh la cac phuwong phap to chirc bé nhé cache)
. Anh xa truc tiép
(Direct mapping)
- Anh xa lién két toan phan
(Fully associative mapping)
- Anh xa lién két tap hop
(Set associative mapping)




Anh xa truc tiép

= Mai Block ctia bd nhé chinh chi c6 thé duoc nap
vao mot Line cla cache:

'Boel_o
B, 2> L,

Bm—l 2 Lm-l
B, 2 Lo
" Bm+1 9 Ll

« TOng quat
= B; chicé thé nap vao L odm
= m la s Line cuia cache.




Anh xa truc tiép (ti€p)

Nbit dia (3[1? b nh&

Tag

Cache

N\

y [

Tag Line Word
T bit L bit W bit
ES
\ 4 \ 4
So sanh
cache hit——

B6 nho
chinh

cache miss

> Bo




Anh xa truc tiép (ti€p)

= Pia chi N bit cua bé nhd chinh chia thanh ba
truong:
« Trudng Word gom W bit xac dinh mot tir nhé trong
Block hay Line:
2W = kich thudc cta Block hay Line
« Trudng Line gobm L bit xac dinh mo6t trong s6 cac Line
trong cache:
2L = s0 Line trong cache = m
« Trudng Tag gom T bit:
T=N-(L+W)

Tag Line Word
T bit L bit W bit




Anh xa truc tiép (ti€p)

= Moi thé nh& (Tag) ciia mét Line chira duoc T bit
= Khi Block tu b6 nhé chinh duoc nap vao Line cua cache thi
Tag & d6 duoc cap nhat gia tri la T bit dia chi bén trai cua
Block dé
« Khi CPU muon truy nhap mot tir nhé thi né phat ra mot dia
chi N bit cu thé
= Nh& vao gia tri L bit cta trwvong Line sé tim ra Line tuong ing
« Doc ndi dung Tag & Line do (T bit), réi so sanh vai T bit bén trai cta
dia chi vura phat ra
= Gidng nhau: cache hit
= Khac nhau: cache miss

« Uu diém: B6 so sanh don gian
« Nhuoc diém: Xac suat cache hit thap




Anh xa lién két toan phan

cache

Block hay Line:

nhdé chinh:
T=N-W

2W = kich thudc cta Block hay Line
« Truong Tag g6m T bit, dung dé xac dinh Block cta bd

= Mai Block c6 thé nap vao bat ky Line nao cua

= Pia chi cua bé nhé& chinh chia thanh hai truong:
« Trudng Word gom W bit xac dinh mot tir nhé trong

Tag

Word

T bit

W bit




Anh xa lién két toan phan (tiép)

B6 nhé&
chinh

R Tag  cache
N bit dia chi b6 nhd —
s A N\ 4 LO
Tag Word |
3 . [ 1
T bit W bit > L4
1
o
> Li i
4 LA 4 v
So sanh

Lcache hit—

cache miss

>80




Anh xa lién két toan phan (tiép)

= Moi thé nh& (Tag) ciia mét Line chira duoc T bit
= Khi Block tu b6 nhé chinh duoc nap vao Line cua cache thi
Tag & d6 duoc cap nhat gia tri la T bit dia chi bén trai cua
Block do
Khi CPU muoén truy nhap mot tir nhé thi né phat ra mot dia
chi N bit cu thé
= So sanh T bit bén trai cta dia chi vira phat ra véi lan luot ndi dung
cla cac Tag trong cache
- Né&u gap gia tri bang nhau: cache hit xay ra & Line d6
= Né&u khéng c6 gia tri ndo bang: cache miss

U'u diém: Xac suat cache hit cao

Nhuoc diém:
= So sanh va&i nhiéu gia tri cha cac Tag = mat nhiéu thoi gian
= B so sanh phurc tap

It str dung




Anh xa lién két tap hop

» Dung hoa cho hai phuong phap trén
» Cache duoc chia thanh cac Tap (Set)
= Moi mot Set chira mét sé Line
= Vidu:
= 4 Line/Set - 4-way associative mapping
. Anh xa theo nguyén tic sau:
= B2 Sy
=B, 25
=B, 25,




Anh xa lién két tap hop (ti€p)

o o ] Tag Cache
Nbit dia cj[u bd nh& —— T
4 N\ ——] 1
Tag Set Word —— T So
M M SR — L3
T bit S bit W bit 0 ”
— L5
— L6 St
— L7
l vy
L ]
So sanh S —
]
|
[ S— S—
———
cache hit ——
]
[ r Sy-1
]
cache miss

B6 nh&
chinh

BO

B1

B2

B3

B4
B5




Anh xa lién két tap hop (ti€p)

= Pia chi N bit cua bé nh& chinh chia thanh ba truong:
« Trudng Word gom W bit, xac dinh mot tir nhé trong
Block hay Line:
2W = kich thudc cua Block hay Line
« Trudng Set gom S bit, xac dinh mot trong s6 cac Set
trong cache:
25 = s0 Set trong cache
« Trudng Tag gom T bit:
T=N-(5+W)

Tag Set Word
T bit S bit W bit




Anh xa lién két tap hop (ti€p)

« Khi CPU muon truy nhap moét tir nhé thi né phat
ra mot dia chi N bit cu thé
= Nho vao gia tri S bit cua truong Set sé tim ra Set tuwong
wng
« So sanh T bit bén trai cta dia chi vira phat ra va&i lan
lvot n6i dung cua cac Tag trong Set dé
= Né&u gap gia tri bang nhau: cache hit xay ra & Line twong &ng
= Néu khéng cé gia tri ndo bang: cache miss

» TOng quat cho ca hai phuong phap trén
» Thong dung voi: 2,4,8,16Lines/Set




Vi du vé anh xa dia chi

= Giad sir may tinh danh dia chi cho tung byte
» Khong gian dia chi bé nhd chinh = 4GiB
» Dung lvong bé nhd cache la 256KiB

» Kich thudce Line (Block) = 32byte.

= Xac dinh so bit cua cac trwong dia chi cho ba
trwong hop to chirc:

- Anh xa truc tiép

- Anh xa lién két toan phan

- Anh xa lién két tap hop 4 dudng




V&i anh xa truc tiép

« BO nh& chinh = 4GiB = 232 byte - So6 bit dia chi ctia boé nh&
chinh la: N = 32 bit

» Cache =256 KiB = 218 byte

« Kich thuwdc Line = 32 byte = 2> byte = so6 bit dia chi cua
truong Word la: W =5 bit

» SO Line trong cache = 218/ 25 = 213 Line = s6 bit dia chi
trwvong Line la: L =13 bit

« SO bit dia chi cta trudng Tag la:

T=32-(13+5) =14 bit

Tag Line Word

14 bit 13 bit 5 bit




V&i anh xa lién két toan phan

» BO nh& chinh = 4GiB = 232byte - so6 bit dia chi ctia bé nh&
chinh la: N = 32 bit
« Kich thudc Line = 32 byte = 2> byte > s06 bit dia chi cia
truong Word la: W = 5 bit
« SO bit dia chi cta trudgng Tag la:
T=32-5 =27 bit

Tag Word

27 bit 5 bit




V&i anh xa lién két tap hop 4 duong

» BO nh& chinh = 4GiB = 232byte - so6 bit dia chi ctia bé nh&
chinh la: N = 32 bit

» Cache =256 KiB = 218 byte

« Kich thudc Line = 32 byte = 2> byte = so6 bit dia chi cua
truong Word la: W = 5 bit

» SO Line trong cache = 218/ 25 = 213 Line

» MOt Set c6 4 Line = 22 Line

- s0 Set trong cache = 213/ 22 = 211 Set

- s0 bit dia chi cta trudng Set 1a: S = 11 bit

« SO bit dia chi cta trudgng Tag la:

T=32-(11+5)=16hit

Tag Set Word

16 bit 11 bit 5 bit




3. Thay thé block trong cache

V&i anh xa truc tiép:

« Khong phai lua chon

= Moi Block chi anh xa vao mét Line xac dinh
= Thay thé Block & Line do




Thay thé block trong cache (tiép)

e
/4

nnnnnnnnn

V&i anh xa lién két: can co thuat giadi thay thé:

- Random: Thay thé ngau nhién

« FIFO (First In First Out): Thay thé Block nao nam
au nhat & trong Set do

» LFU (Least Frequently Used): Thay thé Block nao
trong Set c6 so6 lan truy nhap it nhat trong cuing
mo6t khoang thoi gian

» LRU (Least Recently Used): Thay thé Block & trong
Set twvong 'ng co thai gian 1au nhat khong duoc
tham chiéu té&i

= T6i wu nhat: LRU




4. Phuong phap ghi dir liéu khi cache hit

» Ghi xuyén qua (Write-through):
= ghi ca cache va ca bé nhé chinh
» toc d6 cham
= Ghi tra sau (Write-back):
= chi ghi ra cache
« toc d6 nhanh

« khi Block trong cache bij thay thé can phai ghi tra ca
Block vé bé nh& chinh




6.4. B6 nhd ngoai

= Ton tai dudi dang cac thiét bi lwu trir
« Cac kiéu bo nhd ngoai
= Bang tu: it sir dung
- Pia tir: O dia crng HDD (Hard Disk Drive)
= Pia quang: CD, DVD
= BO nhd Flash:
- O nhé thé rin SSD (Solid State Drive)
= BO6 nh& luu trir cia smartphones, tablets

= USB flash
= Thé nh&




O dia cirng (HDD -Hard Disk Drive)

Read-write head (1 per surface)

Direction of

arm motion
_—
-

Surface 9

Platter
Surface 8 -
Surface 7 .
Surface 6

Surface 5

Surface 4

Surface 2

Surface 1

Surface 0

=
.
i
Surface 3 =
=3
m
=

Spindle

Boom
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HDD

» Dung lugng Ion

» Toc d6 doc/ghi cham
» TOn nang lvgng

= Dé bj 16i co hoc

= Ré tién

nnnnnnn




O SSD (Solid State Drive)

» BO nh& ban dan flash

» Khong kha bién

» Toc d6 nhanh

= Tiéu thu nang luong it

« GOm nhiéu chip nhé flash va cho phép truy cap

song song
- [t bij 15i
« DAt tién




« CD (Compact Disc)
= Dung lvong thong dung 650MB
= DVD
= Digital Video Disc hoac Digital Versatile Disk
= Ghi mét hoac hai mat
= M6t hoac hai |&p trén mot mat
= Théng dung: 4,7GB/16p




Hé thong lwu trir dung lwong I&n: RAID

» Redundant Array of Inexpensive Disks

» (Redundant Array of Independent Disks)

« Tap cac 6 dia cirng vat ly duoc OS coi nhu mot 6
logic duy nhat = dung luong I&n

« D@ liéu dugc luu trir phan tan trén cac 6 dia vat ly
- truy cap song song (nhanh)

» Luu trir thém théng tin du thua, cho phép khoi
phuc lai thdng tin trong trwong hop dia bi hong 2>
an toan théng tin

» Cac loai RAID: (RAID O - 6)




RAID O, 1, 2

T
.
strip 0
strip 4

strip 8

strip 12
N

|
|
\ ]

-~ — _

T
N
strip 1
strip 5

strip 9

strip 13
vl
|

|
\ -

i

(a) RAID 0 (Nonredundant)

T
S

strip 0
strip 4
strip 8
strip 12
|\_’/}
\

~ — _

T
(>

strip 1
strip 5
strip 9

N
strip 13
~

I
|
N -

i

(b) RAID 1 (Mirrored)

T
S

N

-~ — _

(c) RAID 2 (Redundancy through Hamming code)

T
(— >

N

N )

i

strip 2
strip 6
N
strip 10
N
strip 14

J
\

-~ — _

-~ — _

strip 3
strip 7

|
N

-~ — _

strip 11
N
strip 15
N

|
J




RAID 3 &4

s
7
(8

BACH KHOA

d ™D d>
~ ~
~ ~
L R L
~ ~
. S |

~——_—— N —_——

(d) RAID 3 (Bit-interleaved parity)

block 0 block 1
Neo—

block 4 block 5
Nee—

block 8 block 9
Nee— Neo—

block 12 block 13
\__/l \_'/l
| | | |
\ - \ -

N —_—— N —_——

(e) RAID 4 (Block-level parity)

~——_——

block 2
Neo—
block 6
Neo—

block 10
Neo—
block 14
Ne—

N —_—— =

N —_—— =

block 3
Neo
block 7
Neo—

block 11
Neo—
block 15
Ne

N —_——

N —_— =

P(0-3)
P4-7)
P(8-11)
o
P(12-15)
Ne_

~N—_— -




RAID 5 & 6

block 0 block 1
e e
block 4 block 5
block 8 block 9
e e
block 12 P(12-15)
N N
P(16-19) block 16
Ne_ MNeo

~—_—_— - -~ = _—

block 0 block 1
e e
block 4 block 5
block 8 block 9
Neo— N
block 12 P(12-15)
~ ~

~—_—_—

(g) RAID 6 (Dual redundancy)

~_—_—— -

S

block 2
Neo—
block 6

P(8-11)
N

block 13
N
block 17
~_

~_—_ -

(f) RAID 5 (Block-level distributed parity)

S

block 2
Neo—
block 6
e

P(8-11)
N

~ p—

S

block 3
N
P4-7)

block 10
e

block 14
Neo—

block 18
N~

~_—_ -

block 3
e
P4-7)

Q(8-11)
N

—

P(0-3)
block 7
block 11
Neo
block 15
Ne—

block 19
~_

block 13
Ne—

~—_—_—

~_—_ -

P(0-3)
N

Q4-7)
v
block 10
v

block 14
N~

~ p—

S
Q(0-3)
N

block 7
e
block 11
N M

block 15
N~

~ = p—
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Anh xa d{ liéu ctia RAID O

Logical Disk

_—

strip 0
strip 1
strip 2
strip 3
strip 4
strip 5
strip 6

-_—_ - -

Physical
disk 0

Array

Management

Software

strip 1 strip 2
N
strip 5 strip 6
! trip 9 ;' - rip 10
1
1| strip 1 I strip 1
(. | I
T T |  -----
' Physical | Physical
' disk 1 : disk 2
1
! I
! I
! I
! I
I
_________ |

-_—_ - -

Physical
disk 3




6.5. BO nh& ao (Virtual Memory)

« Khai niém b6 nh& do: gom bo nhd chinh va bé nhé
ngoai ma duoc CPU coi nhu la mot bd nhd duy
nhat (b6 nhaé chinh).

= Cac ky thuat thuc hién bé nhé ao:

= Ky thuat phan trang: Chia khong gian dia chi bé nhé
thanh cac trang nhé cé kich thudc bang nhau va nam
lién ké nhau
Thoéng dung: kich thudc trang = 4KiB

= Ky thuat phan doan: Chia khéng gian nhé thanh cac
doan nhd& co kich thudce thay doéi, cdc doan nhd cé thé
goi |én nhau.
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Phan trang

» Phan chia bo nhé thanh cac phan co kich thuéc
bang nhau goi la cic khung trang

« Chia chuong trinh (tién trinh) thanh cac trang

« Cap phat so hiéu khung trang yéu cau cho tién
trinh

» OS duy tri danh sach cac khung trang nh& trong

= Tién trinh khong yéu cau cac khung trang lién tiép

« S&r dung bang trang dé quan ly
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Cap phat cac khung trang

Main Main
memory memory
Page 1
Process A 13 Process A 13 otg A
Page 0 Page 0
Page 1 Page 1 Page 2
Page 2 14 Page 2 141 ofa
Page 3 Page 3 b 3
age
15 15 of A
v v
In In
16 use 16 use
Free frame list Free frame list
13 In 20 In
14 17 use 17 use
15 Process A Pave 0
18 tabl age
20 18 page table 18 of A
18
13 .
14
20 2 20
(a) Before (b) After
”
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Dia chi logic va dia chi vat ly cua phan trang

Main
memory
Page 1
> of A 13
Page Relative address Frame Relative address Page 2 14
number  within page number  within frame of A
Logical \ / Physical \ / Page 3
address | 1 | 30 address | 13 [ 30 of A 15
A
16
= 17
> 13
14 Page 0
ofA | 18
15
Process A
page table
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Nguyén tac lam viéc ctia bd nhé ao phan trang

» Phan trang theo yéu cau
- Khéng yéu cau tat ca cac trang cua tién trinh nam trong
bé nh&
= Chi nap vao bo nh& nhirng trang dugc yéu cau
- L6i trang
» Trang duoc yéu cau khong co trong bd nhé
« HDH can hoan d6i trang yéu cau vao
= C4 thé can hoan ddi moét trang nao dé ra dé 13y cho
= Can chon trang dé dua ra
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« Qua nhiéu tién trinh trong bo nhé& qua nhé
= OS tiéu ton toan bo thoi gian cho viéc hoan doi
= Co it hoac khéng c6 cong viéc nao duoc thuc hién
= Pia ludn lubén sang
= Giai phap:
« Gidm bdt so tién trinh dang chay
= Thém bd nh&
= Thuat toan thay trang
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- Khéng can toan bé tién trinh nam trong bé nhé& dé
chay

» C4 thé hoan doi trang duoc yéu cau

« Nhu vay co thé chay nhirng tién trinh 1&n hon
téng bd nhd san dung

» B6 nh& chinh duoc goi la bé nhd thuc

 Nguoi dung cam giac bé nhd Ién hon bd nhé thuc
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Cau truc bang trang

Virtual address
n bits
Page # | Offset

Control
n bits bits
Y Process
Hash m bits Page # ID Chain
function 0
> i
J
Y Y
2" —1 |Frame # | Offset
m bits
Inverted page table

Real add
(one entry for each eal address

physical memory frame)

7
y
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Kién tric may tinh

Hét chuong 6
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