


NOI dung

» Tong quan vé hé thong nhé
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Tong quan vé hé thong nhé

* Cac dac trung cua h¢ thong nho
— V1 tri
« Bén trong CPU:
— Tap thanh ghi
* B0 nh¢ trong:
— B0 nhé chinh
— B0 nhoé cache
« B0 nhd ngoai: cac thiét bi luu trit
— Dung lugng
* P dai tir nhd (tinh bang bit)
* SO luong tir nhé



Tong quan vé hé thong nhé

» Cac dic trung cua hé thong nhd (tiép)
—Pon vi truyén
* Ttr nhé (word)
« Khoi nhé (block)
— Phuong phap truy cap
e Truy cap tuan tu (bing tr)
« Truy cap truc tiép (cac loai dia)
* Truy cap ngau nhién (bd nhd ban dan)
e Truy cap két hop (cache)



Tong quan vé hé thong nhé

e Céc dic trung cua hé thong nhd (tiép)
— Hi€u nang (performance)
* Thot gian truy cap
e Tbc dd truyén
— Kiéu vat Iy
e Bo nhé ban dan
 BO nho tu
* B0 nhd quang
— Cac dac tinh vat ly
» Ty mat/ Khong tu mat (volatile/ nonvolatile)
* Xoa duoc/ khong xoa dugce



Tong quan vé hé thong nhé

* Phan cap hé thong nhé

B4 vi xit Iy

CPU

Bé& nhd
chinh

) i, IT-FIT 2021
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Tir trai sang phai:

= dung lwrong tang dan

= tdc dd gidm dan

« gia thanh/1bit giam dan

Bd nhd
ngoai




Tong quan vé hé thong nhé

* D0 tin cay by nhd
— Nguyén tic chung: can tao ra va luu trir thém thong tin du
thura.

e T dit liéu can ghi vao bo nhd: m bit
e Can tao ra va luu trir tir ma: k bit
o Luu trit (m+k) bit

— Phat hién 16i
« Kiém tra chin/ 1¢ (parity): Mdi byte dit liéu can 1 bit kiém tra
* Checksum
* CRC (Cyclic Redandancy Check)

— Phat hién va stra 16i
e Dir li€u duoc ma hoa béing cac bd ma co kha ning stra 16i ECC

(Error Correction Code), vi du : Ma Hamming

» MJdi byte hodc block dit liéu can nhiéu bit kiém tra hon



Tong quan vé hé thong nhé

* PJ tin cay bo nhd (tiép)

Dulieuiéo  mpi m b hléuafl'ni'nh Dulieura mbi
l 7=/ " vadia 7>
: m bit : khlt: dﬂ’llium
BO B& nhé B3
tao ma ' tao ma
| ] ’
N— L—»  B& [Tinhieubso B
——/ (] ’ —
(bit ma f: > sosinh




B6 nhé ban dan

* Phan loai

— ROM (Read Only Memory)
 B6 nhd chi doc
« Khong ty mat dit liéu khi cat nguon dién

— RAM (Random Access Memory)
* B6 nhé doc/ ghi
e Tu mat dit liéu khi cat ngudn dién

— Cache
« B6 nhd ¢ toc dd cao nhung dung luwong thap
* Trung gian gitra bo nhé chinh va thanh ghi trong CPU
» Ngay nay thudng dugc tich hop san trong CPU



B6 nhé ban dan

« ROM
— Thong tin dugc ghi khi san xuat
— Khong x04d/ stra dugc nd1 dung khi sir dung
— Ung dung:
* Thu vién cac chuong trinh con
* Cac chuong trinh di€u khién hé thong nhap xuat co ban
BIOS (Basic Input Output System)

Phan mém kiém tra khi bat may POST (Power On Self Test)
Phan mém khoi dong may tinh (OS loader)

Vi chuong trinh



B6 nhé ban dan

 Phan loa1i ROM
— Mask ROM

« Thong tin dugc ghi khi san xuat
* Khong xo4/ stta dugc nd1 dung
« Gia thanh rat dat
— PROM (Programmable ROM)
« Khi san xuat chua c6 ndi dung (ROM trang)
« Can thiét bi chuyén dyng dé ghi
« Cho phép ghi dugc mot 1an, goi 1a OTP (One Time Programmable)
hoac WORM (Write-Once-Read-Many)
— EPROM (Erasable PROM)
« C6 thé x6a bang tia cuc tim UV (Ultra Violet)
« Can thiét bi chuyén dyng dé ghi
e Ghi/ x04 duogc nhiéu lan

“i B, IT-FIT 2021
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B6 nhé ban dan

* Phan loa1 ROM (ti€p)
— EEPROM (Electrically EPROM)
e X0a béng mach dién, khong can tia UV > Khong can thao
chip ROM ra khoi may tinh
« C6 thé ghi theo ting byte
« 2 ché d6 dién ap:
— Dién ap cao : Ghi + Xoa
— Dién ap thap : Chi doc
— Flash memory (Bd nh& cuc nhanh)
« EEPROM san xuit béng cong ngh¢ NAND, tbc d6 truy cap
nhanh, mat do cao
* X6a bang mach dién; Ghi theo timg block

. Ngay nay dugc sir dung rong rai dugi dang the nho (CF,
), thanh USB, 6 SSD (thay thé cho 6 dia cting)



B6 nhé ban dan

 RAM
— B0 nhd doc-ghi (Read/Write Memory)
— C6 thé ghi/ x04 trong qua trinh st dung > Lam bo nhé
chinh trong may tinh
— Ty mat dir liéu khi cat ngudn dién. Chi luu trit thong
tin tam thoi khi chay chuong trinh, khi két thiic
chuong trinh can luu trit dit liéu ra bd nhé ngoai
— C0 hai loai:
- SRAM (Static RAM): RAM tinh
« DRAM (Dynamic RAM): RAM dong



B6 nhé ban dan

« SRAM
— Céc bit dugc luu trit bang cac Flip-Flop
— Thong tin on dinh, khong tu mat dit liéu theo thoi

g i an de voltage
A l
— Cau truc phuec ta ’] ' [|
p ap | LT
— Dung lugng chip nho (- (-
— Toc do truy cap nhanh L~ T
— Dat tién TI]' 'E“
T 1 2
— Dung lam b nhé cache ~
Bit1 P Bit li
My, "



B6 nhé ban dan

* DRAM

— Cac bit duoc luu trir trén mach tu dién
— Tu mat dit liéu theo thoi gian = can phai c6 mach
lam two1 (refresh)

— Cau tric don gian A""’]sj"“e
— Dung luong 16n
A g A . /\g .—l—l
— TOC dO Cham hO’n Transistor
— Ré t1én hon Storage _1_
capacitor
— Dung lam b0 nh¢ chinh
Bit line Ground

B



B6 nhé ban dan

e Phan loai DRAM theo co ché hoat dong

— FPM (Fast Page Mode)
 Truy cap theo ting trang bo nhé (cung hang khac cot)
— EDO (Enhanced Data Out)

* Khi xuat dit liéu ¢ thé dong thoi doc dia chi cua 6 nhd ké
tiep

« Cho phép doc nhanh gap d6i so véi RAM thuong

— SDRAM (Synchronous DRAM)

. Dong bd vai system clock = CPU khéng can chu ky cho
* Truyén dir liéu theo block

— RDRAM (Rambus DRAM)

« B0 nhé toc do cao, truyen dir li¢u theo block

Do cong ty Rambus va Intel san xuat dé s dung cho CPU
Pentium 4 'khi méi1 xuat hién nam 2000

« Gia thanh dat nén ngay nay it str dung



B6 nhé ban dan

» Phan loai DRAM theo co ché hoat dong (tiép)

— DDR-SDRAM (Double Data Rate-SDRAM)
* Phién ban cai tién cia SDRAM nham nang cao tdc do truy
cap nhung c0 gia thanh ré hon RDRAM
e Goi dit liéu 2 1an trong 1 chu ky clock
- DIDI?(ZI DDR3: Goi dit liéu 4 hoic 8 lan trong 1 chu ky
CIOC

DDR

DDR 2

DDR 3

\ eivitite,  IT-FIT 2021 | S N S N B I A 17
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B6 nhé ban dan

* Phan loai DRAM theo hinh thirc dong go1
— SIMM (Single Inline Memory Module)
— DIMM (Dual Inline Memory Module)
— RIMM (Rambus Inline Memory Module)
— SO-DIMM (Small Outline DIMM)
— SO-RIMM (Small Outline RIMM)




B6 nhé ban dan

e T6 chuc cua chip nhé
— Cac duong diachi: A, ; + Ay, = €0 2"

tr nho
— Céc duong dir liéu: D, + D, > d0 A
dai tr nhé = m bit A—>

+—» D

+—D

. r, — - Chip nhg
— Dung luong C‘hlp nhg =2" . m bit . e
— Cac duong diéu khién: A, —»
* Tin hiéu chon chip CS (Chip Select)
e Tin hiéu diéu khién doc OE (Output Enable) C€5— <
« Tin hiéu diéu khién ghi WE (Write Enable)
« Céc tin hiéu didu khién thudng tich cuc véi - T T

muc 0

‘ . ‘
INDUSTRIAL
HUNIVER‘ITY OF
HOCHIMINH CITY



B6 nhé ban dan

 T6 chirc bd nhd 1 chiéu va 2 chiéu

—>
s S0 I Y
A —»| B5 s o b,
A, —> ?"li' Ma tran nho dém
. dia 2" x m bit dir
5 liéu
. chi . '
A, —» - <+ D_,
L
Diéu khién va dinh thai gian
CS WE OE

{?

INDUSTRIAL
UNIVERSITY OF
HOCHIMINH CITY

n?2 bit U

B§ gial mé diachl cbt  |e—

v " vy
L] | Hang nhd |
Bs |» | Hang nhés |
nibit | 94l Bo
— ma | Ma trdn nhd AL n] dém
—v] dia 2 hang x (2"%cdtx mbit) [N did
chi liéu
hang | -
— | Hang nhd |
f f f
Diéu khidn va dinh théi gian
CE WE OE

m bit



B6 nhé ban dan

 TO chirc b0 nho hai chiéu
— CO n duong dia chi: n=nl +n2
2"l hang,
 mdi hang c6 2" tir nhd,
— C6 m duong dir Lidu:
* moi tir nhé ¢ do dai m-bit.
— Dung lugng cua chip nho:
e [2M x (2" x m)] bit = (2"*"2 x m) bit = (2" x m) bit.
— Hoat dong gia1 ma dia chi:
e Budc 1: bo giai ma hang chon 1 trong 2™ hang.

e Budc 2: b giai ma c¢ot chon 1 trong 2" tir nhd (cOt) cia hang
da duoc chon.



B6 nhé ban dan

e T6 chitc cia DRAM ndongdey o *

— Dung n duodng dia chi don Chétdiachicdt (e cas
kénh = cho phép truyén 2n — :'d_ —
bit dia chi ——

— Tin hi€u chon dia chi hang cn %;; | 5
RAS (Row Address Strobe) 7 ai ] & [ ZhingxFetami [*> I,i;:

— Tin hiéu chon dia chi c0t CAS ’r e
(Column Address Strobe) USSP

. Dung lu'o’ng DRAM _ 2 n § m T’iliiu khién va T-:Iinhthn'.li gismT
blt CE WE OE



B6 nhé ban dan

e Thiét ké mo-dun nhé ban dan
— Dung luong chip nhd 2" X m bit
— Can thiét ké dé ting dung lugng:
e Thiét ké ting d6 dai tir nhé
e Thiét ké ting sO lugng tir nhd
* Thiét ke két hO’p' tang ca do dai va so lugng tir nhé
— Qui tac: ghep ndi cac chip nhé song song (tang do

dai) hodc ndi tiép bang mach giai ma (ting so
luong)



B6 nhé ban dan

* Tang d6 dai ttr nho
— VD:
* Cho chip nhé SRAM 4K x 4 bit
e Thiét ké mo-dun nhé 4K x 8 bit
— Qiai:
 Dung lugng chip nhé = 212 x 4 bit
* chip nhé co:
— 12 chan dia chi
— 4 chan dir liéu
« mo-dun nhé can co:
— 12 chan dia chi
— 8 chan dir liéu
— Tong quat
* Cho chip nhé 2" x m bit
e Thiét ké mo-dun nhd 2" x (k.m) bit



Bd nhé ban dan

* Vidu: Tang do dai tuw nho

At
7"'—FA-|1_A|] 7 A‘H_Aﬂ
D,+ Dy Dy+Dy [« Dy=Dy
) B .
s = : )
WE OF WE OF
f A
E_s &
= .
E L
‘¢H ........... IT-FIT 2021
\ uuuuuuuuuuuu )
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B6 nhé ban dan

* Tang so luong tu nho
— VD:
* Cho chip nhé SRAM 4K x 8 bit
e Thiét ké mo-dun nhé 8K x 8 bit
— (Giar:
* Dung lugng chip nhd = 212 x 8 bit
* Chip nho¢ ¢6:
— 12 chan dia chi
— 8 chan dir licu
* Dung luong mo-dun nhé = 213 x 8 bit
— 13 chan dia chi
— 8 chan dir licu



B6 nhé ban dan

e Vi du: Tang so6 lugng tir nhé

Al1=AD
- < A11+-AD
D7+ D0 je—ts
—qC5
Al2 A _ ‘ WE OE
B R B S <> D7+ D0
gidi ma
122
G v ! A11+AD
D7+ D0 |« =
G| A|[YDO Y1 453
00| 0 1 WE OE
o(1(1 O
1 x| 1 1 WE OE



B6 nhé ban dan

* Bai tap
— Ting so luong tir gap 4 lan:
* Cho chip nhd SRAM 4K x 8 bit
» Thiét ké mo-dun nhé 16K x 8 bit
* Goiy: Dung mach gidima 2 -2 4
— Ting so luong tir gap 8 lan:
* Cho chip nhd SRAM 4K x 8 bit
» Thiét ké mo-dun nhé 32K x 8 bit
* Goiy: Dung mach gidima 3 - 8
— Thiét ké két hop:
* Cho chip nhé SRAM 4K x 4 bit
« Thiét ké mo-dun nhé 8K x 8 bit



BO nhd chinh

* Cac dac trung co ban

— Chtra cac chuong trinh dang thuc hién va cac dir li€u
dang duogc su dung

— Ton tai trén moi hé thong may tinh

— Bao gém cac 0 nho duoc danh dia chi truc tiép bod1
CPU

— Dung lugng ciia bo nhé chinh trén thuc té thup’ng nho
hon khong gian dia chi bd nhd ma CPU c¢6 thé quan 1y.

— Viée quan 1y logic b nhd chinh tuy thudc vao hé dicu
hanh - nguoi lap trinh chi sit dung bd nho logic.



BO nhd chinh

 TO chirc bd nhd dan xen

(interleaved memory)

— D0 rong cua bus dir liéu de

trao do1 vo1 bo nhd: m = 8,

16, 32, 64,128 bit ...

— C4c 0 nh¢ dugc t6 chirc theo L’“‘>
byte = t6 chirc bd nhd vat 1y
khac nhau

— m=8 bit > mot bang nho T
tuy€n tinh b7 - DO

O th b bh b = O



BO nhd chinh

e T6 chirc bo nhd dan xen (tiép)
— m = 16 bit = hai bang nhd dan xen

Bang 1 Bang 0
L 1 0
A0—»| Bétao | 557 ; i
B tin hiéu 7 6
chon 9 8
W—> byte [
BE1

E 2i+1 2i
Cac tin hiéu chon byte X "
1(BE0| Chon byte
0 | Chon ca hai byte
1 | Chon byte cao
0 | Chon byte thdp _ .
1 khéng chon H T BE1 H T BED
) s 1508 b7-Dd

IIIIIIIIIIIIII

—x—nnnml




BO nhd chinh

e T6 chirc bo nhd dan xen (tiép)
—m = 32 bit > bon bing nhd dan xen

bang 3 béng 2 béng 1 bang 0
3 2 1 0
7 6 3] 4
11 10 9 8
15 14 13 12
19 18 17 16

E - E > 4i+3 4j+2 4j+1 4j

AD—> BED

A1—| BOtap ==

o)tk 5

w by‘lt& % L = L L L

s - e [t Ite tew [t
D31-D24 D23-D16 D15-D38 D7 -D0



BO nhd chinh

e T6 chirc bo nhd dan xen (tiép)
— m = 64 bit 2 tdm bang nhé dan xen

bang 7 bang 1 bang 0

7 1 0

15 9 8

23 17 16
A!“ Ag Bi+7 Si+1 8

[ e [t 1[fa

D6&3-D56 D15-D8 D7 - DO



BO nh& cache

» Nguyén tac chung cua cache
— Nguyén 1y cuc b : Mot chuong trinh thuong st

dung 90% thdi gian chi dé thi hanh 10% cau 1énh

— Cache dugc dat gitta CPU va bd nh¢ chinh nham

ting toc do truy cap bo nhd ciia CPU

— Vidu:

e Cau triic chuong trinh tuan tu

* Vong l1ap ¢6 than nho
* Cau truc dir l1€u mang

CPU

—

cache

|

Truyén theo tr nhd

B nhd chinh

Truyén theo block nhé




BO nh& cache

 Thao tac trén bo nhd cache
— CPU yéu cau ndi dung cta 6 nhé
— CPU kiém tra trén cache voéi dit liéu nay
— Néu c6, CPU nhan dit liéu tir cache (nhanh)
— Néu khong co6 thuc hién 2 buoc sau:

* Poc Block chtra dir 11éu tir bd nhé chinh vao cache
(cham hon)

e Chuyén dit liéu tir cache vao CPU



BO nh& cache

* Cau trac chung cua cache

— B0 nhd chinh co 2N byte
nho

B0 nhd chinh va cache duoc
chia thanh céac khdi c6 kich
thudc béng nhau CPU

* B0 nh¢ chinh: By, B4, B,, ...,
B,.; (p Blocks)

* B0 nh¢ cache: Ly, Ly, Ly, ...,
L., (m Lines)

e Kich thudc cua Block =
8,16,32,64,128 byte

Tag  Cache
— L
L | L,
— b
— L
L | |_I
L |

m=1

B& nhé chinh

By,




BO nh& cache

» Cau tric chung cua cache (tiép)
— Mot s6 Block ctia bd nhé chinh duoc nap vao cac
Line cua cache.
— No6i dung Tag (thé nhd) cho biét Block nao ctia bd
nh¢ chinh hién dang dugc chira ¢ Line do.
— Khi CPU truy cap (doc/ghi) mét tir nhd, ¢ hai kha
nang xay ra:
* Ttr nhd d6 ¢6 trong cache (cache hit)
* Tur nhd d6 khong co trong cache (cache miss)



BO nh& cache

e TO chirc b0 nhd cache
— Kich thudc cache

» Cache cang 16n cang hiéu qua nhung dat tién
» Can nhiéu thoi gian dé giai ma va truy cap
— KV thuat anh xa : Phuong phap xac dinh vi tri dir li€u trong
cache
» Anh xa tryc tiép (Direct mapping)
« Anh xa két hop toan phan (Fully associative mapping)
« Anh xa két hop theo bo (Set associative mapping)
— Giai thuat thay thé
. Ph}mng phép chon lua ving nhé nao luu trong cache dé ting hiéu
suat sir dung cache



BO nh& cache

» Anh xa truc tiép

— Moi Block ctia bo nhé chinh chi cé thé dwoc nap vao mot
Line cua cache:

* B2 L,

* B, 2L Cache line | Main Memory blocks s

o 0 0, m, 2m, 3m...25-m

: z:-;ﬁ_lo_m_l 1 I, m+1, 2m+1...25m+1

¢ B,..>L, m-1 m-1,2m-1, 3m-1...25-1
— Tong quat

* Bjchico thé nap vao L mod m)
‘A * m la sO Line cua cache.



BO nh¢& cache

» Anh xa tryc ti€p (ti€p)

T .
N bit dla chi b3 nho — Cache B6 nhd chinh
Tag Line Word Lo J‘ B,
—————" - A - r I |
T bit L bit W bit L, B,

|
vy ® > }L'é_. }s]

So sanh

|
—— vache hil—— } Lot } B

cache mias

,H__d,,-"‘_“"n
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Tag
(hex)

0o
0o

0o
0o

16
16

16

16

FF
FF

FF
FF

Main memory address (binary)

- i =
Tag Line _-ﬂ'ql'ard Data
1..000000000000000600000000 [ 13579246 | = = = 4
1..00600000000D000Y000K0 10 I
I
b = L W !
I
I
I
L..000000001111111111111000 !
| D00D00001111111311T131100 I
. I
. I Line
e . I Tag Data Number
000 I01100000000800000000 [ 77777777 === 00 13579246 | 0000
1..00010110000D0006000G0004 | 11235813 | = = = = = = = 16 | 11235813 | 0001
[-000I01X000110011i0011100 | FEDCBA9S | = = = = = = = - 16 | FEDCBA9S | OCE7
-~ - L - ~ Fa -
e == = = o FF 11223344 | 3FFE
L O00I0IX0TITITTITIIT181100 ) 12345678 = = = =+ = = = 4 16 ] 12345678 | 3FFF
. ]
. ! l .l I . ’
- I 8bits 32 bits
L ITFITT11000000060000000T ! Kli
[T11{11111000D000§00000100 ' 16-Kline cache
I
Pl Fa l
e il l
I
I
L'.'.'.i.'i.}'.i:.l'.'lfi;'iilﬂ1:1:1: 111111000 %igggigg ===
LTI L11110111311131100 | 24682468 Note: Memory address values are
".__." in binary representation;
32 bits other values are in hexadecimal
16-MByte main memory
Tag Line Word
Main memory address =
< >4 >4
8 bits 14 bits 2 bits



BO nh& cache

* Dac di€ém cua anh xa truc ti€p
— Mo6i mot dia chi N bit ctia bd nhé chinh gom ba ving:
« \Ving Word gom W bit xac dinh mot tir nhé trong Block hay Line:
— 2W = kich thudc cua Block hay Line
« V0ng Line gom L bit x4c dinh mét trong sd cac Line trong cache:
— 2L=5s6 Line trong cache = m
» Vlng Tag géom T bit:
— T=N-(W+L)
— B0 so sanh don gian
— (14 thanh r¢
— Ty 1é cache hit thap (vd: 2 block cing map vao 1 line)



BO nh& cache

» Anh xa két hop toan phan
— MG6i Block c6 thé nap vao bat ky Line nao ctia cache.
— Pia chi ctia bo nhé chinh bao gom hai vung:
* Vlng Word gidng nhu truong hop anh xa tryc tiép.
* Ving Tag dung dé xac dinh Block cua bo nhé chinh.
— Tag xé4c dinh Block dang nam & Line d6
« Pic diém
— So §énh dong thoi Block nhd vai tat ca cac Tag > mat
nhi€u thoi gian
— Ty 1€ cache hit cao.

A B0 so sanh phirc tap.



BO nh& cache

» Anh xa két hop toan phan (tiép)

Tag  Gache
N bit dia Ehil::‘._': nhdr | .
Tag Word |
v = —" I
T bit W bt
1
Y
&——
————
v b w +
So sanh
I |
cache hit—

cache mizs

lllllllllll
Humv:ns ||||| IT-FIT 2021
uuuuu MINH CITY

B& nhd chinh
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Main memory address {binary)

- e —
Tag (hex) Tag Wﬂfd Data
000000 {7 00GO0D0 ']!1'.1'! 10008000 Jj.@_j_-[_i. 13579246 | = = =1
000001 i 00R00NR0NN0NN00A00NC0ION [
[
-~ o !
b o I
[
[
[
[
: Line
I Tag Data Number
1 1= -={3FFEFE| 11223344 | 000D
o r - 058CE7 | FEDCBASS | 0001
s erpenasnegasanmng ammesas | i (I
0SBCE6 | O0Q10110001T100111003T000 : (I
0S8CE7 | 00010110001A001110011100 | FEDCBA9S f - ! oo 7 T
058CES _.000410110001:1001110100000 L
L = L =
= = L = 4 = = 3FFFFD| 33333333 | 3FFD
1 l = ol = =] 000000} 13579246 | 3FFE
1 = = 4 = = 3FFFFF | 24682468 | 3FFF
| 1 1
o < >4 g
Lo 22bits 32 bits
. ; 16 Kline Cache
] 1 ]
] 1 ]
~ ~ I I .
~ ! ! 1
SFFFFD (" {TiTif{i1141111iTi{0i0G | 33333333 ="' ! !
SFEFFE (TITHIITIIIIIIT11111141000 | 11223344 - - - L -4
SFFFFF | 11411 1011119111111131100 | 24682468 f = = = | MNote: Memory address values are
— in binary representation;
32 bits other values are in hexadecimal
16 MByte Main Memory
Tag Word
A Main Memory Address =
“] B p >o
HOCHIMINH ¢ 22 bits 2 bits



BO nh& cache

» Anh xa két hop theo bd
— Cache duoc chia thanh cac bd (Set)
— Mbi mdt Set chira mot s6 Line
— Vidu:
4 Line/Set - 4-way associative mapping
— Anh xa theo nguyén tic sau:



BO nh& cache

» Anh xa két hop theo bo (tiép)

) Tag  Cache Bd nhé chinh

N bit dia ihi bé nhé —T o 3 =
r 1 —1 81
Tag Set Word — Sy =
Tot | Sok Wo = %
—q Ls Bs

— £3

: L7

I 3
L, =

———cache hit—— [

—— S

. cache miss
Mo, 1T 2020 o .
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Tag
(hex)

ooo
ooo

ooo
ooo

02c
02Cc

02Cc

02Cc

1FF
1FF

1FF
1FF

\- MW HOCHIMINHCOITY

Main memory address (binary)

_ " - Main Memory Address =
T; et + Word
_______ ;*_E{__________ —_ e, L Tag Set Word
{__00000000000D000B000GD00ET 13579246 - = = = 1
..00B0000000ND00NA00NADIOM i
1
i < > >
+- - ] 9 bits 13 bits 2 bits
1
1
L 00000000 T I IiT1 11000 '
(000000001 110111 11131100 [
» e e e B e e R B e B e B B B e e e B e e
. | 1 Set 1
- 1 1 Tag Data Number Tag Data 1
i__Dopioiiooognoooaooodoooa 77777777 |- -! = - - - J000[ 13579246 | o000 [02C| 77777777 -1
{__00010110000D000H00000T0G| 11235813 |- = = = = = = = 41 02C| 11235813 | 0001
e Lag W 1 L 1 e
{_00AI01T00011001Y100¥1100] FEDCBA9S | = = = = = = = <4 02C| FEDCBA98 | OCE7
s ~_ ~ -~ _. ~ ~_
r==1FF] 11223344 1FFE
T OOATOiEa0T i iTIi1T1i1100 | 12345678 | = = = = = + = <402C| 12345678 | 1FFF | 1FF]| 24682468 |- 4
™ 1 1
4+—r4—>r 4+—p 44—
1 . . . .
. I 9bits 32 bits 9bits 32 bits :
T YITIIYITIO0PU00e0I0GDUOT | - 1
(11111111100D000600000100 : LEL = !
1 1
~ ~_ : :
1 1
1 1
LTI IT1171111000] 11223344 | = = = = = - !
G TR 1106) 24682468 F = = = == === = - - - - ccccm s c e mmmmm -
H
32 bits

16 MByte Main Memory

Note: Memory address values are
in binary representation;
other values are in hexadecimal



BO nh& cache

* Pic diém anh xa két hop theo bo

— Kich thuéc Block = 2W Word

— Vung Set co S bit dung dé xac dinh mot trong s6 V
= 25 Set (dung dé xac dinh Set nao trong cache)

—\Ving Tag ¢6 T bit: T = N - (W+S) dung dé xac
dinh Line nao co trong Set

— Mdi Block bd nhéd ¢6 thé anh xa vao Line bat ky
trong 1 Set twong rng

— La phuong phap tong hop tir hai phuong phap trén

— Théng thudng stir dung 2, 4, 8, 16 Lines/Set

lllllllllll

IIIIIIIIIIIIII



BO nh& cache

e Vidu vé anh xa dia chi
— Khong gian dia chi b nho chinh = 4GB
— Dung lugng bo nh¢ cache 1a 256KB
— Kich thuoc Line (Block) = 32byte.
— Xac dinh s6 bit cua cac truong dia chi cho ba
troeong hop to chirc:
« Direct mapping
« Fully associative mapping
* 4-way set associative mapping



BO nh& cache

* Vi du: Direct mapping
— B0 nh6 chinh : 4GB = 232 byte = N = 32 bit
— Cache : 256 KB = 218 pyte.
— Line : 32 byte = 2° byte > W =5 bit
— Line trong cache : 218/ 2> =25 Line - L = 13 bit
—T=32-(13 +5) = 14 hit

Tag Line Word
14 bit 13 bit 5 bit




BO nh& cache

* Vi du: Fully associative mapping
— B0 nh6 chinh : 4GB = 232 byte = N = 32 bit
— Line : 32 byte = 2° byte > W =5 bit
— S6 bit cuavang Tag : T =32 - 5 = 27 bit

Tag Word
217 bit 5 hit




BO nh& cache

* Vi du: 4-way set associative mapping
— B0 nh6 chinh : 4GB = 232 byte = N = 32 bit
— Line : 32 byte = 2° byte > W =5 bit
— Line trong cache = 218/ 25> =213 Line
— Mot Set ¢6 4 Line = 22 Line
— Set trong cache = 233/ 22 =21 Set > S = 11 bit
— S6 bit ctia ving Tag : T =32 - (11 + 5) = 16 bit

‘ Tag ‘ Set ‘ Word
16 bit 11 bit 5 bit




BO nh& cache

» Giai thuat thay thé cache

— Muc dich: Giai thuat thay thé dung dé xac dinh
Line nao trong cache s¢ dugc chon dé dua dir liéu
vao cache khi khong con chd trong

— Thuong duoc cai dit bang phan cliing dé ting toc
do xu ly

— P6i v6i anh xa truc tiép:

* Khong phai lya chon

* Mo1 Block chi anh xa vao mot Line xac dinh



BO nh& cache

e Giai thuat thay thé vdi anh xa
— FIFO (First In First Out): Thay
lau nhat & trong Set d6

— LFU (Least Frequently Used): "

két hop

thé Block nao nam

‘hay thé Block ndo

trong Set c6 so lan truy cép it nl
khoang tho1 gian

hat trong cung mot

— LRU (Least Recently Used): Thay thé Block &
trong Set twrong tng co6 thoi gian 1au nhat khong

dwoc tham chiéu téi.
— Giai thuat t6i wu nhat: LRU



BO nh& cache

» Pic diém ghi dit liéu ra cache

— Chi ghi vao 1 block trong cache khi nd1 dung trong
bd nhé chinh thay doi

— Néu CPU ghi ra cache, 0 nh¢ trong rng b1 lac hau
(invalid) > can update ra BN chinh. Nguoc lai,
néu ghi vao BN chinh, ndi dung trong cache sé bi
invalid > can update lai cache

— Trong hé da xtr 1y ¢6 nhiéu CPU vdi cache riéng,
kh1 ghi vao 1 cache, cac cache khac s€ b1 invalid



BO nh& cache

* Phuong phap ghi dit li¢u khi cache hit
— Write-through:

* Ghi ca cache va ca bd nhd chinh
 Tbc d6 cham
* Cho phép CPU khac hoac 10 truy cap dir lieu da ghi tu BN
— Write-back:
Chi ghi ra cache
Tdc d6 nhanh
CPU khac hoac IO khong doc dugce dir 1ieu méi trong BN

Khi Block trong cache bi thay thé can phai ghi Block nay vé bo nhé
chinh



BO nh& cache

e Cache tach biét va cache dong nhat
— Cache tach biét (Split Cache): To chirc cache riéng
cho dir li€u va cache riéng cho 1énh chuong trinh
e T6i vu cho ting loai cache
« Ho tro kién trac pipeline
e Phan ctmg phtrc tap
— Cache dong nhat (Unified Cache): Sir dung 1
cache chung cho c4 dir liéu lan Iénh chuong trinh
e Can bang vé ty 1é cache hit

e Phan ctng don gian



e Vidu: Hé théng cache trong CPU |

BO nh& cache

ntel Pentium 4

System Bus

A
L1 instruction p
Out-of-order Pr— PrE— Instruction
execution cache (12K Lops) fetch/decode
logic unit
o4
bits
h 4 l
Integer register file '(T)I-I FP register file I Y
v v 1 v 1 v 1 v v v 1
L2 cache
(256 KB)
Load Store Simple Simple Complex FF/ FP
address address integer integer integer MMX move
unit unit ALU ALU ALU unit unit
* Fd
L1 data cache (8 KB) 7 336
bits

INDUSTRIAL
‘ l HU"IVERCITV OoF

HOCHIMINH CITY




BO nh& cache

Vidu: Hé théng cache trong CPU Intel Core 17

Intel Core i7 Processor

Logical | Logical | Logical | Logical | Logical | Logical | Logical | Logical
Proces | Proces Proces | Proces Proces | Proces Proces | Proces
SOr sor SOT s0r s0r S0r sor S0r

L1 and L2 L1 and L2 L1 and L2 L1 and L2

Execution Engine | Execution Engine | Execution Engine | Execution Engine

Third Level Cache

CQuuickPath Interconnect (QFI) Interface, Integrated Memory Controller

we 11 I

DDR3

‘A Chipset
INDUS . o

‘ ' HU"IVERGITV OF

HOCHIMINHQITY



BO nh& ngoail

e Céc kiéu bo nhd ngoai
— Trong tir (Drum): Ngay nay khong con sir dung
— Bang tir (Tape): Chuyén dung cho backup dir licu
— Pia tir: Pang sir dung rong rii nhat
— Dia quang: D‘l‘mg c‘ié trao doi dir liéu gitta cac may tinh va
phan pho1 phan mém

— Flash Disk: Loai bé nhd ban dan gan ngoai qua cong USB,
nho gon va thuan tién dé trao do1 dir liéu

— SSD (Solid State Disk): Ciing 1a bo nhd ban dan cé dung
luong 16n giao ti€p vo1 may tinh twong tu 6 dia clrng, toc
do truy cap cao, it ton dién, khong 6n, chong soc tot > rat



BO nh& ngoail

* Piatu
— Bao gom dia mém (floppy disk) va dia cting (hard
disk)
— CAac dac tinh dia tur
« Pau tir c6 dinh hay dau tir di dong
» Pia cb dinh hay thay d6i dugc (removable)
e Mt mat hay hai mat
« Mot tam dia (dia mém) hay nhiéu tam dia (dia cting)
* Co ché dau tir

— Tiép xtic (dia mém)
— Khong tiép xuc



BO nh¢ ngoal

* Dia tu (tiép)
— Pia mém |
* 87,5.257,3.5”
* Dung luong nho: chi to1 1.44MB ®

3.5-INCH (1981)

e Toc do cham

« Hién nay khong san xuat nita
— Dia cung
e Thudng c6 nhiéu tdm dia

Dang sir dung rong rai

Dung luong 16n (hién nay c6 6 3TB — 2011)
Téc do doc/ghi nhanh
Ré tién

\‘i Py, ITFIT 2021 .

HOCHIMINH CITY



BO nh& ngoail

Read/write haad (1 per surface) Direction of
arm motion

» Cau truc vat 1y dia cting

- Mét dia Sorface9

Plauer

— Track (cylinder) ——

Sorface7
— Sector

Sorace 6

SEE— - - Read/write head
- Ry , Surface 5

Actuator

Q> Surfaced

Sorace 3

Surface2

Sorface |

\l'/ Surface 0

Direction of
rotation

S5

Spineic




BO nh& ngoail

* Cau truc vat 1y dia ctng (t1€p)
. T(ack la cac vong tron -1 i
dong tam Inter-sector gap /
* Don vi doc ghi: tung
sector (~ 512Byte), c6 thé

doc ghi theo block nhiéu
sector (cluster)

* Thoi gian doc ghi:
« Seek time

« Latency time

e Transfer time " Q

* Dia quay voi van toc goc Q- s

khong do1 CAV (constant & T ©

A . l
Nz o R0 &

b .. Inter-track gap




BO nh& ngoail

* Cau truc vat ly dia cung (ti€p)
— Longitudial recording: Ghi tuyén tinh
— Perpendicular recording: Ghi truc giao

— Cluster: Mot bo gém nhiéu sector

‘ IT-FIT 2021

longitudinal
recording

1

perpendicular
recording



BO nh& ngoail

* Dinh dang sector

index rl

-

T rl physical sector 0 r physical sector 1 r ! I physical sector 29 r
ID data ID data ID data
gap gap ' gap | gap gap gap gap gap L | 9ap
1 field | 5 | field | "5 1 field | "5 | field 3 1 | field 2 field | 5
0 0 1 1 29 29
bytes 17~ 7 ™41 515 20 17 7 a1 515 * 20 17 7 41 515 20
' ‘ 800 bytes/sector .
S s e
bytes 1 2 1 1 2 1 512 2
“| HL"..'?S?:?.'##O; IT-FIT 2021 67



BO nh¢ ngoal

o K§ thuat RAID
— RAID: Redundant Array of Independent Disks
— Ghép nhiéu 0 dia vat 1y dé truy cap nhu 1 6 luan 1y
* Tang toc do truy cap (doc ghi luan phién va song song)

e Tang dd an toan dir 1i¢u khi dia hu hong (ghi du thura
hoac ghi thém thong tin ECC/parity)

« Tang dung lugng toi da cua don vi luu trit (nhiéu dia)

— Hién c6 7 loa1l thong dung: RAIDO — RAIDG6



BO nh& ngoail

* RAID O, 1va?2
oo [Sowt)

strip 4 strip 5
strip 8 strip 9

]

------

(b} RALD 1 (mirrored)

_____________

{c) Hﬁ_l._l.ll':f_luezﬁdliufnn:}' throngh Hamming code)

=

------

o
E35

(&)

HHHHHHH

69



BO nh& ngoail

 RAID 3va4

\‘?

INDUSTRIAL
UNIVERSITY OF
HOCHIMINH CITY

......

......

e (e (==
RS S e
Nt S -

by by by |
i it o

-
----------------

block 1 block 2 block 3
block 5§ block 6 block 7
P —
block 9 blodk 10 block 11
v
block 13 blok 14 block 15
v

...................

(¢) RAID 4 (block-level parity)

IT-FIT 2021

......

70



bk O
I
block 4
]
block &
e ]
block 12
e ]

Fil6-19
-"'-'—-———'-}-JI

BO nh& ngoail

* RAID5vab6

block 1
I
block 5
T —

block 9
]

P{12-15)

]

block 16
e

i i
% ! 5 ! N ! 1 ! 1 "
Ty —— = - i — . = - = - =

(0 RALLD 5 (block-level dismiboted parity )

bl 0 block 1 b sl 2 bk 3 Pi0-3) CH -3
block 4 block 5 b ok @ Pid-T) Q-7 block 7
block 8 block O HE-11} CHE-11) bl 10 block 11
bl 12 Fi12-15} N 12-15) block 13 hlock 14 hlock 15
| | ' e ' '
:. K :. K : K : L :_ L :_ L
A (g} RALLIY G (doal rednhdahey)
‘ IT-FIT 2021

IN
UNives>iiy or
HOCHIMINH QITY



BO nh& ngoal

e Toém tat k§ thuat RAID

I/O Request Rate

Data Transfer Rate

parity

Category Level Description . . Typical Application
(ReadWrite) (ReadWrite)
Applications requiring
Stniping 0 Non-redundant Large strips: Excellent | Small stnips: Excellent | high performance for
non-critical data
) } . ) . ) Swystem dnives; critical
Mirroning 1 Mirrored Good/Fair Fair/Fair
files
2 Fedundant via Hamming code Poor E=xcellent
Parallel Large IYO request size
access 3 Bit-interleaved parity Poor Excellent applications, such as
mmaging, CAD
4 Block-interleaved parity Excellent/Fair Fair/Poor
. . Hi t rate,
_ Block-interleaved distributed ) ) igh -requefs rate.
5 . Excellent/Fair Fair/Poor read-ntensive, data
Independent parity
lookup
access
. o Applications requirin
Block-interleaved dual distnibuted ) PP ] q &
6 Excellent/Poor Fair/Poor extremely hugh

availablity




BO nh& ngoail

* Dia quang (optical disk)
— CD (compact disk)
Kha nang doc/ghi: CD-ROM, CD-R, CD-RW
Duong kinh: 12cm, 8cm
Dung lugng: 700MB, 200MB
Track: Ghi theo cac vong hudng tam, toc d6 dai khong d6i CLV
(constant linear velocity)
Téc do doc ghi: 1x — 52x (1x= ??)
Chuan dinh dang: ISO 9660, UDF (Universal Disk Format)

e
oo |FE=<10 | 00 E 'ﬁ i g Data "';g’éc""’
12 bytes 4 bytes 2048 by tes 288 bytes
i 1§ Ptf
SYNC 1D Data L-ECC

A <t 2352 bytes )
\‘l H:."..':S::::#o, IT-FIT 2021 .
HHHHH MINHCQITY



BO nh& ngoail

» Pia quang (tiép)
— DVD (Digitgl Versatile Disk): Loai dia dung lugng cao (so
vo1 CD), xuat phat tir dia phim video (Digital Video Disk)
— Kha nang doc ghi: DVD-ROM, DVDxR, DVDxRW,
DVD-RAM
— SO mit/ s6 16p: 1-2 mit, 1-2 16p/mat

— DI’I(‘mg kinh: 12cm, 8cm Sides|Layers D"E‘grrf)ter C"’(‘gaBC)'ty
— Toc d0: 1x — 24X (1x=7?) 1] 1 8 1.46
1| 2 8 2.66
— DPia DVD dung luong cao 2 | 2 8 2.92
- HD-DVD (15-60GB) 2 | 4 8 232
1| 1 12 4.7
 Blue ray (25-50GB) 1| 2 12 8.54
2 | 2 12 9.4
N M, 2 | 4 12 17.08




B6 nhé ao
* B0 nhé that

— Khong gian dia chi trong chuong trinh trung vt khéng, gian dia chi
trong bo nhé. Cho phép ngudi 1ap trinh truy cap truc tiép vao 1 6 nhé
- Kho bao vé b nho.

— Khi thi hanh, hé diéu hanh nap toan bd c}nmng trinh vao by nh& (nap
trudc) = bd nhd may tinh phai da 16n d€ chay cac CT 16n

— Chuong trinh duoc cap phét 1 vung nh¢ c6 dia chi lién tuc ,(cép phat
lién tuc). HDH s€ thu hoi ving nhé sau khi chuwong trinh két thac

- Dc—i- thuc hiép da chuong, HDH can chia BN ra nhiéu vung (partition),
mo1 vung cap phat cho 1 CT

— Khi bd nho day

« HDH khong cap ti€p, cac CT phai cho dén khi c6 1 vung nhé trong

« HDH cap tiép: Can k¥ thuit trao do6i (swapping) dé ghi tam ving nhé cua 1 CT khac
ra BN ngoai, 1ay chd trong cap cho CT moi

‘ . ‘
INDUSTRIAL
UNIVERSITY OF
HOCHIMINH CITY



B6 nh¢ ao

+ B0 nhé that (tiép)

INDUSTRIAL
UNIVERSITY OF
HOCHIMINH CIT.

System

Crperating i‘ am

(a)

Operating
System

Process 1 | % 20M

140

Process 3 18M

IT-Ri 2021

Operating
System

Process 1

(b)

Operating
System

()

20M

3aM

208

EM
&M

18M

4M

Operating,
System

Prixwcess 1

Process 2

(c)

Operating
System

Process 4

Process 3

g)

20M

14M

22M

20M

B
&M

18M

4M

Operating
System

Process 1

Process 2

Process 3

(d)

Operating
Svstem

Process 2

Process 4

Process 3

(h)

20M

14M

18M

4M

14M

B

18M

4M

76



B6 nh& ao

* B0 nh¢ ao (Virtual Memory)

— Khong gian dia chi trong CT (d1a chi ao) dugc tach biet voi
khong gian dia chi trong BN (dia chi thuc) - CPU va
HDH s¢€ pho1 hop d€ anh xa (mapping) dia chi ao trong CT
thanh dia chi that trong BN

— Viéc anh xa va quan 1y BN do duogc thuc hién qua don vi
MMU (Memory Management Unit)

The CPU sends virtual

CcPU addresses to the MMU
package /
CPU ~—
l’/ Memory M Disk
o management KNy controller
unit
\\ Bus
A The MMU sends physical

‘ H:,",,'::,’:,',ﬁ.'ﬁo, IT-FIT 2021 addresses to the memory 77

HOCHIMINH CITY



B6 nh& ao

* B0 nhé 4o (tiép)

— Khi thi hanh, hé diéu hanh chi nap cic phan can thiét cta
CT vao bd nhé (nap theo yéu cau), khong can nap toan bd
CT -> tranh lang phi BN

— Céac CT duogc cap phat nhiéu ving nhé ¢ dia chi tach biét
nhau (cap phat khong lién tuc).

— Str dung k¥ thuat trao ddi (swapping) dé ghi tam thoi cac
vung nhé chua can dén ra BN ngoai (swap-out) dé lay chd
trong nap thong tin can thiét vao BN (swap-in) khi can dén

— BN ngoai thong dung la dia cung

— (¢ 2 ky thuat BN ao: ,

* Ky thuat phan trang : Kich thude cac ving nhé ¢6 dinh
A * Ky thuat phan doan : Kich thudce cac vung nhé thay doi



BO nhd ao

* Ky¥ thuat phan trang (paging)

HHHHHHHH

Khoéng gian dia chi 4o trong CT dugc chia déu ra céc trang do (virtual
page, goi tat 13 page) co kich thudc bang nhau, mdi trang 13 1 don vi
cap phat BN cia HDH

Khoéng gian dia chi that trong BN ciing duoc chia déu thanh cac khung

trang (page frame, goi tat 1a frame) c6 kich thudc bang 1 trang (thudng
la 4KB)

Khi c6 yéu cau cap phat BN, HPH c6 thé nap 1 trang theo yéu cau vao
bat ctr frame nao trong BN that

Khi CT truy cép vao 1 trang chua dugc cp phat sé giy ra 13i trang
(page fault) > HDH phai xur Iy bang cach swapping véi 1 trang khac
chua can st dung dén (cham)

HDPH can 1 bang quan 1y dé theo ddi trang nao dang duogc nap vao
frame nao trong BN cho méi CT, goi 1a bang trang (page table)

HHHHH



B6 nh& ao

« K§ thuat phan trang (tiép)
-

Process A

Free frame list
13
14
15
18
20

(a) Before
INDUSTRIAL

13

14

15

16

17

18

19

20

' ' H UNIVERSITY OF
HOCHIMINH CITY

Main
memory

In

In

c
w
.m

In

IT-FIT 2021

Process A
Page 0
Page 1
Page 2
Page 3

N—

Free frame list
20

Process A
page table

18

13

14
15v

(b) After

13

14

15

16

17

18

19

20

Main
memory

Page 1
of A

Page 2
of A

Page 3
of A

In
use

In
use

Page 0
of A

use

Main
Memory
Page 0
of A
page relative address page  relative address » Page 1
number  within page number  within frame of A
Logical Physical Page 2
Address| 130 Address | 14]30 of A
A
13
M 14
15 Page 3
18 of A
Process A
Page Table
80

13

14

15

16

17

18



B6 nh& ao

e Vidu vé BN phan trang Virtua

\ address
— BN ao trong CT gom 64KB space
. X o B0K—64K X
duogc chia ra 16 trang, moi1 sk-60k [ X ] } Vitual page
trang 4KB SpResic| X
A . 48K-52K X
— BN thuc gobm 32KB duoc chia aak—a8K [ 7
40K—-44K [ X _
ra 8 frame , sextox 3 Physia
— BN dang dugc cap phat nhu 32K-36K | X address
2 ‘A o 28K-32K X 28K-32K
thé hién trong bang trang otk o8k X ey
20K-24K 3 20K—24K
Bai tap: Hay tinh dia chi toook | 4 : 16K-20K
N < s . > > 12K-16K 0 12K-16K
that tir cac dia chi ao — Q -
« 10.000 4K-8K [ 1 > 4K-8K
+ 20.000 oxak [ 2 N oK-4K
A « 30.000 Page frame

\‘l H:."..'w::f::#o; IT-FIT 2021 o

HOCHIMINH CITY



B6 nh& ao

* Ky thuat phan doan (segmentation)
— Quan diém nguoi 1ap trinh vé BN
« Chuong trinh bao gom nhiéu module
« Dit liéu bao gom nhiéu array, chudi, ...

« Khi truy cép sé can ctr vao dia chi tuong d6i cia module (1énh thir
may) hay array (phan tir thir may)

20K
16K |- 16K
12K = 12K 12K |- 12K
Symbol
table
8K |- 8K — 8K |- Parse 8K |-
tree
Source Call
text stack
4K |- 4K |- 4K |- 4K |~
Constants

‘A 0K oK OK 0K 0K

' H INDUSTRIAL IT-EIT 2@=gment Segment Segment Segment Segment
\ 0

UNIVERSITY OF
HOCHIMINH CITY 1 2 3 4



B6 nh& ao

* K¥ thuat phan doan (ti1€p)
— HDPH sé cap phat BN theo ting doan (segment) c6 kich thudc theo yéu

cau lap trinh, ngudi 1ap trinh truy cap BN theo offset trong ting
segment

— Dia chi ao ¢6 dang (segment, offset)

— Khi ¢ yéu cau cap phat BN, HPH c6 thé nap 1 segment theo yéu cau
vao vung trong trong BN that. Néu khong c6 ving trong du 1én HPH
can don BN d¢é tao ra vung trong du 16n.

— Khi CT truy cap vao 1 segment chua duge cap phat s& gy ra 16i
segment (segment fault) > HPH phai xu Iy bang cach swapping véi 1
hodc vai segment khac chua can str dung dén (cham)

— HDPH can 1 bang quan 1y dé theo doi segment nao dang duoc nap vao
vi tri ndo trong BN cho moéi CT, goi 1a bang segment (segment table)



B6 nh& ao

« Viduvé BN phan doan

Segment 4
(7K)

Segment 3
(8K)

Segment 2
(5K)

Segment 1
(8K)

Segment 0
(4K)

(a)

Ban dau

INDUSTRIAL
UNIVERSITY OF
HOCHIMINH CITY

Segment 4
(7K)

Segment 3
(8K)

Segment 5
(4K)

I

Segment 2
(SK)

Segment 3
(8K)

Segment 5
(4K)

& /////

Segment 2
(5K)

Segment 6
(4K)

Segment 7
(5K)

Segment 2
(5K)

Segment 0

Segment 7
(SK)

(4K)

Segment 0

(b)
S1 swap-out

IT-FIT 20297 Swap-in

(K7,
Segment 7
(5K)

(4K)

Segment 0

()
S4 swap-out
S5 swap-in

(4K)

(d)
S3 swap-out
S6 swap-in

%(1 oK)

Segment 5
(4K)

Segment 6
(4K)

Segment 2
(SK)

Segment 7
(5K)

Segment 0
(4K)

(e)

Do6n bd nho

84



B6 nh& ao
. Téng quat viéc truy cap bo nh¢ trong may tinh

Virtual
memaory

Main memaory

Cache
Registers
1
Words
Lines
(tramsfemred Pages
_explicitly (transferred
via load/store) autormatically transferec
upon cache mss) automatically

upon page fault)

\‘i B, ITRIT 2021 N

HOCHIMINH CITY



B& nhd ao
» Uu diém BN a0
— Cho phép CT lén hon BN van chay duoc
— Chi nap phan CT nao can dén vao BN - tiét kiém BN
« Nhuoc diém BN ao
— Tang phi ton hé th(:ing (overhead): Ton thoi gian tinh toan dia chi 4o
sang dia chi that, ton khong gian BN chtra bang trang/ segment
— Truy cap BN cham hon so v&i quan 1y BN thuc: Can gap déi,th(‘yi gian
truy cap BN. Khi c6 page/ segment fault viéc truy cap BN bién thanh
truy cap 10
e Cach khic phuc
— Can phan cung dic biét hd trg HPH dé quan Iy BN
— Can giai thuat thay trang/ segment toi wu



B6 nh& ao

* Vidu: BN ao trong CPU Intel Pentium 4

— Phan segment két hop phén trang 2 cap
» Phan segment: Segment 16 bit, Offset: 32 bit.
« Phan trang: Pia chi tuyén tinh 32 bit chia ra: Directory 10 bit, page 10 bit
va offset 12 bit (4KB/trang)
|

Logical Address
ISegmen“ Offset I

Linear Address

’@T’I Dir | Page | Offset |
| Physical
’ @ | Address

L

e i tts
I

|
|
|
| |
| |
| |
| |
| |
Segment | > > — |
Table I |
| |
| Page Page |
A I Directory Table | /'\/
\" H URIVERSITY oF Segmentation ! Paging ! Main Memeory
HOCHIMINH CITY | |
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