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CHUONG 8 - VAO/RA

Muc luc

Tl thiét bi ngoai vi dén SSD NVMe
trong may tinh hién dai

MA MAU XUYEN SUOT

Polling - CPU hai lién tuc
) Ngat - thiét bi bdo khi xong
) DMA - dii liéu vao thdng RAM

01 -

82 -

03 -

04 -

85 -

06 -

07

08

Thiét bi ngoai vi

Mocdlule I/0

1/0 1ap trinh

/0 diéu khién bang ngat
Truy cap bd nhd truc tiép
Kénh va bo xu 1y 1/0
NVMe SSD trén PCle

So sanh va téng két

External devices

I/0 modules

Programmed I/0

Interrupt-driven I/0

DMA

I/0 channels

Lién hé hién dai

Comparison



Md PAU

Blic tranh téng thé

CPU RAM
Address - dia chi SYSTEM BUS (BUS HE THGNG) ‘
® ™ : ° s ®
Data - dir liéu
o - e ° ¢
| Control - diéu khién .

Module I/0

( Ban phim )

Module I/0
@

(=)

Module I/O

( Card mang )

CPU khéng néi chuyén truc tiép vdi thiét bi: moi trao déi déu di qua module 1/0.



PHAN 01 - MUC 8.1

Thiét bi ngoai vi

External Devices - cau ndi gitta mdy tinh va thé gidi bén ngoai




@1 - THIET BI NGOAI VI - 8.1

Ba nhom thiét bi ngoai vi

Xin chao

HUMAN READABLE MACHINE READABLE COMMUNICATION

Ngudi doc dudc May doc dudc Truyén théng

Giao tiép vdi ngudi dung Giao tiép vdi thiét bi khac Giao tiép vdi thiét bi é xa
Man hinh  Mdayin  Banphim Odia  Cam bién B6 chdp hanh Modem  Card mang

May tinh khac



@1 - THIET BI NGOAI VI - 8.1

Bén trong mot thiét bi ngoai vi

MODULE I/O Control logic (logic diéu khién)

4 4 Nhén [&nh tirmodule I/O, diéu khién thiét bi, bdo
'L‘Cont.zol & o Status ) i DriltgA lai trang thai
(diéu khién) (trang thai) (dir liéu)
» = Transducer (b6 chuyén d6i)
1! Poi qua lai gilra tin hiéu dién va dang khac: anh

sdng, @Gm thanh, luc nhén
- Buffer (bd dém)
Control logic Buffer (b6 dém)

(logic diéu khién) Tansiuoer Gilr tam dir liéu dang trao déi véi module I/O

(b6 chuyén dai)

x

THIET Bl NGOAI VI |

o

3 loai tin hiéu véi module 1/0O

1 Control | 1énh - Status 1 ban, sé@n sang, 16i
- o Data | dirliéu di hai chiéu

Dir liéu riéng cua thiét bj

+« moi trurd'ng bén ngoai




@1 - THIET BI NGOAI VI - 8.1

Vi du: g6 phim ‘A’ trén ban phim

MODULE I/O o Phim ‘A’ dugc n hén
A A
e Transducer déi luc nhan thanh tin hiéu dién
@ Tin hiéu thanh mé IRA 7 bit 1000001, ném trong
4 N\
o Buffer | buffer
e o Control logic bdo trang thdi “sén sang” cho
module I/O
Control logic _
(logic diéu khién) e Mau bit dugc gti Ién module 1/O qua dudng
Transducer data
2 B J
3 i )

IRA (International Reference Alphabet) = méa ASCII

o 7 bit — 128 ky tu: ky tu in dudc va ky tu diéu khién



PHAN 02 - MUC 8.2

Module I/O

I/O Modules - ngugi phién dich gitra CPU va thiét bi




©2 - MODULE I/O

B6n thanh phan can nhan dién

8.2

CPU
I |
| | |
( MODULE I1/0 o\’
Thanh ghi dir liéu
- . Logic | | Giao tiép
Thanh ghi trang thai I/0 thiét bi

0/o/ojo|e i“'-“':qu

k_ L o LN _J_J

l

@ ( Thiét bi ngoai vi

)

Peripheral (thiét bi ngoai vi)
Ngi dif liéu sinh ra hodc di dén: ban
phim, SSD, man hinh

1/O controller (b6 diéu khién
1/0)

Chinh la module I/O: nhan Iénh, dém
dir liéu, diéu khién thiét bi

Status register (thanh ghi
trang thai)

Cdc bit c3 READY, BUSY, ERROR dé
CPU doc

System bus (bus hé théng)
Pudng dia chi, dit liéu, didu khién ndi
CPU, RAM va module



MODULE I/0 - 8.2

Nam chu’c nang cua module 1/0

Control & timing

Diéu khién, dinh thgi

Diéu phéi luéng dir liéu gitta CPU va
thiét bi

Processor communication

Giao tiép véi CPU

Gidi ma lénh, trao dirliéu, bdo trang
thdi, nhan dia chi

Module I/0O

5 chirc nang ®

Error detection

Phat hién loi

Phdt hién va bdo 16i truyén, 16i thiét
bi

Device communication

Giao tiép vai thiét bi

GUi lénh, nhén trang thdi, trao d6i
dirliéu

Data buffering

bémdirliéu

Cén bang téc d6 gitra thiét bi va bd
nhd



@2 - MODULE I/0 - 8.2

Status register (thanh ghi trang thai)

517 Status / control register

BoDoooon

516 Data register (thanh ghi dir liéu)
7 6 5 B 3 2 1 0

Lo e et J oo )]

Bud'c 4 -Doc 6516
nhan 01000001 = ‘A’

VI DU: CPU POC 1 KY TU TU BAN PHIM

o CPU ghi 1 vao bit 0 ctia 6 517 — ra Iénh bat ddu
doc

2 CPU doc lai 6 517: bit 7 = O nghia la con bén —
doc tiép. Pay chinh I polling (hdi vong)

Bit 7 = 1— ky tu dé ndm sén trong 6 516

@ cPU doc 6 516 — nhan 01000001 = ‘A’

CPU biét thiét bi ban hay xong chi bang cach doc thanh
ghi trang thai.



@2 - MODULE I/0 - 8.2

B6n Iénh I/0 (1/0 commands)

Khi CPU goi dung dia chi cia mot module I/O, né glii mét trong bén 1énh:

CONTROL
Pieu khién
CPU — module — thiét bi

Kich hoat thiét bi va cho
biét phdi lam gi

Vi du: béo 6 bdng tirtua lai,
hodic tién t&i ban ghi ké tiép

TEST
Kiém tra

CPU = module: trang
thai?

Héi cdc diéu kién trang
thdi ca module va thiét bi

Vi du: thiét bj da bat chua?
Lénh trudc xong chua? Co
16i khéng?

READ
Poc

thiét bi — buffer clia
module

Module Iy dif liéu tur thiét
bi véio buffer; CPU ldy qua
bus dirliéu

Vi'du: doc ky tu vira gé tur
ban phim

bus dif liéu — module —
thiét bi

Module I8y dif liéu tir bus
dirliéu rdi giti ra thiét bi

Vi du: gtii mét ky tu'ra mdy in



PHAN 03 - MUC 8.3

1/0 1ap trinh

Programmed I/O - CPU tu ra Iénh, tu chd, tu chuyén dif liéu




03 - I/0 LAP TRINH - 8.3

Ba ky) thuat vao/ra

Table 8.1 KHONG DUNG NGAT

o) Programmed 1/O
(1/O lap trinh)
Pi qua CPU
I/0 - CPU - RAM
“Cu vai phut lai ra clra xem shipper tdi
chua.”

Pi théng

(khoéng co k¥ thudt nay)
I/0 - RAM

CO DUNG NGAT (INTERRUPT)

¢ Interrupt-driven 1/O
W (1/0 diéu khién bdng ngdt)

“Ngoi lam viéc, chudng cla reo thi ra nhéan
hang.”

DMA

A (Direct Memory Access: truy cp b
nhd truc tiép)

“Shipper cé chia khod: tu cat hang véo kho,
xong thi nhdn tin.”



03 - I/0 LAP TRINH

Programmed 1/0 (I/0 1ap trinh): cac budc

8.3

-

\

1 . Gtri Iénh doc

-

\

2 - Poc trang thai

Chura

[
3 - San sang?

| R6

-

.

4 - Poc 1 word

-

\

5 - Ghi vao RAM

4

|

CPU

1/0

—— L&i

1/0

CPU

=

1/0

CPU

CPU

RAM

' Chua
6 - Xong? Réi — lénh tiép

CPU dang lam gi?

cho: hoi trang thai

B chuyén dir liéu

AI KHOI TAO?
CPU

GUi lénh doc tdi module I/O

AI CHO?

CPU

Busy waiting (chd ban): Idp doc trang
thailién tuc

AI CHUYEN DU LIEU?

CPU
Ting word: 1/O — CPU — RAM



63 - I/0 LAP TRINH - 8.3

Hai cach danh dia chi thiét bi

Memory-mapped I/0 (anh xa bo nhd) Isolated 1/0 (/O tach biét)

{ RAM 516 - 517 [ Bonhc; )
Cong /O -5

M6t khéng gian dia chi chung cho RAM va I/0 Hai khéng gian dia chi tach riéng

200 LOAD AC "1"  ; nap 1 200 LOAD I/0 5 ; bt diu doc

STORE AC ; b&t du doc 201 TEST I/0 5 ; kiém tra

LOAD AC ; doc trang thai BRANCH Not Ready 201 ; chua xong - lap

IN 5 ; lay dir liéu

BRANCH Sign=0 ; chuwa xong - lap

LOAD AC : 14y dir liéu

Dung chung Iénh doc/ghi bé nhd: nhiéu 1énh dé chon Can lénh 1/O riéng (tap 1&nh han ché) va dudng chon
/O hay bd nhé



Khi hao polling (héi vong) 1ang phi, va khi nao van
hop 1y?

Thiét bi cham .
fe . 2l hoi... chura - hoi... chua - hdi... chua - ...
vd: ban phlm’ s i1 1111111t ir1ri1rrrtrrtirirrrrrrrrirrirrrrrrrirrrn

— gan nhu toan bd th&i gian CPU chi dé héi trang thai
Thiét bi rat nhanh

polting ([ xons
Ngat ngat + déi ngir canh xong muédn hon

vd: SSD NVMe dd tré thap
— ch® ngan ho'n chi phi xir Iy ngét: polling xong truérc

LANG PHI KHI VAN HOP LY KHI

e Thiét bi cham, thai gian chd dai ¢ Thai gian chd ngdn hon chi phi xt Iy ngat

e CPU con viéc khdc dé lam e Hé nhing don gidn, CPU khong c6 viéc khac

¢ Phadiphuc vu nhiéu thiét bi e Tairat cao: Linux NAPI (card mang), polled I/0

(SSD NVMe)



PHAN 04 - MUC 8.4

/0 diéu Khién bang ngat

Interrupt-driven I/O - thiét bi Ién tiéng khi d& san sang




04 - I/0 NGAT - 8.4

Interrupt-driven I/O (1/0 ngat): cac budc

CPU Lénh Chay chuo'ng trinh khac
:\;Igdule Poc dir lidu tir thist bi

€@ CPU gti1énh doc cho module I/O

ffg} Dit liéu sén séing — module gui
interrupt (ngat) téi CPU

Tiép tuc

... lap lai cho tirng word

€) Module Idy dirligu tir thiét bi; CPU

chay chudng trinh khadc

o CPU chay ISR (trinh phuc vu ngdt):

chuyén dif liéu, réi quay lqi viéc cii

AI KHOI TAO?

CPU, roi thiét bi

CPU gti lénh; module tu phat ngdt khi
s@n sang

AI CHO?
Khong ai dung cho

CPU chay viéc khdc trong lic thiét bi
lam

AI CHUYEN DU LIEU?

Van la CPU

Trong ISR (trinh phuc vu ngdt), ting
word



04 - I/0 NGAT - 8.4

Interrupt processing (xUf Ij mot ngat)

PHAN CUNG PHAN MEM - ISR
1) Thiét bj phdt tin hiéu ngat » (6 Luucac thanh ghiconlai Y (ISR)
kernel
2) CPU lam xong lénh hién tai 7) XUly ngdt: chuyén dirliéu
' ® PC nhay téi ISR tai Y
3 CPUbdo danhdn ngat 8 Khoiphuc cdac thanh ghi - \
Ngin xép diéu khién - RAM
2 Cat PSW va PC vao ngdn 5 Khéi phuc PSW, PC — chay
X&p tiép
THUAT NGU PC = N+l
5 Nap PC = diachilSR — PC (Program Counter): bé dém chudng trinh e
PSW (Program Status Word): tU trang thai [ PSW ]

ISR: trinh phuc vu ngét N J"




04 - I/0 NGAT - 8.4

Thiét bi nao vira goi ngat? Bon cach nhan dién

1 - MULTIPLE INTERRUPT LINES 2 - SOFTWARE POLL
Nhiéu dudng ngat Hoi vong bang phan mém
Mbi module (hodc nhém module) cé mét dudng ngdt Cé ngdt thi ISR chung hdi lan lugt ting module xem ai
riéng téi CPU da goi
Uu: don gidn nhat - Nhude: CPU cé it dudng, mdi dudng van phai Uu: khéng can thém phén cing - Nhudc: tén thdi gian
dung chung
£ ™\ )
3 - DAISY CHAIN - CO VECTOR 4 - BUS ARBITRATION - CO VECTOR
Chuoi xich (hoi vong bang phan cuing) Phan xu bus
Tin hiéu xac nhdn chay qua tiing module; module goi Module phai giainh quyén dung bus trudc, réi méi gui
ngdt gilf lai va ddt vector |1én bus yéu cu ngdt va dat vector
Uu: nhdy thdng tdi ding ISR - Nhudc: uu tién c6 dinh theo vi tri Uu: méi luc chi mét module goi - Nhudc: can co ché phan x{




04 - I/0 NGAT - 8.4

Daisy chain (chudi xich) hoat dong thé nao?

gan CPU hon = wu tién cao hon

CPU INTA Module 1 | Module 2 | Module 3 | Module 4
. ISR Module 3 o chuyén tiép chuyén tiép gilr INTA lai

INTR (yéu cdu ngat, ding chung)

Bus dir liéu

o Module 3 can phuc vu — kéo dudng INTR (dung chung o CPU gUi INTA (xdc nhén ngdat); Module 1, 2 khéng goi
cho moi module) nén chuyén tiép

Module 3 gilt INTA lai, dat vector (mé dinh danh) lén o CPU dlng vector lam con trd, nhdy thdng tdi ISR cla
bus dir liéu Module 3



04 - I/0 NGAT - 8.4

Interrupt priority (Uu tién ngat)

Mdy in (uu tién 2) ngat — chay ISR
may in

1 wu tién cao hon

Truyén théng (5) ngdt — cao hon

Truyén théng - 5 nén chen ngang
Pia (4) ngdt — thdp hon 5 nén
phdi ché
Pia - 4 Xong truyén théng — phuc vu dia
dia phai ch& Xong dia — quay lai mdy in

t=40  Xong mdy in — vé chuaong trinh

May in - 2

Quy tédc: ngdt uu tién cao dudc chen

KRS g B ngang ISR cla ngdt thdp hon; ngdt thdp

0 10 15 20 25 35 40 hon phai chg.




04 - I/0 NGAT - 8.4 - CHIP 82C59A

Interrupt controller (b0 diéu khién ngit)

r ) o Thiét bi kéo mét dudng IR (IRO-IR7) clia
chip phu
8 thiét bi PIC phy 1 e
' IRO-IR7 e Chip phu bao 1én chip chinh
s = o e Chip chinh chon yéu cau vu tién cao
o [ A nhat, bdo CPU qua dudng INTR
' ™
) o CPU xéc nhén; chip giti vector cla thiét
8 thiét bi Ll it chinn bi 1&én bus dir liéu
IRO-IR7 82C59A
. v
\ /
' '
8 thiét bi PIC phu 8 1 chip nhan 8 yéu cau (IRO-IR7)
' IRO—IR7 1 chip chinh + 8 chip phu —+t5iqa 64 thiét bi
Mdc dinh IRO c6 uu tién cao nhat




04 - I/0 NGAT - 8.4

Driver (trinh diéu khién thiét i)

U'ng dung i
goi read(file) Dich yéu cau chung thanh Iénh riéng
s <f> Cung mdt read(), mébi thiét bi can chudi lénh
a =R khdc nhau
= Hé diéu hanh
- & goi hé théng, hé théng tap tin
=
o
Driver thiét bi Lam viéc vai thanh ghi
biét thanh ghi, I8nh, cach xir I ngét £33 Ghi thanh ghi lénh, doc thanh ghi trang théi
clia bd diéu khién
o Bo diéu khién (module 1/0)
g thanh ghi Iénh - trang thai - dit liéu
g Chtta trinh phuc vu ngét
< Thiét bi doc dir lidu 4 Khiuthié't bi bdo xong, ISR cla driver x ly két
o SSD, ban phim, card mang... qua




PHAN 05 - MUC 8.5

Truy cap b nhé truc tiép

Direct Memory Access (DMA) - giao cé khéi dif liéu cho b diéu khién DMA




65 - DMA - 8.5

Vi sao can DMA?

Téc dd truyén bi gidi han CPU bi tréi vao viéc truyén

b&i téc d6 CPU kiém tra va phuc vu thiét bi moi lan truyén phdi chay nhiéu Iénh
/O ngét s6 lan ngat
méi word di qua CPU Thiét bi e 0 08 e 8 88 RAM 315

CPU
lam viéc khac o ,

DMA sé lan ngat
sl Thiét bi e 9 0 8 80 8 8 8 8 88 RAM 0

Vi du: khéi 4 KB, word 4 byte — 1 024 word



65 - DMA - 8.5

”~

DMA: cac budc chuyén maot khoi dif liéu

'd It
CPU RAM AI KHOGI TAO?
nhan 1 ngat v 92400 CPU
- N 0x8004 Lap trinh DMA controller: hudng, dia
e DMA controller el : S
0x8008 chi, sé word
Diéu khién doc
o 0x800C
Pia chi 0x8000 0>
ia chi 0x8010 AI CﬁHU. o i
B6 ﬁé’m 0 0x8014 Khﬂng al ﬁl,!'l’lg Chd
: 'S
CPU lam viéc khac, chi nhudng bus
Dir lieu 0x8018 khi DMA can
SSD / dia i )
0x801C
o vy

AI CHUYEN DU LIEU?

DMA controller

‘ (b diéu khién DMA) chuyén théng
DMA chuyén tiing word théng vaio RAM: o B6 dém = 0 — DMA gifi 1 ngét cho CPU thiét bj <> RAM
dia chiténg, bé dém gidm

CPU nap tham sé: doc/ghi, dia chi RAM, e CPU di lam viéc khdc
s6 word



05 - DMA - 8.5 + CHIP 8237

DMA mudn bus: ndm budc bat tay

[ B6 diéu khién dia J [ DMA 8237 ] [ CPU

@ DREQ

>
@ HRQ

@ HLDA

@ DACK

® dir 1iéu: dia - RAM

€ DREQ (DMA request): bd didu khién dia xin chuyén di liéu
© HRQ (hold request): chip DMA xin CPU nhudng bus
e HLDA (hold acknowledge): CPU déng vy, tam nhudng bus
@ DACK (DMA acknowledge): DMA bdo dia bt déu

e Dir liéu di thdng dia — RAM, khdng qua chip DMA (fly-by)



65 - DMA - 8.5

Cycle stealing (Iay cap chu ky)

MOT CHU KY LENH (INSTRUCTION CYCLE)

Fetch instruction Decode Fetch operand Execute Store result Process interrupt
(1ay 1énh) (giai ma) (IRy toan hang) (thure thi) (ghi két qua) (x(r ly ngat)
A A A A
DMA DMA DMA Ngat
Mudn 1 chu kY bus Chen vao giira Iénh Ngat thi khac
DMA dling bus mdt chu ky roi tré DMA breakpoint (tam gidc xanh): Interrupt breakpoint (tam gidc
lai. CPU chi tam ding, khéng phai nhiéu diém ngay trong mét chu ky tim): chi kiém tra & cudi chu ky

luu ngir canh. |énh. |énh.



A

Q DMA c6 chuyén dif liéu ma khdng can CPU chut
nao?

Khéng hdn. CPU khdong cham vao ting byte, nhung van cé mdt & ba thai diém.

o ____© . f I o

DMA chuyén ca khdi dir liéu thiét bi <» RAM

@ Pau: lap trinh DMA @ Giira: nhudng chu ky bus @) Cudi: ngat bdo xong
CPU (driver) nap dia chi, sé word, hudng Cycle stealing (Idy cdp chuky): CPU cé CPU chay ISR kiém tra két qua va ddnh

truyén va chudn bi bd dém thé phdi tam ding khi ciing cén bus thic tién trinh dang chd



PHAN 06 - MUC 8.6

Kénh va bo xu 1y I/0

/O Channels & Processors - giao han viéc 1/0 cho mot bd xt |y riéng



06 - KENH & BO XU LY I/0 - 8.6

Sau budc tién hoa ciia chifc nang 1/0

Module thanh bo
xUly co tap lénh
riéng: I/O channel

Module dugc truy

- cdp bod nhd truc (kénh1/0)
e 2 Nhubuéc 2, thém  tiép: DMA
interrupt (ngat):
1 Thém module I/0, CEthéngphéi
CPU dung cha

CPU diéu khién programmed /O

truc ti€p thiét bi
I/0 CHANNEL

Cé6 thém bo nhé
rieng, nhu mot
may tinh: 1/O
processor (bo xU
ly 1/O)

I/0 PROCESSOR




06 - KENH & BO XU LY I/0 - 8.6

Kénh 1/0: selector va multiplexor

o CPU viét channel program (chuong o CPU ra Iénh cho kénh bat dau chay e Kénh tu thuc hién, xong thi ngat CPU
trinh kénh) vao RAM

Selector channel (kénh chon) Multiplexor channel (kénh da hdp)

Kénh
selector J multiplexor

Kénh

Piéu khién

Méi lic phuc vu mét thiét bi téc dé cao, tron mot khai Xen ké dir liéu cha nhiéu thiét bi toc dé thap



PHAN 07 - LIEN HE HIEN DAI

NVMe SSD tren PCle

Hang dgi lénh - DMA - théng bdo hodn tat trong mot chiéc SSD hién dai

.




@7 - LIEN HE HIEN DAI - NVMe

NVMe: moi 16i CPU mot cap hang dgi

RAM - bd nhé* méy S SSD NVMe SQ - SUBMISSION QUEUE
_ Hang dgi gui Iénh
Doorbell 0 Vong dém trong RAM, méi 1énh 64 byte
=]
@
DOORBELL

Doorbell 1

Thanh ghi “chuéng ctra”

N&m trén SSD; CPU ghi vaio dé bdo cé
Iénh mai

Doorbell 2

CQ - COMPLETION QUEUE

Hang dgi hoan tat + MSI-X

SSD ghi két qua réi gli ngdt; hodc CPU
tu hoi vong CQ

R R SR T Gl AHCI (SATA): 1 hang ddi x 32 1énh




Q TU Iénh read() dén khi dif liéu SSD nam trong
RAM: chuyén gi xay ra?

CPU read() read() xong
phan mém o
RAM Ghi lénh SQ DMA - RAM CQ + MSI-X

o o o

SSD Doorbell Lay lénh Doc NAND

© 0 ©

o Driver doc CQ, danh thirc tién trinh: read() tra vé THONG BAO HOAN TAT



Q3 - TOM TAT TAM BUGC

Tam budc, ba khai niem cua NVMe

Command queue (hang ddi [énh) DMA (truy cdp bd nhd truc tiép)

Ung dung goi read() — CPU chuyén vao nhan hé diéu 5
hanh
2 Driver c@p bd dém trong RAM, ghi lénh Read 64 byte 6

vao SQ (submission queue)

3 CPU ghi doorbell (thanh ghi chuéng clra) trén SSD:“cé (7
|énh mai”

4 ' SSD dung DMA doc lénh ti SQ trong RAM 8

Completion (théng bdo hoan tat)

SSD doc dirliéu tir chip NAND (tra bang anh xa FTL)
SSD dung DMA ghi dir liéu thdng vao bd dém trong
RAM

SSD ghi két qué vaio CQ (completion queue), gii ngdt
MSI-X

Driver doc CQ, ddnh thic tién trinh — read() tré vé

CPU chi lam budc 1-3 vé 8. Phan doc va chuyén dit liéu (budc 4-7) do SSD tu lam bang DMA.




@7 - LIEN HE HIEN DAI - PCIe

GB/s mdi chiéu - lién két x4 (nhu SSD NVMe)
60,5 B Thé héci

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

Phé bién trong PC hién nay

. B&t dducé é may chi

i 1 Dacéngbd, chua phé bién

30,3
cong b6 chuan #
=258 may tinh da dung
7,9 CPU, bo mach chi va thiét bi phai
1 2 3,9 Cﬂﬁghétmiﬁéﬂkétcbgyéthéhé
— . cao nhat ma ca hai dau déu co.
1.0 2.0 3.0 4.0 5.0 6.0 7.0

2003 2007 2010 2017 2019 2022 2025



Q Bus nhhanh hdn co6 luon giam thgi gian dap Ung
cho 1/0 nho?

T = ¢l0 tré co dinh + kich thudc = bang thong S8 ligu lam tron
Poc 4KB - 1/O nhé
phan mém + ngat =5 s truyén 4 KB: 1us — 0,26 ps
PCIe 3.0 x4 B ssDdocNAND =75 s | =81ps
PCIe 5.0 x4 B ssDdoc NAND =75 s | =80us

nhanh hon ~1%
Poc 1GB - 1/0 18n (gia sir SSD di nhanh)

PCIe 3.0 x4 truyén dif liéu chiém gdn hét =254 ms

PCIe 5.0 x4 _ nhanh hon ~4 lan =~ 64 ms

Khéng. V3&i /O nhd, do tré cd dinh chiém gan hét thai gian; bus nhanh hon chi thdng ré khi dir liéu 16n.




PHAN 08 - TONG KET

S0 sanh va tong két

Ba con dudng giita CPU, bd diéu khién va RAM



08 - HINH MINH HOA BAT BUQC

Ba con dudng: CPU, bd diéu khién, RAM

) l1énh /héi @ ngdt @ dirliéu

Polling (héi vong) Interrupt (ngat) DMA

CPU CPU CPU

ban hoi... viéc khac viéc khac

[ B6 didu khién ] [ RAM ] [ Bo diéu khién ] [ RAM ] [ B6 didu khién H RAM ]

Dir liéu di: bd diéu khién — CPU — RAM Dit liéu di: bé diéu khién — CPU — RAM Dirliéu di: b diéu khién — RAM
CPU: luén ban héi, 0 ngat CPU: rénh, nhung 1 ngét méi word CPU: rénh, 1 ngdt mdi khai




08 - SO SANH

Ai khgi tao, ai chg, ai chuyén dir lieu?

Tiéu chi

Ai khéi tao?

Aicha?

Ai chuyén dirliéu?

S6 lan ngat

Phii hgp khi

CPU

CPU: busy waiting (chd bdn)

CPU, ting word

0

Thiét bi rat nhanh, hé don
gidn

CPU g 18nh; thiét bi béo
bdng ngdt

Khong ai; CPU lam viéc khac

CPU trong ISR (trinh phuc vu
ngat), tiing word

Mébi word mét lan

Thiét bi cham, dif lidu it

CPU I&p trinh bé DMA

Khong ai; CPU chi nhudng
bus

DMA controller (b6 diéu
khién DMA)

Mot lan moi khéi

Khéi dirliéu I18n: dia, mang



CEA201 - CHUONG 8 - VAO/RA

= ' RAM
ca m d n @ s
®
Hoi & dap
N I
Ban phim ° — CPU - | SSD
- - @
1T, 1T 1T 171
®
.
Tai lieu: W. Stallings, Computer Organization and Architecture, 11e,
Mang
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