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NoOi dung

1. Gioi thiéu

2. Khéi kiém soat vao/ra
o Chtrc nang
a Cau tric

3. Ky thuat kiém soét vao/ra
o Programmed I/O
o Interrupt driven 1/O
o Direct Memory Access — DMA
o Kénhvao/ra & CPU

4. Interfacing
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1. Quan ly vao/ra (I/0)

= R4t nhiéu thiét bj ngoai vi —

peripherals, di¥ liéu thuwong e —
a Khoi lwong khac nhau
X n , - System
o T16c dé khac nhau Data Lines Bus
o Dinh dang khac nhau
Control Lines
= Toc dd x Iy cham hon
nhiéu so voi CPU va MM 1O Module
= Can phai co cac khodi vaolra
Links to
peripheral
devices
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Thiét bi ngoai vi

Human readable _ Control | A Siatus 4 Databits
signals from signals to to and from
a Screen, printer, keyboard 10 module U0 module /O module
. Y
Machine readable Control | Bufer
a Monitoring and control Hoek
Transducer
Communication K
o Modem
o Network Interface Card (NlC) Data (device-unigue)
to and from

¥ environment
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2. Chirc nang cua I/0 Module

= Kiém soét va diéu phdi (timing)

= Truyén thédng véi CPU/RAM

= Truyén thédng véi thiét bi ngoai vi

= Tao co ché dém di liéu (Data Buffering)

= Phat hién va kiém soat 16i
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Quy trinh hoat dong mo dun I/0

1. CPU kiém tra trang thai cta thiét bi dwoc kiém soat b&di mo
dun 1/O

2. M6 dun /O tra két qua trang thai cua thiét bj 1/0 d6
3. Néu san sang, CPU tién hanh truyén/nhan di liéu
4. M6 dun 1/O 1ay di¥ liéu ttr thiét b

5. M6 dun I/O truyén di¥ liéu dén CPU

Ngoai ra con c6 thém nhirng k¥ thuat truyén div liéu khac nira
nhuw DMA, etc.
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Sc do khoi I/0

Interface to Interface to
S ystem Bus External Device

~A— ~A—

External Data
—>I Data Registers I{7 —» S:fllﬂ
Pata vee Status
Lines Interface
Lowi
_H Status/Control Registers gIc Control
T -
Address
' Data
Lines < o *_ External
11O ¢ ) Device
Logic Interface Status
Control .
'T_'.lir[l-:s < > Logic Control
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3. Ky thuat kiém soat vao/r

Issue Read
command to
[/{O module

Read status
of /10
module

from 1/O
Module

Write word
into memory

Next instruction
(a) Programmed 1/0O

CPU = I/O

/0 — CPU

Error
condition

/0 — CPU

CPU — memory

Issue Read
command to
/O module

—

Read status
of /10

module

Read word
from /O
Module

Wirite word
into memory

Next instruction
(b) Interrupt-driven I/O

PU — /O
Do something
== Pelse

- == Interrupt

I/0 - CPU

Error
condition

CPU — memory

Issue Read
block comman
to 1/O module

PU — DMA
Do something
== Pelse

Read status
of DMA
module

Next instructio

- == Interrupt

DMA — CPU

n

(c) Direct memory access
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. Programmed 1I/0

= ldea: CPU kiém soat truc
tiep cac thiét bi ngoai vi Céac bwéc thye hién
a Phat hién thay déi (sensing CPU requests I/O operation

status) = |1/O module performs operation
o Gui cac lénh read/write = |/O module sets status bits
a Truyén di liéu = CPU checks status bits periodically
= |/O module does not inform CPU
directly

= |/O module does not interrupt CPU

. o = CPU may wait or come back later
= CPU phai doi cac I/O

module hoan tat cac thao
tac =» lang phi tai nguyén
CPU
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I/0 Commands

= CPU gui dia chi

a Xac dinh bd vao/ra (& thiét bi néu >1 méi bo)

= CPU gti command
a Control : yéu cau module thwe hién thao tac
= Vidu: quay dia, di chuyén dau tw, ...
o Test — kiém tra trang thai thiét bj
= Vidu: da dwoc cung cap ngudn? Co 16i hay khong?...
o Read/Write
= Module truyén di liéu st dung buffer ttr/dén thiét bi
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Panh dia chi véi cac thiet bi I/0

Vé&i ky thuat programmed 1/0, dwoc dwoc truyén gidng nhw
viéc truy cap bo nh¢ chinh (CPU viewpoint)

M®i thiét bi c6 mét dinh danh duy nhat (port D)
Cac lénh tir CPU sé chwa dinh danh nay

Phan loai

a 1/0 dwgc anh xa vao MM: cac thiét bi co dia chi nam trong khéng
gian dia chi cia MM
s Cac thao tac voi I/0O twong tw nhw doc/ghi b nhé,
= Khdng can l1énh dac biét

a 1/0 ddc 1ap so véi MM: céc thiét bi co dia chi doc lap so v&i khdng
gian dia chi MM
= Can co ché lién két riéng cho 1/0
= Can co |énh riéng thao tac voi I/0
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Minh hoa

|
7 6 5 4 3 2 1 0
516 Keyboard input data register
7 6 5 4 3 2 1 0
517 Keyboard input status
and control register
T—1=ready T_Settoﬂo
0 = busy start read
ADDRESS INSTRUCTION  OPERAND COMMENT ADDRESS INSTRUCTION OPERAND COMMENT
200 Load AC " Lo_e_id accumulator 200 Load I/O 5 Initiate keyboard read
Store AC 517 Initiate keyboard read 201 Test 1/O 5 Check for completion
202 Iéoad Ahcf S 0 gaz EEt Sta“ﬁ’ by'l;: Branch Not Ready 201 Loop until complete
ranch if Sign = oop until ready
Load AC 516 Load data byte In 5 Load data byte

(b) Isolated /O
(a) Memory-mapped I/O
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iIl. Interrupt Driven 1I/0

= Tranh duoc svw lang phi CPU
= CPU khéng can phai kiém tra dinh ky trang thai thiét bi
= B0 vao/ra sinh ngat khi da sén sang

Cac bwéc thuc hién
= CPU issues read command

= /O module gets data from peripheral
whilst CPU does other work

= 1/O module interrupts CPU
= CPU requests data
= 1/O module transfers data
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I Hardware Software
Device controller or

other system hardwar
issues an interrupt ‘

Save remainder of
process state

information

Processor finishes
execution of current

instruction

Process interrupt

Processor signals
acknowledgment
of interrupt

Restore process stat
information

Processor pushes PS
and PC onto control

stack

Restore old PSW

and PC

Processor loads ne
PC value based on
interrupt
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Thay doi trong MM va Registers khi

T-M T-M
- Y N+ 1
Control Control
Stack | Stack
T J T
(N +1] »[Y+L]
Program Program
Counter Counter
Start { L Start { L
Y Interrupt General Y Interrupt General
Service Registers Service Registers
¥ + L [Return Routine m Y + L [REeturn Routine
Stack Stack
Pointer Pointer
Processor Processor
T-M T
N +N| User's N +N1 User's
Program Program
Main Main
Memory Memory

a) Interrupt occurs after instruction .
@ pat location N (b) Return from interrupt ‘B]
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Van de can quan tam

= Lam thé nao dé xac dinh dwoc module nao yéu cau ngat?

= Viéc xtr ly da ngat dwoc thwe hién nhw thé nao?
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 Sử dụng nhiều đường ngắt (multiple interrupt lines)  Số pins của CPU là giới hạn  số lượng thiết bị cũng bị giới hạn  Không được sử dụng trong thực tế  Software poll  Sử dụng chương trình con (routine) làm nhiệm vụ xác định thiết bị yêu cầu ngắt mỗi khi CPU nhận được yêu cầu ngắt   mất nhiều chu kỳ cho việc xác định thiết bị yêu cầu ngắt  Daisy Chain (hardware poll): dùng chung đường interrupt  CPU gửi lại tín hiệu Interrupt Acknowledge khi nhận được yêu cầu ngắt và sẽ được truyền lần lượt các thiết bị cho đến khi đến được thiết bị yêu cầu  Thiết bị yêu cầu ngắt sẽ gửi dữ liệu trên bus dưới dạng vector chứa địa chỉ  CPU sử dụng vector để định danh thiết bị  Bus Master  I/O module phải đăng ký sử dụng bus trước khi gửi ngắt  Được sử dụng trong PCI & SCSI

 Multiple lines: Mỗi đường ngắt được gán một độ ưu tiên (priority), đường ngắt có độ ưu tiên cao hơn có thể ngắt thấp hơn

 Software polling/daisy chain: đánh độ ưu tiên thứ tự poll cho các modules

 Bus mastering: chỉ duy nhất thiết bị có quyền master được xử lý ngắt


Xac dinh module ngat

= S dung nhiéu dwéng ngat (multiple interrupt lines)
o S6 pins cta CPU la gidi han = sb Iwong thiét bj cling bi gi¢i han
a Khéng dwoce s dung trong thuce té

= Software poll

0 St dung chwong trinh con (routine) Iam nhiém vu xéc dinh thiét bj yéu cau
ngat moi khi CPU nhan dwoc yéu cau ngat
a = mat nhiéu chu ky cho viéc xac dinh thiét bj yéu cau ngat

= Daisy Chain (hardware poll): dung chung dwdng interrupt
o CPU gUri lai tin hiéu Interrupt Acknowledge khi nhan duoc yéu cau ngat va sé
dworc truyén lan lwot cac thiét bi cho dén khi dén dwoc thiét bi yéu cau
a Thiét bi yéu cau ngat sé givi di¥ liéu trén bus dwdi dang vector chira dia chi
a CPU sl dung vector dé dinh danh thiét bi

= Bus Master
a 1/O module phai dang ky st dung bus trwdc khi glri ngat
o DPuwoc st dung trong PCl & SCSI
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Pa ngat

= Multiple lines: Mo6i duwdng ngat dwoc gan mot do wu tién
(priority), dwdng ngat c6 do wu tién cao hon c6 thé ngat
thap hon

= Software polling/daisy chain: danh d6 wu tién th tw poll cho
cac modules

= Bus mastering: chi duy nhat thiét bi cé quyén master dwoc
Xt ly ngat
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ill. Direct Memory Access

= Ca Interrupt-driven va programmed /O déu can sy “can
thiép” cua CPU
> Tdc dd truyén gilra cac thiét bi sé bi gi¢i han
= CPU c6 thé bj qua tai

= DMA la ky thuat sé cho phép giai quyét dwoc nhirtng nhwoc
diém néu trén khi truyén khoi lwong dir liéu Ion
o S dung thém module (hardware) DMA Controller
a DMA controller gilr vai tro diéu phdi vaol/ra
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Sc do bo DMA dién hinh

Data Lines «

Address Lines 4

DMA Request
DMA Acknowledge
Interrupt «

Read

Write
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Quy trinh hoat dong

= CPU gtvi I&nh dén DMA controller:
o Read/Write
o Device address
o Starting address of memory block for data
o Amount of data to be transferred

= CPU tién hanh cac Iénh khac
= DMA controller d@m nhiém diéu phdi truyén di liéu

= DMA controller gti interrupt khi két thac truyén
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DMA truyén véi ky thuat Cycle Stealing

= DMA contrgller tan dung cac cycles ma CPU khéng st dung
data bus dé truyén dir liéu (one word/cycle)

Time
EE—
Instruction Cycle
< Y N
Processor | Processor | Processor | Processor | Processor | Processor
Cycle Cycle Cycle Cycle Cycle Cycle
I« >4 pid pid rid pid '
Fetch Decode Fetch Execute Store Process
Instruction | Instruction Operand | Instruction Result Interrupt
A A
DMA Interrupt
Breakpoints Breakpoint
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Cau hinh DMA

P N R N

P rosc essor

Computer Architd
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Vi du: Intel 8237A DMA Controller

CPU
Data bus
®
DREQ
Y
HRQ [« <
8237 DMA Main Disk
chip memory controller
HLDA : g DACK

A

Address bus

|\

°
Control bus (IOR, IOW, MEMR, MEMW)

DACK = DMA acknowledge
DREQ = DMA request
HLDA = HOLD acknowledge

I. ~ HRQ = HOLD request o , o o J



e
iv. I/0 Channels

= Thiét bi I/O cang ngay cang phurc tap, c6 xu hwéng tich hop
lubn b vi x ly riéng
a VD: Card dd hoa (GPU), ...

= CPU gtvi 18nh dén 1/O controller va giao toan quyén viéc
truyén div liéu

=> Cai thién dwoc toc dd truyén dir liéu 1/0

= |/O channels: thé hién m& réng cla ky thuat DMA
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Kién truc kénh vao/ra

—
Daia and
address chanmel
Lo Tt i ety
Selector

channel I I
—
Contml sighal LAy L0
path to CPU Contraller Controller

O Qv

(@) Selector

rata and
address chanhel
Lo Tt i enoty

:};:- Multi-

plexor
E— chanhel
Control sighal

path o CPU - /0
Controller

LA
Controller

LA
Controller

. b)) Multiplexor
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4. Interfacing

= Giao tiép gitra cac thiét bi:
o Serial <> Parallel
o Dedicated processor/memory/buses?

= Vidu vdi FireWire, InfiniBand
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IEEE 1394 FireWire

=S¥ dung bus tuan ty tdc dé cao

= Chi phi thap, dé cai dat

= Thworng duwoc st dung két ndi véi cac thiét bi gia dinh
digital cameras, VCRs, TV, ...
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FireWire Configuration

= Daisy chain

= T6i da 63 devices vé&i mbi cong
o Really 64 of which one is the interface itself

= Upto 1022 buses can be connected with bridges
= Automatic configuration
= No bus terminators

= May be tree structure
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Simple FireWire Configuration

Steren Magnetic
terfare CrU disk
CD-ROM :ﬂ: Scanner Printer
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FireWire 3 Layer Stack

I

Serial bus management

Transaction layer
(read, write, lock)

Asynchronous

v

Physical

o Transmission medium, electrical
and signaling characteristics

Ismission of data in packets

action
uest-response protocol

|lsochronous

Link layer

Packet fransmitter

Packet receiver

Cycle control

i

Physical layer

Arbitration

Diata resynch

Encode/decode

Connectors/media

Connection state

Signal levels
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FireWire Subactions

Subaction 1: Request Subaction 2: Response
Sub- - A N Sub- ~ — ~ Sub-
action Ack action Ack action
gap Arb Packet gap Ack gap Arb Packet gap Ack gap
Time

(a) Example asynchronous subaction

Subaction 1: Request Subaction 2: Response
Sub- -~ - B — e =~ Sub-
action Ack Ack action
gap Arb Packet gap Ack Packet gap Ack gap

(b) Concatenated asynchronous subactions

First Channel Second Channel Third Channel
Fa A - A " — "
soch Ylsoch lsocH Isoch X
sS0C Isoc
i ap e ap e ap
I Arb Packet |98P Packet | 92P XS Packet 98P | ack gap

m (c) Example isochronous subactions - 9'




Két luan

= Kién tric vao/ra cho phép may tinh “giao tiép” dwoc voi thé
gioi bén ngoai

= Co 3 ky thuat vao/ra chinh: programmed |/O, interrupt driven
/O va DMA

= Giao tiép vai cac thiét bi ngoai vi dwoc thue hién theo céac
chuan: Firewire 1394, USB, ...
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