3 09. 1/0 System

0 Thiét bi phan cting 1/0
aGiao dién 1/0 cap ung dung
nCac dich vu cia OS

aHiéu suat I/0
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¢-% Thiét bi phan cling I/O

o Cac thiét bi I/0 rat nhiéu, da ching loai, khac biét vé
nhi€u mat (hinh dang, kich thudc, chiic nang, toc dé,..)
= can c6 cac phuang thic quan ly, diéu khién tuong
ung khac nhau. Cac phuong thic nay tao nén I6p 1/O
subsystem clia kernel.

o Diém “héi tu” chung cho céc thiét bi 1/0
— Port
— Bus (daisy chain, shared direct access)

— Controller (device controller, SCSI host adapter)

0 Co ché giao ti€p gitia CPU va thiét bi I/0

— Dung lénh 1/0 dé tac dong truc ti€p 1én cac thanh ghi (di
liéu, trang thai, 1énh) cltia controller.
— Memory-mapped 1/0
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¢% Cau tric Bus trong PC

monitor

processor

F—— cacne |

SCSI bus

OOO®

graphics controller

bridge/memory
controller

memory

SCSl controller

PCI bus

IDE disk controller

expansion bus interface

keyboard
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@

(0 l—i— expansion bus

@ parallel serial
port port
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BE A T L
#=s MOt s6 “port” trong PC
I/O address range (hexadecimal) device
000-00F DMA controller
020-021 interrupt controller
040-043 timer
200-20F game controller
2F8-2FF serial port (secondary)
320-32F hard-disk controller
378-37F parallel port
3D0-3DF graphics controller
3F0-3F7 diskette-drive controller
3F8-3FF serial port (primary)
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s Cac co ché thuc hién 1/0

0 Cd ché polling (busy-waiting)
— Kiém tra trang thai cla thiét bi khi muén thuc hién I/O
= Ready hoac Busy hoac Error
— Tiéu t&n thai gian 13p quay vong dé kiém tra trang thai
(busy-wai'g) va thyc hién 1/0.
o Cd ché& ngat quang (interrupt)
— CPU c6 mot ngd Interrupt Request (IR), dugc kich hoat bdi
thiét bi 1/0.
— Né&u cé ngat xay ra (IR = active) = chuyén quyén diéu
khién cho trinh diéu khién ngat (interrupt handler)
— Céc ngét c6 thé bi che (maskable) hoc khéng bi che
(non- maskable)
— Hé théng cé moét bang vector ngat chiia dia chi cac trinh
phuc vu ngat (interrupt routlne)
— Coché ngat cling co thé dung xu Iy cac su kién khac
trong hé théng (16i chia cho 0, 16i vi pham ving nhd,...)
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Chu ky I/O véi ngat quang

VO controlier

‘b{ device driver initiates /0 |~
initiates 'O

CPU pxs-cu:mg chacks for
interrupts between instructions
]

H 3
¥ )
CPU receiving interrupt, 4 input ready, output
transfers control to lete, or error
interrupt handler generates interrupt signal
7 J
415;
interrupt handler
processes data,

returns from interrupt

I

CPU resumes
— processing of
interrupted task
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¢% Bang vector ngét trén Pentium

vector number

description

OO~ 0 W =20

18
19031
32D255

divide error

debug exception

null interrupt

breakpoint

INTO-detected overflow
bound range exception
invalid opcode

device not available
double fault

coprocessor segment overrun (reserved)
invalid task state segment
segment not present

stack fault

general protection

page fault

(Intel reserved, do not use)
floating-point error
alignment check

machine check

(Intel reserved, do not use)
maskable interrupts
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*% Céc ca ché 1/O (t.t)

0 Co ché DMA (Direct Memory Access)

— Céc cd ché polling va interrupt, goi chung la
programmed I/O, khéng thich hgp khi thyc hién di
chuyén khéi lugng 16n di liéu.

— Cd ch& DMA céan c6 phan cuing hé trg dic biét, dé 1a

DMA controller

— Co ché& DMA thuc hién truyén di liéu truc ti€p gitia
thiét bi I/O va bd nhé ma khdong can su can thiép cla

CPU.
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¢% 6 budc thuc hién DMA

<>device driver is told to

transfer disk data to
buffer at address X CPU
@DMA controller transfers evice driver tells disk
bytes to buffer X, controller to transfer C I
increasing memory bytes from disk to buffer cache
address and decreasing at address X
CuntiC=0
when G = 0, DA DMA/bus/interrupt — X
inlerrupts CPU to signal controller == memory | bulfer
transfer completion
A PCl b
llf us

@disk controller initiates
D

MA transfer
IDE disk controller

¢ @)
¢ (=)

disk controller sends
each byte to DMA
controller
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N A ~
#*s Giao dién I/O cap ung dung
a Muc tiéu: OS cung c&p modt giao dién I/O chuén héa,
thuan nhat cho cac ung dung.
— Viduy: mot Ung dung in tai lieu ra may in ma khong can
biét hi€u may in, dac tinh may in,...
0 Giao dién lam viéc doé la cac I/O system call cia OS.
0 Trinh diéu khién thiét bi (device driver) s& la cau ndi
gitita kernel va cac bd diéu khién thiét bi (device
controller).
o Pac tinh cla thiét bi rat da dang
— Character-stream vs. Block
— Sequential vs.Random-Access
— Sharable vs. Dedicated
— Téc do truy xuat
— Read-write, Read Only, Write-Only.
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Ny A , e
#*s Cau truc I/O cap kernel

kernel
o
§ kernel I/O subsystem
3
5Csl keyboard mouse PCl bus floppy ATAPI
device device device see device device device
driver driver driver driver driver driver
Scsi keyboard mouse PCI bus floppy ATAPI
device device device s device device device
controller | controller | controller controller | controller | controller
@
T T T T T
=l
@
= ATAPI
SCsl floppy-disk| | devices
T keyboard mouse see PCI bus e (disks,
tapes,
drives)
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. ~ ” ? Vé . =
K
¢y Dac tinh cua cac thiét bi 1/0
aspect variation example
data-transfer mode character terminal
block disk
access method sequential modem
random CD-ROM
transfer schedule synchronous tape
asynchronous keyboard
sharing dedicated tape
sharable keyboard
device speed latency
seek time
transfer rate
delay between operations
I/O direction read only CD-ROM
write only graphics controller
readBwrite disk
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¢=3 Céac dich vu I/O

o Giao dién chuén cho nhém thiét bj c6 lién quan
— Thiét bi khoi (block device)
= Disk
= Cac tac vu: read, write, seek
— Thiét bi ki ty (character device)
= Keyboard, mouse, serial port, line printer,...
= Tac vu: get, put
— Thi€t bi mang (network device)
= Block hoac character.
= Socket Interface trén Unix, Windows/NT,...
— Clock va Timer
= Cung cép thai gian hién tai, timer
= Co6 thé lap trinh dugc.
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¢% Céc kiéu truy xuat I/0

o Blocking - process bi suspended cho dén khi
I/O hoan tat.
— Dé dang sU dung.
— Khoéng hiéu qua trong mét sé trudng hgp.
o Non-blocking — process sé ti€ép tuc thuc thi
ngay sau |énh goi I/O.
— Vi du: data copy (buffered 1/O)
— Thudng hién thuc véi multi-threading.
— Kho kiém soat két qua thuc hién I/0.
o Asynchronous — process van thuc thi trong ltic
hé théng dang thuc hién 1/0.
— Kho sU dung.
— 1/0 subsystem bao hiéu cho process khi I/O hoan tat.
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:. B6 phéan 1/0 subsystem & kernel

o Dinh thdi cac yéu cau I/0
— CA&c yéu cau I/0 xép hang tai cac hanh dgi cia mbi thiét bi
— B&o dam cong bang, hiéu suét cao.

a Bém di liéu (buffering) — luu di liéu tam thgi trong bd
nhd khi thyc hién I/O
— Giai quyét trudng hgp chénh léch téc do, kich thudc di

liéu khi thyc hién I/O

a Caching

o Spooling

a XU ly 16i (error handling)

— OS can recover from disk read, device unavailable,
transient write failures

— Most return an error number or code when I/O request fails
— System error logs hold problem reports
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#% Chu ky ctia mot yéu cau I/O

user O complated,
requast 10 process input data available, or
output completed

I
system call

retum from aystem call
> o Lpmal transtor data
can already VO subsystem | o process,
satisfy requast? . return complation
T~ OF BITOr Cooe
P
sand request to device
driver, block process il . kemel
approprista 'O subsystem
[ el daterming which L0
S device complated, indicate state
configure controdier to driver h i
block until interrupted change ko U0 subgystem
Intermugt receive intarrupt, store
device controller commands o data in device-driver bufier
handisr if input, signal o unblock
ice driver
interrupt
davice
monitor device, controller Vo
o mm;;“:g L genarate interrupt

| EECT—
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% Hiéu suat thuc hién 1/0

0 Hiéu suét I/O &nh hudng rat I6n dén hiéu suat
toan hé théng. Téc do 1/0 thudng rat cham.

— Yéu cau CPU thuc hién cac Iénh diéu khién cla device
driver, clia kernel 1/0 code.

— Chuyén ngii canh vi cac 1/0 interrupt, chi phi copy dii liéu
gUi nhan. Riéng cac thiét bi mang thi phu thudc vao bang
thong clla mang may tinh.

o Tang hiéu suat thuc hién 1/0

— Gi&m s 1an chuyén ngii canh, giam thi€u qua trinh copy
di liéu (bang caching,...)

— Giam s6 1an ngat quang (truyén khdi di liéu I16n, dung cac
bd controller théng minh, ding co ché polling,...)

— S0 dung DMA néu c6 thé.
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-B?.. Vi du giao ti€p qua mang

/ 3\ ; N
| character II J network

1

system call |. packet

\ typed J cs:)Mplclcs \, raceived /
s =[s
2]E g |8
intarrupt intarrupt natwork
genaratad handlad adapter

b 1fs }

interrupt interrupt interrupt
handled generated generated
A n | =
J T (. network - | l E
o v
device network device
driver adapter driver
kernel de’f’ice kernel network
drivr subdaemon
{ LIIS@II contaxt kernel ‘ n_alwbrk contaxt Gyl
process switch daemon switch
sending system receiving system
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