Chuadng 9: I/O System

Thiét bi phan cing 1/0

Giao dién I/O cho ung dung
Cac dich vu cua I/O subsystem
Hiéu suat I/0



Tong quan

« Cac thiét bj I/0O khac biét vé chiic nang, téc do,.. nén
can cé cac phuaong thic quan ly, diéu khién tucng ting
khac nhau

» Chinh la chiic nang cua I/O subsystem cua OS

= CAac trinh diéu khién thiét bi (device driver) cung cép cho
/O subsystem mdt giao dién thuan nhat dé truy cap cac
thiét bi



Thiét bi phan cting I/0

= K&t ndi vat ly gitfa hé théng may tinh va céac thiét bj 1/0
« Port (connection point)
» USB port
- Bus (daisy chain, shared direct access)
= Diéu khién
« Controller (device controller, SCSI host adapter)
= Giao tiép gitia CPU va thiét bj I/O
. 1/O port: dia chi 1/0 dé lap trinh.

» DUng I&nh 1/O 1&n 1/O port dé tdc dong I&n cac thanh ghi di
liéu / trang thai / 1énh cua controller.

« Memory-mapped I/O

» Each control register is assigned a unique memory address to
which no memory is assigned.



Cau truc bus trong PC

NI

monitor processor
cache
graphics controller bridge/memory memory SCSI controller
controller
(] PCI bus
IDE disk controller expansion bus interface keyboard

@ @ | expansion bus
@ @ parallel serial
port port




M6t sO 1/O 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) controller

320-32F

hard-disk controller

378-37F

parallel port controller

3D0-3DF

graphics controller

3F0-3F7

diskette-drive controller

3F8-3FF

serial port (primary) controller




Céc ky thuat thuc hién 1/0O (1/3)

= Ky thuat polling (busy waiting)
. Kiém tra trang thai cia thiét bi khi muén thuc hién I/O
» ready hoac busy hoac error
. Tiéu tén thdi gian trong vong lap dé kiém tra trang thai (busy-
wait) va thuc hién 1/O.

= Programmed I/O



Céc ky thuat thuc hién 1/0O (2/3)

= Ky thuat I/O dung ngat quang (interrupt-driven 1/O)
« CPU c6 moét ngd Interrupt Request (INTR), dugc kich hoat bdi
thiét bi 1/0
» NEu ngéat xay ra (INTR = active), CPU chuyén quyén diéu
khi€n cho trinh phuc vu ngét (interrupt handler)

» Cac ngét c6 thé che dugc (maskable) hoac khéng che dugc
(non-maskable)

. Hé théng c6é mot bang vector ngat chira dia chi cac trinh phuc vu
ngat
= Ngat cling c6 thé dung xU ly cac su kién khac trong hé
thong (16i chia cho 0, 16i vi pham vlung nhé,...)



PC interrupt

processor
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(1)
INTR

INTA

(2)

>

Programmable
Interrupt
Controller

<—— IRQO
<«<—— |RQ 1

<«—— IRQ 15

local bus

1 byte interrupt number (k)

(3)

(4) Take exception to address k*4



Bang vector ngat trén Pentium processor

vector number description
0 divide error
1 debug exception
2 null interrupt
] breakpoint
4 INTO-detected overflow
5 bound range exception
6 invalid opcode
¥ device not available
8 double fault
9 coprocessor segment overrun (reserved)
10 invalid task state segment
11 segment not present
1= stack fault
= general protection
14 page fault
1= (Intel reserved, do not use)
16 floating-point error
| alignment check
18 machine check

19-31 (Intel reserved, do not use)
32-255 maskable interrupts




Céc ky thuat thuc hién 1/0O (3/3)

= Ky thuat I/O dung direct memory access (DMA)

- Cac ky thuat polling va interrupt-driven I/O khdong thich hgp khi
thuc hién di chuyén khdi lugng 16n di liéu.

» Ky thuat DMA can co6 phan ciing ho trg dac biét, d6 la DMA
controller

« Ky thuat DMA thuc hién truyén dii liéu truc ti€p gitia thiét bi 1/0
va bd nhé ma khoéng can su can thiép ctia CPU.
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6 bugc thyc hién DMA

1. device driver is told to
transfer disk data to
buffer at address X CPU
5. DMA controller transfers 2. device driver tells disk
bytes to buffer X, controller to transfer C |
increasing memory bytes from disk to buffer cache
address and decreasing at address X
CuntiC=0
6. when C = 0, DMA DMA/bus/interrupt j == X
interrupts CPU to signal controller SEBATI AT memory | buffer
transfer completion
' PCI bus

3. disk controller initiates
DMA transfer

4. disk controller sends
each byte to DMA
controller

IDE disk controller

SAS

disk} (disk
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Giao dién |I/O cho ung dung

= OS cung cdp mét giao dién I/0 chuan hda, déng nhat
cho cac ung dung.
« Vidu: mot Ging dung in tai liéu ra may in ma khéng can biét hiéu

may in, dac tinh may in,..

. Giao dién la cac I/O system call

= Module diéu khién thiét bi (device driver) thuc hién giao
dién dudc chuéan hda cla I/0 subsystem qua dé giau
dudc su khac biét gilta cac cac bd diéu khién thiét b
(device controller) khac nhau
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Cau trac 1/0 trong OS

software

hardware

kernel

kernel I/O subsystem

SCSl keyboard mouse PCI bus floppy ATAPI
device device device L device device device
driver driver driver driver driver driver
SCSI keyboard mouse PCI bus floppy ATAPI
device device device eooe0 device device device
controller controller controller controller controller controller
ATAPI
. devices
SCSI floppy-disk _
devices keyboard mouse eoe PCI bus drives (disks,
tapes,
drives)
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Pac tinh cla céac thiét bj 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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Cac dich vu I/0O cho ung dung

= Giao dién chuan cho nhom thiét bi c6 lién quan
» Thiét bi khoi (block device)
» Disk
» Tac vu: read, write, seek
» Thiét bi ki tu (character device)
» Keyboard, mouse, serial port, line printer,..
» Tac vu: get, put
» Thiét bi mang (network device)
» Block hoac character.
» Socket interface trén Unix, Windows/NT,..

= Clock va timer
» Cung cap thdi gian hién tai, timer
. C6 thé lap trinh dugc.
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System call yéu cau I/0

= Blocking: process bi suspended cho dén khi I/O hoan tat.
. Dé dang st dung
- Khoéng hiéu qua trong mot so truéng hop
= Nonblocking: process sé tiép tuc thuc thi ngay sau Iénh
goi I/0.
- Vidu: data copy (buffered 1/O)
« Thudng hién thuc véi multithreading
- Kho kiém soat k&t qua thuc hién 1/0
= Asynchronous: process van thuc thi trong Iiic hé théng
dang thuc hién 1/O.
« Khé su dung
» 1/O subsystem bao hiéu cho process khi I/O hoan tat
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/0O subsystem

/0O subsystem cung cap cac chiic nang
= Dinh thdi cac yéu cau I/O
. Cac yéu cau I/O xép hang tai cac hang dgi ciia moi thiét b
. Bao dam coéng bang, hiéu suét cao.
= Dém du liéu (buffering): luu dU liéu tam thai trong b6 nhaG khi thuc
hién 1/0O
« Giai quyét trudng hgp chénh léch téc do, kich thudc dir liéu khi thuc
hién I/O
= Caching
= Spooling
= XU ly 16i (error handling)

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

« Most return an error number or code when |/O request fails
« System error logs hold problem reports
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Chain of events triggered by a user keystroke on a
typical UNIX system

Dan Tsafrir
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Hiéu suat I/0

= Hiéu suat I/0O &nh hudng rat I6n dén hiéu suat toan hé
thong. 1/0 gay tai cao do
. CPU thuc hién cac lénh diéu khién clia device driver, cla kernel
/O code.
« Chuyén ngii canh vi cac I/O interrupt, chi phi copy di liéu gUi
nhan.
- Network traffic gay tdc dé context switch cao.
=« Tang hiéu suat I/0
- Gidm s6 lan chuyén ngif c&nh, gidm thi€u qua trinh copy di liéu
(bang caching,..)
. Giam s6 lan ngat quang (truyén khéi di liéu I16n, dung céac bd
controller thé6ng minh, dung ky thuat polling,..)
. S0 dung DMA néu c6 thé.
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