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Hardware

HW pro I/O je znaCné rozmanity
Existuji vSak urcité bézné pouzivané prvky
port
sbérnice (bus)
radiC (host adapter, controller)
I/O zafizeni jsou fizeny I/O instrukcemi (IN, OUT)
Adresy |/O zafizeni
gva’tc)jéné pfimo v I/O instrukcich (napf. IN AL, DX : DX port, AL ziskany
a
I/O se mapuje na pfistup k paméti (napr. graficka karta, videopamét)
Zakladni zpusoby ovladani I/O
polling, programované 1/O operace
 aktivni Cekani na konec operace
preruseni
DMA

PB 153 Operacni systémy a jejich rozhrani



Sbérnice PC

2000

monitor processor
cache
graphics bridge/memory | | memory SCSI controller
controller controller
:] PCI bus )

IDE disk controller

&
@

expansion bus

interface VIR

g
s

{ expansion bus )

parallel serial
port port
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® o » | Rozmisteni I/O portu v PC
|/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
3FO-3F7 diskette-drive controller
3F8-3FF serial port (primary)
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® ¢ o | Techniky provadeni I/O

o Programovany I/O (busy-waiting)
opakované se ptam na stav zarizeni
* pfipraven
e pracuje
e chyba
o /O fizeny prerusenim
zahajeni I/O pomoci I/O prikazu
paralelni beh I/O s behem procesoru
/O modul oznamuje prerusenim konec prenosu
o Direct Memory Access (DMA)

kopirovani bloku mezi paméti a I/O zafizenim na
principu kradeni cyklu pameéti

preruseni po prenosu bloku (indikace konce)
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® oo | Preruseni

o Preruseni obsluhuje ovladac preruseni (kod OS)

o Maskovanim lze nektera preruseni ignorovat nebo
oddalit jejich obsluhu
o Patricny ovladac preruseni se vybira prerusovacim
vektorem
nektera preruseni nelze maskovat
preruseni mohou byt usporadana podle priorit
o Preruseni se pouziva i pro reseni vyjimek (nejsou
asynchronni)
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/0

cyklus rizeny prerusenim

1

h i

CPU executing checks for

interrupts between instructions
1

I
i
¥

CPU receiving interrupt,

device driver initiates /O \
initiates 1/O

/O controller

) 4

input ready, output

F 3

transfers control to
interrupt handler

5

¥

interrupt handler
processes data,
returns from interrupt

3

CPU resumes

processing of
interrupted task

complete, or error
generates interrupt signal
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Vektor preruseni procesoru
Intel Pentium

vector number

description

Cosie i BN B EY T s OB N )

S s e e
o o gk W MN 2 O

19-31
32-255

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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eoo DMA

o Primy pristup do pameti (Direct Memory
Access - DMA)

nahrazuje programovany |/O pri velkych
presunech dat

vyzaduje specialni DMA radic

pri prenosu dat se obchazi procesor, pristup
do pameti zajistuje primo DMA radic
procesor a DMA soutezi o pristup k pameti
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. when C = 0, DMA

DMA: pfi

riklad

1. device driver is told
to transfer disk data CPU
to buffer at address X
. DMA controller 2. device driver tells
transfers bytes to disk controller to
buffer X, increasing transfer C bytes
memory address from disk to buffer s
and decreasing C at address X
untilC =0
DMA/bus/

interrupts CPU to signal
transfer completion

interrupt % CPU memory bus —

controller

X
memory

buffer

PCI bus

IDE disk
controller

3. disk controller initiates
DMA transfer

4. disk controller sends

ee

disk) (disk

each byte to DMA
controller
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Aplikacni rozhrani 1/O

o Jadro OS se snazi skryt rozdily mezi |/O zarizenimi

o

O

11

a programatorum poskytuje jednotné rozhrani
Dale vrstva ovladacu ukryva rozdilnost chovani 1/O
radiCu i pred nékterymi Castmi jadra
Nektereé vlastnosti I/O zarizeni
mod prenosu dat: znakove (terminal) / blokove (disk)
zpusob pfistupu: sekvencni (modem) / pfimy (disk)
sdilené/dedikované: klavesnice / paska
rychlost prenosu: vystaveni, prenos, ...
read-write, read only, write only
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/O v jadre a HW

software

hardware

kernel

kernel I/O subsystem

SCSI keyboard mouse PCl bus floppy ATAPI
device device device LR device device device
driver driver driver driver driver driver
SCSI keyboard mouse PCI bus floppy ATAPI
device device device LR device device device
controller | controller | controller controller | controller | controller
ATAPI
sCS| floppy- | | devices
e keyboard| | mouse = PCl bus disk (disks,
drives tapes,
drives)
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e o o | Blokova a znakova zarizeni

o Blokova zarizeni — typicky disk
prikazy: read, write, seek

logicky zpusob pristupu: obecny I/O nebo souborovy
system

mozny pristup formou souboru mapovaného do pameéti
o Znakova — klavesnice, mys, sériovy port
prikazy: get, put

nad nimi knihovni podprogramy pro dalsi moznosti (napf.
radkova editace)

13 PB 153 Operacni systémy a jejich rozhrani



ee o | Sifova zarizeni

o Pristup k nim se znacne lisi jak od znakovych, tak
od blokovych zarizeni

proto mivaji samostatne rozhrani OS

o Unix | Windows obsahujici rozhrani nazyvané
,sockets”
separuji sitové protokoly od sitovych operaci
pristup jako k souborum (vCetné funkce select)
o Existuje cela fada pristupu k sitovym sluzbam
Pipes (roury), FIFOs, streams, queues, mailboxes
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e ¢ » | Hodiny a casovace

o Poskytuji skutecny cas, meri uplynuly cas,
funguji jako Casovace

o Nizkourovnové programovani pomoci loctl
(pod Unixem) umoznuje pristup k Casovacum
a hodinam
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e o o | Blokujici a neblokujici 1/0O

o Blokujici
z hlediska procesu synchronni
proces ¢eka na ukonceni I/O

snadné pouziti (programovani), snadné porozumeéni (po provedeni
operace je hotovo to co jsem pozZzadoval)

nékdy v8ak neni dostacujici (z duvodu efektivity)
o Neblokujici
fizeni se procesu vraci co nejdrive po zadani pozadavku
vhodné pro uzivatelské rozhrani, bufferovany 1/O
byva implementovano pomoci vliaken
okamzité vraci poCet nactenych ¢i zapsanych znaku
o Asynchronni
proces bézi soubézné s I/O
konec I/O je procesu hlasen signaly

obtizné na programovani, slozité pouzivani, ale v pripadeé vhodne
promysleného programu velice efektivni
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oo | |/O subsystém v jadru

o Planovani

nektere |/O operace pozaduji razeni do front
na zarfizeni

nékteré OS se snazi o ,spravedinost”

o Vyrovnani (vyrovnavaci paméeti), buffering
ukladani dat v pameti v dobée prenosu k/ze
zarizeni
resi rozdilnost rychlosti
resi rozdilnost velikosti datovych jednotek
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Priklad: Sun Enterprise 6000

gigaplane
bus

SBUS

SCSl bus

fast
ethernet

hard disk

ethernet

laser
printer

modem
mouse

keyboard

I

-

0 0.01

0.1
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ee o | |/O Subsystém v jadru

o Caching
rychla pamét udrzuje kopii dat
vzdy pouze kopii
caching je kliCem k dosazeni vysokeho vykonu

o Spooling
udrzovani fronty dat urCenych k vypis na zafizeni
pokud zafizeni muze vyfizovat pozadavky pouze sekvencné
typicky tiskarna

o Rezervace zarizeni
exkluzivita pristupu k zarizeni pro proces
rezervace / uvolnéni — volani systému
pozor na uvaznuti (deadlock)
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e e o | Chybove rizeni

o Vzpamatovani se po poruse pri chybe Cteni z
disku, zjisteni nedostupnosti zarizeni, po
nahodné chybe zapisu, ...

o Volani pozadujici I/O operaci ziska Cislo
chyby

typicky zaporna hodnota

o Udrzuje se zaznam o chybach v systemu

pro nasledné analyzy
syslog, events (viewer), ...
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e ¢ o | Datove struktury jadra

o Jadro udrzuje stavovou informaci o komponentach |/O
tabulky otevienych souboru, sitovych spojeni, stavu
znakovych zarizeni, ...

o Mnoho slozitych datovych struktur sleduje vyuzivani
vyrovnavacich pameti, alokaci pameti, zmenené a
nezapsané bloky, ...

o Neéktera jadra pouzivaji pro implementaci I/O objektove
orientované metody a predavani zprav
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/O Cast jadra UNIXu

system-wide open-file table

_ active-inode
file-system record table
inode pointer -
pointer to read and write functions
pointer to select function
per-process o : :
: pointer to ioctl function
i ' open-file table || /1
file descrlptor}—b > ,/ pointer to close function
L]
\\ . network-
: information
User-process memory 4 networking (socket) record table
pointer to network info -
pointer to read and write functions

pointer to select function
pointer to ioctl function
pointer to close function

kernel memory
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Pr.: 1/0O poz.

Priklad Cteni souboru z
disku:
Zjistime, které zarizeni
obsahuje soubor

Prevedeme jméno na
reprezentaci na zafizeni

Fyzicky preCteme data z
disku do bufferu

Ziskana data
zpristupnime procesu
Vratime fizeni procesu

request /O

system call

can already

user
process

kernel

/0 subsystem

/0 completed,
input data availabla, or
output completed

return from system call

satisfy request?

o]

send request to device
driver, block process if
appropriate

|

process request, issue
commands to controller,

kernel
I/C subsystem

transfer data
{if appropriate) to process,
return completion
or error code

F

determine which /O
completed, indicate state
change to /O subsystem

receive interrupt, store
data in device-driver buffer
if input, signal to unblock
device driver

T

interrupt

/0 completed,
generate interrupt

! device
configure controller to driver
block until interrupted
I _ interrupt

device-controller commands handiar
davice
maonitor device, controller
interrupt when /0
completed
| time

)
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ee o \ykon

o I/O je nejvyznamnejsim faktorem vykonu
celeho systemu

CPU musi provadet ovladacCe a programy 1/O
casti jadra

pri preruseni se prepina kontext

provadi se kopirovani dat

zvlaste vyznamny je sitovy provoz
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Priklad: Sitova aplikace

character
typed system call
completes
[
s|e 515
o ==
£ B o %
¥ ot
interrupt interrupt
generated handled
3
9o a|e
S|= S|z
w W w |«
L 4
interrupt interrupt
handled generated
F 3
kL
device network
driver adapter
»
¥
Eil device
driver
1= 3
2|8
==
=
Sy
context
:)ii;s »  kernel
£ switch
sending system

¢  network

network
packet
received

s|e
(1]
EE
L J
network
adapter
r
interrupt
generated
2 | o
2
S |g
wh w
r
device
driver
L 2
= network
subdaemon
— —
= | = = TS
|2 82
= =
8"0‘) 8 0
context
petverk 1PN o
switch

receiving system

PB 153 Operacni systémy a jejich rozhrani



®e o | Zvysovani vykonu

o Omezujeme pocet prepnuti kontextu

o Omezujeme zbyteCné kopirovani dat

o Omezujeme pocCet preruseni tim, ze prenasime
delSi bloky

o Vyuzivame vSech vyhod (funkci) modernich rfadicu

o Pouzivame co nejvice DMA

o Vsechny komponenty kombinujeme s cilem
dosazeni co nejvySSi propustnosti
CPU, pamet, sbernice, I/O zafizeni
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