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Device Data rate

-Keyboard 10 bytes/sec

CE K \ h N ‘:Mouse 100 bytes/sec
rl rl - 56K modem 7 KB/sec
) N n > h h i:Scanner 400 KB/sec

q - - Digital camcorder 3.5 MB/sec

q h < - K - ;:802.1 1g Wireless 6.75 MB/sec

’ - ' 52x CD-ROM 7.8 MB/sec

" Fast Ethernet 12.5 MB/sec
- h * \ - - ¥ A q) ‘_Compact flash card 40 MB/sec
B Ah w ™ Y A h | Firewire (IEEE 1394) 50 MB/sec
- USB 2.0 60 MB/sec
C h = Y ' B~ ' C W  SONETOC-12network 78 MB/sec
- ! ' | SCSI Ultra 2 disk " 80 MB/sec
‘ > W CD ::Gigabit Ethernet 125 MB/sec
- : SATA disk drive 300 MB/sec
-Ultrium tape | 320 MB/sec
| PCI bus | 528 MB/sec
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oot @VolKnot : : a3 /dev/sdas /dev/tty
brw-rw---- 1 root disk 8, 5 2011-05-19 03:20 /fdev/sdab

Crw-rw- rw- 1 root tty 5, 0 2011-05-23 23:07 /fdev/tty

:\4UU3CV€3009898 pgUsoed zUsaUleszald




: ) i °r - ° 17 ] ~ o o o
s 8Us U  slilUeesae pgUsoaed zUaUUe3aUd



Alh s 1 , h<>h L A
J-'Il‘l . A C K _
WAh 5).{\, ¢ K n
¢ ST Chy YA

: ) i °r - ° 17 ] ~ o o o
s BUs U  sGUeeose gUosoaed zUaUlessaUd



AB““CB‘W. nK N w ‘/\ K
A>' .hA*¢h BVh" " >sh ho
A-<5q_"’/\‘¢h 5;/h _'_'>h_hCD

A" <8¢ _ ~ YAt ¢ BVvhHh® ' >h

“‘("B‘". O~ d. b (.‘h’_h B~

SATA
Re =~ "Ash’ 8 Ah N N Ah 1 ¢t ,w " P’y s

A~ 1 h > Tes<s a ¢ "y
A fB ) h ) g v+ n t K oC blltl‘ K >— l{ byf‘es h -
A r]_‘-‘_l-”li'f" = N h<>h_h+/X\h lIh Ga <CD-| h >

ArlnAhtthLW‘l>V>/\‘ll>l|(D”‘h




[ . A" Cw I ' h K G

Af ~ 71 " h>s>shpy "&tsN2 NI Y
Av "L " h ¥~ _ Adriger §O0 S NN
A~ 8  "TETTRT T wch Tt R A >

v, u}‘dU3U’9uUeaee pgUssed zUsaUuegs3aUd



J'"’J " h >>h "y
(Programmed 1/O)

Av "' BAL"<_ MmO

I In REG,port.

I out port, REG.
ARB*+’{‘“B—W‘.,A‘B‘, SEAV 'S{ Y
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Avo digubuvoeig Xwpog uiag dievBuvong Xwpog dUo digubuvoewv
OxFFFF... -
Mv
Ve nun
OUpeg E/E
0
(@) (b) (c)

(a) E/E kal Xwpog MVAMNG CEXWPIOTA

(b) E/E xapToypagnuevn oTn yvAaun
(c) YBPIOIKO
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| N 1
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OAgg o1 dieuBuvoelg
(MvAuN Kal E/E) Tave €dw

(a)

N\
AUTI N BUpa PVAPNG Eival yIa va ETTITPETTEI
o€ ouokeuég E/E va éxouv TTpdofaon oTn
uvAUN o

AlauAog

MpoBANua TTPOKUTTITEI OTAV XpPnolpoTroieital N cache yia MM [/0.
Oa TTPETTEl VA atTevEpyoTToIEiTA!!

(a) ApXITEKTOVIKI PIVIIMNG MOVOoU dIaUAoU.
(b) ApXITEKTOVIKI MVIMNG OITTAOU dlauAou.
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1.H CPU
eAEYXEI . . . . :
CPU rov eeykrry EAEYKTAG DMA  EAeykTAG diokou KuUpia pvAun
DMA PP e Buffer
L
v ™
VIETPNTNG
4. EmBefaiwan A
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x S~
l l 4
L AlokoTtA HoAIg J Lﬁ To DMA atrautei J 3. Ta dedopéva
oAOKANpwOEi ETOQOPA OTN HVIKN . MeTa@épbnkav )
-— AiauAog

AgiToupyia piag petagopac DMA.
XpnoiyoTrolgiTal emTTPOCOETO UAIKO TTOU DIEKTTEPAIWVEI TN METAPOPQ
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I (floppy, hard drive, or GROM).
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5 (L)

MNot executed

332

Mot executed

328

Not executed

324

Not executed

h o o’ h heg
(b)r *h  h AhG "

320
316

312
308

304
300

PC

Mot executed 223
10% executed

320
0,
_ 35% executed 316

20% executed

312
308

304
300
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String to
User be printed
space ‘I’ Printed Printed
page page
ABCD J’ l
EFGH
r Next— A Next =
Kernel Y Y
space ABCD ABCD
EFGH EFGH
(@) (b) ()
U.J|">hJ_‘hh _l A _’_+" B:AI
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s h 77 n.hK rl o ' A
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copy_from_user(buffer, p, count);
for(i=0;i<count;i++){
while (*printer_status reg!=READY);
*printer_data_register = p[i];

2/2)> w

Return_to_user(); L] 6° Aht SRR DN RN
j 7 > G, Ah* R € M w7
A h BW AYh'' > Y h "BYA "W < B ° >h
,h 2 he¢ " h

n'+ " h,P<pmn"* > ¢~ YA B S Lt

nkn®

€ . - U -
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E/E- 1" 1T >B A h

copy_from_user(buffer,p,count); if (count == 0) {
enable_interrupts(); unblock_user();
while(*printer_status_reg!=READY); } else {
*printer_data_register = p[0]; *printer_data_register = p[i];
scheduler(); i =i+1;

}

acknowledge_interrupt();
return_from_interrupt();

(a) (b)

n.JJ'lh/)\'" h <, h =" ¢ > t ¢ v * YN K C
.{!hqv—ll¢

(aL') [ - ] ¢ h. - v i K C B <B ’ _ h ¢ 5_¢' _/\' - _
(b)p‘hi‘ﬁ‘hh‘ﬁ"‘h"'l “'3%_““_1\_'1(1)h _"/\

&0 . . - U -
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E/E>¥ . DMA °

copy_from_user(buffer,p,count); acknowledge_interrupt();
set_up_DMA_controller(); unblock_user();
scheduler(); return_from_interrupt();
(a) (b)

rlq o _5+/\‘hll< ) h - ‘ >B; _' tn S‘VIDMA
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n-  "rgwaf 4t > T > h

Aoyiouiko E/E emitrédou XpRoTtn

AoyiopIké AZ aveapPTATOU CUCKEUWYV

Odnyoi cuokeuwv

XeIpIOTEG SIOKOTTWV

YAIKO
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/\ q) Rest of the operating system
Kernel
t 1 space
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+ A > driver driver driver
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Operating system Operating system

SATA disk driver IDE disk driver SCSI disk driver SATA disk driver IDE disk driver SCSI disk driver
(@) (b)

—

@u. Tl sE-chy oy

N I 4

(b)f“_ -] 8B T "hy ™M Y

A Y r
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User process

¥
User
space \

Kernel
space

Modem Modem Modem
(b) (c) (d)
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/User process
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Network P
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