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I YEO
IR FRMEIZRO (interface) BE HE TS5 Fas2HAK

o JRSFTF1FZS (status register): IXF HBIAVIAS

N2 E 1788 (command register): IENIRBHITHR ERITES

o FIBEF1F23 (data register): JFEIBE IR BT MIX T IREEUE

Registers‘ Status ‘ ‘Command‘ ‘ Data ‘ Interface

Micro-controller (CPU)
Memory (DRAM or SRAM or both) Internals
Other Hardware-specific Chips




SIRENRE

o BT OMETHY S LI CPU 518 % /EB(S (Port-Mapped 1/0)
s NIXBNEBTFFasE—T 10 mOS
e BIEEITN /O IELIHITIEE (e.g, in and out on x86)
Port range Summary
0x0000-0x001F | The first legacy DMA controller, often used for transfers to floppies.
0x0020-0x0021 | The first Programmable Interrupt Controller
0x0022-0x0023 | Access to the Model-Specific Registers of Cyrix processors.
0x0040-0x0047 | The PIT (Programmable Interval Timer)
0x0060-0x0064 | The "8042" PS/2 Controller or its predecessors, dealing with keyboards and mice.
0x0070-0x0071 | The CMOS and RTC registers
0x0080-0x008F | The DMA (Page registers)
0x0092 The location of the fast A20 gate register
0x00A0-0x00A1 | The second PIC
0x00C0-0x00DF | The second DMA controller, often used for soundblasters
Ox00E9 Home of the Port E9 Hack. Used on some emulators to directly send text
0x0170-0x0177 | The secondary ATA harddisk controller. ; gg’g kme(;/‘;zzziogon 3 g::\z:fr:\ectosgritas' digital audio port
0x01F0-0x01F7 | The primary ATA harddisk controller. 3. Parallel pont 8. USB ports
4. Seral port 9. 1/8-inch mini-jack audio ports
0x0278-0x027A | Parallel port 5. IEEE 1394a port 10. SPDIF optical digital audio port
0x02F8-0x02FF | Second serial port 4




SIREIRE

o BT IFOMEIAYS LI CPU 51% %Y@ (Port-Mapped I/O)
o NFENBTFFRDE—T1/0mAOS
o« BEIE[TH IO IBLHITIEE (e.g, in and out on x86)
o BITAFEMEIRI A NEI CPU 51%F 1B (S (Memory-Mapped 1/O)
o NIRENBTFEFHRDE—TWFHELL
o BHIZ{EFMATZE load F store 1R{EFH1TIAIT]
« EEFIEEENINM
o EHREXIZMUNAFIRFEEIRETFER




SIREIRE

o M@ /O IXERTPIESEEENEIRE L ETRE FERIEIR)
o BITHIH (polling) FIF T
o EILFRT (interrupt) BT
¢ T£ /O #BEBE1TIRI AT CPU HITHEITEES
o (BEZIEERI CPU IFEMISEF RS EUE

(e.g., transfer 1 GB data to a device)

P1 P2 P2
CPU e — .

Disk

writing data writing data



Direct Memory Access (DMA)

B AF1518) (Direct Memory Access, DMA): Ik Sg— MNMTIRHIAR A IZ HI 23
RIMEARFIIRE T 78 Z BEHEE A

o IRIERGIE o DMA &1XIEX (where the data lives in, how much data
to copy, and which device to send it to ...)

e [{E/5H DMA ] 110 IRBHITRE
o HI/O RIEZRAY, DMA 1ZHl23[@ CPU KiIERHHES

P1 P2 P1
CPU —
i copy copy
i data data
DMA '
Disk

writing data writing data



Direct Memory Access (DMA)

1. CPU
programs DMA Disk Main
CPU the DMA  controller controller memory
controller Pr Buffer
o
yd SN
Address
Count
Control 4. Ack A
» ~
A . . A

\

done

Interrupt when 2. DMA requests
transfer to memory

&3. Data transferred y

-<—Bus



IR R

X SE 1% =I5 (Device Driver) SCEIXTJE

o BHIXRFE(FIE
I"__l 9" SIS E%_éﬂi%

® read (), write

51817

AT APIs

« RESUTIXEED,
AIEER— 18E"

(/dev/zero, /dev/null, ..
o IRIRERLTHR 70%+ BIED

IPEE I IR AT

RE

User <
space

VA0 1octl ()

Kernel <
space

)

LT RE:NEHES

User process

/

User
program

%

Y

Rest of the operating system

Y

l

l

Hardware

Printer
driver

Camcorder
driver

CD-
driver

ROM

Y

Y

Y

Printer controller

Camcorder controller

CD-ROM controller

Y
Devices




1%# Hard Disk
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1%# Hard Disk

%UE '15:@'—__! "Eﬁ TI/O = T'seek + Trotation + Ttmnsfer

o FERT[E] (seek time): 1Lk (head)
B EIEEMLE (track)

o HEARILIR (rotational delay): 15

FEX (sector) TEsE 2L T

o FIEIEH (data transfer): [A]F3 X
X5 N E




1%# Hard Disk

S B IR S AR R IR RS M8 T haHIE S

o BENLISIEIRIVIL S

T'seek = 4 ms (average seek)

T'rotation = 2 ms (average rotation)

Ttmnsfer = 0.03 ms

Ryo = Sizetmnsfer/ T0

=4 KB/ 6.03 ms =0.65 MB/s

Cheetah 15K.5
Capacity 300 GB
RPM 15,000
Average Seek 4 ms
Max Transfer 125 MB/s
Platters 4
Cache 16 MB
Connects via SCSI
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1%# Hard Disk

S B IR S AR R IR RS M8 T haHIE S

VAV EIE BN e

T'seek = 4 ms (average seek)

T'rotation = 2 ms (average rotation)

Ttmnsfer =(0.8s

Ryjo = Sizetmnsfer / T'o

=100 MB /0.806 s = 124 MBJ/s

Cheetah 15K.5
Capacity 300 GB
RPM 15,000
Average Seek 4 ms
Max Transfer 125 MB/s
Platters 4
Cache 16 MB
Connects via SCSI
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1%# Hard Disk

T =THEREEBEERRET=E L

FRIRFT X LA BR

AY|

SIFE KR, BESENEFEE

Parameter IBM 360-KB floppy disk | WD 3000 HLFS hard disk
Number of cylinders 40 36,481
Tracks per cylinder 2 255
Sectors per track 9 63 (avg)
Sectors per disk 720 586,072,368
Bytes per sector 512 512
Disk capacity 360 KB 300 GB
Seek time (adjacent cylinders) 6 msec 0.7 msec
Seek time (average case) 77 msec 4.2 msec
Rotation time 200 msec 6 msec
Time to transfer 1 sector 22 msec 1.4 usec
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A —ABWEIHINEK, AREMTAFERIRE #HTMAL (disk schedule)

o B MMAIEKERNNFRE/IMOCEXZE) (RAMCHELE 110 FlL=E)
e First Come First Service (FCFS)
e Shortest Seek Time First (SSTF)

e Shortest Positioning Time First (SPTF)

THE 110 RS, RIFRAABEEMEEE EAEIERER

15



WEIRERE

First Come First Service (FCFS)

REE OB REIRIR 7 #TEE

o {3k (arm head) HEIUT RSN 11 BURLIE (track), |
hleliEREVEIAIRRE 7 1, 36, 16, 34, 9, 12

o 7f FCFS TR BHTEEREN 10 + 35 +20 + 18 + 25 + 3 = 111 PMHLE

EE RN ZAE

16



WEIRERE

Shortest Seek Time First (SSTF)

R I LA EREES s i I E =D U (A SELN] 1)

o HILHIZ Shortest Job First AYE1E

o TESSTF T Lo HEEIZIN1+3+7+15+33+2=061 P&

Initial Pending
position  requests

\
X X| [X]|X X X[ |X

0 5 10 15 20 25 30 35 Cylinder

Sequence of seeks

<—Time
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WEEE

Elevator (SCAN)

1P LB E R E), F ORI &R TAE)1EK

o 7£SCAN THiLEHTEEIN1+4+18+2+27 +8 =60 TNhiE

o AJDATEUEE M ESEMRZTMGIE (B2, EE2XFENE SRS
FLEIEKR. 2ERIN—THEEE)

Initial
position

\

X X[ |X[X X X[ X
0 5 10 15 20 25 30 35 Cylinder

Sequence of seeks

< Time
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WEIRERE

Shortest Positioning Time First (SPTF)

G iIYZ [E 5 1ERT|E] (seek time) FIFEFEIEIR (rotational delay) BYFFEH

RoLates this way

o ERIRIBIMESKNLT 30 FBIX (sector),
[REEIERI 16 1 8 BIX
o R seek time FFHARE 5
rotational delay — sector 16
o UNR seek time FIHINEE S
rotational delay — sector 8

o FEBMANEMENKERSEMWEE
(RXE. EkBEES)
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WEIRERE

« MICIRIERARES

=EHlgs AT
o ICHEE BRI

fil )<1¢}

it

X

aalt

o TEIEEN—

SIE—RIEEIREREREAEREE, BEE
BWRAKIEF
(sector) FPISEEMLIE (track) BEPZETFHCE

o ] CPU Cache ~[E], XEZEFNE B R IEVZENRIEUE

¢ T‘ZI_:—EJI_/I\JE X HT_I-,

611 PNEPNEE

2

TS ANEPX GO (write back) St E|
X EZ MM (write through)
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RAID *

Redundant Array of Inexpensive (Independent) Disks: I8 Z MB1E P
AV R R —RIEE AT B S BER S N ELEE

i
gl
\qni

et

B X (bigger): HZ MR RN
FEEE|R (faster): BIRAVIEE 1/O 150 1R fE
BANA]§E (more reliable): B o2 IA T 2B A S ELK (redundancy)

\qnl
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RAID-0: Striping *

REERDTE N TEMEL  Disko Disk1 Disk?2 Disk 3

a8 Nfa 4 5 6 7
. . 8 9 10 11
EE: N3 12 13 14 15

. SMBHEAT TS
. FME RHNE
+ A NIRRT T 2 SHHREX

]
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RAID-I: Mirroring *

NEMEMEEEI— &5 Disk0 Disk 1

Disk2 Disk 3

e RE: N/218 0 |
) 2
¢ ﬁ)x 4 4
6 6

IR BRI HATEEN
. (EEBRIEESH MR
. EEEI:
. BTN 728 R A

e 2Z N/2 (eg,disks | and 3)

N O1 QO =
N O1 Q9 =

23



RAID-4: Saving Space With Parity *

F'\@H;—A*WJ FERL R SR Disk0 Disk1 Disk?2 Disk3 Disk 4
IS5 (A Ibit WLR 0 1 2 3 PO
8 EZKAY bit) 4 5 6 7 P1

W 8 9 10 11 P2
o NE stri 2

jj/\ | s. rip (row) ZE3F 19 13 14 15 P3

—7|" parity block

o 7 bit XIEIEM XOR 1#1E

| 3 I, 1) =
Eﬁ H— el 0 1 0 0 XOR(0,1,0,0) =1

B X ELSRPTA bits
1 XOR e E4 BlockO Blockl Block2 Block3 Parity

| 00 10 11 10 11
HY bit 10 01 00 01 10
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RAID-4: Saving Space With Parity *

VAN v =
RIEFA— TR R Disk0 Disk1 Disk2 Disk3 Disk4
STINAE (A Ibit WTLFR 0 1 p) 3 PO
8 EZKAY bit) *4 5 6 7 +P1
- i 8 9 10 11 P2
* BE: N-115 12 *13 14 15 +P3
o HE:

o IFFIEE . PAKFBNIER] 2o M AAH1TEE
» {BEBENLEHY, parity block B9 1 1% BERRLN
o FTBMENLEER T &IT parity block BYE1TIEE (read-modify-write)

o TSN TGS 8N A
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RAID-5: Rotating Parity *

1§ parity block 135370 Disk0 Disk1 Disk2 Disk3 Disk4
IR R 0 1 2 3 PO
5 6 7 P1 4
c BE: N-113 10 11 P2 8 9
\ 15 P3 12 13 14
o EE: P4 16 17 18 19

o RS AKLBEN R T o BEHITEES
» FENEEEEREIRTT

]

o BAET logical write & parity block BYM/X 1/0, {BRJLA
H1T &% N/2 T write 153K

. TS TN A
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1IN

o IXFEEO. MASIRENRE
e Direct Memory Access (DMA)
o IXEFHRAIXEN

o [ (Hard Disk)
o MEEHFERT B A FEEEIR
o NEZ2fE

e RAID

i
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