it SR HRRIE

IMZ, MANBEESR
(RV $1.4 $6.10, FEEESE)

lIxx@ustc.edu.cn



AEREE

- FBSE5E, $8.4
- RV $1.4: IM8 (BR=E,
+ RV $6.10: B%, /OFRF:

- lE\g%

« PCl: AT %

« PClef4: HAITMA%Z
— IO&S:

« MMIO

REREE, MI%E)

— :Bl: NetFPGA 10G Ethernet NIC

- an FPGA-based open platform for network research
and classroom experimentation

PCle

b - |

— Control
—Data

e MAC 84 PHY B xeaqy
M MAC B PHY B u s
N VAC B PHY BISLP.
e MAC B PHY RS

« 1/O¥E#I 7 : Polling, Interrupt-driven I/O, DMA

¢ Y IR



|/O CPUESFSSELRFSIM

« MARTEINAERIRSE
— Von Neumann#/,ZB5k

— Peripheral device

« HIN#: keyboard. mouse.
touchscreen. scanner. digital
camera. microphone. senser

« Hii% 4% displayer. printer.
acuator

« Connectivity: Bus, Network
— data rate

» keyboard: 100 bytes/sec

 disk: 30 MB/s

* network: 1 Mb/s - 1 Gb/s
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/0: printf(), getchar(), putchar()?

#include <stdio.h>

. . . Processor
Int main(void)
. FSB
{ Int Ch; Graphics
D } SORAM
printf("Input a
character:"); PCI 33 MHz
< lliing
[* read a IDE I I Slots
character from iy Bridge ' |

UsSB

the standard input

stream */ S ; &)
ch = getchar(); | [r] | % S e
l =
putchar(ch); B %P8 com
COM2
return O;
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I/F: Keyboard-to-processor connec

Input interface

Data
N Data
Address S
N KBD DATA ——
L/
. . R/W Encoder Keyboard
Processol > KBD STATUS circuit | . | switches

Master-ready Valid

_— -]
Slave-ready
o

- . [, keyboard data
interrupt enable bit. " i U KBDR
ready bit KBSR
— ' |
. interrupt signal

fo processor



~ Input from Keyboard: E¥g

 When a character is typed:
— KB Data: its ASCII code is placed in bits [7:0] of KBDR
» (bits [15:8] are always zero)
— the “ready bit” (KBSR[19]) is set to 1
— keyboard is disabled, SN EEPN
-- any typed characters will be ignored

15 a7 ) keyt!oard data
interrupt enable bit. - U KBDR
ready bit . KBSR
Dn— interrupt signal
« When KBDR s read: to processor

— KBSR[15] is set to 0, ==, BURTC
— keyboard is enabled, A ST ETHISEEN
- TERRES1EpollingakINTR driven
.« Z{ESS?
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M NS

.itsz)(ut.lg]_fj_ o, BFTEOMSEITE
~HTED: — A HE— ARG, Wintel 8255,
- $FEO: —1fz—1fz1§1’5‘ Mintel 8251,

RIIBEIRFENRESE D, B mieEOMNA Rk

— OfmigE0l: A FEE R R RIIIE biFIJTA’ETa“t(tZDInteI
8255, Intel 8251),

- AalfmiEsEOl: Z:E‘E%EEI%%EQQEDJ%E, (Bn[ BT L IKIBIER
SCIIAERIIEE(UNF T O Fintel 8212)

IRBAMSZE, BEAEOMNERE

- BAEO: ofEimIMgER, Wintel 8255 8212,
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2/EresEM; Intel 82757%&CRTT?E%U%§T§‘D%§O
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~ #0 (interface) #iwO (port)
- im0 =EOFFS EUE. 76, KE...)
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MMIOHI: Keyboard example

Keyboard

Data register
Control register |R

Text/Program

- 5y —keyboard data
interrupt enable bit 1 * JKBDR

ready bit KBSR
—— interrupt signal

to processor




Issue read Issue read CPU—L/O Issue read CPU —DMA
»| command to fj CPU—1/O »| command to Do something  |block command Do something
I/O module IO module [ ~ Telse to /O module ' ~ Telse
Read status Read status — — Interrupt Read status — — Interrupt
of /O /0O —CPU of /O of DMA
module module I/O—=CPU module DMA — CPU
Error Error Next instruction
condition condition (c) Direct Memory Access
Read word
from /O /0 — CPU 1/0— CPU e s
o . VORI
\ AY
— IBICPU
Write word Write word
into memory CPU — Memory into memory CPU— Memory — Z:]\EEC PU
No Interrupts Use of Interrupts
I/O-to-memory transfer through processor Programmed I/O Interrupt-driven I/O
Direct I/0-to-memory transfer Direct memory access (DMA)
Next instruction Next instruction

(a) Programmed I/O (b) Interrupt-Driven I/O
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programmed 1/O
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IEFEIf): Keyboard example

Keyboard

Data register
Control register

Text/Program




[E5.5 ARG
FRERIEEI/O

(85.5, §8.4)



FFIWE%M

RIS
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- FRRFAYIORE: WEMAMNERESRME (1/O)
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- FRETRSE: FlEHlEE (KOG, Bk + ISR
Fetch cycle Execute cycle Interrupt cycle
< Interrupts
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disabled

. Check for
-— - ) Fetch next . Execute .| 2
START “ | instruction = instruction o ipshictihs o
) ; Interrupts| 5 ocess interrupt

enabled

( HALT ) 20
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Interrupt
mask

B K8.29 CPUH i & A INTA

INTR, INTR, INTR; INTR,

MASK, MASK, MASK, MASK,

J# K15.38 A HERA JE%8.25 SIS B il
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INTA EPEFEU%% — IR3 AR %~ (,::)H:‘.i,:h(:: # K — IR3
IR 1 nl| |48 &% #4z— R4
L ) | (SR (RR) [ R2
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RV: Comrpit.
Core Local Interruptor (CLINT) Poing
Platform-Level Interrupt Controller (PLIC) Inst. et I Data:
Mem Mem-
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Exception Opcode Excepttons o
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Interrupt driven keyboard

$s0: %iﬂ:

W ISPHAREESG!
Keyboard

Control register [R

—keyboard data

ready bit KBSR
D— interrupt signal

to processor
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L AN ORFAMRE RN
— 80865L Ber (REZPEER) [ BE% (RHEZ)
— ZDMAC

— — \DMACHEIEZ/IYNE (FEL)

Main
Processor r
memory
System bus l
Disk/DMA DMA
controller controller
Disk Disk Network

Interface

—~L




DMAFT:

* mLﬁTw %L

— FEEHREFI/OMERE

o IOEFH5IHEAES IR

- #t8: T (BK) ., $iEE
SR,

4N8086Z8%4 (FCache)
¢ )—lLr}EH » '

« DMAIZIAIGEL:
— QESEEE:

« COAFRR N “HIIZII” ,
— EERA (FFEAEIEX)

¢ BREATR TR 2
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SE ey ey

- AMIERERMERLATHES: 8086 T T

« CPUEELIVIRE : - I{'"—-__/"
- Lot /0 Interface
SEASE{(;PU IR g% (DMA Controller)
_ =RiEn ;
— DMAfEE 110 device
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[BHAEFEN (cycle stealing)

.« /OIZFAHEDMASKET, I/OIREEH ARG
IN—P B LN EZEER,
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DMACHIEARZBERY, o0 T 5 sm
SRS EF
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DMA and Interrupt Breakpoint§-

Time

Instruction Cycle

Processor | Processor | Processor | Processor | Processor | Processor

Cycle Cycle Cycle Cycle Cycle Cycle
Fetch Decode Fetch Execute Store Process
Instruction | Instruction | Operand | Instruction Result Interrupt
¥ A
WArchs =t /
HJH 1
Z JA DMA Interrupt

K2k Breakpoints Breakpoint
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device driverfyIhge

- IREEHE
— Hardware Startup, initialization of the hardware upon power-on or
reset.
— Hardware Shutdown, configuring hardware into its power-off state.
— Hardware Install, allowing other software to install new hardware on-
the-fly.
— Hardware Uninstall, allowing other software to remove installed
hardware on-the-fly.
— Hardware Disable, allowing other software to disable hardware on-
the-fly.
— Hardware Enable, allowing other software to enable hardware on-the-
fly.
- ESIRE
— Hardware Read, allowing other software to read data from hardware.
— Hardware Write, allowing other software to write data to hardware.
H A=
— Hardware Acquire, allowing other software to gain singular (locking)
access to hardware.
— Hardware Release, allowing other software to free (unlock) hardware.



IRENIS RS

- struct file-operation {
/_N, ReMe]T F’Tﬁ‘} int (*lseek) O ;
ThEETR1 —> int (*read) O ;
. . int C*write) () ;
- int (*readdir) () ;

int (*select) () ;
int (*ioctl) () ;

int C*\mmap) O ;
int (fopen) (O ;

IHRETENn —— {5 T2 int (*close) () ;
int (*release) () ;
— I int (*fsync) () ;
\ int (*fasync) () ;
— P int (*check-media-change) () ;
L m int (*revalidate) () ;
}
= e
B 6%
N, i
(4

Hr D




Bl: LEDRIFSIEE

Int main(void)
{ Intfd;
char led_on = 0x01; IS RRAEL

&

r~_m s

fd = open(“/dev/led/0”, O_RDWR); /$IJF ediZtFIEE]
if(fd==-1) {
printf(*can not open device\n");

exit(l1);
}
write(fd, &led_on, 1); /ILEDF
close(fd); IS
return O;
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Main

Graphics PCI bnidge

- AR T, WE. & ‘ =
— NG ‘ |
— IOEOMEARTIEE
« VORGHM (FED, HW/ISW) contrller
o Ymbk A E0: MMIO, JS7Zmk | ]|
o IR A, T, DMA bk Printer | | Mouse | | Keyboard
— HRRTHZE R |
- DMAJHIE
!

— B&: 5.4, 511, 8.24

o SCIG?2 (|]1E) : EFXilinx ISE, i&iH— TinyComputerR4,
— ZREHRY: MicroBlaze CPU, on_chip_ram#JJTAG UART;
— BEHIET—EECTER "hello_world_lIxx”;
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