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— 7:f5ll: NetFPGA 10G Ethernet NIC

« an FPGA-based open platform for network research

and classroom experimentation
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« Polling, Interrupt-driven I/O, DMA
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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: ¥

« When a character is typed.:

— KB Data: its ASCIlI code is placed in bits [7:0] of KBDR
» (bits [15:8] are always zero)

— the “ready bit” (KBSR[15]) is set to 1

— keyboard is disabled (®JEgFi&) -- any typed characters
will be ighored

. . —keyboard data
interrupt enable bit\wm : KBDR
ready bit KBSR
— ' |
_ —— interrupt signal
 When KBDR is read: — to processor

— KBSR[15] is setto O
— keyboard is enabled

- EFELIEpollingBEINTR driven
- BZ(E55?
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+ IORGERKIRIE =
VORI o
« 21, lﬁﬁlj L ey

— FUEER: “BETmN

s WHE. LFateEE: B
— IEEE T I BT RL
— WX AT

C IR SRR TR (G

— FERFEin. T . DMA. HE

» /OB TEIRIE, RV $1.4,

- B, ZEres. FHWIE

Input interface

KBD DATA

KBD_STATUS

)

Data
A
N—

Valid

-————
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|/O CPUESFSSELRFSIM

« MARTEINAERIRSE
— Von Neumann#/,ZB5k

— Peripheral device

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

« Hii% 4% displayer. printer.
acuator

« Connectivity: Network
— data rate

» keyboard: 100 bytes/sec

 disk: 30 MB/s

* network: 1 Mb/s - 1 Gb/s

- N{A[AIEI/ORE?
— BEOHER (B4, . =0)
— IR (258, BT, DMA)

Z|BJEHE

Processor

: Mai
PCI bridge am

memory

Graphics

‘ PCI bus

SATA, SAS

or SCSI
controller

| —

Disk Printer Mouse
controller

Disk

Ethernet USB hub

;'

Keyboard
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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

IREUREERIERI AR, BEFEEOFMDMAZ
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~ #0 (interface) #iwO (port)
- im0 =EOFFS EUE. 76, KE...)

- %00 = &R = NP im0 + =HhZE

el iy [ b Jaas
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MMIOHI: Keyboard example

Keyboard

Data register
Control register |R

Text/Program




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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EFREEIEA:
G win> « ECPUBHISIRIEMITTE

2 A

RN -8F, ¥
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Ready? * Polling+44: ~600cycle/ix
| » Mouse%:/b>polling 307k/s

4 — s ML >
- .« ZIRTEIE
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| VEi P 5¥A" g
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l - {2 il '=I:ku ""
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IEFEIf): Keyboard example

Keyboard

Data register
Control register

Text/Program
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FFIWE%M

RIS
- EEMERFIIT, BTVTEER, EEiTRRERRSE
R AR,
- REFER CER (FR) BTEMES wame
- FRRFAYIORE: WEMAMNERESRME (1/O)

. ChETIRSTER (ISR) ‘Qi@
. CREFEEE: RBICRETE, ISR

- FRETRSE: FlEHlEE (KOG, Bk + ISR
Fetch cycle Execute cycle Interrupt cycle
< Interrupts
v

disabled

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

enabled

( HALT ) 20
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SR N=PX

RV:
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Comn_':it:
Core Local Interruptor (CLINT) Poing
Platform-Level Interrupt Controller (PLI Inst. Data:
atfo evel Interrupt Controller (PLIC) - Bacide e
(Software )—» CLINT [t - :
. ega o) erﬂo ata addreﬂs
CTimer ) - — :fcaegg':: ” LOPCOde - Exceptlons C
— RISC-V E
CADC D+ s
— - N A
- Handler Kill F| Kill Kill ASY"C'W“OUS x:n
Ceo o+ PC Stage Sto_g Stage Interrupts }Vnteback
- - INTA INT
3k 7 A W s A 5 dg e W U »\I | 8259
8086 NMI #4328
| L 1
CPU IR, )
INTR | gy 20
|_ THEE ] AL IR, 1[ |
| P — IR, O, b pur [ %1
INTA B2 — IR, Eﬁ Bg (bt —] kK — IR3
IR nl |43 &% $HB }E‘S‘
4 ]*ﬁ 3 (ISR) (IRR) L IR6
INTn | |INTi | |F&vE a7 — IR; i £ T T - IR7
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Rk, SPRFML, PR

FHS

KA B ( g

: : S foe Q Q Q

Status register $12: ﬁ% 8 Eﬁ INTR, INTR, i

SEGAEF D a D .. D
15 8 T4 S\ 0 CPU i | T

L] T
Interrupt PR 1 R 2 TR n
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



Interrupt driven keyboard

Keyboard

Data register
Control register |R

- 5y 5 keyboard data
interrupt enable bit KBDR

11111 3 0
ready bit KBSR
)— interrupt signal

to processor
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Disk/DMA DMA
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Interface o | o
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SE ey ey

- AMIERERMERLATHES: 8086 T T
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- Lot /0 Interface
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[BHAEFEN (cycle stealing)
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» DMAFZHIZE(DMAC)tBFR{EDMALE
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- BER—MEE (FB. F) |, ik

- IREMBIIE RS (DAR)
— SNRREESRIH AR E AR E S
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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



 WEEHED: RS, AP
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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




Bl1: LEDRIFITER:

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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— WM EHE . ocPDU [rrorotorraro .. worororereprororon]

— FCS: frame checksum, CRC LEECT
« -RNIC S EHLA

— MAC+PHY g&
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FBR#ES: BFPZE
APPERADriver Z1EEEE

fiit: AAFP=E->0S->NIC

FEOST a7 1 Buf
BXINIC BDEE
DMAMBUfEEIEEE I
ZTX

DMARRRTERICPUAIXTE
39

— DriverFEp{Buf

— FEN: FHP=E->NIC
}Eﬁ)j ILJ\L1I:| J}iﬁ'osﬂj}ﬁ
EINTR: ERCPUMKIR
AY3E

DDIO: DMABEUEER
ENLLC (SPM)

Cache SMM£HE—Z(14E?

i

XzHEFF

DMA Engine
* Fetch

BD

* update BD
¥ Move data between system

and FIFO

* Generate interrupt to core

S

FIFO

Tx
FIFO

MAC

PHY

%+ f¥J)DMA Engine
BD = BUFFER DATA?

Status Control
Length First BD
» Buffer pomnter
Status Control (W)
Last BD
Length
Buffer pomnter ]
Data
buffer,
»-c'L
System memory
OSHI % Buf
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Main

Graphics PCI bnidge
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— 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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