SE-315 - #E&R%F ( 2020%F ) Y IPADS 1z | ;ﬁ){@ﬁ?
I 10 o Dees sverews S3%¢ SHANGHAI J140 TONG UNIVERSITY

EEE

PRER | BRI
EERBREFITE DN RSHRAT

https://ipads.se.sjtu.edu.cn



Rt F=HP

ARBRNE LEREXFHITESBARRHAREATE
FEREA LIS EEEERD ARERERTIFE AR

EREEFEEEEREED ARESHE EIEER

- RWNBEXRE . EBRBEBAFHITE A RERARA+IIRIEE
YFAETFIFEIHEEEME A FEHTIASE | BIKEAFREIEFRN
ARSI A HHEE Creative Commons Attribution 4.0 License

— SEFENAN : hitps://creativecommons.org/licenses/by/4.0/legalcode

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )


https://creativecommons.org/licenses/by/4.0/legalcode

) [l : IRERFRIEIRARS

- IRIBAREXRNGR | MIRBTXETHISE
- BfS. FiE StirE. *2MtiESRS

- BgEEACHINY. #E
— AMItREAIMIRDO ?

- IREFEAEEEEEIR
— WMABRIMRAVINSHHES AR ?

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )



) =6 - MEIRLEAINESED
© MXSO

Power over Ethernet (PoE) header
(requires separate PoE HAT)
. N =
Be/MR
4 x USB 2.0 ports and
Faster Ethernet over USB 2.0 i st el —
(maximum throughput 300Mbps) (] D Y/ 1x nl iB* I nl ®
o > >

2 4GHz and 5GHz IEEE Broadcom BCM28378B0, Cortex-A53

802.11.b/g/n/ac wireless LAN, 64-bit SoC @ 1.4GHz
Bluetooth 4.2, BLE with 1GB LPDDR2 SDRAM

)

MIPI DSI display port =

Homm

usBO a0 I ®AEO BRED
MIPI CSI camera port i ), SRS, e \ 4 \ 4

4 pole stereo output and composite video port
5V/2.5A DC via micro

USB connector

Full size HOMI

element14.com/RaspberyPi SE”WUNW

EAFRZRIES -
IBEZREALSEC | IBESRESMHEA
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ES (HR) >2E5HR

- BfheRER— (1)

« What | cannot create, | do not understand!
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- RENEFRE (ElRETTZ/)

- ERRBREHFS (EERII5IR)

- MAIERECIN#ITIE (SENIREEOKMNZHE)
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) GPIO LED

B J8Y INPUT/OUTPUT &

A~ A ﬂil] \ ; *J Equivalent Circuit for Raspberry Pi GPIO pins
S
ﬁﬂ E - Output strength

§A01 gﬁ. =/ \JLT\_W%?L{%

Output

Output enable

GPIO
pin E +
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I\TO Hysteresis enable
I

> Input

<éSDkO If{

3.3V

Pull-up
Pull-down




) Intel 8042 ( PS/2 §EERis4Is2 )

- HESS>HFES>%IE (Scan Code )
o BIRREEREN—IFT

[ R - KRR ? ]

(0€] [16 | [12] [26] [25] [2€] |36 [aD)] [a€] |46 [45] |4€] [s5 [cren |  [17 ] forf e [76] [77] [7c] foud
[0 [15] 10] [24] [20] [2c] [35] [ac] |43] [4a] [4D] [54] s8] | &)
58 |[ic|[18][23][28] [34] [33] [s] [42] 48] [ac] [s2] [50) |5
(e ] [ ]] 29 [ [eon ] [eow ]
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) UART (£0)

- BERARZWAIEEE ( Universal Asynchronous
Receiver/Transmitter)

o £ I TRANSMITTING
UART

. EROLEER— AT SERRREEREE

RECEIVING
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 GPIO LED

- 8PNVHGRETT—MPRE
- 18042 PS/2

- BIXRBEEANA—IFT
« UART

- BRABEEE— T
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L3} Y

2§55

a
a

NRAGRIE R TES 2R
NREENIBIA
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) Ethernetj-E

- BIRIEE—IRENE ( LAKRImT )

- Wifi, I5F5Ib3E
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) HELgHEEBRS......

- (ERRkES
(Y
- [EHIT
- thibiEES (GPU, TPU)
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) IRRETE .
- HSEMER

- §E1q5/ \é;E>

SRR GHHZR

FIMKAATT AN ET =R ORI ER

- MR ILLETEARIRS L
— JANRREFRENERNESRED (324HzO )

char buffer[256];
int read num = -1;
int fd = open(“/dev/something”, O_RDWR) ;
write (fd, “something to device”, 19);
while (read num == -1)

read (fd, buffer, 256);

close (£fd) ;
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) GBS (LALinux Al )

« YhEBEHITHE
— FFRRES (char) : LED, &, &0
— HRi%% (block) : NEF
— MZ&IEE (network ) : Ethernetfd—

- WhigEHITER
— TS | SRS ( readiwrite )

— BRIz MEFESE ( read/write ) , mmap
— MBS socket , ARG TR ( Fread/writeiEEE socket )
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) ZfFl : LinuxERIEE D3

-+ FNEH
- BSE
- MR

N R

Z5e1z= 0 ( syscall )

VFS

i !

TREE T TE

FrHRE Higes MBI e
l g
iReExO
LN
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) FHRE

. =+ :

— . Bir. 80, FJENZF
- BAER -

— WA, B RIEE— N2

— AR ERfIIREEERE
- EEMEANHHS -

— open(), read(), write(), close()
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) HRiRE

. =+ :
~ HE. UR. NESF (LIEEESEAE)
- pEEL -
— BEHIAIE , AR EHITIES
- ERXGEEIN—ERET , BmailiEikEmeEExa
- BRERAREmMS :
— AFIEIS 4 (Memory-Mapped File) : BEziE0IE0E

- BHALERRAHES  ENERREEN (R
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) MEIREF

o =+ :

— LK. WiFi, 15895 ( LUBEIRSAE)
 RAREL -

— AR

— ERFNELA LR ZFMY |, RIS

- BEEREETHS

— socket(), send(), recv(), close(), etc
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) BEM
. RESTR LAE LN RT H 4R ?

— UARTEEO

- SDFk

—  RTCSCAYRTHH

— DS18B20iEE(EREE
— USB

— LAKM

— HDMI

-~ GPIO

— CSHE{&:L

- WET&HES
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- BRLREETTARERSE ?
- GPU
— Smart NIC
— NVRAM

« LinuxBngR/ R XE25HE] ?
— I FEER ?
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ESIMERANRKE
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) CPUSIMRRYEIERE

- TJ4RE 110 ( Programmable 1/0 )
— 1@ CPU in/out 8% load/store 1§<
— BFECPURTHERAFNEGREERIELL
- B TER/NERIRE
- HiZAFER (DMA)
- IMRETERIREEE
- DMASAZFEREREEE | ERAFECPUSS
- BETEEHEIO
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) HJ4REER 1/O

* PIO (Port 10)

- |OIRFE B AYHIZSE)

— [ERRTARIIES (UIx867PHYiIn/outig<>
 MMIO (Memory-mapped |0O)

- FIRBRFEESIENFT

- ERRFREES

- TASRFEATE—H  E52FEIFH
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) ChCoreflJUART MMIO

BEGIN_FUNC(get32)
ldr wo, [x@]
ret

u32 pl@1l_nb_uart_recv(void) END_FUNC(get32)
{

if (!(get32((u64) UART_PPTR + UART_FR)
& UART_FR_RXFED)

return (get32((u64) UART_PPTR + UART_DR) & OxFF);

return NB_UART_NRET; - MMIO: EF |dr*ustr]:E@
— BRESRIVIIE N FRIRFRIE

void pl@11_uart_send(u32 ch) T
: HHER

else

}

/* Wait until there is space in the FIFO or device is disabled */
while (get32((u64) UART_PPTR + UART_FR)

} & UART_FR_TXFF) { BEGIN_FUNC(put32)

/¥ Send the character */ str' Wl’ [X@]

put32((u64) UART_PPTR + UART_DR, (unsigned int)ch) ret

END_FUNC(put32)
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) DMA

1. IR IR : KFMg CPU 6. CPUNZZIhlR : JER
SIRIEZE N FEEX | SRR R BrAb I RN

4. DMASEURIEZE MR TFitiEX DMAJ4] 22 é A 1F

I ARG RS
5. DMAEHIZETrk(EmE X
CPULZHiHRHN , EEE ISR

PCI B4

2. JMEIREDMALEE
3. IMSIEEEIEEIDMALE RS

MK
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) CPUHIHRQLIRTEE

CPU

/0=l 55

\ 4

EIXEJJ%JJ!ISM/O%E‘?

CPU%E Tﬂl?—_r’ié(? Ja#BiS
el X ‘JEE

\ B/ 0% &

|m>+

\ 4

CPULBZ 1| F By
T ISR

P TR

- /ORRFESEAL, BT

ISR5E ik A T 4b 38

\ 4

CPURE W BT £
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) Fhh

$ cat /proc/interrupts

16:
17:
18:
21:
24:
25:
26:
27:
28:
IPI1:
IPI2:
IPI3:
IPIA4:
IPIS:

CPUO
0

0
1588
43

506

4444

1731
29

CPUl

0 GIC-0 27 Edge gt

0 GIC-0 43 Level ttc_clockevent
1064 GIC-0 29 Edge twd

0 GIC-0 39 Level £8007100.adc

0 GIC-0 35 Level £800c000.0ocmec

0 GIC-0 59 Level xuartps

0 GIC-0 51 Level e000d000.spi

0 GIC-0 54 Level eth5

0 GIC-0 56 Level mmc0

0 Timer broadcast interrupts
2206 Rescheduling interrupts
36 Function call interrupts
0 CPU stop interrupts
0 TIRQ work interrupts
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) AArch64FjR3E

* IRQ ( Interrupt Request ) -

— ZEHWT , R, RIS ERECPURYAEIEHRA
 FIQ ( Fast Interrupt Request ) L myzechpmizsise (Interrupt
L REBEE—AFIQ Controller ) FfieEH

— (REEFHT , RS | IR

- BARSENHRTEIREE -
« SError ( System Error)

- REMELIEM. BREGNENSE , ZHBLHLE (Abort ) B2

— WNEF1T ( Cacheline ) BRIZREFEINASEHNRE
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) |B)5E : Z4ZCPULN{AJAMECRER ?
- FRlR : W{anEisaITERPRB#ZIE ?

Core 0O Core 1 Core 2 Core 3

2Z44 Core0 |

{ aGic |
Mi% 3%
Device RO BEACoredh 170R ?
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) ARM HfiZHIEE—GIC

Processor cluster
c-————————- | - ——P Timers <
nininbebeintniebeiniy o
i
I
CLCD < : : I
Core 1 I :
I
7y s
Image loader DI
i— _________________________________________________ 1
| v v
| Address decoding :
: Non-secure Secure |
4 Memory bus [ ——— Ep————— S S b ___I____l
UARTs ~
Block storage Non-Secufe GIC Skcure RAM
RAM
PLOT1_0 System A4
PLOT1 1 Networking Virtio devices Controller !
PLO11_2 Host NonTSecure Secure
PLOT 3 filesystem peripheral peripheral |
L — 1]
Interrupts Interrupts

34



) GIC

« Generic Interrupt Controller

 Distributor
=EBEPNS KNSR

e CPU Interface
— L "TIR" |, R ERE KRG CPULLE
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) GIC

SPls —3%

Distributor ITS?®
A A A A A
LPIs
—
PPIs —»
TSGIsb TSGIS” TSGIsb TSGIsb TSGIsb
] [ ] [
_| | ] | ] l_
PE PE PE PE PE
x.y.0.0 x.y.0.1 x.y.0.2 X.y.n.0 X.y.n.1
Cluster CO Cluster Cn
. Redistributor |:| CPU interface
|:| Distributor |:| Interrupt Translation Service

a. The inclusion of an ITS is optional, and there might be more than one
ITS ina GIC.
b. SGls are generated by a PE and routed through the Distributor.

Figure 3-2 GIC logical partitioning with an ITS
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) Distributor

- FERSA&ES :
— BHeIEE R PrEE & ZaXIMCPU Interface

- HEX:GICD

- {ER:
— rhif{HEe
— RIS
— hloE
— FiETHIBRcore
— T A S
— RS EE

B RER TS REREGFHRFT (IPADS@SITU )
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) CPU Interface

- CPU¥EO:

- BGICDAIZERFHNER  BEIRQ. FIQEM , RiX45%E

- ZHFEE : GICC
- {EM :

- BRnEkAIXECPU

— hrAfAIA ( acknowledging an interrupt )

— rhlfr5ER% (indicating completion of an interrupt )
- IREFEUIR ik

— TENX ARG SRS

EBRBEBREAFITEDHXESHARET (IPADS@SITU )
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) FRERTREIA

» CPUFHIRImRIARE

— IRQIRZ : pending->active
- FfFER : GICC_IAR , icERImFHFLIEMHRES

+

- iEPIBAGICC_IARFFRR . KXIREHITIRIA
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} *%%Eﬁ BE A4

T "HUfiRL SRFSE ?

- CPULLIRSSHAM

— IRQIRZ : active=>inactive

- fii5%RER ( priority drop ) :
— BHEEIFPRERNRSMARHITES | LMEEBR IR/ oK T
— 7728 : GICC EOIR
- FRERFSRH (interrupt deactivation ) :
— BHETEPIRSE Ainactive A&
— B7FEE : GICC DIR
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) ARMARIETRY S5 R HA

@® Generate : YN AE— AT

@ Distribute : DistributorXyJZIfIpRTREH TR, , AE&RIE
$A3FRIAYCPU Interface

® Deliver : CPU Interfacel&hif{E45core

@ Activate : coreisf GICC_|AR Z7F28 , IJhBmH{THIA

® Priority drop: coreE§ GICC_EOIR ZH1Fs8 , SLILchE=E
® Deactivate : core§ GICC_DIR 1788 , KLz
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Bt

kernel/ arc

void gicvZ2_handle_irq(void)
{
unsigned int irgnr =
unsigned int irgstat
int r;

9;

0;

irgstat = get32(GICC_IAR);
irgnr = irqstat & Ox3fft;

BUG_ONCirgnr >= MAX_IRQ_NUM);

if (irg_handle_type[irgnr] == HANDLE_USER) {
r = user_handle_irq(irgnr);
BUG_ON(Cr);
return;

}

switch (irgnr) {
/* virtual timer interrupt */
case (@x1b):
handle_timer_irqQ);
break;
default:
if (irgnr < 16)
handle_ipi(irgnr);
else
kinfo("Unsupported IRQ @x%x\n", irgstat);
1
put32(GICC_EOIR, irgstat);
put3Z2(GICC_DIR, 1irqgstat);
}

#engif

(L
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) YT PERL IR EREL (ISR) ?

» FRETRIZ BRI R
~ IRERFIIINEHISERT NS

- BR&E18
— Linux B30 : 5 4R
« AJEA

— NATFEFNIIERMESIIZIRIE &

B RER TS REREGFHRFT (IPADS@SITU )
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) R IRRY RN

- WET -
— FRfIe 5 T CPURARIHVTANESS
— R SERFES TAERIER R
— QMR RERESEIEIRQ |, BB E DX A BTSSR
E%
- At , PERLIBRZEERELF
— ISRRMEIR/INI—EB : BFERELEEERLHETX., fricflag
— BE IR EHERE S HTER
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void gicvZ2_handle_irq(void)
{

unsigned int irgnr = 0;
EOI (En unsigned int irgstat = 0;

int r;

irqstat = get32(GICC_IAR);

o bhiﬁ:;l:ﬂgﬁ; irgnr = irgstat & Ox3ff;
=

BUG_ON(Cirgnr >= MAX_IRQ_NUM);

if (irg_handle_type[irqgnr] == HANDLE_USER) {
r = user_handle_irq(irgnr);
BUG_ON(r);
return;

}

switch (irgnr) {
/* virtual timer interrupt */
case (@Ox1b):
handle_timer_irqQ);
break;
default:
if (irgnr < 16)
handle_ipi(irgnr);
else
kinfo("Unsupported IRQ Ox%x\n", irqstat);
3
put32(GICC_=0IR, irgstat);
put32(GICC_DIR, irgstat);




) [DRE : MRESMPERNEZEEART ?

- FRER{ESCL -
- YSPHRERAER (NMIL ZhET. §5 ) , CPUBSEIMRESLIRAITE

- ARM Cortex-M ZMESAIRERE RN TR ¢
oo e, )

S (reset) -3
eI EEiRPET (NMI) -2
RE(HEE ( Hard Fault ) -1
KRS VAR ( SVeall) W=
iEiflEsiz ( debug monitor ) Gl =
Rt ERS=S ( SysTick ) W=

SPhERRRIT ( External Interrupt ) FIiN=



) HRETERE

. ChEfthEE “ohE !

. FELLEBMEIRE (ISR ) B -
— BRI REFRIT=E ; 5iE
— BEMCARB k=4

. BRAIZLNIAIRR 2
— IFESMIERIEH
— [ERFUTEE G

- ARMAJFIQEEISH{ESIRQ , FIQAHIE L
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) AN(IEELEFREREIS & ?

- FREfEF -
—- FirEREPhT . AERAEHETIMZIEK
— BRI AR ¢ RXIXI N IRQIE LER Nz
« HARIEGIE?
~- EiteRBhh
- 1. RRXETE (JFFMH)
e 2. {FRIHES A AISCATE
— BN AR - BEEEXIER , XIRFAVEAS I ER/)
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- MNPRRIFHDALEIIE , WIRHSWENTAEUEE ? #80lEE
sk R R ANESR | SR ISR RES T ?
— WOHTELNENT E T, SRERAIESEIRE ? hitf

X RX
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) TR

- BSHEE

— UARTIRZNFZAEYIBUAITEE “IRITER"
- FISINEE

— TCPIgIt T mEsEHE , RimZF iR kimK e ae089_ LR
- BF

- UDPEREES  BBARFPREITAEEEE (last or first? )
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) |AIRR : chif E T EESEER ?
- EEINTIg= :

Process 1 NS

Process 13k18 Lock A

rhiTRE

ISR ITEIZH Lock A

ISR JEFEsleep , FfFLock AHIELX

o BN :

— Process 1WWREEAFISRIR[E] , {BISRTEZFProcess 1B LockA

- {EFRER ETIXREER | PSR

https://stackoverflow.com/questions/1053572/why-kernel-code-thread-executing-in-interrupt-context-cannot-sleep
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) RERFMIEERSE
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RO —IRE!

- 3Xz]
- (R PRI SRR R SRS

© BIF : RAERG—CPURY “IREN"

R R

BAERS

eI - M IREE
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) BRI vsHIPIRYIRE]

© BRZ
— IXBERZE
- 035« MEEEYT
- 5% FHENE

R (] %

izs

izE

- WAERPS
- fhe - ISR
~ % ¢ HEREFFRS (IPC)

IXBIAEF

IXBIREF

R

B

IRE
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) IRENIER

izE izE W A

BERSE

TS I LED INTF

- ZE&#E0O (ioctl)
— 1tRAF=SERMN AEE
KB BRI A
AE=]
- IRTIIEEY .
— KGR RILAER
HR—LTHE N IRE

%E
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) P AEERENEE

* Linux{E2.4L RS BIRENEE ( —HErILA]

o IRTFAVERDHEE -

— HEFRREKR A

— FEFmEESEHR - IR CIBEEREEK
o IRENFREBRIZEK :

— BRI EEE LSRN

— X ENFF A& B RS ARSI AIIE FTFOSCER
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) Linux Device Driver Model (LDDM)

- XIFHEEEBESESENRIRE
« FlHsysfsH)

HRFERIRRRER

- YEPIREINIRAVKIKR RS A , RUHRIE
— BHARRFESRRIZIIRIBIRIIREIRER
— LDDMEEIRBESBMEIRE IR | ERIEEIFE M HEE S

IF
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) sysfs

/sys

bus/pci devices class
- devices — <PCI:[3['{_J,j:_|J: 1> — net
.................. A L
= PCIfE1> §e--cd - netleth)  |<d---------- L eth0
||— drivers —  driver
— igb RURREEEEEEEEEEEEEEEEEEEE,

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )
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) LinuxiZSFIREIHISR

- Device (188 ) : BFHMRERPEIBHIEG
— BECPUFIRTE

« Bus (2% ) : CPUEEDevicef@mE
— Fr8RYDeviceEP@ITbustEE

+ Class (933X ) : EEtHMIEEEEMNSFES
—- R EEXNERERRITHAIClass
- RE—E LS MRE 2 EHERIEEESEFIEO
— MNETHEREIClassBNR FRNFER , Bzt
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) LinuxiR R IREMSREUESES

+ WhSFEEXRHITHNSR
— struct bus_type
- RNELE
- MESEHITHR
— struct device
- ®Freita
+ IR BIREHITINZR
— struct device_driver
- RNELR
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) struct bus type

struct bus_type {
const char *name ; /* BEBIR : PCI, USB, I2C, SPI */
const struct attribute group **bus groups; /* SB&REM */

int (*match) (struct device *dev, struct device driver *drv); /* RINEH
HIRThEZ 2 AR */

int (*uevent) (struct device *dev, struct kobj_uevent env *env); /* {EJE
Fizbushidevice REZ(CANEREARB */

int (*probe) (struct device *dev); /* #JIafk . {RiEdevicefiEAIous SEVIIRMK
*/

int (*remove) (struct device *dev); /* IBIREEEL */

}s

220 : int bus_ register (struct bus_type *bus)
==> EiXMEY , NS LEERINERS , °OIfE /sys/bus TEE

BN : void bus_unregister (struct bus_type *bus)

FEREBREAFITSHAEFSHARAT (IPADS@SJTU )
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) struct device

struct device {

struct device *parent; /* T , BERSLKSIEHIEE ~/
const char *init name; /* IREF\R */

const struct device type *type; /* 18t 2BY : char, block, network */
struct bus_type *bus; /* FRIEMESZE */

struct device driver *driver; /* YRifYdriver */

dev_t devt; /* RS, WH sysfs "dev" */
void *driver data; /* IEEIFABEUE */
struct dev_pm info power; /* RRREE*/

/* DMAIR{EEREL */

const struct dma map ops *dma_ ops;

struct class *class; /* FRBANRSEEBES *
const struct attribute group **groups; /* EAlAattributefEH */

}s

iﬁﬁﬂgﬁiﬂﬂ :int device_register(struct device * dev)

RN : void device unregister(struct device * dev)

FEREBREAFITSHAEFSHARAT (IPADS@SJTU )
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) struct devi ce driver

struct device_driver {
const char
struct bus_type

struct module
const char

/* BREIEED *+/

}s

*name; /* IREIRFR */
*bus; /* IREIFREAISLE */

*owner;

*mod_name; /* LinuxPIIZIEIRAGZIR */

int (*probe) (struct device *dev); /* S SNEhER */
int (*remove) (struct device *dev); /* ik : BIEH */

void (*shutdown) (struct device *dev);
int (*suspend) (struct device *dev, pm message_t state);
int (*resume) (struct device *dev);

IXENAYIEM : int driver register(struct device driver *drv)

IRENAYIESE : void driver unregister(struct device driver *drv)
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) LDDMiF=

« device driverflldevice#BiE#ZElbus Lt

« bus_typeHAImatch()
— WMRIFFS5IXENHEILEL , EEFdevice_driverfiiprobe() , 3344
device_driversEERAR T~ LIE
 device_driverfiyprobe()
— IXFNFERFRIANL | probeINERERIRESL , IKENEMAY
file_operations®] LA# N FRFE FAFriAIa]
- deviceAbus_type . device_ driver3ZEAIZ4kix
— EsHfk—Ndevice , HSLHfk A ZKdriverflbus

4
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) 1. R

// 1. BEXNEHXE
struct bus_type my bus_ type = {
.name = "pci",

}s
// 2. EizE5%3EE

int my bus_init(void)
{

return bus_register (&my_ bus_type) ;

}

void my bus_exit (void)

{

bus_unregister (&my bus_type) ;

}
// 3. BREEXRBIRERHMISEER

EXPORT SYMBOL (my bus_type) ;

module init(my bus_init);
module exit (my bus_exit);

// 4. BEERETHAL

# tree -d /sys/bus/pci/
/sys/bus/pci/

| -- devices

‘—=- drivers
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) 2. i EAHES

// 1. SINCIEMFRE LT

extern struct bus_type my bus_ type;

// 2. BEXIEE

struct device my dev = {
.init name = "my dev",
.bus = &my bus_ type,

bi

// 2. EHHEH
int my device_init(void)
{

return device register (&my_ dev) ;

}

void my device_exit (void)

{

device unregister (&my_ dev) ;

}

module init(my device_ init);
module exit (my device_ exit);

// 3. EERETMAIN (HH)
# tree -d /sys/devices/pciO/
/sys/devices/pciO/
|-- 00:00.0

|-- 00:01.0

| "--01:00.0

|-- 00:02.0

| ‘-- 02:1€.0

| "-- 03:00.0
|-- 00:1e.0

| "--04:04.0

|-- 00:1f.0

|-- 00:1f.1

| | -- ideO

| | |-- 0.0

| | -- 0.1

| -- idel

| -- 1.0

|-- 00:1£.2

|-- 00:1£.3

"-- 00:1£.5
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) 3. ;EARIREN

// 1. SINCEMFRYSERE // 5. BEERETMAEL (HH)
extern struct bus_type my bus_type; # tree -d /sys/bus/pci/drivers/
/sys/bus/pci/drivers/
// 2. BEXDBLEER |-- 3c59x
int my probe (struct device *dev) | -- Ensoniq AudioPCI
{ | -- agpgart-amdk7
return O; |-- el00
} —-- serial
// 3. FRERIREN
struct device_driver my driver = ({
.name = "my dev",

.bus = &my bus_ type,
.probe = my probe,
}i

// 4. ERREREH
int my driver init(void)
{

return driver register (&my_driver) ;

}

module init(my driver init);
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) ioctl — FHR=EHEO

{

}

#define LED ALL ON
#define LED ALL OFF

if (£d < 0)

while (1) {

close (£d) ;
return O;

_IO('L',0x1234)
_IO('L',0x5678)

int main (void)

“/dev/led",0 RDWR) ;
exit(1l);
ioctl (£d, LED_ALL_ON) ;
sleep (1) ;

ioctl (£d,LED ALL OFF) ;
sleep (1) ;

_ ]

long led ioctl(...
cmd, ...)

{

, unsigned int

switch (cmd) {
case LED ALL ON:
*gpco_data |= 0x3<<3;
break;
case LED ALL OFF':
*gpco_data &= ~(0x3<<3);
break;
default: break;
}

return O;

}

\stgfic struct file operations fops =
.open = led open,

.write = led write,

.unlocked ioctl = led ioctl,

— > .release = led close,

}s

{
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IhgE

- LDDMIZiERBRIIAGEN , AsysfsRELARZE
+ RAEMEMR ( Object) BAE , AUFERIEIUR

/sys/devices
/sys/dev

/sys/bus
/sys/class

LinuxRZS RFEFATEIREND BRFRIAERE

R FRNRFFRIZFAIFEIRE RS (major:minor)
ZIESCRYIS AR (/sys/devices )RGS54

LinuxPIIR B 1% IS SR B 70 BT ERY B R
IRARIR B TIEE D SRRV B IR A

FERBEBREHFITS,HEGSHARET (IPADS@SJTU ) 70



) IR



) [BRR : YHTRE— MK ?

- LAEROAH :
— 2ZFR : uart0
— RR4EFER 1 115200

- HCIESHEIEMPHITEREDS : - HAJSONEHERD :

struct uart_struct { {
const char *name; "uart": {
unsigned baudrate; "name": "uartO",
} "baudrate": 115200
uart = { }
.name = “uart0", }
.baudrate = 115200,
};
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) Linux{EigSZPIERT

 Device Tree
— AR RIEIRS

- @S2 0B Device Tree Source (DTS) {122 A%
— ERERZP IR AT
- MRS EEYT S EF5H

/ {
uart:uart0@0 {
baudrate = <115200>;

boOEME BHE

};
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) DTSHYSER

iESEL

[ ATPRE

node@40000000 {

}s

a-string-property = "a string";

a-string-list-property = "first string", "second string";%ﬁﬁiﬁ%ﬂk

a-byte-data-property = [0x01 0x02 0x03];
child-node@O0 ({ — |
first-child-property; _L#%ME
second-child-property;
a-string-property = "child string";
a-reference-to-some = <&node1>;i{5d5§|ﬁﬁ

FARNY

};
child-node@l {
};

ﬁﬁggnodelz node@l {

an-empty-property;

a-cell-property = <1 2 3>; Z{HE
child-nodel ({

}i
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) H

SEHIDTS

arch/arm/boot/dts/imx6sx.dtsi

/ A
uart5: serial@021£4000 {

compatible = "fsl,imx6sx-uart", "fsl,imx6g-uart", "fsl,imx2l-uart";

reg = <0x021£4000 0x4000>;
interrupts = <GIC_SPI 30 IRQ TYPE LEVEL HIGH>;

clocks = <&clks IMX6SX CLK UART IPG>, <&clks IMX6SX CLK UART SERIAL>;

clock-names = "ipg", "per";

dmas = <&sdma 33 4 0>, <&sdma 34 4 0>;
dma-names = "rx", "tx";

status = "disabled";
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) IREIXIDTSHI(ER

- j@idcompatible[E Hi#H{TICEL

/|
uart5: serial@021£4000 {
compatible = "fsl,imx6sx-uart", "fsl,imx6g-uart", "fsl,imx2l-uart";
};
};
static const struct of device_id stm32 match[] = {
{ .compatible = "fsl,imx6sx-uart", .data = &stm32f4 info},
{ .compatible = “fsl,imx6g-uart”, .data = &stm32f4 info},
{ .compatible = “fsl,imx2l-uart”, .data = &stm32f7_ info},

{1},
};
static struct platform driver stm32 serial driver = ({
.driver = { - - -
.of match table = of match ptr(stm32 match),
}I
};

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )

76



Pl &St

) 60 : LINUXRY L TERR



Top Half : &_E{i

- WP REHIE
- (RIFEFRE. R
- REEHFR  REIZ

- REE : ARG ENHEHIRDIREPREEhandler
- BEArhERBRR . FRLAARZMAZERE (IR, =06 )

- IGIERMAB\G (EigEflag ) , |SE{tIRIERE
bottom half




) Top Half : 3ZFhandler i

AT AEHEFIRQ?

- LA IEEES , SMOIEFHE—NMRQIhRBE

- AAEMIEXMNAIRQRIISR
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) Bottom Half : 3EIR5ERk

o HRARILAERSE R ESS R
— softirgs
— tasklets (ZEiZfEsoftirgsZ L)
— TERAS
— NIRIE

- IXEEHBIERRT LA ARl
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)RRl ( Softirgs )

- S : R IFATHITRE

- H=85I0R :

Priority
0
1
2

Type

High-priority tasklets
Timer interrupts
Network transmission
Network reception
Block devices

Regular tasklets
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) Softirq}Fe

- HATRIEE -
- iz fe ( E¥EBzfE )
- RArERREREAREZRE
- EEEREIH Tksoftirqd
- H&:
— AILAEZZ ERIRHAT
— WWREAEND
— ERIESEINE

- AJFlR : SoftirgiZfTAI AT BERERE &G
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) Softirq Rescheduling

- ERREREKREERERE
— TERCIEERARBTART | BETHREAFUB ( HEEECAIREED )

- B8R : TERLIRERARETART |, ERARERFEEETB , EAD ?
— FRAME- Bl AEZEIR
— RELMESINRShRRK S BPERERHEE ? SHEH |

- X : ft#h (quota) + ksoftirqgd
— SoftirqAEFRX RIEITEREERNIFK
— FISBEREWNZEEksoftirqdfCHHIT , FIEFPHESCPU
— ksoftirqdflFPHEEHEESREE
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) Tasklet

* |G : SoftirqEFHSHY

« B : g| A\Tasklet
— EFSoftirgs , BRI SIS EIZEFIHEE !
— [E—RTHR , EfPEEITasklet— X REEEITE—D
— AEZEETaskleta] LARAIETHEARRICPU L
- R
— FOSoftirg—HFRZHZE LT3, FToiAHER !
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) Tasklet@IffiE

- AEIESSES , FMEAR
- HIEGETEREECPUL (EFFHE)

- MATHIEIABEHE B THEME A
- ANMEFEENRIEA
- uﬁ'ﬁbﬂ%x

- BEREREAERLIEN S
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) Taskletfi[a)En

+ MELAIEFRSEIR
— ERHLLARRIED

« (ESATICETE (R )
- tl:HﬂEE&E’JﬁE?EQ&%B% , B I{ESS e

- LinuxtR—HEiCREEiZRTasklet
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T{EBASI ( Work Queues )

SoftirgFTasklet{E BT LT

T{ERASIfERHIE LT3
— FJLABEAR !

- B
— FERIZZEEYEPFIFOBAGY , workqueue RFGHTEARTEIAIBAG
— hlrfasRenqueue(fn, args) , workqueuefiz=dequeueFH1Tfn(args)

« 5=

- REAZRZE , AMUHTRPHEREL | IREEEIVHREGEEZ I
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) % &F2 ( Kernel Threads )

« WRBIZITERZS
— MITERNTI—1F , iIRBRFPZELTX

- HRERZETR{L* ( threaded interrupt handlers )
— Linux 2.6.305| \

— TEEE{{ TaskletflWorkqueue
- B FsiEE S B C LT

* [LWN] Moving interrupts to threads, https://lwn.net/Articles/302043/
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https://lwn.net/Articles/302043/

Fr | ISR SoftIRQ | Tasklet | WorkQueue | KThread
ZFHFrAEST ? | Briefly | No No No No
ZRTEEMLISRAIFRT ? | Yes Yes No No No
ELERUES AR ES ? | Yes Yes* Yes* No No

fErERM RS EiE1T ? | N/A Yes Yes Yes Maybe

FIFER—CPU LB ZANLHIFERHZETT ? | No No No Yes Yes
FIFEZACPU_LIE TR S MERISLGI ? | Yes Yes No Yes Yes
SEEAUEZ (LR ? | No No No Yes Yes
e (HBEECHAZL) ? | No No No Yes Yes
BERILIEIAF=A ? | No No No No No

f
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) FRERS
. W%
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) AT AARMAERSEREIFIA S AL E ?

- ARMBIHERSERETRIA 2 /IR E -
@ HHKRER : RIFMR{RITIHR
@ ST : BIRQIRESE Ainactive

« FiLinux E TFHENES -
— 38R ARRNER , FFEHEIRSUSTRESE | RN
N ABHE RN (KR AN EE SRS )
— THER : AT RTEIEAIGIC
— IRSEBRR G HRRTIN N AYSERTIE

\
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) B AEH= ?

- IRQEBIRZFE

- HLEE S NSRS SRR TR
 Linuxj&R—HErAYISREARLHER

— IRQZIEEfF , REZXTE N TR IRIZ R EFEHR T

- FrEZFHH T A SeERE CRIRE ST |, LIBESRIT
FrE A~ EE ChIRE A HRY

- WFIERRET , ASIEKIRARIFHH
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=R . RETUMATEIFELIEEK ?
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) [BEE . RFEUAEIF IR OIEK ?

- IMEEEETZE -
— BIRIIO3ZBEEREA/DCPUEHH
— EgEZE{TIR{EIR

- [E)RA : OSMZAMAlEERIH , 1eENaFalitil:
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} E”-Jx IPCI* Aﬂg‘kﬁ'lﬁ

AR aﬁgfﬁfx K MRFEFT

NSEHEHAREEFRA ; !ZD%
5 F H%J_ET&‘L:EEI’JWERT
le ° TR-LJ:T: ' Iu 'jj I])E

BEFSEHCESFTHRHREAIEFEZE)
+ BRREFTHEHMEERE F—MRENE(IFEZE)
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) /OIERAYBEZESIFIRE

. PEHZEIO : —BEH
- HWREKIEHRIERSE |
- HESKERIERS |
- JEPEZEIO : AL
- EEBKREEERD ( TASEARZSIEREEEN )
- BZ10 : FHIEB¥E
— FEPRMERX , NI ESURE R EEsmr , A
HATHAEE ( ZlhknsskzFCPU)
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