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R DREZ it SCRF &R TV ), AR 55 B B 2 TR 2 E o Linux #8445 &
S Ll 8 e o v S 7 S 5 2 7 e e a7 N LT v 1 o) ) N 48 RO 8 )
FEP R A3 2 TIX = 2R IS . AR T TG Linux BEARSIFEFHINTIENR, A5k
Ferl. PRI IS proc I RGIEE N

1.1 ZEIRENFEFEA

111 SRR

PriE B IR, AR YA e 2 14 AT (R PRUYIEAT AR i, e N IR S st
FVIBIINTR . WABEBE, B s ey EEASHIF iR S B E . BdliS 5 il
AR, Linux ST RI AW SR 2. O TR RG24, XA % A
IBATHAEA RG], ANBEAN B B U5 I RC S . Linux WY N HTZ 308 T — R R 5
PR 0, N R T DU S R 24 LRSS HRAE RN LS IR 55 o N Z R PP is AT A
P, MBS RS2 A RSN 5, AT AR . DR 2RI F B %,
HOC RGN AR, R JE AR ZR G0 5 R SRS o) . (14 ek ke g il
o & 1-1 B T Linux SXENFE P I0ISAT )R B

| R |

| B /MBS |
B 1-1 B XAl () b 2

Linux A0 IX SR 7 2 AN AZAE R I TE N B 1. AAZALER A Linux A% 1R 256
A — A2 10, AR AT NN AR (Loadable Kernel Module, LKM). Linux
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WAL JE— RN (monolithic kerneD), BARE S, WEA Y bRy 44
PEZEIIB G o BEERALH AL R T URANE — BRI A . PR AT DA B 6, e AEIs AT I
BB B N AZAE A WAL — 5 AE N AZ AR (BB AT o Bk AR SCRF T I, 75 S0 8 N %
] [ Enable loadable module support] I, W& 1-2 Fros.

General setup -———>
[#] Enable loadable module support———>
—#%- Enable the block layer -——»
Syatem Type -———>
Bus support ———*
Kernel Features -——>
Boot options ———>
CPU Power Management ———»>
Floating point emulation -——>
Userzpace binary formats -——>
Power management options -———>
Networking support ———>
Device Drivers -—->
Firmware Drivers ————
File systems ———»
Kernel hacking -——>
Security options ——7

12 AE A% RN RN S

[*

1.1.2 SRR ek i 2

Linux WA MKSIFEFAMRINE T Lo —Flo& B Linux W%, & Linux JH 2
g S — ot R WA X, X R Zha nage 5 .

WA R IR R P iR N A%, 75 B N A AR N g Bk It T DA AP e
J, BT AE Linux WA I — S & IR o SR IR S A ARG U SC A A
infrared_s3c2410.c, Ff infrared s3c2410.c &2 NAZAAS K /drivers/char H 3%, FAEIXHE T
() Keonfig SCAFd5 5 H9 hnan R i+

config INFRARED REMOTE
tristate "INFRARED Driver for REMOTE"
depends on ARCH_S3C64XX || ARCH_S3C2410
default y
help

1E1% H 3% NIt Makefile s intn Fig4y:
Obj-$(CONFIG_INFRARED REMOTE)+= infrared s3c2410.0

HEN Linux WAZJEAUS H %, 4T make menuconfig 12 i, L+ [device drivers] ->
[ character devices), HEAUIE 1-3 Fror i NAZBCE B 1, 0] Wik 5 —47 BB 9K ) -

< 7 GEM MM line discipline support (EXFERIMENTAL)
% 7 Trace data sink for MIFI F1143.7 cJTAG standard
[*] fdev/mem virtual device support
[*] fdev/lmem wirtusl dewice support
Serial drivers ---3
[ 1 ABM JTAG DCC eonsole
< > IPMI top-lewel meszszage handler --—
<7 Hardware Random Humber Generator Core support -——3
< ¥ Siemenz E3984 line dizcipline
< > BAN driver (fdeviraw/rawH)
< » TEM Hardware Support -——-
< 7 ¥illybus generic FEGA interface
» THFRARED Driwver for EEMOTE (HEW)

k<3

Bl 1-3  AENRZ PSS s ksl R



% 1% Linux A& F25A0]

FEWNRZBCE % LR U B R8RS o A g ATk £ . BB s AN BOHIL$E. WX
FCE A I DA< > Sk AT 2 AR BRI B, DAL 1Sk AT 2 WA DO RE TG B o 226 T0T i
Fhy<r>, FoRHN IBHCRA EIE N A% . I RE I < SRR AG I N, XRAE
[INFRARED Driver for REMOTE] 17 HI I & hy<*>, W infrared s3c2410.0 K54 it
#. AEAEH] make zImage T4 2 1 N AZ I B A7 B ol <> IO TI0RE A L 25 AE N A S

K I BAE T A SRR 1R AT SN R0, WA TR, A naua ] T4 R
Linux #1ERGRIIARE. A N AZARER D0 m2 T DA IR SR T I, iy ELAS /G 23 2
PENZ . R I 0 T WIS, T — BERANAZ,  Ei AR AR 7 —
ATLADT ) AL k= a) « pR OB . RTINS R DA ko My REA . FEIR] 1-3 ik
IR <M>, FoRGPER AT It . E48H make modules iy 2PENIZIT, i ikE
A<M>RITCRE 4 75 .- make modules 45 A Ja v LS TR R iy 2225 YA P I T in 23t B se
PEEI—ANFaE 1) H 2%

make modules_install INSTALL MOD_PATH=/home/usr/modules
i ] make iy 24 1% W AZ AT 24 T-34T make zImage F1 make modules P4 .

L13 g5 nl zcp
Linux WAZRESRAZIELE LUR AN -

module_init(your_init func); JIBEHRATTIEA B 1
module_exit(your_exit_func); /RN 1

INEE— SRR fir 27 insmod, A% 31T
#insmod modulename.ko

AW 2 /2 rmmod, A 3R
#tmmod modulename

AN BRI R LA A AZ AR B o, AT DU T AAZARRS B o a2 Je —Ff
O, TP INERS S makefile SCAF. WAL makefile SCAT e 2L (K 52 BB
W LA R

CC= arm-none-linux-gnueabi-gcc

obj-m:= smodule.o
KERNELDIR ?= /root/fgj/linux-4.5.2

CC 24Pk ds, obj-m AT 4miki) HAriitk, KERNELDIR AWZHAR. RAEMS ]
PN ERFT S A — AN IWAZAUS H 8. KERNELDIR [ W AZIRAS A5 1247 1 W AZ R AR —
B, ARG R IR A TE A

B 1.1 S5 ] LI A AR R

ARH5 W\samples\1door\1-1simple. %R0

static int demo_module_init(void)

{

printk("demo_module_init\n");
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return 0;
}
static void demo_module_exit(void)
{

printk("demo_module exit\n");

H

IR

module init(demo module_init);

module exit(demo module_exit);

MODULE DESCRIPTION("simple module");
MODULE_LICENSE("GPL");

WHIZITAENAZAS, AREMERH P& C FERREUT I printf pREL, 12 printk PREET
ENAE S 'S —A Makefile AU

AR=ar
ARCH =arm
CC = arm-none-linux-gnueabi-gcc
DEBFLAGS =-02
obj-m := smodule.o
KERNELDIR ?= /root/fgj/linux-4.5.2
PWD := $(shell pwd)
modules:
$(MAKE) -C $(KERNELDIR) M=$(PWD) LDDINC=$(PWD)/../include modules
clean:
rm -rf *.0 *~ core .depend .*.cmd * ko *.mod.c .tmp_versions

AT make J5 42k smodule.ko. E1T4E KU :

[root@urbetter drivers]# insmod smodule.ko

demo_module _init

[root@urbetter drivers]# cat /proc/modules

smodule 868 0 - Live 0xbf000000 (O)

[root@urbetter drivers]# rmmod smodule

rmmod: can't change directory to '/lib/modules': No such file or directory
[root@urbetter /home]#mkdir -p /lib/modules/uname -r'

[root@urbetter drivers]# rmmod smodule

demo module exit

SB—I24T rmmod smodule 23K, KA 5 EAE/lib/modules  H 3% T HE A AN A5
AT H S, ABEIEMEIZEE ., uname —r JISREBRBINZRAS . ETIEFN H G, B
Hen] DUIE W 14

114 SEf g

% MODULE_PARM(var,type,right) F T 7] #& e A% i iy 217 S .
B KEET, FRF ARG,

W
&
o
e
I
=
pan
=
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5l 1.2 S N AZAE P A)
A% W, \samples\1door\1-2module. ASSEAFIE 7 T UA] [ A Hef s B By . HQHEAY | 275
S ORI

static int itype=0;

module param(itype, int, 0);

static int btype = 0;

module param(btype, bool, 0);

static unsigned char ctype=0;

module param(ctype, byte, 0);

static char *stype=0;

module param(stype, charp, 0);

SRR

static int __init demo_module init(void)

{
printk("simple module init\n");
printk("itype=%d\n",itype);
printk("btype=%d\n",btype);
printk("ctype=%d\n",ctype);
printk("stype='"%s"n",stype);
return 0;

}
/IR,

static void __ exit demo_module exit(void)

{

printk("'simple module exit\n");

}
module init(demo _module _init);
module exit(demo module_ exit);

B2 NORS'S —A> Makefile 3CPF, [F61] 1.1, #4047 make J545 % smodule ko. 12174540

[root@urbetter /home]# insmod smodule.ko itype=2 btype=1 ctype=0xAC stype="a'
simple module init

itype=2

btype=1

ctype=172

—1a!

stype='a

1.1.5 B

Linux WZEECZ (BT DA B 5 H—2845 S, XSRS aHE R SR, /90200 H
ARSI . WA %€ X EXPORT SYMBOL S A& 5 8. — MHe G| F HAh A B
TS, PROIBEEKIIOC R . ey | B s 22, 5| R A R et

1.3 BT S 15

A8 W \samples\1door\1-10export. A SR T A% IR 5 5 H DURBEHUOR . 04K
B~ pros:
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//smodule_dep.c
int function_of dep(void)
{
printk("function_of dep\n");
return 0;
¥
EXPORT_SYMBOL(function_of dep); /S Hi k%
//smodule.c
extern int function of dep(void);
static int __init demo_module_init(void)

{
printk(""simple module init\n");
function_of dep(); VEINEEE R
return 0;

}

IR, smodule HEE{K# smodule dep PR%L. 2 F K45 —A> Makefile:

CC = arm-none-linux-gnueabi-gcc
DEBFLAGS =-02
obj-m := smodule.o smodule dep.o
KERNELDIR ?= /root/fgj/linux-4.5.2
PWD := $(shell pwd)
modules:
$(MAKE) -C $(KERNELDIR) M=$(PWD) LDDINC=$(PWD)/../include modules
clean:

rm -rf *.0 *~ core .depend .*.cmd *.ko *.mod.c .tmp_versions
HT make J5 42 % smodule.ko 5 smodule dep.ko. IZAT4E KU

[root@urbetter drivers]# modinfo smodule.ko

filename: smodule.ko

license: GPL

author: fgjnew <fgjnew@163.com>
description: simple module

depends: smodule_dep

vermagic: 4.5.2 mod_unload ARMv6 p2v8

[root@urbetter drivers]# insmod smodule.ko

smodule: Unknown symbol function of dep (err 0)

insmod: can't insert 'smodule.ko': unknown symbol in module or invalid parameter
[root@urbetter drivers]# insmod smodule dep.ko

simple module dep init

[root@urbetter drivers]# insmod smodule.ko

simple module init

function of dep

[root@urbetter drivers]#

] WLAZIAGE 22 4% smodule_dep.ko A HEZ¢%E smodule.ko.
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1.1.6 printk 1)%%4%
PAZASRFT BN R 2K printk 7] DABCE HT EME R AESL . printk (195 EDAEZGR E W

int console printk[4] = {
CONSOLE_LOGLEVEL DEFAULT, il G Ha&Eg0/
MESSAGE_LOGLEVEL DEFAULT, /% BRUH B H &g/
CONSOLE_LOGLEVEL_MIN, AN I SRS
CONSOLE_LOGLEVEL_DEFAULT, BTG H A g00/

~
*

~
* *

15

#define console loglevel (console printk[0])

#define default message loglevel (console printk[1])
#define minimum_console loglevel (console printk[2])
#define default console loglevel (console printk[3])

L console loglevel & T+l & HEZN, e b @mifE BT RS & .

default_message loglevel AERATHE HEZ . minimum_console loglevel A A% 1mT 1 & (145
& H&EZO . default_console_loglevel AERIAMIFE R G HEZA . printk (KT ENEEH ALHE:

#define KERN_EMERG KERN_SOH "0" /B2, REARAH ¥
#define KERN_ALERT KERN SOH "1" /% WAZRST BRI %/
#define KERN_CRIT KERN_SOH "2" /% PEEEH/

#define KERN_ERR KERN_SOH "3" IR R

#define KERN_ WARNING KERN_SOH "4" [ Bk
#define KERN_NOTICE KERN_SOH "5" [ El, (AR
#define KERN_INFO KERN_SOH "6" /* TR

#define KERN. DEBUG KERN_SOH "7" PR R

N AN A AR I printk R E) V2R B
printk(KERN_INFO "kernel print %d\n",value);

T ARG EITHEL WL, MY default message loglevel K i i A& 15 1 1 o
default message loglevel [FAL5E2 T console_loglevel MIFTEN, 5 NIAFTEL.
n] LA it /proc/sys/kernel/printk SCAFENZAR %L printk (1] P45 :

[root@urbetter kernel |# pwd

/proc/sys/kernel
[root@urbetter kernel]# cat printk
7 4 1 7

X PUANME 73 5% N T console printk ZL4L1H 0~3 5. %L printk $T B 1) 71k
wrk:
[root@urbetter kernel]# echo 6 4 1 7 > /proc/sys/kernel/printk

[root@urbetter kernel]# cat printk
6 4 1 7
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1.1.7 R IRahrFIa

7 Linux #AERGEH, B R sy & i dett 7S, HP R g
X SR B ST F T T AL S 84 . Linux G180 R =R K7

(D) P

Linux N 77 B2 7 e s AOB AR UL AR T o P A8 1 S 1) 7
FE VO #i4F, BdRAZE RGPS, RS A S ot B B QST ai. 797
FLI SRR AF U A BRACEER) VO #44F.  S ARFR& BLdfeR 1. LED AT\ #5510k

(2) Briks

Bt gt AR 77 sUEAT VO #84F1). B & 2RI ARG AR X, RERI
AR R . A IR RIS B2 B, 2o BRI T B, Rt e
LT WA AR R A BT K, DL E WA AE ORI 21 CPU ). BRBE% SCRFBEH LA X
g, WILT A PSR ERA BEAER KR VO K. MR O, CF k.
SD REELFif B o

(3) WM&k

Linux {45 RGP ML 2SRRI e, Linux AJRZ7 R4 E 2T BSD
UNIX [f] socket Hlil. 7EMZE T REMIKBIFEFZ 0] 52 XA LT 1B A1 (sk_buff)iE1 T4
Parfid . Linux $RAE RGESCRARIEEE NI 2247, fettitdaadipls], thieft
WEZLIRESVNUIFES S

Linux REABNMRGEDI T ADEBE T HRBEY, ER&IME iR T gk
B, R S AR R BB RSBl ol AN YRR 2 ) B A e 2 A AT DA 2 18
T e MIRE S MIRERIX 20 BA A 2w 5 AN A e o

B AT BRI AL SO RGP A MR IR B SO 0 N, IS SRR
B . WS AAE IR G ey H s R BCA 1 i, AR W] DA B4 7 U7 1) W) 453
Fro TATICAE BB BT miAE/dev H 3% N I

[root@/dev]#ls -1 |more

CIW-TW---- 1 root root 5, 1 Dec 31 19:00 console
CIW-TW---- 1 root root 13, 63 Dec 31 19:00 mice
CIW-TW---- 1 root root 90, 0 Dec 31 19:00 mtdO
CIW-TW---- 1 root root 90, 1 Dec 31 19:00 mtdOro
CIW-TW---- 1 root root 90, 2 Dec 31 19:00 mtd1
CIW-TW---- 1 root root 90, 3 Dec 31 19:00 mtdlro
CITW-TW---- 1 root root 90, 4 Dec 31 19:00 mtd2
CIW-TW---- 1 root root 90, 5 Dec 31 19:00 mtd2ro
CIW-TW---- 1 root root 90, 6 Dec 31 19:00 mtd3
CIW-TW---- 1 root root 90, 7 Dec 31 19:00 mtd3ro
brw-rw---- 1 root root 31, 0 Dec 31 19:00 mtdblockO
brw-rw---- 1 root root 31, 1 Dec 31 19:00 mtdblock1
brw-rw---- 1 root root 31, 2 Dec 31 19:00 mtdblock2
brw-rw---- 1 root root 31, 3 Dec 31 19:00 mtdblock3
brw-rw---- 1 root root 43, 0 Dec 31 19:00 nbd0
brw-rw---- 1 root root 43, 1 Dec 31 19:00 nbd1
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WRHTR PR ¢ RORTARA, b RP . LIS 4 B R 1
%5, S BN AR RS S, e SRR, Mdev T IHA AN BRI K
Bl/dev/mull Yj/devizero. /dev/mull 7&— M4, 5N SRR A R bt. cat afile >
/devimull FBASH il . cat /dev/mull > afile 2754 afile SCHHINZ . Vilh)/dev/zero 21521 —
BUEN 0 F =B WM piEr A 0 AT taxt S

# dd if=/dev/zero of=/home/t.txt bs=1024 count=768
AN TR BBt T LA I /proc/devices AT A
VR T RENE, BURA AR 2o A T BT, B AR, SO A

[root@urbetter procl# cat devices

Character devices:
1 mem 2 pty 3 ttyp
4 /dev/vc/0 4 tty 4 ttyS
5 /devi/tty 5 /dev/console 5 /dev/ptmx
7 ves 10 misc 13 input
14 sound 21 sg 29 1b
89 i2¢c 90 mtd 116 alsa
128 ptm 136 pts 180 usb
189 usb_device 204 ttySAC 253  ttySDIO
254 rte
Block devices:
1 ramdisk 259 Dblkext 7 loop
8sd 31 mtdblock 43 nbd
65 sd

1.2 FFgEENiEFRE

1.2.1 file_operations {2

AR INFEY, %O 2 file_operations 4544, IXANEEH PR PR ALLy
REAUSCAERGE (VES) [RISCHFEE I, e MRE— AN 8 % eR 2 SO B — A R GT R . I it
REF I 2R e HIN V26 SCPFEAT 1 U B A 5 AR A I, AR e P o e 4% SO I E e 5 4R
AR B SRS, IF AN (SRS AL e £ file_operations 4545 LI R :

struct file operations {

struct module *owner; IR A 2

loff t (*llseek) (struct file *, loff t, int); IR E A
ssize_t (*read) (struct file *, char __ user *, size t, loff t *); V45

ssize_t (*write) (struct file *, const char __user *, size t, loff t *); 15

ssize_t (*read_iter) (struct kiocb *, struct iov_iter *); EZ-2iikEn

ssize_t (*write_iter) (struct kiocb *, struct iov_iter *); VEZ:AHE

int (¥iterate) (struct file *, struct dir _context *);

unsigned int (*poll) (struct file *, struct poll_table_struct *); ase EINERd

long (*unlocked _ioctl) (struct file *, unsigned int, unsigned long); NI O dE il
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/I1E 64 72588 FACEE 32 47 1) qoctl 1

long (*compat_ioctl) (struct file *, unsigned int, unsigned long);

int (*mmap) (struct file *, struct vim_area_struct *); 1/ A L

int (*open) (struct inode *, struct file *); AT T

int (*flush) (struct file *, fl_owner_tid); TARAT R SR A

int (*release) (struct inode *, struct file *); IIRETN

int (*fsync) (struct file *, loff t, loff t, int datasync); TR A AL 35 ) B

int (*aio_fsync) (struct kiocb *, int datasync); 1152 B AR A B PR E

int (*fasync) (int, struct file *, int); /BN % FASYNC bk R A 454k
int (*lock) (struct file *, int, struct file lock *); 11304488

WRERHE, —K— T
ssize_t (*sendpage) (struct file *, struct page *, int, size t, loff t *, int);
unsigned long (*get unmapped area)(struct file *, unsigned long, unsigned long, unsigned long,

unsigned long); EE NSNS
int (*check_flags)(int); /& Er {3625 fontl(fd,F_SETEL...)Jd H AR &
int (*flock) (struct file *, int, struct file lock *); 11573 — T SCAFA

ssize t (*splice write)(struct pipe_inode info *, struct file *, loff t *, size t, unsigned int);
ssize t (*splice read)(struct file *, loff t *, struct pipe_inode info *, size t, unsigned int);
int (*setlease)(struct file *, long, struct file lock **, void **);
long (*fallocate)(struct file *file, int mode, loff t offset,loff t len);
void (*show_fdinfo)(struct seq_file *m, struct file *f);
#ifndef CONFIG_ MMU
unsigned (*mmap_capabilities)(struct file *);
#endif
ssize_t (*copy_file range)(struct file *, loff t, struct file *,loff t, size t, unsigned int);
int (*clone_file range)(struct file *, loff t, struct file *, loff t,u64);
ssize t (*dedupe file range)(struct file *, u64, u64, struct file *,u64);

fie
717 unlocked ioctl VAU T THINAZ T doctl #2111, ioctl s& BKL (Big Kernel Lock)ist
TR fEAZT, file SR —NMTIFISCIE, file EFUAT file_operation HI]
open AN G . R IKEIFLF & XK file_operation +2& fops, & 1-4 2N )2 ARG
UKzh 2 fops IR ¢ R K

fd=open("'/dev/XX") octl(fd) write(fd) read(fd) close(fd) R
REAUSC A RS
fops->open() fops->unlock_ioctl() || fops->write() fops->read() fops->release() | % IRzH
¢ ¢ @L% ¢ ¢

B 1-4 BRSS9 R R R
10
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file_operations [¥] open 4 release #2 ¥2E— NS4 inode 45, 245 MM NAZ H KR
IR AN SO R AN BRI SO H s SO BRI E Sl R e ST

struct inode operations {
struct dentry * (*lookup) (struct inode *,struct dentry *, unsigned int);
const char * (*get link) (struct dentry *, struct inode *, struct delayed call *);
int (*permission) (struct inode *, int);
struct posix_acl * (*get acl)(struct inode *, int);
int (*readlink) (struct dentry *, char __ user *,int);
int (*create) (struct inode * struct dentry *, umode_t, bool);  //fll##
int (*link) (struct dentry * struct inode * struct dentry *); IR

int (*unlink) (struct inode * struct dentry *); ITH e
int (*symlink) (struct inode * struct dentry *,const char *);  //#4%H#E

int (*mkdir) (struct inode * struct dentry *,umode t); /1R H %
int (*rmdir) (struct inode *,struct dentry *); /MR B 5%

int (*mknod) (struct inode * struct dentry *,umode_tdev_t); /I &

int (*rename) (struct inode *, struct dentry * struct inode *, struct dentry *);  //E A%

int (*rename?) (struct inode *, struct dentry * struct inode *, struct dentry *, unsigned int);

int (*setattr) (struct dentry *, struct iattr *);

int (*getattr) (struct vfsmount *mnt, struct dentry *, struct kstat *);

int (*setxattr) (struct dentry *, const char *,const void *,size t,int);

ssize t (*getxattr) (struct dentry *, const char *, void *, size t);

ssize t (*listxattr) (struct dentry *, char *, size t);

int (*removexattr) (struct dentry *, const char *);

int (*fiemap)(struct inode *, struct fiemap extent info *, u64 start,u64 len);

int (*update_time)(struct inode *, struct timespec *, int); /I 5T TR

int (*atomic_open)(struct inode *, struct dentry * struct file *, unsigned open_flag,
umode_t create_mode, int *opened);

int (*tmpfile) (struct inode *, struct dentry *, umode t);

int (*set_acl)(struct inode *, struct posix_acl *, int);

} _ cacheline aligne

1.2.2  {§iff] register_chrdev J:PF 5105
M RF BT LS register_chrdev PRI%R.
int register _chrdev (unsigned int major, const char *name, struct file operations*fops);

register_chrdev BRE(¥) major ZEWIASE T 0, WHRIRRH RFEZNESDL E RS T
A TFAF I ] LAE A unregister_chrdev PR%L

int unregister _chrdev(unsigned int major, const char *name);

51 1.4 register_chrdev VEMH 171 £ SL 451
AR5 W\samples\1door\1-3register chrdev. #ZCMUHLAN T F7s:

static unsigned char simple inc=0;
static unsigned char demoBuffer[256];

11
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12

int simple_open(struct inode *inode, struct file *filp)

{
if(simple_inc>0)return -ERESTARTSYS;
simple_inc++;
return 0;
¥
int simple_release(struct inode *inode, struct file *filp)
{
simple_inc--;
return 0;
}

ssize t simple read(struct file *filp, char _ user *buf, size t count,loff t *f pos)
{

JhalE a7 =Nl ES VSR s e 11

if (copy_to_user(buf,demoBuffer,count))

{
count=-EFAULT;

}

return count;

}

ssize tsimple write(struct file *filp, const char _ user *buf, size t count,loff t *f pos)

{
M+ JEEARE HI R PR ) */

if (copy_from_user(demoBuffer+*f pos, buf, count))

{
count = -EFAULT;
}
return count;
}
struct file operations simple fops = {
.owner = THIS MODULE,
.read = simple read,
.write = simple write,
.open = simple_open,
release = simple release,
15
/*******************************************************

MODULE ROUTINE

*******************************************************/

void simple_cleanup module(void)

{
unregister _chrdev(simple MAJOR, "simple");
printk("'simple _cleanup module!\n");

}

int simple_init module(void)

{
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int ret;
IREM 15325
ret = register_chrdev(simple MAJOR, "simple", &simple fops);
if (ret < 0)
{
printk(""Unable to register character device %d!\n",simple MAJOR);
return ret;
}
return 0;
}
module init(simple init module);

module_exit(simple cleanup module);
N HRE P IRACRE T -

void main(void)
{

int fd;
int i;
char data[256];
int retval,;
fd=open("/dev/fgj",0_RDWR);
if(fd==-1)

{
perror("error open\n");
exit(-1);

}

printf("open /dev/fgj successfully\n");
HEHBHE
retval=write(fd,"fgj",3);
if(retval==-1)

{
perror("write error\n");
exit(-1);

}

AE A&
retval=read(fd,data,3);
if(retval==-1)

{
perror("read error\n");
exit(-1);
¥
data[retval ]=0;
printf("read successfully:%s\n",data);
Bz e
close(fd);

13
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FAFBCAALIAL A insmod N, gk Se T 2 /dev H 3k MM mkmod iy 7 AT Y.
ST e PR AN R AT AT IR ) teste ABIIEATE RATF

[root@/home]#insmod demo.ko

[root@urbetter /home]# mknod /dev/fgj ¢ 224 0
[root@urbetter /home]# ./test

open /dev/fgj successfully

read successfully:fgj

1.2.3 [ cdev_add JEFEAFESS

5B b register chrdev ML T cdev add B4, 7E Linux WAZF AR5 54 cdev
ghikkgid, o Xanr:

struct cdev
{
struct kobject kobj;
struct module *owner; BT SR AR R

const struct file operations *ops; ISR RS KA

struct list_head list;

dev_tdev; /R4S, int KM, =12 o ERRS, 20 AR EAS
unsigned int count;

Bs

N PR edev S5 HEATERAT:

struct cdev *cdev_alloc(void);//ZHt— cdev

void cdev_init(struct cdev *, const struct file_operations *);/#J4E1Y. cdev [¥] file_operation
void cdev_put(struct cdev *p);// /84 FHvHEL

IREN A%, 05 R AEAEIR AR ) 02 ek £l

int cdev_add(struct cdev *p, dev_t dev, unsigned count) ;

IRERS S, T R AEAE IR BSR4 R

void cdev_del(struct cdev *p);

fEH cdev_add VEMNHFFFR & HTNIZSC A register_chrdev region ¥ alloc chrdev region
SIMCW ST o register_chrdev_region PR 457 B ML, alloc_chrdev_region PR/
TAAHIERS S, REAREEAE ST,

int register_chrdev_region(dev_t from, unsigned count, const char *name) ;
int alloc_chrdev_region(dev_t *dev,unsigned baseminor,unsigned count,const char *name);

register_chrdev_region PRELHIIE M from FFAAIH count > F 1545 . alloc_chrdev_region H
W MEhAS TSRS, FHIE RIS . baseminor EHFLIHIRE ST, count AR
SR, W &S (cdev_del) A fi H unregister chrdev region:

14

void unregister chrdev_region(dev_t from,unsigned count) ;

51 1.5 cdev_add V3 M7 15 45 SEA5]
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AR5 W\samples\l1door\1-4cdev. AZCMRAL U Fios:

struct file operations simple fops = {
.owner = THIS MODULE,

read = simple read,

.write = simple write,

.open = simple open,

release = simple release,
15
/*******************************************************

MODULE ROUTINE
ookl b otk kot sk otk b R sl kR sk R sk ok ok kol ok

void simple_cleanup module(void)
{
dev_t devno = MKDEV(simple MAJOR, simple MINOR);
if (simple_devices)
{
cdev_del(&simple devices->cdev);
kfree(simple devices);
}
unregister_chrdev_region(devno,1);
}
ISP IR
int simple_init module(void)
{
int result;
dev_tdev=0;
dev = MKDEV(simple MAJOR, simple MINOR);
result = register_chrdev_region(dev, 1, "DEMO"); /HIER S
if (result < 0)
{
printk(KERN WARNING "DEMO: can't get major %d\n", simple MAJOR);
return result;
}
simple_devices = kmalloc(sizeof(struct simple_dev), GFP_KERNEL); 15y P £ 851
if (!simple_devices)
{
result = -ENOMEM,;
goto fail;
}
memset(simple devices, 0, sizeof(struct simple dev));
IR A i)
cdev_init(&simple devices->cdev, &simple fops);
simple_devices->cdev.owner = THIS MODULE;
simple_devices->cdev.ops = &simple fops;
result = cdev_add (&simple_devices->cdev, dev, 1); IS NP AF 5 £
if(result)

15
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{
printk(KERN NOTICE "Error %d adding DEMO\n", result);
goto fail;

}

return 0;

fail:
simple_cleanup_module();
return result;

}
module_init(simple init module);
module_exit(simple cleanup module);

A A st 8 R F B

124 FRARHRINES

TEN TG R, PRI e — &S0, SRR ] DIAG A% 8 S — A fil
PR HATEAE . N X & IR E AL B A IS FE P [1) file_operations 4544 A7 X 9 1)
0, N HZER read pREU N IKE)JZ ) file operations-> read, N HJZ K write R Y UK
)21 file_operations->write. AT 2% WAL 25 0] 5 FH - 28 T B8 A8 B 7 v

5¢F file_operations Z5 4 IS 2

ssize t (*read) (struct file *, char _ user *, size t, loff t *);
ssize t (*write) (struct file *, const char __ user *, size _t, loff t *);

AT NS EEE s R P S S bl . T AR S A R S AR R R AE
JE X, PTCA 3 2 (B ANRE ARV RN JT A AE, TN Linux S H A NS WAL
HRRE, IXEEPREAE include/asm/uaccess.h H 7 A

MNP AZ 25 18] i) FH P 23 8] 52 R A8 copy_to_user pRIEL:

unsigned long copy to user (void _ user * to, const void * from, unsigned long n);
T M P23 1) 52 B 21 N A% 23 TR RT LS copy from user BREL:
unsigned long copy_from_user (void * to, const void* from, unsigned long n);
BEAh,  PAZ S AT 2 28 E) 2 T o i) JEAT FRE A B, (4l chary int. long Z87) .

put_user(x, p) /1A P 23 (R p A% HE x
get_user(x, p) I P s (a1 $e4EE p BLEE x

M ANFRER ) A TR, DA ORAR ) (9 P bk A2 i, i ELGS I P T
ZEWL . XA D] access ok PREUAS I . access ok PAELIN type SEAH PN IETI:
VERIFY READ. VERIFY WRITE, 435X} 1 WA,

int access_ok(int type, const void *addr, unsigned long size);
FEVT R R 22 [ R AEIR, ] DUERT R i vk seh & 2 e et 2 15 Ak

char kernelbuffer[100];
16
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static ssize t demo_read(struct file *file, char _ user *buftfer, size t count, loft t *ppos)
{
if (laccess ok(VERIFY WRITE, buffer, count))
return -EFAULT;
if (copy_to_user(buffer, kernelbuffer, count))
return -EFAULT;,
return count;

b
1.2.5 IOCTL £

IOCTL £ H EZHKAEAT 1O b, NHFERFa] LGB TOCTL 2 H A i AL 2
SN ESEE R file_operations £5#4 0 W 1) IOCTL 4% H eR U 24 40 T

long (*unlocked ioctl) (struct file *file, unsigned int cmd, unsigned long arg);

Hrp emd 2R, arg £
Bl1.6 FAFiA TOCTL S
A5 W\samples\1door\1-5ioctl. 1% Lo CHG U R fT 7R

#define COMMANDI1 0x11

#define COMMAND?2 0x12

/W% TIOCTL #:1

int simple_ioctl(struct inode *inode, struct file *filp,unsigned int cmd, unsigned long arg)

{

switch(cmd)
{
case COMMANDI:
memset(demoBuffer,0x31,256);
break;
case COMMAND?2:
memset(demoBuffer,0x32,256);
break;
default:
return -EFAULT;
break;
}

return 0;

}

struct file operations simple fops = {
.owner = THIS_MODULE,
.unlocked ioctl = simple_ioctl,
.open = simple_open,
release = simple release,

iz
PN RS — NN R, SEAEIT

17
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18

void main(void)

{

}

int fd;
int i;
char data[256];
int retval,
fd=open("/dev/fg]",0_RDWR);
if(fd==-1)
{
perror("error open\n");
exit(-1);
¥
printf("open /dev/fgj successfully\n");
/N JZ TOCTL 4l
retval=ioctl(fd, COMMANDI1,0);
if(retval==-1)
{
perror("ioctl error\n");
exit(-1);

}

printf("send command] successfully\n");

retval=ioctl(fd, COMMAND?2,0);
if(retval==-1)
{
perror("ioctl error\n");
exit(-1);

}

printf("send command1 successfully\n");

close(fd);

ABIEATEERANT -

[root@urbetter /home]# insmod demo.ko
[root@urbetter /home]# mknod /dev/fgj ¢ 224 0
[root@urbetter /home]# ./test
open /dev/fgj successfully

send command] successfully

send command?2 successfully

#define FIBMAP _10(0x00,1)
#define FIGETBSZ  10(0x00,2)
#define FIFREEZE IOWR('X', 119, int)
#define FITHAW IOWR('X', 120, int)

/*
/*
/*
/*

unlocked ioctl PR AT SE emd ANRERERUES A SECLHERGMM, BA
REFE B INB AR, A KB il

i 7] bmap */

SREL bmap IR /)N*/
URG: */

fift iR */
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#define FITRIM _IOWR('X', 121, struct fstrim_range) /* BY#: */
#define FICLONE _IOW(0x94, 9, int)

#define FICLONERANGE IOW(0x94, 13, struct file clone range)

#define FIDEDUPERANGE _IOWR(0x94, 54, struct file dedupe range)

M AZAC S /fs/ioctl.c H K] do vfs joct] B BN IR HEHF IR IR emd 8 T AL FE

int do_vfs_ioctl(struct file *filp, unsigned int fd, unsigned int cmd,unsigned long arg)
{
int error = 0;
int _ user *argp = (int __ user *)arg;
struct inode *inode = file inode(filp);
switch (cmd) {
case FIOCLEX:
set close on_exec(fd, 1);
break;

case FS I0C FIEMAP:
return ioctl fiemap(filp, arg);
case FIGETBSZ:
return put_user(inode->i_sb->s_blocksize, argp);

default:
if (S_ISREG(inode->i_mode))
error = file_ioctl(filp, cmd, arg);
else
error = vfs_ioctl(filp, cmd, arg);
break;
}

return error;

}
Scfr b, TOCTL 45 1 7 ¥ emd S8R HATRABRIN S L, W& 1-1.

F1-1 emd SEEMIBEX

A Bit31~Bit30 Bit29~Bit16 Bit15~Bit8 Bit7~Bit0
X Dir Size TYPE NR
il X arg AR AR IR K/ Bzt

TYPE Gl % 0~255, MR JUEICFRT "A"~"Z" s "a"~"2" K& . BRI FP
MAEBRER I A 23K TYPE, XG5 A RPN TYPE BEATLEAL, AURAHRIALEE, AN
[ NASAEEE . 0% TOCTL 422 11 iy 4 1) 2 f 4 -

#define 1O(type,nr) _I0OC(_IOC_NONE,(type),(nr),0)
#define IOR(type,nr,size) [OC(_IOC_READ,(type),(nr),( I0OC_TYPECHECK(size)))

#define IOW(type,nr,size) IOC(_IOC_WRITE,(type),(nr),(_ IOC_TYPECHECK(size)))
#define IOWR(typenrsize) I0C( I0C READ| IOC WRITE(type),(nr),( IOC TYPECHECK(size)))

19
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#define IOR BAD(type,r,size) IOC(_IOC READ,(type),(nr),sizeof(size))
#define IOW_BAD(type,nr,size) IOC(_IOC_WRITE,(type),(nr),sizeof(size))
#define IOWR_BAD(type,nr,size) IOC(_ IOC READ| I0C WRITE,(type),(nr),sizeof(size))

FH T84 TOCTL i 46 22 0 5 -

#define _IO0C DIR(nr)  (((nr)>> I0C_DIRSHIFT) & I0C_DIRMASK)
#define _IO0C_TYPE(nr) (((nr)>> IOC_TYPESHIFT) & IOC_TYPEMASK)
#define IOC NR(nr)  (((nr)>> IOC_NRSHIFT) & I0C_NRMASK)
#define 10C SIZE(nr)  (((nr)>> IOC_SIZESHIFT) & 10C_SIZEMASK)

A IR ) LAY TOCTL i & I 4 2R 91 -

#define SNDRV_TIMER IOCTL INFO _IOR('T', 0x11, struct snd_timer info)
#define SNDRV_TIMER IOCTL PARAMS _IOW('T'", 0x12, struct snd_timer params)
#define SNDRV_TIMER IOCTL STATUS _IOR('T', 0x14, struct snd_timer_status)

1.2.6 seek 1Z11

TR RIS, AR 4 R B M B AL E . seek 11 FH kAT
G AL B TEEAL. file operations 45K H1 XV 1] seek #2114 T

loft t (*1lseek) (struct file *filp, loft t off, int whence)

Hrp, off &S, whence ZEIRIE AT E
15'] 1.7 PP seek SEAH
ACH5 W\samples\1door\1-61seek . 1% LML AN FT 7 :

ssize t simple read(struct file *filp, char __ user *buf, size_t count,loff t *f pos)
{
loff_t pos= *f pos;//ARHL S {H-4a%t
if(pos>=256)
{
count=0;
goto out;
}
if(count>(256-pos))
{
count=256-pos;
H
pos += count;
IR B B8 E bk
if (copy_to_user(buf,demoBuffer+*f pos,count))
{
count=-EFAULT;
goto out;

}
*f pos = pos;

20
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out:
return count;
}
loff t simple llseek(struct file *filp, loff t off, int whence)
{
loft t pos;
pos = filp->f pos;
switch (whence)
{
case 0:
pos = off;
break;
case 1:
pos += off;
break;
case 2:
pos =255+off;
break;
default:
return -EINVAL;
}
if ((pos>=256) || (pos<0))
{
return -EINVAL;
H
return filp->f pos=pos;
}
struct file operations simple fops = {
.owner = THIS_MODULE,
llseek = simple llseek,
.read = simple read,
.open = simple_open,
release = simple release,

iz
N AR 2 2 ARSI T

void main()

{
int fd;
int i;
char data[256];
int retval,
fd=open("/dev/fgj",0_RDWR);
if(fd==-1)
{

perror("error open\n");
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exit(-1);
}
printf("open /dev/fgj successfully\n");
retval=Iseek(fd,5,0);
if(retval==-1)
{
perror("lseek error\n");
exit(-1);
}
retval=read(fd,data,3);
if(retval==-1)
{
perror("read error\n");
exit(-1);
}
data[retval]=0;
printf("read successfully:%s\n",data);
1134 SE AL
retval=lseek(fd,2,0);
if(retval==-1)

{
perror("lseek error\n");
exit(-1);

¥

retval=read(fd,data,3);

if(retval==-1)

{
perror("read error\n");
exit(-1);

¥

data[retval]=0;
printf{("read successfully:%s\n",data);

close(fd);
}
AGPEATE RN

[root@urbetter /home]# insmod demo.ko
[root@urbetter /home]# mknod /dev/fgj ¢ 224 0
[root@urbetter /home]# ./test

open /dev/fgj successfully

read successfully:FGH

read successfully:CDE

1.2.7 poll 1
Rl e P B R, RIS BT 1O HR 1R,

22
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% 1% Linux A& F25A0]

JE, HPRHEE. NHZETUUER select BRBEWIBIE MHTIPIRAS, CUERH PR IRAE
TR WA BT AP ZE RV ) o A select PR ZEAE B4 IXBHFE > Fi45 N file_operations-
>poll ¥R — /NS (R FRF UK B 2711 file_operations->poll PRELHSEHLUTT «

static unsigned int my_poll(struct file *file, struct poll_table struct *wait)

poll_wait(file, & outq, wait); /02 AT HEREAS N B 4551 3R

U FAA

mask [= (POLLIN | POLLRDNORM);

{
unsigned int mask = 0;
if (0 !=bta->read_count)
return mask;

}

IXBNFER ) poll BEGR NI FIFREM T

#define POLLIN

#define POLLPRI
#define POLLOUT
#define POLLERR
#define POLLHUP
#define POLLNVAL
#define POLLRDNORM
#define POLLWRNORM
#define POLLRDBAND
#define POLLWRBAND
#define POLLMSG
#define POLLREMOVE
#define POLLRDHUP

0x0001 /145 1] LG B ZE Hh sk Y

0x0002 /1] LG BH 2 b s B s A e B0 Gis b 2
0x0004 iz VSRS IEYN

0x0008 1185 R LA R

0x0010 1R R A TR R B ST R
0x0020 IIVERTCRL

0x0040 11 R e

4 /* POLLOUT */

0x0080 /AT A 4 By AN

256 1/R] LA ) e B oy A

0x0400

0x1000

0x2000

I JZ 2 i T/O P AL select (1B 41 T .

int select(int numfds, fd_set *readfds, fd_set *writefds, fd_set *exceptfds, struct timeval *timeout);

HH readfds. writefds. exceptfds 7372 select FEEUNMAIEE. SA1 5 AL BE A SO

HRTFE S, numfds M 75 2

RLIR 5 A5 e e (K SCA IR AT N 1o timeout Z40E—Mi

0] timeval S5HRIYIKIFREE, RISl select PRELEPIMIIGE L T~ 2xilal, —Fi BT AL

BT R B, B EUR AR

FEOWR:

FD ZERO(fd set *set)

FD SET(int fd,fd set *set)
FD_CLR(int fd,fd_set *set)
FD _ISSET(int fd,fd set *set)

Ty TR I I R 235 o SCPF IR AT A 5 e 4

IREBR— DS RRIR TR

IR SCAERAT fd ISR fF A
PR SCATHEIRTT fd ST AT 4 i R
I SCHERERAT fd A 5 BAL

511.8  poll £ IR B FF7r fl
AR15 W\samples\1door\1-7poll. #%Ca S UT R fT 7R :

ssize t simple read(struct file *filp, char _ user *buf, size_t count,loff t *f pos)

23
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wait_event_interruptible(read_queue, simple flag);
if (copy_to_user(buf,demoBuffer,count))
{
count=-EFAULT;
H
return count;
}
ssize tsimple write(struct file *filp, const char _ user *buf, size t count,loff t *f pos)
{
if (copy from user(demoBuffer, buf, count))
{
count = -EFAULT;
goto out;
b
simple flag=1;
wake up(&read queue);
out:
return count;
}
//poll #2 [11 SEIN,
unsigned int simple poll(struct file * file, poll _table * pt)
{
unsigned int mask = POLLIN | POLLRDNORM,;
poll wait(file, &read queue, pt);
return mask;
}
struct file operations simple fops = {
.owner = THIS_MODULE,
.poll = simple poll,
.read = simple read,
.write= simple write,
.open = simple_open,
release = simple release,
b
IR AR -

int fd;
void *readthread(void *arg) IR e
{
char data[256];
fd_set rfds; s puY iR Sty
fd_set wfds; BB S
int retval=0;
while(1)
{
FD ZERO(&rfds);

24
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FD_SET(fd, &rfds);
select(fd+1, &rfds, &wfds, NULL, NULL); /2 %%
if(FD_ISSET(fd, &rfds))
{

retval=read(fd,data,3);

if(retval==-1)

{
perror("read error\n");
exit(-1);

}

data[retval]=0;

printf("'read successfully:%s\n",data);

b
return (void *)0;
}
void main()
{
int i;
int retval;
fd=open("/dev/fgj",0_RDWR);
if(fd==-1)
{
perror("error open\n");
exit(-1);
b
printf("open /dev/fgj successfully\n");
pthread t tid;
pthread_create(&tid, NULL, readthread, NULL); /Bl iskFE
while(1)
{
retval=write(fd,"fgj",3); /TR TS B
if(retval==-1)
{
perror("write error\n");
exit(-1);

b
close(fd);

}
ABPEEAT AR

[root@urbetter /home]# insmod demo.ko
[root@urbetter /home]# mknod /dev/fgj ¢ 224 0
[root@urbetter /home]# ./test

read successfully:fgj

25
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read successfully:fgj
read successfully:fgj
read successfully:fgj

1.2.8 Sbn

WA IR B O & b s, nT LUK FH e A3 i 7 a0 S H 2R B2, X AE v H
PP AT 2 H AW PR . BRI, S S S A R r  s IKsN BF 1) fasyne
Belo M— DI SRR FASYNC #2840, file operations ->fasync()#z ¥4 IH H
file_operations ->fasync PREZs i H fasync_helper BRI M AT SC I BEREF1 28 H s ek & b 50 il
KRR fasync_helper PRALIE LUITE (L on 2400 0 FonEERFDAN, N 1 Rl
j]ﬂ#& %D):

int fasync_helper(int fd, struct file * filp, int on, struct fasync_struct **fapp);
EHRFIAI, kill_fasyne B&HCRHAHT R SFAR R LR

void kill_fasync(struct fasync_struct **fp, int sig, int band);

B9 Sl s SE]
AR5 W\samples\1door\1-8fasync. IX&))JZACHS U1

struct simple_dev *simple devices;

static unsigned char simple_inc=0;

static struct timer_list simple_timer;

static struct fasync_struct *fasync_queue=NULL,;
int simple open(struct inode *inode, struct file *filp)

{
struct simple_dev *dev;
dev = container of(inode->i_cdev, struct simple_dev, cdev);
filp->private data = dev;
simple _timer.function = &simple timer handler;
simple_timer.expires = jiffies + 2¥*HZ;
add_timer (&simple_timer);
printk(""add_timer...\n");
return 0;
}
155 S AIAL B R 2
static int simple fasync(int fd, struct file * filp, int mode)
{
int retval;

printk("simple fasync...\n");
retval=fasync_helper(fd,filp,mode,&fasync_queue);
if(retval<0)

return retval,
return 0;

26
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i}nt simple_release(struct inode *inode, struct file *filp)
{

simple fasync(-1, filp, 0);

return 0;
H

struct file operations simple fops = {
.owner = THIS MODULE,

.open = simple_open,
.release= simple_release,
fasync= simple fasync,

fis
MEHEEIAN, Y kil fasyne ANV HE, X BRI aARmfEdmmiss, K Bims.

static void simple timer handler( unsigned long data)

{
printk(""simple _timer handler...\n");
if (fasync_queue)
{
//POLL_IN 7], POLL_OUT AW
kill fasync(&fasync_queue, SIGIO, POLL_IN);
printk("kill_fasync...\n");
b
return ;
}

TR POLL IN #/R B4 1L, POLL OUT #ni& S, NHES % T,

int fd;
void fasync_handler(int num)
{
printf("fasync_handler entering\n");
}
void main()
{
int i=2;
char data[256];
int oflags=0;
int retval;
signal(SIGIO, fasync_handler);//i% fift (5 5 &b bk £
fd=open("/dev/fcn",0_RDWR);
if(fd==-1)
{
perror("error open\n");
exit(-1);
H
printf("open /dev/fen successfully\n");
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IMERE T 50 BB AN B 24 LR
fentl(fd, F_ SETOWN, getpid());
oflags=fentl(fd, F GETFL);
fentl(fd, F_SETFL, oflags | FASYNC);/M& B
while(1);
close(fd);
}

AIEFTEE R

[root@urbetter /home# insmod demo.ko
[root@urbetter /home]# mknod /dev/fen ¢ 226 0
[root@urbetter /home]# ./test

add_timer...

open /dev/fcn successfullysimple fasync...

simple timer handler...
kill fasync...
fasync_handler entering

1.3 seq_file #15|

1.3.1 seq_file J5iRH

WP SCARA BRG] MERAL BTG E « A — P58 s
PR, BRI, XSk O [ A& R 2L, SR SRR A I S A
(sequential file). seq_file J& % [ JADHRNGT SCAF 14210

struct seq_file {

char *buf; 1/
size_t size; IR
size t from;

size t count;

size tpad until;

loff t index;

loff tread pos;

u64 version;

struct mutex lock; 115

const struct seq_operations *op; //seq #AE
int poll_event;

void *private;

b
i H seq_file 5 2AL 5 3L SCAF linux/seq file.ho seq file [F)H FHEAEE: TR -

int seq_open(struct file *, const struct seq_operations *);  //#T
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ssize_t seq_read(struct file *, char __user *, size t, loff t *); 1/

loff tseq lseek(struct file *, loff t, int); IERL

int seq_release(struct inode *, struct file *); IIRETR

int seq_escape(struct seq_file *, const char *, const char *); IS5, NGRS A
int seq_putc(struct seq_file *m, char c); /BN FR R B seqfile SCAF

int seq_puts(struct seq_file *m, const char *s); I B A FRF R B seq_file SCAF

seq read. seq lseek. seq release 5 pRE ] AH LIRSS file_operations SCAF#RAE S5 FI Ak
o seq file 45 M3 ARAEAE file 45 K41F) private data ', XM seq open PR A LI H

int seq_open(struct file *file, const struct seq_operations *op)

{
struct seq_file *p;

WARN_ON(file->private_data);

p = kzalloc(sizeof(*p), GFP_KERNEL);
if (!p)return -ENOMEM,;
file->private_data = p;
mutex_init(&p->lock);

p->0p = 0p;

file->f version = 0;

file->f mode &= ~FMODE PWRITE;
return 0;

¥
seq_operations 454 /& seq_file L P I £ SL IR A 4L

struct seq_operations {
void * (*start) (struct seq_file *m, loff_t *pos);/JFaa#AE, R[A] pos 5 m] fIiC %
void (*stop) (struct seq_file *m, void *v);/2< 41 #/E

void * (*next) (struct seq_file *m, void *v, loff t *pos); //5-#k seq_file SCAFH ) F —AMd %
int (*show) (struct seq_file *m, void *v);/#% X Ak4 il KI5 &

1

1.3.2 seq_file /5l

seq_file £ AP, —FiE AN 7720, Bl show p&Ah i ANC S R, 1
seq_operations 4 T EAHGMEH; 57— M7 LULTEE—A> show HKEL, 7 show HREUT
L T CRZIE R .

5 1.10  seq_file /N g 7 2591

AR W\samples\1door\1-11seqfile. ABIEH g seqfile FERAFif 4 Midsk. K THER
EfRem o,

struct simple_record

{
struct list_head list;

char name[8];
int iflag;

29



Linux X #h42 5 & =6 % 2 &

¥

static struct list_head g_sedfile;

int simple_init_ module(void)

{

INIT_LIST HEAD(&g_seqfile);
printk("&g_seqfile=%.8x\n",&g_seqfile);
for(i=0;i<d:i++)//WIUH L EER T 2%

{
struct simple_record*sr;
sr=kmalloc(sizeof(struct simple_record), GFP_ KERNEL);
if(st==NULL) return -1;
memset(sr->name,0,4);
sprintf(sr->name,"sr%d",4-1);
sr->iflag=4-i;
list add(&sr->list, &g_seqfile);
printk("&sr->list[%d][=%.8x\n",1,&sr->list);

}

struct list_head *pos;

list for each(pos,&g seqfile)

{

struct simple_record*p=list_entry(pos, struct simple_record,list);
printk("initfind the %d list element\n",p->iflag);

}
N AANE T seq file 2HX g seqfile N 2

int simple open(struct inode *inode, struct file *filp)

{
struct simple_dev *dev;
if(simple_inc>0)return -ERESTARTSYS;
simple_inc++;
dev = container_of(inode->i_cdev, struct simple_dev, cdev);
return seq_open(filp, &simple_seq_ops);
}
int simple_release(struct inode *inode, struct file *filp)
{
simple_inc--;
return 0;
}

struct file operations simple fops = {
.owner = THIS MODULE,
.open = simple_open,
.read =seq_read,
Alseek = seq_lseek,
.release = simple release
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seq_operations #A/EHE [P SEILUNT -«

IR BRAE, SR TTR
static int simple _seq_show(struct seq_file *m, void *v)

{
struct simple record *sr = list_entry(v, struct simple record, list);
printk("simple_seq_show %d\n",sr->iflag);
seq_printf(m, "name: %s, iflag:%d\n", sr->name,sr->iflag);
return 0;

}

1V 8RR

static void *simple seq_start(struct seq_file *m, loff t *pos)

{
struct list_head *lh=seq_list_start(&g_seqfile, *pos);
printk("'simple_seq_start *pos=%.8x\n",*pos);
return lh;

}

/3R F—ANT6ER

static void *simple seq next(struct seq_file *m, void *v, loff t *pos)

{
printk("simple_seq_next *pos=%.8x\n",*pos);
return seq_list next(v, &g_seqfile, pos);
}
static void simple seq_stop(struct seq_file *m, void *v)
{
printk("'simple_seq_stop\n");
}

static struct seq_operations simple_seq_ops = {
.start = simple_seq_start,
.next = simple_seq_next,
.stop = simple_seq_stop,
.show = simple_seq_show

fis
N JEAZ A U R

void main()
{
int fd;
char data[256];
int retval;
fd=open("/dev/fg]",0_RDWR);

if(fd==-1)

{
perror("error open\n");
exit(-1);

§
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printf("open /dev/fgj successfully\n");
memset(data,0,256);
retval=read(fd,data,255);
if(retval==-1)
{
perror("read error\n");
exit(-1);
}
printf("%s\n",data);
close(fd);
¥

ABPREAT AR

[root@urbetter drivers]# insmod demo.ko
&g seqfile=bf020664
&sr->list[0]=c6ed6a60
&sr->list[1]=c6ed6c00
&sr->list[2]=c6ed6660
&sr->list[3]=c6ed6700

initfind the 1 list element

initfind the 2 list element

initfind the 3 list element

initfind the 4 list element

[root@urbetter drivers]# mknod /dev/fgj c 224 0
[root@urbetter drivers]# ./test

open /dev/fgj successfullysimple seq_start *pos=c6ed6700
simple_seq_show 1

simple_seq_next *pos=c6ed6700

simple seq_show 2

simple_seq_next *pos=c6ed6660

simple seq_show 3

simple_seq_next *pos=c6ed6c00
simple seq show 4

simple seq next *pos=c6ed6a60

simple seq_stop

name: srl, iflag:1

name: sr2, iflag:2

name: sr3, iflag:3

name: sr4, iflag:4

IR WP AR cat Sz SO A 4%
[root@urbetter drivers]# cat /dev/fgj
simple_seq_start *pos=c6ed6700
simple seq_show 1

simple_seq_next *pos=c6ed6700
simple_seq_show 2
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simple seq_next *pos=c6ed6660
simple seq_show 3
simple_seq_next *pos=c6ed6c00
simple_seq_show 4
simple seq next *pos=c6ed6a60
simple seq_stop

simple seq_start *pos=bf020664
simple seq_stop

name: srl, iflag:1

name: sr2, iflag:2

name: sr3, iflag:3

name: sr4, iflag:4
[root@urbetter drivers]#

5 1.11  seq_file H2+ % HH Jy =045

FHILL linux A% HR)/fs/proc/cpuinfo.c ARAS A1 1EIH seq file B Ty . ST proc

VRS, NSO 5 M proc/cpuinfo 15 14 :

static int __init proc_cpuinfo_init(void)

{
proc_create("cpuinfo”, 0, NULL, &proc_cpuinfo_operations);
return 0;

}

fs_initcall(proc_cpuinfo_init);
& X proc_cpuinfo_operations:

static const struct file_operations proc_cpuinfo_operations = {

.open = cpuinfo_open,
.read = seq_read,
Alseek = seq_lseek,
.release = seq_release,

1
$% F K% cpuinfo_open:

extern const struct seq_operations cpuinfo_op;
static int cpuinfo_open(struct inode *inode, struct file *file)

{

return seq_open(file, &cpuinfo_op);

}

FEFPREAEF & #B 22 SEBLH © 1) cpuinfo_op #EEZiH. ARM [ cpuinfo_op 7f/arc/arm/

kernel/setup.c H':

const struct seq_operations cpuinfo_op = {
.start = c_start,
.next = ¢_next,

.stop = c_stop,
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.show=c_show

15
cpuinfo_op #AERE 1147 50 H AHLALBE 2845 5L 2 /proc/ cpuinfo A

static void *c_start(struct seq_file *m, loff t *pos)

{
return *pos < 1 ? (void *)1 : NULL;
H
static void *c_next(struct seq _file *m, void *v, loff t *pos)
{
++*pos;
return NULL;
}
static void c_stop(struct seq_file *m, void *v)
{
}

/4 show BREH o Ty A 2%
static int ¢_show(struct seq_file *m, void *v)
{
int i, j;
u32 cpuid;
for_each_online_cpu(i) {//isJJiEEA-AbFEAS
seq_printf(m, "processor\t: %d\n", 1);
cpuid =is_smp() ? per_cpu(cpu_data, i).cpuid : read cpuid_id();
seq_printf(m, "model name\t: %s rev %d (%s)\n",cpu_name, cpuid & 15, elf platform);
#if defined(CONFIG_SMP)
seq_printf(m, "BogoMIPS\t: %lu.%02lu\n",
per_cpu(cpu_data, i).loops_per_jiffy / (500000UL/HZ),
(per_cpu(cpu_data, i).loops_per jiffy / (S000UL/HZ)) % 100);

#else
seq_printf(m, "BogoMIPS\t: %lu.%02lu\n",
loops_per_jifty / (500000/HZ),
(loops_per jifty / (5000/HZ)) % 100);
#endif

P EIAL PR ZRER L/
seq_puts(m, "Features\t: ");
for (j = 0; hwceap_str[j]; j++)
if (elf_hweap & (1 <<j))
seq_printf(m, "%s ", hwcap_str[j]);
for (j = 0; hwcap2_str[j]; j++)
if (elf_hweap2 & (1 <<j))
seq_printf(m, "%s ", hwecap2_str[j]);
seq_printf(m, "\nCPU implementer\t: 0x%02x\n", cpuid >> 24);
seq_printf(m, "CPU architecture: %s\n",
proc_arch[cpu_architecture()]);
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if ((cpuid & 0x0008f000) == 0x00000000) {
/* pre-ARM7 */
seq_printf(m, "CPU part\t: %07x\n", cpuid >> 4);
} else {
if ((cpuid & 0x0008f000) == 0x00007000) {
/* ARM7 */
seq_printf(m, "CPU variant\t: 0x%02x\n", (cpuid >> 16) & 127);
} else {
/* post-ARM7 */
seq_printf(m, "CPU variant\t: 0x%x\n", (cpuid >> 20) & 15);
b
seq_printf(m, "CPU part\t: 0x%03x\n", (cpuid >> 4) & 0xff?);
b
seq_printf(m, "CPU revision\t: %d\n\n", cpuid & 15);
b
seq_printf(m, "Hardware\t: %s\n", machine name);
seq_printf(m, "Revision\t: %04x\n", system_rev);
seq_printf(m, "Serial\t\t: %s\n", system_serial);
return 0;

}
AR B AT A R L

[root@urbetter procl# cat cpuinfo

processor 10

model name : ARMv6-compatible processor rev 6 (v6l)
BogoMIPS :528.79

Features : half thumb fastmult vfp edsp java tls

CPU implementer : 0x41
CPU architecture : 7

CPU variant : 0x0

CPU part : 0xb76

CPU revision 16

Hardware : SMDK6410
Revision : 0000

Serial : 0000000000000000

1.4 Iproc &%

1.4.1 /proc R SeHitiA

Linux WA%H f)/proc SCAFRGEREFRFIRINSCIERSE, T € n] LAAEIEAT N U 1) A% (1)
WIEHE S . RN RCE, AT DL e I R AR S B . N HIRE R AT LA i /proc
AR GURBAT AR E R, Linux HIY ps. top fy st il Bef/proe N FISCIFK
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SRICEATHEZRG R . SHASCE RGN, /proc FEAFHH WAZESHIFPRERE R, EF
T AP AN 2 il A s A APk & b /proc UM ARG HIMR H skt & /proc. X T ARG+
A —DNRERERBE, 75 proc [ H sk LA — AN A 4 EERE ID. I /proc ST FRGeEnT LA
IRIGHFE S B, HYEE R (APM) f5 K. CPU {5 & (cpuinfo). ##fEE (loadavg). RH

WAHE K (meminfo) %55 . /proc H & FHIRZ O SCHFRSER T

[root@urbetter procl# ls

1 1122 413 buddyinfo
1027 1127 5 bus

1030 113 6 cmdline
1033 1141 672 consoles
1036 1154 7 cpu

1039 1179 702 cpuinfo
1042 1192 8 crypto
1045 1195 834 devices
1048 1196 853 diskstats
1051 1197 964 driver

1052 1220 978 execdomains
1053 1223 979 fb

1054 1230 980 filesystems
1055 1231 981 fs

1056 1232 982 interrupts
1057 1233 983 iomem
1058 1242 984 ioports
1059 197 985 irq

1060 199 986 kallsyms
1061 2 987 key-users
1062 200 988 keys

1063 202 989 kmsg
1064 298 990 kpagecount
1065 299 991 kpageflags
1066 3 992 loadavg
1112 364 993 locks

1117 4 asound meminfo

misc
modules
mounts

mtd

net
pagetypeinfo
partitions
sched debug
scsi

self

slabinfo
softirgs

stat

swaps

sys
sysrq-trigger
thread-self
timer_list

tty

uptime
version
vmallocinfo
vmstat

zoneinfo

FmfE R AL =S AR Hak, RPN TEERE ID Y, X8 H SO W R AN BERE Y

e
H/Gho

proc CAFRET L AN WERRGRSINAAT Asng proc SCIERSE, wIL

T a2 gk proc RS

mount -t proc proc /proc

1.4.2 /proc &SN
/proc AT R 45114 H H proc_dir_entry g5 4414 :

struct proc_dir_entry {
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unsigned int low_ino;
umode t mode;

nlink t nlink;

kuid_t uid; IR
kgid t gid; TP
loff t size;

const struct inode_operations *proc_iops; /1 siiAE

const struct file_operations *proc_fops; 13
struct proc_dir_entry *parent; 1AL B4

struct rb_root subdir;

struct tb_node subdir node;

void *data;

atomic_t count; PAF RS

atomic_tin use;  /* MHTiRHHE SR ¥/

struct completion *pde unload completion;

struct list_head pde_openers; /* who did ->open, but not ->release */
spinlock t pde unload lock; /* proc fops checks and pde users bumps */
u8 namelen;

char name[];

1
PAR 7 A AZ A AL 10 ) LA L2 1) /proe ST AR G881 R EL.
1) proc_mkdir
struct proc_dir_entry *proc_mkdir(const char *name,struct proc_dir_entry *parent);

ZPREH TOIEE— proc Hk, 24U name $5E EZAIEE M proc HkM AR, S5 parent
A% proc HRPTER H 3.

2) proc_create

struct proc_dir_entry *proc_create(const char *name, umode_t mode, struct proc_dir_entry *parent,
const struct file_operations *proc_fops);

proc_create FREH KAIZE proc 45 H . HH name Ky AF4FR. mode by SCAFALBR . parent
F AL H R FREE, E 8 null BRI A H 3% K/proc.

3) proc create data

struct proc_dir_entry *proc_create data(const char *name, umode t mode,
struct proc_dir_entry *parent,const struct file_operations *proc_fops,void *data);

proc_create data PRE{H L proc create BAE(ZE T —A data 41, HTHH 7 proc dir entry
ZE R4 1P) data 303

4) proc_remove

void proc_remove(struct proc_dir_entry *de);

proc_remove PRECH T-MIER de #1711 proc 4 H
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5) remove_proc_entry

void remove proc_entry(const char *name, struct proc_dir_entry *parent);

remove _proc_entry PREUH TMIER parent H % 444 name 1) proc 4<H. parent ;) NULL
oA H 3% A /proc.

112 /proc ST R GEIR A7 5451

NI TR T WA A proc U RGEM T AL FERT T IS EAE . ARSI
\samples\ldoor\1-9proc. % LHRAGUIT:

static const struct file_operations proc_simple fops = {
.owner =THIS_MODULE,
.write = simple write,
.read = seq_read,
.open = simple proc_open,
.release = single release,
15
int init_simple module( void )
{
int ret = 0;
simple buffer = (char *)vmalloc( MAX simple LENGTH );
if (!simple_buffer)
{
ret = -ENOMEM;

else

memset( simple_buffer, 0, MAX LENGTH );
proc_entry=proc_mkdir("demo", NULL);
proc_status = proc_create("status", 0,proc_entry,&proc_simple fops);
if (!proc_status)
{

ret = -ENOMEM;

viree(simple buffer);
printk(KERN_INFO "demo: Couldn't create proc entry\n");

else
printk(KERN INFO "demo: Module loaded.\n");

}

return ret;

}

void cleanup simple module( void )

{
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proc_remove(proc_entry);

viree(simple buffer);

printk(KERN INFO "demo: Module unloaded.\n");
}

XTI, AT ISR IR seq_file SEHL, ATLULIRME show piifl, X
5% single_open BLIK LI 1o LU R REAT I ERARKISCIL:

static int simple _proc_open(struct inode *inode, struct file *file)

{

return single open(file, simple show, inode->i_private);

}
PR BRI S, e TITENR G A it fe s R Lhae.

static int simple show(struct seq_file *file, void *iter)

{
struct task_struct *p;
char state;
seq_printf(file, "%55%75%75%7s%7s%7s%7s  %s\n\n",
"PID","UID","PRIO","POLICY","STATE","UTIME","STIME","COMMAND");
for_each process(p) {//ii)Jj3tFE
int pid = p->pid;
if (unlikely(!pid))continue;
switch((int)p->state)
{
case -1: state='Z'; break;
case 0: state='R'; break;
default: state='S'; break;
b
seq_printf(file, "%5d%7d%7d%7d%7¢%7d%7d %s\n",
(int)p->pid, (int)p->tgid, (int)p->rt_priority,
(int)p->policy,state, (int)p->utime, (int)p->stime,p->comm);
}
return 0;
}

LU 2 5 AR RSB

ssize t simple write( struct file *flip, const char __ user *buff, size t len, loff t *offset)

{
if(len>MAX LENGTH)len=MAX LENGTH;
if (copy_from_user(simple buffer, buff, len ))
{
return -EFAULT;
}
simple buffer[len] = 0;
printk(KERN_INFO "simple write: %s\n",simple _buffer);
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return len;

)

AGNATE R T

[root@urbetter drivers]# insmod demo.ko
demo: Module loaded.
[root@urbetter drivers]# cat /proc/demo/status
PID UID PRIOPOLICY STATE UTIME STIME COMMAND

1 1 0 0 S 0 119 init
2 2 0 0 S 0 0 kthreadd
3 3 0 0 S 0 11 ksoftirqd/0
4 4 0 0 S 0 0 kworker/0:0
5 5 0 0 S 0 0 kworker/0:0H
6 6 0 0 S 0 4 kworker/u2:0
7 7 0 0 S 0 0 netns
8 8 0 0 S 0 2 kworker/u2:1
97 97 0 0 S 0 1 kworker/u2:2
204 204 0 0 S 0 0 writeback
206 206 0 0 S 0 0 crypto
207 207 0 0 S 0 0 bioset
209 209 0 0 S 0 0 kblockd
224 224 0 0 S 0 0 cfg80211
225 225 0 0 S 0 5 kworker/0:1
367 367 0 0 S 0 0 rpciod
375 375 0 0 S 0 0 kswapd0
440 440 0 0 S 0 0 nfsiod
1002 1002 0 0 S 0 0 Dbioset
1165 1165 0 0 S 0 0 kpsmoused
1178 1178 50 1 S 0 0 irq/88-mmc0
1246 1246 0 0 S 0 1 syslogd
1249 1249 0 0 S 0 2 inetd
1256 1256 0 0 S 2 6 sh
1257 1257 0 0 S 0 1 init
1258 1258 0 0 S 0 1 init
1259 1259 0 0 S 0 0 init
1278 1278 0 0 R 0 0 cat
[root@urbetter drivers]# echo "fgj">/proc/demo/status

simple write: fgj

1.5 Linux J#%5i%

1.5.1 Linux PB4

Linux W EZ WA SERHEE . WA B, STIF RS M4 RS, Wk
EH. K 1-5 J4 Linux ARMEREEE, W N2 RS Ui Linux WA, 1
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% 1% Linux A& F25A0]

Linux P2 38 i B4 UK A i) 25 B B 45 o

PR i R
A
HERRI I S W% T 75
LinuxN#%
A
AR PR IR it R4 154 W5 3
B
& fhf#{E CPU RAM FLASH SATA [

1-5  Linux W48 571

(1) #EFEMEE (Process Schedule): Linux SCHFZATSH 2R, Linux WAZIHEEASIET
PESE AT BT BERE I A5 o Linux SERRIEE SRS V IM&MEENLE]. Linux N
1M 2.6.23 MASTF 45K H] CFS (Completely Fair Scheduler) %%, CFS [ E B &L AT
G- AL AR TR AR I 1) 7 T (W) AT, B ORTEAMT S5 RERE AT I T 40AT . CFS SR 41 BEp AR S
HHERE R

(2) WAFE R (Memory Management): Linux [N AFE B R ERINAE, & R &
SR L. WAEE B R RVF 2N Z I E R NAE X @ WAAE B, Linux A
SRR S PR N AR RN N AR, W mT LA A N AF . AR S N AE 2 8] AT LURH B AT
RN R BEZS ) MMU  $TGH S FHR S A BRIR, R 00t 1k 380 3 b kP S il A2 e
MMU FIC5E R o

(3) XMHARZ (Filesystem): Linux WAZZFFEM MRS, fF Linux #BAERGH, H
FEZR VLAY R Windows RZEM SCAF, X155 T Linux WA BRI RS (R
VFS). VFES AN H R SO RR A BEAN R IR SO 3R GE, A T IR AE il s e S it 1 4¢
I . VFS LRI R G AFE ext2. ext3. extd. fat. jffs2. ubifs 25, ZikEtFb,

(4) RA&AEH (Device Management): Linux SCRFFAFF . BRI S N 4% 1 £ — bl
s, IR T TFEREMES S sys U RGERE BRI s . Linux (B IKE) ] LL
HIEHENAZ, fERGUAZNINE, WA DA BB XA nE. A 2.6 INZITR,
Linux $&41L T 48— AR AR, X /MR 1) 55 i )2 % 0 Kobject,  IX AN g5 48 o A1
WARIEIR ARG — 1.

(5) W% A Gi(Network Subsystem): Xf LWL SR —FF 452 Linux 1) 5 247
PE. Linux M%7 RGQFEM LTG5 5 A URBNFET o W25 B3GR 73 47 BT S 5 0o 26
WL, T 2% B A& IR 1 T S B RIS . /RN R, Linux SCRFRIS SR .
IERCA Linux B3NS T R4, Bl Linux (£ IRS 2% A8 #0551 s 2% o i v
AEH ) o
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1.5.2 Linux [{CIL 45K
Linux fAASAER R, HAPIRaiFE P2 dr—3. £ 1-2 H T Linux WAZACHE R EE H 5%,

% 12 Linux AZKEBHEEZERR

H o ox |
arch AT 5 AR
block S S NN L
crypto T s AU
documentation I AL AN 53 T80 P AR RN R 1) SCA LA
drivers WA IR AR
fs AR GAH AR
include WSS
init WA A
ipc System V. [ FR A1E (5
kernel WRZRZOIB Sy EFRIHEE . b, (5 S AbBE, Bidk
lib 8 P9 s B
mm NAFE B
net o4 2 L5 LA KT
samples WA
security RG 2 AAHTAG
sound A R AR

Linux P #% 5 B4 A OGSO A d /arch Fl/include/asm-*, BAKQIF

o arch Hagt: QAR R KA KIS, RERFG XN —ANHR ) H k. Al 32
Az PC AHGIARRSAA A 1386 Hx &, HPh A E T HE kernel (NZZOHS
43+ mm (HAFEHD . math-emu (FF RUR T I lib CEEAFAHSC TR EKED . boot
(51 FREF) pei (PCIEZE) Fl power (CPU AR

e include/asm-*: include 1~ H sk BLHESm NI T T 20 R S0t 5 Gk mk
SCAFAE include/linux  H3k F, SR AL include/asm-*1 H & K, 1
include/scsi H &N & A K sesi W 1L S0 H 5% .

i AL LA 2 N TR

#make menuconfig M/ N A A A

# make PR B E AR SO, S P I AR b
# make zImage ETNEZEN ALY 23

# make modules_install  //ZZZEREER

T A P 2 R B A BN B I, nTEAAEH] INSTALL_MOD_PATH $55E —/1MHif
2%, .
#make INSTALL MOD_PATH=/foo modules_install
IBATIEAN i 2 I PR B 22k 1) /foo/lib/modules H 2 T .
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% 1% Linux A& F25A0]

1.5.3 % Makefile
Linux P AZ 1) Makefile 434 4 N GH 57
(1) T2 Makefile: 7ENIZAVLERTIZ . TJZH Makefile SCAF2HL .config SR

B, JFEE EATT build WA . arch H k) Makefile $3t 1 AE/F4AK 28 45 RAT G (1 2 5

{5 ke Scripts H3% T Makefile SCPEEL T B AIRHE Kbuild Makefile Fg P %5 i 0
SE SCHIEL

(2) config BLESCAF: WAZINECE SCME, —fE/arch/*/configs Rl

(3) Makefile [l MU 7E scripts/ H 5% F ) Makefile.* SC2EH

(4) kbuild Makefile SCff: 7E#-Z H 3% Rl

kbuild Makefile IEVAS MR TR L, FLEAFELUT JL AL N 2

D HirE X

H bR SOt e F ke s SCHIRSE i 2 A R R i, ARG Py 25 B PR 0E A% o 49

obj-y += foo.0

ERRNEH foo.c B foo.s AL IFEAFE] foo.o HEERLIE W%, 4R AE H$(obj-m) IR
K5 SCA G B T INA ) YRR . Kbuild Makefile SCPFH () FUARIE 2 FIHFIE R
0bj-$(CONFIG_I2C_BOARDINFO)+= i2¢-boardinfo.o
0bj-$(CONFIG_I2C)+=i2¢-core.o
0bj-$(CONFIG_12C_CHARDEV) +=i2c-dev.o

PR ) A YR P PR E TN I ) AR S AT

2) 2 CAFREBE X

AR AEE T 2 AN SCPF AL, MR TR AT —objs JEZHEE —y JRSMEAOKRE X
BRI A A il

0bj-$(CONFIG_FB) += fb.o

fb-y:= fomem.o fbmon.o fbcmap.o fbsysfs.o \
modedb.o fbevt.o

fb-objs:= $(fb-y)

T BAEER A b, EHHT fbmem.o. fbmon.o. fbemap.o. fbsysfs.o. modedb.o-
foovt.o 30, XU R A HE A I to.ko SCHF. BT IR\ R IR T

3) HIEAQ

H sIEAE R H AR R S8 1) 55— H ko

0bj-$(CONFIG_FB_OMAP) += omap/

W CONFIG_FB_OMAP {5} y 5% m, kbuild 2% omap H%FIAJE FiECH H bk

(R HAER AR T, 2T omap Hak NSO & AR B il A N,
EH omap H % [ Makefile U KL 5E o
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[ Linux 2.6 #2, Linux WKM7 aBrif B m BB, eI T sysfs SUIFRS, KR
G B LA SR IR G, T P AR, R B AT R R e
PREHLL AR AR S P 23 1) A LA 5 TR AT WL (e AFE T2 41 Linux WA
AR sysfs SUIFRGE, T H BRI, BERMEAR.

2.1 HRATER

2.1.1 kobject

kobject (PZAT4) & Linux WAZB B BENLEITI 5 /25 . kobject ZSABLIHI )] 5 i
RS, SRR A S AL A, TR — MR Z 2 IRE 1 . kobject A5 Y.
% sysfs XMFRFET M —AHk. kobject I8 11 T3 % 2 HUG S H AL EE T4E. kobject 2544
JE I

struct kobject {
const char ~ *name; ey
struct list_head entry;
struct kobject *parent; 1AK%
struct kset *kset; //FTIE kset
struct kobj_type *ktype; // X5 [T
struct kernfs_node  *sd;  /*sysfs H Ii*/
struct kref kref; // 51
#ifdef CONFIG_DEBUG KOBJECT RELEASE
struct delayed work release;
#endif
unsigned int state initialized:1;
unsigned int state_in_sysfs:1;
unsigned int state_add uevent sent:1;
unsigned int state_remove uevent sent:1;
unsigned int uevent_suppress: 1;//& 75 & 1% uevent S
15
kobject X 5 (145 I pR AU T
void kobject_init(struct kobject *kobj, struct kobj_type *ktype);/#J4fi1t kobject
int kobject_add(struct kobject *kobj, struct kobject *parent,const char *fimt, ...);//k kobject A ZI RS

/LTS R B 45
int kobject init and add(struct kobject *kobj,struct kobj type *ktype, struct kobject *parent,const char
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*fmt, ...);
void kobject_del(struct kobject *kobj); /1% kobject M FR Gt H MR
struct kobject * kobject_create(void);
struct kobject * kobject create and add(const char *name,struct kobject *parent);
struct kobject *kobject_get(struct kobject *kobj); /MK G5 | HIREL
void kobject_put(struct kobject *kobj); IR 3 %5 | S

WAZH i ILIF) kobject fu4E:

static struct kobject *dev_kobj; Vo &- P

struct kobject *sysfs dev_char kobyj; IFFFBRLAE IR

struct kobject *sysfs dev_block kobj; 1B IR

struct kobject *kernel kobj; //sysfs T[] kernel X} %

2.1.2 Kkobj_type
kobj_type 7 LA SR I 2R AL

struct kobj_type {
void (*release)(struct kobject *kobj);
const struct sysfs_ops *sysfs_ops;  //sysfs #1F
struct attribute **default_attrs; /ERIN JE P
const struct kobj ns type operations *(*child ns_type)(struct kobject *kobj);
const void *(*namespace)(struct kobject *kobyj);

fis
sysfs_ops N WX GAE sysfs ARG AL 1

struct sysfs_ops {

ssize t (*show)(struct kobject *, struct attribute *, char *); 117
ssize t (*store)(struct kobject *, struct attribute *, const char *, size_t); /A7ifi
e

2.1.3 kset

kobject I kset ALURJZ AN, kset A& HATAHRZEL kobject MEER . Fifi)E
Tl kset [K%} % (kobject) ] parent #545 [1]1% kset [ kobj /&5 «

struct kset {
struct list_head list; /A — kset [IHER
spinlock_t list_lock; 118
struct kobject kobj; /I8 £ 1] kobject
struct kset uevent ops *uevent ops; /1 uevent AHICERAE, WA ESE
1
kset X 5 (145 1 R A T

void kset_init(struct kset * k);
struct kset * kset create and add(const char *name,struct kset uevent ops *u,struct kobject *parent kobj);
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int kset_register(struct kset *kset);
void kset_unregister(struct kset *kset);

PWAZ I kset 0.4

struct kset *bus_kset;
struct kset *class_kset;
struct kset *system_kset;

2.2 REFERER

Linux P A% ) 15 2 B 80 40 5% 2% (device) s 1% &YX Bl(device driver). & Zk(bus). WK
(class)5s LML L4

device fUK— Mk, W&ait (struct device) T T B4 DMA & &K S5KR
AR AR, HoAE R

struct device {

struct device *parent; I

struct device private *p;

struct kobject kobj; //FERB N AZ X 5

const char *init name;  /*WILRZFRY/

const struct device type *type;

struct mutex mutex; /[ H ¥ =

struct bus_type *bus; PR BN 2/

struct device_driver *driver; /¥ W driver*/

void *platform_data; PSR R B/

void *driver data; PIRBNEAE, BEARIUTEA dev_set/get_drvdata*/

struct dev_pm_info power;

struct dev_pm_domain *pm_domain;
#ifdef CONFIG_NUMA

int numa_node; /USRI NUMA 715 i/
#endif

u64 *dma_mask; /*dma HEhD*/

u64 coherent dma_mask; //—Z(PE: DMA #hig

unsigned long dma pfn_offset;

struct device_dma_parameters *dma_parms; /DMA Z%{

struct list_head dma_pools; /*DMA ith*/

struct dma_coherent mem *dma mem; //DMA W1f

PR ZR ARG/

struct dev_archdata archdata;

struct device node *of node; [ BB 2T R/

struct fwnode_handle *fwnode; [EE A e x/

dev t devt; /*dev _t, creates the sysfs "dev"*/

u32 id; /¥ B35 ID¥/

spinlock t devres_lock;

struct list_head devres head;
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struct klist node knode_class;

struct class *class; Var &S
const struct attribute_group **groups; /*JE g/
void (*release)(struct device *dev);

struct iommu_group *iommu_group;

bool offline disabled:1;

bool offline:1;

Bs
device [MyEMH SR RECANT

int device_register(struct device * dev);
void device unregister(struct device * dev);
int device add(struct device * dev);

void device del(struct device * dev);

device_driver RV (K], e N Bt 40 5 (IR

struct device driver {

const char  *name; 1144 IR BN TR 7 (1 2
struct bus_type *bus; IR 2

struct module*owner;

const char  *mod_name; /T B AR e/

bool suppress_bind _attrs; (AR sysf 45 /fEgh*/

enum probe_type probe_type;
const struct of device id *of match_table;
const struct acpi_device id *acpi match_table;

int (*probe) (struct device *dev); 1148 1) B 2 el BB

int (*remove) (struct device *dev); I TR v 25 P R £

void (*shutdown) (struct device *dev); 15 1B 2% 1) R

int (*suspend) (struct device *dev, pm_message _t state); //FEF 1 % 1 BRI AL
int (*resume) (struct device *dev); 113 6 TR R

const struct attribute_group **groups;
const struct dev_pm_ops *pm;
struct driver _private *p;

1
device_driver 3513 8 pR £ 240 T

int driver_register(struct device driver * drv);

void driver_unregister(struct device driver * drv);

probe Ji, 74 PRELAE Linux SKENIT A MREENER . 0T driver_register ERELIFIIFHISC
2, AR driver register->bus_add driver-> driver attach-> driver_attach-> driver probe device->
really probe:

static int really probe(struct device *dev, struct device driver *drv)

{
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if (dev->bus->probe) {
ret = dev->bus->probe(dev);
if (ret)
goto probe_failed,;
} else if (drv->probe) {
ret = drv->probe(dev);

if (ret)
goto probe_failed,;
}
}
AN 2% (1) R B S probe Ji 3 BREL, W driver_register PRZI<sTHA device_driver
1] probe Ji& b4 BAEL .

B G A KB YRR A b, BRSERBEE B IKEN UL SRS H AR

struct bus_type {

const char *name;
const char *dev_name;
struct device *dev_root;

const struct attribute_group **bus_groups;

const struct attribute_group **dev_groups;

const struct attribute_group **drv_groups;

int (*match)(struct device *dey, struct device_driver *drv);/ILE % % 55K5)
int (*uevent)(struct device *dev, struct kobj uevent env *env);

int (*probe)(struct device *dev);

it (*remove)(struct device *dev);

void (*shutdown)(struct device *dev);

int (*suspend)(struct device *dev, pm_message t state);

int (*resume)(struct device *dev);
¥
R A RIS, I B ) e

struct class {

const char *name;
struct module *owner;
struct class_attribute *class_attrs;//2S )

const struct attribute_group **dev_groups;

struct kobject *dev_kobyj;

int (*dev_uevent)(struct device *dev, struct kobj uevent env *env);
char *(*devnode)(struct device *dev, umode t *mode);

void (*class_release)(struct class *class);

void (*dev_release)(struct device *dev);

int (*suspend)(struct device *dev, pm_message t state);

int (*resume)(struct device *dev);

const struct kobj ns type operations *ns_type;
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const void *(*namespace)(struct device *dev);
const struct dev_pm_ops *pm;
struct subsys_private *p;

Bs

il class_create °] LAGIEE—NK . RGUT NIRRT LhfE/sysfs/class H g Ik E]

#define class_create(owner, name) \

{ \
static struct lock class key key; \
_ class_create(owner, name, & key); \

1)

void class_destroy(struct class *cls);

2.3 sysfs XRS5

sysfs & MRS RS, F3MBLF/proc. sysfs AMUAG/proc —HE SB35 18] U i) I
s, T H CASE g5 R T A P PR A AR BRAE E. sysfs 2 — P NAESUIE RS,

5j kobject KAALH Y] RGHHIEE— kobject XTWH sysfs

AN HSE TR A sysfs TIIHSARR A kobjeet X s | vz mmms

%, B sysfs SCHARZEXT M kobject 1 JE

. NP, — ~ e SRR i I
sysfs SCAFRGEAEFETEWHLE R T B ISR A rh 5 41 o o
, AY . . oc W
PERZEIROR R . HTZ H 45 block. device. bus. drivers. . i
- us o EXR
class. power. firmware %5, s -
[root@urbetter sys]# 1s devices B
block class devices fs module firmware F
bus dev firmware kernel power kernel A%
dul AR
Jsys 1AL LR IL4 2-1. e
N w power b
sysfs SCAF RS i HEA 1) R B ELFE
int sysfs_create_file(struct kobject * kobj, const struct attribute * attr) ; J/RN ST A
int sysfs_chmod_file(struct kobject *kobj, struct attribute *attr, mode_t mode); IME BT m
void sysfs_remove_file(struct kobject * kobj, const struct attribute * attr); ST A
int sysfs_create_dir_ns(struct kobject *kobj, const void *ns); /1813 H 5%
void sysfs_remove_dir(struct kobject *kobj); IR B 5%

int sysfs_create group(struct kobject *kobj,const struct attribute group *grp);

/B2 JE Pk

sysfs SR G HENE S /sys N, o m] DL i i dir - TN

mount -tsysfs sysfs /sys

device_create PRI T-{E/sysfs U RGP QI MRE BEE S ML

struct device *device create(struct class *class, struct device *parent,
dev_t devt, void *drvdata, const char *fmt, ...);
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B2 ASNEIEBR A

A 7S W AE SR B R A i sys R i/ dev W1 L. HE B E/sys/class H iEF'ﬁ'JLTJ
M, RHEWAZSE, A RefiA udev 8L mdev S50 £ SR AL BEFE 7 >R 38 ) 152 48 15 A

A W\samples\2model\2-1module_devicecreate. #Z /LRSI :

static void simple register (void)
{
int error, devno = MKDEV (simple major, simple minor);
cdev_init (&cdev, &simple fops);
cdev.owner = THIS MODULE;
cdev.ops = &simple_fops;
error = cdev_add (&cdev, devno, 1);
if (error)
printk (KERN NOTICE "cdev_add error %d", error);
/8% simple_class
simple_class =class_create(THIS MODULE, "simple class");
if(IS_ERR(simple_class)) {
printk("Err: failed in creating class.\n");
return ;
}
//HE simple_class A1l 5 %
device_create(simple_class,NULL, devno, NULL,"simple");
}
static int __init simple_init (void)
{
int result;
dev=MKDEYV (simple major, simple minor);
result = register _chrdev_region (dev, number of devices, "simple");
if (result<0) {
printk (KERN_WARNING "hello: can't get major number %d\n", simple_major);
return result;
}
simple_register();
printk (KERN_INFO "char device registered\n");
return 0;
}
static void __exit simple_exit (void)
{
dev_t devno = MKDEYV (simple major, simple minor);
cdev_del (&cdev);
unregister_chrdev_region (devno, number_of devices);
device destroy(simple_class, devno);

class_destroy(simple_class);

}
AFEATERUNT -
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# 2% Linux X &IEHAER

[root@urbetter drivers]# insmod smodule.ko
char device registered

[root@urbetter drivers]# Is /dev | grep sim
simple

[root@urbetter drivers]# cd /sys/class
[root@urbetter class]# Is

backlight hwmon mem rtc

bdi i2c-adapter misc scsi_device
block i2c-dev mmc_host scsi_disk
dma input mtd scsi_generic
graphics led net scsi_host

[root@urbetter class]# cd simple class/
[root@urbetter simple class]# Is

simple

[root@urbetter simple_class]# cd simple/
[root@urbetter simple]# Is

dev power subsystem uevent
[root@urbetter simple]# rmmod smodule
[root@urbetter simple]# Is /dev | grep sim

[root@urbetter simple]#

A] W/sys/class UL Je/dev T ISABIEE T 545 S

simple class vc
sound vtconsole
Spi_master

tty

ubi

2.4 platform &

FEMES G IR AR BRI PHRE R, planEZetiht. ik

DMA 5E%. *F

BIAALENT device 55 driver BRI, "EMSZEN platform_bus_type:

struct bus_type platform bus_type = {

= platform_dev_groups,

.name = "platform",
.dev_groups

.match = platform match,
.uevent = platform_uevent,
.pm

Bs

= &platform_dev_pm_ops,

V-5 15 8 platform_device Z5 AR, 1858w LN

struct platform_device {

const char  *name;

int id;

bool id_auto;

struct devicedev;

u32 num_resources;

struct resource *resource;
const struct platform_device id

char *driver override;

115
IBIRE R
115
*id_entry;
P VG RC R B 4 %/
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struct mfd_cell *mfd_cell; /*MFD cell F5El*/
struct pdev_archdata archdata; IR AR S+
b

T8 B NN S EER R D AR .

int platform_device register(struct platform_device *); IREM—AFE %%
void platform_device unregister(struct platform_device *); /AEH —A T & B4

V-5 KA d H platform_driver 45 K4k :

struct platform_driver {
int (*probe)(struct platform_device *);
int (*remove)(struct platform_device *);
void (*shutdown)(struct platform_device *);
int (*suspend)(struct platform device *, pm_message t state);
int (*resume)(struct platform_device *);
struct device_driver driver;
const struct platform_device id *id_table;
bool prevent _deferred probe;

fi2
-5 W% RS LRI probe F remove Ji7k, - HAE probe HH AR £ B I AT FH M
S5 RSl ST R YR BN A R . P A RS R D W

int platform_driver register(struct platform_driver *drv);
void platform_driver unregister(struct platform_driver *drv);

platform_driver register F platform_driver unregister A L j& i driver register Fl
driver_unregister. Z[1) Linux WX EAERBEN D FIX S 2, B Linux NAZ R
2 H module_platform_driver B/ v SEIX YN R EL I DI RE,  FARFE DLATS 5 i i1 2.2
resource £ RN 5 BEEHIHEA, & XA

struct resource {

resource size t start; /R hg
resource_size t end; 12k
const char *name; e

unsigned long flags; ieesi|

struct resource *parent, *sibling, *child; /IR E N AR
iz

1t platform_device 454 A LLACE Z M Bt Uifs H . THIEIT flags bRk L4E:

#define IORESOURCE IO 0x00000100 /IO ¥

#define IORESOURCE MEM  0x00000200 /N AF 55
#define IORESOURCE_IRQ 0x00000400  //H KT % 5
#define IORESOURCE DMA  0x00000800 //DMA %

PWAZERE TR, ARSI (1 B A5 B -
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[R5 AR 7 PR BR UL

struct resource * platform_get resource(struct platform device *dev, unsigned int type, unsigned int num);
IR P 5 AR U R

struct int platform_get irq(struct platform_device *dev, unsigned int num);

TR A PRSI BR ISR R A BE U5 o

struct resource * platform_get resource byname(struct platform_device *dev, unsigned int type, char *name);
HIRRHE A4 R ARG K P 75 o

int platform get irq byname(struct platform device *dev, char *name);

5l 2.2 V& w &M
AAGIAHS LE \samples\2model\2-2module_plateform. #Z%/CrCAU1 T

struct test_platform_data

{
int idx;
15
static struct test platform_data test info = {
idx =25,
15
static void plate test release(struct device * dev)
{
return ;
}
113 SCF- 6 B
static struct platform_device plate test device = {
.name = "platetest",
.id =-1,
.dev ={

.platform data = &test info,
.release =plate test release,

},
15
static int plate test probe(struct platform_device *pdev)
{
printk (KERN INFO "plate test probe enter...\n");
return 0;
b
static int plate_test remove(struct platform_device *pdev)
{
printk (KERN INFO "plate test probe remove...\n");
return 0;
}
117E SCF- 6 9K E)

static struct platform_driver plate test driver = {
.probe =plate test probe,
.-remove = plate_test remove,
.driver = {
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.name = "platetest",
.owner =THIS MODULE,
} b
15
static int __init plateform_test init (void)
{
platform device register(&plate test device);
platform_driver_register(&plate test driver);
return 0;
}
static void __exit plateform_test_exit (void)
{
platform_driver unregister(&plate test driver);
platform_device unregister(&plate test_device);
}
BATERANT

[root@urbetter drivers]# insmod plateformtest.ko
plate_test probe enter...

[root@urbetter drivers]# rmmod plateformtest
plate test probe remove...

[root@urbetter drivers]#

51 2.3 DM9000 -6 15 £% 25 Ys i s 45
A5 A DMO000 M- 2 I BE IR S o A% LM RS R
#define S3C64XX PA DM9000 (0x18000000)//DM9000 GBS N

#define S3C64XX_SZ DM9000 SZ 1M
#define S3C64XX_VA DM9000 S3C_ADDR(0x03b00300)

#define DM9000_ETH_IRQ_EINTO IRQ _EINT(7)
static struct resource dm9000_resources_cs1[] =
{

[0]={

start = S3C64XX_PA_DM9000 + 0x300,
end  =S3C64XX_PA DM9000 + 0x300 + 0x03,
flags = IORESOURCE_MEM

5>
[1]=1
start = S3C64XX_PA_DM9000 + 0x300 + 0x4,
end  =S3C64XX_PA_DM9000 + 0x300 + 0x4 + 0x7f,
flags = IORESOURCE_MEM
1
[2]=1

start = DM9000_ETH_IRQ_EINTO,
end =DM9000 ETH IRQ EINTO,
.flags = IORESOURCE IRQ
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H
15
static struct dm9000 plat data dm9000_setup csl = {
flags =DM9000 PLATF 16BITONLY
|5
P63 & ik
struct platform_device s3¢_device dm9000 csl = {
.name ="dm9000",
.id =0,
.num_resources =ARRAY SIZE(dm9000 resources csl),
.resource =dm9000 resources_csl,
.dev =
.platform data = &dm9000 setup csl,
}
b

M MMC - &5 B e s AR 4n T -

static struct platform_driver dm9000 driver = {

.driver ={
.name = "dm9000",
.pm = &dm9000 drv_pm_ops,

.of match_table = of match ptr(dm9000 of matches),
} 2
.probe  =dm9000 probe,
remove =dm9000 drv_remove,
15
module platform_driver(dm9000_driver);

T RAS R T module platform_driver AR IHFIAER N 4w E 77 BEA K bR
¥ dm9000_probe JE/~ T 3RIT- 6 B 85 PR 1) J71 %

static int dm9000_probe(struct platform_device *pdev)
{
struct dm9000_plat data *pdata = dev_get platdata(&pdev->dev);
struct board_info *db; PRRBAT B/
struct net_device *ndev;
struct device *dev = &pdev->dev;

const unsigned char *mac_src;

1REHHE B
db->addr_res = platform_get_resource(pdev, IORESOURCE_MEM, 0);
db->data_res = platform_get_resource(pdev, IORESOURCE_MEM, 1);
if (!db->addr_res || !db->data_res) {
dev_err(db->dev, "insufficient resources addr="%p data=%p\n",
db->addr res, db->data res);
ret = -ENOENT;
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goto out;

}
/RN 5
ndev->irq = platform_get_irq(pdev, 0);
if (ndev->irq < 0) {
dev_err(db->dev, "interrupt resource unavailable: %d\n",
ndev->irq);
ret = ndev->irq;

goto out;

2.5 Attributes
JE M R A IR N RZ R e . B e R

struct attribute {
const char  *name;
umode t mode;

#ifdef CONFIG DEBUG LOCK ALLOC
bool ignore lockdep:1;
struct lock class_key *key;
struct lock class_key skey;

#endif

15
— 1 JEEH attribute_group &7R:

struct attribute _group {

const char *name;

umode t (*is_visible)(struct kobject *,struct attribute *, int);

umode t (*is_bin_visible)(struct kobject *,struct bin_attribute *, int);
struct attribute **attrs;

struct bin_attribute **bin_attrs;

b

Bk gl REATH RN, IXLERTEAE attribute Z5MINELRE I, 850 T SR S A7
filiie o FAdoE Xk

6 SR 1
struct device_attribute {
struct attribute attr;
ssize t (*show)(struct device *dev, struct device attribute *attr,char *buf);
ssize_t (*store)(struct device *dev, struct device attribute *attr,const char *buf, size t count);
15
/s JE PR A
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int device create file(struct device *device,const struct device_attribute *entry);
void device remove_file(struct device *dev,const struct device _attribute *attr);
/19BN JE P45
struct driver_attribute {
struct attribute attr;
ssize t (*show)(struct device driver *driver, char *buf);
ssize_t (*store)(struct device driver *driver, const char *bufisize t count);
15
/19BN JE P 1
int driver_create file(struct device driver *driver,const struct driver_attribute *attr);
void driver_remove file(struct device driver *driver,const struct driver attribute *attr);
IRJE LS
struct class_attribute {
struct attribute attr;
ssize t (*show)(struct class *class, struct class_attribute *attr,char *buf);
ssize t (*store)(struct class *class, struct class_attribute *attr,const char *buf, size t count);
b
Sz 3n]
int class create file(struct class *class,const struct class_attribute *attr);
void class_remove_file(struct class *class,const struct class_attribute *attr);

5 2.4 sysfs T 17 A 1 5451
A7 sysfs Bess H s NI U@ P .
AAGIAHS £ \samples\2model\2-3module_device create file. #Z%/CMCISUI T

static int fgj;
N ENERRAT B 2
static ssize t fgj show(struct device *dev, struct device_attribute *attr,char *buf)
{
return sprintf(buf, "%d\n", fgj);
}

static ssize t fgj store(struct device *dev, struct device attribute *attr,const char *buf, size t count)

{
sscanf(buf, "%d", &fgj);

return count;
}
HENEE S
static struct device attribute fgj attribute =
{
.attr=
{
.name="fgj",
.mode=0644,
} 2
.show=fgj show,
.store=fgj_store,
1
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58

struct test_platform_data

{

int idx;

15

static struct test platform data test info = {
idx =25,

15

static void plate test release(struct device * dev)

{

return ;
}
1185 X
static struct platform_device plate test device = {
.name = "platetest",
.id =-1,
.dev ={

.platform data = &test info,
.release =plate_test release,
$s
15
/1 Ve A 1) S S
static int plate test probe(struct platform_device *pdev)

{
printk (KERN_INFO "plate test probe enter...\n");

device_create_file(&pdev->dev,&fgj_attribute);//fl|E Bt % B

return 0;

}

ABPEEAT AR

[root@urbetter drivers]# insmod devicecreatetest.ko
plate_test probe enter...

[root@urbetter drivers]# cd /sys

[root@urbetter sys]# Is

block class devices fs module
bus dev  firmware kernel power
[root@urbetter sys]# cd devices/

[root@urbetter devices]# ls

dma-pl080s.0 dma-pl080s.1 platform system
[root@urbetter devices]# cd platform/

[root@urbetter platform]# Is

alarmtimer s3c-sdhci.0 $3c¢6400-uart.0
dm9000.0 s3¢2410-ohci s3¢6400-uart. 1
platetest $3¢2410-wdt $3c6400-uart.2
power $3¢2440-i2¢.0 $3c6400-uart.3
s3c-fb s3c2440-i2c.1 s3c64xx-ade

s3c-hsotg s3¢6400-nand s3c64xx-pata.0

virtual

s3c64xx-rtc
samsung-ac97
samsung-i2s.2
samsung-keypad
samsung-pwm
serial8250

smsc911x
snd-soc-dummy
soc-audio
uevent

wm9713-codec
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[root@urbetter platform]# cd platetest/
[root@urbetter platetest]# Is

driver fgj power uevent
driver override  modalias subsystem

[root@urbetter platetest]# cat fgj

0

[root@urbetter platetest]# echo 9 >fgj
[root@urbetter platetest]# cat fgj
9

5125  sysfs 5 i 41 5451
AIAHS SR B A #%\linux-4.5.2\samples\kobject\kobject-example.c. 1%L ATTF :

static struct kobj_attribute foo_attribute =
___ATTR(foo, 0664, foo_show, foo_store);

static struct kobj_attribute baz_attribute =
__ ATTR(baz, 0664, b_show, b_store);

static struct kobj_attribute bar_attribute =
__ ATTR(bar, 0664, b_show, b_store);

static struct attribute *attrs[] = {
&foo_attribute.attr,
&baz_attribute.attr,
&bar_attribute.attr,
NULL,

15

/15 SR AL

static struct attribute _group attr_group = {
.attrs = attrs,

b

static struct kobject *example kobj;

static int __init example_init(void)

{
int retval,
example kobj = kobject create and add("kobject example", kernel kobj);
if (lexample kobyj)
return -ENOMEM,;
retval = sysfs_create group(example kobj, &attr group);
if (retval)
kobject_put(example kobj);
return retval;
}
static void __ exit example exit(void)
{
kobject_put(example kobj);
}

_ ATTR ZHIRPGERE T Jm bt ABHEAT 4 %W b
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[root@urbetter drivers]# insmod sysfsdemo.ko
[root@urbetter drivers]# cd /sys

[root@urbetter sys]# Is
block class devices fs module
bus dev firmware kernel power

[root@urbetter sys[# cd kernel/

[root@urbetter kernel[# 1s

fscaps mm slab uevent_seqnum
kobject_example notes uevent_helper
[root@urbetter kernel# cd kobject example/
[root@urbetter kobject examplel# Is

bar baz foo

[root@urbetter kobject example]# cat foo

0

[root@urbetter kobject example]# echo 1 >foo
[root@urbetter kobject example]# cat foo

1

[root@urbetter kobject example]#

2.6 BEZHEBEH

2.6.1 Kkobject uevent
kobject uevent J& A% T8 R IEL N 2 1 G4 . kobject uevent S ALHELL RIS

enum kobject action {
KOBJ_ADD, el
KOBJ_REMOVE, //IHF
KOBJ CHANGE, //AH
KOBJ MOVE, 1%
KOBJ ONLINE,  //{E4
KOBJ OFFLINE, // T4k
KOBJ_MAX

e

kobject uevent #&5ET Netlink LI AT H VB SRANHT) (FAFE AP A
AT 2 B3 — > Netlink AR5

static int uevent_net_init(struct net *net)
{
ue sk->sk = netlink kernel create(net, NETLINK KOBJECT UEVENT, &cfg);
if (lue_sk->sk) {
printk(KERN ERR
"kobject uevent: unable to create netlink socket!\n");
kfree(ue_sk);
return -ENODEYV;
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}

mutex_lock(&uevent sock mutex);
list add tail(&ue sk->list, &uevent sock list);
mutex unlock(&uevent sock mutex);

}
WAZ Gl i kobject uevent AR H -

int kobject_uevent(struct kobject *kobj, enum kobject action action)

{

return kobject uevent env(kobj, action, NULL);

}

kobject_uevent i T kobject uevent env pi%{. kobject uevent env PR AIEEFHAF B
i, JFI 4 Netlink %5/ 3

int kobject uevent env(struct kobject *kobj, enum kobject action action,char *envp ext[])

{
5T R YR, B AT RIS AKI%, kset [ uevent_ops Ik EH
kset = top_kobj->kset;
uevent_ops = kset->uevent_ops;
if (uevent_ops && uevent ops->filter)
if (luevent ops->filter(kset, kobj)) {
pr_debug("kobject: '%s' (%p): Yos: filter function "
"caused the event to drop!\n",kobject name(kobj), kobj, func );
return 0;

}

IR R

retval = add_uevent_var(env, "ACTION=%s", action_string);

if (retval)goto exit;

retval = add_uevent var(env, "DEVPATH=%s", devpath);

if (retval)goto exit;

retval = add uevent var(env, "SUBSYSTEM=%s", subsystem);
if (retval)goto exit;

list for each entry(ue sk, &uevent sock list, list) {//i)Jj uevent sock Fi3&
retval = netlink broadcast filtered(uevent sock, skb,
0, 1, GFP_KERNEL kobj_bcast_filter,kobj);//) #&Z1F:

}
2.6.2 uevent helper

s WAL S FF uevent helper, 4 A% kobject_uevent env pREGE 21 N H 2
] uevent helper #£/%. 44T make menuconfig /53 A Linux FCE %111 [device drivers] -—>
[ sGeneric Driver Options] , A& WK 2-1 fiw.

61



Linux X #h42 5 & =6 % 2 &

[#] Support for uevent helper

(/sbin/hotplug] path to uevent helper

[ ] Maintain a devtmpfs filesystem to mount at /dev

[#] Select only drivers that don’t need compile—time external firmware
[#] Prevent firmware from being built

—#- TUzerspace firmware loading szupport

[#] Include in—kernel firmware blobs in kernel binary

() External firmware blobz to build into the kernel biba:ry
[ ] Fallback user-helper invocation for firmware loading

[ ] Driver Core verboze debugz messages

[ ] Managed device resources werbose debuz messages

Kl 2-1  WAZSZEF uevent helper

kobject uevent_env P75l uevent helper FARAGUIT T :

int kobject uevent env(struct kobject *kobj, enum kobject action action,char *envp ext[])

{

#ifdef CONFIG_UEVENT HELPER

/*call uevent_helper, usually only enabled during early boot*/

if (uevent helper[0] && 'kobj usermode filter(kobj)) {
struct subprocess_info *info;
retval = add_uevent var(env, "HOME=/");
if (retval)goto exit;
retval = add _uevent_var(env,"PATH=/sbin:/bin:/usr/sbin:/usr/bin");
if (retval)goto exit;
retval = init_uevent_argv(env, subsystem);
if (retval)goto exit;
retval = -ENOMEM;
13— B KL
info = call_usermodehelper_setup(env->argv[0], env->argy,

env->envp, GFP_ KERNEL,NULL, cleanup uevent env, env)

if (info) {
retval = call_usermodehelper_exec(info, UMH_NO_WAIT);//3 35 FHFERF
env =NULL;
}
}
#endif

}
/1 LTENR A init_uevent argv R AU KA UAE S %L
static int init_uevent argv(struct kobj uevent env *env, const char *subsystem)

{

int len;

env->argv[0] = uevent_helper;
env->argv[1] = &env->buf[env->buflen];
env->argv[2] = NULL;

env->buflen +=len + 1;

return 0;
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AW, call_usermodehelper_exec B%H3) T —> uevent_helper F2/7, %F2F AL IRAT
7t uevent_helper (41", uevent helper 27 1] LUl i /sys/kernel [1) uevent helper J& 15 fiik
/proc/sys/kernel/hotplug 15 FK I E . I 7 /& 4 mdev E4 uevent_helper #2/7 .

[root@urbetter kernel[# echo /sbin/mdev > /proc/sys/kernel/hotplug
[root@urbetter kernel[# pwd

/proc/sys/kernel

[root@urbetter kernel |# cat hotplug

/sbin/mdev

[root@urbetter kernel|# cd /sys/kernel/
[root@urbetter kernel]# Is

fscaps notes uevent_helper
mm slab uevent seqnum
[root@urbetter kernel |# cat uevent helper
/sbin/mdev

Linux Ni&AEHIE MM udev T H. mdev +& busybox T HATH&&EH T H, H
KAEMAXRGE T EAC udeve udev WEH—N—HIZITH udevd GG 5 udev A,
mdev NE—HIZITHEGRTY, R Z NIRRT, 7ER5 8 S L0k mdev W E
% uevent_helper F£/7.

2.6.3 udev

udev MV ZETH, $RAE—ANEETH 2 20 ) 3h A58 m B B 44 R T &,
EREEIRYE RS ORI B PRSI TR s & SO, AFE B SO . kR, ik
R INAEE .

udev [ FAETBAE udevd.e XA, BEEREKA udev % um I . WK
hotplug ZFfF. FCE SO FAE. A &Il A /4R (hotplug) B, udev #fh4s i 2l
A, E SRR T S A sysfs TE R, W EE RO, O8N R/ dev

udev &l Netlink HUHIZRE AL vevent FHAF . JERAE iR AX RS+, HTH
WAHMR, w&EABEAIE, B H mdev A8 udev LIRS BLLIRE, 1] mdev /&l
T HV5 0) /sys/class/ H SRR 15 B .

udev 22 BN ST AR ALFE vevent . udev FINISCEAE H S¢/etc/udevirules.d R
[flo udev M A RGN inotify DhRE, i HFNISC A H 5% /etc/udev/rules.d, —HixH &
K SCAEAT AR AN, BH N S . udev BRI SCAE A — AN L TF SR AT e — 4
RO RN BB S AT 8. IR DU ==""5 58, PUTHH =" 5%
i BT R

SUBSYSTEM: IGHL T &%:
ACTION: DURECBhAE
KERNEL: [GFit N4
RUN: HUTFEF

NAME: &4 17 fims
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SYMLINK: )% &
I THTAE N — BOE I ST AR A 7«

# Media automounting

HF RGN "block", B4 A "add" 87 "remove", ¥JF1T/etc/udev/scripts/mount.sh
SUBSYSTEM=="block", ACTION=="add" RUN+="/etc/udev/scripts/mount.sh"
SUBSYSTEM=="block", ACTION=="remove" RUN+="/etc/udev/scripts/mount.sh"
# Handle network interface setup

MF RGN net", 1A "add" 8 #E "remove", ¥JHAT/etc/udev/scripts/network.sh
SUBSYSTEM=="net", ACTION=="add" RUN-+="/etc/udev/scripts/network.sh"
SUBSYSTEM=="net", ACTION=="remove" RUN+="/etc/udev/scripts/network.sh"

# SCSI devices

MT RGN scsi "y WA st[0-9]*, BIQIE scd 19815 sr P
SUBSYSTEMS=="scsi", KERNEL=="sr[0-9]*", NAME="scd%n", SYMLINK+="sr%n"

2.7 ZER

WM (Device Tree) HISRFHIBMAR AR AE/F(E B . Linux 551 arch H 3 M KEM
WA BRI A, RAWAWIG, WA TS KRR SO, SRR i
LS BB RS R B A, AR EE s &, AR ZAE SN 2R . B L
47T Linux WAZJEAHS arch/arm/boot/dts H g R, A dts SCHF ARG E X, disi SCIFA
Soc Z5E Lo 4t Linux WA )44 make dtbs, A-j*.dtb X (Device Tree Blob). ¥
WSS G SR — AN IRAE %X, bootloader Jii Bl 25K 5 2 (5 E N AT
FRG LN AN AL 25 Linux W% . WAZTE S BN S A7 B4 1T R

void __init setup_arch(char **cmdline p)

{

mdesc = setup_machine_fdt(__atags_pointer); JESL A

unflatten_device tree(); /A AR, KAWL device node £ H T If#T 5 B
arm_dt init cpu maps();

psci_dt init();

}

AL fdt WY F % %5 8 (Flat Device Tree), fEWAFHIES A7 fit. LI atags
pointer ZH(ii /& bootloader &4 WX I #- W HbE, T7EAREERR ) R2 75745, 7E Linux
JERS (1] arch/arm/kernel/head-common.S SCAFHF)_ mmap switched FLIKAE4S  atags pointer.

WA IRSEAHESE 4N T

//5] & http://elinux.org/Device_Tree Usage#PCI_Address_Translation

{
nodel {// 15 Hi %
a-string-property = "A string"; 1545 £ vk
a-string-list-property = "first string", "second string"; /R KRN
a-byte-data-property = [01 23 34 56]; IR T, 16 B
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child-nodel {//1-14 &
first-child-property;
second-child-property = <1>;
a-string-property = "Hello, world";

3

child-node2 {//-¥-7% 5 2

¥

1
label: node2 {

an-empty-property;

a-cell-property = <1 2 3 4>; /*EANE T N TS FAR*/

child-nodel {

¥

Bs

1 AN <name>[@<unit-address>]. BN AL ™ compatible JEE, A
R S HHE B . compatible JEMERWAPRIR, EUPE TR EWAIEN G E . ARy
HEMAE G AR (reg)s FWr Cinterrupts ). 5 JI#E 6] (pinctrl-names. pinctrl-0). 4
(clocks) &, WAMEOAT —He &R EMEME. FHENZ at91sam9g45.disi LA 12C %
HEECREISE

12¢0: i2c@ftt84000 {
compatible = "atmel,at91sam9g10-i2¢"; /A HRIA
reg = <0xfff84000 0x 100>/ N AFHUN B, Apfrse, CUhHlh 0xfi84000, 4 0x100
interrupts = <12 IRQ_TYPE_LEVEL HIGH 6>; /"5 527!
pinctrl-names = "default";

pinctrl-0 = <&pinctrl_i2¢0>; /178 I IR pinetrl_i2¢0 7 55

#address-cells = <1>; /I R reg JE MR EEANEL

#size-cells = <0>; [E T A reg BHERKEGE, 0 RRTEKERFE
clocks = <&twi0_clk>; iR ] twi0_clk 15 5

status = "disabled"; IPRZS

15
WAL ) at91sam9m10g4Sek.dts KA T at91sam9gds.disi SCAF, FHiEL )
12C 519 sk -

#include "at91sam9g45.dtsi"
12¢0: i2c@fff84000 {

status = "okay"; IPRZS
0v2640: camera@?30 { /3l 0x30 [rIFHE Sk
compatible = "ovti,ov2640"; IERIR

reg = <0x30>; HAE P AEBUR e 4%, 12C vesd il ol 0x30
pinctrl-names = "default";

pinctrl-0 = <&pinctrl pckl as isi mck &pinctrl sensor power &pinctrl sensor reset>;

resetb-gpios = <&pioD 12 GPIO_ACTIVE_LOW=>; /B R
pwdn-gpios = <&pioD 13 GPIO_ACTIVE_HIGH>; /A A
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clocks = <&pck1>; /I BIR A pekl 1 A

15
e
ov2640 kBT RO 2C EEHIES Y AU T AL B reg JB RS2 B AT KUK
#address-cells S#size-cells )W .
device 511 of node Jil 34510 B SCIRIM B 25 o device 44460 25 71 FLA B 2% £ 4
H1, 40 platform_device £, fRUITCAI- G ¥4 platform device *op 4fity, W/Ai@ op->
dev. of node Vil 44 R, M E AW G RATREIT:

struct platform_device *of find device by node(struct device node *np);
WAZHE SCT — 25N APL BRI/ drivers/of H R o T REIBA&M AN T

/PN R compatible J& P4 /& 15 6L 7% name

int of device is compatible(const struct device node *device,const char *name);

AR W 455 K compatible J& S35 A

struct device node *of find compatible node(struct device node *from,const char *type,const char *compat);
/RN

void *of get property(const struct device node *node,const char *name,int *lenp);
IERECT R SR AR

int of property read u8(const struct device node *np,const char *propname,u8 *out value);

TSR B B J

int of property read u8 array(const struct device node *np,const char *propname, u8 *out values, size t sz);
I A Y R

int of property read_string(struct device node *np,const char *propname,const char **out_string);
/IEREL A

unsigned int irq_of parse and map(struct device node *dev,int index);
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AHTEEN, Linux 2 N2 H P 2AESRERG . 2B (SMP) 1E 0L T AEEEIER
FATIBHE, PKEVEIEFNSATI . MAE AR EESS (uniprocessor, UP) 1&EH, FFAT i@k
AT, RIS I s o N ERR LARA T 5 — DN 7 2R AR T T VT IR IR AT
REM, AU FHA RO CRUE [FEP ARG 00 3 AR TR T (R AL BE 25 4T Wr i E AR AT (KA T
% . Linux #AERGETAERZMFEDHLE], WFEESE (semaphore). HIEBT (spinlock).
JAF#4E (atomic operation). EH (rwlock). RCU Fl seqlock, BEFHLEIN FHAEA R
o A Linux MFACHEE NS PR Z A BES N IZ . AR WA R RS TN, X
SO Bk =AY, BRI 2 AT B Linux WRZIAA B

5 35 Linux N

g

3.1 [RFRME

JR R R R BRI AR, SN TIE R B I, AT, 7R
WePRERRGE, BENSAE L5 h 5SS U BRAE AR IT LAV R S 73841 AEXTAR 2 AL AR 45 4
B REAE HARE 2 PSS RN A AT T RET W o s PEAN T RE R AR SR ORALE 0200
AREAFISCRS, IR G HICHT, iy W e 5 9o ot 74 DR g i) B2 I
R SO T AL Catomic t) SRAY:

typedef struct { volatile int counter; } atomic t;

volatile BT it Uk s AN EERZR I (R E AL AL AL 2
J TR S RO LU T, R 3-1.

£31 EFEERH

*x B BR B J5 1Y oM

atomic_read(atomic_t * v); SR EAE

s atomic_set(atomic_t * v, int i); BB R RIS v IER i

e void atomic_add(int i, atomic_t *v); IR I AR v HEINE i
void atomic_sub(int i, atomic_t *v); MIEF AT AR B v k2 i
int set_bit(int nr, void *addr) ; X4 E bl addr [R5 nr bit BEAT EAL
int clear_bit(int nr, void *addr); X4 E bk addr [R5 nr bit BEFTIEAL

Bt
int test_bit(int nr, void *add) ; D2t sz Huhil: addr ()55 nr bit [K1E
int change_bit(int nr, void *addr) ; {fthhik addr (195 nr bit KABREO 2K 1, 17454 0)
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3.2 §iFNH

3.2.1  HjEi

AN RS AU — B HRI AL . BB AT R A A IR, Wk Aleso s
BONRHAT ISR, WHIE R BRI AR 2 % BB R R BT 8. WRA
RELEARAL IR IN TRl N RAFE, X TCRESY 2L CPU RCR PR,

ARM RN K) A BEBAI IR Z R 1«

typedef struct {
volatile unsigned int lock;
} arch_spinlock t;
typedef struct raw_spinlock {
arch_spinlock traw_lock;

} raw_spinlock t;
typedef struct {

raw_spinlock t raw_lock;

} spinlock t;

55 B AR PR B ZEA AR LL R LA

spin_lock_init(lock); AR Tt
spin_lock(lock); 113RA% et
spin_trylock(lock); 1128345 A et
spin_unlock(lock); 1IRET I Tt

spin_lock PREEIRAFBURRESLRIR A], 75 WIZE IR0, BRZRAF . spin_trylock B&
Heral A3 BB lock, WA RESZBIARAFEE, MR IR, 75057 Bl [Pl .
PRI 22 4 1) T ek 5

/IR F 2 42

spin_lock irq(lock); spin_unlock irq(lock);

spin_lock irgsave (lock,flag); spin_unlock irgrestore (lock,flag);
I1RAE R W2 4 i) B et

spin_lock bh(lock); spin_unlock bh(lock);

spin_lock_irq BRECRAT H BB [F] I 2525 - AH CPU BRSNS AT, 4 B et
BT AW BRSO, 2 spin_lock irq PA%L. spin_lock irq 45 spin_unlock irq X}
H, spin_lock irgsave 5 spin_unlock_irqsave X {§i . spin_lock irqsave BRE(Z{RA-A L
Wik, FEAREIIN TS A spin_unlock _irqrestore BRI BT (FIARES o

3.1 A sl

¥ simple_count WEAIIAEA 0, HIHEZLHEIEAKT 1. /2 CPU MIGHLFIH]
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ol R, an A I ABE DR B simple_count ANHYELA T 1 M

int simple_count=0;
if (simple_count)
{
return - EBUSY;

}

simple_count++;

XA A E S IRy simple_count AR EFIINERAE, MR IZBAS AR Z A
PRI T I 4865 Il\samples\3synchronous\3-1spinlock
WAAT T R s B G T

static int simplespin_count = 0;
static spinlock t spin = SPIN_ LOCK_UNLOCKED;
static int simplespin_open(struct inode *inode, struct file *filp)
{

P*3AT BB/

spin_lock(&spin);

/¥l S BT )%/

if (simplespin_count)

{

spin_unlock(&spin);
return - EBUSY;

}

simplespin_count++;

PRETR e/

spin_unlock(&spin);

return 0;
}
static int simplespin_release(struct inode *inode, struct file *filp)
{

simplespin_count--;

return 0;

}
RS AR A E

void main()
{
int fd;
fd=open("/dev/fgj",0_RDWR);
if(fd=-1)
{
perror("error open\n");
exit(-1);
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printf("open /dev/fgj successfully\n");

while(1);
close(fd);

b
AN T AR T

[root@urbetter drivers]# insmod spinlock.ko
chardev register success

[root@urbetter drivers]# mknod /dev/fgj c 224 0
[root@urbetter drivers]# ./test&

[root@urbetter drivers]# open /dev/fgj successfully
FFAT I RN

[root@urbetter drivers]# ./test

error open

: Device or resource busy

[root@urbetter drivers]#

322 B

BEEB (rwlock) SERFRZ—FRFERIN H BERT . 78 SEBr Y FH rh n SRS R 3N Hs 1) s
VEAE A AT DO Bt o M S 8. B2 5 B0 I = B 10 U7 ] 38 4l 7 j 32
HRGH, e PO, 5 W R T R

BEE WU T80 A BN 5, RefemIt kit DUATEZ AR R G, & AVFRIINAT
ZATA K R ILE TR . TE AR, NSRRI G AN E A,
{EABERIN B A BH XA EH . R EBIRRHIR R R B0  n RS S B i A 3
FEWERAEE, WAGEWUSLZEREE B, RS ANE, 23 A5 & i
o WREEBERAEE, WARE T LIZAERA 2 S8, SN B A e, E35%
B E8. /2 ARM P& b, W 32bit @ RIdi S8 i 5 LR N EE, &
RS R, R AAVFAY 0~30bit il g I EE (AR AR arch_read_lock 5
arch_write_lock fXi5),

BEBIRERE rwlock_to HIAGWIERSBURIIVEA PR, — s viinte, — Mt
SR

rwlock t x;

rwlock_init(x) ; BN WA S B x
rwlock t x=RW _LOCK UNLOCKED /#5411

DU A s B Bl B

IBRASEER . WUERANREIRATEE, T A e, BRI %A
read_lock(lock);
11 TS
read unlock(lock);
EAUREEA I AL AR
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AT TR, WRAREIRAFHE, B BIE, HEERSZ
write_lock(lock);
IR TR 5 4
write_unlock(lock);
B AT, B8t S R A T R, XA R B EIR A, DRk
BRI, W

read_trylock(lock) ;
write_trylock(lock);

A S B B G T

rwlock t lock;
static ssize t simple read(struct file *filp, char *buf, size t len, loff t*off)

{
int count=len;
read_lock(&lock); INER]
if (copy_to_user(buf,demoBuffer,count))
{
count=-EFAULT;
}
read_unlock(&lock); IR TS B
return count;
}
static ssize _t simple write(struct file *filp, const char *buf, size_t len,loff t *off)
{
int count=len;
write_lock(&lock); EE
if (copy_from_user(demoBuffer, buf, count))
{
count = -EFAULT;
H
write_unlock(&lock); 1R TS
return count;
H
static int __init simplerwlock_init(void)
{
rwlock init(&lock);
}
323 RCU

RCU A2 - 2 -2 (Read-Copy-Update) (& i, B /e —FhmiPEREAIBILE], HAIR
LFIYT R . (HZ XML A T VE I LA, REM T2 50K M. RCU 1)
AT RCU fRYIIC R LN, B AN ERAET 8t vl LALVT e, EEH AT
EIN T ECEH—AEIA, RIGXEIARLEATES, Soa e Ccallback) R E7ES
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2RISR ) SR AR B8 BT IR AR 8 ) Bl . IX AN B A 5 | % A (A

5 AR S = AR A
RCU B S SEA M s A R

#define rcu_read lock()
#define rcu_read unlock() preempt enable()

preempt_disable()

IBENBBAF IR T X i
/B R AR I S X

RCU 53— RSN BIABATERAE, ARG R RIAVOE WFEAR, & F2 sl b R
WUHIEA . call_reu pRECAHFUHLHI; synchronize reu pRECH UL, pRAEE LT

call_ rcu FRECH A )G, BRI, RCU K W2 0 H R p& £50RE T80 20 5 5 o
synchronize_rcu PR SS JEHLAERE, EHMeBERT, B nDREIA EdE a5

struct rcu_head {

struct rcu_head *next; /I'F—A> rcu_head
void (*func)(struct rcu_head *head); BRI 64551 i P A 2 R

Bs
eyl o] IR R O A ) e ) REA I M T

void call_rcu(struct rcu_head *head, rcu_callback t func) ;

IR reu, S5 EEHRY ML

void synchronize rcu(void);

513.2 RCU 544

AR5 W \samples\3synchronous\3-2rcu. AZ/CMRAL AT

72

A Sk e
#define DATA SIZE 16
struct protectRcu
{
char protect{DATA_SIZE];
struct rcu_head rcu;

15
struct protectRcu*global pr=NULL;
IR R — BHTRRE T H it
void callback function(struct rcu_head *r)
{

struct protectRcu *t;

t = container_of (r, struct protectRcu, rcu );

kfree (t);

printk("callback function kfree\n");
}
struct DEMO_dev *DEMO _devices;
static unsigned char demo_inc=0;
static u8 writeBufferf DATA SIZE];
static spinlock trcu_spinlock;
int DEMO_ open(struct inode *inode, struct file *filp)

{
struct DEMO _dev *dev;
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demo_inct+;
dev = container_of(inode->i_cdev, struct DEMO_dev, cdev);

filp->private data = dev;

return 0;
}
int DEMO _release(struct inode *inode, struct file *filp)
{
demo_inc--;
return 0;
}

ssize t DEMO _read(struct file *filp, char _user *buf, size t count,loff t *f pos)
{
int readsize=count;
if(global pr==NULL)return 0;
if(readsize>DATA_SIZE)readsize=DATA_SIZE;
rcu_read lock ();
if (copy_to_user(buf,global pr->protect,count))
{
readsize=-EFAULT; P AR BN R 7 2 [/
goto out;
}
out:
rcu_read unlock ();
return readsize;

}

ssize_ t DEMO_write(struct file *filp, const char __user *buf, size_t count,loff t *f pos)
{
struct protectRcu *t,*old;
int witesize=count;
if(witesize>DATA_SIZE)witesize=DATA_SIZE;
if(copy_from_user(writeBuffer, buf,witesize))return -EFAULT;

t = kmalloc (sizeof (*t), GFP_KERNEL ); IIEIA
spin_lock (&rcu_spinlock);

memcpy(t-> protect,writeBuffer, witesize); IERAERI A
old= global pr;

global_pr=t; 1B IEA

spin_unlock (&rcu_spinlock);
if(old!=NULL)
call_rcu (&old->rcu, callback function); s AR R &
else
printk("old pr is NULL\n");
return witesize;
¥
struct file operations DEMO _fops = {
.owner = THIS MODULE,
.read = DEMO read,
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.write = DEMO_write,
.open = DEMO _open,
rrelease= DEMO release,

Bs

I R A% AR G T

74

void main()

{
int fd;
char data[256];
int retval,

EAPIRE S
fd=open("/dev/fgj",0_RDWR);
if(fd=-1)

{
perror("error open\n");
exit(-1);
}
printf("open /dev/fgj successfully\n");

115 HAF
retval=write(fd,"fgj",3);
if(retval==-1)
{
perror("write error\n");
exit(-1);
}
1A
retval=read(fd,data,3);
if(retval==-1)
{
perror("read error\n");
exit(-1);
}
data[retval]=0;
printf("read successfully:%s\n",data);
close(fd);
}

ABEATERANT -

[root@urbetter drivers]# insmod rcu.ko
[root@urbetter drivers]# mknod /dev/fgj c 224 0
[root@urbetter drivers]# ./test

open /dev/fgj successfullyold pr is NULL

read successfully:fgj

[root@urbetter drivers]# ./test

open /dev/fgj successfullycallback function kfree
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read successfully:fgj
N ==X
324 595

ﬁ%i% FREEAR S . W — MES BRSO MG S =, (55 Ei e Im
AN—ANERFBAFR L ILHERR, XA CPU & TH%&@E@%T Frf E%EE’JI&EHE
*%ﬁﬂl}: AT A A ) MES B B RS S . BB S1E 5 B — X

FETTE AT DR A IR 15 e 8 %1§%§Eﬁﬁﬁﬁl7mﬁ%?%ﬁ%ﬁiﬁﬁﬁﬁHTIfﬂJLt%” PUES
%’ﬁﬁ’]hﬁﬁﬂﬂiﬁ(?ﬂ, B IeBe A kS AES S5 5 =18 AR E S &= Rir
HEANFAF, AR — M.

{55 (semaphore) LI ZEFIF-E AN, {55 = semaphore £5H4HHIA, &1

SR Y count S REHILAI A e 2 AR 5 R E

struct semaphore {
raw_spinlock t lock;
unsigned int count;
struct list_head wait_list;//25 45515

s

AR MZEE MR . 55 BT RV IAT U M 3B AR 5 R A
X1P), B sema_init BRECHIZ4L val,

void sema_init (struct semaphore *sem, int val); /#JUHHAE 5 =

fH T R AN AL AR

void down(struct semaphore * sem); /K155 5 5
void up(struct semaphore * sem);/FE M5 5, MeEEEERF4

IRIE 5 B PR EUE$E down. down_trylock. down_interruptible. down pRE{Zs— H554F
., down_trylock PR SZASRIE S &, BAUE 5 =4 AN ER . down BREL
BHEAR, DA REAE W IR SR . e W BRSO N I E ] down trylock BRI

int down_trylock(struct semaphore * sem);

down_interruptible P&EREHE (5 S FT W, EMRFMEWHRIE 0, RRFAGE S EIEHIR
[]; W AE-EINTR, FRontfs 59T, sy,

int down_interruptible(struct semaphore * sem);

f513.3 {55 RS
ABF G S RIS BF, SR RENmM T SR, DOy USRI TT 4
B AR I\samples\3synchronous\3-3sem. AZCMCHL U -

2% G5K
struct DEMO_dev

{

struct semaphore sem;
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struct cdev cdev;

15
ssize_ t DEMO_read(struct file *filp, char _ user *buf, size t count,loff t*f pos)
{
struct DEMO_dev *dev = filp->private data;
if (down_interruptible(&dev->sem))
return -ERESTARTSYS;
PAE B S 2 RS Py 25 )%/
if (copy_to_user(buf,demoBuffer,count))
{
count=-EFAULT;
H
up(&dev->sem);
return count;
b
ssize_ t DEMO_write(struct file *filp, const char __user *buf, size_t count,loff t *f pos)
{
struct DEMO_dev *dev = filp->private data;
ssize_t retval = -ENOMEM; /*value used in "goto out" statements™*/
if (down_interruptible(&dev->sem))
{
return -ERESTARTSYS;
}
PAEEE B N A% B
if (copy_from_user(demoBuffer+*f pos, buf, count))
{
count = -EFAULT;
}
printk("write delay\n");
msleep(1000* 10);/B40L LA FER 115 B4
printk("write delay ok\n");
up(&dev->sem);
return count;
}
int DEMO _init module(void)
{
sema_init(&DEMO_devices->sem, 1);/HIEEAE 5 &
}
AT AR

[root@urbetter drivers]# insmod demo.ko
[root@urbetter drivers]# mknod /dev/fgj c 224 0
[root@urbetter drivers]# ./write &

open /dev/fgj successfully

write delay

PEERFS R LR e/

[root@urbetter drivers]# ./read
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open /dev/fgj successfully

/* AR SRS S8 1/

write delay ok

read successfully:fgj

[1]+ Done Jwrite

325 EBEYHE
G BB AER T M EEEAEM R, RIS {F 5 8 (w_semaphore). &1
JFERSSEMZEA L, SEE SEMAXKREW N, MEEEAEE B eI .

void init_rwsem(struct rw_semaphore *sem);

void down_read(struct rw_semaphore *sem);

int down_read_trylock(struct rw_semaphore *sem);
void up_read(struct rw_semaphore *sem);

void down_write(struct rw_semaphore *sem);

int down_write_trylock(struct rw_semaphore *sem);
void up_write(struct rw_semaphore *sem);

WEESRAVPRGE RIS, KRR IR, Mg,
void downgrade write(struct rw_semaphore *sem);

downgrade write i FH (¥ AR 40 F

struct rw_semaphore rw_sp;
down_write(&rw_sp);

downgrade write(&rw_sp);//F&2 5 A ik

up_read(&rw_sp);

32,6 HJFa

B frH] mutex S5HE, Al AV RE . IR RN MR %
(P N 9 e e T ol

struct mutex {

atomic_t count;/1I=AN8; 0=CV 04 E=Cndl, FRTTREMSAE 2B
spinlock t wait_lock;
struct list_head wait_list;
¥
LR R SR B A

void mutex_init(mutex);

void mutex lock(struct mutex *lock);
int mutex_trylock(struct mutex *lock);
void mutex_unlock(struct mutex *lock);
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FRIE S LR AR A
3.3 E#RATI

331 FREAAIAR

SR BN T e A A AN B ZE U 1) o SRR T AR SR Le A 1 i AR A e gk 2k, )
AT UME SR AS AL 7 Linux PAAZ 38 A8 S5 BA SR S BB 28 Vs )«
® YIhAL— N ERFBAA Sk
void init waitqueue head(wait_queue_head t *q);
® SERFHAR L BRI
wait_event(wq, condition)///~ ] H KT [ 4545
wait_event_interruptible(wq, condition)//R] 5 Wi S5 A5

wait_event_timeout(wq, condition, timeout)// &R 1 [F] [ 254
wait_event_interruptible_timeout(wq, condition, timeout)//mJ 1 7 I8 i IR 1] i 254

® AN

wake up(wait_queue_head t *q) ;/MelFT 545 q AIEERE
wake up_interruptible(wait_queue head t *q);// F MeFEPAT B A AR AT HE AR

® A sGE H AR EAS

void add wait queue(wait_queue head t *q, wait_queue t *wait)
void add wait queue_exclusive(wait_queue head t *q, wait_queue t *wait)
void remove wait queue(wait queue head t *q, wait_queue t *wait)

IMNZERE B (R R R Al (wake_up)o BHZER TR IR BN — M A 152 bR £l 45
£, FFAEP B A LR L] wake up pR RO EESEAF RS o

332 PHIERLA M

JEBRZERAT, W R B A s v e WA WS, S R LRIk [B] . BH ZE A
N, WREAEIR T REHE RAAE, 5 RESENr, HRAEE e sk
CIRCH

5 3.4 FHZE X SLIKSNFE 7 45

AR5 W\samples\3synchronous\3-4block . #Z%/CrMCALUT T

1A% it
struct simple_dev

{

struct semaphore sem;
wait_queue head twq;
struct cdev cdev;
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fie
int simple_init module(void)
{
init MUTEX(&simple devices->sem);
init waitqueue head(&simple devices->wq);
}
/IR ZE sk
ssize t simple read(struct file *filp, char _ user *buf, size_t count,loff t *f pos)
{
struct simple_dev *dev = filp->private data;
1EEAEE 25
if(wait_event interruptible(dev->wq, flag != 0))
{
return - ERESTARTSYS;
}
flag=0;
ARG 5
if (down_interruptible(&dev->sem))
return -ERESTARTSYS;
Jh (k&R AR RN Y s el 1
if (copy_to_user(buf,demoBuffer,count))
{
count=-EFAULT;
goto out;
}
out:
up(&dev->sem);
return count;

}
1155 R H P o R
ssize t simple write(struct file *filp, const char __ user *buf, size t count,loff t *f pos)
{
struct simple_dev *dev = filp->private data;
ssize_t retval = -ENOMEM; /*value used in "goto out" statements™/
if (down_interruptible(&dev->sem))
{
return -ERESTARTSYS;
}
if (copy from user(demoBuffer, buf, count)) {
retval = -EFAULT;
goto out;
}
up(&dev->sem);
flag=1;
/MR RS, 8 A v 3R
wake up_interruptible(&dev->wq);

return count;
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out:
up(&dev->sem);
return retval;

}
ABIEATERANT -

[root@/home]$insmod demo.ko
Using demo.ko

[root@/home]$mknod /dev/fgj ¢ 224 0
[root@/home]$./read &

[1]1335

[root@/home]$./write

The data is FG

NI KH add wait_queue 5 remove wait_queue PRAZEUSEIPH ZELFIARA . ARSI
\samples\3synchronous\3-5block2. A% /LML I :

static atomic_t flag;
ssize t simple read(struct file *filp, char __ user *buf, size_t count,loff t *f pos)
{

int ret=0;

struct simple_dev *dev = filp->private data;

DECLARE WAITQUEUE(wait, current);

1M B

add wait_queue(&dev->wq, &wait);

set_current_state(TASK INTERRUPTIBLE);

for(;; )/ AW A i) ZdE B PR IR

{
if(atomic_read(&flag)=—=1)//flag=—=1 K/~ E i
{
break;
}
if (signal_pending(current))/& & & 15 A {5 5 IESFAr AL B
{
ret = -ERESTARTSYS;
break;
}
schedule();// -2 1 FLABRERE
¥

set_current_state(TASK_RUNNING);
remove wait_queue(&dev->wq, &wait);
if(ret)return ret;
1REUE 5=
if (down_interruptible(&dev->sem))
return -ERESTARTSYS;
if (copy_to_user(buf,demoBuffer,count)) /3 EH 5 21 N F R Jr 25 [R] */
{
80
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count=-EFAULT;
goto out;
}
atomic_set(&flag ,0);
out:
up(&dev->sem);
return count;
}
ssize t simple write(struct file *filp, const char __ user *buf, size t count,loff t *f pos)
{
struct simple_dev *dev = filp->private data;
ssize_tretval = -ENOMEM,;
if (down_interruptible(&dev->sem))
{
return -ERESTARTSYS;
}
if (copy_from user(demoBuffer, buf, count)) {
retval = -EFAULT;,
goto out;
}
up(&dev->sem);
atomic_set(&flag ,1);/HH ik
(PR BT A I B S A BB B R
wake up _interruptible(&dev->wq);
return count;
out:
up(&dev->sem);
return retval;

)
BATE R Y b —A—FE.
3.3.3 ekt

SEMEHE (completion) & —FAERHMIFELEHLG], & RV — DS RS — D HEREH
A CASE . SRR TR AT . SE e H T T G5 A A ik -

struct completion {
unsigned int done; /2545 58 IS4 E 2
wait_queue head t wait;
15
eI A R T
DECLARE_COMPLETION(my comp); //Fizas#]iH1tk
void init_completion(struct completion *x); ) AHIIH 7€ A

SR SE I R B
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82

wait_for completion(struct completion *x);

/AT H T wait_for completion

wait_for completion_interruptible(struct completion *x);

/135 B AL B Y wait_for completion

unsigned long wait_for completion timeout(struct completion *x, unsigned long timeout);

M P S A R 1) R 2B complete AT complete all:

complete(struct completion *x); /W R — N5 S8 B I R
complete_all(struct completion *); 1 IPRTE T A S5 A R

3.5  SEREHAFS)
ARH5 W\samples\3synchronous\3-6complete. 1% Caf 51T

struct completion comp;

int simple_init module(void)

{
init_completion(&comp);
}
FRCTEE AN TY

ssize t simple read(struct file *filp, char _ user *buf, size t count,loff t *f pos)
{

wait_for completion(&comp);

printk("simple read: wait for completion\n");

return 0;
}
ssize t simple write(struct file *filp, const char _ user *buf, size t count,loff t *f pos)
{

complete(&comp);

printk("simple_write: complete\n");

return count;

}
AR — H >k BT8R R

[root@/home]#insmod demo.ko
[root@/home]#mknod /dev/fgj c 224 0
[root@/home]#./read &

302

[root@/home]#
[root@/homel]#./write
DEMO_write: complete

DEMO read: wait_for completion
The data is

[root@/home]#
[root@/home]#./write
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DEMO_write: complete

DEMO read: wait_for completion
The data is

[root@/homel]#

3.4 Bk

Linux WIZSNENTFRE, HXETFREZ MM EINT. SN FRE TR
RSB AR, A 5 T EW A AL T RGO AN B i X PRk, AR I
TiB%0%E (Notifier Chain) HLiil. notifier block 45 Fyfiik — Nl %0 HIc:

typedef  int (*notifier fn t)(struct notifier block *nb,unsigned long action, void *data);
struct notifier_block {

notifier fn t notifier call;

struct notifier block  rcu *next;

int priority;

Bs
TESNEEA DU RS, e i il ansE. ol PHZEE neE. s dnlansE. SRCU il 0%

struct atomic_notifier head {
spinlock t lock;
struct notifier block rcu *head;
15
struct blocking_notifier head {
struct rw_semaphore rwsem;
struct notifier_block _ rcu *head;
15
struct raw_notifier head {
struct notifier_block _ rcu *head;
15
struct srcu_notifier head {
struct mutex mutex;
struct srcu_struct srcu;
struct notifier block rcu *head;
15
J - B RN BE P [P B HAE R W R SO IE AT, AN SR VRBHZE . T B ZEIE S el
PREERERE B SChastT, SUVFRHZE. JsldRil AN s A BRI R RS AT I, ORI s
H ey . SRCU I 1 2 vl BH € 8 Jn B (1 A2, & A Wl RIS (1 RCU- HL i (Sleepable
Read-Copy Update)ilj A7 rw-semaphores LRI ANHE o 3 DUl S 50T Y. (14 388 %0 5 ey Y
PRI T

int atomic_notifier chain register(struct atomic notifier head *nh,struct notifier block *nb);

int blocking_notifier chain_register(struct blocking_notifier head *nh,struct notifier block *nb);
int raw_notifier chain register(struct raw_notifier head *nh,struct notifier _block *nb);

int srcu_notifier chain register(struct srcu_notifier head *nh,struct notifier block *nb);

&3
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AR AT R 19 255 g JE AN B U W B R B IR TV . B S S AN I N B
static RAW_NOTIFIER HEAD(netdev_chain);

FEOAR A o4 28 B 2538 AN BEE N 1 DU — MRSl S 1 -

int register_netdevice notifier(struct notifier block *nb)

{

err =raw_notifier chain register(&netdev_chain, nb);

}

static int call netdevice notifiers info(unsigned long val,struct net device *dev,

struct netdev_notifier info *info)

{
ASSERT RTNL();
netdev_notifier info init(info, dev);
return raw_notifier _call_chain(&netdev_chain, val, info);
}
int call netdevice notifiers(unsigned long val, struct net_device *dev)
{
struct netdev_notifier_info info;
return call netdevice notifiers info(val, dev, &info);
}

EXPORT SYMBOL(call netdevice notifiers);

e B2 K 1 AR R B O 2% U I AN B LV EHE AN T, W ARPOREER R 0 G
IRAW Y/ I

static int arp_netdev_event(struct notifier_block *this, unsigned long event,void *ptr)
{
struct net_device *dev = netdev_notifier_info_to_dev(ptr);/FRHX M 445 &R T
struct netdev_notifier change info *change info;
X 5> % e i, A A B AE B
switch (event) {
case NETDEV_CHANGEADDR:
neigh changeaddr(&arp tbl, dev);
rt_cache flush(dev_net(dev));
break;
case NETDEV_CHANGE:
change_info = ptr;
if (change info->flags changed & IFF NOARP)
neigh changeaddr(&arp tbl, dev);
break;
default:
break;

}
return NOTIFY_DONE;
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static struct notifier block arp netdev_notifier = {

.notifier_call = arp netdev_event,

15
void _ init arp_init(void)
{
register_netdevice notifier(&arp_netdev_notifier);
}

T B R IE M L5 2% T AN IR ER 2 - call_netdevice notifiers, F P45 15 £ 1 0k Ly it
Ik (P 0 R G I [ R A S R o 0 YR MAC Mk AR 5 pR 4

int dev_set mac_address(struct net_device *dev, struct sockaddr *sa)

{
const struct net_device ops *ops = dev->netdev_ops;

int err;

err = ops->ndo_set mac address(dev, sa);
if (err)

return err;
dev->addr_assign type = NET ADDR_SET;
call_netdevice notifierscNETDEV_CHANGEADDR, dev);
add device randomness(dev->dev_addr, dev->addr len);
return 0;

}

Linux WY —DEERGEMEEE CPU FFRE MG, CPU SR iEanaEf s,
B! e 258 S 601 R R S A e % «

#define CPUFREQ TRANSITION NOTIFIER  (0)

#define CPCUFREQ POLICY NOTIFIER (1)
fhat 22 SRS ]

#define CPUFREQ PRECHANGE 0)
#define CPUFREQ POSTCHANGE )
/% SR 0 S/

#define CPCUFREQ_ADJUST (0)
#define CPCUFREQ NOTIFY )
#define CPUFREQ START Q)
#define CPUFREQ CREATE POLICY 3)
#define CPCUFREQ REMOVE_POLICY )

static BLOCKING_NOTIFIER_HEAD(cpufreq policy_notifier_list);
static struct srcu_notifier head cpufreq transition notifier list;

VM CPU A3 S ) pR AN -
int cpufreq_register notifier(struct notifier block *nb, unsigned int list);
list Z4Ugf /& CPU Sl i
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Linux WAZAMARRIER, TEEMBERREL. WAAEB BIUSCIFRS. WS TR,
BERSEAS . WA EHALD T RALDE ST ARG LR AFH 4 Linux A
WAFE LS R

4.1 st FnE bt

A FR B e kSR 1) AR IR G, Mk AT R AL RO A B b gy o G R AL BB B
A MMU (Memory Management Unit, WAFEHLFIT), ‘& A& H BN H AL 2 AL BE2S
(AN IE S b, B WA S B, IR e ROy My EE s bl . G R AR A T
MMU, gk H B MMU #3k, XAHBHERR A ERIhE . MMU 226 00 bk ke
BB . 5N RE SOk S8 B ) S 5 5 23 OB TRON A7ty R T (8, B b AN 2
()2 ) ] AR SR Ay 3 A 134 S () e Ul k25 10 o fff i R ol il m AT AR e 4 5 28t
P, FRARGF s SEILEERE 2 (] R ik R 25 o 5 A5 SR 20 T ) A A7 2 RN T 6 2 K TSI ] FH (1)
YIBEAAE, AN A BRI RGO & AR SR RE8 1E 18T

32 7 ARG R EE R K/ A 4GB, Linux KX 4GB REAthEZS (8] 20 N34, 0~
3GB NI A5 A], 3~4GB WL ZS ). Linux N I REAHEEAF O I 45 R0 s B0E X R

struct vm_struct {

struct vim_struct *next; /R TS —RE L, D )
void *addr; Ak
unsigned long size; /NN
unsigned long flags; IR
struct page **pages; /TR
unsigned int nr_pages;
phys addr t phys addr; (/) B b
const void *caller;

|5

N AF B X

struct vmap_area {
unsigned long va_start; /AR
unsigned long va_end; 1185 R AE

unsigned long flags;

struct tb_node rb_node;

struct list_head list; /*HhiE371) 2 */
struct list_head purge list;

struct vim_struct *vm;



F4F ABETELER

Bs

struct rcu_head rcu_head;

struct vm_struct *alloc_vm_area(size_t size); //43HCHEFAHIELE#4)
void free_vm_area(struct vm_struct *area); /B2 HESS 1)

MMU ¥ fz Uil i s 30 P S AT (Page) A7), X1+ 32 £ CPU, % —

Uk AKB.o A3 A7 (R TORR g ) BE TR 2 Uil (Page Frame)o. MMU ffi [ I13% (Page
Table) K> HEAAIIE DT 55 4 2I N A7 T2 TR) AR AR O 3R

42 AESESEK

[d] printf PRE—FE, N HJZ malloc F1 free PBREAREAE NAZSATH . FENIZES, & H
I N A7 B ARSI R BCh kmalloc 1 kfree, FLJRZEL A .

void *kmalloc(size t size, gfp t flags)
void *kzalloc(size_t size, gfp_t flags);/1i [ kmalloc 43 e PN A7 4 A TE 2
void kfree(const void *x);

Kmalloc &£ 43Fc i b1k 2 () S e M i ), & — M H R id /N T 128KB N A7
kmalloc PRELSTTCI N AF A2 kfree BRIEURE . S4U size M HIEINAE RN 40 flags 11

HILE 4-1,
£ 4-1 kmalloc B9 flags S5{
Z #HOH & X %

GFP KERNEL AT AL S M R o M2 AP, T fig {#/l GFP_KERNEL K4 P9 721 R B
- HEARHR R — AN gL BUEREN, HAREIR T L F3chigsr
GFP ATOMIC JEF PR AR ZS TR GG o SEREAN R A B S IR, R A 5 FH SR WAL SRR AR B R SCz A AL

- JiI GFP_ ATOMIC AARIS T A AT, ANes T BUEIR
GFP_USER A P B) 43 S AT T T fi S BOEAR
GFP_HIGHUSER JALl GFP_USER, WA misi AT, il A i i A A7 23 TG
GFP_NOIO Jfl GFP_KERNEL. {AZEIFTAT] VO #lUkth
GFP_NOFS AL GFP_KERNEL. {HA Fr AT AT SO R G0 A FEMHT MRS

WAL KB A, AL T [ AR5 AR o T 1) P A 73 E B 50

IR IAI— AN, TR T

unsigned long get zeroed page(gfp t gfp mask);
ITEASIE TN A (U 2 R .
unsigned long  get free pages(gfp t gfp mask, unsigned int order);
//RETBCIRT 1) 5L 73T F) BR B o

void free_pages(unsigned long addr, unsigned int order);

R — RIELLR N AE, T EZEH vmalloc R%L. vmalloc IR [P REHL N 77 EAR
SEHELEN, ARJE WU B DN AR ANELE ), T H A RE S B AN R — X R O]
T kmalloc F1__get free_pages). KULTEAIH & BERIM N AR, TR A LLBEE, Frlh
RRAN AR FREEELE R A7 (R R A R G T
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void *vmalloc(unsigned long size);
void *vmalloc_user(unsigned long size); /4 F &5 [8] 43 it N A7
void vfree(void *addr); /R vmalloc 43 YA

4.3 cache

CPU [PIsfTHE L NAFHERIRZ, 1% CPU FFEAERFNALIIMR . A I/ ] 8L,
cache WA= T o cache R ERERAT, /2PN IAAEes, HEE CPU A2, et s CPU
5% . Linux PAZAEH] slab AL#IE L cache. kmem cache create PRZIHI KA slab 2517+

struct kmem_cache *kmem_cache create(const char *name, size _t size, size t align,
unsigned long flags, void (*ctor)(void *));

name KNFTEIEEMI B ZAF AT, size HEAFFTTECRT G0N, align XTG5S 55F
i, flags HAVEEFRIH, ctor A EI%EE cache B IRIE AL, LI NULL.
kmem_cache alloc PR%IM cache #5317

void *kmem_cache_alloc(struct kmem_cache *s, gfp t gfpflags);
kmem_cache free FREH TR JX cache N AF:

void kmem_cache free(struct kmem_cache *cachep, void *objp);
kmem_cache_destroy F%H T-H55 slab 2247

void kmem_cache destroy(struct kmem cache *s);

4.4 10 im O 2 E B HE R AR ET

7£ PowerPC. m68k fll ARM “54K 2, Ahix /0 b A 5 N AF—FERI b L, Ak
1 VO WAEZIER B RS2 SN, R &t . Linux [ORSIFE P IS EA%IE
B IE VT R) VO AR, 106 S50 P b e 5] A A% R UL M k2 ]

4.4.1 Gt

£ ARM A6 RGEH, A A A7 B G (MMU) SE BRI 38 S ) B b e«
MMU (WSR2, Sibr bt — AN A RO . TR 2SI MMU ZhREA ] /b
—2 . TERML T RGEMINAFT,  TURIARE—TI00 N T e b 20 ) P I RS
— IR ERLE — AN PR EE(E ARM 1, — NP E b 4B). TURINR 58 ke UL
Hhyik 2Py (WU ThREZ Ab, 3 e ST U A FRRIZE R 5

Linux WY create_mapping #3508 @& H R B MEWUR £ . SR create_mapping o
HOE SIS S 7 2

struct map_desc {
unsigned long virtual;//& sl
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unsigned long pfn;//  phys to pfn(phy addr)
unsigned long length;// | /&
unsigned int type;/Z&7 MT DEVICE. MT_MEMORY %
15
void _ init create_mapping(struct map_desc *md);
ARM V-5 R H iotable_init KA & & F ML«
void  init iotable init(struct map desc *io_desc, int nr);

1141 S3C6410X -5 )3 ZhARRS H 1K) A7 LR i F -

static struct map_desc smdk6410 _iodesc[] = {3/ 5l 37 LR A N
s3c64xx_init_io(smdk6410 iodesc, ARRAY SIZE(smdk6410 iodesc));
void  init s3c64xx_init_io(struct map desc *mach_desc, int size)

{
iotable init(s3c_iodesc, ARRAY SIZE(s3c iodesc));
iotable init(mach_desc, size);

}
4.4.2 ioremap

WIR T EAER R P S MU 10, ATRURH] ioremap %L PA%L ioremap HI K /O A7
BV EE B SR RO B AU bR ¥ (0] . ARM AR R (%) ioremap PRI

typedef phys addr t resource size t;
void iomem *ioremap(resource size tres cookie, size t size);

res_cookie NYEEHIIL, size Ky HubEAR K/ o ioremap BREIR [A]BLE S ) RE 0L
I ioremap FT btk s A% iounmap pRI%L:

void iounmap(volatile void _iomem *iomem_cookie);

151 4.1  ioremap WRLE} 545
A Il \samples\4memory\4-lioremap. 1%L LI T

static int mem_start = 101, mem_size = 10;
static char *reserve virt addr;

static int major;

int init moduleiomap(void)

{
if ((major = register chrdev(0, "mmapdrv", &mmapdrv_fops)) < 0)
{
printk("mmapdrv: unable to register character device\n");
return ( - EIO);
H

printk("mmap device major = %d\n", major);

/1) B R R0 R AU s k2 ]
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reserve_virt_addr = ioremap(mem_start *1024 * 1024, mem_size *1024 * 1024);
printk("reserve_virt addr = 0x%Ix\n", (unsigned long)reserve virt addr);
if (reserve virt_addr)

{
int i;
for 1=0; i <mem_ size *1024 * 1024; 1 +=4)
{
reserve virt addr[i] ='a’;
reserve virt_addrf[i+ 1]="b";
reserve virt_addr[i +2]="c';
reserve virt addr[i +3]="d";
}
}
else
{
unregister_chrdev(major, "mmapdrv");
return - ENODEV;
}
return 0;

}
AFIFEA 101MB FFARH) 10MB A7) B il == ) b 30 i ik 2= ), 384745 %k

[root@urbetter drivers]# insmod ioremap.ko
mmap device major = 252
reserve_virt_addr = 0xc9000000

4.5 RNix==[62| /P =6 B RR ST

4.5.1 mmap ;11

TENAZ R N Rz ik e 2 P ik 2 f5, SRR mT PLEL RV 1) Az ok, X2
mmap #4F. mmap SR KN S 7E framebuffer BRENH, W FHFER 0] DL E AR ERAE R 22
1fo SUHFHRVESH file operations [1) mmap 22 F g2 F R IEAT X Pk m i (1. Oy 73 HF
mmap, IXFAZSEIN mmap $£ 11

int (*mmap) (struct file *, struct vim_area_struct *);

W% remap_pfn_range PRECH 115 P A% itk WSS 20 - ik«

int remap_pfn_range(struct vim_area_struct *vma, unsigned long addr,unsigned long pfn,
unsigned long size, pgprot _t prot);

HHSH vma JEH B LSS R MU 245 250 addr Rox HAsH P IFiR L. pfa
N AZ B IE, AT N 1% A R FL R I 2 S B B R TR A, SRR R
HiHihEA %% PAGE SHIFT {. size AWK/ prot B LT ZR GRS B k. i AR4e
kmalloc HUIF TR P A7 WL 30 FH P 2 (), 305 S0 N 1) S A B B R
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4.52 mmap RSV

IS PR it A A7 AR P L BB ) B4 1K) /O 42X B DMA 2. ARG ]
AR — BB SRR % W A7 b, P AEM ALY B N BT B BN, Sebn bt
SRRVl . mmap R B840 R

unsigned long mmap (unsigned long addr, unsigned long len, int prot, int flags, int fd, long off);

addr & WAFRIEALE, ARERITR mmap()pf Bt — & i FHIX P A7E I, - PRI o
W FLWCE I NULL . len S WSk 2058 A RERE HuhE 25 18] (0 71550, 8 M) SCPE T3k off A7
IR . prot ZEd e L= NAF IV B . FTHCN R JLAMA: PROT_READ (A,
PROT_WRITE (H[’5), PROT_EXEC (H[#44T). PROT NONE (AH[Vjla)). flags HHELT
JUAN AT E: MAP_SHARED. MAP PRIVATE. MAP FIXED. 1, MAP_SHARED Al
MAP_PRIVATE %i£F—, 1fi MAP_FIXED WIAHEFEATH] . Wikfs e MAP_SHARED, I
X BT A B AU C R RE S B S0 an e MAP_PRIVATE, WIS WU R YA I A 15
B IZBERE AT I, R SCAFEAT M. fd 2 WA ISR TT . off 8Bl 0, FonM
SCSK TR o AN BT IR A A T LAIEAT mmap BRES, 41 AR FURIT ) AR 358 % 3 AN T B

QSN AR O mmap BB, v DU H munmap BRI

int munmap(void *addr, size t len);

51 4.2 mmap HKBFL T
A4 Il \samples\dmemory\4-2mmap. %R

struct file operations mmapmem_fops = {
.owner = THIS_ MODULE,
.open = mmapmem_open,
.mmap = mmapmem_mmap, / mmap 4% I
release= mmapmem release,

IE
TEAIEHEAI N A7, AR R

static char*buffer=NULL;
static char*buffer area=NULL;
buffer = kmalloc(MAP_BUFFER_SIZE,GFP_KERNEL);
printk(" mmap buffer = %p\n",buffer);
buffer_area=(int *)(((unsigned long)buffer + PAGE SIZE -1) & PAGE _MASK);
for (virt_addr=(unsigned long)buffer area;
virt_addr<(unsigned long)buffer areatMAP BUFFER SIZE;virt addr+=PAGE_SIZE)
{
SetPageReserved(virt_to_page(virt_addr)); /K T E A fr B */
}
memset(buffer,0, MAP_BUFFER_SIZE);

mmapmem_mmap P ESEI mmap SO
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92

static int mmapmem_mmap(struct file *filp, struct vim_area_struct *vma)

{

}

int ret;
ret =remap pfn range(vma,vma->vm_start,
virt_to_phys((void*)((unsigned long)buffer area)) >>PAGE SHIFT,
vma->vm_end-vma->vm_start,PAGE SHARED);
if(ret 1= 0) {
return -EAGAIN;
}

return 0;

virt_to_phys b8 SO T8 BRI LSO P BB . UBURE P 225 AR G F

int main(void)

{

int fd;
char *addr=NULL;
fd = open("/dev/mmap",0_RDWR);
if(fd < 0)
{
perror("open");
return 1;
b
addr = mmap(NULL, 4096, PROT READ|PROT_ WRITE, MAP_SHARED,fd, 0);
if(addr == MAP_FAILED)
{
perror("mmap");
return 1;
b
memset(addr,0,101);
printf("%s\n", addr);
sleep(2);
memset(addr,'f,100);
addr[0]='p";
printf("%s\n", addr);
munmap(addr,4096);
addr=NULL,;
close(fd);
HFRURAT FFRAERIA 116 25
fd = open("/dev/mmap",0 RDWR);
if(fd < 0)
{
perror("open");
return 1;
}
addr = mmap(NULL, 4096, PROT READ|PROT WRITE, MAP_SHARED.fd, 0);
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if(addr == MAP_FAILED)
{
perror("mmap");
return 1;
}
printf("%s\n", addr);
munmap(addr,4096);
close(fd);
return(0);

==

ABEEAT AR

[root@urbetter drivers]# insmod mapmem_kmalloc.ko
mmap buffer = c6800000

[root@urbetter drivers]# mknod /dev/mmap c 224 0

[root@urbetter drivers]# ./test

josidnniiniiisiiiniiivivisivisniinivisidiviiiviiiviviviinniinniiiiiiniiniiniiiiniineiiniiniiiniiig
jolsidnniiniiiniiiniiivivisivisiiinivividiviiiviiiviviviineiinniiiviinniineiiniiiiniineiinniiniiiniiig

4.6 DMA BRET

DMA B B #Z N A7 Vi 7] (Direct Memory Access), & FiGHT CPU Tt s (&4 /7 =0,
R AL T AADCHEDR, FF BT LAAEFE CPU, Hui{ER 2 4M . Linux W%
P T P FR DMA PN A7 LA R 2

void *dma_alloc_coherent(struct device *dev, size t size,dma addr t *dma_handle, gfp t flag);
void *dma_alloc_noncoherent(struct device *dev, size t size,dma_addr_t *dma_handle, gfp t gfp);

dma_alloc_coherent H>k#:37 % DMA B4, dma alloc_noncoherent H K7 4E—3K
PE DMA WS — S0t AR DR b BE 25 5 e ek TR B 80 & — 30 . M RE P AEAE
cache, FFAlZZA~ cache I, —MEIKSAZANRIA, PEEIEK—BHEAELLORUE . 540
[F]— s v REREAA I cache Y, WAFIE FENAES, ABRWEX PN T REAAH R, st
IR A—E. W DMA Hilik 5 cache il A HEE, nHES FEUELME 1R, 76 ARM K&K
tH, dma_alloc_coheren 222 H] G13R[#) Cacheable Tl Bufferable 1, LLffifr DMA PAEH)—
ks

4.7 RixHER

4.7.1 Linux WPy EESR
Linux PAZ A B RERR X R BER, X B8 n] LA AN 7 0] 386 77 o

struct list_head {
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struct list_head *next, *prev;

fis
® ERWIUHIL

static inline void INIT_LIST HEAD(struct list _head *list)
{

list->next = list;
list->prev = list;

}

INIT_LIST HEAD RSV — D8R, FFEERT next. prev FaEH#HI LA K 45
M HC.
® FERLLAHAN

static inline void list add(struct list_head *new, struct list head *head)

{

__list_add(new, head, head->next);

b
® HERLBIHA

static inline void list add tail(struct list_head *new, struct list head *head)

{

__list_add(new, head->prev, head);

}
o HEREERITR

static inline void list_del(struct list_head *entry)

{
__list_del(entry->prev, entry->next);
entry->next = LIST POISONI1;
entry->prev = LIST POISON2;

}

® HERIWAD

static inline void list move(struct list head *list, struct list head *head)

{
_list_del(list->prev, list->next);
list_add(list, head);

}

list move PRELTACKHEER L3R list #2155 — MR
® HELT

static inline void list_replace(struct list_head *old,struct list_head *new)

{
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}

new->next = old->next;
new->next->prev = new;
new->prev = old->prev;

new->prev->next = new;

® R

#define list first entry(ptr, type, member) \

list_entry((ptr)->next, type, member)

#define list for each(pos, head) \

for (pos = (head)->next; prefetch(pos->next), pos != (head); \

pOs = pos->next)

#define list for each_ entry(pos, head, member) \

for (pos = list_entry((head)->next, typeof(*pos), member); \
prefetch(pos->member.next), &pos->member != (head); \
pos = list_entry(pos->member.next, typeof(*pos), member))

4.7.2  WEEHERSHI

4.3 ARZEERS
ARSI H 3x\samples\dmemory\4-3listo A G- G 195 (IR BN SRR V1. %

struct simplelist

LAk
{

Bs

struct list_head node;
char buffer;

LIST HEAD(mylist);
static int demo_module_init(void)

{

}

int i=0;
printk("demo_module init\n");
for(i=0;i<5;i++)

{
struct simplelist*p=(struct simplelist *)kmalloc(sizeof(struct simplelist), GFP_ KERNEL);
p->buffer=0x31-+i;
list_add_tail(&p->node,&mylist);

H

struct simplelist*slistp;
list for each entry(slistp,&mylist,node){

printk("find a list buffer is %c\n",slistp->bufter);
}

return 0;

static void demo_module exit(void)
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printk("demo_module_exit\n");
}
module init(demo _module _init);
module exit(demo module exit);

BATERANT

[root@urbetter /home]# insmod smodule.ko
demo_module_init

find a list buffer is 1

find a list buffer is 2

find a list buffer is 3

find a list buffer is 4

find a list buffer is 5

5l 4.4 NIZEELR S
ACH5 DL H >%\samples\dmemory\4-4module listhead. A5 7R (71T SN KGN 5 5%
Rl BERTT RMBRAE o A AR

struct buffer head test{
int iflag;
struct list_head bh_list;

|5

struct buffer head test a;

static int __init list head _init(void)

{
struct buffer_head test * bhg=NULL;
struct buffer head test * p=NULL,;
struct list_head *pos;
int i=0;
IIRIIEAER
INIT LIST HEAD(&a.bh_list);
for(i=0;i<5;i++)

{
bhg=kmalloc(sizeof(struct buffer head test), GFP_KERNEL);
if(bhg==NULL) return -1;
bhg->iflag=i;
list add(&bhg->bh_list,&a.bh_list);
}

printk("list head init ok\n");
list_for_each(pos,&a.bh_list)//iii [Jj G2

{
p=list_entry(pos, struct buffer head test, bh_list);
printk("initfind the %d list element\n",p->iflag);
}
return 0;
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b
static void __exit list head exit(void)
{
struct buffer head test * p=NULL;
struct buffer head test * from,*scratch;
struct list_head *pos;
/R I B R
list_for each entry safe(from,scratch,&a.bh_list,bh_list)
{
printk("del the %d list element\n",from->iflag);
list_del(&from->bh_list);
kfree(from);
H
/I UEAH R 45 R
list for each(pos,&a.bh list)
{
p=list_entry(pos, struct buffer head test, bh list);
printk("delfind the %d list element\n",p->iflag);

}
ABEATEERANT -

[root@urbetter drivers]# insmod hello.ko
list head init ok

initfind the 4 list element

initfind the 3 list element

initfind the 2 list element

initfind the 1 list element

initfind the 0 list element
[root@urbetter drivers]# rmmod hello
del the 4 list element

del the 3 list element

del the 2 list element

del the 1 list element

del the 0 list element
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B5E S5 NE

Linux /& PNEATS L LA RS . T4 Linux W OIIEEZ —. BIMR
ZWE TR AR, T E IR YLEDR RIS AT . ARFENHNZLERE, &
I3 GEFE A ML Y 25
5.1 schedule

Linux HEFEFPRS AT W FIRA:

#define TASK. RUNNING
#define TASK _INTERRUPTIBLE
#define TASK_UNINTERRUPTIBLE
#define  TASK_STOPPED
#define  TASK TRACED

/*in tsk->exit_state™/

#define EXIT DEAD

#define EXIT ZOMBIE

#define EXIT TRACE

/*in tsk->state again*/

#define TASK DEAD

#define TASK WAKEKILL
#define TASK_WAKING

#define TASK _PARKED

#define TASK_NOLOAD

#define TASK_STATE MAX

o/EATH

s, T B

QPR AT DL S, wakeup A AL
4

8

16//5ET
32//fEHE
(EXIT_ZOMBIE | EXIT DEAD)

64
128
256
512
1024
2048

Linux FFEAESERFRIEM s, vJlLEShiEE CPU, HBHEABERIRGE, 545
PR Jo 2% A M P R el o HEFE T LA schedule ECKIEH CPU, IEFEAR MR 545
schedule PRELI) T —ZACES 4 HAT -

void _ sched schedule(void)
signed long __ sched schedule_timeout(signed long timeout)//7 #8 i {18 5

XA RERR ) B T S BRI BBEERR A SEAFRER S, AR A b

//Process A:

spin_lock(&list lock);

if(list_empty(&list_head)) {
spin_unlock(&list_lock);
set_current_state(TASK INTERRUPTIBLE);
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schedule();
spin_lock(&list_lock);
}
spin_unlock(&list lock);

MRS B A B, PR EHRImARER, MRS AratRe A, AU T:

//Process B:

spin_lock(&list lock);

list add tail(&list head, new_node);
spin_unlock(&list lock);

wake up_process(processA);

BRdERE A BAT2I5 3475, AR B IEAFISAT 2IMlE R 2,  BER A MRMEAR, T LUES
I B MR, RS REE IR, X RES SRR A L RESEAFERE B R CUR M o
A femelilt. RANPEFE B TR ek £, IIRERE A WRESy — EMENR N 2. PrLMEITRE
T A A5

//Process A:
set_current state(TASK INTERRUPTIBLE);
spin_lock(&list_lock);
if(list_empty(&list_head)) {
spin_unlock(&list lock);
schedule();
spin_lock(&list lock);
b
set_current_state(TASK_RUNNING);
spin_unlock(&list lock);

IXFEHERE A Kl BER 2 A siAL T TASK INTERRUPTIBLE JRZ:, fERANZERE A 1247855 4
1T)A, B WM, KR A RAEE K TASK_RUNNING, NJHEFE A 1M schedule
PRIBASHENIEIR . 13038 0] DURSKE R 3 PR IR Cng, Bifios EiEw).

52 AxLkiz

WAZZ I ZIBATIE N Z SR, — AR SE s — S R PR AT 55 . G A RZ Gt
kthread_create PR %U:

struct task_struct *kthread create(int (*threadfn)(void *data),void *data,const char namefmt[]....);

threadfn ZAEpR %L, data 1 namefmt N ALEHLT LA S HL . kthread_create PRELBIEE )
LAY 1217, BAFH wake up process PREUEE, kthread run Z25¢% T kthread create
55 wake_up_process W2, g ank:

/AR I — AT
#define kthread run(threadfn, data, namefmit, ...) \
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« \
struct task_struct * k \
= kthread create(threadfn, data, namefmt, # VA ARGS );\
if ('IS_ERR(__k)) \
wake up process(__ k); \
Kk \
b))

kthread_stop BRIEIHIK G R AL SR
int kthread _stop(struct task_struct *k);
76 Vi F kthread_stop PRI, N 1% B O 4 B2 bR 2L threadfn W oK 45 iz 4T, 5 W
kthread stop FR#&— H A5 .

BI51  PRZERESLA
A S FEAR T N AL ZEFE . AUhS W \samples\Sschedule\5-1kthread. %040 :

static struct task struct *simple thread;
int threadfunc(void *data)

{
while(1)
{
set_current_state(TASK _UNINTERRUPTIBLE);//#3 B 22 FEIRAS 4 A Al 4 £ 5 e i
if(kthread_should_stop())break;//44; £ £ 2 /& 15 WV iZ3E H
printk("threadfunc\n");
schedule_timeout(HZ);/ =&AL, BEANSERF, BRGNS
}
return 0;
}
void simple cleanup module(void)
{
if(simple_thread)
{
M 1 AR LR
kthread stop(simple_thread);
simple thread = NULL,;
}
b
ISR
int simple_init module(void)
{
int err;

simple_thread = kthread _run(threadfunc, NULL, "simple_thread");// %3 A A% £& 2 e i
if(IS_ERR(simple_thread))
{
printk("kthread create failed.\n");
err = PTR_ERR(simple_thread);
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simple thread = NULL;
return err;

}

return 0;

module init(simple init module);
module exit(simple cleanup module);

ABGEATEERANT -

[root@urbetter /home]# insmod kthreaddemo.ko
[root@urbetter /home]# threadfunc

threadfunc

threadfunc

threadfunc

threadfunc

threadfunc

threadfunc

threadfunc

threadfunc

[root@urbetter /home]#ps

PID USER VSZ STAT COMMAND
1 root 3104 S init

1089 root 3104 S init
1091 root 3104 S init
1092 root 3104 S init
1109 root 8708 S < /opt/Qtopia/bin/qss
1110 root 13552 SN /opt/Qtopia/bin/quicklauncher
1138 root 1552 R Jtest
1147 root 0 DW< [simple thread]
1148 root 3428 R ps

53 A%ARNRRERF
WAZA AT LA H] call_usermodehelper P& 0 H W H FET

int call usermodehelper(char *path, char **argv, char **envp, int wait);

I path AFEFERAE; argv ASELG envp AR wait U R RS AR .
call_usermodehelper PR EEERR A T call_usermodehelper exec PR,

struct subprocess_info {
struct work_struct work;
struct completion *complete;
char *path;//#4%
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s

char **argv;//Z$1

char **envp;//F 35548

int wait;// & {3 ZE AR5 R

int retval,

int (*init)(struct subprocess_info *info, struct cred *new);
void (*cleanup)(struct subprocess_info *info);

void *data;

int call usermodehelper_exec(struct subprocess_info *sub_info, int wait);

B 5.2 NAZE BN IR S
AN SEIRAE N AL A BN R«
FLARARHS W \samples\Sschedule\5-2module_call usermodehelper. #%/CrfCI5u1F:

static int demo_module_init(void)

{
int ret;
char *argv[5], *envp[3];
argv[0] = "/bin/mkdir"; IIFEFP B AR
argv[1] = "/home/a/a"; e 20
argv[2] = NULL;
argv[3] = NULL;
argv[4] =NULL;
envp[0] = "HOME=/"; IR BEAR v
envp[1] = "PATH=/sbin:/bin:/usr/sbin:/ust/bin";
envp[2] = NULL;
ret = call usermodehelper(argv[0], argv, envp, UMH_WAIT PROC);
if (ret <0) {
printk(KERN ERR"Error %d running user helper "
"\"%s %s %s %s\"\n",ret, argv[0], argv[1], argv[2], argv[3]);
H
return 0;
}
BATERUE
[root@urbetter aJ# pwd
/home/a
[root@urbetter aJ# ls
[root@urbetter a]# insmod /home/drivers/smodule.ko
[root@urbetter a]# Is
a
[root@urbetter al#

AR S B T H 3K
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5.4 EXAHETHLF]

5.4.1  Erpimpnief

BEfE e W R AR R TS S, P S AR . B A TS, 2ok
Wil sngs CPU, CPU £ iff|n) &34t Wruli s A I IR SR . b W e R E RGN
S, WAZIBAT — AT R S T A S AT, XA ERFR I D RE LT A EE A 1
WrizE il ae D e . AP HLHIRZ OO R G P IRIRAS (soft interrupt state) 4K H
i (softirg vec). HHPWIEFE (softirg thread). A& WAL SZHL IR 40 18] 5-1 Fizw.

|

Y run_ksoftirqdp 124 2
do_softirq
Gl
— LTRSS
W32 pending; softirq vee[32]

K| 5-1 Linux "R BIALH]

Linux NP KHLEIE Linux NS F) /kernel/softirq.c HSEIL . 4R Wi 9947 4 H
softirq_action #ii&. P WIAFHAE KW =L T . Linux 4.5 NZBTRZ /TLUA 10 FPik
KT, QUFRE TS PIERAR TR, tasklet &5,

struct softirq action

{

void (*action)(struct softirq action *);
¥
static struct softirq_action softirq_vec[NR_SOFTIRQS] _ cacheline aligned in_smp; /K 87 [a] FE:3%
RYAE ksoftirgd WAZIEFEF A do_softirq T MM R A K7 A& 75 4T pending R7, U
FAE, WFRATAH Y. (R A 3 R

asmlinkage  visible void _ do_softirq(void)

{
unsigned long end = jiffies + MAX_ SOFTIRQ_TIME,;
unsigned long old flags = current->flags;
int max_restart = MAX SOFTIRQ RESTART;

103



Linux X #h42 5 & =6 % 2 &

struct softirq_action *h;
bool in_hardirg;
__u32 pending;
int softirq_bit;
current->flags &= ~PF_MEMALLOC;
pending = local softirq pending();
account irq_enter time(current);
__local bh_ disable ip( RET IP , SOFTIRQ OFFSET);
in_hardirq = lockdep_softirq_start();
restart:
PAEAERE P WTTT R AL pending FERS*/
set_softirq pending(0);
local irq_enable();
h = softirq_vec;
while ((softirq_bit = ffs(pending))) {
unsigned int vec_nr;
int prev_count;
h += softirq_bit - 1;
vec_nr = h - softirq_vec;
prev_count = preempt_count();
kstat incr softirgs this cpu(vec nr);
trace_softirq_entry(vec nr);
h->action(h);//i8 B ¥ A i Bk 8%
trace_softirq_exit(vec_nr);
if (unlikely(prev_count != preempt_count())) {
pr_err("huh, entered softirq %u %s %p with preempt_count %08x, exited with %608x?\n",
vec_nr, softirq_to name[vec nr], h->action,
prev_count, preempt_count());
preempt count set(prev_count);

b

h++;

pending >>= softirq_bit;
}
rcu_bh_gs();

local irq disable();
pending = local softirq pending();
if (pending) {
if (time_before(jiffies, end) && !need resched() &&
--max_restart)
goto restart;
wakeup_softirqd();
b
lockdep_softirq end(in_hardirq);
account irq_exit_time(current);
__local bh enable(SOFTIRQ OFFSET);
WARN_ON_ONCE(in_interrupt());
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tsk restore flags(current, old flags, PE MEMALLOC);

}

Linux WZHESCT P AR I L6

enum

{
HI_SOFTIRQ=0,
TIMER_SOFTIRQ,
NET TX_SOFTIRQ,
NET RX_SOFTIRQ,
BLOCK_SOFTIRQ,
IRQ POLL_SOFTIRQ,
TASKLET SOFTIRQ,
SCHED_SOFTIRQ,
HRTIMER SOFTIRQ,
RCU_SOFTIRQ,
NR_SOFTIRQS

ik

Wi Gl
/B B

11V 4% 3%
1/
11H)Z B4

// TASKLET
IR

/¥RCU A/

K 5-1 KPP IR /E 9 5 AL BE e 5

F51 ZBIERPETR AR SR E
LGl sk S S
HI_SOFTIRQ 0 tasklet_hi_action
TIMER_SOFTIRQ 1 run_timer_softirq
NET TX SOFTIRQ 2 net tx action
NET RX SOFTIRQ 3 net rx_action
BLOCK_SOFTIRQ 4 blk_done_softirq
IRQ_POLL_SOFTIRQ 5 irq_poll_softirq
TASKLET SOFTIRQ 6 tasklet action
SCHED SOFTIRQ 7 run_rebalance domains
HRTIMER_SOFTIRQ 8 run_hrtimer_softirq
RCU_SOFTIRQ 9 rcu_process_callbacks

WIZAE R Il RGN R 3 T tasklet 15 mi L SGHCH T

void __init softirq_init(void)

{

int cpu;

for_each possible cpu(cpu) {

per_cpu(tasklet vec, cpu).tail =

&per_cpu(tasklet vec, cpu).head;

per_cpu(tasklet hi vec, cpu).tail =

&per_cpu(tasklet hi vec, cpu).head;
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JA 8 tasklet L5 5G4
open_softirq(TASKLET SOFTIRQ, tasklet action);
open_softirq(HI SOFTIRQ, tasklet hi action);

}
5.4.2 tasklet

P WS A AL R L], R IAT 24T 45 . tasklet J& A AR TSR
— PR AEEEHLE . tasklet S5 R E LU .

struct tasklet struct

{
struct tasklet_struct *next;  /*BAFIFEEN*/
unsigned long state; /*tasklet FRPRA*/
atomic_t count; FHI VL, 8 1 £ disabled*/
void (*func)(unsigned long); /*$H AT B EHFRE*/
unsigned long data;
15

tasklet HJUGAL R E AN T

void tasklet init(struct tasklet struct *t,void (*func)(unsigned long), unsigned long data);
#define DECLARE TASKLET(name, func, data)

WP tasklet /] tasklet_schedule pFi%i:

void tasklet schedule(struct tasklet struct *t);
void tasklet_hi_schedule(struct tasklet_struct *t); //#/l tasklet_schedule ML, Ht2G20 &

i FH tasklet kill R0 IS tasklet:
void tasklet kill(struct tasklet struct *t);

Wi tasklet 1EAEIZAT, tasklet kill BRECK S5 LA B AT 584
{HHERIZE || tasklet [R R T

/A5 1L tasklet # tasklet schedule /&, W% tasklet MATIEEHAT, ENRESEEIEHATE
B el

void tasklet disable(struct tasklet struct *t);

//F1 tasklet_disable ZEMBL, (HZBIASER} tasklet AT TE LR

void tasklet disable nosync(struct tasklet struct *t);

IMEERE— 1% disable [ tasklet

void tasklet enable(struct tasklet struct *t);

¥ F tasklet HLHIT =AD&
(1) %5 tasklet AbFRFLFE

static void tasklet callback(unsigned long data)

{
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printk(KERN ALERT "received a interrupt.\n");
}

(2) 755 tasklet:
DECLARE TASKLET(tasklet, tasklet callback, 0);

(3) M tasklet:

static irqreturn_t irq_handler(int irq, void *arg)
{

tasklet schedule(&tasklet);

return IRQ HANDLED;

}

51 5.3 Tasklet S£41
A4 Il \samples\Sschedule\5-3taskleto #% MRS U1 -

int myint_for something=1;

void tasklet function(unsigned long);

char tasklet data[64];

/tasklet HIHRAL

DECLARE TASKLET(test tasklet,tasklet function, (unsigned long) &tasklet data);
void tasklet function(unsigned long data)

{
struct timeval now;
do_gettimeofday(&now);
printk("%s at %ld,%ld\n", (char *) data,now.tv_sec,now.tv_usec);
b
int init module_task(void)
{
sprintf(tasklet data,"%s\n","Linux tasklet called in init module");
tasklet schedule(&test tasklet);
}
void cleanup moduletask(void)
{
return ;
}

module init(init module task);
module exit(cleanup_moduletask);

ABPREAT AR

[root@/home]#insmod tasklet.ko
tasklet: module license 'unspecified' taints kernel.
Linux tasklet called in init_module

at 739,210617
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5.5 T{ERA%

551  TAEBAAIRR

TAEBASI (work queue) ZRALL tasklet, Foi/Fii FH A5 1 SKAE KGR AN 1] 8 FH — AN R 4
tasklet 7ERA/FH I bR SCHiE 4T, FTLA tasklet $RATIRMR, g, JFH —MAER T8,
tasklet — i L BEAE AR IRAT AL BESS 1T TARPAIIZE — MRk N AZERR 1 S0s 1T,
HEZWRGENE, I HRRSAKIR. TAEASIERE— RV EPAT B S FIPATIX LA S5
G WA TAERAIA AR T IRERE, A AR5 e e bR SohigdT, XiEe
AT BLe &R . Linux WM T — R4 W work queue, 45 system wq .
system_highpri_wq 5. IXZFEF AT LANEIHAE A EATE AR TAERS, sl H = —A
A Ja TAEBNS. TAEBASIH workqueue struct &5#44iid, TMAT45H work struct &5#Hiik. T
YERNF IR G432 T I T

I1BIEE TAERNFY, fEIXH name & TAEBAFIIRIA S .

#define create workqueue(name) \
alloc_workqueue("%s", _ WQ_LEGACY | WQ_MEM_RECLAIM, 1, (name))
#define create_singlethread workqueue(name) \

alloc_ordered workqueue("%s", WQ LEGACY | WQ _MEM RECLAIM, name)
IHEGw P WIIIR L —MESS
DECLARE WORK(struct work_struct *work, void (*function)( struct work_struct *));
IHEBAT Wt — MESS
INIT WORK(struct work_struct *work, void (*function)( struct work_struct *));

create_workqueue 7% H TAIE—AN TAEBNS, BAERGANOIER BT KL%
o EIRZHEHT, 2L RGEERA TN, R AN ERE LW WAL create_
singlethread workqueue %2k A1% TAERAA.

AT LT T ) e 80 A AMESS I B TAEBA S -

bool queue work(struct workqueue_struct *wq,struct work struct *work)
int fastcall queue delayed work(struct workqueue_struct *wq,struct work_struct *work, unsigned long delay);
7t queue_delayed_work()HHEE delay, 72k I IRIESR/DAELEIS — B4 e I d5e /N E AR I ]
LUG,  TAEBNA TS5 A ] AL IR AT
BOH TAEBAS s A 384T AT 55
int cancel delayed work(struct work struct *work);

IR — AN BOH R AR BN, AR5 IEAEAT T, IBARXAMESS K AREL AT R 2,
{EAZH A BB S
IR BEBA S (R AR BA ST 58 5, XA e S5 A TARBAS AT 58 B AR [T
void fastcall flush workqueue(struct workqueue struct *wq);

/ST AEBAF
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void destroy workqueue(struct workqueue_struct *wq);
114 AR BN R LAERAA

int fastcall schedule work(struct work_struct *work);
JFEIR — BN ] J7 KA 55 BN 42 R T AERA A

int fastcall schedule delayed work(struct work_struct *work, unsigned long delay);
2 5-2 AW, tasklet F1TAERASI ML 0 LLEL

=52 FAHT. tasklet F0TIEBAFIXTEE

st Gl Tasklet TAERAS

AT L3 SEJET AR, 847 Tk B SC SR TAR, 384T T R R R

WG AR, da4T TRt

AEAEARFN CPU ERINIEST, H nf LIFEANFIK CPU LA

e VIPHERTI CPU EFMIST | it cpu nrblis i AR askler | 217

R, AR RAEIEN T LAEG

it RHede A B B

S S P TSI

s WIARSERTHG ARSI, |y 0 1 gk s WAL R T AR

A AR ]9 B S TR

5.4 LAEBAZISAH
15 W \samples\Sschedule\5-4work . A%/ CAHS T

static struct work_struct task;

static struct workqueue_struct *my_workqueue;
static int flag = 0;

static void DemoTask(struct work struct *work)

{
printk("DemoTask run...\n");
memset(demoBuffer,0x31,256);
wake up_interruptible(&simple devices->wq);
flag=1;
printk("DemoTask end...\n");

}

int simple_init_ module(void)

{
init waitqueue head(&simple devices->wq);
my_workqueue = create_workqueue("MYQUENU");
INIT WORK(&task,DemoTask);
queue_work(my workqueue, &task);
return 0;

fail:
simple_cleanup module();
return result;

}

AGPEATEE R
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[root@/home]#insmod demo.ko
DemoTask run...

DemoTask end...

[root@/home]#mknod /dev/fgj ¢ 2240
[root@/homel#./read

The data is 11

5.5.2  HER TAEAA]
JEIR TAEBAFURE T TAEBASY, 7T LS IR — B I ) K AR AN 2 T AEBAF -

struct delayed work {
struct work_struct work;
struct timer_list timer;//4ER I} [A]
struct workqueue_struct *wq;
int cpu;

IE
FEIR TAEBANHAH )RR £

INIT DELAYED WORK(struct delayed work*dw, void (¥function) ( struct work struct *));
bool queue delayed work(struct workqueue_struct *wq,struct delayed work *dwork,unsigned long delay);
bool schedule delayed work(struct delayed work *dwork,unsigned long delay);

bool cancel delayed work(struct delayed work *dwork);

5.6 AES(E]

5.6.1 Linux A} HJRE

TG JLA Linux BB TRIAES .

(1) BEPEIE C(clock cycle): dAIRGARAE 1s PN A (RISl ik b AN 50t A2 B e J S 1)
i . Linux F% CLOCK_TICK RATE K37 UHs 8% (146 A e ik (A%

(2) WA (clock tick): — VRIS Bl W B P74 — VRN Bl 2 R GEREAS InHAh e 29177
e/ KLY

(3) WPBMEZIAA: 1s NIITEMEE RS Linux WAZTZ: HZ SRR RIS B2 (145
2, i HAEAFRF6 L HZ AAFER € XE, 11 HZ 85 208 1s ).

(4) 2R R (iffies): X&—A 32 TG 584, HERER AN E—RIE3I0,
RIS B2 O FER A IR BRI, AR I B W AR PR PR £ timer_interrupt 23K i%
4R i jiffies N 1.

extern unsigned long volatile jiffies;

(5) xtime: timeval 4544 JRA% i, 108 RS0 H L LRI 245 I 1], K566 R i Fb, FL vt
ITEZE 1970 451 H 1 HE .
(6) ARG Bp: BRI, & ARSI TR P Wk P . RGN B RGN
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SO0 R EAAFAER), HEAERGR SR, BOARZGNE 2 1970 £ 1 H 1 H%
Ko RGUNTE A LARYE RTC I TRIKRIEATFD .
E AAZ AT LA T 7 R B R e e AR I (1)«

void do_gettimeofday(struct timeval *tv); //ZREUR ST [H]
int do_settimeofday(struct timespec *tv); /¥ H RS

Linux H H KA IA IS 18] (1 2544 /& timeval Al timespec:

struct timespec {
time t  tv_sec; //f}
long  tv_nsec; /*10 12452 —Fb*/

e
struct timeval {
time t tv_sec; /5
suseconds t  tv_usec; /*fFb¥/
e

IR SR AN jiffies 2 [A) AT LUIERE 41 R B AT B 4t

unsigned long timespec_to_jiffies(struct timespec *value);

void jiffies to_ timespec(unsigned long jiffies, struct timespec *value);
unsigned long timeval to jiffies(struct timeval *value);

void jiffies to timeval(unsigned long jiffies, struct timeval *value);

5.6.2 Linux FIYZER
I S — BRI I T — AN 8 BRI s 43R . YA U T L/ i b 4 1 2

#define time_after(a,b) \
(typecheck(unsigned long, a) && \
typecheck(unsigned long, b) && \
((long)((b) - (a)) < 0))
#define time before(a,b) time after(b,a)
#define time after eq(a,b) \
(typecheck(unsigned long, a) && \
typecheck(unsigned long, b) && \
((long)((a) - (b)) >= 0))
#define time before eq(a,b) time after eq(b,a)

QR EESTIACIEIR, ] LAS R T 1 A -
while(time_after(jiffies,j1));/41 jiffies KF j1, W—EFEHR
SR IETR A AR o o QIR — A FH T 1 1) R RSB

#define ndelay(n)  /ZNFPRIEIR
#define udelay(n)  //FPHIER
#define mdelay(n) /ZRPHAEIR
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LA JUREIR T3 80 2 A5 A R AN AE R, & S EUES UL IR CPU 51K,
Bt DL SR 5 SR A 1 X L R SRR o T AN T S5 IR R AR Ty k-

void msleep(unsigned int msecs) ;
unsigned long msleep_interruptible(unsigned int msecs);

Hrb msecs Z 4011 ¥4 24 milliseconds .

5.63 WEEZE

WAZ ISR BEE LR R — M IUE 1IN 2847 — BoRe e sl b et 22 0 B W AZ e I . WZE
I gt — AR NPT RALE — N A I T e A Y R B sldE A . Linux
% LT timer_list S5, FIHTE AT ASEIE A 52 I 45 I RE -

struct timer_list {
struct list_head list;
unsigned long expires; /5 2% FI| 34 Fif [
unsigned long data; INE R ZHAP AR N SE I 35 Ab P R £
void (*function)(unsigned long); //[F]1 4 HE b 51
¥

L5 IR AT G 1 R B 5

11N E %

void add_timer(struct timer list * timer);

MR B E I 25 . 2 N 2825 A h IR
int del timer(struct timer_list * timer);

INE e B 28 1) expire {H

int mod_timer(struct timer_list *timer, unsigned long expires);

5 5.5  NAZEM 2854
AN WAL E I S R IEA IV, e Bias BB E N %, A a5 1 e s . AR
i WL\samples\Sschedule\5-5time. #%CAMRAL 41T

#define SIMPLE TIMER DELAY 2*HZ//2Second
struct simple_dev *simple_devices;
static unsigned char simple inc=0;
struct timeval start,stop,diff;
static struct timer_list simple timer;
static void simple_timer handler(unsigned long data);
/TSI ) 2
int timeval_subtract(struct timeval* result, struct timeval* x, struct timeval* y)
{
if(x->tv_sec>y->tv_sec)
return -1;
if(x->tv_sec==y->tv_sec)&&(x->tv_usec>y->tv_usec))
return -1;
result->tv_sec = ( y->tv_sec-x->tv_sec );
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result->tv_usec = ( y->tv_usec-x->tv_usec );
if(result->tv_usec<0)
{
result->tv_sec--;
result->tv_usec+=1000000;

b
return 0;
}
/152 I 25 AL B R 4
static void simple timer handler( unsigned long data)
{
do_gettimeofday(&stop);
timeval subtract(&diff,&start,&stop);
printk("%d S %d MS elapsed\n",diff.tv_sec,diff.tv_usec);
mod_timer(&simple_timer, jiffies + HZ);
return ;
}
void simple_cleanup_module(void)
{
del timer(&simple_timer);
}
int simple_init module(void)
{
int result;
IR E N 4%
init_timer(&simple_timer);
simple_timer.function = &simple timer handler;
simple_timer.expires = jiffies + SIMPLE TIMER DELAY;
add_timer (&simple_timer);
do_gettimeofday(&start);
return 0; /*succeed*/
}
BATERUE

[root@urbetter drivers]# insmod timedemo.ko
[root@urbetter drivers]# 1 S 994727 MS elapsed
2 S 994726 MS elapsed

3 S 994725 MS elapsed

4 S 994726 MS elapsed

5 S 994727 MS elapsed

6 S 994725 MS elapsed

7 S 994726 MS elapsed

8 S 994726 MS elapsed

9 S 994727 MS elapsed

10 S 994729 MS elapsed

11 S 994726 MS elapsed
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[root@urbetter drivers]# rmmod timedemo
[root@urbetter drivers]#

T3k, timer_list>function —124, XMSHAFIBAT timer_list>Data 1, 7AW

simple_timer. Data=5;
simple_timer.function = &simple_timer handler;
add_timer (&simple_timer);

&2 ) simple_timer_handler p& L1240 data [R{ELNN 5.
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HLFEANA T Linux 'S W& XS RET A R AN, B2 TR B S B e 40K
IFEFIF R o HEAF B2 UK BN R P AN AN sl . A AF e v S h WAk 2, ARzl = A
S3C6410X Ab335 Ay 51 A 47 e 15 L IRIREE A 15 4 DX SRR 7 TF R 7 ¥

6.1 FfEHEAEIR

6.1.1 Bk )al

A Linux 1817 A S HE— MBS DL FIAMELE o AEBEER 5 4
Z IR . AR RIRTE . BRI . W s 12C. SPLL AT
F. PCI. MDIO. I2S. Hi 145, AbFRER 4 &R DAL T #flds, AR BERp b BRAS S A1)
PRI AR A —FER) . AMELS B s AR PSS AR A . [N R BT RE
FEHEZ AN, ARBRER XS IR 0 AT 2 i

J T RIS RS REYE, Linux 19 W AZ SRS AR (1) 2804 10 3848 T ThRE 70 25 I
U, R AbBEAR R 45 I 2 IR 30 S4B RS HEAT T 0 85 IXFE R e kb 3 85 H 75 B 4 Ak
PSRN SRA), A A BERANE S, T B R AR L RN R SRS, Ab s
(4 IR IR AN A, X IRBNIT RN Gk TARZ AR . 5358, Linux K320 LARI 5>
NIRZ T RG, R REAFEENE M, B0 12C K3, USB Wk5); A EE X )
Refr), 41 RTC 4K3). Framebuffer X3/ 3 6-1 /& Linux )= 1T RGP

% 6-1 Linux IRFEHFRE

eS| WE) 7RG e
12C
SPI
AP EEN USB
PCI
SCSI SCRFREAL . SRS
Watchdog F1 )
RTC S I B )
Framebuffer MIERAFIKE), H TSR s
ThREk TTY TTY BeacoKa), s 8 9R3)
MTD FFS2HF Flash SEA7 6% % 4%
V4L2 AT U 45 IR 5
I 2 1% 4% 9 5] {1 MAC JZ0K5). PHY X5, CAN K545
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€9)
5 IR T RYE Ll
Sound IIRE), S ALSA 4l
Backlight FREHekEhl (/drivers/video/backlight)
DR nput MATRS, TR B MR, AANERS R
1o Tl VO ¥R %, HT 3R ADC. I A=A BRERC. IMUCEHE I &
fif). CDC (HUA-Brreas). JEJ1. IR AR i

AbFRE U TR R A 152 % LW L DR LR T 2K

(1) A7 T7 300 AR A7 2 A A WS 380 b 8% 1 bt 24 ), Ach 08 3ok ) ) Pl 555
HER Vs IR A o

(2) VO #1. AFEES S VO # & 2 [AERE e e %R, XA VO B,
/O $: I dh—4l75 /7% (Register) DAL Al . IX L2507 28 i) HRIREUBE & PR S
B, HFRESH

(3) E (Pin). EAT LU RS AT =407, IOk B & M liE 5. 54b
A LGRS i n] A E A AT T AR U

7 x86 AT, 1O Huhk=X A5 N AE b A2 TR, TAE T VO 23 [Fnf, B4
/O i o fE ARM AR, VO H ZMNAFG —dmlikit), Wk VO WAE, ZRGT Vi
71 4R S R () N AT

6.1.2 IR A

I P B A R B 2 BRI TR S AR, R 2 B s B AL IRUE I I e SRk
Hlls o gk B SRME 'S4 CS 1 DAT, ™4 CS 4 miH i DAT 26 FRIEIMEE A
R XANZER LU 6-1 Fros i e B oR .

| 10ns f——100p5——]
A
DAT
6-1 (R P
XA 7 B RSB 1) C v 5 DR an

void senddata(unsigned bdata)
{
CS=0;
DAT= bdata;
udelay(10);
CS=1;
udelay(100);
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CS=0;
H

6.1.3 ik AR Linux 25K

MR Linux REULAT 7S 0 R0 T8 A5 51 I, WX S SRR ZEX,
513 X A7 BootLoader 55 RS AL WIZIX AU E AT G IEH] Linux W% SCIER
G AR SCATF R GANENL T Flash WAFB 2 EISCIER S KBS IR GERH] - BT RE
FEs AL ARG . B 6-2 w2 —MRINeAT BootLoader. REHBNZHE . WIZWHUGHI
SCAE 2R G A8 10 11 285 A7 95 1) i 03 ) 3 PO S5 A4 1)

HAth &Ry ——
R RS
1MB-5MB LA
V=i 2
100KB-1MB — Bootloader

Kl 6-2 kAT Linux RGBT 451

BootLoader 7 FH 75 Al — M LbB/DN, CIREEE — NS HIX, HKRAF Linux K
% B SWZHAH a8k E . Bootloader P27 & MAX RGN FMERT, LRGBS
BATHS — B S Bootloader P27 & MAFFHICH] . 7EET ARM MIRAX RS T, R
GiAr bR AL I H A HHE 0x00000000 4bTHARHAAT, Bootloader #4277 — MUt 23 AEIX A
Hihik. Bootloader F2/7 1) 3 TS RN & L NAE S RIS, IR R 40
H R IR B — AN S8 RS . Bootloader £ /7t B (AT 45wt & )5 81 Linux 4% .

Linux P —8 5 1~5MB “Fli]. Linux PAZ 15 803505355 SR 80358 2t & il AH ¢
1), e B R A T A A

ARG EIRA I Linux R A HECR ISy, Bl 48 T BootLoader F1PY
AP 5. Linux B 3)58 B — MRS, WU RGEWUE T REM D&
PECEAR S BREER shell RS 120 B, AR SO RG] DIHERAER U R4
BN

BootLoader — il JTAG U HARBE S BIAEAEAS, T A RZFI SO R G n DU
5 LRI 58S B o

6.1.4 HTERIGEIL
WA B, B AT A A . R R TG A A R — R, AR
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Fl MACHINE_START 7K 5B 5 PR R WG ARRS . Wi SMDK6410 [ATMA R B AL
/arch/arm/mach-s3c6410/mach-smdk6410.c H':

MACHINE START(SMDK6410, "SMDK6410")

/*Maintainer: Ben Dooks <ben-linux@fluff.org>*/

.atag_offset = 0x100,

.r_irqs =S3C64XX_NR_IRQS,
.nit_irq =53¢6410_init irq,
.map_io = smdk6410_map io,

.init machine= smdk6410 machine init,
.nit time = samsung_timer init,
.restart =s3c64xx_restart,

MACHINE END

$3¢6410_init_irq FIRAILAL T T, I T s3c64xx_init_irq PREL:

void _ init s3¢6410 init_irq(void)

{
/*VICO is missing IRQ7, VICI1 is fully populated.*/
s3¢c64xx_init_irq(~0 & ~(1 <<7), ~0);
H
IR WTHIaa
void  init s3c64xx_init irq(u32 vicO valid, u32 vicl valid)
{
IR B 5 T 1A
s3c64xx_clk init(NULL, xtal f, xusbxti f, soc_is s3c6400(), S3C_VA SYS);
samsung_ wdt reset init(S3C_VA WATCHDOG);
printk(KERN DEBUG "%s: initialising interrupts\n”, func );
PERIIRA TR T i) B/
vic_init(VA_VICO, IRQ_VICO BASE, vic0_valid, IRQ_VICO RESUME);
vic_init(VA_VIC1, IRQ_VIC1 BASE, vicl_valid, IRQ_VIC1 RESUME);
}

smdk6410_map_io BRECH RIS 10, UG —LEhMH B4

118

static void __init smdk6410_map_io(void)

{

u32 tmp;

s3c64xx_init io(smdk6410 iodesc, ARRAY_ SIZE(smdk6410 iodesc));
s3c64xx_set xtal freq(12000000);

s3c24xx_init uvarts(smdk6410 uartcfgs, ARRAY SIZE(smdk6410 uartcfgs));
samsung_set_timer source(SAMSUNG PWM3, SAMSUNG PWM4);
/¥ E LCD eA*/

tmp=__raw_readl(S3C64XX SPCON);

tmp &= ~S3C64XX SPCON LCD SEL MASK;

tmp |= S3C64XX_SPCON_LCD_SEL RGB;



w
(@)
o

&) AR R & IR S AL T

}

__raw_writel(tmp, S3C64XX SPCON);

/* 5Bk LCD 578/

tmp =__raw_readl(S3C64XX MODEM_MIFPCON);
tmp &= ~MIFPCON LCD BYPASS;
__raw_writel(tmp, S3C64XX MODEM_ MIFPCON);

smdk6410 machine_init P& H KRG AAE 115 % -

static void __init smdk6410_machine_init(void)

{

u32 csl;

11¥1%aA 12C

s3c_i2c0_set platdata(NULL);

s3c i2cl set platdata(NULL);

s3c_fb set platdata(&smdk6410 lcd pdata);
dwc2_hsotg set platdata(&smdk6410_hsotg_pdata);
samsung_keypad set platdata(&smdk6410 keypad data);
s3c64xx ts set platdata(NULL);

MBCE nCS1 24 16bit £856%/

csl =  raw readl(S3C64XX SROM BW) &

~(S3C64XX_SROM BW__ CS_MASK << S3C64XX_SROM BW_ NCS1__SHIFT);

csl = ((1 << S3C64XX_SROM_BW__DATAWIDTH__SHIFT) |
(1 << S3C64XX_SROM BW__WAITENABLE _SHIFT) |

(1 << $3C64XX_SROM BW_BYTEENABLE _SHIFT)) <<

S3C64XX_SROM BW_NCS1 SHIFT;

__raw_writel(csl, S3C64XX SROM BW);

MBEEIE A ML A nCS1 I Fr/

__raw_writel((0 << S3C64XX_SROM BCX PMC SHIFT) |
(6 <<S3C64XX_SROM BCX TACP SHIFT) |
(4 << S3C64XX SROM BCX TCAH SHIFT) |
(1 << S3C64XX_SROM BCX_TCOH__SHIFT) |
(0xe << S3C64XX_SROM _BCX_TACC__SHIFT) |
(4 << S3C64XX_SROM_BCX_TCOS__SHIFT) |

(0 << S3C64XX_SROM _BCX__TACS__ SHIFT), S3C64XX_SROM BCI);

/75 LCD Wiz il i GPIO

gpio_request(S3C64XX GPN(5), "LCD power");
gpio_request(S3C64XX GPF(13), "LCD power");

IR 12C BREFBE#

12¢_register board info(0, i2c_devs0, ARRAY SIZE(i2c¢ devs0));
i2c_register_board info(1, i2c_devsl, ARRAY SIZE(i2c_devsl));
s3c_ide set platdata(&smdk6410 ide pdata);

INENEF- 6 B

platform add devices(smdk6410 devices, ARRAY SIZE(smdk6410 devices));
pwm_add table(smdk6410 pwm lookup, ARRAY SIZE(smdk6410 pwm_lookup));

samsung bl set(&smdk6410 bl gpio info, &smdk6410 bl data);
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smdk6410_devices F17E X T i ZA WP B £ 41 3%

static struct platform device *smdk6410 devices[] initdata = {

#ifdef CONFIG_SMDK6410 SD CHO
&s3c_device hsmmcO0,

#endif

#ifdef CONFIG_SMDK6410_SD CHI1
&s3c_device _hsmmcl,

#endif
&s3c_device i2¢0,
&s3c_device_i2cl,
&s3c_device fb,
&s3c_device ohci,
&samsung_device pwm,
&s3c_device usb_hsotg,
&s3c64xx_device iisv4,
&samsung_device keypad,

#ifdef CONFIG REGULATOR
&smdk6410 b pwr 5Sv,

#endif
&smdk6410_Icd powerdeyv,
&smdk6410 smsc911x,
&s3c device adc,
&s3c_device cfcon,
&s3c_device rte,
&s3c_device wdt,

}s
6.1.5 ckikZ

IR OB, BB, MO CIEIE T . B DG W AZARS 7 /drivers/clk H
Ko devm_clk_get PR R IRENAMAL I Bl

struct clk *devm_clk get(struct device *dev, const char *id);
faRE/ZE (LIS B R B0 T

int clk_prepare_enable(struct clk *clk);
void clk disable unprepare(struct clk *clk);

IR ZRIUAAE A BESREL . s3c64xx_init_irq FREGHA T s3c64xx_clk_init KAJLA1LIN 4
s3c64xx_clk init(NULL, xtal f, xusbxti _f, soc_is s3c6400(), S3C_VA SYS);
s3c64xx_clk_init XA 7E/drivers/clk/samsung/clk-s3c64xx.c H':

void _ init s3c64xx_clk init(struct device node *np, unsigned long xtal f,
unsigned long xusbxti_f, bool s3¢6400,void __iomem *base)
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struct samsung_clk provider *ctx;
reg_base = base;
is_s3c6400 = s3c6400;
if (np) {

reg_base = of iomap(np, 0);

if (Ireg_base)

panic("%s: failed to map registers\n", _ func_ );

}
ctx = samsung_clk init(np, reg _base, NR_CLKS);
if (lctx)

panic("%s: unable to allocate context.\n", func );
PREMSN R/
if (Inp)

s3c64xx_clk register fixed ext(ctx, xtal f, xusbxti f);
/T PLL*/
samsung_clk register pll(ctx, s3c64xx_pll clks,ARRAY SIZE(s3c64xx pll clks), reg_base);
P SYEIE P P F I A/
samsung_clk register fixed rate(ctx, s3c64xx fixed rate clks,ARRAY SIZE(s3c64xx fixed rate clks));
samsung_clk register mux(ctx, s3c64xx mux_clks, ARRAY SIZE(s3c64xx mux_clks));
samsung_clk register_div(ctx, s3c64xx_div_clks,ARRAY SIZE(s3c64xx_div_clks));
samsung_clk register gate(ctx, s3c64xx_gate clks,ARRAY SIZE(s3c64xx gate clks));
P SOC FH IR N A/
samsung_clk register mux(ctx, s3c6410_mux_clks,ARRAY SIZE(s3c6410 mux clks));
samsung_clk register div(ctx, s3c6410 div_clks,ARRAY SIZE(s3c6410 div_clks));
samsung_clk register gate(ctx, s3c6410_gate clks,ARRAY SIZE(s3c6410 gate clks));
samsung_clk register_alias(ctx, s3c6410 clock aliases, ARRAY SIZE(s3c6410 clock aliases));
samsung_clk register alias(ctx, s3c64xx_clock aliases, ARRAY SIZE(s3c64xx clock aliases));
s3c64xx_clk sleep init();
samsung _clk of add provider(np, ctx);
pr_info("%s clocks: apll = %lu, mpll = %lu\n"

"\tepll = %lu, arm_clk = %lu\n",

is_s3c6400 ? "S3C6400" : "S3C6410",

_get rate("fout apll"), get rate("fout mpll"),

_get rate("fout _epll"), get rate("armclk"));

}
S3C6410X A 15 #4757 22 [T I B A7 by

6.2 devimem 5 devikmem

/dev H3& FAMANEERIT 5 /dev/mem bj/dev/kmem. /dev/mem J&4HE A A7 (I,
HAHRVT B VO Bedt, Bl DEhlas 7 4eds . /devikmem s REAUAEIOMLGT, W]
PLHK A kernel AR 55515 B .

51 6.1 devmem?2 451

AR5 W\samples\6hardsimple\6-1devmem\devmem2. %LU
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int main(int arge, char **argv) {
int fd;
void *map_base, *virt_addr;
unsigned long read_result, writeval,
off t target;
int access_type = 'w';
if(arge < 2) {
fprintf(stderr, "\nUsage:\t%s { address } [ type [ data ] |\n"
"\taddress : memory address to act upon\n"
"\ttype : access operation type : [b]yte, [h]alfword, [w]ord\n"
"\tdata : data to be written\n\n",
argv[0]);
exit(1);
}
target = strtoul(argv([1], 0, 0);
if(argec > 2)
access_type = tolower(argv[2][0]);
TN
if((fd = open("/dev/mem", O_RDWR | O_SYNC)) == -1) FATAL;
printf("'/dev/mem opened.\n");
fflush(stdout);
PABS 1 AN BT/
map_base = mmap(0, MAP_SIZE, PROT READ | PROT_WRITE, MAP_SHARED, fd, target
& ~MAP_MASK);
if(map_base == (void *) -1) FATAL;
printf("Memory mapped at address %p.\n", map_base);
fflush(stdout);
AR B R N A7 R
virt_addr =map_base + (target & MAP_MASK);
switch(access_type) {
case 'b':
read_result = *((unsigned char *) virt_addr);
break;
case 'h':
read_result = *((unsigned short *) virt addr);
break;
case 'w'":
read_result = *((unsigned long *) virt_addr);
break;
default:
fprintf(stderr, "Illegal data type '%c'.\n", access_type);
exit(2);
H
printf(""Value at address 0x%X (%p): 0x%X\n", target, virt_addr, read result);
fflush(stdout);
if(arge > 3) {
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writeval = strtoul(argv[3], 0, 0);
switch(access_type) {
case 'b":

*((unsigned char *) virt_addr) = writeval;
read_result = *((unsigned char *) virt addr);

break;
case 'h':

*((unsigned short *) virt_addr) = writeval;
read_result = *((unsigned short *) virt addr);

break;

case 'w":

*((unsigned long *) virt_addr) = writeval;
read_result = *((unsigned long *) virt_addr);

break;
}

printf("Written 0x%X; readback 0x%X\n", writeval, read_result);

fflush(stdout);
b
EVSENUS )
if(munmap(map_base, MAP SIZE) = -1) FATAL,;
close(fd);
return 0;

}
T SEBIE A devmem?2 #5Hil RTC AHIC 1 2747 2% o

[root@urbetter drivers]# ./devmem2 0x70000000
/dev/mem opened.

Memory mapped at address 0xb6{64000.

Value at address 0x70000000 (0xb6{64000): 0xDO

RTCCON 7747 2§ Hihi-=0x7E005040
[root@urbetter drivers]# ./devmem2 0x7E005040
/dev/mem opened.

Memory mapped at address 0xb6f61000.

Value at address 0x7E005040 (0xb6f61040): 0x1

BCDSEC #i /7 ilik=0x7E005070, b7 fres

MRS M S A s KAl T RMEE, AT date fir- &5 35 A7 oA €N ZE 5+

[root@urbetter drivers]# date

Mon May 31 03:27:22 CST 2004

[root@urbetter drivers]# ./devmem2 0x7E005070
/dev/mem opened.

Memory mapped at address 0xb6£73000.

Value at address 0x7E005070 (0xb6£73070): 0x25
[root@urbetter drivers]# date

Mon May 31 03:27:27 CST 2004

[root@urbetter drivers]# ./devmem2 0x7E005070
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/dev/mem opened.

Memory mapped at address 0xb688000.

Value at address 0x7E005070 (0xb6£88070): 0x29
[root@urbetter drivers]#

BCDMIN 7% /7 iE=0x7TE005074, 434ha5 (74
[root@urbetter drivers]# date

Mon May 31 03:29:15 CST 2004

[root@urbetter drivers]# ./devmem2 0x7E005074
/dev/mem opened.

Memory mapped at address 0xb6f74000.

Value at address 0x7E005074 (0xb6£74074): 0x29

N SEBIE devmem?2 5 GPIO Z7f7-#%, JE#H LED %I'» LED 4T H:4E S3C6410X [
GMO~GM3 I, =il LED 4J 2 75 22 #] GPMCON(0x7F008820)5 GPMDAT(0x7F008824)
PSR R

[root@urbetter home]# ./devmem2 0x7F008820 w Ox111111
/dev/mem opened.

Memory mapped at address 0xb6fef000.

Value at address 0x7F008820 (0xb6fef820): 0x0

Written Ox111111; readback Ox111111

M5% LED

[root@urbetter home]# ./devmem2 0x7F008824 w 0x0000001F
/dev/mem opened.

Memory mapped at address 0xb6fd0000.

Value at address 0x7F008824 (0xb6fd0824): 0x0

Written Ox1F; readback 0x1F

$8°K LED

[root@urbetter home]# ./devmem2 0x7F008824 w 0x00000000
/dev/mem opened.

Memory mapped at address 0xb6£fdb000.

Value at address 0x7F008824 (0xb6fdb824): 0x1F

Written 0x0; readback 0x0

[root@urbetter home]#

6.3 FH1FERino]

6.3.1 S3C6410X Hihlmeg}

APl H LT T =M S3C6410X ALFREE . fT S3C6410X A ¥ 43 4L #4) 4k /K T
S3C24XX A4, FrLli A AEE 3] S3C24XX M3 1. S3C6410X ZHF 32 Ayt
AR [H], IXEEH B A B Ay, IR T A, i T AR

S3C6410X AbPEAFH I SPINE M4kVjin FAF X, FAFX HHbETE 2 0x0000_0000~
0x6FFF_FFFF, 43 JPUANXEE, W& 6-2.
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62 S3C6410X AbIE2EAY AR ST

paES HuHEE R

B

SIS8%X | 0x0000_0000~0x07FF_FFFF

BT FCEBET I N AE, B — AN 1) P9 A X S S A X — 2y
RN

T RS TR 8 ROM FINE SRAM. M ROM ki [ &

WEBFEAIX. | 0x0800_0000~0xOFFF_FFFF | 0x0800 0000~ 0xOBFF_FFFF, [N#5 SRAM HHshl: v Fl /& 0x0C00 0000~
0xOFFF FFFF
, FK7i) SROM. SRAM. NOR Flash. [f# NOR #1451 Steppingstone.
BAEAEX ~ R .
A AEAALC | 0x1000_0000~OX3FFF_FFFF | T b A0 bank 47 128MB, Mol BfCle /s e
— S5 B4 b, ~ 3t
AT | 0x4000 0000~OX6FFF FFFF 0x4000_0000~0x4FFF_FFFF Jy{fiiill, 0x5000 0000~0x6FFF FFFF f

DRAM P A7424l# 1(DMC)fE/H

AhIX SR I PERT S Z V7], etk e HLE 0x7000_0000~0x7FFF_FFFF. XMk
R P A R R D) BE 7 745 (SFRD #FRERE VTN . S3C6410X ALBRAR 1) =224 & 6-3

ARM Core

Connectivity

F7Re
System Peripheral
C RTC D)
C PLLX3 )

ARM1176JZF-S

I/D—Cache 16KB
I/D-TCM 16KB
533/667MHz

128/12S 5—ch

12C X2

( Timer w/PWM )

C Watch—dog Timer )

( b™MAG2eh) )

( Keypad(8X8) )

GPIO

IrDA v1.1

C
C
C UART X 4
C
C
C

HIS(Modem I/F)

USB OTG 2.0

TET LCD
Controller

X64/32 Multi-Layer AHB/AXI Bus

Resolution typically

USB Host 1.1

C
C
C
C

HS-MMC/SD

800X 480
Color-TFT LCD

D)
D)
)
D
)
SPI(Full Duplex) )
D)
)
D)
)
)

( AC97/PCM Audio IF

6-3  S3C6410X AL - EAMK

S3C6410X [FAMAEHIELE /arch/arm/mach-s3c64xx/include/mach/map.h 71 5 X .

//MMC Hivtil

#define S3C64XX PA HSMMC(x)
#define S3C64XX PA HSMMCO
#define S3C64XX_PA_HSMMCI
#define S3C64XX PA HSMMC2
/50 M ik

#define S3C_PA_UART

#define S3C_PA_UARTO

#define S3C_PA UART1

#define S3C_PA_UART2

#define S3C_PA UART3

#define S3C_UART OFFSET
#define S3C_VA UARTO

(0x7C200000 + ((x) * 0x100000))
S3C64XX_PA_HSMMC(0)
S3C64XX_PA_HSMMC(1)
S3C64XX_PA_HSMMC(2)

(0x7F005000)
(S3C_PA_UART + 0x00)
(S3C_PA_UART + 0x400)
(S3C_PA_UART + 0x800)
(S3C_PA_UART + 0xC00)
(0x400)

S3C_ VA UARTx(0)
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#define S3C_VA_UARTI

#define S3C_VA UART2

#define S3C_VA_UART3
/AL B ik

#define S3C64XX PA NAND
#define S3C64XX_PA_FB

#define S3C64XX PA USB _HSOTG
#define S3C64XX_PA_WATCHDOG
#define S3C64XX PA SYSCON
#define S3C64XX PA AC97
#define S3C64XX_PA_I1S0

#define S3C64XX_PA IIS1

#define S3C64XX_PA_TIMER
#define S3C64XX PA 1ICO

#define S3C64XX_PA_PCMO
#define S3C64XX_PA PCM1
#define S3C64XX PA 1ISV4
#define S3C64XX_PA 1IC1

//GPIO Hbik:

#define S3C64XX_PA_GPIO

#define S3C64XX_VA_GPIO
#define S3C64XX_SZ GPIO
//SDRAM Hiihil:

#define S3C64XX _PA SDRAM

1/ W i e o s A B M

#define S3C64XX _PA_ VICO

#define S3C64XX_PA_VIC1

// MODEM Hhhif:

#define S3C64XX _PA_ MODEM
#define S3C64XX_VA_MODEM
//USB ik

#define S3C64XX_PA_USBHOST
#define S3C64XX_PA_USB_HSPHY
#define S3C64XX VA _USB_HSPHY
/4 i 1) Ao 2 R A M

#define S3C_VA_VICO

#define S3C_VA VIC1

S3C_VA_UARTx(1)
S3C_VA_UARTx(2)
S3C_VA_UARTx(3)

(0x70200000)
(0x77100000)
(0x7C000000)
(0x7E004000)
(0x7E00F000)
(0x7F001000)
(0x7F002000)
(0x7F003000)
(0x7F006000)
(0x7F004000)
(0x7F009000)
(0x7F00A000)
(0x7F00DO000)
(0x7F00F000)

(0x7F008000)
S3C_ADDR_CPU(0x00000000)
SZ 4K

(0x50000000)

(0x71200000)
(0x71300000)

(0x74108000)
S3C_ADDR_CPU(0x00100000)

(0x74300000)
(0x7C100000)
S3C_ADDR_CPU(0x00200000)

(S3C_VA_IRQ + 0x00)
(S3C_VA_IRQ + 0x10000)

£ Linux 200 S 10 Y Bk SR BB Pt kA BE VT 1) o bk 5 3A0mT AR [
SEHIEWRR T 3, TR LA [ E b hE A 1R -

#define S3C_ADDR _BASE
#define S3C_ADDR(x)
#define S3C_ADDR CPU(x)

(0xF4000000)
(S3C_ADDR_BASE + (x))
S3C_ADDR(0x00500000 + (x))

RTHIE 48 S3C6410X PB4 il 2 11 b b B b o S
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#define S3C_VA IRQ S3C_ADDR(0x00000000) [*irq 4/
#define S3C_VA_SYS S3C_ADDR(0x00100000) PR G
#define S3C_ VA MEM  S3C_ADDR(0x00200000) NI/
#define S3C_VA TIMER S3C_ADDR(0x00300000) [EEER T/
#define S3C_ VA WATCHDOG S3C_ADDR(0x00400000)  /*F& | 1%/
#define S3C_VA_UART S3C_ADDR(0x01000000) /RER %/

Ty — PR R 7 S R ioremap BEL  FLADLES 4 %

VO TS ARG — ik, 1O A frasthFRA VO WAF. 4 VO e WA T
Gihkiy, VO HAFRFRN VO . S3C6410X KM /0 WAET . 1E VO WAE IR I
HihE LG oAz O B UL S, B BT USRS RAM IREEHEES VO AR T .
N T RIS FE T S & 1 A, NOZATH Linux SPRE2 RSOk VO WAF T
P, AN AZE T 0 A% O R A IE RSV ). BlndE ARM P& b, 5 VO [
$(, 2 Jl/arch/arm/include/asm/io.h LA & /include/asm-generic/io.h.

JRAGTE VO NAFBES R T

void raw writew(ul6 val, volatile void _iomem *addr);
ul6 raw readw(const volatile void _iomem *addr);
void raw_writeb(u8 val, volatile void _iomem *addr);
u8 raw_readb(const volatile void __iomem *addr);

void _raw_writel(u32 val, volatile void __iomem *addr);

u32 raw readl(const volatile void iomem *addr);

N VO WAFREE raw readl 55 raw writel FRECHEERE B3N T NAEBERR AL, D
B IR LS () e At

void writew(ul6 val, volatile void __iomem *addr);

ul6 readw(const volatile void __iomem *addr);

void writeb(u8 val, volatile void __iomem *addr);

u8 readb(const volatile void __iomem *addr);

void writel(u32 val, volatile void _iomem *addr);

u32 readl(const volatile void __iomem *addr);

u8 ioread8(u8 value, volatile void _iomem *addr);

ul6 ioread16(ul6 value, volatile void _iomem *addr);

u32 ioread32(u32 value, volatile void _iomem *addr);

void iowrite8(u8 value, volatile void _iomem *addr);

void iowrite16(ul6 value, volatile void _iomem *addr);

void iowrite32(u32 value, volatile void _iomem *addr);

IESE VO WAT IS

void ioread8 rep(const volatile void _iomem *addr, void *buffer,unsigned int count) ;
void ioread16_rep(const volatile void _iomem *addr,void *buffer, unsigned int count) ;
void ioread32_rep(const volatile void _iomem *addr,void *buffer, unsigned int count) ;
void iowrite8 rep(const volatile void _iomem *addr, void *buffer,unsigned int count) ;
void iowrite16_rep(const volatile void _iomem *addr,void *bufter, unsigned int count) ;

void iowrite32 rep(const volatile void _iomem *addr,void *buffer, unsigned int count) ;
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6.3.2  S3C6410X I iRahfdysssil

HARIE M RGP H I AE AZhE S, ABERS TRt TE T IThAt. IR CRE AT
PP A S, Wl E— Nl 16 A7 1 1) b5 o I ge sk = A b b iR gs . B 6-4 &
S3C6410X A T 1A IC ) IR B

MUX WTDAT
1/16 ¢ ’—> Interrupt
PCLK 8-bit Prescaler 732 WTCNT T Reset Signal Generator = RESET
1/64 (Down Counter) g
1/128 ‘
WTCONTJ15:8] WTCONT[4:3] WTCON[2] WTCON[O0]

6-4 S3C6410X [E T IHHIC

F T IR PCLK 1F A S IRRYs . PCLK I8hik 8bit [T/ AT /040, 7 A A
G T 10 5E N SsIfid, FIT A3 (R4 FROR 0400, 3 AR 1~ ] LA 164 32 64 5l 128. FHI']
o) 7 ] B I R A 2 R

FIIHE N 2R = 1/( PCLK / (F 8l + 1)/ 5RT )

B IR TTIN T4 WK 6-3.

®63 FIVABERTHMEEFR

T Huhik R/W filiik AAH
WTCON 0x7E004000 R/W B8 I AR 2 AR 0x8021
WTDAT 0x7E004004 R/W B 1100 € I SR A7 % 0x8000
WTCNT 0x7E004008 R/W B E B BT A 0x8000

WTCLRINT 0x7E00400C w BV 5E I S P W BR A

WTDAT R 17 & [ 140 5 I 2% AT B0 . WTCNT R 72 1700 52 I 28 249 5 191
WTCLRINT ARIEBRE 110 i gs bW, 5 AT EERBERR W . WTCON A7 1) B AR
XK 64,

% 6-4 WTCON E75:5

WTCON bit Ll YIth{E
Prescaler value [15:8] TP, ARy 0~2°8-1 0x80
Reserved [7:6] HEEAE T 0 00 00
Watchdog timer [5] Bl MEREAL: 0=Ak1L; 1=fRE 1
Clock select [4:3] SRR kSR 00: 165 01:32; 10:64 ; 11:128 00
Interrupt generation [2] P REN . 0=2%1E; 1=k 0
Reserved 1 WREAE TR0 0
Reset enable/disable [0] ETHEN S ALE SAERERL: 0=281k; 1=ffifE 1
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6.2 S3C6410X I 19K =T 7S 4
A4 Il \samples\6hardsimple\6-2wdc. 1%L

#define WDC_RESET ENABLE (1<<0)
#define WDC_INTERRUPT ENABLE (1<<2)
#define WDC_TIMER _ENABLE (1<<5)

static void __iomem *s3c_wdc_base;

struct simple_dev *simple devices;

static unsigned char simple inc=0;

static int wdctimeout=0;

int simple_open(struct inode *inode, struct file *filp)

{
struct simple_dev *dev;
printk("simple_open\n");
if(simple_inc>0)return -ERESTARTSYS;
simple_inc++;
dev = container_of(inode->i_cdev, struct simple_dev, cdev);
filp->private data = dev;
int tmp=((0x67<<8)|(0x1<<4)) WDC_RESET ENABLE/WDC_TIMER ENABLE;
wdctimeout=0xFFFF,
writel(wdctimeout, s3c_wdc_base + S3C64XX_ WDCNT);
writel(tmp, s3¢c_wdc_base + S3C64XX WDCON);
printk("S3C64XX WDCON 0x%x\n",readl(s3c_wdc_base + S3C64XX WDCON));
return 0;

}

TR B

int simple_release(struct inode *inode, struct file *filp)

{
simple _inc--;
return 0;

}
I T IR,
int simple_ioctl(struct inode *inode, struct file *filp,unsigned int cmd, unsigned long arg)
{
void _ user *argp = (void _ user *)arg;
int _ user *p = argp;
if(cmd==WDIOC_KEEPALIVE)//M]

{
printk("S3C64XX_ WDDAT 0x%x\n",readl(s3c_wdc_base + S3C64XX WDDAT));
printk("S3C64XX_WDCON 0x%x\n",readl(s3c_wdc_base + S3C64XX WDCON));
writel(wdctimeout, s3¢c_wdc_base + S3C64XX WDCNT);
printk("S3C64XX WDCNT 0x%x\n",readl(s3c_wdc_base + S3C64XX WDCNT));
}
if(cmd==WDIOC_SETTIMEOUT)//¥% &I
{

//t_watchdog=0.0001s
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wdctimeout=(*p)*10000;
printk("wdctimeout%d\n",wdctimeout);
writel(wdctimeout, s3¢_wdc_base + S3C64XX WDDAT);

H
return -EFAULT;

H

struct file operations simple fops = {
.owner = THIS MODULE,
.open= simple open,
.doctl = simple_ioctl,
release = simple release,

1

int simple_init module(void)

{

s3c_wdc_base = ioremap(S3C64XX_PA WDC,0xf);//F | 1425 47 2 bl 2 (7] i St
if (s3c_wdc_base == NULL)
{
printk(KERN NOTICE "ioremap Error\n");
result = -EINVAL,;
goto fail;
}
printk("simple_init module\n");
return 0;

b
MRS AT -

int main(int arge, const char *argv([])
{
int fd=open("/dev/watchdog",0_ WRONLY);
if (fd==1)
{
perror("watchdog"); exit(1);
}
int timeout =4;
ioctl(fd, WDIOC SETTIMEOUT, &timeout);
while(1)
{
ioctl(fd, WDIOC KEEPALIVE, 0);
sleep(1);
}
close(fd);
}

AR R 2 e B 1WA I IR TR], RS AT TR BN IR R AN
A, MRS —BUN Rl HEhE R . ABIEITEIR W
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[root@urbetter /home]# insmod  demo.ko
simple_init_module
[root@urbetter /home]# mknod /dev/watchdog ¢ 224 0
[root@urbetter /home]# ./wdc
simple_open
S3C64XX_WDCON 0x6731
wdctimeout40000
S3C64XX_WDDAT 0x9c40
S3C64XX WDCON 0x6731
S3C64XX WDCNT 0x9¢40
S3C64XX WDDAT 0x9c40
S3C64XX_WDCON 0x6731
S3C64XX_WDCNT 0x9¢40
S3C64XX_WDDAT 0x9c40
S3C64XX WDCON 0x6731
S3C64XX WDCNT 0x9¢40
S3C64XX WDDAT 0x9c40
S3C64XX_WDCON 0x6731
S3C64XX_WDCNT 0x9¢40
S3C64XX_WDDAT 0x9c40
S3C64XX WDCON 0x6731
S3C64XX WDCNT 0x9¢40
S3C64XX WDDAT 0x9c40
S3C64XX_WDCON 0x6731
S3C64XX_WDCNT 0x9¢40
S3C64XX_WDDAT 0x9c40
S3C64XX WDCON 0x6731
~C

[root@urbetter /home]# j?
HRMREFIG 4 W RGER
U-Boot 1.1.6 (May 11 2009 - 10:23:24) for SMDK6410

st 3k sk sfe sk sfe sfe sie she sk she sfe sk she sfe s sfe sfeshe sfe sk she sfe e she sfeske sfe st she sfeske sk sfeske sk ks sk

o UT-S3C6410 Nand boot v0.18 K
e ShenZhen Urbetter Technology Gt
R Http://www.urbetter.com ok

s 3k ok 2k 3k sk s ok ok sk ok s sk ok sk ok sk sk sk sk sk ok sk sk ok stk sk sk sk sk sk stk sk kok sk

6.4 HIITH

Pl U ROV o — e PR 458 v RSP AN P A ol S 70 SR 2 Il ki 5
oo HHEIHEAPREEAE TTL HSF. CMOS HPPMT RS232 Y-, AT TR A ) H s v
ANE, TTL HAHE 5SSV SN T8, 0V S T85<07. R EPRTE LA X 4
B, o T, <08V OMARHSE, >2.4V St MR, <12V U IRHRE, >2.0V
AR
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2 W

HI P2 BB AN TT GPIO 4], S3C6410X A% R4t T —48 GPIO 4% H R %k -

IE RS

#define S3C64XX GPA( nr)
#define S3C64XX GPB( nr)
#define S3C64XX GPC( nr)
#define S3C64XX_GPD(_nr)
#define S3C64XX GPE(_nr)
#define S3C64XX_GPF(_nr)
#define S3C64XX GPG( nr)
#define S3C64XX GPH( nr)
#define S3C64XX_GPI(_nr)
#define S3C64XX_GPJ(_nr)
#define S3C64XX_GPK( nr)
#define S3C64XX GPL(_nr)
#define S3C64XX GPM( nr)
#define S3C64XX GPN( nr)
#define S3C64XX GPO( nr)
#define S3C64XX_GPP(_nr)
#define S3C64XX_GPQ(_nr)
/IGPIO #AF: b %K

(S3C64XX_GPIO_A_START + (_nr))
(S3C64XX_GPIO B_START + (_nr))
(S3C64XX_GPIO_C_START + (_nr))
(S3C64XX_GPIO_D_START + (_nr))
(S3C64XX_GPIO_E_START + (_nr))
(S3C64XX_GPIO_F_START + (_nr))
(S3C64XX_GPIO_G_START + ( nr))
(S3C64XX_GPIO_H_START + (_nr))
(S3C64XX_GPIO_I START + (_nr))
(S3C64XX_GPIO_J START + (_nr))
(S3C64XX_GPIO_K_START + (_nr))
(S3C64XX_GPIO_L_START + (_nr))
(S3C64XX_GPIO M _START + (_nr))
(S3C64XX_GPIO N_START + (_nr))
(S3C64XX_GPIO_O START + (_nr))
(S3C64XX_GPIO_P_START + (_nr))
(S3C64XX_GPIO Q START + ( nr))

int s3c_gpio_cfgpin(unsigned int pin, unsigned int config);

int s3c_gpio_cfgpin range(unsigned int start, unsigned int nr,unsigned int cfg);
int s3c_gpio_setpull(unsigned int pin, samsung_gpio pull t pull);

void gpio_set value(unsigned gpio, int value);

int gpio_get value(unsigned gpio);

6.4.1 S3C6410X LED BizhFrctil
S3C6410X LED 4] Hii 2 ¥ 4n & 6-5 Fion. PUAS LED 4] 20 7l4%% GPMO~GPM3 |,

VDD_IO
0

D2
L\H_LMM&._
j DO0BO0S R0402
R70 100K 4 Q2 D3
nLED1 3 VANV RO40Z e, 8050 "k, LED _R71 330R |
N so'r-zaj H‘ DO0BO0S Y Y Y Rod02
R72 100K 1 Qs D4
nLEDZ > VNN a0z I 8050 “* g LED R73 A B0R
- soT-23 “ DO0B0S R0402
R74 100K 1 Q4 D5
nLED3 ¥ ATAY R0402 8050 "X, LED R75 . .  330R
S0T-23 H DOB05S R0402
R76 100K 1j
nLED4 VNN a0z 1 8050
S0T-23

K 6-5 S3C6410X LED %] Ji# %]

15 6.3 S3C6410X LED SK5hF% 3 5451
A14 Il\samples\6hardsimple\6-4led . #%.CrCHL N -
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#define S3C64XX_GPMO_OUTPUT (0x01 << 0)
#define S3C64XX_GPM1_OUTPUT (0x01 << 4)
#define S3C64XX_GPM2 OUTPUT (0x01 << 8)
#define S3C64XX GPM3 OUTPUT (0x01 << 12)

//LED i B

#define LED_SI OUT1 s3c_gpio_cfgpin(S3C64XX_GPM(0),S3C64XX_GPMO_OUTPUT)
#define LED_SI OUT2 s3c_gpio_cfgpin(S3C64XX_GPM(1),S3C64XX_GPM1_OUTPUT)
#define LED SI OUT3 s3c_gpio_cfgpin(S3C64XX GPM(2),S3C64XX GPM2 OUTPUT)
#define LED SI OUT4 s3c_gpio_cfgpin(S3C64XX GPM(3),S3C64XX GPM3 OUTPUT)

=N
#define LED_SI H(i) _ raw_writel(_ raw_readl(S3C64XX_ GPMDAT)|(1<<i),S3C64XX_GPMDAT)
#define LED_SI_L(i) _raw_writel(__raw_readl(S3C64XX_GPMDAT)&(~(1<<i)),S3C64XX_GPMDAT)

int simple_ioctl(struct inode *inode, struct file *filp,unsigned int cmd, unsigned long arg)
{
void _ user *argp = (void _ user *)arg;
int *p=(int*)argp;
if(cmd==COMMAND_LEDON)
{
LED_SI L(*p);
printk(" raw_readl(S3C64XX GPMDAT)=0x%x\n",
__raw_readl(S3C64XX GPMDAT));
return 0;
}
if(cmd==COMMAND_LEDOFF)
{
LED_SI H(*p);
printk("__raw_readl(S3C64XX GPMDAT)=0x%x\n",
__raw_readl(S3C64XX GPMDAT));
return 0;

¥
return -EFAULT;

}

struct file operations simple fops = {
.owner = THIS MODULE,
.open= simple open,
doctl = simple_ioctl,
release = simple release,

s

I LED_SI H 5 LED_SIL /N AT BRG] gpio_set value pREL, F 44 Il\samples\
6hardsimple\6-4led 2:

#define LED_SI H(i) gpio_set value(S3C64XX GPM(i),1)
#define LED_SI L(i) gpio_set value(S3C64XX GPM(i),0)
N JZEZ A
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void main()
{
int fd;
int i=2;
char data[256];
int retval,
fd=open("/dev/led",0_RDWR);
if(fd==-1)
{
perror("error open\n");
exit(-1);
}
printf(""open /dev/led successfully\n");
for(i=0;i<4;i++)
{
retval=ioctl(fd, COMMAND_ LEDON,&i);
if(retval==-1)
{
perror("ioctl LEDON error\n");
exit(-1);
}
sleep(1);
retval=ioctl(fd, COMMAND LEDOFF, &i);
if(retval==-1)
{
perror("ioctl LEDOFF error\n");
exit(-1);

}
close(fd);

b
ABIEATEERANT -

[root@urbetter /home# insmod demo.ko
[root@urbetter /home]# mknod /dev/led ¢ 224 0
[root@urbetter /home]# ./test

open /dev/led successfully
__raw_readl(S3C64XX GPMDAT)=0x1le
_ raw_readl(S3C64XX_GPMDAT)=0x1f
_ raw_readl(S3C64XX_GPMDAT)=0x1d
_ raw_readl(S3C64XX_GPMDAT)=0x1f
_raw_readl(S3C64XX_GPMDAT)=0x1b
_raw_readl(S3C64XX_ GPMDAT)=0x1f
__raw_readl(S3C64XX GPMDAT)=0x17
_ raw_readl(S3C64XX_GPMDAT)=0x1f
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AT FE #2272 LED 4 fKIKIN K.
6.4.2  FIREEHEIRE R 9245

S3C6410X LS IR EEANE 6-6 Fan. 7N MEHL IR S3C6410X 1) GPNO~GPNS .

VDD_IO

RB3 RE4 RE5 RE6 RET RE8
47K 47K 4.7K 47K 4.TK 47K
RO402 RO402% RO0402 RO402

K1
KEYINT1 & * O Oggv—
2
KEYINT2 << O Oy
—n
KEYINT3 << O Ot
Kd
KEYINT4 <X 0 Oy
Sn
KEYINTS << 0 Oyt
o
KEYINTE << o] v
Kl 6-6  S3C6410X 2 Hi it J5i 3
Bl 6.4 I FBE SR B e S 151
AR14 Il\samples\6hardsimple\6-5scanbutton. #%/CMRAL A1
void initButton(void)
{
s3c_gpio_cfgpin(S3C64XX GPN(0),0);
s3c_gpio_cfgpin(S3C64XX GPN(1),0);
s3c_gpio_cfgpin(S3C64XX GPN(2),0);
s3c_gpio_cfgpin(S3C64XX GPN(3),0);
s3c_gpio_cfgpin(S3C64XX GPN(4),0);
s3c_gpio_cfgpin(S3C64XX GPN(5),0);
H
ssize t button_read(struct file *filp, char _ user *buf, size t count,loff t *f pos)
{

int sum=1;
struct button_dev *dev = filp->private data;
int value=_raw_readl(S3C64XX GPNDAT);
value=value&0x3F;
if (copy_to_user(buf,&value,sizeof(int)))
{

sum=-EFAULT;

}
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return sum;

}

struct file operations button fops = {
.owner = THIS MODULE,

.read = button read,
.open = button_open,
release = button release,
15
int button_init_module(void)
{
initButton();
}
N EACHE R«
int offset[]={0x3E,0x3D,0x3B,0x37,0x2F,0x 1F};
void main(void)
{
int fd;
int i;

int retval=0,0ldvalue=0;
fd=open("/dev/fgj",0_RDWR);

if(fd==-1)
{
perror("error open\n");
exit(-1);
H
printf("open /dev/fgj successfully\n");
while(1)
{
i=read(fd,&retval 4);
if(i>0)
{
if(retval!=oldvalue)
{
for(i=0;1<6;i++)
{
if(offset[i]==retval)
{
printf("key%d is pressed\n",i+1);
}
}
b
oldvalue=retval,
H
usleep(10);
}
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close(fd);
}

ABPREAT RN -

[root@urbetter /home]#insmod demo.ko

[root@urbetter /home[#mknod /dev/fgj ¢ 224 0
[root@urbetter /home]# ./test

open /dev/fgj successfully (/I AR %R AN [R] ) 424
key?2 is pressed

keyl is pressed

key4 is pressed

key3 is pressed

keys is pressed

key6 is pressed

6.5 HMEHRTALIE

6.5.1 BEfEHMAL PR

IIEE (£ B, RAETh T — RS S, IRREOR R AT, I B T s 5%
SNBSS ) A I 8 AR N T . A — EUR IS4, (0
AT IE LA BE ) TAE, ST 2shb s chl. 18] 67 2 b 2 S e ]

——IRQO—~

IRQ

Interrupt Controller ARM#%

BUS

——IRQ63 —

K 6-7 b s

R P WA R AR 2 A, WTLLR MRSy EARER (top half) HTR - (bottom
half). 358k — %%%&@%%% WS R, R e R TR AR MIEH
BT AN . TR AT W, R AN AT I, AR PR SE EEALEIR ], Linux )
HHIE R AR R T tasklet AL AT TAERAS4E

Linux WAZ I WTESKEASIH irq_desc S5#4 4k :

struct irq_desc {
unsigned int irq; 1/ W5
struct timer_rand_state *timer rand_state;
unsigned int  *kstat_irqs; &4~ CPU HIHWRIRAS
#ifdef CONFIG INTR REMAP
struct irq_ 2 _iommu *irq 2 iommu;
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#endif

irq_flow_handler_t handle irq;
struct irq_chip *chip;
struct msi_desc *msi_desc;
void *handler_data;
void *chip_data;
struct irqaction *action;
unsigned int status;
unsigned int depth;
unsigned int wake depth;
unsigned int irq_count;

unsigned long
unsigned int

raw_spinlock t lock;
#ifdef CONFIG_SMP

cpumask var t affinity;

unsigned int node;

last unhandled;
irqs_unhandled;

=G s

/*IRQ RS5HZE*/
/FIRQ ARZS*/

PERRREE, FT irq_disable()*/
/* SOVFEREE, FT set irq wake()*/

HIARKE PR 7

#ifdef CONFIG_GENERIC_PENDING IRQ

cpumask var t
#endif
#endif

atomic_t

pending_mask;

threads_active;
wait_queue head t
#ifdef CONFIG_PROC _FS

struct proc_dir_entry *dir;
#endif
const char *name;
}  cacheline internodealigned in smp;

struct irq_desc irq_desc[NR_IRQS];
IRQ IR 55 HIAR I LRI N -

struct irqaction {
irq_handler_t handler;
unsigned long flags;
const char *name;//1% £ %
void *dev_id; /% 7% ID
struct irqaction *next;
int irq; /W5
struct proc_dir_entry *dir;
irq_handler_t thread_fn;
struct task _struct *thread;
unsigned long thread flags;

s

AN 7] [ 35 #6508 L PR o Befr #8 H] ——A ofe—

request_irq PRECH T HEH T, U R

138

wait for threads;

/lproc #4%

I

1154 AR T A B BR 5

/lproc 4%
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int request_irq(unsigned int irq, irq_handler_t handler, unsigned long flags,const char *name, void *dev);

SR irq FoRPTEREIEAE TS . name AW AFR. dev A& ZSHL. handler b
SRR O SO L TG S A eSS T E RS E A8

typedef irgreturn_t (*irq_handler_t)(int, void *);

irq_handler_t [1)25—NZHCh T .
flags J& HIF IS RIE I, B PR o W AL R 3 1) — S8R«

#define IRQF_DISABLED 0x00000020 /&b T Hh Bk s 55 4] bk
#define IRQF_ SAMPLE_RANDOM 0x00000040  //% A iS5 th AT Dk
#define IRQF_SHARED 0x00000080 /2 e Sl
#define IRQF_ PROBE_SHARED 0x00000100
#define IRQF_TIMER 0x00000200  //5E i a4 H by
#define IRQF_PERCPU 0x00000400
#define IRQF._ NOBALANCING 0x00000800  //ANSZ H KT~ T- 5 i
#define IRQF_IRQPOLL 0x00001000
#define IRQF_ ONESHOT 0x00002000

rh i A 7 S DL 2R
#define IRQF_TRIGGER_NONE 0x00000000 /A B fih & I 2\
#define IRQF_TRIGGER RISING 0x00000001 /LTty
#define IRQF_TRIGGER_FALLING 0x00000002  // K [&45
#define IRQF_TRIGGER HIGH 0x00000004 /7= FEF
#define IRQF_TRIGGER _LOW 0x00000008  /AMEKHL

T AR B DR (B A =P

enum irqreturn {

IRQ_NONE, HARAS B 2%
IRQ HANDLED, 1/ W Ak 2R 5

IRQ_ WAKE THREAD,  /MuAbFRZeRE, F T LA RALER i 5 3 B I
15
PR o T I 2 SR R A A L — AN TR B S AL FRZE R, w] DU request_threaded irq
int request _threaded_irq(unsigned int irq, irq_handler t handler,
irq_handler_t thread fn, unsigned long irqflags,const char *devname, void *dev_id)
handler 4 FACFEpR 4L, thread fn AR ITACERLERE 2. a0 T AL FE K 4L handler 1R
[i] IRQ_WAKE_THREAD, WNJ<sMafiirh Wiekfe. 541 handler 7%, WIRHIERIAM T AL &
4 irq_default primary handler:

static irqreturn_t irq_default primary handler(int irq, void *dev_id)

{
return IRQ_ WAKE THREAD;
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}
free_irq FREHH KRS Jl— > B«
void free_irq(unsigned int irq, void *dev_id);

ARM PRZAFACEEH W %A asm do TIRQ. asm do IRQ BR#LTE entry-macro-multi.S
g
.macro arch_irq_handler default

get irqnr_preamble r6, Ir
1: get irqnr_and base 10, 12, 16, Ir

movne rl, sp

@

@ routine called with 0 = irq number, r1 = struct pt_regs *
@

badrne Ir, 1b

bne asm_do IRQ
asm_do IRQ & XU

void arch_do IRQ(unsigned int irg, struct pt_regs *regs)

{
struct pt_regs *old regs = set_irq_regs(regs);
irq_enter();
generic_handle irq(irq);
irq_exit();
set_irq_regs(old regs);
}

generic_handle irq PRECHH T generic_handle irq desc BR%L, HEMiAH T Wb #E k%L

int generic_handle irq(unsigned int irq)

{
struct irq_desc *desc = irq_to_desc(irq);
if (desc)
return -EINVAL;
generic_handle irq desc(desc);
return 0;
}
static inline void generic_handle irq desc(struct irq_desc *desc)
{
desc->handle irq(desc);
¥

handle_irq BRI #i &2 irqaction £544 1) handler [% 51, Wat/& request irq BAEE MY
HRRT AL EE R AL AR T BRSO, A R A Ty o P B A R R i PR H Lk
AR, AReH H S et s, AR e S EEIERR 1 R L, I A ORI Y A 2 file
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KBHZEERT o AEPIBTALBE B ORI IR S, AR IR, BUVEAT RS EUEIR, X
T SO I S DR I N AZAT ] e P ik Ab B R O b R PTG R P IR AT
(R, FEEIRIBIZRT, AU IRQ #AELE T AUk, Sk b R SRS ANEIE, [F-—
B Ak 2 R K AN RSB AS T BE RN AT AR 22 AN AR B E o S0 Ah e T A B R e m ] DA S v
Je 2 TRQ (¥ Wi Ak 2 b K T

A8 115 SR VE TR R A

void disable_irq(int irq); 1B BAS T, SRR RRThIR A
void disable_irq_nosync(int irq); /AR BN R, AN IR ]
void enable_irq(int irq); 1/ SEVF AN 7

void local irq save(unsigned long flags); /2% 1-Fra 1, HARfEhR&
void local_irq_diable(void); 1125 11 AT v

void local_irq_restore(unsigned long flags); /i GEATH TP T, I EFrE
void loval _irq_enable(void); IMEERE A T

6.5.2 PR SR S

S3C6410X R Wl el 2 A E PR EEFI S (VIC) 1 2 AME T b b 2%
(TZIC)AH . S3C6410X Wzl BT il S FF 64 NI, S3C6410X (1) rh Wz il it A
AW T g AE . TR WTBER . SRR ORI T SRR P IR AR R

5l 6.5 b R ack SR B AR S S48

AP RS S B )45 6.4 ARAL Dl\samples\6hardsimple\6-6interruptbutton. #%CMXALIT T :

static int irqArray[6]=

{
S3C_EINT(0),S3C_EINT(1),S3C_EINT(2),
S3C_EINT(3),S3C_EINT(4),S3C_EINT(5)

15

struct button_dev *button_devices;

static unsigned char button_inc=0;

static int flag = 0;

struct timer_list polling_timer;

static unsigned long polling_jffs=0;

I TR

void initButton(void)

{
s3c_gpio_cfgpin(S3C64XX_GPN(0),S3C64XX_GPNO_EINTO);
s3c_gpio_cfgpin(S3C64XX GPN(1),S3C64XX _GPN1 _EINT1);
s3c_gpio_cfgpin(S3C64XX GPN(2),S3C64XX GPN2 EINT2);
s3c_gpio cfgpin(S3C64XX GPN(3),S3C64XX GPN3 EINT3);
s3c_gpio_cfgpin(S3C64XX_GPN(4),S3C64XX_GPN4_EINT4);
s3c_gpio_cfgpin(S3C64XX_GPN(5),S3C64XX_GPNS5_EINTS);

1/ b

s3c_gpio_setpull(S3C64XX_GPN(0), S3C_GPIO_PULL NONE);
s3c_gpio_setpull(S3C64XX_GPN(1), S3C_GPIO_PULL NONE);
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s3c_gpio_setpull(S3C64XX_GPN(2), S3C_GPIO_PULL NONE);
s3c_gpio_setpull(S3C64XX GPN(3), S3C_GPIO_PULL NONE);
s3c_gpio_setpull(S3C64XX GPN(4), S3C_GPIO PULL NONE);
s3c_gpio_setpull(S3C64XX GPN(5), S3C_GPIO_PULL NONE);
11 W e SR 2
s3c irq eint set type(0, IRQ TYPE EDGE FALLING);
s3c irq eint set type(l,IRQ TYPE EDGE FALLING);
s3c_irq eint_set type(2, IRQ_TYPE EDGE FALLING);
s3c_irq eint_set type(3, IRQ TYPE EDGE FALLING);
s3c_irq eint set type(4, IRQ TYPE EDGE FALLING);
s3c_irq_eint_set_type(5, IRQ_TYPE _EDGE_FALLING);
AT IF R WA
s3c _irq_eint unmask(0);
s3c_irq_eint unmask(1);
s3c_irq eint unmask(2);
s3c_irq eint unmask(3);
s3c_irq eint unmask(4);
s3c _irq_eint unmask(5);

H
/19 W B AL PR
void polling_handler(unsigned long data)
{
int code=-1;
int i;
code=_ raw_readl(S3C64XX GPNDAT);
code=code&0x3F;
for (1= 0; 1 <6; i++)
{
enable irq(irqArrayl[i]);
b
if(code>=0)
{
/138 o P T
if((jiffies-polling_jffs)>100)
{
polling_jffs=jiffies;
13RI A AE
button_devices->key=(unsigned char)code;
printk("get key %u\n",button_devices->key);
flag=1;
wake up _interruptible(&(button_devices->wq));
b
b
}
//Hp T AL 2 o

static irqreturn_t simplekey_interrupt(int irq, void *dummy, struct pt_regs *fp)
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o

int i;
for (1= 0; 1 <6; i++)
{
disable irq(irqArray[i]);
}
polling_timer.expires = jiffies + HZ/S;
add_timer(&polling_timer);
return IRQ_ HANDLED;
}
ssize tbutton read(struct file *filp, char _ user *buf, size t count,loff t *f pos)

{

struct button_dev *dev = filp->private data;

int sum=0;
if(flag==1)
{
flag = 0;
sum=1;
if (copy_to_user(buf,&dev->key,1))
{
sum=-EFAULT;
}
}
else
{
if (filp->f flags & O_ NONBLOCK)
{
return -EAGAIN;
}
else
{
if(wait_event interruptible(dev->wq, flag != 0))/Z545 Z il 24 4
{
return - ERESTARTSYS;
}
flag=0;
sum=1;
if (copy_to_user(buf,&dev->key,1))
{
sum=-EFAULT;
}
¥
¥
return sum;

}

unsigned int button_poll(struct file *filp, poll table *wait)
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{
struct button_dev *dev = filp->private data;
poll wait(filp, &dev->wq, wait);
if (flag==1)//8HE & 4f
return POLLIN | POLLRDNORM;
return 0;
b

struct file operations button fops = {
.owner = THIS MODULE,

.read = button_read,
.open = button open,
.poll= button_poll,
release = button release,

15

int button_init module(void)

{

initButton();

for (i=0; 1 <6; i++)

{

ARSI, TP ALAE initButton BRELP R, BLARAK VA T Wil bR S
if (request_irq(irqArray[i], &simplekey interrupt, 0, "simplekey", NULL))
{

printk("request button irq failed!\n");

return -1;

b

}
init_waitqueue head(&button_devices->wq);
init_timer(&polling_timer);
polling_timer.data = (unsigned long)0;
polling_timer.function = polling_handler;
return 0;

}

NHJZERHT select #iMY, ZHACHLUNT
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unsigned char offset[]={0x3E,0x3D,0x3B,0x37,0x2F,0x1F};
int main(void)
{
int buttons_fd;
int i=0;
unsigned char key value;
fd set rds;
buttons_fd = open("/dev/buttons", 0);
if (buttons_fd < 0)
{
perror("open device buttons");
exit(1);



w
(@)
o

&) AR R & IR S AL T

}
while(1)
{
int ret;
FD ZERO(&rds);
FD_SET(buttons_fd, &rds);
ret = select(buttons_fd+1, &rds, NULL, NULL, NULL);
if (ret < 0)
{
perror("select");
exit(1);
}
else if (ret == 0)
{
printf("'select timeout.\n");
}
else if (FD_ISSET(buttons_fd, &rds))
{
int ret = read(buttons_fd, &key value, sizeof(key value));
if (ret != sizeof(key value))
{
if (errno = EAGAIN)
perror("read buttons\n");

continue;
else

for(i=0;i<6;i++)
{
if(offset[i]|=—=key value)

{
printf("key%d is pressed\n",i+1);

}

close(buttons_fd);
return 0;

}
ABREAT AR

[root@urbetter /home]# insmod demo.ko
[root@urbetter /home]# mknod /dev/buttons ¢ 224 0
[root@urbetter /home]# ./read
IS S AN R R F2A
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get key 61
key?2 is pressed
get key 62
key1 is pressed
get key 55
key4 is pressed
get key 59
key3 is pressed
get key 63
get key 31
key®6 is pressed
get key 47
keys5 is pressed

6.6 FIRIRFHZEH

A T IR RE S R R B A A S . SEFR b Linux AAZERAE T8 & T 15K
ZHH) . Linux WA TG T IR 9KE)7E/drivers/watchdog H 2% . & 1M & 45/ 1

struct watchdog_device {
int id;
struct device *parent;
const struct attribute _group **groups;
const struct watchdog_info *info; /& 14{5 &
const struct watchdog_ops *ops; V& T 1SR E
unsigned int bootstatus;
unsigned int timeout;
unsigned int min_timeout;
unsigned int max_timeout;
struct notifier _block reboot nb;
struct notifier block restart nb;
void *driver data;
struct watchdog_core data *wd data;
unsigned long status;
struct list_head deferred;

s
FEMH SRR T IR BRI R

int watchdog_register device(struct watchdog_device *wdd);

void watchdog unregister device(struct watchdog_device *wdd);
BIREA - ANEENSE, WEITERELSR, ©Xur:

struct watchdog_ops {
struct module *owner;

PRI SEEL B/
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int (*start)(struct watchdog_device *);
int (*stop)(struct watchdog_device *);
LR AR
int (*ping)(struct watchdog_device *);
unsigned int (*status)(struct watchdog_device *);
int (*set_timeout)(struct watchdog_device *, unsigned int);/ 1 &
unsigned int (*get timeleft)(struct watchdog_device *);
int (*restart)(struct watchdog_device *);
long (*ioctl)(struct watchdog_device *, unsigned int, unsigned long);
b
B0 g )20 W watchdog_dev.c. I H] watchdog register device FREUETM—ANLA
/dev/ watchdog 44 R R o

int watchdog_dev_register(struct watchdog_device *wdd)
{
struct device *dev;
dev_t devno;
int ret;
devno = MKDEV(MAJOR(watchdog_devt), wdd->id);
ret = watchdog_cdev_register(wdd, devno);
if (ret)
return ret;
dev = device create with groups(&watchdog_class, wdd->parent,
devno, wdd, wdd->groups,"watchdog%d", wdd->id);
if (IS_ERR(dev)) {
watchdog cdev_unregister(wdd);
return PTR_ERR(dev);
}

return ret;

}
A watchdog_cdev_register PREUZ A misc_register PR AN A4 I 15 2% IK 5) «

static const struct file operations watchdog_fops = {

.owner =THIS MODULE,
.write = watchdog_write,
.unlocked ioctl = watchdog_ioctl,
.open = watchdog_open,
.release = watchdog_release,
b
static struct miscdevice watchdog miscdev = {
.minor = WATCHDOG_MINOR,
.name = "watchdog",
fops = &watchdog_fops,
|5

misc_register(&watchdog miscdev);
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FRI V2 WKl — PR R I F /P B A5 IRl , R W &S50 10, IRIBEA 5l i 45 i 1
miscdevice HF) minor &K E, /dev Hak PB4 T AHES AE00HE .. XEEEFERT
AN file_operations Z5#4), Xt &0 H 1A 1 1Y FH 2 Vs il 1

S3C6410X AT Y S3C2410 & FEM. FHSE& NAZT I s3¢2410 wde.c SCHFA—
LG 1 -

static const struct watchdog_info s3¢2410 wdt ident = {
.options = OPTIONS,
firmware version= 0,
.ddentity = "S3C2410 Watchdog'",
15
static struct watchdog_ops s3c2410wdt_ops = {
.owner = THIS MODULE,
.start = s3¢2410wdt_start,
.stop =s3c2410wdt_stop,
.ping = s3c2410wdt keepalive,
.set_timeout = s3c2410wdt_set heartbeat,
restart = s3c2410wdt_restart,
15
static struct watchdog_device s3¢2410 wdd = {
.info = &s3¢2410_wdt ident,
.ops = &s3c2410wdt_ops,
timeout = CONFIG_S3C2410 WATCHDOG DEFAULT TIME,
15
/1AM watchdog ¥ 4%
wdt->wdt_device = s3¢2410_ wdd;
ret = watchdog_register device(&wdt->wdt device);

6.7 RTC I&zh

AR ARG A AR, —AM & RTC W, —AME Linux R, RTC K{A]{7
it /£ RTC gD, R mEd rit gt s, CRUEZRSE T B L RN B8 21 1E ff i i
)o WAL RGO SHATEI RTC W], Jff RTC WA BCE A RGN A . Linux HH)
date iy A& HIR S B RG] 1) 1T hwelock i 22 FH RS & RTC I TR] 1

VN RTC YR58

struct rtc_device *devm_rtc_device register(struct device *dev,const char *name,
const struct rtc_class_ops *ops,struct module *owner);

RTC BRI B U T

struct rtc_class_ops {
int (*open)(struct device *);
void (*release)(struct device *);
int (*ioctl)(struct device *, unsigned int, unsigned long);
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int (*read_time)(struct device *, struct rtc_time *);
int (*set_time)(struct device *, struct rtc_time *);
int (*read_alarm)(struct device *, struct rtc_wkalrm *);
int (*set_alarm)(struct device *, struct rtc_wkalrm *);
int (*proc)(struct device *, struct seq_file *);
int (*set mmss64)(struct device *, time64 _t secs);
it (*set mmss)(struct device *, unsigned long secs);
int (*read_callback)(struct device *, int data);
int (*alarm irq enable)(struct device *, unsigned int enabled);
b
RTC K& NP, forald/devirte ¥k, JFm N HIESRMEG 1
RTC #Af1

static const struct file_operations rtc_dev_fops = {

.owner =THIS_MODULE,
Alseek =no_llseek,

.read =rtc_dev_read,

.poll =rtc_dev_poll,
.unlocked_ioctl =rtc_dev_ioctl,
.open =rtc_dev_open,
.release =rtc_dev_release,
fasync =rtc_dev_fasync,

Bs
X HL LA RTC_RD TIME i (K928 049190 ) RTC SXh i ¥eit, A4 T .

static long rtc_dev_ioctl(struct file *file,unsigned int cmd, unsigned long arg)

{
switch (cmd) {
case RTC RD TIME:
mutex_unlock(&rtc->ops_lock);
err =rtc_read time(rtc, &tm);
if (err < 0)
return err;
if (copy_to_user(uarg, &tm, sizeof(tm)))
err = -EFAULT;
return err;
}
b
int rtc_read_time(struct rtc_device *rtc, struct rtc_time *tm)
{
int err;

err = mutex_lock interruptible(&rtc->ops_lock);
if (err)return err;

err = rtc read time(rtc, tm);
mutex_unlock(&rtc->ops_lock);

return err;
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H
static int __ rtc_read time(struct rtc_device *rtc, struct rtc_time *tm)
{
int err;
if (!rtc->ops)
err = -ENODEYV;
else if (Irtc->ops->read_time)
err = -EINVAL,;
else {
memset(tm, 0, sizeof(struct rtc_time));
err = rtc->ops->read_time(rtc->dev.parent, tm);
if (err < 0) {
dev_dbg(&rtc->dev, "read time: fail to read: %d\n",
err);
return err;
H
err = rtc_valid tm(tm);
if (err < 0)
dev_dbg(&rtc->dev, "read time: rtc_time isn't valid\n");
b
return err;
}

AL Linux WRZCEILT RTC W& KSCHHRAE)Z, BARM B & IR 3] 2 R 250
RTC W5 KM EAER .

S3C6410X ] RTC FICHEMEAE RGuH IS OL NS H & H s TAE. RTC HLocr) N [A]
B, . /N Hy HL 4. RTC HIofii AN 32.768kHz ¥ #e, FF ] ftRk
BI)HE. RTC FICCFFES, FF RTOS WAZI G =g s e i, S3C6410X (1)
RTC YKzl {E/drivers/rtc/rtc-s3c.c 1o N IIHE B 1% ILAFH read time PRELEISEI:

static const struct rtc_class_ops s3c_rtcops = {
read time =s3c rtc_gettime,
.set_time =s3c _rtc_settime,

read alarm =s3c rtc_getalarm,

.set alarm = s3c rtc_setalarm,

.proc =s3c _rtc_proc,

.alarm_irq enable = s3c_rtc_setaie,
15
static int s3c_rtc_gettime(struct device *dev, struct rtc_time *rtc_tm)
{

struct s3c¢_rtc *info = dev_get drvdata(dev);
unsigned int have_retried = 0;
s3c_rtc_enable clk(info);

retry get time:
rtc_tm->tm min = readb(info->base + S3C2410_RTCMIN);
rtc_tm->tm_hour = readb(info->base + S3C2410 RTCHOUR);
rtc_tm->tm_mday = readb(info->base + S3C2410 RTCDATE);
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rtc_tm->tm _mon = readb(info->base + S3C2410 RTCMON);
rtc_tm->tm_year = readb(info->base + S3C2410_RTCYEAR);
rtc_tm->tm sec = readb(info->base + S3C2410 RTCSEC);
HERFS Ay 0, HARZAK, s Hop SR )
if (rtc_tm->tm_sec == 0 && 'have retried) {

have_retried = 1;

goto retry_get time;
}
rtc_tm->tm_sec = bed2bin(rtc_tm->tm_sec);
rtc_tm->tm_min = bed2bin(rtc_tm->tm_min);
rtc_tm->tm_hour = bed2bin(rtc_tm->tm_hour);
rtc_tm->tm_mday = bed2bin(rtc_tm->tm_mday);
rtc_tm->tm_mon = bed2bin(rtc_tm->tm_mon);
rtc_tm->tm_year = bed2bin(rtc_tm->tm_year);
s3c_rtc_disable clk(info);
rtc_tm->tm_year += 100;
dev_dbg(dev, "read time %04d.%02d.%02d %02d:%02d:%02d\n",

1900 + rtc_tm->tm_year, rtc_tm->tm_mon, rtc_tm->tm_mday,
rtc_tm->tm_hour, rtc_tm->tm_min, rtc_tm->tm_sec);

rtc_tm->tm_mon -= 1;
return rtc_valid tm(rtc_tm);

}

WAk S3C6410X (1) RTC Wzhizirie sk, b EE SCHMN & 8. 5 /e
linux/arch/arm/plat-samsung/devs.c HHES W1 & 4515 B

#define S3C_PA RTC (0x7E005000)

#ifdef CONFIG_S3C_DEV_RTC

static struct resource s3c_rtc_resource[] = {
[0] = DEFINE_RES_MEM(S3C_PA_RTC, SZ 256),
[1]=DEFINE_RES IRQ(IRQ RTC_ALARM),
[2] = DEFINE_RES IRQUIRQ RTC TIC),

15
struct platform_device s3c_device rtc = {
.name = "s3c64xx-rtc",
.id =-1,
.num_resources =ARRAY SIZE(s3c_rtc_resource),
.resource = s3c_rtc_resource,

Bs
#endif /*CONFIG_S3C_DEV_RTC*/

& 4t /drivers/rte/rte-s3c.c:

static struct platform_driver s3c_rtc_driver = {

.probe =s3c _rtc_probe,
.remove =s3c _rtc_remove,
.driver ={
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.name = "s3c64xx-rtc",
.pm  =&s3c_rtc_pm ops,
.of match table = of match ptr(s3c_rtc dt match),
}s
|5

module platform_driver(s3c_rtc_driver);

$4T make menuconfig iy X W AZBEATHCE , 7 [devices drivers] -> [Real Time
Clock] "MAC# RTC 3CHF, Wi 6-8 fis.

——— Eeal Time Clock
[*] Set system time from RETC on startup and resume (NEW)
(rted) FETC uszed to set the system time (NEW)
[1] ETC debug zupport (NEW)
*k RTC intexfacesz ==k

[#] feysfclass/rtc/rtcl (zy=fz) (HEW)

[*] /proc/driver/rtc (procfs for rted) (NEW)
[*] fdev/rtcl (character devices) (NEW)

[] RETC UIE emulation on devw interface (NEW)
<k Samsung 53C series Sol RTC

6-8 Real Time Clock 37 £F

PAT Make zImage "L NI, 556 RS A S5 0T LA W/dev H 3 F AL rte0 15 £,
15 6.6 RTC ik =1
AR W] 5 B 1 RTC A JR]. ARAS W\samples\Ghardsimple\6-3rtc. 1%L AL 4N T :

int main(void)
{

int rtc_fd;

unsigned long data;

int ret, i;

struct rtc_time rtc_tm;

char *rtc_dev = "/dev/rtc0";

time ttl, t2;

rtc_fd = open(rtc_dev, O RDONLY);

if (rtc_fd=-1) {
printf("failed to open '%s'": %s\n", rtc_dev, strerror(errno));
exit(1);

} else
printf("opened '%s': fd = %d\n", rtc_dev, rtc_fd);

printf("Get RTC Time\n");

ret = ioctl(rtc_fd, RTC_RD_TIME, &rtc_tm);

if (ret ==-1) {
perror("rtc ioctl RTC_RD TIME error");

}

printf("Current RTC date/time is %d-%d-%d, %02d:%02d:%02d\n",
rtc_tm.tm_mday, rtc_tm.tm_mon + 1, rtc_tm.tm_year,

rtc_tm.tm_hour, rtc_tm.tm_min, rtc_tm.tm_sec);
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BRI ) 5 H 3/

rtc_tm.tm_mday = 31;

rtc_tm.tm mon = 4;

rtc_tm.tm year = 104;

rtc_tm.tm_hour = 2;

rtc_tm.tm_min = 30;

rtc_tm.tm sec = 0;

printf("Set RTC Time\n");

ret = ioctl(rtc_fd, RTC SET TIME, &rtc tm);

if (ret =-1) {
perror("rtc ioctl RTC_SET_TIME error");

H

printf("'Set Current RTC date/time to %d-%d-%d, %02d:%02d:%02d\n",
rtc_tm.tm_mday, rtc_tm.tm_mon + 1, rtc_tm.tm_year,
rtc_tm.tm_hour, rtc_tm.tm min, rtc_tm.tm_sec);

printf("Get RTC time\n");

/15 RTC I [a]

ret = ioctl(rtc_fd, RTC RD TIME, &rtc_tm);

if (ret =-1) {
perror("rtc ioctl RTC_RD_TIME error");

}

printf("Current RTC date/time is %d-%d-%d, %02d:%02d:%02d\n",
rtc_tm.tm mday, rtc_tm.tm_mon + 1, rtc_tm.tm_year,
rtc_tm.tm_hour, rtc_tm.tm_min, rtc_tm.tm_sec);

printf("RTC Tests done !!\n");

close(rtc_fd);

return 0;

}
ABPEEAT AR

[root@urbetter /]# ./test

opened '/dev/rtc0'": fd =3

Get RTC Time

Current RTC date/time is 9-1-100, 18:02:55

Set RTC Time

Set Current RTC date/time to 31-5-104, 02:30:00
Get RTC time

Current RTC date/time is 31-5-104, 02:30:00
RTC Tests done !!

6.8 LED 2%
Linux Wi & T LED K% & L1 T B R P45 1) LED 4] . LED ZR¥ £ @ LW R :

struct led _classdev {
const char *name;
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enum led brightness brightness;

enum led brightness max_brightness;

int flags;

I led 521

void (*brightness_set)(struct led classdev *led cdev,enum led brightness brightness);

PR ZEA B EBCE led 505, A TEEAIRIA]

int (*brightness_set blocking)(struct led classdev *led cdev,enum led brightness brightness);

enum led brightness (*brightness_get)(struct led_classdev *led_cdev);/#kHX led 75/

int (*blink_set)(struct led_classdev *led cdev,unsigned long *delay on,
unsigned long *delay_off);/[N 4%k

struct device *dev;

const struct attribute_group **groups;

s
LED ZEW& & 1 M 58 712

int led classdev_register(struct device *parent, struct led classdev *led cdev);
void led classdev_unregister(struct led classdev *led cdev);

T LED 28 %, ECERUE WAZ LED SZFF, 7EWH% Device Drivers it & 1 [~ ik
LED Support 55 LED Class Support.

f51 6.7 LED classdev 3£45

AE s LED R4 A 7. AR W.\samples\6hardsimple\6-7ledclass. %02 4%
(CY I

static struct led classdev led dev;

static void led classdev_setl(struct led classdev *led cdev, enum led brightness value)

{
led cdev->brightness = value;
if(value)
{
LED_SI H(0);
printk("__raw_readl(S3C64XX GPMDAT)=0x%x\n", raw_readl(S3C64XX_GPMDAT));
}
else
{
LED SI L(0);
printk("__raw_readl(S3C64XX_ GPMDAT)=0x%x\n", raw_readl(S3C64XX_GPMDAT));
}
}
static enum led brightness led classdev_getl(struct led classdev * led cdev)
{
return led cdev->brightness;
b
static int plate test probe(struct platform_device *pdev)
{
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int ret;
led dev.brightness_set = led classdev_setl;
led dev.brightness_get =led classdev_getl;
led _dev.name = "fgjled";
ret =led classdev_register(&pdev->dev, &led dev);
if (ret < 0) {
printk("led_classdev_register failed%d\n",ret);

return ret;

}

return 0;
}
static int plate test remove(struct platform_device *pdev)
{

led classdev_unregister(&led dev);

return 0;
}

static struct platform_driver plate_test driver = {
.probe =plate test probe,
.remove = plate_test_remove,
.driver = {
.name = "leddevtest",
.owner =THIS MODULE,

B

¥

static int __init plateform_test init (void)

{
platform_device register(&plate test device);
platform_driver register(&plate test driver);
return 0;

¥

static void __ exit plateform_test exit (void)

{
platform_driver unregister(&plate test driver);
platform device unregister(&plate test device);

}

module_init (plateform_test init);

module_exit (plateform_test exit);
AT AR

[root@urbetter drivers]# insmod demo.ko
[root@urbetter drivers]# cd /sys/class/leds
[root@urbetter leds]# Is

fgjled mmcO::

[root@urbetter leds]# cd fgjled/
[root@urbetter fgjled]# 1s

brightness max_brightness subsystem
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device power uevent
[root@urbetter fgjled]# echo 0 >brightness /KT
__raw_readl(S3C64XX GPMDAT)=0x10
[root@urbetter fgjled]# echo 255 >brightness ~ //5&)T
_raw_readl(S3C64XX GPMDAT)=0x11
[root@urbetter fgjled]# cat brightness

255

[root@urbetter fgjled]#
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AT IR — AN AT (ACK) o 1 56 A5 4 12 200 (K 5 =i 7. MSB o 78 Wi . Al fik v 871
[f], FEWCAS L SDA ZRFrfik, A& AEIX AN i ik (0] v HE P 0 ) OR AR (AR HL P
Bl 7-4 32 12C FdiLikm il

o TS\
R VD G G

DATA OUT \

START ACKNOWLEDGE

K 7-4 12C BHEAEEN T
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(4) PFERE
PLEAT G R R TR AT G RIE A S bk, ARG R IER N L, HR S R IE L
¥, BRRIE—ANFHEAA N . B 75 02 12C S T,

S W
T R S
A I T
R DEVICE T 0
T ADDRESS E WORD ADDRESS DATA p
1 1 1 LI 1 LI 1 1 1 LI 1 LI
SDA LINE I_I | | | | I_I
| | 1 1 1 1 1 1 L1 1 1 1 11
M LRA M L A A
S s/ Cc S S C C
B BW K B B K K

K 7-5 12C Y5

(5) FLEEATEL

AT IR TG S G R B S b, SR RIES Nl 255 R —
ANTFUREAT, e ROk s b, Bl AR AT EA NS . B 76 &
12C B et P .

S W S
T R T R S
A I A DEVICE E T
R DEVICE T WORD R ADDRESS A 0
T  ADDRESS E ADDRESS T D P
1 1 1T T 17T 7T 11 LI 1T 17 17T 1T 11
SDALINE||||| | ||| I_I
L1 L1 1 1 1 1.1 11 1 1 1 1 11
M LR AM LA M L A DATAn N
S S/ CS SC S S C 0
’ B BW KB B ’K B B K A
C
DUMMY WRITE K
7-6 12C NP
7.2 Linux BJ 12C IR 3H1E F 4244
SRR 12C $2 1 YRR BERE ] 7-7 B
e 2CE%% Registers
/ X
Pl g Mty 12CKa
ALE %%
(12CEH) Registers
/ 12Ci%%
Memory

K 7-7 12C B2 REPRSER
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Hy TR S RAEME, Linux X ATA W& WS EAT TS, X%k
e TR AT EHME. X 2C Bk B ITE, AZIEHE T i2c_adapter.
i2c_algorithm. i2c_client Fll i2¢c_driver &5 2451, Wik 7-8 fis.

i2c_dev
SERCIE %

12CHa il

MEILIRS)
(A TR Eh

i2¢_algorithm

¥ 7-8 Linux I2C TR Z: 404

721 I2C &AL

2C REIEMCAA Y T—A 12C WA, AFESE LI 12C FEllasmt & — AN M
12C RERIERLAE . AT 4 1R GPIO 548l 12C W, Al LAGEAE R AL 12C
TERCAY . 12C JERLLS A i2c_adapter Z5HAHHIA

struct i2¢_adapter {

struct module *owner;

unsigned int class;

const struct i2c_algorithm *algo; /* 512k 1y ] S/

void *algo_data;

struct rt_mutex bus_lock;

int timeout; /AR E], FRAL[E jiffies*/

int retries; //H IR IKEL

struct device dev;/ &l AT 1 £ */

int nr; /25

char name[48];

struct completion dev_released;

struct mutex userspace_clients lock;

struct list_head userspace_clients;

struct i2c_bus_recovery info *bus_recovery info;

const struct i2c_adapter_quirks *quirks;/12C & Fit. 2% A 5H B sk PR )
15

1) WAZ IS IN—A™ i2¢_adapter RN -
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inti2c_add adapter(struct i2c_adapter *adap); /{FHzIZ 12C B 2kS
inti2c_add numbered adapter(struct i2c_adapter *adap) /{5 € 12C Bk 5

AN RS TR i2¢_register adapter YEM 12C JERCES, HE/dev H X AE—Ek
%54 12C_MAIJOR 1] I2C B4 Ao i2¢c_del adapter PREUN WAZ IR —A i2¢_adapter:

int i2c_del adapter(struct i2c_adapter *adap);

LAY 12C #IAs e 12C JERCAS . Ak, ERECES T LUK GPIO i AR X
SCHL, FAAZ WAL ) 12¢-algo-bit.co

722 12C Hik

12C 5% (i2c_algorithm) K/n—EH E /jik. —A> 12C IERC#H(2¢_adapter) 75 28—/ Ml fE
LA 2e_algorithm) K HLETE R/ S ITVF. 26 adapter 464t 35— i2c_algorithm
J& 0. 12c_algorithm Z5H 41T

struct i2¢_algorithm {
IMC S ZeAt e £
int (*master_xfer)(struct i2c_adapter *adap, struct i2c_msg *msgs,int num);
/ISMBUS i £ i o
int (*smbus_xfer) (struct i2c_adapter *adap, ul6 addr,unsigned short flags, char read write,
u8 command, int size, union i2c_smbus_data *data);
u32 (*functionality) (struct i2c_adapter *);/*#l| adapter SZRF [ ThHE*/
#if IS ENABLED(CONFIG I12C_SLAVE)
int (*reg_slave)(struct i2c_client *client);
int (*unreg_slave)(struct i2c_client *client);
#endif
15

723 12C %

FEAE 12C B2 EARRIHLR LR &N 12C Nk, W E—NIES .
i2¢_client Z5fR/RNEHT] 12C B EMMNE & . BMNEERAG A 824 12C H
Hbo ALPRESARYE 12C Hulib v ) 12C M4, 10 12C AT e85 AR 4 Hihik ¥ e 2 5 6 12C i
A BEAT I Y

struct i2¢_client {
//I2C_CLIENT TEN %75 10 fiz#isik; 12C_CLIENT PEC F7~ i} SMBUS f4l 40 7y
unsigned short flags;
unsigned short addr; 117 iy sk
char name[I2C_ NAME SIZE];
struct i2c_adapter *adapter; /*J<HKH adapter*/
struct device dev; [V A& G */
int irg; [T/
struct list_head detected;
#if IS ENABLED(CONFIG I2C_SLAVE)
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i2c_slave cb tslave cb; /% AL [A[TE*/

#endif

Bs

724 T12C NixFIR5h

i2c_driver ZiffCE —A 12C N & HIKEN . 12C W& Ish FE /57 12C 202 .,
EAEA S ALK F RGeS s MRS K]

struct i2¢_driver {

s

unsigned int class;

int (*attach_adapter)(struct i2c_adapter *) __deprecated;//4 & i&G T 4 (R 1E K

PR RIS 1%/

int (*probe)(struct i2c_client *, const struct i2c_device id *);/4%ill

int (*remove)(struct i2c_client *);

void (*shutdown)(struct i2c_client *);/{5 11-

void (*alert)(struct i2c_client *, unsigned int data);//2Z45 A3, {14 SMBus 24553
int (*command)(struct i2¢c_client *client, unsigned int cmd, void *arg);/fiy &AL, 24 ioctl
struct device _driver driver;

const struct i2¢_device id *id_table;

PBEE BRI L */

int (*detect)(struct i2c_client *, struct i2c_board _info *);

const unsigned short *address_list;

struct list_head client;

IIn—A i2¢_driver (KRR E T

int i2c_add_driver(struct i2¢_driver *driver);

MR — i2c_driver [f) 800 F .

int i2c_del driver(struct i2¢_driver *driver);

i2c_driver FOEREEA: M SR R

#define module i2c driver(_ i2c driver) \

module driver(_ i2c driver, i2¢_add driver, \
i2¢_del driver)

41 pef8583 RTC -5 7 WA A AT

static struct i2¢_driver pcf8583 driver = {
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.name = "pcf8583",

} b
.probe = pcf8583 probe,
.id_table = pcf8583 id,
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IN2C B WA
module i2¢_driver(pcf8583 driver);

7.2.5 12C MNixFEWMEITF&

Linux 12C W WK W R R 71

(1 MR IR S . ENAZ I i2c_add_driver VEMF 12C A& IKZ), [A]
ITE i2c_driver 54411 probe PRECHEM—NIhRERIKS), LLSCBLEARTIZhRE. 12C Wik
KB SIS Dy Re,  BARLIREAC 45 D RESRIK ) o

(2) A AZEHK 12C N0, N HES S &EATU R XA TN ZH
NN A SR T 4Ol . Y28 I/ dev/i2e-* T T LAY ] BT FEAE 2R T
12C &£, HEOZRARAMH T 1 ENRE).

J PR PEAN AN X AP 1 o

7.3 I2C 1=H 230K 50

7.3.1 S3C2410X 1) 12C £ihil%e

S3C2410X 1) 12C #=hl2e &k 12CSCL 1 12CSDA 31HIAT 12C & A T ER . 12C
SETTEMEE R G 52t S3C2410X [ 12C #8852 ). S3C2410X R4 — gt 7
X, I2C #HIZs S MG —dmhl. B 7-9 42 S3C2410X (1) 12C #4128 IR F#E P o

Address Register

¢

Comparator

12C-Bus Control logic

SCL l ¢

PCLK I12CCON | I2CSTAT 4-bit Prescaler Shift Register —~— SDA

¢

Shift Register
(12CDS)

¢

Data Bus

7-9  S3C2410X ] 12C #4128 JR #E

S3C2410X A 12C RIS HITAEm . RCARETAr4s. 12C HubkZ5 A4 Al 12C 2l #%
P ZFAT RS2 . 12C MR Pih 24788 2CCON LE T BB AL BIR . 12C BN
2. hITIT R4, 12C #E IR A AE RS 12CSTAT HISkb FALimiii = (bl T3k
B MBS BRI Q) FER ER B 28 X PRRAS . BB 1 B2 I 1tk
BEE . 12C il 754785 12CADD HIRAFBUNR % 1tk . 12C $dli e %5 /4% 12CDS H
SRAT TS N A . 3R 7-1 FIER 7-2 4305124 I2CCON 25 745 Fl I2CSTAT ZFf7-4s M4k .
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#7-1 I2CCON ZHizse

12CON Bit Eilipa YIkHE
oy

Acknowledge generation [7] g‘il;;i”b{]iZ e 0
[IC-bus A4k FE

Z;::ggﬁ source [6] | 0=IICCLK = fPCLK /16 0
1 =IICCLK = fPCLK /512
Tx/Rx HHERENL

Tx/Rx Interrupt [5] O=HEf], 1 ={fifk 0

Interrupt pending flag [4] ARALH A W bR 0

Transmit clock value [3:0] | IIC-Bus &4 ook v -

& 72 12CSTAT H75:5
I2CSTAT Bit Eipa BIAGAE

12C 2R

Mode selection [7:6] 00: M 01: ML 00
10: Effc 1L ER%

Busy signal status /START STOP condition [5] 1IC-Bus 1TRAS 0

] 1IC-Bus #i#ia%in i 6E

Serial output 41| o= 481k Ra/Tx,1 =fE ¢ 11C-Bus 0
IIC-bus PR

Arbitration status flag [3] 0= sl 0
1= RERPERIL

Address-as-slave status flag 2] BBE b DE IR 2 0
(UBER RNAN

Address zero status flag [1] 0=Hll %] START/STOP 4<4F 0
1= Mhil: 2y 00000000b

Last-received bit status flag [0] I Ja— AN BN AL RS 0

7.3.2  S3C2410X 1) I2C FihlZsizh

12C Skl as Bl 12C adapter, 12C Ryl an ksl i ZHAH N 12C &k, DSz
Hsilfs . ATTLL i2c-s3¢2410.c AHl, PHFE LIS FEFIIITR 7k, S3C2410X 1) 12C J&
57U INSEA QN

static struct platform_driver s3c24xx_i2c_driver = {

.probe =s3c24xx_i2¢_probe,
.remove = s3c24xx_i2c_remove,
.id_table = s3c24xx_driver ids,
.driver =
.name ="s3c-12¢",
.pm =S3C24XX DEV_PM OPS,
.of match table = of match ptr(s3c24xx_i2c_match),
}s
|5
static int s3¢24xx_i2c_probe(struct platform_device *pdev)
{

struct s3c24xx_i2c *i2c;
struct s3¢2410_platform_i2c *pdata = NULL;
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struct resource *res;
int ret;
if (!pdev->dev.of node) {
pdata = dev_get platdata(&pdev->dev);//ZRENFAR ZHkE
if (!pdata) {
dev_err(&pdev->dev, "no platform data\n");
return -EINVAL;

H
/43R s3c24xx_i2c
i2c = devm_kzalloc(&pdev->dev, sizeof(struct s3c24xx_i2c), GFP_ KERNEL);
if (i2c)
return -ENOMEM,;
i2c->pdata = devm_kzalloc(&pdev->deyv, sizeof(*pdata), GFP_KERNEL);
if (!i2c->pdata)
return -ENOMEM,;
i2c->quirks = s3c24xx_get device quirks(pdev);
i2c->sysreg = ERR PTR(-ENOENT);
if (pdata)
memcpy(i2c->pdata, pdata, sizeof(*pdata));
else
s3c24xx_i2c_parse dt(pdev->dev.of node, i2¢);
/AT TE R B
strlepy(i2c->adap.name, "s3¢c2410-i2¢", sizeof(i2c->adap.name));
12c->adap.owner = THIS MODULE;
i2c->adap.algo = &s3c24xx_i2c_algorithm;/ ¥ E 12C Hik
i2c->adap.retries = 2;// iR IR EL
i2c->adap.class = 12C_CLASS DEPRECATED;
i2c->tx_setup = 50;
IR SR A S
it waitqueue head(&i2c->wait);
13RI b
i2c->dev = &pdev->dev;
i2c->clk = devm_clk get(&pdev->dev, "i2¢");
if (IS_ERR(i2c->clk)) {
dev_err(&pdev->dev, "cannot get clock\n");
return -ENOENT;
b
dev_dbg(&pdev->deyv, "clock source %p\n", i2c->clk);
IR AT B U5
res = platform_get resource(pdev, IORESOURCE MEM, 0);
12c->regs = devm_ioremap_resource(&pdev->dev, res);
if (IS_ERR(i2c->regs))
return PTR_ERR(i2¢c->regs);
dev_dbg(&pdev->dev, "registers %p (%op)\n",
i2c->regs, res);
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166

MEFEIERC A3 E B/
i2c->adap.algo_data = i2c;
i2c->adap.dev.parent = &pdev->dev;
i2c->petrl = devm_pinctr]l get select default(i2c->dev);
PGt GPIO*/
if (i2c->pdata->cfg_gpio) {
i2c->pdata->cfg_gpio(to_platform_device(i2c->dev));
} else if (IS_ERR(i2c->petrl) && s3¢24xx _i2¢ parse dt gpio(i2c)) {
return -EINVAL;
H
clk_prepare_enable(i2c->clk);/{5 HE I £
ret = s3c24xx_i2c_init(i2c); < HIEALL 12C FEhl %/
clk disable(i2c->clk);
if (ret 1= 0) {
dev_err(&pdev->dev, "I2C controller init failed\n");
return ret;
}
113REL R
if (!(i2c->quirks & QUIRK POLL)) {
i2¢c->irq = ret = platform_get _irq(pdev, 0);
if (ret <= 0) {
dev_err(&pdev->dev, "cannot find IRQ\n");
clk unprepare(i2¢c->clk);

return ret;
b
/TR T
ret = devi_request_irq(&pdev->dey, i2c->irq, s3c24xx_i2c irq, 0,dev_name(&pdev->dev), i2¢c);
if (ret 1= 0) {
dev_err(&pdev->dev, "cannot claim IRQ %d\n", i2¢->irq);
clk unprepare(i2c->clk);
return ret;
H
H

/IR CPU AR U138 41
ret = s3c24xx_i2c register cpufreq(i2c);
if (ret < 0) {
dev_err(&pdev->dev, "failed to register cpufreq notifier\n");
clk unprepare(i2c->clk);
return ret;
}
i2c->adap.nr = i2c->pdata->bus_num;//FEL ] 22k
12c->adap.dev.of node = pdev->dev.of node;
platform_set drvdata(pdev, i2c);
pm_runtime_enable(&pdev->dev);
JREE M 12C J&E L 3%
ret =12¢_add numbered adapter(&i2c->adap);
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if (ret < 0) {
dev_err(&pdev->dev, "failed to add bus to i2c core\n");
pm_runtime_disable(&pdev->dev);
s3c24xx_i2c_deregister cpufreq(i2c);
clk unprepare(i2¢c->clk);
return ret;

H
dev_info(&pdev->dev, "%s: S3C I2C adapter\n", dev_name(&i2c->adap.dev));

return 0;
}

devm_request irq BRELZ I H request threaded irq BRI i K7 -

int request threaded irq(unsigned int irq, irq_handler t handler,
irq_handler_t thread_fn, unsigned long irqflags,const char *devname, void *dev_id)

2 thread_fn A NULL, WAZZGIEEERRALBEDIKE 58, THITALBEp 4L handler 1R [H]
IRQ WAKE _THREAD AW FEAbEE . Y thread fn i NULL, ANGIEEZERE A0 HE p T
1E i2¢_algorithm Z5 44/ HH [¥] master xfer /i 53 /2 12C #%CoJl {5 BRI 1«

static const struct i2c_algorithm s3c24xx_i2¢ algorithm = {
.master xfer = s3c24xx_i2c xfer,
functionality =s3c24xx_i2c_func,
|5
static int s3c24xx_i2c_xfer(struct i2c_adapter *adap,struct i2c_msg *msgs, int num)
{
struct s3¢24xx_i2¢ *i2¢ = (struct s3c24xx_i2c *)adap->algo_data;
int retry;
int ret;
ret = clk_enable(i2c->clk);
if (ret)
return ret;
for (retry = 0; retry < adap->retries; retry++) {
ret = s3c24xx_i2c_doxfer(i2c, msgs, num);
if (ret = -EAGAIN) {
clk disable(i2¢c->clk);
return ret;
H
dev_dbg(i2c->deyv, "Retrying transmission (%d)\n", retry);
udelay(100);
}
clk_disable(i2¢c->clk);
return -EREMOTEIO;
}

s3c24xx_i2c_doxfer M1 57 A 8l 12C Helfatetm, IF5EAr4 K.

static int s3¢24xx_i2¢_doxfer(struct s3c24xx_i2¢ *i2c,struct i2c_msg *msgs, int num)
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{
unsigned long timeout;
int ret;
if (12c->suspended)
return -EIO;
ret = s3¢24xx_i2c_set master(i2c);
if (ret !=0) {
dev_err(i2c->dev, "cannot get bus (error %d)\n", ret);
ret = -EAGAIN;
goto out;
}
i2c->msg = msgs; JAETH B4 s3c24xx_i2¢ 454
i2c->msg_num = num;
i2c->msg_ptr = 0;
i2c->msg_idx = 0;
i2c->state = STATE_START; IPRZS A 12C F24h
s3c24xx_i2c_enable irq(i2c); /A RE A BT
s3c24xx_i2c_message_start(i2c, msgs); /g B0fEkH
if (i2c->quirks & QUIRK POLL) {
ret = i2c->msg_idx;
if (ret != num)
dev_dbg(i2c->dev, "incomplete xfer (%d)\n", ret);
goto out;
b
timeout = wait_event_timeout(i2c->wait, i2c->msg_num == 0, HZ * 5);//35 L4 &k o a]
ret = i2c->msg_idx;
/B T
if (timeout == 0)
dev_dbg(i2c->dev, "timeout\n");
else if (ret != num)
dev_dbg(i2c->deyv, "incomplete xfer (%d)\n", ret);
/WA QUIRK_HDMIPHY #5id, Mk 22481k, BRI
if (i2c->quirks & QUIRK _HDMIPHY)
goto out;
s3c24xx_i2c_wait_idle(i2c);
s3c24xx i2c¢_disable bus(i2c);
out:
i2c->state = STATE _IDLE;
return ret;
}

s3c24xx_i2c_message start K%L K 5 3l 12C &4

static void s3c24xx_i2c_message_start(struct s3c24xx_i2¢ *i2c,struct i2c_msg *msg)

{
unsigned int addr = (msg->addr & 0x7f) << I;

unsigned long stat;
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unsigned long iiccon;
stat = 0;
stat |= S3C2410 IICSTAT TXRXEN;
if (msg->flags & 12C_M_RD) {/HR45 55 ki g Ak bk
stat |= $3C2410_IICSTAT MASTER RX;
addr |= 1;
} else
stat |= S3C2410 IICSTAT MASTER TX;
if (msg->flags & 2C M _REV DIR ADDR)
addr "= 1;
s3c24xx_i2c¢_enable_ack(i2c);
iiccon = readl(i2c->regs + S3C2410_IICCON);
writel(stat, i2c->regs + S3C2410 IICSTAT);
dev_dbg(i2c->dev, "START: %08Ix to [ICSTAT, %02x to DS\n", stat, addr);
writeb(addr, i2¢c->regs + S3C2410 IICDS);
1IE M IER A R B A TR T 2L B 4 b
ndelay(i2¢c->tx_setup);
dev_dbg(i2c->deyv, "iiccon, %08Ix\n", iiccon);
writel(iiccon, i2c->regs + S3C2410 IICCON);
stat [= S3C2410_IICSTAT START;
writel(stat, i2c->regs + S3C2410_IICSTAT); //FFUH &%
if (i2c->quirks & QUIRK POLL) {
while ((i2c->msg_num != 0) && is_ack(i2c)) {
i2¢_s3c_irq nextbyte(i2c, stat);
stat = readl(i2c->regs + S3C2410 IICSTAT);
if (stat & S3C2410_IICSTAT ARBITR)
dev_err(i2c->dev, "deal with arbitration loss\n");

}
Fak BSOS T e 2 B W, BT AR BRI s3c24xx_i2c_irq:

static irqreturn_t s3¢24xx_i2c_irq(int irqno, void *dev_id)
{
struct s3¢24xx_i2¢ *i2c = dev _id;
unsigned long status;
unsigned long tmp;
status = readl(i2c->regs + S3C2410 IICSTAT);
if (status & S3C2410_IICSTAT ARBITR) {
P AL BRAPE FRH/
dev_err(i2c->dev, "deal with arbitration loss\n");
b
if (i2c->state == STATE _IDLE) {
dev_dbg(i2c->dev, "IRQ: error i2c->state == IDLE\n");
tmp = readl(i2c->regs + S3C2410 _IICCON);
tmp &= ~S3C2410 IICCON_IRQPEND;
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writel(tmp, i2c->regs + S3C2410_IICCON);
goto out;
}
i2¢c_s3c_irq_nextbyte(i2c, status);// F —Fi
out:
return IRQ_HANDLED;

i2s_s3c_irq nextbyte pR% IR AL BRI T — A 75

static int i2c_s3c_irq nextbyte(struct s3c24xx_i2c *i2c, unsigned long iicstat)
{
unsigned long tmp;
unsigned char byte;
int ret = 0;
switch (i2c->state) {/FRYFALHMPTAL KPR ML 2 — D zhE
case STATE_IDLE:
dev_err(i2c->dev, "%s: called in STATE IDLE\n", func );
goto out;
case STATE _STOP:
dev_err(i2c->dev, "%s: called in STATE_STOP\n", func );
s3c24xx_i2¢_disable irq(i2c);
goto out_ack;
case STATE_START:
if (iicstat & S3C2410_IICSTAT LASTBIT &&
1(i2c->msg->flags & [2C_M_IGNORE NAK)) {
PARWCE] ack*/
dev_dbg(i2c->dev, "ack was not received\n");
s3c24xx_i2c stop(i2¢c, -ENXIO);
goto out_ack;
b
if (i2c->msg->flags & 12C_M_RD)
i2c->state = STATE_READ;
else
i2c->state = STATE_WRITE;
if (is_lastmsg(i2c) && i2c->msg->len == 0) {
s3c24xx_i2c_stop(i2c, 0);
goto out_ack;
H
if (i2c->state = STATE READ)
goto prepare_read;
case STATE WRITE:
if (1(1i2c->msg->flags & 2C_M IGNORE NAK)) {
if (iicstat & S3C2410_IICSTAT LASTBIT) {
dev_dbg(i2c->dev, "WRITE: No Ack\n");
WHRIEAS IEAL
s3c24xx_i2c¢_stop(i2c, -ECONNREFUSED);
goto out_ack;
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}

retry_write:
if (!is_msgend(i2c)) {
byte = i2c->msg->bufi2c->msg_ptr++];
writeb(byte, i2c->regs + S3C2410_IICDS);//5—F i # F £k
ndelay(i2¢c->tx_setup);
} else if (lis_lastmsg(i2c)) {
/*we need to go to the next i2c message*/
dev_dbg(i2c->dev, "WRITE: Next Message\n");
i2c->msg_ptr=0;
12c->msg_idx++;
12c->msg++;
PRI RIS TR I */
if (12c->msg->flags & 2C_M_NOSTART) {
if (i2c->msg->flags & [2C_M _RD) {
s3c24xx_i2c stop(i2c, -EINVAL);
}
goto retry write;
} else {
[*IIEHTI start™/
s3c24xx_i2c_message start(i2c, i2c->msg);
i2c->state = STATE_START;
H
} else {
IRIEAS 1AL
s3c24xx_i2¢_stop(i2c, 0);
b
break;
case STATE READ:
IR A48
byte = readb(i2c->regs + S3C2410_IICDS);
i2c->msg->buf[i2c->msg_ptr++] = byte;
/* B G B KB
if (i2c->msg->flags & 2C_M_RECV_LEN && i2c->msg->len == 1)
i2c->msg->len += byte;
prepare read:
if (is_msglast(i2c)) {
PR IR E — AT
if (is_lastmsg(i2¢))
s3c24xx_i2c disable ack(i2c);
} else if (is_msgend(i2c)) {
if (is_lastmsg(i2¢c)) {
MaJa—MNHE, E1kY
dev_dbg(i2c->dev, "READ: Send Stop\n");
s3c24xx_i2¢_stop(i2c, 0);
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} else {
PR AR
dev_dbg(i2c->dev, "READ: Next Transfer\n");
i2c->msg_ptr =0;
i2c->msg_idx++;
12c->msg++;

break;
}

out_ack:
tmp = readl(i2c->regs + S3C2410 IICCON);
tmp &= ~S3C2410_IICCON_IRQPEND;
writel(tmp, i2c->regs + S3C2410_IICCON);
out:

return ret;

7.4 @R I2C \ig#&

7.4.1 W 12C BRI

/drivers/i2¢/i2e-dev.c K 12C A4t TN HZ U5 410, Bl read, write P ioctl
SRR . N JZ AR P/ dev/i2e-* ) £ W #5544k file operations, HR4H/dev/i2e-* (RN £ -4k
ANV i2¢_adapter Z5H4 .

static const struct file operations i2cdev_fops = {

.owner =THIS MODULE,
Alseek =no_llseek,

.read =1i2cdev_read,

.write =i2cdev_write,
.unlocked_ioctl =i2cdev_ioctl,
.open =i2cdev_open,
.release =i2cdev_release,

fis
WHZAE i2¢_dev init B H 12C_MAJOR #4555 i2cdev_fops FEBkE K o

static int _ initi2c_dev_init(void)
{
int res;
printk(KERN INFO "i2¢ /dev entries driver\n");
res = register chrdev(I2C_MAJOR, "i2¢", &i2cdev_fops);
if (res)
goto out;
i2c_dev_class = class_create(THIS_ MODULE, "i2¢c-dev");
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if (IS_ERR(i2¢c_dev_class)) {
res = PTR_ERR(i2c_dev_class);
goto out_unreg_chrdev;
}
i2c_dev_class->dev_groups = i2c_groups;
/* R BRI Pl - T AR S/
res = bus_register notifier(&i2c_bus_type, &i2cdev_notifier);
if (res)
goto out unreg_class;
PGRE DA G RS */
i2c_for_each_dev(NULL, i2cdev_attach_adapter);
return 0;
out unreg_class:
class_destroy(i2c_dev_class);
out unreg_chrdev:
unregister chrdev(I2C_MAIJOR, "i2c");

out:
printk(KERN_ERR "%s: Driver Initialisation failed\n", FILE );
return res;

}

int i2c_for _each dev(void *data, int (*fn)(struct device *, void *))

{
int res;

mutex lock(&core lock);
res =bus_for each dev(&i2c bus_type, NULL, data, fn);
mutex_unlock(&core lock);

return res;

}

TH 12C BEFATIT I IR AR PGB A5 AT 12C SERCHs, & R Akl 4t T 4%
et K.

static int i2cdev_open(struct inode *inode, struct file *file)
{
unsigned int minor = iminor(inode);
struct i2¢_client *client;
struct i2c_adapter *adap;
struct i2c_dev *i2¢_dev;
i2¢_dev=12c_dev_get by minor(minor);
if (!i2c_dev)
return -ENODEV;
adap =i2c_get_adapter(i2c_dev->adap->nr);/ZRHGE AL 25
if (ladap)
return -ENODEYV;
/153 BE—A i2¢_client
client = kzalloc(sizeof(*client), GFP_ KERNEL);
if (Iclient) {
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i2¢_put_adapter(adap);
return -ENOMEM,;
}

snprintf(client->name, 2C NAME SIZE, "i2c-dev %d", adap->nr);

client->adapter = adap;
file->private data = client;
return 0;

}

12C 41T SRS B — 2 TOCTL #ir s, Wk 7-3 is.

*17-3

12C T 5248 IOCTL %

IOCTL 4CfH

i

ioctl(file, I2C_SLAVE, long addr)

BN B

ioctl(file, I2C_TENBIT, long select)

Select=0; M#&HMIER 7 2, AWK 10 {7

ioctl(file, 2C_TIMEOUT, long timeout)

AR I i)

ioctl(file, I2C_PEC, long select)

SMBus {47455 (Packet Error Checking) filifi;
select =0 %%11, WA

ioctl(file, I2C_FUNCS, unsigned long *funcs)

SR 12C ERCAS T AE

ioctl(file, 2C_RDWR, struct i2c_rdwr_ioctl_data *msgset)

HELE SRR

ioctl(file, 2C_SMBUS, struct i2c_smbus_ioctl data *args)

1% SMBus £

7.4.2 i read 5 write 2 11{E5

1T read. write BREGEE 12C w44, E5GHAH IOCTL ¥ 12C 44

#define 2C_SLAVE
#define 2C_SLAVE FORCE
#define 2C_TENBIT

0x0703 /* M\ 13 25 Hu b1t/
0x0706 /*a il F A bk, RIS by HA 2K 0 4 FH -/
0x0704 /*HihE K BE ¥ E, 0 Ko 7bit Hihik, AF 0 %7 10bit Hudil*/

XA H read 8L write FREEGIAT I S, SR FF. TR i2cdev_write [14b

PRI R . i2cdev write fCHS 0T

static ssize ti2cdev_write(struct file *file, const char  user *buf,size t count, loff t *offset)

{
int ret;
char *tmp;

struct i2¢_client *client = file->private data;

if (count > 8192)
count = 8192;

tmp = memdup_user(buf, count);

if (IS_ERR(tmp))
return PTR_ERR(tmp);

IR S 4

JIEL AN 2 2d

pr_debug("i2¢c-dev: i2¢-%d writing %zu bytes.\n",

iminor(file_inode(file)), count);

ret = i2c_master_send(client, tmp, count);

kfree(tmp);
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return ret;

}
WAR, i2cdev_write BRETR 7 £t ST B A% ]S, PRI A i2c_master_send B4

int i2c_master send(const struct i2c_client *client, const char *buf, int count)

{
int ret;
struct i2c_adapter *adap = client->adapter;
struct i2c_msg msg;
msg.addr = client->addr;
msg.flags = client->flags & 2C_ M TEN;
msg.len = count;
msg.buf = (char *)buf;
ret = i2c_transfer(adap, &msg, 1);
IRIE IR 7158, 75 IR B R
return (ret == 1) ? count : ret;

}

i2c_master_send FREUHIEE T struct i2c_msg Zif, WE T MAHLRE. B, B K ESEE
Ko i2c_master send FEUR G T i2¢_transfer PR

int i2c_transfer(struct i2c_adapter *adap, struct i2c_msg *msgs, int num)
{
int ret;
if (adap->algo->master_xfer) {
if (in_atomic() || irqs_disabled()) {
ret =1i2c_trylock adapter(adap);
if (Iret)
return -EAGAIN; /*12C 1EAT, THEIR*/
} else {
i2¢_lock adapter(adap);
H
ret=__i2c_transfer(adap, msgs, num);
i2c_unlock adapter(adap);
return ret;
} else {
dev_dbg(&adap->dev, "I2C level transfers not supported\n");
return -EOPNOTSUPP;

}

_i2c transfer BEUER LA T adap->algo->master xfer BAECKSZINEHIC K - master xfer B
B RAR

int master xfer(struct i2c_adapter* adapter, struct i2c_msg *msg, int num)
master xfer SZBr ST 12C REHHEI 7. master xfer 55 —NSEUE i2c msg &5k, 0=
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MNSEE R 2c_msg G584 X T

struct i2c_msg {
__ul6 addr;/* MBESS HLhE*/
ul6 flagsy/*iERRE, AR, S RRE. ACK BRY
_ul6 leny/* ¥ B BE*/
8 *bufy/*iH B HE/
e
i2cdev_read I FE Y i2cdev write 5Bl AHER.
7.1 12C &A1 S
B N RTZACES, SEUN AT24C02 (35 . 12C BEA&ULE BRAF R U Rk
S e . AT24C02 LS I P AT EE 115,

#define CHIP_ADDR 0x50 /] Ak
#define PAGE_SIZE 8 RSV NN
#define 2C DEV  "/dev/i2c-1"
static int read_eeprom (int fd,char buff[],int addr,int count)
{
int res;
if (write(fd,&addr,1)!=1) (/55 k2RI
return -1;
res=read(fd,buff,count);
printf("read %d byte at 0x %x\n",res,addr);
return res;
}
IR AR — 1T
static int write_eeprom (int fd, char buff]],int addr,int count)
{
int res;
int i;
static char sendbuffer[PAGE SIZE+1];
memcpy(sendbuffer + 1,buff,count);
sendbuffer[0] = addr;
res = write(fd,&sendbuffer,count + 1);
printf("write %d byte at 0x%x\n",res,addr);
}
int main(void)
{
int fd,n,res;
unsigned char buf[PAGE SIZE]={1,2,3,4,5,6,7,8};
fd = open(I2C_DEV,0_RDWR);
if(fd<0)
{
printf("##HHi2c test device open failed ###H#\n");
return(-1);
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res = ioctl(fd,]2C_TENBIT,0); /ity 7 Ak
res = joctl(fd,]2C_SLAVE,CHIP_ADDR);//$3 8 12C M5t &tk
write_eeprom(fd,buf,0,sizeof(buf));
memset(buf,0,sizeof(buf));
read_eeprom(fd,buf,0,sizeof(buf));
for(n= 0;n<sizeof(buf);n++)
{
printf("0x%x\n",buf[n]);

}
close(fd);

==

743 Jhik 12C_RDWR i is

JHiE 12C RDWR ir 4 m] ASZELEE S (TR A B, IXRE 7 (42 B0 I T3 IR SR A 2% 5 1
RC . SFEE 12Cdev W& H ioctl SZHL:

static long i2cdev_ioctl(struct file *file, unsigned int cmd, unsigned long arg)

{

switch (cmd) {

case [2C_RDWR:

return i2cdev_ioctl rdwr(client, arg);

¥
}
static noinline int i2cdev_ioctl rdwr(struct i2¢_client *client,unsigned long arg)
{

struct i2c_rdwr_ioctl_data rdwr_arg;
struct i2c_msg *rdwr_pa;
u8  user **data_ptrs;
int i, res;
A W P25 () 3REX i2¢_rdwr ioctl data 4544
if (copy from user(&rdwr arg, (struct i2c rdwr ioctl data  user *)arg,sizeof(rdwr_arg)))
return -EFAULT;
11T B A A AR
if (rdwr_arg.nmsgs > 12C RDWR_IOCTL MAX MSGS)
return -EINVAL;
11— L 7 23 () 2 S e
rdwr_pa=memdup user(rdwr arg.msgs,rdwr_arg.nmsgs * sizeof(struct i2c_msg));
if IS_ERR(rdwr_pa))
return PTR_ERR(rdwr_pa);
data_ptrs = kmalloc(rdwr_arg.nmsgs * sizeof(u8 _ user *), GFP_ KERNEL);
if (data_ptrs == NULL) {
kfree(rdwr_pa);
return -ENOMEM,;
}

res = 0;
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}

for 1=0; i <rdwr arg.nmsgs; i++) {

PR AR B/
if (rdwr_pali].len > 8192) {
res = -EINVAL;
break;
¥
data ptrs[i] = (u8 _ user *)rdwr_pa[i].buf;
rdwr_pa[i].buf = memdup user(data ptrs[i], rdwr_pali].len);
if IS_ERR(rdwr_pa[i].buf)) {
res = PTR_ERR(rdwr_pa[i].buf);
break;
¥
RGN
if (rdwr_pa[i].flags & 2C M_RECV_LEN) {
if (!(rdwr_pali].flags & [2C_M_RD) ||
rdwr_pa[i].buf[0] <1 ||
rdwr pa[i].len <rdwr pa[i].buf[0] +I12C SMBUS BLOCK MAX) {
res = -EINVAL;

break;
H
rdwr_pa[i].len = rdwr_pa[i].buf[0];
H
H
if (res <0) {
int j;
for (j=0; j <1i; +4)
kfree(rdwr_pa[j].buf);
kfree(data ptrs);
kfree(rdwr_pa);
return res;
b
I

res = i2c_transfer(client->adapter, rdwr_pa, rdwr_arg.nmsgs);
while (i-- > 0) {
if (res >= 0 && (rdwr_pa[i].flags & 2C_M RD)) {
if (copy_to_user(data_ptrs[i], rdwr_pa[i].buf,rdwr_pal[i].len))/i& [F] 45 545 W F /2

res = -EFAULT;
}
kfree(rdwr_pal[i].buf);
}
kfree(data_ptrs);
kfree(rdwr_pa);
return res;

NN R g FT PR Rk AR . T2C_RDWR ARSI AR i T
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structi2c_ msg  user *msgs;/*i2c_msgs 5%l */
__u32 nmsgs; /*i2¢c_msgs HE*/
b
12C 5 T B0 I Pk SRS . AR (0 2 frds bk S5 80 2R R . A
(¥ 12C /2 8bit Arfras 8bit KM A IIZ 16bit 75 745 8bit AHe=RAL. N1
SR AT24C02 117 LRI -

struct i2¢c_rdwr ioctl data i2c data r1;

struct i2c_msg i2¢c_msgs _1[2];

struct i2c_msg i2c_msgs w[2];

unsigned char ReadI2C(unsigned char dev,unsigned char addr)

{
unsigned char bufp[2];
int ret=0;
memset(bufp,0,2);
if(m_fd<O)return OxFF;
pthread mutex lock(&m_ mux);
bufp[0]=addr;
12¢_msgs_r[0].buf =&bufp[0] ;
i2¢c_msgs r[0].len=1;
i2¢c_msgs r[0].flags = 0;
i2c_msgs r[0].addr = dev;
i2c_msgs 1[1].buf = &bufp[1];
i2c_msgs r[l].len=1;
i2¢_msgs 1[1].flags=12C M RD;
i2c_msgs r[1].addr = dev;
i2¢_data r.msgs =i2c_msgs T1;
i2¢_data r.nmsgs =2;
ret = ioctl(fd,]2C_RDWR,(unsigned long)&i2c data r);
if(ret<0)
{
printf("read i2c device Error(%d):0x%.2x 0x%.2x" ret,dev,addr);
}
pthread mutex unlock(&m_ mux);
return bufp[1];
}
int WriteI2C(unsigned char dev,unsigned char addr,unsigned char value)
{
unsigned char bufp[2];
int ret=0;
memset(bufp,0,2);

if(m_fd<O)return -1;

pthread mutex lock(&m_ mux);
bufp[0]=addr;

bufp[1]=value;

i2¢c_msgs w[0].buf= bufp;
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i2c_msgs w[0].len =2;
i2c_msgs w[0].addr = dev;
i2c_msgs w[0].flags = 0;
i2c_data w.msgs =i2c_msgs w;
i2c_data w.nmsgs = 1;
ret = ioctl(m_fd,]J2C RDWR,(unsigned long)&i2c data w);
if(ret<0)
{
print("write i2¢ device Error(%d):0x%.2x 0x%.2x" ret,dev,addr);
H
usleep(1);
pthread mutex unlock(&m_ mux);
return ret;

}
7.4.4 12Ctools

I2Ctools T HAUHLME T —2 12C T H, fu$F i2cdetect. i2cset. i2cgets i2cdump 5. JHIL
12Ctools T H A HES 12C i 2 TH:E. 12Ctools FH 5 H 12C M &K1,
i2cdetect iy AT 12C &ERCEs, HVEW R

[root@urbetter /home]# ./i2cdetect -1
i2¢-0  i2c $3¢2410-i2¢ 12C adapter
i2c-1  i2c $3¢2410-i2¢ 12C adapter

i2cdetect iy 2L FI4 12C W4, 9l4n:

[root@urbetter /home]~# i2cdetect -y -r 1

01 23 456 7 8 9 abocdef
00: e e e -
10: = == == == UU == == == UU == == == == == = —

| ——

] (RN | SR |y
71() J R ) 1] (] (1 [ER—_—
50: 50-- == == o= m e m e e e -

R

[ R

TR, RIEIECT (38, 31, 500 AREREEEN 12C Wik, UU FoRix A
12C WA HIHIAEAE, (HOEE MM 12C B, Rtk AZ AN 12C SRENE .

12C BB i2cget v, MRAEAEH] i2cset fiv%, @ SHA RNy ZH,
PR EATHAN . 12C A A B Huhk DL ol sl 5 Ar s il . e kb IOk X 73
Frs B BT s L R T ORAE LA A AT Sk

[root@urbetter /home]: ~# i2cset 1 0x50 0x18 0x00
WARNING! This program can confuse your 12C bus, cause data loss and worse!
I will write to device file /dev/i2c-1, chip address 0x50, data address
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0x18, data 0x56, mode byte.

Continue? [Y/n] y

root@dm816x-evm: ~# i2cgetl 0x50 0x18

WARNING! This program can confuse your 12C bus, cause data loss and worse!
I will read from device file /dev/i2c-1, chip address 0x50, data address

0x18, using read byte data.

Continue? [Y/n] y

0x56

i2cdump Al it T HH 12C & 2
[root@urbetter /home]./i2cdump -y 1 0x50

XS 12C B2k 1 B 0x50 B M 0x00~0xEFF ik [l i) £k

7.5 M 12C MG EIREN

12C BEsehr IR —RhEEE D, 1 12C WA HA H CuEDh e, XEeTh Rt
EEPROM. 14l AD 5y 5k . RTC B HALG . Xtk TIRZ 12C ik #%
FARHE 12C IK3), HISE] T HARIRE R AR R, &R E IR E) . AR R
M 12C B IRENFR A PEAL 12C R BRE),  LAR T Frfnde & i A 12C k43K
Ble AT LL pef8583 U v AU AL 12C WA IXBIIK TR 71

static const struct rtc_class_ops pcf8583 rtc_ops = {
read time =pcf8583 rtc read time,
.set_time =pcf8583 rtc_set time,
fie
static int pcf8583 probe(struct i2¢_client *client,const struct i2c_device id *id)
{
struct pct8583 *pcf8583;
/KA 12C JE RS T RE
if (!i2c_check functionality(client->adapter, [2C_FUNC _12C))
return -ENODEYV;
pcf8583 = devm_kzalloc(&client->dev, sizeof(struct pcf8583),GFP_ KERNEL);
if (Ipcf8583)
return -ENOMEM,;
i2¢_set clientdata(client, pcf8583);
/S RTC 3K 5
pcf8583->rtc = devm_rtc_device register(&client->dev,pcf8583 driver.driver.name,
&pcf8583 rtc ops, THIS MODULE);
return PTR_ERR_OR_ZERO(pcf8583->rtc);
¥
static struct i2¢_driver pcf8583 driver = {
.driver = {
.name = "pcf8583",
fie
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.probe =pcf8583 probe,
.id_table =pcf8583 id,

15

module i2¢ driver(pcf8583 driver);

WA 12C W2 G, AR LR 12C 33821k $z . 7T WL pef8583 probe
PRECFEM T —A RTC JRENFET -

static int pcf8583 rtc read time(struct device *dev, struct rtc_time *tm)
{
struct i2¢_client *client = to_i2c_client(dev);
unsigned char ctrl, year[2];
struct rtc_mem mem = {
Joc=CMOS_YEAR,
.nr = sizeof{(year),
.data = year
b
int real year, year offset, err;
/i {f PCF8583 IEHIE4T
pcf8583_get ctrl(client, &ctrl);
if (ctrl & (CTRL_STOP | CTRL_HOLD)) {
unsigned char new_ctrl = ctrl & ~(CTRL_STOP | CTRL HOLD);
dev_warn(dev, "resetting control %02x -> %02x\n",ctrl, new_ctrl);
err = pcf8583 set ctrl(client, &new_ctrl);
if (err < 0)
return err;

b

1/3REL I 18]

if (pcf8583 get datetime(client, tm) |[pcf8583 read mem(client, &mem))
return -EIO;

/IRTC RE GG R AL AL, T EEE A et

real year = year[0];

year_offset = tm->tm_year - (real_year & 3);

if (year offset < 0)
year offset +=4;

AN 0 TRy

tm->tm_year = (real year + year_offset + year[1] * 100) - 1900;

return 0;

}
pcf8583 rtc_read time P T pcf8583 get datetime PRI%K:

static int pcf8583 get datetime(struct i2c_client *client, struct rtc_time *dt)

{
unsigned char buf[8], addr[1]= {1 };
struct i2c_msg msgs[2] = {
{
.addr = client->addr,
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flags =0,
den=1,
.buf = addr,
34
.addr = client->addr,
flags=12C M RD,
Jen=6,
.buf = buf,

b
int ret;
memset(buf, 0, sizeof(buf));
ret = i2¢_transfer(client->adapter, msgs, 2);
if (ret==2) {
dt->tm_year = buf[4] >> 6;
dt->tm_wday = buf[5] >>5;
buf[4] &= 0x3f;
buf[5] &= 0x1f;
dt->tm_sec = bed2bin(buf] 1]);
dt->tm_min = bed2bin(buf]2]);
dt->tm_hour = bcd2bin(buf]3]);
dt->tm_mday = bed2bin(buf[4]);
dt->tm_mon = bed2bin(buf[5]) - 1;
b
return ret =2 ? 0 : -EIO;

}

BRIT 2c_transfer BR%L, TP 2C IERCHZ NG T IAXAS pef8583 12¢ Mk
SR 12C FEias LW ? FERMAIIAA AR BT 12C BRRI&AE R . flln:

static struct i2c_board_info i2¢_rtc = {
12C_BOARD_INFO('"pcf8583", 0x50)

15
static int __ init rpc_init(void)
{
i2¢c_register board info(0, &i2c rtc, 1);
return platform_add devices(devs, ARRAY SIZE(devs));
}

i2c_register board info PRI 12C M4 15 B N2 i2¢ board list H1. i2c register
board info MECE—MSEGRZE 12C By, KHFRRRASHEEE] busnum X M) 12C
b

int __init i2c_register board info(int busnum,struct i2¢c_board info const *info, unsigned len)

{

int status;
down write(& i2c board lock);
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MIESRIENEL I 12C Bk 5/
if (busnum >= __ i2¢_first dynamic_bus num)
__i2c first dynamic_bus num = busnum + 1;
for (status = 0; len; len--, info++) {
struct i2¢_devinfo *devinfo;
devinfo = kzalloc(sizeof(*devinfo), GFP_ KERNEL);
if (!devinfo) {
pr_debug("i2c-core: can't register boardinfo!\n");
status = -ENOMEM;
break;
}
devinfo->busnum = busnum;
devinfo->board_info = *info;
list_add_tail(&devinfo->list, & i2c board list);
b
up_write(& i2c board lock);
return status;

M7E i2¢c_register adapter AL -H 221 i2¢c_scan_static board info 741X LU A AR 2
WA

static int i2c_register adapter(struct i2c_adapter *adap)

{
if (adap->nr < i2¢ first dynamic bus num)
i2c_scan_static_board info(adap);
}
static void i2c_scan_static_board_info(struct i2c_adapter *adapter)
{
struct i2¢_devinfo ~ *devinfo;
down read(& i2c board lock);
list for each entry(devinfo, & i2c board list, list) {
if (devinfo->busnum == adapter->nr
&& i2¢_new_device(adapter,&devinfo->board_info))
dev_err(&adapter->dev,"Can't create device at 0x%02x\n",devinfo->board info.addr);
}
up_read(& i2c board lock);
}

PNE SRS HERL RS 1 B kS — B, S i2c_new device pRZLAH BT
i2c_client. 171 i2c_client, JGlfiff] 12C #AEUMELEGE T o BR T i2c_transfer PRAL, &A1
TR R HOT AR S 12C B

s32 i2c_smbus_read byte(const struct i2¢_client *client);
s32 i2c_smbus_write_byte(const struct i2¢c_client *client, u8 value);

s32 i2c_smbus_read byte data(const struct i2¢_client *client, u8 command);

s32 i2c_smbus_write byte data(const struct i2c_client *client, u8 command,u8 value);
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TTY /& Teletype [N4i5, Teletype s&—Fli i Teletype 2wl A= [ FEALFT FHLB . HARET
FHUIR AN B Zm TR . 76 Linux 1 TTY HRER/R S L. Ll 5 #RAiE
PEXR, Al ef 1 2. AR Y. T REAUBER IR pty SKENFE. Linux K AR 2SR o5 157
TG IEAL. AT Linux 1 TTY BRS04 Z DLLH BT AR AR DA

8.1 TTY =

Teletype A& W2k £, TTY & Teletype 465 . 71 Linux #4E RS, TTY A&
A% . Linux P EZAEEGIG . i HNIDY 2 =R &0 w5

(1) H3 4735 H 2435 (/dev/ttySACn)

FRAT U 112805 (Serial Port Terminal ) S A5 B AT 3 FERE 1) 2 i e %, X L8 H3 1o 1 T
X [R5 2R SE /devi/ttySACO (ER/dev/tts/0). /dev/ttySACT (Bl/devitts/1) %,

(2) thes (devipty)

P2 (Pseudo Terminal ) & AN W1 FLAARKE(: 1) 28 3, 8 1K) 44 FRSRABLT-/dev/ptypn |
/dev/ttypn. P £ FHRAE D RE P RIEAS 138 8 e #s, {FH/dev/ttypn IFE P2 IAh A E
IEAES AN R AT S AT A

(3) #&iil& % (/dev/ttyn, /dev/console)

554 5 % (Console) 8N N T IHHENLE RS, 52 RBIR S X2 tty0. ttyls
tty2 &5. G L BRE RS AN .

7t Linux "', WCAE RS A A 247 AR E v s hl & 2o, w6

console=device, options

device F/RZuiikss, WLLE tty0. ttySACn. Ip0 5. options ;&X| device M1 & FIH
w, BT BRI RS IR . T LA, SH ke OBdRe . I, 73
# Ak BBBBPN, Hf' BBBB F/RihiR, P LniHh (nfofe), N Fonfi%, ERIA options
J& 9600n8. R TIA& > Linux i 2 4T s & B & M4 1
console=ttySACO0,115200

8.2 Linux TTY RENIEFIAKFR

8.2.1 TTY Yshfer4es
Linux " TTY WEHFEFACHS H S4E/drivers/tty Fifii. TTY HJZREEHAHEE TTY N
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2. TTY U2, TTY ZFEE . TTY WREh)2. TTY WA RSN 2. TTY N 255N H
B, TTY XHFZ A0S0 . TTY ZREHIURE 0 07 AT IAS SO B, B0 HE 4 i il
({51 PPP 11 Bluetooth) (W35 5f#kf. TTY IKENZSLHA&Fh TTY K156 5% .
TTY &&WRaZIEARN TTY B CORadshiles) oz, BRI & i E S oR .
| 8-1 24 Linux [f] TTY UKENFEF2EH K

/dev/ttySn /dev/ttyUSBn /dev/pty
| tty SCPF |
| tty Idisc |

TTY3EZh (tty driver)

USBEE O3k 5h
(usb_serial_driver)

H OOk5h (uart_driver) VT 5] PTYUKZ)

18 9K usB I EtE | |viesms| | TEEE

8-1 TTY IREIFE LM

8.2.2 TTY X2
TTY W& SRR W R

static const struct file operations tty fops = {

Alseek =no_llseek,
.read = tty read,
.write = tty write,
.poll = tty_poll,
.unlocked_ioctl = tty_ioctl,
.compat_ioctl= tty compat ioctl,
.open = tty_open,
.release = tty release,
fasync = tty fasync,
15
static const struct file operations console fops = {
Alseek =no_llseek,
.read = tty_read,
.write = redirected _tty write,
.poll = tty _poll,
.unlocked ioctl = tty ioctl,
.compat_ioctl= tty compat ioctl,
.open =tty open,
.release = tty release,
fasync = tty fasync,
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Bs

#E tty init BRECFVEM T 5 5 (TTYAUX MAJOR) TTY ¥4%, JFWE 7% TTY W&
PELEC (AN

int __init tty_init(void)
{
Ity BEf
cdev_init(&tty_cdev, &tty fops);
if (cdev_add(&tty cdev, MKDEV(TTYAUX MAIJOR, 0), 1) ||
register_chrdev_region(MKDEV(TTYAUX_ MAJOR, 0), 1, "/dev/tty") < 0)
panic("Couldn't register /dev/tty driver\n");
/AR B35 1T A
device create(tty class, NULL, MKDEV(TTYAUX MAJOR, 0), NULL, "tty");
IHE G B
cdev_init(&console cdev, &console fops);
if (cdev_add(&console cdev, MKDEV(TTYAUX MAJOR, 1), 1) ||
register_chrdev_region(MKDEV(TTYAUX_MAIJOR, 1), 1, "/dev/console") < 0)
panic("Couldn't register /dev/console driver\n");
consdev = device_create_with_groups(tty_class, NULL,
MKDEV(TTYAUX MAIJOR, 1), NULL,
cons_dev_groups, "console");
if (IS_ERR(consdev))
consdev = NULL;
#ifdef CONFIG_VT
vty_init(&console fops);
#endif
return 0;

}

device create_with_groups BRI fE S device create BREIZEAZ, &L device create %
— attribute_group KM IS4, BT tty init BRECPSEM TTY 578450, 24 tty driver
LERI ) flags BB B W EA& 20 (TTY DRIVER DYNAMIC ALLOC) B # 8 & %
( TTY_DRIVER DYNAMIC DEV) I, TTY X&) M 68 %0 tty register driver 2% i H]
tty_cdev_add MG tty FHF A

static int tty cdev_add(struct tty driver *driver, dev_t dev,unsigned int index, unsigned int count)
{
int err;
PRI IR/
driver->cdevs[index] = cdev_alloc();
if (driver->cdevs[index])
return -ENOMEM,;
driver->cdevs[index|->ops = &tty fops;
driver->cdevs[index]->owner = driver->owner;
err = cdev_add(driver->cdevs[index], dev, count);
if (err)
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kobject_put(&driver->cdevs[index]->kobj);
return err;

8.2.3 LRIXHIFYZ

LR HFE (line discipline) J& TTY XHZES TTY WahZHaZ, FEA T TTY K
WE. LM tty Idisc Z5RJHHIAR, struct tty Idisc fLEPIEEL I, —JS & m L2t
TTY #ZCJZRH T, 5—JEmm FE4E TTY R 1

struct tty ldisc_ops {
int magic;
char *name;
int num;
int flags;
IITTY B2 H
int (*open)(struct tty struct *);
void (*close)(struct tty_struct *);
void (*flush buffer)(struct tty struct *tty);

ssize t (*chars_in_buffer)(struct tty struct *tty);
ssize t (*read)(struct tty_struct *tty, struct file *file,unsigned char __ user *buf, size t nr);
ssize t (*write)(struct tty _struct *tty, struct file *file,const unsigned char *buf, size t nr);

int  (*ioctl)(struct tty struct *tty, struct file *file,unsigned int cmd, unsigned long arg);
long (*compat ioctl)(struct tty struct *tty, struct file *file,unsigned int cmd, unsigned long arg);
void (*set termios)(struct tty struct *tty, struct ktermios *old);
unsigned int (*poll)(struct tty struct *, struct file *,struct poll_table struct *);
int (*hangup)(struct tty_struct *tty);
/T2 TTY $Wahke i i
void (*receive buf)(struct tty struct *, const unsigned char *cp,char *fp, int count);
void (*write wakeup)(struct tty struct *);
void (*dcd change)(struct tty_struct *, unsigned int);
void (*fasync)(struct tty_struct *tty, int on);
int (¥receive buf2)(struct tty struct *, const unsigned char *cp,char *fp, int count);
struct module *owner;
int refcount;
i
struct tty ldisc {
struct tty ldisc_ops *ops;
struct tty struct *tty;

15
VEM— PP B HUFR AT tty register ldisc PRI%L:
int tty register ldisc(int disc, struct tty ldisc_ops *new_ldisc)

disc AL HFE YT, new Idisc & ZVF ML MR . WAL —DNEREGHIFER
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static struct tty ldisc_ops *tty ldiscs[NR_LDISCS];

tty_register_ldisc RRECRIBT 2B IFEINA R IR . AR B2 ki L
LI

#define N TTY 0
#define N_SLIP 1
#define N MOUSE 2
#define N_PPP 3
#define N_STRIP 4
#define N_AX25 5

6

#define N_X25 /*X.25 async*/

#define N_6PACK 7

#define N. MASC 8 /*} Mobitex module <kaz@cafe.net> {454 */
#define N_R3964 9 /*4 Simatic R3964 module {4 */

#define N_PROFIBUS FDL 10 /* 2 Profibus & */

#define N_IRDA 11 /*IrDa*/

#define N SMSBLOCK 12 /*SMS block mode - for talking to GSM data*/
#define N HDLC 13 /*synchronous HDLC*/

#define N_SYNC PPP 14 /*synchronous PPP*/

#define N_NCI 25 /*NFC NCI UART*/

TTY W&ATEVIIGALIT#ET 2 2] N TTY S Mt WAZJESR SPIaH N TTY 54k
R «

void tty ldisc_begin(void)

{
[*FENLERIANE TTY line discipline.*/
(void) tty register Idisc(N_TTY, &tty Idisc N TTY);
}
void __ init console_init(void)
{
initcall t *call;
tty ldisc_begin();
call=_ con initcall start;
while (call < con_initcall end) {
(*call));
call++;
}
}
asmlinkage void _init start kernel(void)
{

console_init();
if (panic_later)
panic(panic_later, panic_param);

189



Linux X #h42 5 & =6 % 2 &

lockdep_info();
locking_selftest();

}
N 2T Ll it fd F TOCTL 54 (TIOCSETD) )4k 5 (1) 4 1% KL

8.24 TTY YWizh2
tty driver Z5FHR—F TTY IKBHFEST:

struct tty driver {
int magic; /XG5 1f) magic number*/
struct kref kref; /x5 | F L/
struct cdev **cdevs; //FITHAS
struct module*owner;
const char  *driver name;
const char  *name;
int name base;  /*F]EIZFRImEE*/
int major; /WA T
int minor_start; /*EIGIKE AT/
unsigned int num; /*ZECREE AN

shorttype; /*tty driver FKHL%/

shortsubtype; [*tty driver T87*/

struct ktermios init_termios; /¥4 termios*/
unsigned long flags; PRFRE*/

struct proc_dir_entry *proc_entry; /* /proc MAF RS AT/
struct tty _driver *other; /*PTY driver & H*/
struct tty struct **ttys;

struct tty_port **ports; [ty ¥ 1

struct ktermios **termios;
void *driver_state;

const struct tty_operations *ops; 1AERRHL
struct list_head tty drivers;

s
Linux WAZSEILI TTY SREFE R 5 R LRk 287

#define TTY DRIVER TYPE SYSTEM 0x0001

#define TTY DRIVER TYPE CONSOLE 0x0002//4% il &
#define TTY DRIVER TYPE SERIAL 0x0003//: 1

#define TTY_DRIVER _TYPE_PTY 0x0004

#define TTY_DRIVER TYPE SCC 0x0005/*SCC Ixz))*/
#define TTY _DRIVER TYPE_SYSCONS 0x0006

BERP TTY E2RB0 N A7 H K2R,
TTY WBNFEF AR T tty operations 45 FAF i -

struct tty operations {
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struct tty_struct * (*lookup)(struct tty driver *driver,struct inode *inode, int idx);
int (*install)(struct tty driver *driver, struct tty_struct *tty);

void (*remove)(struct tty driver *driver, struct tty_struct *tty);

int (*open)(struct tty_struct * tty, struct file * filp);

void (*close)(struct tty struct * tty, struct file * filp);

void (*shutdown)(struct tty struct *tty);

void (*cleanup)(struct tty struct *tty);

int (*write)(struct tty struct * tty,const unsigned char *buf, int count);
int (*put char)(struct tty_struct *tty, unsigned char ch);

void (*flush_chars)(struct tty struct *tty);

int (*write room)(struct tty_struct *tty);

it (*chars_in_buffer)(struct tty _struct *tty);

it (*octl)(struct tty struct *tty,unsigned int cmd, unsigned long arg);
long (*compat _ioctl)(struct tty struct *tty,unsigned int cmd, unsigned long arg);
void (*set_termios)(struct tty _struct *tty, struct ktermios * old);

void (*throttle)(struct tty struct * tty);

void (*unthrottle)(struct tty struct * tty);

void (*stop)(struct tty_struct *tty);

void (*start)(struct tty struct *tty);

void (*hangup)(struct tty struct *tty);

int (*break ctl)(struct tty struct *tty, int state);

void (*flush_buffer)(struct tty struct *tty);

void (*set_ldisc)(struct tty struct *tty);

void (*wait_until sent)(struct tty struct *tty, int timeout);

void (*send xchar)(struct tty struct *tty, char ch);

int (*tiocmget)(struct tty struct *tty);

int (*tiocmset)(struct tty struct *tty,unsigned int set, unsigned int clear);
int (*resize)(struct tty struct *tty, struct winsize *ws);

int (*set_termiox)(struct tty struct *tty, struct termiox *tnew);

int (*get icount)(struct tty struct *tty,struct serial icounter struct *icount);
const struct file operations *proc_fops;

55
WAZAEH tty set operations BREK 13 'E tty driver [FIERAE AL
void tty_set operations(struct tty driver *driver,const struct tty operations *op);
FEM—A TTY WREMEH tty register driver FR%L:
int tty register_driver(struct tty driver *driver);

Linux W% EZS2H TTY #Z0)2, 95 TTY 9Ka) =2/ 5L0) tty operations.
AN TTY W& LA — A2 AN, A tty port 5k . A4~ TTY Sy %R
T/dev Hag B — M1 M.
struct tty port {

struct tty buthead  buf,  /*HiEiZEM*/
struct tty struct *tty;
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struct tty _struct *itty;

const struct tty_port_operations *ops; 15 VR A%/

unsigned long

flags; /*TTY #5ic ASY */
unsigned char console:1, /*¥; I 3£ 15 console™/
low_latency:1; PARIEIR S5/
struct mutex mutex; R EWES k)
struct mutex buf mutex; PSR LA/
unsigned char *xmit_buf; Jaelpri 220 B
unsigned int close_delay; /3 1 O A B IR */

unsigned int
struct kref

closing_wait;
kref;

[ R P AN I ]/
/5| v/

15
NP R TTY W& IR s RN TTY 220

2SSy

int tty insert flip char(struct tty port *port,unsigned char ch, char flag);/#fi N\ A1
int tty_insert flip_string(struct tty port *port,const unsigned char *chars, size_t size);/#li N Z > F15F

B18.1  EH printk bR
A5 I \samples\8tty\8-1myprint. WXz#)ZEZ AU T -

static void my_print(char *str)

{
struct tty_struct *my_tty;
my_tty = current->signal->tty; IBRECHRTBERE Y tty S5H4)
if (my_tty !=NULL)
{
((my_tty->driver)->ops->write) (my _tty,str,strlen(str));
((my_tty->driver)->ops->write) (my _tty,"......\n",7);
}
}
static int _ init my print_init(void)
{
my_print("my_print_init!");
return 0;
}
static void __exit my_print_exit(void)
{
my_print("my_print_exit!");
b
BATEIRATT

[root@urbetter /home]# insmod myprint.ko
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8.2.5 TTY Edikd& smbr

TTY & &+ A% tty open & GI#—/ tty struct Z584, M tty add file pRECE %45
FEFT IR SCAE Cstruct file) 9FE . tty struct & TTY a2y, T a2 n:

struct tty struct {
struct tty driver *driver;
const struct tty operations *ops;
struct tty ldisc *1disc;
struct tty _port *port;

Bs
A TTY s 536 000360 TTY BB . AR Lo, TTY s W 2 3
BNE, Ehsd TTY X2

static ssize t tty write(struct file *file, const char _ user *bufisize t count, loff t *ppos)
{
struct tty_struct *tty = file_tty(file);//3KHX tty 4544
struct tty ldisc *1d;
ssize tret;

Id =tty ldisc_ref wait(tty);
if (!1d->ops->write)//{ 7 SEIL LR B MR 2 3R [l
ret = -EIO;
else
ret =do_tty write(Id->ops->write, tty, file, buf, count);//iffl FH 2 2 R %

}
tty_write PRECA T T LU Z IR 2. BOA M R /2 S AL B bR 5

static ssize_tn_tty write(struct tty_struct *tty, struct file *file,const unsigned char *buf, size t nr)
{

const unsigned char *b = buf;

if (O_OPOST(tty)) {

} else {
while (nr > 0) {
mutex_lock(&ldata->output lock);
¢ = tty->ops->write(tty, b, nr);//VA ] tty XN write BR%L
mutex_unlock(&ldata->output lock);
if (¢ <0) {
retval = c;
goto break out;
}
if (!c)break;
b+=c;

nr-=_c¢;
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}

0L TTY $de—M 27 TTY SCAFZE. TTY iR 28) TTY Wah2, &Jahhkikt
B .

8.3 HMOERE

8.3.1 uart_driver

OIRBN P TTY 3K3)), X a B D& sl i % . vart driver 858K —A
1K) :

struct vart_driver {
struct module *owner;

const char *driver_name;
const char *dev_name;

int major;//FE K %5
int minor;/AX ¥ &5
int nr; /%L
struct console*cons; 1/ i

IR EAE, WAk NULL

struct uart_state *state;

struct tty driver  *tty driver;

15
H TR A IR B TSR 19K, FEM AN uart register driver:

int uart_register driver(struct uart driver *drv)
{
struct tty driver *normal;
int i, retval;
BUG_ON(drv->state);/fi2 11 state ANA) NULL, JJFT EN4E 1545 L
/153 HC state P A7
drv->state = kzalloc(sizeof(struct vart_state) * drv->nr, GFP_ KERNEL);
if (!drv->state)
goto out;
/AL tty BREN &4
normal = alloc_tty driver(drv->nr);
if ('normal)
goto out kfree;
/378 normal
drv->tty driver = normal;
normal->driver name = drv->driver_name;

normal->name = drv->dev_name;
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normal->major = drv->major;

normal->minor_start = drv->minor;

normal->type =TTY_DRIVER TYPE SERIAL;/& 0258
normal->subtype =SERIAL_TYPE NORMAL;

normal->init termios= tty std termios;

normal->init_termios.c_cflag = B9600 | CS§ | CREAD | HUPCL | CLOCAL;
normal->init_termios.c_ispeed = normal->init _termios.c_ospeed = 9600;

normal->flags = TTY DRIVER REAL RAW | TTY DRIVER DYNAMIC DEV;/8iA 5%

normal->driver_state =drv;
tty set_operations(normal, &uart_ops);/¥ & & %4/ tty operations
IAIEEA. tty i

for (1= 0; i < drv->nr; i++) {
struct uart_state *state = drv->state + i;
struct tty port *port = &state->port;
tty_port_init(port);
port->ops = &uart_port_ops;
}
IFEERE tty BKZ))
retval = tty_register_driver(normal);
if (retval >= 0)
return retval;
TR R BRAb
for (i = 0; i < drv->nr; i++)
tty_port destroy(&drv->state[i].port);
put tty driver(normal);
out kfree:
kfree(drv->state);
out:
return -ENOMEM,;

8.3.2 uart_port

—ANM RS ECE S B 2 T L Cserial ports, XN T —ANMEE F 1)
D) X LE R AT I LR A A A AR ERL . AR TR X S8 R AT U uart_port Z5R4HIA .
uvart_port J T4k —> UART 3% K HP . VO WAEHEE. FIFO K/, 3 ISR 4645 L.

struct uart _port {

spinlock t lock;  /*4f*/

unsigned long iobase; /*10 JEHihl*/

unsigned char __iomem *membase;  /*PIAFHbE/

unsigned int (*serial in)(struct uart port *, int);

void (*serial_out)(struct vart_port *, int, int);

void (*set_termios)(struct uart_port * struct ktermios *new,truct ktermios *old);
void (*set_mctrl)(struct vart port *, unsigned int);

int (*startup)(struct uart_port *port);
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void (*shutdown)(struct uart_port *port);

void (*throttle)(struct uart_port *port);

void (*unthrottle)(struct uart_port *port);

int (*handle_irq)(struct uart_port *);

void (*pm)(struct uart_port *, unsigned int state,unsigned int old);
void (*handle break)(struct uart port *);

int (*rs485_config)(struct uart_port *,struct serial rs485 *rs485);
unsigned int irq; Vala el R=2)

unsigned long irgflags; I TR/

unsigned int uartclk; xR/

unsigned int fifosize; /FIik fifo K/N*/

unsigned char x_char; [*xon/xoff #&TF-F-H1*/
unsigned char regshift; [* AT M/

unsigned char iotype; /¥10 T [A] 27 */

unsigned char unusedl;

unsigned int read_status_mask; PRERRASHER*/
unsigned int ignore status_mask;  /*ZIEARAHERD*/
struct uart_state *state; PRER I A I state*/
struct uart_icount  icount; [T/

struct console *cons; [P S */

P R RS ESRAS mutex 5 A4 BEEEFT/

upf t flags;

upstat_t status;

int hw_stopped;

unsigned int metrl; /* 2417 modem ctrl % E*/
unsigned int timeout; JREARE Sk BTG IR I/
unsigned int type; N ith)

const struct uart_ops *ops;

unsigned int custom_divisor;

unsigned int line; /3% 11 ZRA0H/

unsigned int minor;

resource_size t mapbase; /% P AT B */
resource_size t mapsize; [N A7 KN/
struct device *dev; [EAVBERG*]

unsigned char hub6; /%8250 FRBhEH*/
unsigned char suspended;

unsigned char irq wake;

unsigned char unused[2];

struct attribute_group *attr_group; it [ SR/

const struct attribute_group **tty groups;  /*tty JE >/

struct serial rs485 1s485;

void *private_data; [ S E R/

fie
X ER AT B 1 PR 1 LR A R
int uart_add_one_port(struct uart_driver *drv, struct uart_port *port)//#s Ji— it [
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int uart_remove one port(struct uart_driver *drv, struct uart_port *port)//#% x— i Il
int uart_match_port(struct uart_port *portl, struct uart_port *port2)//Lt45 N 11

int uart_suspend_port(struct uart_driver *drv, struct uart_port *port)// {5 ¥ 1

int uart resume_port(struct uart_driver *drv, struct uart port *port)//M & ¥ I']

S B35 IR SRR A S e A0 0 J A T 1 I RAERE D Cuart_ops 4544):

struct uart_ops {
unsigned int (*tx_empty)(struct uart_port *);

void (*set_mctrl)(struct vart port *, unsigned int mctrl);
unsigned int (*get mctrl)(struct vart_port *);

void (*stop_tx)(struct uart_port ¥); I 1A
void (*start_tx)(struct uart_port *); 1AL S
void (*throttle)(struct vart_port *);

void (*unthrottle)(struct uart_port *);

void (*send_xchar)(struct uart_port *, char ch);// 1% 7 4F
void (*stop_rx)(struct uart_port *); /M5 B
void (*enable ms)(struct uart_port *);

void (*break_ctl)(struct uart_port *, int ctl);

int (*startup)(struct vart_port *);

void (*shutdown)(struct uart_port *);

void (*flush_buffer)(struct vart port *);

void (*set_termios)(struct uart port *, struct ktermios *new,struct ktermios *old);
void (*set_ldisc)(struct uart port *, struct ktermios *);

void (*pm)(struct vart_port *, unsigned int state,unsigned int oldstate);
const char  *(*type)(struct uart_port *); /1R [B 5 1 25 7Y
void (*release_port)(struct uart_port *); [T

int (*request_port)(struct uart_port *);

void (*config_port)(struct uart_port *, int); /Pt & vt [

int (*verify_port)(struct uart _port *, struct serial_struct *);
int (*ioctl)(struct vart_port *, unsigned int, unsigned long);

8.4 S3C6410X 5[ HIRHIZRF

O 5 Ep IR SR 1 B AR TS I AT S 1 IR B R 2 Cstruct uart_ops) . =R IH)
S3C24xx FR 5 S3C6dxx FR UM & IR BN FE P 2 48— 10, X652 W./drivers/tty/serial/
samsung.c. H ITIXBIFER N AU G R

static struct platform_driver samsung_serial driver = {

.probe =s3c24xx_serial probe,
.remove =s3c24xx_serial remove,
.id_table = s3c24xx_serial driver ids,
.driver ={

.name samsung-uart",
.pm  =SERIAL SAMSUNG PM OPS,
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.of match_table =of match ptr(s3c24xx uart dt match),
} b
15
S R=VNE

module platform_driver(samsung_serial driver);
s3c24xx_serial probe 5t M R EL LN T

static int probe_index;
static struct vart_driver s3c24xx uart drv = {

.owner =THIS_MODULE,
.driver name = "s3¢c2410_serial",
.nr = CONFIG_SERIAL SAMSUNG_UARTS,
.cons =S3C24XX SERIAL CONSOLE,
.dev_ name =S3C24XX SERIAL NAME,
.major =S3C24XX_SERIAL _MAIJOR,
.minor = S3C24XX_SERIAL_MINOR,
¥
static int s3c24xx_serial probe(struct platform_device *pdev)
{

struct device node *np = pdev->dev.of node;
struct s3c24xx_uart_port *ourport;
int index = probe_index;
int ret;
if (np) {
ret = of alias get id(np, "serial");
if (ret >= 0)index = ret;
}
dbg("s3c24xx_serial probe(%p) %d\n", pdev, index);
ourport = &s3c24xx_serial_ports[index];
ourport->drv_data = s3c24xx_get driver data(pdev);
if (lourport->drv_data) {
dev_err(&pdev->dev, "could not find driver data\n");
return -ENODEV;
}
ourport->baudclk = ERR_PTR(-EINVAL);
ourport->info = ourport->drv_data->info;
ourport->cfg = (dev_get platdata(&pdev->dev)) ?
dev_get platdata(&pdev->dev) :ourport->drv_data->def cfg;
if (np)of property read u32(np,"samsung,uart-fifosize", &ourport->port.fifosize);
if (ourport->drv_data->fifosize[index])
ourport->port.fifosize = ourport->drv_data->fifosize[index];
else if (ourport->info->fifosize)
ourport->port.fifosize = ourport->info->fifosize;
//IDMA K/NIAZIE cache X7
ourport->min_dma size = max_t(int, ourport->port.fifosize,dma get cache alignment());

probe_index++;
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dbg("%s: initialising port %p...\n", _ func__, ourport);
/IR b 1)
ret = s3c24xx_serial init_port(ourport, pdev);
if (ret < 0)
return ret;
HZA AT DI — AN R OOl A FHA
if (1s3c24xx_uart drv.state) {
ret = uart_register_driver(&s3c24xx_uart_drv);
if (ret <0) {
pr_err("Failed to register Samsung UART driver\n");

return ret;

H
dbg("%s: adding port\n",  func );
uart_add_one port(&s3c24xx_uart_drv, &ourport->port);// %G
platform_set drvdata(pdev, &ourport->port);
clk disable unprepare(ourport->clk);
ret = s3c24xx_serial_cpufreq_register(ourport);// H i #2I CPU A i 4518 401
if (ret <0)
dev_err(&pdev->dev, "failed to add cpufreq notifier\n");
return 0;

}

s3c24xx_serial probe PRI vart add one port PREGEM T —AS AT K. N2
= ARM AbFER ) R R A PR O

static struct uart_ops s3c24xx_serial ops = {

.pm = s3c24xx_serial pm,
tx_empty  =s3c24xx_serial_tx_empty,
.get mctrl  =s3c24xx_serial get mctrl,
.set metrl  =s3c24xx_serial set mctrl,
.stop_tx =s3c24xx_serial stop tx,
.start_tx =s3c24xx_serial start tx,
.stop_rx =s3c24xx_serial _stop rx,
Jbreak ctl  =s3c24xx_serial break_ctl,
.startup = s3c24xx_serial_startup,
.shutdown =s3c24xx_serial shutdown,

.set_termios = s3c24xx_serial set termios,
.type =s3c24xx_serial type,

release port = s3c24xx_serial release port,
.request_port = s3¢c24xx_serial request port,
.config_port =s3c24xx serial config port,
verify port =s3c24xx_serial verify port,

15
#define  PORT LOCK UNLOCKED() \
_ SPIN LOCK UNLOCKED(s3c24xx_serial ports[i].port.lock)
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static struct s3c24xx_uart port s3c24xx_serial portsf CONFIG SERIAL SAMSUNG UARTS] = {

s

[0]= {
.port = {
Jock = _PORT LOCK UNLOCKED(0),
.dotype = UPIO_ MEM,
.uartclk= 0,
fifosize =16,
.0ps = &s3c24xx_serial_ops,
flags =UPF _BOOT AUTOCONF,
line =0,
}
}s

s3c24xx_serial_startup PRECT HITE 1 AR L eP KT, A T R Ik T AL B

IS RZ R s3¢24xx_serial_rx_chars Al

200

static int s3c24xx_serial startup(struct vart_port *port)

{

CIT:

}

struct s3¢24xx_uart_port *ourport = to_ourport(port);

int ret;

dbg("s3c24xx_serial startup: port=%p (%0811x,%p)\n",
port, (unsigned long long)port->mapbase, port->membase);

rx_enabled(port) = 1;
/RS

ret =request_irq(ourport->rx_irq, s3c24xx_serial rx_chars, 0,s3c24xx_serial portname(port), ourport);

if (ret !=0) {

dev_err(port->dev, "cannot get irq %d\n", ourport->rx_irq);

return ret;
H
ourport->rx_claimed = 1;
dbg("requesting tx irq...\n");
tx_enabled(port) = 1;
/¥ % e

ret=request _irq(ourport->tx_irq, s3c24xx_serial tx chars, 0,s3c24xx_serial portname(port), ourport);

if (ret) {

dev_err(port->dev, "cannot get irq %d\n", ourport->tx_irq);

goto err;

}

ourport->tx_claimed = 1;
dbg("s3c24xx_serial startup ok\n");
return ret;

s3c24xx_serial shutdown(port);

return ret;

s3c24xx_serial_tx_chars, 24112
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AT DLAREL I B N AZACAS, AFITER

8.5 TIYAHE

TTY B RSOV R ZRBL, AFEIRE TTY W BRI E L ot
BBt Uil TTY BEa i 2 E termios.h Sk30fF. SAEAN) TTY 8% BB WP R 0
RIS BB . termios S5 FIE TTY B HIHRAFRIA:

struct termios
{ unsigned short c iflag; PN ARG/
unsigned short ¢ _oflag; /A AR R R/
unsigned short c¢_cflag; P AR R/
unsigned short c_Iflag; /= N B AR AR i/
unsigned char ¢ _line; /RS EE R/
unsigned char ¢ cc[NCC]; P TA
b
LA FA B UEE TTY %% 3EA ) ) D3
(D 3T9FHR 0

78 Linux N ESCPERALT/dev R H5 E—/dev/ttyS0,  HiH1—hy/devittyS1. 1 IFH
AT A FARUE (0 SCA-FT T eR A A

int fd;

MFEAEEE T AT IR 1%/

fd = open( "/dev/ttyS0", O RDWR);
if (-1 ==fd){
PANREFTIT R L B 4%/

perror(" FEARER! ");

}

(2) wEHMH
FR T A O I R A E R R

PRI
speed_t cfgetospeed (struct termios *termios_p);
BTN TN & S
speed_t cfgetispeed (struct termios *termios p);
B R AR
int cfsetospeed (struct termios *termios_p, speed_t speed) ;
PR NBERT R/
int cfsetispeed (struct termios *termios_p, speed _t speed) ;
PERIBCER F BB/
int tcgetattr (int fd, struct termios *termios_p) ;
PR B DR
int tesetattr (int fd, int optional actions, struct termios *termios_p);
(LRI ERESIPR I EE
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struct termios Opt;

tegetattr(fd, &Opt);

cfsetispeed(&Opt,B19200); /CE AR 19200Bps*/
cfsetospeed(&Opt,B19200); /U E R 19200Bps*/
tesetattr(fd, TCANOW, &Opt);

BEALI LA L EAT S

struct termios options;

tcgetattr(fd, &Opt);

options.c_cflag &= ~CSIZE,;

Option.c_cflag |= ~CSS; IR 8
options.c_cflag &= ~CSTOPB; /{5147
Option.c_cflag &= ~PARENB;
Option.c_cflag|= ~PARODD; // 5
tesetattr(fd, TCANOW, & options);

e SE RIS, WRAE TR e m R R N TR, F R A kA it B4 B
A s e R (Raw Mode) 7 ACRIFATIAS, #E T\ T
options.c_lIflag &= ~(ICANON | ECHO | ECHOE | ISIG); /*#i\*/
options.c_oflag &= ~OPOST; /*#ithi*/
(3) HHO
BOEAFR O )5, WS HILRA S 7, RS S 5 /),
D) RIEHE
char buffer[1024];
int Length;

int nByte;
nByte = write(fd, buffer ,Length)

2) IR O O
A SCAFRAE read BREEIG A0 FBEE N JEUARIE(Raw Mode)fEHintidin, 4 read ¥
BOR AT 1A 0 SEBr A RN 252 n] DA R B8 SCPF I s BOR S e D 52 G,
fentl BY, select &5,
char buff[1024];

int Len;
int readByte = read(fd,buff,Len);

(4) KRHH

close(fd);
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Framebuffer YXE)FE)/7 /& Linux WAZ T R & a2 ks Hai K2 4L Linux A
RAGH I Framebuffer YKENFEST . AT /21 Framebuffer YX8)F2E - HESE 5 T R 7%,
DL T T R 480

9.1 Linux Framebuffer JXzhi2F /R IE

Framebuffer BIMiiZZ1F. WM BRGAFIT (mmap) #IH P bk, N HZERAEZH P
Hohl, P E AW ) Sos R bk . B 9-1 24 Linux Framebuffer SX ) iR #E K .

R B L
/dev/fbn Pz adiE YN kil

VFS L mmap

Framebuffer &

LCD#z il gs Jrah = A HE D EAF A

I

LCD#kz) &5+

K 9-1 Linux Framebuffer ZKXz) J& 3

9.1.1 Framebuffer ¥:.0 5 g5

Framebuffer W& & —Fi A7 se%, MBS S 29, R &S I TWgg v & 2 1] i
[X /5. Framebuffer YXANFEIT 1 & KAt /dev/bO~fbn. Rk B RiRIE 1024 X768 14
R R, 8 Ak, nfLLEan R K a2 a8 i R

# dd if=/dev/zero of=/dev/fb0 bs=1024 count=768
framebuffer JRANFEF A% O EHR S5 /& fb_info, & LU

struct fb_info {
atomic_t count;
int node;
int flags;
struct mutex lock; [ H R/
struct mutex mm_lock; /*fb_mmap and smem_* [{J4*/



Linux X #h42 5 & =6 % 2 &

struct fb_var_screeninfo var; /*T] 25 bt #2400/

struct fb_fix_screeninfo fix; 18] 58 R A/
struct fb_monspecs monspecs; R IRTAZR 55 Sl
struct work_struct queue; /*Framebuffer FFEAZ1*/

struct fb_pixmap pixmap; [* G BB e */
struct fb_pixmap sprite; PCHRB R/

struct fb_cmap cmap; /¥4 cmap*/
struct list_head modelist; /*#Hz{%1 3%/
struct fb_videomode *mode; /R R/

#ifdef CONFIG_FB_BACKLIGHT
struct backlight_device *bl_dev; /15 V6% 7%
struct mutex bl_curve mutex; /G H R 2k x/
u8 bl_curve[FB_ BACKLIGHT LEVELS];
#endif
struct fb_ops *fbops;  //framebuffer £/ A%
struct device *device; PG
struct device *dev;/*fb % £*/
int class_flag; /*FAf sysfs Fra&*/
#ifdef CONFIG_FB_TILEBLITTING
struct fb_tile_ops *tileops; B A/

#endif
union {
char _jomem *screen_base; P RE U R/
char *screen_buffer;
E
unsigned long screen_size; [XBILE ] VRAM KN/
void *pseudo_palette; /%16 R AR/

u32 state; PREARRS IR A5/
void *fbcon_par; /*fbcon i FH AL it */
PFELR )5 B SR/
void *par;
struct apertures_struct {
unsigned int count;
struct aperture {
resource_size t base;
resource_size t size;
} ranges[0];
} *apertures;
bool skip vt switch;
b
fb_var screeninfo 45445 ST ARAAE A —LE AR (P REPE o IX LR PEAERE RIS AT B Al AT LA
SRR PP B A5 S . A R xres A yres i SUE SR BE L SLST R A B L T
xres_virtual Al yres_virtual s REAUIHER, EATE SIS AL HER . W R BRI A0 A
400, M HESLIIHEAE 800, FXRA (ERAFPAFfAA 800 T iynAT, (HEREAIfER R 400
170 R E A KA AR yoffset Kk iE FIE B Rif444T. 2 yoffset=0 I, MEAF 0
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ATHFHIR 2o 400 17, WER yoffset=30, M AT 30 1745 E R 400 17. fb_var screeninfo

T E SCAT R

struct fb_var_screeninfo {

Bs

_u32 xres; /<] FRA>HEER*/

__u32yres;

_ u32 xres_virtual; R G R

__u32 yres virtual;

__u32 xoffset; 7 NIEFAZIR] LX) X AR/
__u32 yoffset; *MEFAZI AT WX ) Y s/
32 bits_per_pixel;/* &5 E 1) ELRE*/

__u32 grayscale; /*1=0 KR KL &l */

struct fb_bitfield red;

struct tb_bitfield green;

struct tb_bitfield blue;

struct fb_bitfield transp; X35 W BE*/

__u32 nonstd; 1= 0 JEFRHER =g 20
_u32 activate;/*FB_ACTIVATE *#ri*/

__u32 height; EUREE (mm) */

32 width; FEERERE (mm) */

__u32 accel flags;

_u32 pixclock; /#GZE M4l (pico seconds)*/
_u32 left margin; PAT IR A5 3 B AR I I e/
__u32 right_margin;/* B E [FEE 5 [/
__u32 upper_margin; /*i [R5 5 2 G R 2h g/
__u32 lower_margin;

__u32 hsync_len; PIKEIRE K */

__u32 vsync_len; (I [RGB/

__u32 sync; /*FB_SYNC_*frii*/

__u32 vmode; /*FB_VMODE_*JF 3k ffih5 &%/
__u32 rotate; //JiEkk

__u32 colorspace;/*FOURCC #5224 1] */
32 reserved[4];/*{R B */

[i] 52 B =2 54 H4) fb_fix_screeninfo fE XU :

struct fb_fix_screeninfo {

char id[16];/*FR A5 H*/

unsigned long smem_start; [*framebuffer JEEHbHEAT 5%/
__u32 smem_len; /*framebuffer HJEE PN 77K 5>/

_u32 type; /¥, FB_TYPE Jf3k*/

_u32 type aux;

__u32 visual; RS, FB VISUAL JF3k*/
__ul6 xpanstep;

__ul6 ypanstep;

__ul6 ywrapstep;
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32 line_length; /*4T %540+
unsigned long mmio_start;/*1/O BT PN 77D i/
__u32 mmio_len; /*I/O WS P A7 JE*/
_u32 accel;
__ul6 capabilities/* I. FB_CAP_*7% 5 L */
__ul6 reserved[2]; /*{R-B1*/
15
register_framebuffer PREH KL M—> Framebuffer X)), unregister framebuffer %K
A — Framebuffer 9K2)), W )5 8400

int register_framebuffer(struct fb_info *fb_info); //iF
int unregister framebuffer(struct fb_info *fb_info); /44

9.1.2 Framebuffer {4211

fb_info Zit ) — PNHEENAIE b ops 454, ‘EJETT K Framebuffer SRANFET A% 0045
R, € E

struct fb_ops {
struct module *owner;
int (*fb_open)(struct fb_info *info, int user);//4T
int (*fb_release)(struct fb_info *info, int user);//B i
1R THIPEAN S A A SCHE mmap [ &SR S 82 0
ssize_t (*fb_read)(struct fb_info *info, char _ user *bufsize t count, loff t *ppos);
ssize t (*fb_write)(struct fb_info *info, const char _ user *bufisize t count, loff t *ppos);
int (*fb_check var)(struct fb_var_screeninfo *var, struct fb_info *info);//Z 4 £
int (*fb_set_par)(struct tb_info *info);//Z ¥ &
int (*fb_setcolreg)(unsigned regno, unsigned red, unsigned green,
unsigned blue, unsigned transp, struct fb_info *info);//1% & A0 75 177 fs
int (*fb_setcmap)(struct fb_cmap *cmap, struct fb_info *info);// ¥ & (4L £
int (*fb_blank)(int blank, struct fb_info *info);/iF = .7~
int (*fb_pan_display)(struct fb_var_screeninfo *var, struct fb_info *info);//li75} B~
void (*fb_fillrect) (struct fb_info *info, const struct fb_fillrect *rect);//Zx Hil k12
void (*fb_copyarea) (struct fb_info *info, const struct tb_copyarea *region);//[X 15 & il
void (*fb_imageblit) (struct fb_info *info, const struct fb_image *image);//22 il & 15
int (*fb_cursor) (struct fb_info *info, struct fb_cursor *cursor);//J:Fx
void (*fb_rotate)(struct fb_info *info, int angle); /* gk B~ */
int (*fb_sync)(struct fb_info *info);
int (*fb_ioctl)(struct fb_info *info, unsigned int cmd,unsigned long arg);//fir 2% I
int (*fb_compat_ioctl)(struct fb_info *info, unsigned cmd,unsigned long arg);/3fe 254 iy 2422 I
int (*fb_mmap)(struct fb_info *info, struct vm_area_struct *vma);//RFik i 542 I
void (*fb_get caps)(struct fb_info *info, struct fb_blit caps *caps,
struct fb_var_screeninfo *var);/ZREX X5 g
void (*fb_destroy)(struct fb_info *info);
int (*fb_debug_enter)(struct fb_info *info);
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int (*fb_debug_leave)(struct fb_info *info);
1
G H M PP IR SRR E LR M S fb_ops #N LD BREL.
9.1.3 Framebuffer SRz SC2 0

Framebuffer 3zl F2 745 v JICE 76 N #% B9 /linux/drivers/video  H 5% F o linux/drivers/video
/fomem.c AR HE T Framebuffer i3 25 1030 FH SCHEERE O, B 2 XY Framebuffer JXshIE)7
Al LA fomem.c FPERAEAERCCHE 1T, 1z 0 e LW

static const struct file operations fb_fops = {

.owner = THIS_MODULE,
.read = fb_read,
.write = fb_write,

.unlocked ioctl = fb_ioctl,

.mmap = fb_mmap,
.open = fb_open,
release = fb_release,
lseek = default llseek,
15
static int __init fbmem_init(void)
{
proc_create("fb", 0, NULL, &fb proc_fops);
if (register_chrdev(FB_MAJOR,"fb",&fb_fops))
printk("unable to get major %d for fb devs\n", FB_ MAJOR);
fb_class = class_create(THIS MODULE, "graphics");
if (IS_ERR(fb_class)) {
printk(KERN WARNING "Unable to create fb class; errno = %ld\n", PTR_ERR(fb_class));
fb_class = NULL;
}
return 0;
}

F P N AE R mmap BRECKS RGN B HE R R (R 2 f5 ) DAL A T
AR, HS AR AT USRI S AE bE e B o BrvE K Framebuffer 9K 32 B 3l 6 2 KA
FB_MAJOR 4 %45 [f)/dev/fon T4 &i.

int register framebuffer(struct fb_info *fb_info)

{
int ret;
mutex_lock(&registration lock);
ret =do_register framebuffer(fb_info);
mutex_unlock(&registration_lock);
return ret;

}

static int do_register framebuffer(struct fb_info *fb_info)
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fb_info->dev = device create(fb_class, tb_info->device, MKDEV(FB_MAIJOR, i), NULL, "fb%d", 1);

)
Nl & Framebufter 1345 1) mmap 4% 11 ) SE 01 -

static int fb_mmap(struct file *file, struct vim_area_struct * vma)
{
struct tb_info *info = file fb info(file);
struct fb_ops *fb;
unsigned long mmio_pgoff;
unsigned long start;
u32 len;
if (!info)return -ENODEYV;
fb = info->fbops;
if (!fb)return -ENODEYV;
mutex_lock(&info->mm_lock);
if (fo->fb_mmap) {
int res;
res = fb->fb_mmap(info, vma);
mutex unlock(&info->mm_lock);
return res;
}
start = info->fix.smem_start;
len = info->fix.smem_len;
mmio_pgoff = PAGE ALIGN((start & ~PAGE _MASK) + len) >> PAGE _SHIFT;
if (vma->vm_pgoff >= mmio pgoff) {
if (info->var.accel flags) {
mutex_unlock(&info->mm_lock);
return -EINVAL;
}
vma->vm_pgoff -= mmio pgoff;
start = info->fix.mmio_start;
len = info->fix.mmio_len;
}
mutex_unlock(&info->mm_lock);
vma->vm_page prot=vm _get page prot(vma->vm_flags);
fb_pgprotect(file, vma, start);
return vin_iomap_memory(vma, start, len);

}

vm_iomap memory BRI remap pfn range BRECK S H MR 2 7 Hok i mest
fb_mmap EAECKE info->fix.smem_start JF4A1) info->fix.smem len 715 ¥ Mtk 2 [m) w5 21
), fE¥il framebuffer JXBNHT, ZEKE U smem_start 55 smem_len 244,
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9.14 Framebuffer JRZHEZRCAS 553

F Linux PAZURSHFZFCIE R — skeletonfb.c A4, ‘&~ T JF & Framebuffer %%
IRANFRF IREA T . FIHTIXAN . B 456H b _fix_screeninfo £5#4:

static struct fb_fix_screeninfo xxxfb fix = {

id= "FB's name",

.type = FB TYPE PACKED PIXELS,
.visual= FB_ VISUAL PSEUDOCOLOR,
xpanstep = 1,

.ypanstep = 1,

.ywrapstep = 1,

.accel= FB_ACCEL_NONE,
15

E X — N4 fb_info 45K, IXANEE KL Framebuffer X sl R 2 1A% Lo
static struct fb_info info;
$2 K X Framebuffer IXNFET H O SCAHAERE D xxxfb_ops:

static struct tb_ops xxxtb_ops = {

.owner =THIS MODULE,
fb_open =xxxtb_open,
b _read =xxxfb _read,
fb_write =xxxfb_write,

b release = xxxfb release,

b_check var =xxxfb_check var,

b _set par =xxxfb_set par,

b_setcolreg =xxxtb_setcolreg,

.fb_blank =xxxtb_blank,

.fb_pan_display =xxxfb_pan_display,

Ab_fillrect =xxxfb_fillrect, /Rh T R EC/
.fb_copyarea = xxxfb_copyarea, /RN EREC/
fb_imageblit =xxxfb_imageblit, b T R/
b _cursor = xxxfb_cursor, [*T] % pR A/
b rotate  =xxxfb_rotate,

fb_sync =xxxfb_sync,

.fb_ioctl = xxxfb_ioctl,

fb_mmap = xxxfb_mmap,

fie
7E probe BAEL M Framebuffer 2x5)), AL -

static int xxxfb_probe(struct pci_dev *dev, const struct pci_device id *ent)

{
struct fb_info *info;

struct Xxx_par *par;
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struct device *device = &dev->dev; /*or &pdev->dev*/
int cmap_len, retval;
info = framebuffer alloc(sizeof(struct xxx_par), device);
if (linfo) {
/*goto error path*/
b
par = info->par;
info->screen_base = framebuffer virtual memory;
info->fbops = &xxxtb_ops;
info->fix = xxxfb_fix;
info->pseudo_palette = pseudo_palette; /* il (AR 15 E*/
info->flags = FBINFO_DEFAULT;
info->pixmap.addr = kmalloc(PIXMAP SIZE, GFP_KERNEL);
if (info->pixmap.addr) {
/*goto error*/
}
info->pixmap.size = PIXMAP_SIZE;
info->pixmap.flags = FB_PIXMAP_SYSTEM;
info->pixmap.scan_align = 4; /#3715 % 55
info->pixmap.buf_align = 4;//Z% -5 5% 55
info->pixmap.access_align = 32;//R] 1Jj [a] 715 %} 5%
if (!mode_option)
mode_option = "640x480@60";/ERINARATAH =
retval = fb_find_mode(&info->var, info, mode_option, NULL, 0, NULL, 8);/#x $k A4k 2
if (Iretval || retval == 4)
return -EINVAL;
if (fb_alloc_cmap(&info->cmap, cmap_len, 0))//4) B b %
return -ENOMEM,;
info->var = xxxfb_var;
xxxfb_check var(&info->var, info);
/*xxxfb_set par(info);*/
if (register_framebuffer(info) < 0) {//AEM framebuffer ZXZ)
fb_dealloc_cmap(&info->cmap);
return -EINVAL;
}
fb_info(info, "%s frame buffer device\n", info->fix.id);
pci_set drvdata(dev, info); /*or platform_set drvdata(pdev, info)*/
return 0;

}
TR e A, AN —— 2 #T xxxtb_ops FIHREL T, & W LS HE WA,

9.2 S3C6410X T RiT4|sE

S3C6410X 1) {2 7 25 i 58 o0 m] LIOKE 15 Bl AL 16 45 4R iR 17 LCD WX ah e 11, K15 5L
P AT LK B 5 AL BRI N R B R G WA X A ZE A7 . LCD XA Il LLERL R
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DY Fefr -

(1 f£4:1 RGB #21H

(2) 180 F£ 11

(3) NTSC/PAL ¥t TV fifthidh %

(4) IT-RBT.601 $1

S3C6410X (1) Wil iy 5 NMaSEUGE L, BANESE 0] LSRRI S
#30. 16 201 alpha VR, x-y frEESH]. SR, BORsh. wARE RS, BoRisfp
T FRRE A% 4% RGB (1BPP £ 24BPP) Hll YCbCrd:4:4 (BT AMEL). S3C6410X
() A5 R R G B 9-2 B o

FI_F9 1/F
P
T
Post Proc.| | | DISPLAY CONTROLLER
| I
: : CSC
L
] - VTIME RGB TV VTIME,_180
Camera I/F: ELOCALSEL
. |1
Preview A
Codec |, 1 CSC 601 I/F
AHB
Frame Buffer %OCALSEL |
L. ENLOCALO TV Saler TV Encoder
wivo |i |1 L~ WINO[; ™V |Firo
(Dual) [} | L C B/C:Blending/Color [>—{Scaler ™ -
WINT1 |, | WIN1 Ko 1/F
(Dual) [T o
(\;V)Ile) | 1D ENLOCAL1 WIN2 | [RGB Parallel/Serial
ual) [1 [ 1 D
WIN3 |[! ! ENLOCAL2 | [Dithe e Indirect
(Single) [ T | ™ ring [ | 180 I/F
WINS 4 180 || (Cso.cs1)
. = o Ea |
(Single) [ SFR File =] 1P

K] 9-2 S3C6410X ) LCD =% 5 H# K]

9-3 s T 16BPP i T 1) LCD Hda 4 5B h s ok &

[P p2]pP3|Pafps]| oo

LCD Panel

9-3  16BPP KX T IR b5 2 o0 Al

25 B S AE N AE P IR 0 A LR 9-1

211



Linux B2 5L =0 F 2 MR
z9-1 WRNELH

D[31] D[30:16] D[15] D[14:0]
000H AENI1 P1 AEN2 P2
004H AEN3 P3 AEN4 P4
008H AENS5 P5 AEN6 P6

BSWP =0, HWSWP =0

D[31] D[30:16] D[15] D[14:0]
000H AEN2 P2 AEN1 P1
004H AEN4 P4 AEN3 P3
008H AEN6 P6 AENS5 P5

BSWP =0, HWSWP =1

S3C6410X 1) RGB JE A s L {5 5 2k Wk 9-2.

#9-2 RGBEAMETEOMESE

¥4 K Jgooom it
RGB_HSYNC it KRGS
RGB_VSYNC it W AAE
RGB_VCLK finth BB
RGB_VDEN vt s o vE
RGB_VD[23:0] it RGB %k

S3C6410X ) RGB 1 B P 7 i 9-4 Fios.

1 FRAME

INT_FrSyn

(internal)

RGB_VSYNC | |

RGB_HSYNC

RGB_VDEN

1L

RGB_HSYNC | |

LINEVAL+1 "VFPD+1

|
|

canvo [N X X XX XX T

I
|

R © P —

j
RGB_VDEN i |

T

)

HSPW+1 HRPD+1
VSPW=0,VBPD=0,VFPD=0,HSPW=1,HBPD=1,HFPD=1
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HOZVAL+1 HFPD+1
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VPRCS R F LD R & R G . Wontshildsf 5 MEaH)zE, REuF.

T 0 (FA): YCbCr, %A MEHKIK RGB
%W 1 (F87% 1): RGB iR

W 2 (& 2): RGB kR

TWH 3 GEg): 16 @it LUT ) RGB (1/2/4)
&I 4 OBFRXD) 3 4 ZFits LUT ¥ RGB(1/2)

W 2 EWI 3 MG 4 AEERE], Eidgif LUT MRGIHMTRE, XAR ]
WNEN RGBT, RS RFERIEITYERE. 5 ANE I S e R

WH %D 3>HDO 2> O 1I>HO 0

S3C6410X ¥ VTIME LT FEZ5 WA . —/N & VTIME _RGB TV #i#k, HT
RGB # [, ITU R601 #OF TV it sz i rdahl. 59— e T 180 $2 i Frdas il
IRk, 7 VTIME RGB TV #= K, VTIME /~/E##I5 S, 1 RGB-VSYNC. RGB
HSYNC. RGB_VDEN Fl RGB_VCLK 155 . X 4{5 55 VSFR 75 174 W 1
VIDTCONO0/1/2 A IMICEA IR KR M8 VSFR N B Rya il 27 745 16 ] g e &
VTIME ARn] DL A W M, IR il b A 2 MR R s &

S3C6410X FFfr-asH /K P15 %408 HOZVAL, HEHATHCN LINEVAL:

HOZVAL = (K>F- &7 ) -1
LINEVAL = (FEE En]) -1

RGB VCLK {55 F ] LAili VIDCONO #5748 CLKVAL 4%, HAkiH5
JIEATR
RGB_VCLK(Hz)=HCLK/(CLKVAL+1) CLKVAL>=1
iR, HSEE VSYNC fF51500%, &5 LCDCON1 Fl LCDCON2 / 3 / 4 % 4f
M VSYNC. VB2PD. VFPD. LINEVAL. HSYNC. HBPD. HFPD. HOZVAL #i
CLKVAL #H KR, KZE LCD Wahas i 25 Bonas SR rmisig . S3C6410X Ft I
T AR
Frame Rate = 1/ { [ (VSPW+1) + (VBPD+1) + (LIINEVAL + 1) + (VFPD+1) ] X [(HSPW+1) + (HBPD
+1)+ (HFPD+1) + (HOZVAL + 1) ] X { [ CLKVAL+1 )/ ( Frequency of Clock source ) ] }
2 9-3~K 9-6 HH T S3C6410X (K] F 2 ol B fEae Al S50

#*9-3 EREEHIFESO

VIDCONO fir i T ¥ ME
Reserved [31:30] R 0
INTERLACE F [29] 0: JRFM: 1. XMW 0
Reserved [28] TR 0
o A%
woour | g |t NI g
11: 180 I/F for LDII
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(8

VIDCONO fir Eii .Y ¥R A
L1 _DATA16 [25: 23] 180 I/F LD1 (1rth Zdiss :C 0
L0_DATA16 [22: 20] 180 I/F LDO [y H 3% =X 0
Reserved [19] (73 0
PNRMODE [18: 17] RGB 7R 0
CLKVALUP [16] CLKVAL_F H 37 fa] 42461 0
Reserved [15: 14] TRE 0
CLKVAL F [13: 6] H5E VCLK 1 CLKVAL[7:0]f Lt 0
VCLKFREE [5] VCLK [ Hizf7#H] 0
CLKDIR [4] IN Btz 0
CLKSEL F [3: 2] FATI 0
ENVID [1 RSk R AR A A R4 1 0
ENVID F [0] TE AT FR ARSI A8 i s A e/ AR 11 0

*9-4 RREEHFERI1

VIDCON1 fir ik ¥k
LINECN [26:16] PAUT RS 0
FSTATUS [15] XIRZE 0
VSTATUS [14:13] REERE 0
Reserved [10:8] (73 0
IVCLK [7 5] VCLK 35 shid s stk 0
THSYNC [6] KU HSYNC fikahsert 0
IVSYNC [5] BH] VSYNC Jikmf b 0
IVDEN 4] 5] VDEN Jikat it 0
Reserved [3:0] TR 0

*9-5 RREIEHFER?2

VIDCON2 fir ik ¥k
[31:24] RE 0
EN601 [23] Yl 1TU6O1 Hirthi e 0
[22:15] R 0
TVFORMATSELO [14] R YUV Sl k#7750 0
TVFORMATSEL1 [13:12] BRH YUV Bk X 0
[11:9] R 0
OrgYCbCr [8] R YUV Zdli )i 0
YUVOrd [7] K Chroma %t (K507 0
[6:0] TRE 0
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% 9-6 Window0 =H|F7FRE

WINCONO ir it I ¥4 fH
Wide/Narrow [27:26] %i%ﬁﬁﬁ)\@miﬁ%& YCbCr %] RGB [Ii a4 a5 4 00
Reserved [25:23] RE 0
ENLOCAL [22] Hm ety ks 0
BUFSTATUS [21] LR INAN 0
BUFSEL [20] ZPRORESWE 0
BUFAUTOEN [19] W H B 0
BITSWP [18] RrA etz il 0
BYTSWP [17] FATAHA 0
HAWSWP [16] AR 0
reserved [15:14] RE 0
InRGB [13] ARSI PN Rl L] 0
reserved [12:11] e 0
BURSTLEN [10:9] DMA 58K T KKk $ 0
Reserved [8:6] RE 0
BPPMODE F [5:2] 1E+% BPP A, 0
Reserved (1 TRE 0
ENWIN_F [0] B R RSE ot R= 0

9.3 S3C6410X LCD IEzh72 53245

9.3.1 S wGit
AATHE s3c-fb.c MIFER 4T S3C6410X ) LCD RN, S3C6410X 1] LCD 4RENFE
7T 6 BB &5 e e S

static struct platform_driver s3c_fb_driver = {

.probe =s3c_fb probe,
.remove =s3c_fb remove,
.id table =s3c fb driver ids,
.driver =

.name = "s3c-fb",

pm = &s3cfb pm_ops,
}
e
IPEE YA
module platform_driver(s3c_fb_driver);

SRR EL s3c fb probe FEESERL LCD ¥ HI28 M ML Won e AF 1 o0 e, B e vE
J—> Framebuffer 3Xz}):
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static int s3c_fb_probe(struct platform_device *pdev)
{
const struct platform_device id *platid;
struct s3¢_fb_driverdata *fbdrv;
struct device *dev = &pdev->dev;
struct s3¢_fb_platdata *pd;
struct s3¢_fb *stb;
struct resource *res;
int win;
int ret = 0;
u32 reg;
platid = platform_get device id(pdev);
fbdrv = (struct s3c_fb_driverdata *)platid->driver data;
/AT R Al A
if (fbdrv->variant.nr_ windows > S3C_FB_ MAX WIN) {
dev_err(dev, "too many windows, cannot attach\n");
return -EINVAL;

¥

pd =dev_get platdata(&pdev->dev);

if (fpd) {
dev_err(dev, "no platform data specified\n");
return -EINVAL;

}

stb = devm_kzalloc(dev, sizeof(struct s3c_fb), GFP_ KERNEL);

if (Isfb) {
dev_err(dev, "no memory for framebuffers\n");
return -ENOMEM,;

}

dev_dbg(dev, "allocate new framebuffer %p\n", stb);
sfb->dev = dev;
sfb->pdata = pd;
sfb->variant = tbdrv->variant;
spin_lock_init(&sfb->slock);//#IaH 04
/PRI ol
stb->bus _clk =devm _clk get(dev, "lcd");
if (IS_ERR(sfb->bus_clk)) {
dev_err(dev, "failed to get bus clock\n");
return PTR_ERR(stb->bus_clk);
}
/M RER B
clk prepare enable(stb->bus clk);
if (!sfb->variant.has_clksel) {
sfb->lcd_clk =devm clk get(dev, "sclk fimd");
if (IS_ERR(sfb->lcd _clk)) {
dev_err(dev, "failed to get lcd clock\n");
ret =PTR ERR(sfb->lcd clk);
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goto err_bus_clk;
}
clk prepare enable(sfb->lcd_clk);
H

pm_runtime_enable(sfb->dev);
/I3REX VO U5
res = platform_get resource(pdev, IORESOURCE MEM, 0);
stb->regs = devm_ioremap_resource(dev, res);
if (IS_ERR(sfb->regs)) {
ret = PTR _ERR(sfb->regs);
goto err_lcd clk;

b
13RI W U5
res = platform_get resource(pdev, IORESOURCE IRQ, 0);
if (Ires) {
dev_err(dev, "failed to acquire irq resource\n");
ret = -ENOENT;
goto err_led clk;
b

stb->irq_no = res->start;
ret = devm_request_irq(dev, sfb->irq_no, s3c_fb_irq,0, "s3c_fb", stb);//H i H KT
if (ret) {
dev_err(dev, "irq request failed\n");
goto err_lcd_clk;
H
dev_dbg(dev, "got resources (regs %p), probing windows\n", sfb->regs);
platform_set drvdata(pdev, stb);
pm_runtime get sync(sfb->dev);
PP E GPIO*/
pd->setup_gpio();
UL S WA o
writel(pd->vidconl, sfb->regs + VIDCON1);
if (sfb->variant.has_fixvclk) {
reg = readl(stb->regs + VIDCON1);
reg &= ~VIDCON1_VCLK MASK;
reg |= VIDCON1_VCLK RUN;
writel(reg, stb->regs + VIDCON1);
}
PR
for (win = 0; win < fbdrv->variant.nr windows; win++)
s3c_fb clear win(sfb, win);
for (win = 0; win < (fbdrv->variant.nr windows - 1); win++) {
void iomem *regs = sfb->regs + stb->variant.keycon;
regs += (win * 8);
writel(0xfffttf, regs + WKEYCONO);
writel (Oxfffttf, regs + WKEYCONI1);
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b
s3c_fb_set rgb timing(sfb);
PUTARTE 1%/
for (win = 0; win < fbdrv->variant.nr windows; wint++) {
if (!pd->win[win])continue;
ret = s3c_fb probe win(stb, win, fbdrv->win[win],&sfb->windows[win]);
if (ret < 0) {
dev_err(dev, "failed to create window %d\n", win);
for (; win >= 0; win--)s3c_fb release win(stb, stb->windows[win]);
goto err_pm_runtime;

}

platform_set drvdata(pdev, sfb);
pm_runtime put_sync(stb->dev);
return 0;
err_pm_runtime:
pm_runtime put sync(sfb->dev);
err_led clk:
pm_runtime_disable(sfb->dev);
if (!sfb->variant.has_clksel)
clk disable unprepare(stb->lcd _clk);
err_bus_clk:
clk disable unprepare(sfb->bus_clk);
return ret;

}
S3C6410X 1) LCD #4886 2 ANG 1. BANE 133 — Framebuffer JX2):

static int s3c_fb_probe win(struct s3c_fb *sfb, unsigned int win_no,
struct s3¢_fb win_variant *variant,struct s3c_fb_win **res)

struct fb_var screeninfo *var;
struct fb_videomode initmode;
struct s3c_fb pd win *windata;
struct s3c_fb win *win;
struct tb_info *fbinfo;
int palette_size;
int ret;
dev_dbg(stb->dev, "probing window %d, variant %p\n", win_no, variant);
init waitqueue head(&sfb->vsync info.wait);
palette _size = variant->palette sz * 4;
/147 BE fo_info
fbinfo = framebuffer alloc(sizeof(struct s3c_fb_win) +palette_size * sizeof(u32), stb->dev);
if (!fbinfo) {
dev_err(stb->dev, "failed to allocate framebuffer\n");
return -ENOENT;
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windata = stb->pdata->win[win_no];
initmode = *sfb->pdata->vtiming;
win = fbinfo->par;
*res = win;
var = &fbinfo->var;
win->variant = *variant;
win->fbinfo = fbinfo;
win->parent = sfb;
win->windata = windata;
win->index = win_no;
win->palette buffer = (u32 *)(win + 1);
ret = s3c_fb alloc_memory(stb, win);
if (ret) {
dev_err(stb->dev, "failed to allocate display memory\n");

return ret;
}
BB AR
if (win->variant.palette 16bpp) {
/*ERIAh RGB 5:6:5 #%30%/
win->palette.r.offset = 11;win->palette.r.length = 5;win->palette.g.offset = 5;
win->palette.g.length = 6;win->palette.b.offset = 0;win->palette.b.length = 5;
} else {
/*RGB888 1%/
win->palette.r.offset = 16;win->palette.r.length = 8;win->palette.g.offset = 8;
win->palette.g.length = 8;win->palette.b.offset = 0;win->palette.b.length = §;
}

P B AR TR/

initmode.xres = windata->xres;

initmode.yres = windata->yres;
fb_videomode to var(&tbinfo->var, &initmode);

fbinfo->fix.type =FB_TYPE PACKED PIXELS;
fbinfo->fix.accel =FB_ACCEL_NONE;
fbinfo->var.activate =FB_ACTIVATE NOW;
fbinfo->var.vmode =FB VMODE NONINTERLACED;
fbinfo->var.bits per pixel = windata->default bpp;
fbinfo->fbops = &s3c_fb ops;

fbinfo->flags =FBINFO FLAG DEFAULT;
fbinfo->pseudo_palette = &win->pseudo_palette;
Iadiokte % il

ret =s3c_fb _check var(&fbinfo->var, fbinfo);
if (ret < 0) {
dev_err(stb->dev, "check var failed on initial video params\n");

return ret;
b
P B L e/

ret = fb_alloc_cmap(&fbinfo->cmap, win->variant.palette sz, 1);
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if (ret == 0)
fb_set cmap(&fbinfo->cmap, tbinfo);
else
dev_err(stb->dev, "failed to allocate fb cmap\n");
s3c_fb set par(fbinfo);
dev_dbg(stb->dev, "about to register framebuffer\n");
/[{F M} framebuffer JX 7))
ret = register _framebuffer(fbinfo);
if (ret <0) {
dev_err(stb->dev, "failed to register framebuffer\n");
return ret;
H
dev_info(stb->dev, "window %d: fb %s\n", win_no, fbinfo->fix.id);
return 0;

9.3.2 fb_ops SZH
S3C6410X Framebuffer JXz)[¥) fb_ops 4k X Wi T :

static struct tb_ops s3c_fb_ops = {
.owner =THIS MODULE,
b _check var =s3c fb check var,
fb_set par=s3c fb set par,
fb_blank =s3c_fb blank,
fb_setcolreg =s3c fb_setcolreg,
b_fillrect = cfb_fillrect,
fb_copyarea =cfb_copyarea,
.fb_imageblit = cfb_imageblit,
fb_pan_display =s3c_tb pan_display,
b _ioctl =s3c fb ioctl,

15

A fb fillrect. fb_copyarea. fb_imageblit %5 JL/NERECKH T Linux A% il FH R E4E
PRH cfb fillrect. cfb fillrect. cfb _imageblit. 9 9-5 24 Framebuffer Xzl 1 )3T .

S3c~fb.c(Fl - SEBLAYEESY)
s3cfb_check var/s3cfb_set par/s3cfb_setcolreg/s3cfb_pan_display

\—|
Struct fb_ops s3c_fb_ops
struct file operations fb_fops

T T T
I I I

fbmem.c
Read/write /ioctl/
mmap/open/release

struct file_operations fb_fops

cfbcopyarea.c cfbfillrect.c cfb_imageblit
cfb_copyarea cfb_fillrect cfbimgblt.c

9-5 framebuffer JX B FE 4% I SZH
s3cfb_pan_display PR T A B REFUGE R8N Wor, Wi & EFLBE I Bon s 45
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static int s3¢_fb_pan_display(struct fb_var screeninfo *var,struct fb_info *info)

{

struct s3¢_fb_win *win = info->par;
struct s3c_fb *sfb = win->parent;
void __iomem *buf = sfb->regs + win->index * §;

unsigned int start boff, end boff;
pm_runtime get sync(stb->dev);
PR SR DX IG5 */
start_boff = var->yoffset * info->fix.line length;
*X offset HOH BITRRR 2 (1 bit 204/
if (info->var.bits_per pixel >= 8) {
start boff += var->xoffset * (info->var.bits per pixel >> 3);
} else {
switch (info->var.bits per pixel) {
case 4:
start_boff += var->xoffset >> 1;
break;
case 2:
start boff += var->xoffset >> 2;
break;
case 1:
start_boff += var->xoffset >> 3;
break;
default:
dev_err(stb->dev, "invalid bpp\n");
pm_runtime put sync(stb->dev);
return -EINVAL;

}

PR s X I 45 R F) i s */

end boff = start boff + info->var.yres * info->fix.line length;

1155 PR R LASE B it i

shadow_protect win(win, 1);

writel(info->fix.smem_start + start _boff, buf + sfb->variant.buf _start);
writel(info->fix.smem_start + end boff, buf + sfb->variant.buf end);
shadow_protect win(win, 0);//ZLHT {5 AEMIHT

pm_runtime put_sync(stb->dev);

return 0;

}
s3cfb_blank PR KIE 25 b -

static int s3¢_fb_blank(int blank mode, struct fb_info *info)

{
struct s3¢_fb_win *win = info->par;
struct s3c_fb *sfb = win->parent;
unsigned int index = win->index;
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u32 wincon;
u32 output_on = stb->output_on;
dev_dbg(stb->dev, "blank mode %d\n", blank _mode);
pm_runtime get sync(stb->dev);
wincon = readl(sfb->regs + sfb->variant.wincon + (index * 4));
switch (blank mode) {
case FB_.BLANK_POWERDOWN://W7H,
wincon &= ~WINCONx_ENWIN;
stb->enabled &= ~(1 << index);
case FB_.BLANK _NORMAL://IF & %
shadow_protect win(win, 1);/251ERHT, Ry I
writel( WINXMAP_MAP | WINXMAP_MAP_COLOUR(0x0),
stb->regs + stb->variant.winmap + (index * 4));
shadow_protect win(win, 0);
break;
case FB_BLANK UNBLANK://EU blank
shadow_protect win(win, 1);
writel(0x0, sfb->regs + sfb->variant.winmap + (index * 4));
shadow_protect win(win, 0);
wincon [= WINCONx_ENWIN;
stb->enabled |= (1 << index);
break;
case FB BLANK VSYNC SUSPEND:
case FB. BLANK HSYNC SUSPEND:
default:
pm_runtime put sync(stb->dev);
return 1;
H
shadow_protect win(win, 1);
writel(wincon, sfb->regs + sfb->variant.wincon + (index * 4));
/] H3HE sfb->enabled M A /25 115 1
s3c_fb_enable(sfb, sfb->enabled ? 1 : 0);
shadow_protect win(win, 0);
pm_runtime put_sync(sfb->dev);
return output_on == sfb->output on;

}
TR lEA B, AR E0H S W .
9.3.3 DMA {&4ibLikl
S3C6410X 1i FH DMA [1] bR SALHr A . S3C6410X 2R WA Be R Ean T

static int s3¢_fb_alloc_memory(struct s3c_fb *sfb, struct s3c_fb_win *win)

{
struct s3c_fb pd win *windata = win->windata;

unsigned int real_size, virt_size, size;
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struct tb_info *fbi = win->fbinfo;
dma_addr_t map dma;
dev_dbg(stb->dev, "allocating memory for display\n");
real size = windata->xres * windata->yres;
virt_size = windata->virtual x * windata->virtual y;
dev_dbg(stb->dev, "real_size=%u (%ou.%u), virt_size=%u (%ou.%u)\n",
real size, windata->xres, windata->yres,
virt_size, windata->virtual x, windata->virtual y);
size = (real_size > virt_size) ? real size : virt_size;
size *= (windata->max_bpp > 16) ? 32 : windata->max_bpp;
size /= 8;
fbi->fix.smem _len = size;
size = PAGE ALIGN(size);
dev_dbg(stb->dev, "want %u bytes for window\n", size);
fbi->screen_base = dma_alloc_writecombine(sfb->dev, size,&map_dma, GFP_KERNEL);
if (fbi->screen_base)
return -ENOMEM,;
dev_dbg(stb->dev, "mapped %ox to %p\n",
(unsigned int)map dma, fbi->screen_base);
memset(fbi->screen_base, 0x0, size);
fbi->fix.smem_start = map_dma;
return 0;

}

Framebuffer JX))"H1 53 i DMA W A7 % ff | dma_alloc_writecombine &%, 1A 2
dma_alloc_coherent PA%. PHANERELTIIX HIZET dma alloc coherent FR#(£2E 11 cache 55 %%
M5 1M dma_alloc_writecombin %2R 11 cache {H )i H G281

void *dma_alloc writecombine(struct device *dev, size t size,dma addr t *dma addr, gfp t gfp);

dma_alloc_writecombine PREUR W] A7 AL, T dma addr ZE0R B BC R A EE
ik
S3C6410X Framebuffer Yx5)J )V 5 15 £ & ST :

static struct resource s3c¢_fb_resource[] = {

[0] = DEFINE_RES_MEM(S3C_PA_FB, SZ 16K),
[1]=DEFINE_RES_IRQ(IRQ LCD VSYNC),
[2] = DEFINE_RES IRQ(IRQ LCD FIFO),
[3]=DEFINE_RES IRQUIRQ LCD SYSTEM),

15
struct platform device s3c_device fb= {
.name ="s3c-fb",
.id =-1,
.num_resources = ARRAY_SIZE(s3c_fb_resource),
.resource =s3c_fb resource,
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.dev ={
.dma_mask = &samsung_device_dma_mask,
.coherent dma mask =DMA BIT MASK(32),

15
XEPN DMA S4B #E% . dma mask 55 coherent dma mask ¥JR/RW & AETHET
Y. HH coherent dma mask FT-HIE—8(ME DMA 221X . dma alloc_writecombine &%

i EZ e coherent_dma_mask S0/ HCNAF. dma_alloc_writecombine FR%2 1A dma alloc
attrs PRIAL:

static inline void *dma alloc_attrs(struct device *dev, size t size,dma_addr t *dma handle, gfp t flag,
struct dma_attrs *attrs)

struct dma_map_ops *ops = get_dma_ops(dev);
void *cpu_addr;
BUG_ON(!ops);
if (dma_alloc_from_coherent(dev, size, dma_handle, &cpu_addr))
return cpu_addr;
if (larch_dma alloc_attrs(&dev, &flag))
return NULL;
if (lops->alloc)
return NULL;
cpu_addr = ops->alloc(dev, size, dma_handle, flag, attrs);
debug_dma alloc coherent(dev, size, *dma_handle, cpu_addr);
return cpu_addr;

}
ARM R Z ) DMA #:4E454 % arm_dma_ops:

struct dma_map_ops arm_dma_ops = {

.alloc =arm_dma alloc,
free =arm_dma free,
.mmap =arm_dma mmap,

.get_sgtable =arm_dma_get sgtable,

.map_page =arm_dma_map_page,
.unmap_page =arm_dma unmap_page,
.map_sg =arm_dma_map_sg,
.unmap_sg =arm_dma unmap_sg,

.sync_single for cpu =arm _dma sync single for cpu,

.sync_single for device=arm_dma sync single for device,

.sync_sg_for cpu =arm _dma sync sg for cpu,
.sync sg for device =arm dma sync sg for device,
.set_ dma mask =arm_dma set mask,

|8
arm_dma alloc PRI H  dma alloc §%(, dma alloc p&%0H 2 H | DMA mask
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static void * dma_alloc(struct device *dev, size t size, dma addr t *handle,
gfp_t gfp, pgprot_t prot, bool is_coherent,struct dma_attrs *attrs, const void *caller)

u64 mask = get_coherent_dma_mask(dev);
struct page *page = NULL;
void *addr;

bool want_vaddr;

if (!mask)return NULL;
if (mask < OxffffffffULL)
¢fp |= GFP_DMA;
gfp &= ~(__ GFP_COMP);
*handle = DMA_ERROR _CODE;
size = PAGE ALIGN(size);
want_vaddr = !dma_get attr(DMA ATTR NO KERNEL MAPPING, attrs);
[IRRYE ZH 5 R B AR 43 TiE N A7
if (nommuy())
addr=__ alloc_simple buffer(dev, size, gfp, &page);
else if (dev_get cma area(dev) && (gfp &  GFP_DIRECT RECLAIM))
addr=__ alloc_from contiguous(dev, size, prot, &page,caller, want_vaddr);
else if (is_coherent)
addr=__ alloc_simple buffer(dev, size, gfp, &page);
else if (!gfpflags allow blocking(gfp))
addr=__ alloc_from_pool(size, &page);
else
addr=__ alloc_remap_ buffer(dev, size, gfp, prot, &page,caller, want vaddr);
if (page)
*handle = pfn_to dma(dev, page to pfn(page));
return want_vaddr ? addr : page;

}

DMA Mtk M3 FE 5] S3C6410X [¥) LCD il ettt 25 A7 8% Fh . S3C6410X 1% 1 2%
M HE S KN AR I 9-7,

FT 9-7 S3C6410X RYE AL ittt 5 K/)NHF 7S

O W Moo bk R/W it T 2 fH
VIDW00ADDOBO 0x771000A0 R/W Window 0’s buffer start address register, buffer 0 0x0000_0000
VIDWO00ADDOB1 0x771000A4 R/W Window 0’s buffer start address register, bufferl 0x0000_0000
VIDW01ADDOBO 0x771000A8 R/W Window 1’s buffer start address register, buffer 0 0x0000_0000
VIDWO01ADDOBI1 0x771000AC R/W Window 1’s buffer start address register, buffer 1 0x0000_0000

VIDW02ADDO 0x771000B0 R/W Window 2’s buffer start address register 0x0000_0000
VIDWO03ADDO 0x771000B8 R/W Window 3’s buffer start address register 0x0000_0000
VIDW04ADDO 0x771000C0 R/W Window 4’s buffer start address register 0x0000_0000
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(8

FOAE A oo ik R/'W i & g2 f i
VIDWO00ADD1BO0 0x771000D0 R/W Window 0’s buffer end address register, buffer 0 0x0000_0000
VIDWO00ADDI1BI 0x771000D4 R/W Window 0’s buffer end address register, bufferl 0x0000_0000
VIDWO01ADDI1BO0 0x771000D8 R/W Window 1’s buffer end address register, buffer 0 0x0000_0000
VIDWO01ADDI1BI 0x771000DC R/W Window 1’s buffer end address register, buffer 1 0x0000_0000
VIDW02ADDI1 0x771000E0 R/W Window 2’s buffer end address register 0x0000_0000
VIDWO03ADDI1 0x771000E8 R/W Window 3’s buffer end address register 0x0000_0000
VIDW04ADDI 0x771000F0 R/W Window 4’s buffer end address register 0x0000_0000
VIDW00ADD2 0x77100100 R/W Window 0’s buffer size register 0x0000_0000
VIDWO01ADD2 0x77100104 R/W Window 1’s buffer size register 0x0000_0000
VIDW02ADD2 0x77100108 R/W Window 2’s buffer size register 0x0000_0000
VIDWO03ADD2 0x7710010C R/W Window 3’s buffer size register 0x0000_0000
VIDW04ADD2 0x77100110 R/W Window 4’s buffer size register 0x0000_0000

IXLCRFAFA R S F

/*Video buffer addresses*/

#define VIDW BUF START( buff)
#define VIDW BUF_START S(_buff)
#define VIDW BUF STARTI( buff)

#define VIDW _BUF_END(_buff)

#define VIDW_BUF_ENDI(_buff)

#define VIDW _BUF_SIZE(_buff)

s3¢c_fb data 64xx Zifidsxk TIXLEESHE K

(0xA0 + ((_buff) * 8))
(0x40A0 + ((_buff) * 8))
(0xA4 + ((_buff) * 8))
(0xDO + ((_buff) * 8))
(0xD4 + ((_buff) * 8))
(0x100 + ((_buff) * 4))

static struct s3¢_fb_driverdata s3c_fb data 64xx = {

.variant = {

.vidtcon = VIDTCONO,
.wincon = WINCON(0),
.winmap = WINxMAP(0),
keycon = WKEYCON,
.osd =VIDOSD BASE,
.osd_stride =16,
.buf start =VIDW_BUF_START(0),
.buf _size =VIDW_BUF_SIZE(0),
.buf_end = VIDW_BUF_END(0),
.palette = {
[0] = 0x400, [1] = 0x800, [2] = 0x300, [3] = 0x320, [4] = 0x340,

o
has prtcon =1,
.has_clksel =1,

fis

.win[0] = &s3c_tb_data 64xx_wins[0],
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.win[1] = &s3c_fb data 64xx_wins[1],
.win[2] = &s3c_tb data 64xx_wins[2],
.win[3] = &s3c_fb_data 64xx_wins[3],
.win[4] = &s3c_fb_data 64xx_wins[4],
bé
static const struct platform device id s3c_fb driver ids[] = {
{
.name ="g3¢c-fb",
.driver_data = (unsigned long)&s3c_fb_data 64xx,
}
15

s3c_tb_set par B DMA Huhik 5 XA Y ) 75 1725«

static int s3c¢_fb_set_par(struct fb_info *info)
{
struct fb_var screeninfo *var = &info->var;
struct s3¢_fb_win *win = info->par;
struct s3¢_fb *stb = win->parent;
void __iomem *regs = sfb->regs;
void _iomem *buf = regs;
int win_no = win->index;
buf =regs + win_no * §;
writel(info->fix.smem_start, buf + sfb->variant.buf _start);
data = info->fix.smem_start + info->fix.line length * var->yres;
writel(data, buf + sfb->variant.buf end);

9.3.4 WEZACE

WAZ B ZEMAROCHCE, 44T make menuconfig 74>, 7 [devices
support] -> [Frame buffer Devices] HREATHCHE, Wit 9-6 frr.

> Support for frame buffer devices -——»
] Framebuffer foreign endianness support —-
] Enable Video Mode Handling Helpers
] Enable Tile Blitting Support
#++ Frame buffer hardware drivers +++
> ARM PrimeCell FL110 support
» OpenCores VGA/LCD core 2.0 framebuffer support
» Epson S51D13X03 framebuffer support
> Samsung S3C framebuffer support
] Debug register writes
» SMSC UFXG000/7000 USE Framebuffer support

K 9-6 [Frame buffer Devices] Bl &

9.4 Framebuffer 7 Z

Framebuffer N ZE 4 % /dev/fon %455 sk 1781

drivers] > [graphics

227



Linux X #h42 5 & =6 % 2 &

51 9.1  Framebuffer N /2 MR+
A0 I \samples\9LCD\9-1fbtest. A% LS U

int main(int arge, char *argv[])
{
int i, fd, fbfd;
struct fb_var screeninfo vinfo;
struct fb_fix_screeninfo finfo;
__u8 *fb_buf;
int fb_xres,tb_yres,fb_bpp;
__u32 screensize;
fbfd = open("/dev/fb1", O RDWR);
if (fofd < 0) {
fbfd = open("/dev/fb/0", O_RDWR);
if(fbfd<0) {
printf("Error: cannot open framebuffer device.\n");

return -1;

}
// 3REX fb_fix_screeninfo
if (ioctl(fbfd, FBIOGET FSCREENINFO, &finfo)) {
printf("Error reading fixed information.\n");
close(fbfd);
return -1;
}
// 3RHEX fb_var_screeninfo
if (ioctl(fbfd, FBIOGET VSCREENINFO, &vinfo)) {
printf("Error reading variable information.\n");
close(fbfd);
return -1;
}
printf("%dx%d, %dbpp\n", vinfo.xres, vinfo.yres, vinfo.bits_per pixel );
fb_xres = vinfo.xres;
fb_yres = vinfo.yres;
fb bpp = vinfo.bits per pixel;
s IR
screensize = vinfo.xres * vinfo.yres * vinfo.bits per pixel/8;
fb_buf = (char *)mmap(0, screensize, PROT READ | PROT WRITE, MAP_SHARED,fbfd, 0);
if ((int)fb_buf==-1) {
printf("Error: failed to map framebuffer device to memory.\n");
close(fbfd);
return -1;
}
memset(fb_buf,200,screensize);
printf("ummap framebuffer device to memory.\n");
sleep(10);
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munmap(fb_buf, screensize);
close(fbfd);
return 0;

}
DR R B A e 2 IR 2L (7

9.5 Qt AEARLLHEE

Qt & MEFEMEIERHE, EAMUEEFE A HAr:, s, s,
XML. Web 5N FFRAE, v LLSTRT Visual Studio #35. Qt 7Ef AL Linux REH
PN IR T2 Qt ZHF Linux [¥) Framebuffer X5 .

N A2 Qt 5.6 1F S3C6410X “T-& IR IR,

(1) F# Qt5.6.0 YIS gt-everywhere-opensource-src-5.6.0.tar.gz.

(2) MR A

tar zxvf qt-everywhere-opensource-src-5.6.0.tar.gz
(3) B PElL B S, BUE SO N 1 H s ) gmake.conf:

qt-everywhere-opensource-src-5.6.0/qtbase/mkspecs/linux-arm-gnueabi-g++/

P 200 s
# Xt g++.conf SCAFHIMEER
QMAKE CC = arm-none-linux-gnueabi-gcc
QMAKE CXX = arm-none-linux-gnueabi-g++
QMAKE LINK = arm-none-linux-gnueabi-g++
QMAKE LINK SHLIB = arm-none-linux-gnueabi-g++
# Xt linux.conf SCPFIEEL
QMAKE AR = arm-none-linux-gnueabi-ar cqs
QMAKE OBJCOPY = arm-none-linux-gnueabi-objcopy
QMAKE NM = arm-none-linux-gnueabi-nm -P
QMAKE STRIP = arm-none-linux-gnueabi-strip

load(qt_config)
(4) %itE Qte HAKMm LT

Jconfigure -release -opensource -confirm-license -plugin-sql-sqlite -xplatform linux-arm-gnueabi-g++ -
no-dbus -no-ct+11 -no-tslib -nomake examples -qt-libjpeg -qt-libpng -qt-zlib -prefix /root/fgj/arm-2014.05/arm-
none-linux-gnueabi

make

make install

(5) ZwikWIFE. ¥ gtbase/bin/qmake %] ust/lib/i386-linux-gnu/qtd/bin H %, FHHEAH
T H %
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root@ubuntu:~/fgj/test/QT/qt-everywhere-opensource-src-5.6.0/qtbase/examples/widgets #
qmake
make

(60 KA PRI R . R Qt #2 ER H £ usr/lib 1, RE 7 A SO R 2
/root/fgj/arm-2014.05/arm-none-linux-gnueabi/lib/fonts.

(7) IBATHIRE. ¥ Qt EarEIFEE IR AR, W calculator BIFRE) A B dr 21 R :
[root@urbetter /homel# ./ calculator -platform linuxtb

Gige Eos Il — AN ECEXHERE, & 9-7 .

o

|
Backspace | Clear | Clear All |

el ezl e lo9

K 9-7  Qt thHEEESihHE

230



$ 10 52 WA T-258

MIANT RS (input subsystem) &4 SCRFAIA BT AN, fH 2 &AM BE HIR SR
by BEEE. MRBESRSERIA B, i HARSCRRIENG A5, LED SR Biat. A T RGHBLH A
FAh e SR BhRfr, IERSERON BER ], USB Blbritit USB e A i (45
o AREARAS 4 Linux AN T RGBSR IT KI5

10.1 Linux i\ FREHHA

NS IR SFET Cinput drivers) J2& Linux "4 SCREFTA A G AT — IR SIFE 7 .
BN T RIS bR, B, 1938, LED 2% 4. AT 2GH, HIANZK:

(D) fABREZ: ORERAR. B4, B§58s. LED 4%,

(2) BNV WS HARGAE IS, FEALBEAEF Py, S A SRz Ao

(3) MIANT RGN A R AR S HFE10. Input_handler. Input handler 157
BNV R FAA

(4) NHJZ: XA RN AR B S 43 o

AT RGO R Z A AT . B 10-1 A T RS HE .

BT Input TR, WEMRANZTEE T Input Al Event #2113 ¥F. 21T make
menuconfig #E X\ [devices drivers] -> [input devices support], Ft & Wil 10-2 Fizs.

| Application(dev/mice, dev/mouse, dev/event) |
-%- Generic input layer (heeded for keyboard, mouse, ...)

<> Support for memoryless force-feedback devices
<> Polled input device skeleton

< r Sparse keymap support library
#*% Uzerland interfaces +77%
Input Handers N <%> Mouse interface
(keyboard Handler mouse iﬁ)\%%é}ﬁ&u [*] Provide legacy /dev/psau device
5 N
(11’1 ut subs stem COI‘C) (1024) Horizontal screen resolution
handler,event handler) P Y (768 Vertical screen resolution
< x Joystick interface
<*> Event interface
¢ < x Event debugging
*#*% Input Device Drivers **%
s = [*]1 EHeyboards ---»>
| 1Y) | (7] Remoards
[1] Toysticks/Ganepads ---»
¢ [1 Tahlets --->
[*1 Touchscreens --->
2 =p = = liji [1 Miscellaneous dewices ---3
| e s o oD, wezn mpwryp) | el Lo grvices
A =z 5 : 3 -t
K 10-1 AT RS )RH K102 i E input A1 Event $22 157 £F

10.2 Linux N FARFZRIE

i N T R G LAE <linux/inputh>H1 . B N 7 R G5 1 E L5 input_dev .
Input_handler F1 input_event %5,
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10.2.1 HAZR

input_dev Z5FJFoR —MMAR S, E XU

232

struct input_dev {

const char *name;

const char *phys; /¥ % {E R4 1 B 42

const char *uniq; /15 g ME— TR R

struct input_id id; /%% ID, £ 54k ID (PCI, USB). | i ID flix 4 ID
unsigned long propbit[BITS TO LONGS(INPUT PROP CNT)[;

unsigned long evbit[BITS TO LONGS(EV_CNT)];

unsigned long keybit[BITS TO LONGS(KEY_ CNT)]; /32 RF (B i 4
unsigned long relbit{BITS_ TO_LONGS(REL_CNT)]; //3Z 5 AR HE 4
unsigned long absbit[BITS_ TO_LONGS(ABS_CNT)]; /37 5 I fe 2 F4:
unsigned long mscbit[BITS TO LONGS(MSC_CNT)];

unsigned long ledbit[BITS_ TO LONGS(LED_CNT)]; /32 ¥ LED =if4
unsigned long sndbit[BITS TO LONGS(SND_CNT)];

unsigned long fibit[BITS TO LONGS(FF_CNT)];

unsigned long swbit[BITS TO LONGS(SW_CNT)];

unsigned int hint_events_per packet;

unsigned int keycodemax;

unsigned int keycodesize;

void *keycode;/H LAY

int (*setkeycode)(struct input_dev *dev,const struct input keymap_entry *ke,unsigned int *old keycode);
int (*getkeycode)(struct input_dev *dev,struct input_keymap_entry *ke);
struct ff device *ff;

unsigned int repeat_key;

struct timer_list timer;

int rep[REP_CNT];

struct input_mt *mt;

struct input_absinfo *absinfo;

unsigned long key[BITS TO_LONGS(KEY_CNT)];

unsigned long led[BITS TO_LONGS(LED_CNT)];

unsigned long snd[BITS TO LONGS(SND_CNT)];

unsigned long sw[BITS TO LONGS(SW_CNT)];

int (*open)(struct input_dev *dev);

void (*close)(struct input_dev *dev);

int (*flush)(struct input_dev *deyv, struct file *file);

int (*event)(struct input_dev *dev, unsigned int type, unsigned int code, int value);//Z{4F#: 1
struct input_handle _ rcu *grab;

spinlock_t event lock;

struct mutex mutex;//-H.J& 8

unsigned int users;

bool going away;

struct device dev;
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input_dev Z5F1K) evbit /i 73 RoR B SCRAFATIRAYL, mT LU FAME I &
® EV SYN: [Agift

EV_KEY: X “dkhilE, s s
EV_REL: MIXEIR, s st
EV_ABS: Z5X#40ff, WHRHI s E5HR
EV_MSC: HAh2k

EV_SW: switch Fff
EV_LED: LED s AR/~ %
EV_SND: 74t wiigns s

EV_REP: foiFfd HEE

EV_FF: 71/t

EV_FF_STATUS: Jj iR

® EV_PWR:HL i B 1

By NBE 2% SR BN A A R B e SN

int input_register device(struct input_dev *dev);
void input_unregister device(struct input_dev *dev);

10.2.2  HAHHE

fy NG input_event SR . I T RAE T WAL S N Z RS B AR AT
input_event 4514, & XWIH:

struct input_event

{
struct timeval time;// -} [A] 7k
__ul6 type;/BRBH2AT
__ul6 code;//= AL
_$32 value;//FHHH

fie

i N\ Vg S T DA T R B e BN T R G R A

void input_report_key(struct input_dev *dev, unsigned int code, int value); //BEHL 4

void input_report_rel(struct input_dev *dev, unsigned int code, int value); //AHX1E

void input_report_abs(struct input_dev *dev, unsigned int code, int value); /28X

void input_report_ff status (struct input_dev *dev, unsigned int code, int value); /] KBHRAS
void input_report_switch(struct input_dev *dev, unsigned int code, int value); // switch Z5{4:

GRS e G, WA RS T EAE A input_sync FREGEFIAN T R G — e IR S
C2ekik.
static inline void input_sync(struct input_dev *dev)

{
input_event(dev, EV_SYN, SYN REPORT, 0);

}
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X — e AR S AR B AR B L, RUA AR ARARIY) X s Y s THEEN,
BRI input_sync BRECK[E D .

10.2.3 input Handler 2

Input Handler JZf1 DT b BRI AN AF . BEDNIA B SGEE— N EZ Input Handler. #i
N AN T RIS I FAE 21545 Input Handler JZACEE . [RIFEN HJZHRAC A5 N T AT
HAABLJEIESS Input Handler JZA0EE, 5200 BRI B o

struct input_handler {
void *private;
void (*event)(struct input_handle *handle, unsigned int type, unsigned int code, int value)y/Z{-ALEE
Ve LD 2T LS
void (*events)(struct input_handle *handle,const struct input value *vals, unsigned int count);
bool (*filter)(struct input_handle *handle, unsigned int type, unsigned int code, int value);
bool (*match)(struct input_handler *handler, struct input dev *dev);
/145 input handle FI/%i A\ ¥4
int (*connect)(struct input_handler *handler, struct input_dev *dev, const struct input_device id *id);
void (*disconnect)(struct input_handle *handle);
void (*start)(struct input_handle *handle);///3 8 p&%L, connect PAEZ J5 1 H
bool legacy minors;
int minor;
const char *name;
const struct input_device id *id_table;
struct list head h_list;
struct list head node;

15

Linux #%/0 & 37— Input Handler % :
static LIST HEAD(input_handler_list);
input_handler 7M. 89 B 0T SN R

int input_register handler(struct input_handler *handler);
void input_unregister handler(struct input_handler *handler);

input_register _handler B&%CK: #7171 input_handler # A2 input_handler list ', JFIL45¢
BIAHN A% b

int input_register handler(struct input_handler *handler)
{

struct input_dev *dev;

int error;

error = mutex_lock_interruptible(&input_mutex);

if (error)

return error;
INIT LIST HEAD(&handler->h_list);
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}

list add tail(&handler->node, &input handler list);
list for each entry(dev, &input_dev_list, node)
input_attach_handler(dev, handler);
input_wakeup procfs readers();
mutex_unlock(&input mutex);

return 0;

input_attach_handler BRELVCHCAH MY (A BCA,  FE44 handle 5B E K :

static int input_attach handler(struct input_dev *dev, struct input_handler *handler)

{

}

const struct input_device id *id;
int error;
id = input_match device(handler, dev);
if (lid)
return -ENODEV;
error = handler->connect(handler, dev, id);
if (error && error !=-ENODEV)
pr_err("failed to attach handler %s to device %s, etror: %d\n",
handler->name, kobject name(&dev->dev.kobj), error);

return error;

input_handler Z5MJI)— AN Z % 5 id table 24 input device id ZEf2RAY, HIkRFRZ
input_handler VTR 1) 9% #HF1IE :

struct input_device id {

s

kernel ulong_t flags;

__ul6 bustype;

__ul6 vendor;

__ul6 product;

__ul6 version;

kernel ulong_t evbit{INPUT DEVICE ID EV_MAX /BITS PER LONG + 1;
kernel ulong_t keybitINPUT DEVICE ID KEY MAX /BITS PER LONG + 1];
kernel ulong_t relbit{INPUT_DEVICE ID_REL MAX/BITS_PER LONG + 1];
kernel ulong_t absbit[INPUT DEVICE ID ABS MAX/BITS PER LONG + 1];
kernel ulong_t mscbit{INPUT DEVICE ID MSC MAX/BITS PER LONG + 1];
kernel ulong_tledbit{INPUT DEVICE ID LED MAX/BITS PER LONG + 1];
kernel ulong_t sndbit[INPUT DEVICE ID SND MAX /BITS PER LONG + 1];
kernel ulong_t fibitfINPUT DEVICE ID FF MAX/BITS PER LONG + 1];
kernel_ulong_t swbit[INPUT DEVICE ID SW_MAX/BITS PER LONG + 1];

kernel ulong t driver_info;

Hrdr flag W EILECIZEMY, input register device ML input attach handler, 1
P H] input_match_device FRECA A B A IXBIVLAC input_handler:
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static const struct input_device id *input match device(struct input _handler *handler,struct input_dev *dev)
{
const struct input_device id *id;
for (id = handler->id_table; id->flags || id->driver info; id++) {
if (id->flags & INPUT DEVICE ID _MATCH_BUS) /LTt it £5 2574
if (id->bustype != dev->id.bustype)
continue;
if (id->flags & INPUT DEVICE ID_MATCH VENDOR) //ULHL) T
if (id->vendor != dev->id.vendor)
continue;
if (id->flags & INPUT _DEVICE ID MATCH_PRODUCT) //JGJie il i
if (id->product != dev->id.product)
continue;
if (id->flags & INPUT DEVICE ID_MATCH VERSION) /LR A
if (id->version != dev->id.version)
continue;
if (Ibitmap_subset(id->evbit, dev->evbit, EV. MAX))//ILHL FfF
continue;
if (!bitmap_subset(id->keybit, dev->keybit, KEY MAX))
continue;
if (!bitmap_subset(id->relbit, dev->relbit, REL _MAX))
continue;
if (bitmap_subset(id->absbit, dev->absbit, ABS MAX))
continue;
if (bitmap_subset(id->mscbit, dev->mscbit, MSC_MAX))
continue;
if (!bitmap_subset(id->ledbit, dev->ledbit, LED MAX))
continue;
if (!bitmap_subset(id->sndbit, dev->sndbit, SND MAX))
continue;
if (!bitmap_subset(id->ftbit, dev->ftbit, FF. MAX))
continue;
if (!bitmap_subset(id->swbit, dev->swbit, SW_MAX))
continue;
if ('handler->match || handler->match(handler, dev))
return id;

}
return NULL;

}

input_inject_event PRECH T A input handle & Hi=Ff, MHIA &+ (input dev) [ event
B IS XA A

void input_inject event(struct input_handle *handle,unsigned int type, unsigned int code, int value)

10.2.4 ¥ H Input Handler
evdev_handler #& Linux PAZH I8 H I B ST A PEEE 1. KB N1 RS &
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Y& ULEC R evdev XV 1152619 11, Wil /&/dev/input/event0 ~ /dev/input/eventn. evdev [FJf5
WU PR BN evdev init, RIS

static const struct input_device id evdev_ids[] = {
{ driver_info=1},/* VCHCHTA HTABL*/
{}, /* Terminating zero entry */

|5

MODULE DEVICE TABLE(input, evdev_ids);

static struct input_handler evdev_handler = {
.event= evdev_event,
.events =evdev_events,
.connect = evdev_connect,

.disconnect = evdev_disconnect,

.legacy minors = true,
.minor =EVDEV_MINOR BASE,
.name= "evdev",
.id_table = evdev _ids,
e
static int __init evdev_init(void)
{
return input_register_handler(&evdev_handler);
}

evdev_ids JF¥ AW E flag 1, FR¥% input match device PREITIZE &, B EILECHTAE A
WA N TIRATEIRE T evdev 5o

mousedev_handler J& Linux W% -PE AR IRARBREE 1o FlUbR e o5 BEA 4o i <A
(EV_REL), W45 “miii” 55 KEY Hff (EV_KEY).

static const struct input_device id mousedev_ids[] = {

{
flags = INPUT_DEVICE_ID MATCH_EVBIT INPUT_DEVICE_ID MATCH_KEYBIT |

INPUT DEVICE ID MATCH RELBIT,
.evbit = { BIT MASK(EV_KEY) | BIT MASK(EV_REL) },
keybit = { [BIT WORD(BTN_LEFT)] =BIT MASK(BTN_LEFT) },
relbit = { BIT MASK(REL X) | BIT MASK(REL Y) },
1, /* A mouse like device, at least one button,two relative axes */

flags = INPUT DEVICE ID MATCH_EVBIT |INPUT DEVICE ID MATCH RELBIT,
.evbit={ BIT MASK(EV_KEY) | BIT MASK(EV_REL) },
relbit= { BIT MASK(REL_WHEEL) },

¥, /* A separate scrollwheel */

{}, /* Terminating entry */
|5
MODULE _DEVICE TABLE(input, mousedev_ids);
static struct input_handler mousedev_handler = {
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.event= mousedev_event,

.connect = mousedev_connect,

.disconnect = mousedev_disconnect,

legacy minors = true,

.minor =MOUSEDEV_MINOR_BASE,
_n

.name= "mousedev",
.id_table =mousedev_ids,

e
kbd_handler /& Linux A& "R AL AL FERE 1

static const struct input_device id kbd ids[] = {

{
flags = INPUT_DEVICE_ID_MATCH_EVBIT,
.evbit={ BIT MASK(EV_KEY) },

e

{

flags = INPUT DEVICE ID MATCH_EVBIT,
.evbit = { BIT MASK(EV_SND) },
{}, /* Terminating entry */
fe
MODULE DEVICE TABLE(input, kbd ids);
static struct input_handler kbd handler = {
.event=kbd event,
.match =kbd match,
.connect =kbd connect,
.disconnect =kbd disconnect,

.start =kbd_start,
.name= "kbd",
.id_table =kbd_ids,

fie
input_leds_handler J& W% 6T LED R#EHIE W] ThrifE S5 ¥ LED 454

static const struct input_device id input leds_ids[] = {
{
flags = INPUT DEVICE ID MATCH EVBIT,
.evbit = { BIT MASK(EV_LED) },
{1
15
MODULE _DEVICE TABLE(input, input leds_ids);
static struct input_handler input_leds_handler = {
.event =input_leds event,
.connect =input leds connect,
.disconnect =input_leds_disconnect,

.name ="leds",

238



F10%F MATAA

.id table =input leds ids,
1

PrRofEs it IR HEEE, XA LED 4T, W& & e ? S6E kbd handler [¥) event
P

void kbd_event(struct input_handle *handle, unsigned int event type,unsigned int event code, int value)
{
spin_lock(&kbd event lock);
if (event_type == EV_MSC && event code == MSC_RAW && HW_RAW!(handle->dev))
kbd rawcode(value);
if (event type == EV_KEY)
kbd keycode(event code, value, HW_RAW(handle->dev));
spin_unlock(&kbd event lock);
tasklet_schedule(&keyboard_tasklet);
do_poke blanked console = 1;
schedule console callback();

}
kbd_event FR¥JH3)) T keyboard tasklet, F>RALEE LED IRZ, BARSEILWITF:

static void kbd bh(unsigned long dummy)
{
unsigned int leds;
unsigned long flags;
spin_lock irgsave(&led lock, flags);
leds = getleds();
leds |= (unsigned int)kbd->lockstate << 8;
spin_unlock irqrestore(&led lock, flags);
if (leds != ledstate) {
kbd_propagate led_state(ledstate, leds);//5E 5T led R7&
ledstate = leds;

}
DECLARE TASKLET DISABLED(keyboard tasklet, kbd bh, 0);

P17 input_leds_handler H[1) LED #5#il#: 11, &3Lks FyEM 77—/ LED Kk &, HARR
(EYINNE

int input leds connect(struct input handler *handler,struct input dev *dev,const struct input device id *id)
{
for _each set bit(led code, dev->ledbit, LED CNT) {
struct input_led *led = &leds->leds[led no];
led->handle = &leds->handle;
led->code = led_code;
if (!input led info[led code].name)continue;
led->cdev.name = kasprintf(GFP_KERNEL, "%s::%s",
dev_name(&dev->dev),input led info[led code].name);
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if (led->cdev.name) {
error = -ENOMEM;
goto err_unregister leds;

}

led->cdev.max_brightness = 1;

led->cdev.brightness get = input leds_brightness get;

led->cdev.brightness_set = input leds brightness_set;

led->cdev.default_trigger = input led info[led code].trigger;

error = led_classdev_register(&dev->dev, &led->cdev);

if (error) {
dev_err(&dev->dev, "failed to register LED %s: %d\n",led->cdev.name, error);
kfree(led->cdev.name);
goto err_unregister_leds;

}

led no++;

}

B #ZRc s 7 CONFIG_INPUT LEDS 5 CONFIG LEDS TRIGGERS, _[fiff] kbd
propagate led state FIECK I led trigger event M led AL input_leds.c H11 led
I Cinput_leds_brightness set) [mJHi A% & 4 A1

static void input_leds brightness_set(struct led classdev *cdev,enum led brightness brightness)

{

struct input_led *led = container_of(cdev, struct input_led, cdev);
input_inject event(led->handle, EV_LED, led->code, !!brightness);
}

RN %A R E CONFIG INPUT LEDS Y CONFIG LEDS TRIGGERS, i kbd
propagate_ led_state BRECKS H 4% 4 A5 R AN G0

static int kbd update leds helper(struct input_handle *handle, void *data)

{
unsigned int leds = *(unsigned int *)data;
if (test_bit(EV_LED, handle->dev->evbit)) {
input_inject_event(handle, EV_LED, LED SCROLLL, !!(leds & 0x01));
input_inject_event(handle, EV_LED, LED NUML, !(leds & 0x02));
input_inject event(handle, EV_LED, LED CAPSL, !!(leds & 0x04));
input_inject event(handle, EV_SYN, SYN REPORT, 0);
}
return 0;
}
static void kbd propagate led state(unsigned int old_state,unsigned int new_state)
{
input_handler for each handle(&kbd handler, &new_state,kbd update leds helper);
}
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10.3 HNIKENEAE

BINT RGN E BT INPUT_MAJOR. R n DUl LIl FH 4 N B2 4% edev (1)
/dev/input/eventn 1 i[RI T ARG K EEHE (write) B (read)>k B T RS HIH R,
W rf L IOCTL i 2 3R EUIRBN IR fE 0 5 SCREIREME . A& edev (R IFE R AR
evdev_connect PRSI -

static int evdev_connect(struct input_handler *handler, struct input_dev *dev,const struct input _device id *id)
{
struct evdev *evdev;
int minor;
int dev_no;
int error;
minor = input_get new_minor(EVDEV_MINOR BASE, EVDEV_MINORS, true);//5 Bk ¥ %
5
if (minor < 0) {
erTor = minor;
pr_err("failed to reserve new minor: %d\n", error);
return error;
b
evdev = kzalloc(sizeof{(struct evdev), GFP_ KERNEL);
if (levdev) {
error = -ENOMEM;
goto err_free_minor;
b
INIT_LIST HEAD(&evdev->client_list);
spin_lock init(&evdev->client lock);
mutex_init(&evdev->mutex);
init waitqueue head(&evdev->wait);
evdev->exist = true;
dev_no = minor;
M e BT *
if (dev_no < EVDEV_MINOR BASE + EVDEV_MINORS)
dev_no -=EVDEV_MINOR BASE;
dev_set_name(&evdev->dev, "event%d", dev_no);// B & & LR
evdev->handle.dev = input_get device(dev);
evdev->handle.name = dev_name(&evdev->dev);
evdev->handle.handler = handler;
evdev->handle.private = evdev;
evdev->dev.devt = MKDEV(INPUT_MAJOR, minor);
evdev->dev.class = &input_class;
evdev->dev.parent = &dev->dev;
evdev->dev.release = evdev_free;
device initialize(&evdev->dev);
error = input_register _handle(&evdev->handle);/{3: 2 input_register_handler

241



Linux X #h42 5 & =6 % 2 &

if (error)goto err_free evdev;

cdev_init(&evdev->cdev, &evdev_fops);

evdev->cdev.kobj.parent = &evdev->dev.kobyj;

error = cdev_add(&evdev->cdeyv, evdev->dev.devt, 1);//s N RF 8%
if (error)goto err unregister handle;

error = device add(&evdev->dev);

if (error)goto err_cleanup evdev;

return 0;

}
evdev_fops Hll/dev/input/eventn 7 yii [ SCAFERAE R 1

static const struct file_operations evdev_fops = {

.owner =THIS MODULE,
read = evdev_read,

.write = evdev_write,

.poll = evdev_poll,

.open = evdev_open,
.release = evdev_release,
.unlocked ioctl = evdev_ioctl,
fasync = evdev_fasync,
flush = evdev_flush,

Alseek =no_llseek,

s
LL evdev_read pRZICA 151158 BH i A\ 2 2% 1 00 1 B RLAR L 72

static ssize t evdev_read(struct file *file, char _ user *buffer,size t count, loff t *ppos)
{

struct evdev_client *client = file->private data;

struct evdev *evdev = client->evdev;

struct input_event event;

size tread =0;

int error;

if (count != 0 && count < input_event_size())//FIWr count 7 %& 1
return -EINVAL;

for (;;) {

if (levdev->exist || client->revoked)

return -ENODEV;
if (client->packet head = client->tail &&

(file->f flags & O_NONBLOCK))

return -EAGAIN;
if (count == 0)//JC 75 4k 4k

break;
while (read + input event size() <= count &&

evdev_fetch next_event(client, &event)) {/FREL K —ANZF {4
if (input_event to_user(buffer + read, &event))//[a] FH - 2 [A] & il 5k
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return -EFAULT;
read += input_event_size();
b
if (read)break;
if (I(file->f _flags & O NONBLOCK)) {//A/I¥r -5 A FH 2E 3,
error = wait_event interruptible(evdev->wait,client->packet head != client->tail ||
levdev->exist || client->revoked);

if (error)return error;

}

return read,;

}
input_event_to_user M T copy to user BRELRNHE R AN SAE, FRIXEH—

/™ input_event:

int input_event to user(char user *buffer,const struct input_event *event)

{
if (copy_to_user(buffer, event, sizeof(struct input_event)))return -EFAULT;
return 0;

}

51 10.1 AT R4 IOCTL 4
AR NG5 K LA T B doctl 211, S EAL R

int version;

int fd = open("/dev/input/eventl", O_RDONLY);

ioctl(fd, EVIOCGVERSION, &version); //3RHU A

struct input_devinfo device info;

ioctl(fd, EVIOCGID, &device info); /3% A5 E

char name[256]= "Unknown";

ioctl(fd, EVIOCGNAME(sizeof(name)), name)//3kH 4 #x

uint8 trel bitmask[REL MAX/8 + 1];

joctl(fd, EVIOCGBIT(EV_REL, sizeof(rel_bitmask))//35HX S #7 1) SRR 1L

10.4 FERMNZZIRENIZFSZH)

51102  S3C6410X B NIKSHFLF
%65 W\samples\10input\10~1Button. X HEXF 5 6 FEAL G S — MK A IER
IIRBIFET o A CMRAS I

static struct input_dev*simplekey dev;

static unsigned long polling_jffs=0;

static char *simplekey name = "simplekey";

static char *simplekey phys = "input0";

static unsigned char simplekey keycode[0x06] = {
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244

[0I=KEY_L,[1]=KEY 2,[2]=KEY_3,
[31=KEY 4,[4]=KEY 5,[5]=KEY_6,
15
static unsigned char offset[]={0x3E,0x3D,0x3B,0x37,0x2F,0x1F};
static int irqArray[6]=
{
S3C_EINT(0),S3C_EINT(1),S3C_EINT(2),
S3C_EINT(3),S3C_EINT(4),S3C_EINT(5)
15
#define eint_offset(irq) ((irq) - IRQ_EINT(0))
#define eint_irq to bit(irq) (1 <<eint offset(irq))
static void s3c_irq eint unmask(unsigned int irq)

{
u32 mask;
mask = raw_readl(S3C64XX EINTOMASK);
mask &= ~(eint_irq_to_bit(irq));
__raw_writel(mask, S3C64XX_EINTOMASK);
b
I E TR

static int s3¢c_irq_eint_set type(unsigned int irq, unsigned int type)
{

int offs = eint_offset(irq);

int shift;

u32 ctrl, mask;

u32 newvalue = 0;

void _iomem *reg;

if (offs > 27)return -EINVAL;

if (offs > 15)
reg = S3C64XX EINTOCONI;

else
reg = S3C64XX EINTOCONO;

switch (type) {

case IRQ TYPE NONE:
printk(KERN WARNING "No edge setting!\n");
break;

case IRQ TYPE EDGE RISING:
newvalue = S3C2410_EXTINT RISEEDGE;
break;

case IRQ TYPE EDGE FALLING:
newvalue = S3C2410 EXTINT FALLEDGE;
break;

case IRQ TYPE EDGE BOTH:
newvalue = S3C2410 EXTINT BOTHEDGE;
break;

case IRQ TYPE LEVEL LOW:
newvalue = S3C2410_ EXTINT LOWLEYV;
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break;
case IRQ_TYPE LEVEL HIGH:
newvalue = S3C2410_EXTINT HILEV;
break;
default:
printk(KERN_ERR "No such irq type %d", type);
return -1;
}
shift = ((offs % 16) / 2) * 4; /* org: shift = (offs / 2) * 4; */
mask = 0x7 << shift;
ctrl= raw readl(reg);
ctrl &= ~mask;
ctrl = newvalue << shift;
__raw_writel(ctrl, reg);
if (offs < 16)
s3c_gpio_cfgpin(S3C64XX GPN(offs), 0x2 << (offs * 2));
else if (offs < 23)
s3c_gpio_cfgpin(S3C64XX GPL(offs - 8), S3C_GPIO_SFN(3));

else
s3c_gpio_cfgpin(S3C64XX GPM(offs - 23), S3C_GPIO_SFN(3));
return 0;
}
void set_pin_Interrupt(int iflag)
{
if(iflag)
{
s3c_gpio_cfgpin(S3C64XX GPN(0),S3C64XX GPNO_EINTO);
s3c_gpio_cfgpin(S3C64XX GPN(1),S3C64XX GPN1 EINT1);
s3c_gpio cfgpin(S3C64XX GPN(2),S3C64XX GPN2 EINT2);
s3c_gpio_cfgpin(S3C64XX GPN(3),S3C64XX GPN3 EINT3);
s3c_gpio_cfgpin(S3C64XX GPN(4),S3C64XX GPN4 EINT4);
s3c_gpio_cfgpin(S3C64XX GPN(5),S3C64XX GPNS5_EINTS);
}
else
{
s3c_gpio_cfgpin(S3C64XX GPN(0),0);
s3c_gpio_cfgpin(S3C64XX GPN(1),0);
s3c_gpio_cfgpin(S3C64XX GPN(2),0);
s3c_gpio_cfgpin(S3C64XX GPN(3),0);
s3c_gpio_cfgpin(S3C64XX GPN(4),0);
s3c_gpio cfgpin(S3C64XX GPN(5),0);
¥
¥
/¥4 GPIO WA
void initButton(void)
{
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set pin_Interrupt(1);

s3c_gpio_setpull(S3C64XX GPN(0), S3C_GPIO _PULL NONE);
s3c_gpio_setpull(S3C64XX GPN(1), S3C_GPIO PULL NONE);
s3c_gpio_setpull(S3C64XX GPN(2), S3C_GPIO PULL NONE);
s3c_gpio_setpull(S3C64XX_GPN(3), S3C_GPIO_PULL_NONE);
s3c_gpio_setpull(S3C64XX_GPN(4), S3C_GPIO_PULL_NONE);
s3c_gpio_setpull(S3C64XX_GPN(5), S3C_GPIO_PULL_NONE);
s3c_irq eint set type(0, IRQ_TYPE EDGE FALLING);
s3c_irq eint set type(l,IRQ TYPE EDGE FALLING);
s3c_irq eint set type(2, IRQ TYPE EDGE FALLING);
s3c_irq_eint_set_type(3, IRQ_TYPE _EDGE_FALLING);

s3c irq eint set type(4, IRQ TYPE EDGE FALLING);

s3c irq eint set type(5, IRQ TYPE EDGE FALLING);
s3c_irq_eint unmask(0);

s3c_irq_eint unmask(1);

s3c_irq_eint unmask(2);

s3c_irq_eint_unmask(3);

s3c_irq eint unmask(4);

s3c_irq_eint unmask(5);

}
void polling_handler(unsigned long data)
{

u32 code=0;

int i=0;

code=_raw_readl(S3C64XX GPNDAT);
code=code&0x3F;

if(code>0)
{
/138 G P T S
if((jiffies-polling_jffs)>100)
{
polling_jffs=jiffies;
for(i=0;i<6;i++)
{
if(offset[i]==code)
{
code=i;
}
b
AV EIRE SR s AR
input_report key(simplekey dev, simplekey keycode[code], 1);
mput_report key(simplekey dev, simplekey keycode[code], 0);
input_sync(simplekey dev);
b
}

set_pin_Interrupt(1);
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}

/MEH tasklet AEEH K 5 138
DECLARE TASKLET(test_tasklet,polling_handler, (unsigned long) &simplekey dev);
static irqreturn_t simplekey_interrupt(int irq, void *dummy)

{

}

set_pin_Interrupt(0);
tasklet schedule(&test tasklet);
return IRQ_HANDLED;

static int __init simplekey init(void)

{

}

int i=0;

initButton();
simplekey dev=input allocate device();
for (1= 0; i <6; it++)

{
if (request_irq(irqArray[i], &simplekey interrupt, 0, "simplekey", NULL))
{
printk("request button irq failed!\n");
return -1;
b
}

printk("initialize button ...\n");
simplekey dev->evbit[0] = BIT(EV_KEY);
simplekey dev->keycode = simplekey keycode;
simplekey dev->keycodesize = sizeof(unsigned char);
simplekey dev->keycodemax = ARRAY SIZE(simplekey keycode);
for (1= 0; 1 <0x78; i++)

if (simplekey keycode[i])

set_bit(simplekey keycode[i], simplekey dev->keybit);

simplekey dev->name = simplekey name;
simplekey dev->phys = simplekey phys;
simplekey dev->id.bustype = BUS AMIGA;
simplekey dev->id.vendor = 0x0001;
simplekey dev->id.product = 0x0001;
simplekey dev->id.version = 0x0100;
input_register device(simplekey dev);
printk("initialize button ok!\n");
return 0;

static void __exit simplekey_exit(void)

{

int i;
for (1= 0; i <6; i++)
{
free irq(irqArray[i], NULL);
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}

input_unregister device(simplekey dev);
}
module_init(simplekey init);
module_exit(simplekey_exit);

ISP JZ AR G

void main()
{
int fd =-1;
char name[256]= "Unknown";
int yalv;
if ((fd = open("/dev/input/eventl", O_RDONLY)) < 0) {
perror("evdev open");
exit(1);
}
if(ioctl(fd, EVIOCGNAME(sizeof(name)), name) < 0) {
perror("evdev ioctl");
}
size trb;
struct input_event ev[2];
while(1)
{
rb=read(fd,ev,sizeof(struct input_event)*2);
if (rb < (int) sizeof(struct input_event))
{
perror("evtest: short read");
exit (1);
}
for (yalv = 0;yalv < (int) (b / sizeof{(struct input_event));yalv++)
{
if (EV_KEY == ev[yalv].type)
{
printf("time:%1d.%061d (s) ",ev[yalv].time.tv_sec,ev[yalv].time.tv_usec);
printf("type %d code %d value %d\n",ev[yalv].type,ev[yalv].code,ev[yalv].
value);

¥
close(fd);

b
ARG R T

[root@urbetter /home]# insmod button.ko
initialize button ...

input: simplekey as /class/input/input3
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initialize button ok!

[root@urbetter /home]# ./demotest

time:1086222460.263859 (s)
time:1086222460.263878 (s)
time:1086222461.898843 (s)
time:1086222461.898863 (s)
time:1086222464.753842 (s)
time:1086222464.753861 (s)
time:1086222466.788851 (s)
time:1086222466.788870 (s)
time:1086222469.023849 (s)
time:1086222469.023868 (s)
time:1086222470.133852 (s)
time:1086222470.133871 (s)

type 1 code 5 value 1
type 1 code 5 value 0
type 1 code 2 value 1
type 1 code 2 value 0
type 1 code 3 value 1
type 1 code 3 value 0
type 1 code 4 value 1
type 1 code 4 value 0
type 1 code 6 value 1
type 1 code 6 value 0
type 1 code 7 value 1
type 1 code 7 value 0

10.5 Event 33 [15:5)

input_dev &5 —PNEE KDL, i event FE1.
int (*event)(struct input_dev *dev, unsigned int type, unsigned int code, int value);

AT LFTE AN HIZA B LA
51103 LED %y A\ A b 2S5
I IR LR 6 2. AXAS L samples\10input\10-2event. %050 -

#define LED SI H(i) raw_writel(_ raw_readl(S3C64XX GPMDAT)|(1<<i),S3C64XX GPMDAT)
#define LED_SI L(i) raw_writel(__raw_readl(S3C64XX GPMDAT)&(~(1<<i)),S3C64XX GPMDAT)
static char s3¢6410 LED name[] = "s3c6410LED";
static char s3¢6410 LED phys[]="s3c6410LED";
static struct input_dev* s3c6410 LED dev;
/levent B2 I pRZL
static int s3c¢6410 LED_event(struct input_dev *dev, unsigned int type, unsigned int code, int value)
{
printk("s3c6410_LED_event type%d value%d\n",type,value);
if (type != EV_LED)return -1;
switch(value)
{
case 0:
LED_SI L(0);
break;
case 1:
LED_SI_H(0);
break;

return 0;
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static int __ init s3c6410_LED init(void)

{
LED SI OUTI;
$3¢6410 LED dev=input allocate device();
$3¢6410 LED dev->evbit[0] = BIT(EV_LED);
$3¢6410_LED_dev->ledbit[0] = BIT(LED_NUML);
$3¢6410_LED_dev->event =s3c6410_LED_event;
$3c6410 LED dev->name = s3c¢6410_LED name;
$3¢6410 LED dev->phys =s3c6410 LED phys;
$3¢6410 LED dev->id.bustype = BUS HOST;
$3¢6410 LED dev->id.vendor = 0x001f;
$3¢6410_ LED dev->id.product = 0x0001;
$3¢6410 LED dev->id.version = 0x0100;
/IEN LED i\ B4
input_register_device(s3c6410 LED dev);
printk(KERN INFO "input: %s\n", s3c6410_ LED name);
return 0;

b
static void __ exit s3c6410_LED exit(void)

{
input_unregister device(s3c6410 LED_dev);
}

I H i i /dev/input/event] #54i LED 4] o {ERIX B AFT ITFFrE B E B O WRONLY .

void main()
{
int fd =-1;
char name[256]= "Unknown";
int yalv;
if ((fd = open("/dev/input/eventl"”, O_ WRONLY)) < 0) {
perror("evdev open");
exit(1);
¥
if(ioctl(fd, EVIOCGNAME(sizeof(name)), name) < 0) {
perror("evdev ioctl");
}
size trb;
KA
struct input_event ev[2];
ev[0].type=EV_LED;

ev[1].value=1;
while(1)
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rb=write(fd,ev,sizeof(struct input_event));
if (rb < (int) sizeof(struct input_event))
{
perror("evtest: short write");
exit (1);
}
sleep(1);
rb=write(fd,&ev[1],sizeof(struct input_event));
if (rb < (int) sizeof{(struct input_event))
{
perror("evtest: short write");
exit (1);
}
sleep(1);
}
close(fd);

}
YN ZE A write BREL  HEANAZ TR SR evdev_write PRI%L:

static ssize t evdev_write(struct file *file, const char _ user *buffer,size t count, loff t *ppos)
{
struct evdev_client *client = file->private data;
struct evdev *evdev = client->evdev;
struct input_event event;
int retval = 0;
if (count != 0 && count < input_event_size())
return -EINVAL;
retval = mutex_lock_interruptible(&evdev->mutex);
if (retval)
return retval,;
if (levdev->exist || client->revoked) {
retval = -ENODEY;
goto out;
}
while (retval + input_event size() <= count) {
if (input_event from_user(buffer + retval, &event)) {
retval = -EFAULT;
goto out;
}
retval += input_event_size();
input_inject_event(&evdev->handle,event.type, event.code, event.value);

out:
mutex_unlock(&evdev->mutex);
return retval,
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input_inject event FEE(T M T input handle event PRi%Y, input handle event B&%(E X
urr:

static void input_handle event(struct input dev *dev,unsigned int type, unsigned int code, int value)
{
int disposition;
disposition = input_get disposition(dev, type, code, &value);
if ((disposition & INPUT_PASS TO_DEVICE) && dev->event)
dev->event(dev, type, code, value);//ii i % & HZE4F# 0
if (!dev->vals)
return;
if (disposition & INPUT_PASS TO HANDLERS) {
struct input_value *v;
if (disposition & INPUT SLOT) {
v = &dev->vals[dev->num_vals++];
v->type = EV_ABS;
v->code = ABS MT SLOT;
v->value = dev->mt->slot;
}
v = &dev->vals[dev->num_vals++];
v->type = type;
v->code = code;
v->value = value;
b
if (disposition & INPUT FLUSH) {
if (dev->num_vals >= 2)
input_pass_values(dev, dev->vals, dev->num_vals);
dev->num_vals = 0;
} else if (dev->num_vals >= dev->max_vals - 2) {
dev->vals[dev->num_vals++] = input_value_sync;
input_pass_values(dev, dev->vals, dev->num_vals);

dev->num _vals = 0;

}

Al N2 BB s3c6410 LED event pR%. INEXAIKE), FHizir NHETFEGESE
2l LED [N K:

[root@urbetter drivers]# insmod demo.ko

input: s3¢6410LED as /devices/virtual/input/inputl
input: s3¢6410LED

[root@urbetter drivers]# ./test

s3¢6410 LED event typel7 valuel
s3c6410_LED_event typel7 value0
s3c6410_LED_event typel7 valuel
s3c6410_LED_event typel7 value0

s3c6410 LED event typel7 valuel
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~C
[root@urbetter drivers]#

10.6 fHIRFEIREhFE F L)

Linux PRI OEN R, T DA — Rl 1) w45 M e, BT AN T R 48
(IHESE o fibd5 5 5 BbR 1R B R DORIAE T 2 T2 ARAR, I 2 e AR AR AR X
RS E N J2 A 5 5 UK B R Py e AU EA T o

10.6.1 S3C6410X filisiilze

S3C6410X SZFrfibFi iz, EitS ADC #H#28 L. S3C6410X [Hfid e I $5
XM. XP. YM. YP VUR{5 54k, H 10-3 J& S3C6410X [l iz 11 R FE K .

VDDA_ADC

PULL_UP
XM_SEN Touch
YM SEN ouch screen
VDDA_ADC XP_SEN pads control
— YP_SEN
AIN7(XP) []
AIN6(XM) [[]

H VDDA_ADC ADC
|o—/ imterface
8:1 A/D &
AINS5(YP) D MUX Converter Touch
screen
AINS(YM) [[] :E control

l

AIN5(3:0) [} INT_ADC
i Interrupt
ADC input generation | INT_PNDNUP
control I
Waiting for interrupt 4

K 10-3 S3C6410X [rfidsd 4% 1

fil R L A7 PUAS TAERE, K ADCTSC 75 f7#5 1 AUTO_PST A1 XY_PST #fisg. P44
TAERE I LL A W2 10-1,

F10-1 MOANTIEER

B R AUTO _PST XY _PST oo
R A AUTO_PST=0 XY_PST=0 JEHIY ADC #4i
_ 4 X 453 ADCDATO ff) XPDATA, Jf4 INT_ADC
Rt e e
Bt - XY_PST=2 e Y AAbRE] ADCDATI (¥ YPDATA 374 INT_ADC i
SEAE R TR XY PST=3 bR S A A B, 77 2E INT_PNDNUP {55

S3C6410X L fil i A< 1) P A7 78 WK 10-2~3K 10-6.
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2 W

%102 ADCON Z778&

ADCON

Bit i B

WU E

RESSEL

AD Feife oy i e dt

(16] 0=10bit; 1=12bit

0

ECFLG

AD s dibrik
[15] 0=AD #5147 h
1=AD # &5 )

PRSCEN

AD FH 1oy S g i g

(4 0= 1l 1=ff A

PRSCVL

AD AR SRR HE

JuFE: 5~255

K%k (PRSCVL+1)

1 ADC B Nz s /T PCLK (1 5 fi%

[13:6]

OxFF

SEL MUX

A N\ I T

000=AINO 001 =AIN1
[5:3] 010=AIN2 011=AIN3
100=YM  101=YP
110=XM _ 111=XP

STDBM

Standby Uk £
[2] 05 AE
1---standby Xz,

READ_START

T EICR B F) AD it
[1] 05 1T SEHOR i 81 AD e
1 gl UK JE ) AD Heik

ENABLE START

Ja%h AD $8#4E .

WIH READ START=1, WIXMET.
0=TCHR 1

1=)13) AD ¥, JAZ) G IAIEE

(0]

% 10-3 ADCTSC &7

ADCTSC

Bit i

BIUHME

Reserved

[11:9] PR

0

UD_SEN

il A T S Bk A
[8] O=H Il AR EE 4 1 v by
1=H fih 5 S e o W

0

YM_SEN

JEFE YMON [ro% di i
(71 YMON %t} 0(YM=Hi-Z)
YMON #irth 1(YM=GND)

YP_SEN

HEFE nYPON (¥ Hi i
[6] 0---nYPON #it} 0(YP=External voltage)
1---nYPON #iith 1(YP 3% AIN[S])

XM _SEN

P XMON [y i
(5] 0---XMON #irth 0(XM=Hi_Z)
1---XMON #iitH 1(XM=GND)

XP_SEN

JEFE nXPON [Frfi HH{E
[4] 0---nXPON it 0(XP=External voltage)
1---nXPON #iith 1(XP ¥ AIN[7])

PULL UP

EROSITS
[3] 0 fVF XP b4
12511 XP [

AUTO_PST

[ E WS
2] 0-—-1FH ADC 46t
1[5 XY ABFriE

XY PST

A
00— Af:
[1:0] 01---X Akl i
10—--Y AbARi
11--- 2505 TR 2
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#10-4 ADCDLY Z153%

ADCDLY Bit E . WIGHTE
FILCLKSsrc [16] ADCDLY I £k %
T XY AbRR F AR XY AbAR E Bl AR
. O XY ABBREEHAE I
DELAY (1501 SR T B LR 7 g O T 000t
TR GEAEH 0 {H.
% 10-5 ADCDATO0 Z75:5
ADCDATO Bit i HILA(E
S TR il IR A
UPDOWN [15] 0-—f BLESL
1 fili 2 Al
0--H ¥ ADC 46
AUTO_PST [14] 1XY A BRIBFF it
00— JCHAE
01---X A Azl 5
XY_PST [13:12] 10--Y gémm@
11254 P TR
XPDATA 12 [11:10] RSN 12bit INHE X ABFR S A8
XPDATA [9:0] X AEFRE S AL ADC F540u(l, SZHFF 0x3ff
%10-6 ADCDAT1 172
ADCDAT1 Bit i & HIR1E
LA TR T B R A
UPDOWN [15] 0l % T
1ML
0% ADC e
AUTO_PST [14] 1—XY A4 BRI it
00— TCHEAf:
01---X Al £
XY_PST [13:12] 10— Asfl
112545 P TR
YPDATA_12 [11:10] SRR 12bit INAE Y ABKF R A
YPDATA [9:0] Y ARRE, SRR 0x3EF

10.6.2 S3C6410X fifs ok ahfyT

M SR A EAR I, S3C6410X 3= AN, 43l IRQ_ADC Al IRQ_PENDN,
IRQ ADC NAbrEk# AD #:4h i, IRQ PENDN Jyfili s s ihi vf . s3c_ts_resource J
S3C6410X M5B B ghike, & Sk

#define IRQ_ADC S3C64XX _IRQ_VICI1(31)
#define IRQ_PENDN S3C64XX _IRQ_VIC1(30)
static struct resource s3c_ts resource[] = {
[0]= ¢
.start = S3C_PA ADC,
.end =S3C PA ADC+SZ 4K-1,
.flags = IORESOURCE MEM,
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}s
[1]=
.start = RQ_PENDN,
.end =IRQ PENDN,
.flags = IORESOURCE IRQ,
}s
[21= {
.start = [RQ_ADC,
.end =IRQ ADC,
.flags = IORESOURCE IRQ,
b

Bs

HIREM— AP 5 9KEh:

static struct platform_driver s3c_ts_driver = {

.probe =s3c_ts_probe,
.-remove =s3c_ts_remove,
.suspend =s3c_ts_suspend,
.resume =s3c_ts_resume,
.driver = {
.owner = THIS_ MODULE,
.name = "s3c-ts",
Be
e
static int __init s3c_ts_init(void)
{
return platform_driver register(&s3c ts_driver);
}
static void __ exit s3¢_ts_exit(void)
{
platform_driver unregister(&s3c ts_driver);
}

s3c_ts probe PRI AT

256

static int __init s3¢c_ts_probe(struct platform_device *pdev)
{
struct resource *res;
struct device *dev;
struct input_dev *input_dev;
struct s3c_ts mach_info * s3c _ts cfg;
int ret, size;
dev = &pdev->dev;
res = platform_get resource(pdev, IORESOURCE_MEM, 0);//3RHX 10 %55
if (res == NULL) {
dev_err(dev,"no memory resource specified\n");
return -ENOENT;
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}
size = (res->end - res->start) + 1;
ts_mem = request_mem_region(res->start, size, pdev->name);// H1 15 P A7 [X.
if (ts mem == NULL) {
dev_err(dev, "failed to get memory region\n");
ret = -ENOENT;
goto err_req;
}
ts_base = ioremap(res->start, size);//Hi kL]
if (ts_base == NULL) {
dev_err(dev, "failed to ioremap() region\n");
ret = -EINVAL;
goto err_map;
}
ts_clock = clk get(&pdev->deyv, "adc");
if (IS_ERR(ts_clock)) {
dev_err(dev, "failed to find watchdog clock source\n");
ret = PTR ERR(ts_clock);
goto err_clk;
}
clk_enable(ts_clock);/{ii fig 4
s3c_ts_cfg=s3c ts get platdata(&pdev->dev);
if ((s3c_ts_cfg->presc&0xff) > 0)
writel(S3C_ADCCON_PRSCEN |

S3C_ADCCON_PRSCVL(s3c ts cfg->presc&0xFF),ts baset+S3C ADCCON);

else
writel(0, ts_baset+S3C_ADCCON);
1* YIRS A7 3%/
if ((s3c_ts_cfg->delay&O0xfttf) > 0)
writel(s3c_ts cfg->delay & Oxffff, ts base+S3C_ADCDLY);
if (s3c_ts cfg->resol bit=—=12) {
IR ADC AT R, AR RIS I 125 17 485 SUR
switch(s3c_ts_cfg->s3c_adc con) {
case ADC TYPE 2:

writel(readl(ts_base+S3C_ADCCON)|S3C_ADCCON_RESSEL _12BIT,

ts_base+S3C_ADCCON);
break;
case ADC TYPE 1:

writel(readl(ts_base+S3C_ADCCON)|S3C_ADCCON RESSEL 12BIT 1,

ts_base+S3C_ADCCON);
break;
default:
dev_err(dev, "Touchscreen over this type of AP isn't supported !\n");
break;
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258

writel( WAIT4INT(0), ts_base+S3C_ADCTSC);
ts = kzalloc(sizeof(struct s3c_ts_info), GFP_KERNEL);
input_dev = input_allocate device();
if (linput_dev) {

ret = -ENOMEM;

goto err_alloc;
¥
ts->dev = input_dev;
ts->dev->evbit[0] = ts->dev->evbit[0] = BIT MASK(EV_SYN) |

BIT_MASK(EV_KEY) | BIT_ MASK(EV_ABS)/3z 51 Z {2574

ts->dev->keybit[BIT WORD(BTN_TOUCH)] = BIT MASK(BTN_TOUCH);//#44g</!
if (s3c_ts cfg->resol bit=12) {

input_set abs params(ts->dev, ABS X, 0, 0xFFF, 0, 0);

input_set abs_params(ts->dev, ABS Y, 0, OxFFF, 0, 0);

}
else {
input_set abs params(ts->dev, ABS X, 0, 0x3FF, 0, 0);
input_set abs params(ts->dev, ABS Y, 0, 0x3FF, 0, 0);
¥

input_set_abs_params(ts->dev, ABS PRESSURE, 0, 1, 0, 0);
sprintf(ts->phys, "input(ts)");
ts->dev->name = s3c_ts name;
ts->dev->phys = ts->phys;
ts->dev->id.bustype = BUS RS232;
ts->dev->id.vendor = 0xDEAD;
ts->dev->id.product = 0xBEEF;
ts->dev->id.version = S3C_TSVERSION;
ts->shift = s3c_ts cfg->oversampling_shift;
ts->resol _bit =s3c ts cfg->resol bit;
ts->s3c_adc _con =s3c ts cfg->s3c_adc con;
/* IRQ_PENDUP Hilkfi*/
ts_irq = platform_get resource(pdev, IORESOURCE IRQ, 0);
if (ts_irg==NULL) {
dev_err(dev, "no irq resource specified\n");

ret = -ENOENT;
goto err_irq;
}
ret =request_irq(ts_irq->start, stylus_updown, IRQF_SAMPLE_RANDOM, "s3c_updown", ts);
if (ret 1= 0) {
dev_err(dev,"s3c_ts.c: Could not allocate ts IRQ_PENDN !\n");
ret = -EIO;
goto err_irq;
}

/*IRQ_ADC H Wr**/
ts_irq = platform_get resource(pdev, IORESOURCE IRQ, 1);
if (ts_irg==NULL) {
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dev_err(dev, "no irq resource specified\n");

ret = -ENOENT;
goto err_irq;
}
ret = request_irq(ts_irq->start, stylus_action, IRQF_SAMPLE_RANDOM, "s3c_action", ts);
if (ret 1= 0) {
dev_err(dev, "s3c_ts.c: Could not allocate ts IRQ_ADC !\n");
ret= -EIO;
goto err_irq;
}
printk(KERN INFO "%s got loaded successfully : %d bits\n", s3c_ts name, s3c ts cfg->resol bit);
PN B/
ret = input_register_device(ts->dev);
if(ret) {
dev_err(dev, "s3c_ts.c: Could not register input device(touchscreen)!\n");
ret = -EIO;
goto fail;
¥
return 0;

fail:
free irq(ts_irq->start, ts->dev);
free irq(ts_irq->end, ts->dev);
err_irq:
input_free device(input dev);
kfree(ts);
err_alloc:
clk disable(ts_clock);
clk put(ts_clock);
err_clk:
iounmap(ts_base);
err_map:
release_resource(ts_mem);
kfree(ts_mem);
err_req:
return ret;

b
P BT A B R B E ST

static irqreturn_t stylus updown(int irqno, void *param)
{
unsigned long data0;
unsigned long datal;
int updown;
data0 = readl(ts_baset+S3C_ADCDATO);
datal = readl(ts_base+S3C ADCDATI);
updown = (!(data0 & S3C_ADCDAT0 UPDOWN)) && (!(datal & S3C_ADCDAT1 _UPDOWN));

259



Linux X #h42 5 & =6 % 2 &
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if (updown)//HI Wil 2 A% T
{
downflag=1;
touch_timer_fire(0);
b
if(ts->s3c_adc_con=—ADC TYPE 2) {
__raw_writel(0x0, ts_base+S3C_ADCCLRWK);
_raw_writel(0x0, ts_baset+S3C_ADCCLRINT);
}
return [IRQ_HANDLED;
}
static irqreturn_t stylus_action(int irqno, void *param)
{
unsigned long data0;
unsigned long datal;
data0 = readl(ts_baset+S3C_ADCDATO);
datal = readl(ts_base+S3C ADCDATI);
/AR bR AR
if(ts->resol bit==12) {
#if defined(CONFIG_TOUCHSCREEN_NEW)
ts->yp += S3C_ADCDATO0 XPDATA MASK 12BIT —
(data0 & S3C_ADCDAT0 XPDATA MASK 12BIT);
ts->xp += S3C_ADCDAT1 YPDATA MASK 12BIT —
(datal & S3C_ADCDAT!_YPDATA MASK_12BIT);
#else
ts->xp += data0 & S3C_ADCDAT0 XPDATA MASK 12BIT;
ts->yp += datal & S3C_ADCDAT1 YPDATA MASK 12BIT;
#endif
b
else {
#if defined(CONFIG_TOUCHSCREEN_NEW)
ts=>yp += S3C_ADCDAT(0 XPDATA MASK — (data0 & S3C_ADCDAT0 XPDATA MASK);
ts=>xp +=S3C_ADCDAT1 YPDATA MASK — (datal & S3C_ADCDAT1 YPDATA MASK);

felse
ts->xp += data0 & S3C_ADCDATO XPDATA MASK;
ts->yp += datal & S3C_ADCDAT1 YPDATA MASK;
#endif
}
ts->count++;
if (ts->count < (1<<ts->shift)) {
1A B AR 4
writel(S3C_ADCTSC_PULL_UP_DISABLE | AUTOPST, ts_base+S3C_ADCTSC);
writel(readl(ts_baset+S3C_ADCCON) | S3C_ ADCCON_ENABLE START,
ts_base+S3C_ADCCON);
1 else {

mod _timer(&touch_timer, jiffies+1);
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writel( WAIT4INT(1), ts_base+S3C_ADCTSC);
}
if(ts->s3c_adc_con==ADC TYPE 2) {
__raw_writel(0x0, ts_base+S3C_ADCCLRWK);
__raw_writel(0x0, ts_baset+S3C_ADCCLRINT);
}
return IRQ_ HANDLED;

}
touch_timer_fire PRELACHS T

static void touch timer fire(unsigned long data)
{

unsigned long data0;

unsigned long datal;

int updown;

data0 = readl(ts_base+S3C_ADCDATO);

datal =readl(ts_base+S3C_ADCDAT1);

updown = (!(data0 & S3C_ADCDAT0 UPDOWN)) && (!(datal & S3C_ADCDAT1 _UPDOWN));

if (updown) {/#%

if (ts->count) {

if(downflag==0)

{
input_report_abs(ts->dev, ABS_X, ts->xp);//X AEF5
input_report_abs(ts->dev, ABS Y, ts->yp);//Y 2&t5
input_report_key(ts->dev, BTN_TOUCH, 1)/fik B4
input_report_abs(ts->dev, ABS PRESSURE, 1);
input_sync(ts->dev);/[FlP AN Fl:
b
else
{
downflag=0;
}
H
ts-=>xp = 0;
ts->yp = 0;

ts->count = 0;
writel(S3C_ADCTSC PULL UP DISABLE | AUTOPST, ts_base+S3C_ADCTSC);
writel(readl(ts_base+S3C_ADCCON) | S3C_ADCCON_ENABLE START,

ts base+S3C_ADCCON);

else {
ts->count = 0;
input_report_key(ts->dev, BTN_TOUCH, 0);//fili 5 4% 5
input_report_abs(ts->dev, ABS PRESSURE, 0);
input_sync(ts->dev);
writel( WAIT4INT(0), ts_base+S3C_ADCTSC);
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}
I FH JZ MR e T

static int event0 fd =-1;
struct input_event ev0[64];

static int handle eventO()

{
int button = 0, realx = 0, realy = 0, i, rd;
rd = read(event0 fd, ev0, sizeof(struct input_event) * 64);
if ( rd < sizeof{(struct input_event) ) return 0;
for (1= 0; 1 <rd/ sizeof{(struct input_event); i++)
{
if(EV_ABS==ev0[i].type)
{
if(ev0[i].code==0)
{
realx= ev0[i].value;
b
if(ev0[i].code==1)
{
realy= ev0[i].value;
H
b
printf("event(%d): type: %d; code: %3d; value: %3d; realx: %3d; realy: %3d\n", 1,
evO[i].type, ev0[i].code, evO[i].value, realx, realy);
b
return 1;
H

int main(void)

{
int done = 1;
event0 fd = open("/dev/input/event0", O RDWR);
if (event0 fd<0)

{
printf("open input device error\n");
return -1;

H

while ( done )

{
printf(""begin handel event0...\n");
done = handle event0();
printf("end handel event0...\n");

H

if (event0 fd>0)
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}

{
close(event0_fd);
event) fd=-1;

}

return 0;

iR, 8T AR

[root@urbetter /home]# ./demotest

begin handel event0...

event(0): type: 3; code:  0; value: 4514; realx: 4514; realy: 0
event(1): type: 3; code:  1; value: 10309; realx: 4514; realy: 10309
event(2): type: 1; code: 330; value:  1; realx: 4514; realy: 10309
event(3): type: 3; code: 24; value:  1; realx: 4514; realy: 10309
event(4): type: 0; code:  0; value:  0; realx: 4514; realy: 10309
end handel event0...

begin handel eventO...

event(0): type: 3; code:  0; value: 4500; realx: 4500; realy: 0
event(1): type: 3; code:  1; value: 10295; realx: 4500; realy: 10295
event(2): type: 0; code:  0; value:  0; realx: 4500; realy: 10295
end handel event0...

1 code=0 T~ X #ll. code=1 F7n Y Hil.

10.7 Linux ZI5MEIRIREN

ZLANERE) T S AR I AR, AR AE 10m LAY, Linux P
AL (IR AT BN T R S8 rc_register_device PREUH R M — M REIE K
Fro HEEAUS IR

int rc_register device(struct rc_dev *dev)

{

static bool raw_init = false; /* JR4A{E SRR 2 BN */
struct rc_map *rc_map;
const char *path;
int attr = 0;
int minor;
int rc;
if (!dev || !dev->map_name)
return -EINVAL;
rc_map =rc_map_get(dev->map_name);//ZRHL LI =
if (lrc_map)
rc_map =rc_map_get(RC MAP EMPTY);
if (Irc_map || 'rc_map->scan || rc_map->size == 0)
return -EINVAL;
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set bit(EV_KEY, dev->input_dev->evbit);
set_bit(EV_REP, dev->input_dev->evbit);
set bit(EV_MSC, dev->input dev->evbit);
set_bit(MSC_SCAN, dev->input_dev->mscbit);
if (dev->open)

dev->input_dev->open = ir_open;
if (dev->close)

dev->input_dev->close = ir_close;
minor = ida_simple get(&rc ida, 0, RC DEV_ MAX, GFP_KERNEL);
if (minor < 0)

return minor;
dev->minor = minor;
dev_set name(&dev->dev, "rc%u", dev->minor);
dev_set_drvdata(&dev->dev, dev);

mutex_lock(&dev->lock);
rc = device add(&dev->dev);
if (rc)

goto out unlock;
rc = ir_setkeytable(dev, rc_map);
if (rc)

goto out_dev;
dev->input_dev->dev.parent = &dev->dev;
memcepy(&dev->input_dev->id, &dev->input _id, sizeof(dev->input_id));
dev->input_dev->phys = dev->input_phys;
dev->input_dev->name = dev->input_name;
mutex_unlock(&dev->lock);
rc =input_register_device(dev->input_dev);/fEMHIN %
mutex_lock(&dev->lock);
if (rc)

goto out _table;
HALANE S 24
dev->input_dev->rep[REP_DELAY] = 500;
dev->input_dev->rep[REP_PERIOD] = 125;

mutex_unlock(&dev->lock);
return 0;

}
NAZ 1) gpio-ir-recv BEHUZ A GPIO WL LLAMESRAE 5 (138 FHIK ) -

static int gpio_ir_recv_probe(struct platform_device *pdev)
{
struct gpio_rc_dev *gpio_dev;
struct rc_dev *rcdev;
const struct gpio_ir recv_platform data *pdata =pdev->dev.platform data;

int rc;
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if (pdev->dev.of node) {//\BEF&HE(5 &
struct gpio_ir_recv_platform_data *dtpdata =
devm_kzalloc(&pdev->deyv, sizeof(*dtpdata), GFP_ KERNEL);
if (!dtpdata)
return -ENOMEM;
rc = gpio_ir_recv_get devtree_pdata(&pdev->dev, dtpdata);
if (rc)
return rc;
pdata = dtpdata;
}
if (!pdata)return -EINVAL;
if (pdata->gpio_nr < 0)
return -EINVAL;
gpio_dev = kzalloc(sizeof(struct gpio_rc_dev), GFP_KERNEL);
if (!gpio_dev)
return -ENOMEM;
rcdev =rc_allocate device();
if (redev) {
rc = -ENOMEM;
goto err_allocate device;
}
rcdev->priv = gpio_dev;
rcdev->driver_type = RC_DRIVER IR RAW;
rcdev->input name = GPIO_IR_ DEVICE NAME;
rcdev->input phys = GPIO IR DEVICE NAME "/input0";
rcdev->input_id.bustype = BUS _HOST;
rcdev->input_id.vendor = 0x0001;
rcdev->input_id.product = 0x0001;
redev->input_id.version = 0x0100;
rcdev->dev.parent = &pdev->dev;
rcdev->driver name = GPIO_IR DRIVER NAME;
rcdev->min_timeout = 0;
rcdev->timeout = IR DEFAULT TIMEOUT;
redev->max_timeout= 10 * IR_ DEFAULT TIMEOUT,;
if (pdata->allowed_protos)
rcdev->allowed_protocols = pdata->allowed_protos;
else
rcdev->allowed_protocols = RC_BIT_ALL;
rcdev->map_name = pdata->map name ?: RC MAP EMPTY;
gpio_dev->rcdev = rcdev;
gpio_dev->gpio nr = pdata->gpio_nr;
gpio_dev->active low = pdata->active low;
setup_timer(&gpio_dev->flush _timer, flush_timer, (unsigned long)gpio dev);
rc = gpio_request(pdata->gpio_nr, "gpio-ir-recv");
if (rc < 0)
goto err_gpio_request;
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rc = gpio_direction_input(pdata->gpio_nr);
if (rc < 0)
goto err_gpio_direction_input;
rc =rc_register_device(redev);/IEH B R %
if (rc <0) {
dev_err(&pdev->dev, "failed to register rc device\n");
goto err_register rc_device;
}
platform_set drvdata(pdev, gpio_dev);
rc = request_any_context irq(gpio_to_irq(pdata->gpio_nr),gpio_ir recv_irq,
IRQF_TRIGGER_FALLING | IRQF_TRIGGER_RISING,
"gpio-ir-recv-irq", gpio_dev);// B H k7
if (rc < 0)
goto err_request_irg;
return 0;

}

request_any_context_irq PR AL NI HITE KA, e iR BN SCH Bhik £ kb
T R rp el B e RE AL E ) . GPIO ZLAMZICRE & 11 6 Bdis 45 R an 1

Struct gpio_ir_recv_platform data {

int gpio_nr;//GPIO i[5
bool active low;
u64 allowed_protos;//3Z ¢ FRIRE S M

const char  *map name;

I
4 S3C6410X P& W &AW E I R

static struct gpio_ir recv_platform data s3c6410 gpio ir info = {
.gpio_nr = S3C2410_GPE(0),

.active_low =1,

55
static struct platform_device s3c6410_gpio_ir = {
.name = "gpio-rc-recv",
.id =-1,
.dev ={
.platform data =& s3c6410 gpio ir_info,
}s

15
WAHWE allowed_protos LM SCREITA LMD . 8 H L0 AMESE P S NEC
) RC5. RC6 #ifiHh o Xf 1% 46 g ih 1 AT A A5 1) S92 0K 0y 5 2% (decoder) o P %A H
ir_raw_handler 451K 7~ AN ] [P AL 25 «

struct ir_raw_handler {
struct list_head list;
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u64 protocols; /* PR AL */

int (*decode)(struct rc_dev *dev, struct ir_raw_event event);
/* AT lirc decoder */

int (*raw_register)(struct rc_dev *dev);

int (¥*raw_unregister)(struct rc_dev *dev);

Bs
B RCS gty i A2 -

static struct ir raw_handler rc5 handler = {
.protocols =RC_BIT RC5|RC_BIT RC5X |RC _BIT RC5 SZ,

.decode =ir_rc5_decode,
e
static int __init ir_rc5_decode_init(void)
{
ir raw_handler register(&rcS_handler);
printk(KERN INFO "IR RC5(x/sz) protocol handler initialized\n");
return 0;
}

ir_rc5_decode BRESEHL RCS AL 5%
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B INENFE P E Linux WX EE I ICRIKBIRER . BB A1 745 B2 B KK DO AE
TIBHFRMFEA R ICAR .. RikG L REAE TLITENKR . AEN Y IK5)
FEFF IR LR SCAE R G ISR AN

1.1 BRig &R 5 JRIE

Wi BB, Bl EAER R 5 R TS A e o o BRBEAR R A5 BE A B KK X AE T
B AR MIEA IO o BRI TS S A N B, B W8 5 > sector,
M FAF A BEA TGN T BB SCRFRENLYT IR), A B B U 1l o SEBLA S
K, FRIRANSEHLER T A, NABIFEA S AP —Xf Y, X ¢ 28 H Ak
# 1) file_operations 4EF. W B b K ASCE B A7 8. B v a4 AT &R
7%, S APL BT ELER BB R, 2 HERBISE RS, RIS RGR KRS
K.

11.1.1 block_device

block_device ZiAER T WAL T I — MBS & 0] IRIR A RS Bl B (1) — AN e
X HIEAGERARER A XE, T bd contains K 515 1) AL S XA 4 X 4
bd_part & OUTR BRI X A5 R o XA AR — NI, bd disk D1 HR 1A B (1)
gendisk 4514,

struct block device {

dev t bd dev; /R

int bd_openers;

struct inode * bd_inode;

struct super_block * bd_super;/#BZ R

struct mutex bd_mutex; /*FT FF-/5< A1 E R 4*/

struct list_head bd_inodes;

void * bd_claiming;

void * bd_holder;

int bd_holders;

bool bd write holder;
#ifdef CONFIG_SYSFS

struct list_head bd holder disks;
#endif

struct block device * bd_contains;
unsigned bd block_size; /43 X & 1A



%11 % BEERHHEIMHEL

struct hd_struct *  bd_part;/43 X {55 &

unsigned bd_part_count;//¥ 4% ¥ T2 X 5
int bd_invalidated;

struct gendisk *  bd_disk;/J8 X £t

struct request_queue * bd_queue;//1F K AF]

struct list_head bd list;

unsigned long bd private;

int bd_ fsfreeze count;/¥%: 45 3FEEL
struct mutex bd fsfreeze mutex;

Bs
) PR M AT B — N B s 2 nT A T R 2L

int register _blkdev(unsigned int major, const char *name);

int unregister_blkdev(unsigned int major, const char *name);

register_blkdev PR%U[] X G M LA major 4 15045 R4 . B W1 major & 0,
THNZAN R N ERS T W FERES major CEH A, WHREIEK.
register_blkdev LR [A2Z 5, wia] LMEHZ ST,

11.1.2 gendisk
gendisk £ s —MEM 73X .

struct gendisk {
//major, first minor 5 minors AFIASEL, ZEHALH, NAEH disk devi()5 disk max_parts()7ja]
int major;  /EWES
int first_minor;//55 — MRS
int minors; /IR T KRB, AR A2 X HuE
char disk_name[DISK_ NAME LEN]; P IR A4/
char *(*devnode)(struct gendisk *gd, umode_t *mode);
unsigned int events;// SCRER A
unsigned int async_events;  / *SOD AR
struct disk part tbl rcu *part tbl;
struct hd_struct part0;
const struct block_device_operations *fops;/5 % 2848 0
struct request_queue *queue;//ii >R BAF1
void *private_data;
int flags;
struct device *driverfs_dev;
struct kobject *slave_dir;
struct timer rand_state *random;
atomic_tsync io;  /*HT RAID*/
struct disk_events *ev;
#ifdef CONFIG_BLK_DEV_INTEGRITY
struct kobject integrity kobj;
#endif ~ /*CONFIG BLK DEV INTEGRITY*/
int node _id;
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struct badblocks *bb;
fie

gendisk 54 (R PR B BLIELL T LA

void add_disk(struct gendisk *disk);

void del_gendisk(struct gendisk *gp);

struct gendisk *get gendisk(dev_t dev, int *partno);

struct block device *bdget disk(struct gendisk *disk, int partno);

struct hd_struct *add partition(struct gendisk *disk, int partno,sector _t start, sector t len, int flags,
struct partition_meta_info *info);//¥%s i1 43X

void set_capacity(struct gendisk *disk, sector_t size);//1 B 2%

sector_t get_capacity(struct gendisk *disk);/FREN 75 =

block_device_operations 4514 P #6 0F W IRH A 32 1

struct block device operations {
int (*open) (struct block device *, fmode _t);
void (*release) (struct gendisk *, fmode _t);
int (*rw_page)(struct block device *, sector _t, struct page *, int rw);
int (*ioctl) (struct block device *, fmode t, unsigned, unsigned long);
int (*compat _ioctl) (struct block device *, fmode t, unsigned, unsigned long);
long (*direct_access)(struct block device *, sector t, void pmem ** pfn t *);
unsigned int (*check events) (struct gendisk *disk,unsigned int clearing);
int (*media_changed) (struct gendisk *);//ik 4211, H check events F54%
void (*unlock native capacity) (struct gendisk *);
int (*revalidate_disk) (struct gendisk *);//BiG G4
int (*getgeo)(struct block device *, struct hd geometry *);
/*this callback is with swap lock and sometimes page table lock held*/
void (*swap_slot_free notify) (struct block device *, unsigned long);
struct module *owner;
const struct pr_ops *pr_ops;

s

11.1.3 bio

bio 45K HKAIA LR B4 1O HIT, "Bl T VO &R NAE. BEELERIX . 711255 B
bio ¥ K I NAEAE bio_vec &5k HFHliiiR . —A bio fUE 1 AEZ A bio_vec.

struct bio {
struct bio *bi_next; [ SR A F1) e/
struct block device *bi_bdev;// & 1% K I HL R4
unsigned int bi_flags; PR
int bi_error;
unsigned long bi_rw;/ L E bR
struct bvec_iter bi_iter;
unsigned int bi_phys segments;
unsigned int bi_seg front_ size;
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unsigned int
atomic_t
bio_end io t
void

unsigned short
unsigned short
atomic _t
struct bio_vec
struct bio_set
struct bio_vec

s

11.1.4 BRI
i 10 T (bio) SHEHRACLETE KIS, request_queue &5 FHHIAHBE 4 115 K BA

ﬁIJ’

G E S F

struct request_queue {
struct list_head
struct request
struct elevator queue
int
int
struct request_list
request_fn proc
make_request_fn
prep_rq_fn
unprep rq fn
softirq_done fn
rq_timed out fn

bi_seg back size;

__bi_remaining;

*bi_end io;
*bi_private;
bi_vent; /*bio_vec HUH*/
bi_max_vecs; /*H K bio_vec FH*/
__bi_cnt; /*pin count™®/

*bi_io_vec;  /*bio_vec HEF, WEHHT VO W R M NAE(E E*/
*bi_pool;
bi_inline vecs[0];

queue_head;
*last_merge;
*elevator;

nr rqgs[2];
nr_rqs_elvpriv;
root_rl;

*request_fn;
*make_request_fn;/ K& /0 &K
*prep_rq_fn;

*unprep _rq_fn;

*softirq_done fn;

*rq_timed out fn;

dma_drain_needed fn *dma_drain_needed;
1ld busy fn *11d_busy fn;

struct blk mq ops  *mq_ops;

unsigned int *mq_map;

struct blk mq ctx percpu *queue ctx;

unsigned int nr_queues;

struct blk mq hw_ctx **queue hw_ctx;
unsigned int nr_hw_queues;

sector_t end sector;

struct request *boundary rq;

struct backing_dev_info  backing_dev_info;//J5 & frE %

s

generic_make_request BRI UK bio $2ACZ51H KBS

blk qc t generic_ make request(struct bio *bio)
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struct bio_list bio_list_on_stack;
blk qc tret=BLK QC T NONE;
if (!generic_make request checks(bio))
goto out;
if (current->bio_list) {
bio_list add(current->bio_list, bio);
goto out;
}
BUG_ON(bio->bi_next);
bio_list init(&bio list on stack);
current->bio_list = &bio_list on_stack;
do {
struct request_queue *q = bdev_get_queue(bio->bi_bdev);//ZREIE K EA S
if (likely(blk_queue_enter(q, false) == 0)) {//FF4H4b2E bio
ret = g->make_request_fn(q, bio);
blk queue exit(q);
bio = bio_list_pop(current->bio_list);// ~—> bio
} else {
struct bio *bio_next = bio_list pop(current->bio_list); / F—> bio
bio_io_error(bio);/Aric it iR
bio = bio_next;
H
} while (bio);
current->bio_list = NULL;
out:

return ret;

}
WAZER AP make request fn PREA
blk gc tblk queue bio(struct request queue *q, struct bio *bio);

blk_queue_bio XHAT VO & /idgdfE, FHOIEE request, $-ATLE /O WAL — AT AL T,
X TANTTEATH /O WREEZS ¥ #%, 7T LUk make_request_fn PR, S8l s :

struct request_queue *blk alloc_queue(gfp t gfp mask);
void blk_queue make request(struct request_queue *q, make request fn *mfn); //7€ X make
/lrequest_fn PRZEL

5 111 R A IR B R A
AFRER—DNAKH VO HREEZS PR 43, U5 W.\samples\11block\11-1block. 1%
ARG

struct simdisk {
spinlock_t lock;
struct request_queue *queue;
struct gendisk *gd;
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struct proc_dir_entry *procfile;
int users;
unsigned long size;
char *diskdata;
|5
static int errno;
static int simdisk count = 1;
module param(simdisk_count, int, S IRUGO);
MODULE PARM DESC(simdisk count, "Number of simdisk units.");
static int n_files;
static int simdisk_major = SIMDISK_MAJOR;
IME AR — M
static void simdisk transfer(struct simdisk *dev, unsigned long sector,

unsigned long nsect, char *buffer, int write)

{
loff t offset = sector << SECTOR SHIFT;
unsigned long nbytes = nsect << SECTOR_SHIFT;
if (offset > dev->size || dev->size - offset < nbytes) {
pr_notice("Beyond-end %s (%ld %ld)\n",write ? "write" : "read", offset, nbytes);
return;
}
spin_lock(&dev->lock);
while (nbytes > 0) {
ssize t io=nbytes;
if (write)
memcpy(dev->diskdata + offset, buffer, nbytes);
else
memcpy(buffer, dev->diskdata + offset, nbytes);
if lo==-1) {
pr_err("SIMDISK: 10 error %d\n", errno);
break;
}
buffer += io;
offset += io;
nbytes -= io;
¥
spin_unlock(&dev->lock);
}

static blk_qc_t simdisk make request(struct request_queue *q, struct bio *bio)
{

struct simdisk *dev = g->queuedata;

struct bio_vec bvec;

struct bvec _iter iter;

sector_t sector = bio->bi_iter.bi_sector;

bio_for each segment(bvec, bio, iter) {//ii)}j bio 7B

char *buffer = bio_kmap_atomic(bio, iter);//3EX Zz i il
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unsigned len = bvec.bv_len >> SECTOR_SHIFT;
simdisk_transfer(dev, sector, len, buffer,
bio_data dir(bio) == WRITE);
sector += len;
__bio kunmap_atomic(buffer);
¥
bio_endio(bio);
return BLK QC T NONE;

}
static int simdisk open(struct block device *bdev, fmode t mode)
{
struct simdisk *dev = bdev->bd_disk->private data;
spin_lock(&dev->lock);
if (!dev->users)
check disk change(bdev);
++dev->users;
spin_unlock(&dev->lock);
return 0;
H
static void simdisk release(struct gendisk *disk, fmode t mode)
{
struct simdisk *dev = disk->private data;
spin_lock(&dev->lock);
--dev->users;
spin_unlock(&dev->lock);
}
I1RBE R R A
static const struct block device operations simdisk _ops = {
.owner =THIS_MODULE,
.open = simdisk open,
.release = simdisk release,
15

static struct simdisk *sddev;
static struct proc_dir_entry *simdisk procdir;
static int __init simdisk setup(struct simdisk *dev, int which,struct proc_dir_entry *procdir)
{
spin_lock init(&dev->lock);
dev->users = 0;
dev->size = nsectors*hardsect_size;
dev->diskdata = vmalloc(dev->size);
if (dev->diskdata == NULL)
return -ENOMEM;
1153 BEBAF
dev->queue = blk_alloc_queue(GFP_KERNEL);
if (dev->queue == NULL) {
pr_err("blk alloc_queue failed\n");
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goto out_alloc_queue;
}
blk_queue make request(dev->queue, simdisk_make request);// B & 1/0 13t >R AbHE pF 5L
dev->queue->queuedata = dev;
dev->gd = alloc_disk(SIMDISK MINORS);
if (dev->gd == NULL) {
pr_err("alloc_disk failed\n");
goto out_alloc_disk;
b
dev->gd->major = simdisk_major;/EH%ZS
dev->gd->first minor = which;
dev->gd->fops = &simdisk ops;
dev->gd->queue = dev->queue;
dev->gd->private_data = dev;
snprintf(dev->gd->disk name, 32, "simdisk%d", which);
set_capacity(dev->gd, dev->size >> SECTOR_SHIFT);// % i i 4 75 i
add_disk(dev->gd);/FsIm— 43X
return 0;
out alloc_disk:
blk cleanup queue(dev->queue);
dev->queue = NULL;
out_alloc_queue:

return -EIO;
}
static int __init simdisk _init(void)
{

int i;

I 5

if (register _blkdev(simdisk major, "simdisk") < 0) {
pr_err("SIMDISK: register_blkdev: %d\n", simdisk major);
return -EIO;
}
pr_info("SIMDISK: major: %d\n", simdisk_major);
if (n_files > simdisk count)
simdisk count=n_files;
if (simdisk count > MAX SIMDISK COUNT)
simdisk count =MAX SIMDISK COUNT;
sddev = kmalloc(simdisk count * sizeof(struct simdisk), GFP_KERNEL);
if (sddev == NULL)
goto out_unregister;
RSO X
for (i =0; i <simdisk count; ++i) {
if(simdisk_setup(sddev + i, i, simdisk procdir) != 0)
{

printk("simdisk _setup error\n");

}

return 0;
kfree(sddev);
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out_unregister:
unregister blkdev(simdisk major, "simdisk");
return -ENOMEM,;

H

module_init(simdisk init);
ABIEATERANT -

[root@urbetter drivers]# insmod simdisk.ko
SIMDISK: major: 240

[root@urbetter drivers]# mkfs.ext2 /dev/simdisk0
Filesystem label=

OS type: Linux

Block size=1024 (log=0)

Fragment size=1024 (log=0)

1280 inodes, 5120 blocks

256 blocks (5%) reserved for the super user

First data block=1

Maximum filesystem blocks=262144

1 block groups

8192 blocks per group, 8192 fragments per group
1280 inodes per group

[root@urbetter drivers|# mount -t ext2 /dev/simdisk0 /mnt/disk
[root@urbetter drivers]# df

Filesystem 1K-blocks Used  Available Use% Mounted on
192.168.10.102:/root/fgj/nfs/rootfs 29799484 10946948 17315768  39% /

tmpfs 61796 0 61796 0% /dev/shm
/dev/simdisk0 4955 13 4686 0% /mnt/disk

[root@urbetter drivers]# cd /mnt/disk
[root@urbetter disk]# 1s

lost+found

[root@urbetter disk]# echo fgj > a
[root@urbetter disk]# df

Filesystem 1K-blocks Used Available Use% Mounted on
192.168.10.102:/root/fgj/nfs/rootfs 29799484 10946948 17315768  39% /

tmpfs 61796 0 61796 0% /dev/shm
/dev/simdisk0 4955 14 4685 0% /mnt/disk
[root@urbetter disk]# 1s

a lost+found

[root@urbetter disk]# cat a

fgj

11.2 Linux 34 Z& Stk

B BIBH @I 2N, B XA A — PSR R SE, TR 5 R S
fEo AFRGURARAAH B LI XA SR E5 . — MR T I S — A s AR
Si. Linux SCPFRG R . S0P R G858 DU AT A7 Al 4% (0 K S R Jye 20 B T
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Linux FISCHFRGE LR34 =K. (D) RGN HZMRGHH; () BESERS:
VFS(Virtual File System); (3) #:4(#] VFS WIS PILbrsCF RS, W oext3. extd, jffs2,

ubifs 5,

11.2.1 BRI RSE

£ Linux FJLPIA R ARBEAVESCER R, WREBM SR, Ha, PR B Bl
Fey BETE, ARRSCHEREMEHF—ERGMT . B RGEIEZ SEBUX M R L)
Kt RS RGIAFAENATT, RGA s Al .

HEAUSCAT 2R G Al TR 2 K oK B 1) S AE R 4

struct super_block {

s

struct list_head s_list;/* [ 58 A 28— A HLR*/

dev t s_devy/* 16 R RE*/

unsigned char s_blocksize bits;

unsigned long s_blocksize;//H K/

loff t s maxbytes;  /FE NSRRI/
struct file_system_type *s_types//SCAFRGERA!
const struct super_operations *s op;/[BAESH
const struct dquot_operations *dq_op;

const struct quotactl ops *s_qcop;

const struct export_operations *s_export_op;

unsigned long s flags;

unsigned long s_iflags; /*NEB SB 1 *FRic*/
unsigned long s_magic;

struct dentry *s_root;

struct rw_semaphore s umount;

int s_count;

atomic _t s active;

const struct xattr_handler **s_xattr;

struct hlist bl head s anon;

struct list_head S _mounts;

struct block device *s_bdev;//IIEk BRI %

struct backing_dev_info *s_bdi; //J<IE I i ALl 4%
struct mtd_info *s mtd;//FRIEEH MTD ¥ 4%

file_system_type &5H4H TR BRSO RAMIZEAE R . Linux SCREIIRERP SO R G
HBXF N —A™ file_system_type 44

struct file system_type {

const char *name;

int fs_flags;

struct dentry *(*mount) (struct file_system_type *, int,const char *, void *);
void (*kill_sb) (struct super block *);

struct module *owner;
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struct file system_type * next;

struct hlist head fs_supers;

struct lock class_key s lock key;

struct lock class_key s umount key;

struct lock class key s vfs rename key;

struct lock class_key s writers key[SB FREEZE LEVELS];

Bs

WA RGAEERHE IR RGN AR T B A RGP,

file_system_type 5[] mount i 03 bR ECE 45 FH

struct dentry *mount_fs(struct file_system_type *type, int flags, const char *name, void *data)

{

root = type->mount(type, flags, name, data);

}
T ubifs SO RS AR

static struct file_system_type ubifs fs type = {

.name = "ubifs",
.owner =THIS_ MODULE,
.mount = ubifs_mount,

kill_sb =kill ubifs super,

15
static int __init ubifs_init(void)
{
err = register_filesystem(&ubifs fs type);
if (err) {
pr_err("UBIES error (pid %d): cannot register file system, error %d",
current->pid, err);
goto out_dbg;
}
b

SERGEH AT £ inode FoR, FE4 inode 3 H OISO HEMER: O S5 S ER .

BRSO R GUEREHR AL F QY i e KL

struct inode {
const struct inode_operations *i_op;

const struct file operations *i_fop;
15

1122 HECIRRGEHHEH SRR

MAERGEFENARE: HEERGAMAEH SRS, Linux RGP T LU A H

S RGAAEH SRS
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EH G RGAE TAER, ARSI RGN S 0T Ha il k. SO RGeSy
HC AT 7 AR A e GRS b o AN SO e A B2 5 AN BL B RER  IX, SC
PRGN TAE SR LT SCUAERESE B IAFG 0 S T IR IXAE e A X (A
PO ZNSR e o SUHF R GRS SCHER, 5 RBI SO M X 5, AR5 bt
LN ZS . WERES S, SRS etk B AT i X, BEAT B IE N . R 58 ST
XAFHME B . Linux XFFAEHE XM RS Ext2. FAT. VFAT. HPFS (0S/2). NTFS
(Windows NT). Sun f¥] UFS %,

HBARAEH G S RGN TAEHRERE, (R EAAEA D . flln, Wk RSN
PR X S BB AN BIREEL /I rh, A R A SO SCHF N AR BN, XN RS
AMKTHL, S5 RS IE O N AR E N A, T DG BB NE, AT . H
B RGENEAEAE HE S RGEEAL B, N T SSRGS H &l HE SO
W DALR RIS S R, PRI A& HE X REALMEL 77 X
A H sk, SEAEE el T 8, A AN SRt T R (&R 4e
PR W, REEEE, S H &SRk TP Wi B A E . BRI T SO
(RIS IR), AR RS SO I 22 A9 3] T B . Linux RESCRFI) H & X RS 4
Ext3/4. XFS. JFS. JFFS2/3. ubifs %%,

11.2.3 B £%

Linux WIZEZNELAE, W INE—MRICIFRS, AE5) init ERAEHERS . Wik
Linux J3 85 A Ef e B BRI R SE, W RGH HIR kernel panic 1%

WS R G A E AR Bk RBRIPIBATIREARE . AN TH . MRS R4 % L
BN, B SRS T LR E O S, ANTANEAE UK S REA R G 2R . i
BRIR A RE WS RETCIEA 8. Linux SCREZ MR ORGSR, TR AUk &
FHIY147 ROMFS. JFFS2. NFS. CRAMFS. YAFFS. ubifs %,

MRS RGN H S WAR 11-1.

F -1 RXGRGEREREN

H 3 |
/bin Linux 3@ 1 P B
/sbin Zflbin, —MAEXIEA T, S root FIF BRI R AT:
Jetc AR S
/root root A/ AR H 3%
/lib SR PP MBI L 22 P
/lib/modules GIPIEeEE
/dev WA
/tmp I H sk, G5 2/ var/tmp (135
/boot SIeH=
/mnt SO RGN
/proc Jproc LAFRSE, PRI S
fusr FE P 1 R
[var RYBATINAEH I E %, A5 RGEAT H SR — 28I I S
/home FFHS
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11.24 RS0,

Linux SZFFZ P CERS, O sysfs. proc 25 R4 CIF RS, LA Cramfs. Ubifs.
Ext2/3/4. NFS. Jffs2 SESARSCAF R4, 3CFF Windows (1) FAT32. NTFS %30 R%t. *
11-2 J& Linux UM LIRS R S

% 11-2  Linux XHRESZRYELE

P % AT 4 T
P " S BTG, R H
Cramfs FHT Flash (11 H & SCHE RS M JEGRHL A 2:1 FIRRRE L XIP I i5 1T
K ex23 I R R TR S X R = R BB, ik h,
BX | R A B i AR AN HR
JHT Flash _E) Flash F&ECEFRSE, #
OB ICHUR], AT | N "
W2 | B, R ILE M b | S sy | 3 A0 IR e
WNEEe, TR R, R
BUBLA THE R 1
NAND Flash L2 (AR I R 2,
SR T BT R, R R . N SR, SN, B
YAFFS2 | it Rl R i i | AR 5 NAND Flash
Wik
Ubifs FAT Flash Lf) Flash HAEXfFRE. & — SCFf LZO il zlib | 3CFF write-back DASEFIAIE:
& IER2 G AR, TR AEAELE Flash I - TR . Pl 10
A — - N T I, BT
3 e N =
NFS HET UDP [ M2 U R 5t 5 NSRRI e

1125 XIERYcHER

f£ Linux A — SRS — MEH R RO K ISR H:3K (mount) . 41
mount it & ] LA — NS RGN R L T SR G R IR G T o AEPAT B, 2R
PERGIM.. ARG H 5%

mount [-afFhnrvVw] [-L<BRZE>] [-o<IEI>] [<CAF RG] [ 4] [HE H %]

mount S FFHICAE RS AFE minix. Ext2. msdos. vfat. nfs. is09660. ntfs. auto
CHZHIMD 2%, mount ¥ FHSERIEIILE 11-3,

F 11-3 mount L EHASH

Zz K Boom
-a INESCAF/ete/fstab HBEE T A
- ANEERIMEB o AT 5-v S HIRNAEH LIS mount FIHATIE R
F iti -2 SERINAE . Fr i fE/ete/fstab ¥ IR BRI N4, it s s
-h WRTEAAWE B
L<hr> INBESCAE R GehR R <br 2> B o
-n ASKE N B LA fete/mtab SCIFH
-o<IETi> FRAE BT ARG R A7 LEE It 1] 7 /ete/fstab {1
T VAR 77 A
-t FRE BRI RGN
v AT IR Sk s T O£ B
-V BRIRAE &
LA S B Un e o, BROABE
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Forboo e LTI 11-4,

% 11-4 mount f-0 SEE FHIEIRN

o oM
1o DU Bk
w AR B SN, BRI CE
async VAAERIE 177 KBTS0 RGNS AR, BROARE
sync VAR 7 QAT A R e N it 3 A
suid JA 8l set-user-identifier(% & 1] /' D)4 set-group-identifer(¥% & 41 ID) ¥ &V
nosuid ] set-user-identifier(% & 1 /" ID)*5 set-group-identifer(¥ & 21 ID)i% B4
atime BERAFHUARSE BT inode MIAFIUIN TH], BRINTEE
noatime BRHRAFHUS ANEE BT inode FRA7HUR R]
remount FOFTINEB A T T SR R R RS
dev RS RGE BT R %
nodev ANERTSCAE R G LI AT BB A
user ATLALE— R P s
nouser AR E I PAT I AR, BOARE

IS R G H umount 174 o
umount  [#E3% H %]

11.3 ERIHERSEEA

11.3.1 VFS N0
VFS S AL SR O R

struct file *filp_open(const char *filename, int flags, umode t mode)
ssize t vfs read(struct file *, char _ user *, size t, loff t *);
ssize t vfs write(struct file *, const char __ user *, size t, loff t *);
int filp_close(struct file *filp, fl owner tid);
PIBSCATH inode o, FTHSCIEA file Fom. FTHF I SCAE N L EArad A S A
#§ (file descriptor). N /21 open, XN NAZIK open R 451

SYSCALL DEFINE3(open, const char __ user *, filename, int, flags, umode_t, mode)

{
if (force o _largefile())
flags |= O_LARGEFILE,;
return do_sys open(AT_FDCWD, filename, flags, mode);
}

do_sys open PREACHS U :

long do_sys_open(int dfd, const char __ user *filename, int flags, umode t mode)
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struct open_flags op;
int fd = build open_flags(flags, mode, &op);
struct filename *tmp;
if (fd)return fd;
tmp = getname(filename);
if (IS_ERR(tmp))
return PTR_ERR(tmp);
fd = get unused_fd_flags(flags);
if (fd >=0) {
struct file *f=do_filp_open(dfd, tmp, &op);
if IS_ERR(f)) {
put unused fd(fd);
fd=PTR_ERR(f);
} else {

fsnotify open(f);
fd install(fd, f);

}

putname(tmp);
return fd;

}
do_sys open PR¥iR /G2 do dentry open PR, LX) file S5 SCAFERAERE I
BEATIRAE -
static int do_dentry open(struct file *f,struct inode *inode,
int (*open)(struct inode *, struct file *),const struct cred *cred)

f=>f op = fops_get(inode->i_fop);
}

X file AR SCAFRAERE DR 18 11-1 SO R R R R K

BB

(open read write ioctl close)

¢

ARG

J—» Pk &9Eh
IO 2

B R GRS R s

inode->f ops

VES B 344k
(vfs_open vfs_read vfs_write vfs_ioctl vfs_close)
file->f_ops

B 111 SCPHRER A R AR
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Bl PR s SCrE
A4 I \samples\11block\11-2module_appfile. A5 7~ 4l 76 P AZ U5 1) SO R S8 )
. oAU T

static int __init filerw_module_init(void)
{
struct file *fd=filp_open("/home/fs.txt", O RDWR | O NDELAY, 0);
if (IS_ERR(fd))
{
printk("open /home/fs.txt failed\n");
return -1;

else

ssize t len=0;
printk("open fs.txt successfully\n");
char buffertmp[4];
loft t pos=0;
mm_segment t oldfs = get fs();
set fS(KERNEL DS);// St vfs_write 55 vfs_read ¥ in] A% itk
memset(buffertmp,0,4);
buffertmp[0]=0x31;
len=vfs write(fd,buffertmp,1,&pos);
printk("write buffertmp=%s,len=%d\n",buffertmp,len);
memset(buffertmp,0,4);
pos=0;
vfs_read(fd,buffertmp,1,&pos);
printk("read buffertmp=%s\n",buffertmp);
set_fs(oldfs);
filp_close(fd,NULL);
¥

return 0;

}

vis_write PRECHIEE —ANSHCHR AT SRR L, BB 8ok AN,
AT AL set fs pRECK R E AL MHbE E Y KERNEL_DS, LAfoif vis write 1l
buffertmp. SCEFS A 454G 5 PR s G RO uE ERR . ABlE T4 Rk
[root@urbetter drivers]#insmod hello.ko
open fs.txt successfully

write buffertmp=1,len=1
read buffertmp=1

11.3.2 VFS Han

Hori DRSO B HoRBU, Wl Bk, MERHx. EaddE. VES 2/
FoRERAERE TR -
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int vfs_create(struct inode *, struct dentry *, umode_t, bool);

int vfs_mkdir(struct inode *, struct dentry *, umode_t);

int vfs_mknod(struct inode *, struct dentry *, umode t, dev _t);

int vfs_symlink(struct inode *, struct dentry *, const char *);

int vfs_link(struct dentry *, struct inode *, struct dentry *, struct inode **);

int vfs_rmdir(struct inode *, struct dentry *);

int vfs_unlink(struct inode *, struct dentry *, struct inode **);

int vfs_rename(struct inode *, struct dentry *, struct inode *, struct dentry *, struct inode **, unsigned int);
int vfs whiteout(struct inode *, struct dentry *);

11.4 RXHERFHE

11.4.1 Busybox

Busybox J&—MMEN T — 1 2/ M M Linux ap 2 F T HAHAE, 25— htp Ik
R telnet JIk5575. Busybox UMM, U I TR 4 e — A~ v)
PATSCAF R, DIREIEARAAE, MANEMEZ, R IMB Zifi, BrUAE#RAS Linux o,
Busybox H3EH) 12 M . Busybox iy [ LM T :

/3Z4T busybox ] Is T4

#busybox 1s

/AZ T4 7] busybox FIFERR, AN IR A 44 56 AN [RI R D g
#In -s busybox ls

/18R AT AT IX A i

#./1s

% 11-5 4y Busybox L)L/ IEILIT, W] LAFEBI ™ 4 AT Busybox

# 11-5  Busybox #Z{#A7/L4 make JEIT

make HFzr U
help 7R make JETIKSEHES IR
defconfig JA BRI GEAD T
allnoconfig AR AR CICED
allyesconfig AR NIRRT GEsERiED
allbareconfig Ja T NIRRT, (A EIE TR
config BT SORMIE LR
menuconfig N-curses (FETIEH)) FE TR
all 4t Busybox HEMISCAERISCR (/docs)
busybox %% Busybox —EISCf
clean T BRIEA AT A
distclean WS BRUEA G
sizes 7R I PR AR P 18 SCAS A8 R /AN
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Busybox F A A BYELMRF . X T AR R A X & %, ATLLF LA make
menuconfig KL E Busybox [FJ%¥. make menuconfig S5HC'E Linux W% A 22T H 1) H
FrAIA . make menuconfig R WA 11-2 Fiow.

B 11-2 ffiH menuconfig Fl'&E Busybox

Linux 7EMBAR ARG 2 )G, BHEEHAT init PEFE. Busybox [ init HEFEZHH
Jetc/inittab ZEHIA ST, Busybox AR H 3% 1) example SCAFIJE A L1 inittab SCEFVEH]
inittab SCAFEE—AT A 0 R B

id:runlevel:action:process

R IR 5L 400 Sytem V oinit Z8BL, {H4&, id 7€ Busybox (1 init 1 HAR[FEME
o X} Busybox e, id Hkfa e A shitFR 6] tty. WS HE SR IEA R0 LA
) shell, #1401 Busybox [¥) sh Cash), WINAZAANEEH] tty, 1R = tty AfE7E, Busybox [
sh &fi4ti. Busybox 458420 runlevel FBL, FrLAZFBOT LIS, X2k T RESN
Sytem V init [RI#% X IREF 5. process F-BHIKIEE AT (AR, AAG AT AT LI
action FBLHKARE R 11-6 1 8 NN FHF process afEZ—.

% 11-6  inittab 3T BYEH1EIRL AR

ik I |
sysinit i init FRAEYIAR A AT AR
respawn B A N BERR L B T S TR E 2)

FAL respawn, AT E BRI R ERAT 0L N R IECR . eSO it EEHlE EER

askfinst | case press Enter to active this console” ({5 5., IFFEEHE 8 M54 /- #& T Enter

wait R init LA BIAH N IR 56 R G A RE AR LA T

once {CHATAHR I HERE— K, 1T AN B 58k
ctraltdel %R Crl+Alt+Delete 1A BT, HATHIN KIHERE
shutdown LRGN, BATHI N LR

restart 4 init FHABIN, PATAHSAEERE, 0 LA BT AT RIRERE A init A< 5
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NS AU 4 1 Busybox o
(1) & makefile:
cross_compile=arm-linux-

(2) $47 make menuconfig, #EA module utilities H%, Z:3Xf 2.4 WAZRORER S RE,
B 11-3 .

Arrow kevs navigate the menu. =<Enter> selects submenus —=. Highlighted letters are hotkeys.

Pressing <Y> includes, <N> excludes. <=M> modularizes features. Press <Esc@<Esc> to exit. <=?> for
Help. </> far Search. Legend: [‘] bBuilt—in [ ] excluded <M> module = > madule capable

nable load map {-m) optien
ymbols in Ioad map

retty output for 2Z.6.x Linux kernels
*]| m dprobe
M 1tiple options parsing
ancy alias parsing
Options common to multiple modutils
upport tainted module checking with new kernels
upport version 2.2.x% to 2.4.x Linux kernels
upport version 2.6.x Linux kernels

o | e e e e e e e
s + s £ £ E K
(SRR (VR S R VR, T

=52 oo [ RS R

11-3 % 2.4 W SRR

(3) 14T make.
(4) AT make install, %HbRICAF2230./ install H 5%

11.4.2  shell JEAH

shell J&—F HARAIBEIIRET, &2/ TP UNIX. Linux S580E RGO ORT
B — A4 . % UL shell &5 Bourne shell (/bin/sh). C shell (/bin/csh). Korn shell
(/bin/ksh)+ Bourne again shell (/bin/bash). Tenex C shell (tcsh) %5 shell. UNIX/Linux ¥
shell M7 TAXOFRFZ A6, A3 &t [ — R N R, o AR e A E RGBT
Tl N T SRR BRI DI RE . shell $HATI0 TAEEHE: S N FIE VL0
s AEE S . FHRRER AT . TLIRWR—Hl shell, FEATIRESVERAE AR, &A1
Z B RAN[RIAE %) [R]— A TR AL ERI T . iy 2 B A S5 U5 .

Bash & —Fi I shell #2177, BEAMAICRK. M2 AN, @4 (alias) &
SERE. TAEESE] Gobs)y 1t S5 RT sl dr il /2ds Bash ¥l
2 HAHMESRIZ T TAB B, shell Sx b 28U 44 1 865> W4 . BRRETIT Bash I,
2> NBANZAT Bash [ P $4T/ete/bashre 5l/etc/profile JIA . ‘& B E BN REF, ATLAZSIN
— AR, AP REN G /F Bash &, AILLUEN K PST HEiAR R
MMER 5 E shell $&7-7F, {5140:

286



% 11

=

=

PR B 5 M 2%

$ export PS1=">"

$ export PS1="This is my super prompt > "

This is my super prompt >
$ export PS1="\u@\H > "

\u@\H >R Bos G Hr P A L4 . 858

root@localhost>

2% 11-7 #& Bash "R E30% FHE51.

%= 11-7 Bash EAFEF

]| Poom
\a ASCII Wi 4F(BEL)
\d HTHY], "Tue May 26"#% 5%
\e ASCII # 77
\h FHARE—HS g™
\H FHAFK (il "fgj.mydomain.com™)
\n BATEF
\r [FIZEFF
\s shell &F% (Ui"bash")
\t 24 /N HH:MM:SS #% 3 E] (i "22:01:01")
\T 12 /N HH:MM:SS # i) (4 "10:01:30")
\@ WA am/pm 1) 12 /Nl A]
\A 24 /NI HH:MM #% 2 i)
\l I shell &34 (Al "ttySA0™)
\j Bt shell EFFE job K
\u HHTH 4
W Bash FRAS (413.2)
\w M TAEHS (A "/home/fgj ")
\W Y LA H R4 (basename)
\! YR A7 T SRR X
i &gy CLEBANE, THSTERRRITRN 2
\$ W P ASEREIH P (root), WIER—N"S"s a2 BEH 7, WER—As"
\nnn NN =04 nnn CHERARB R HBET, W "007") FoRxy ASCIT F4F

"N /& Bash [f) 4% D 5%
(1) tar zxvf bash-3.2.tar.gz
(2) ./configure --host=arm-linux
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(3) 1#H make 434 51 bash F2F

1143 HUHER Sk

113 ARSI RS
(1) A2 debh 1 H SR 46 301

"

echo "creatint rootfs dir......
mkdir rootfs

cd rootfs

mkdir bin dev etc lib proc sbin sys usr

mkdir usr/bin ust/lib usr/sbin lib/modules
mkdir mnt tmp var

chmod 1777 tmp

mkdir mnt/u mnt/v

mkdir var/lib var/lock var/log var/run var/tmp
chmod 1777 var/tmp

mkdir home root boot

mknod -m 600 dev/console ¢ 5 1

mknod -m 666 dev/null ¢ 1 3

echo "done"

(2) #r/etc HXMXHE Cinitab. profile. passwd %5 ).
(3) ¥3 )0 busybox XA (£E busybox F[1./ install H &) FH 4,
(4) JEGi LRI bash R PP =B 2] HARBRICAE R ZEK/bin HXF, Eetc/inittab:

::askfirst:-/bin/bash
(5) G lE S glibe/uclibeo RSO AT MG i2e T B 1% H sk &2 il

11.4.4 %) mdev

ATi/4 busybox 1.8.2 A ] mdev, ‘& & udev MR AZURA .
(1) HEX busybox Hsgf&ik MAKEFILE, # Makefile #[#) ARCH f1 CROSS_COMPILE
B arm R51:
ARCH ?=arm
CROSS COMPILE ?= arm-linux-
(2) ABL'E busybox. 1&1T make menuconfig, MEFFTTEMIED. KEFESEEE, dmiml L
R

undefined reference to 'query_module'

fift IR 7 AT make menuconfig f5, HEA Module T HACE, XXl 2.4 WAL RS
£, i 11-3 s

(3) {RA7)1&1T make F1 make install.

(4) BRI BRSO IR R g, MhAEs R .
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[root@(none) dev]# 1Is

console null pts shm Zero

[root@(none) dev]# /sbin/mdev -s

[root@(none) dev]# Is

console ptys4 tty19 ttyq9
full ptys5 tty2

kmem ptys6 tty20 ttyqb
kmsg ptys7 tty21 ttyqe
md0 ptys8 tty22 ttyqd
mem ptys9 tty23 ttyqe
mice ptysa tty24 ttyqf

SRR AT ME SR G R S IA, BNt R E4), ik mdev AL A ZhET .
/sbin/mdev —s
I B N BB mdev ) BRIA ) uevent helper T4y

echo /sbin/mdev > /proc/sys/kernel/hotplug

11.5 NFS RXHRGiEE

WL SRS (NFS) S —Fiul iod b2 = se L, @il NFS, mﬁﬁﬁxﬁﬂtj@
KM SCAF—REVT IR . WL SO R G e — P RS 28 SR P i 4 i, % uindid mount 72Nk
CES "

T Y6 A%AE Linux EHL 225 NFS iR55 4

sudo apt-get install nfs-kernel-server

AL NFS JiRk%5 H sx/root/fgj/nfs/rootfs, HH S RGE M) SO 2R B H . 79T
Jetc/exports, FCEL T :

/root/fgj/nfs *(rw,sync,no_root squash,no_subtree check)
HPT SN NFS ks, ik H AR

sudo /etc/init.d/rpcbind restart
sudo /etc/init.d/nfs-kernel-server restart

— M2 5¢ NFS server L i, NIKE)H BHLE AB0JE38) NFS Ij5s. 554MEH NFS i}
It P ML BT KK

Bl 11.4 7 NFS MR R4

(1) BRI AL 2% B £ IR BN R 7

(2) FCE WNAZSZRE NFS X RS NFS Bk % NFS AR R%8. 76 [File systems] -
> [ Network File Systems] H & W& 11-4 Prox:
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——— Network File Syztems
<>  NFS client support

k> NFS client zupport for NFS wersion 2

k> NFS client zupport for NFS wersion 3

[#] NFS client support for the NFSw3 ACL protocol extension
L€ NFS client support for NFS wersion 4

[1] Provide swap owver NFS support

NFS client support for NFSvd. 1
Root file zvztem on NF3

TUze the legacy HNF3 DNS resolver
NF3 szerwver zupport

EPC: Enable dprintk debugging
Ceph distributed file svstem

*

S —————
e

Kl 11-4  PECHE P AZSCRE NFS
1E [device drivers] > [Block devices) & E W& 11-5 fis:

——— Block devices

< »  Mull test block driver

<*¥r  Loopback device support

i3] Mumber of loop devices to pre—create at init time
L Cryptoloop Support

< * DEBD Distributed Replicated Block Dewice support
“#¥r  MNetwork block dewice support

<#>  FRAM block dewice support

(18] Default number of RAM disks

(4096) Default RAM disk size (kbytes)

< » Packet writing on CD/DVD media

Bl 11-5 WO A% SRR NFS Bk
(3) BN G 8B4

setenv  bootargs  "root=/dev/nfs  nfsroot=192.168.10.102:/root/fgj/nfs/rootfs  ip=192.168.10.103:
192.168.10.102:192.168.10.1:255.255.255.0:www:ethO:off console=ttySACO0,115200"

Horh root=/dev/nfs, JFARE MR, 1S T R A RE L S IS ARSI R G B4
nfsroot 75 IF A% LA — G TS, WIS H S DL RS W9 48 SCAT 28 G i ARSI R G Aid
Mo S8k

nfsroot=[<server-ip>:]<root-dir>[,<nfs-options>]

WARARLH EBAEE nfsroot 24, WP Aftpboot/Yes Tl fiL. HAMLIUI T«
<server-ip> --¥5 i€ M 2% SCAF 2R G e 45wt 1F) ELIDE X Ml (TP address) o WA 45 8 I
B, WHMEHH nfsaddrs 225 k€ B . SESEEIEZ — 2 RV A R T SEHUE A
[ HHERERT M (RARP) S48 SCAF R G o5 b, G H AT LABEN 22 H
<root-dir> -- 5% b EAF AN H k448K R 7 Eh N %s FRIRTT (token),
BEATICRAH N & i FLHR R k2 ASCI RoRids.
<nfs-options> -- ARAEM L% A RGEIET . RIS LA 570 1. W BAT 455 ik
T BUUAEHT B B R FBE A
port= as given by server portmap daemon
rsize = 1024

wsize= 1024
timeo= 7
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retrans= 3

acregmin=3

acregmax= 60

acdirmin= 30

acdirmax= 60

flags = hard, nointr, noposix, cto, ac

ZHip=HIkg T

ip=<client-ip>:<server-ip>:<gw-ip>:<netmask>:<hostname>:<device>:<autoconf>

EEIFHNAZ U ECE B TP bk, W@ sr IP B . <client-ip>s2 % )7 1P,
<server-ip>/& NFS Jx55#s IP, <gw-ip>#& ¢ IP, <netmask>;&fhY, <hostname>i&% /" FE AL
%o <device> =M 444 . <autoconf>FEHIAE N ip HIMERERIEN (& A 4Efm:"
5, W "ip=off' BY "ip=none"% ), Wl "ip=off" 5 "ip=none", FRxAJHH B E .

<autoconf>f W1 N H:

offornone: ANaH AZIALE, IP F&STRE
onorany: AL AT AT B AT E B

dhep: i DHCP
bootp: i BOOTP
rarp: 1§ i RARP
both: {#J] BOOTP Ml RARP , {HAMf] DHCP

IBAT IR KDL eth0 AT F 2SI R B ZH01HAT ip B4
ip=192.168.10.103:192.168.10.102:192.168.10.1:255.255.255.0:www:ethO:off

AN AU R

__setup("ip=", ip_auto_config_setup);
__setup("nfsaddrs=", nfsaddrs_config_setup);

PREACHS AL ip_auto_config setup WATHHAT, VLI ZAENAZHBEE TP HBhACE PMX

FF. BLE [Networking support] > [Networking optionsY, Wi 11-6 7w

[ ] Transformation migrate database
[ ] Transformation statistics

< » FF_KEY zockets

[#] TCP/IF networking

[#] IP: multicazting

[#] IF: adwanced router

FIE TRIE statisztics

IP: policy routing

IP: equal cozt multipath

IP: swerboze route monitoring

—
—

+ IP: kernel lewel autoconfiguration
IF: DHCP support
IF: BOOTP support
IF: RARP =support

* IP: tunneling

IP: GRE demultiplexer
IP: multicast routing

— A.—..;..—..—..—..—..—.
e T T

Kl 11-6  EHNZZUNRI A 3) 1P BLE
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FoE e, RICERGTn LU 184745 R W T

dm9000 dm9000.0: WARNING: no IRQ resource flags set.
dm9000 dm9000.0 ethO: link down
usb 1-2: device not accepting address 4, error -62
usb 1-2: new full-speed USB device number 5 using s3¢2410-ohci
usb 1-2: device not accepting address 5, error -62
usb usb1-port2: unable to enumerate USB device
IP-Config: Complete:
device=eth0, hwaddr=00:e0:a3:a4:98:67, ipaddr=192.168.0.103, mask=255.255.255.0,
gw=192.168.0.1
host=www, domain=, nis-domain=(none)
bootserver=192.168.0.102, rootserver=192.168.0.102, rootpath=
ALSA device list:
#0: SMDK WM9713
dm9000 dm9000.0 ethO: link up, 100Mbps, full-duplex, Ipa 0x45E1
VES: Mounted root (nfs filesystem) on device 0:11.
Freeing unused kernel memory: 204K (c0635000 - c0668000)
mount: mounting none on /proc/bus/usb failed: No such file or directory
sk sk sk sk sk sk sk sk ok sk sk sk sk sk sk sk sk skosk sk sk sk sk sk sk skokoskoskokosk sk sk sk sksk ok
Welcome to Root FileSystem!
http://www.urbetter.com
s e sk s ot o s s o sk oot s s sk o skt o s ko sk sk o s ke sk stk o s sk ok
Starting Qtopia, please waiting...
Please press Enter to activate this console. touch...

[root@urbetter ~J# df
Filesystem 1K-blocks Used Available Use%  Mounted on
192.168.0.102:/root/fgj/nfs/rootfs 29799484 10941344 17321372 39% /
tmpfs 61528 0 61528 0% /dev/shm
[root@urbetter ~]# Is
bin etc lib mnt proc sbin sys udisk var
dev home linuxrc  opt root sdcard  tmp usr

[root@urbetter ~]#

M NFS RGBSR H % k.
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4512 NAND Flash 3zl

NAND Flash 2k ARG 5 WIS, ol UHRAAUE 20A00% . Linux WAZ. SCfF
Y%, NAND Flash X#h/&— LT MTD MR SRURE, B 7R AuRs), gtk
WS . AT MTD % £ )25 NAND Flash BX8) T K o

12.1 MTD &&=

12.1.1 MTD %%

ek A Linux ', MTD (Memory Technology Device) A2 (NAF5E) Fl LJZE
(CHRG) Z AFRHE—AN G — MR, XA LAFE Flash F#E 28T MTD JX3) 2 1)
RS MTH MTD KSR ) EZAR AR T, B2 L T TR &R Al 2 e A it 2 i e v
(1), BIEXS Flash A7 HAFHSCRE, JFALE TR IXIHERR . /580, K 12-1 2
MTD REEM)= KGRI .

/dev/mtdn /dev/mtdblockn

| I
MTDF /%% MTDH %2

MIDE | MTDJE##% &

NOR/NAND FLASH{z il %% R zh

NOR/NAND FLASH

12-1 MTD ZEREH

MTD JZf5 7 T MTD JBUR & H MTD W )2 . MTD W4 24T MTD Jlf s, B
5 MTD F45% 45 MTD Beiii 4. T4 MTD JRIGE A BHE L )2 mtd info, ‘&5
T REXT MTD [ D .

struct mtd_info {
u_char type;
uint32_t flags;
uint64_t size; // MTD Jj& k)
uint32_t erasesize;/#5 5 ¥ 70K/
uint32_t writesize; /5 #.76K/N
uint32_t writebufsize;// 5 2% K/
uint32_t oobsize; /&4 block H1 ] OOB i A/
uint32_t oobavail; /454> block HFF] H ) OOB “K/)s
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Bs

unsigned int erasesize_shift;

unsigned int writesize_shift;

unsigned int erasesize_mask;

unsigned int writesize mask;

unsigned int bitflip_threshold;/f7 j 7 BI{H, ik MR [M-EUCLEAN

const char *name;//44 F§

int index;

struct nand_ecclayout *ecclayout;//ECC #fi J5j

unsigned int ecc_step_size;//ECC step K/)

B> BCC step SLVFAI K AME &A1/

unsigned int ecc_strength;

IEGXAER

int numeraseregions;

struct mtd_erase region_info *eraseregions;

UG

int (*_erase) (struct mtd info *mtd, struct erase info *instr);

int (*_read) (struct mtd info *mtd, loff t from, size t len,size t *retlen, u_char *buf);
int (*_write) (struct mtd_info *mtd, loff tto, size t len,size t *retlen, const u_char *buf);
int (*_read oob) (struct mtd_info *mtd, loff t from,struct mtd oob_ops *ops);

int (*_write_oob) (struct mtd_info *mtd, loff t to,struct mtd_oob_ops *ops);

int (*_writev) (struct mtd info *mtd, const struct kvec *vecs,
unsigned long count, loff t to, size t *retlen);

void (* sync) (struct mtd_info *mtd);

int (*_lock) (struct mtd_info *mtd, loff t ofs, uint64 t len);

int (* unlock) (struct mtd_info *mtd, loff t ofs, uint64 t len);

int (*_is locked) (struct mtd info *mtd, loff t ofs, uint64 t len);

int (*_block isreserved) (struct mtd info *mtd, loff t ofs);

int (*_block isbad) (struct mtd info *mtd, loff t ofs);

int (*_block markbad) (struct mtd_info *mtd, loff t ofs);

int (*_suspend) (struct mtd_info *mtd);

void (*_resume) (struct mtd_info *mtd);

void (*_reboot) (struct mtd_info *mtd);

VEDEN

int (*_get device) (struct mtd_info *mtd);

void (* put device) (struct mtd_info *mtd);

struct backing_dev_info *backing_dev_info;//Ji & A7t % 7%

struct notifier_block reboot_notifier;//Z i i 4115

struct mtd_ecc_stats ecc_stats; /¥*ECC ARZA*/

int subpage_sft; /*F 7 {5 (NAND)*/

void *priv;

struct module *owner;

struct device dev;/%J M [ 7%

int usecount;

mtd_device_parse_register BRI T-i#HT 70X (mtd_partition), FFVEN MTD Jlh 4%
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int mtd_device parse register(struct mtd info *mtd, const char * const *types,
struct mtd_part parser data *parser data,
const struct mtd partition *parts,int nr_parts);

mtd_device_unregister PR RITH 4> MTD Jlh 4%
int mtd_device unregister(struct mtd_info *master);
MTD J5 512 RIFEA SR AR LT R KL

int mtd_read(struct mtd_info *mtd, loff_t from, size_t len, size_t *retlen,u_char *buf);//i5

int mtd_write(struct mtd_info *mtd, loff t to, size t len, size_t *retlen,const u_char *buf);//5
int mtd_read_oob(struct mtd_info *mtd, loff t from, struct mtd_oob_ops *ops); //i&Z OOB
int mtd_block markbad(struct mtd_info *mtd, loff t ofs); /FRiCIRER

int mtd_block_isbad(struct mtd_info *mtd, loff t ofs);/& ALk

int mtd_erase(struct mtd_info *mtd, struct erase_info *instr); //4EFRER

H1 T Linux REH K MTD &t 7 RSN P ARSI, X MTD B ff#R
fE, EEEX R LIRS T 50 LA A& 1907 3. NS MTD S (1 i 5

#define MTD_CHAR_MAIJOR 90
#define MTD_BLOCK_MAJOR 31

AR Jt/dev Hag N MTD #4519 5, mtdn Al mtdero AU 7475 % . mtdblockn fRFEHR

root@/dev]#ls | grep mtd

mtd0 mtdOro mtd1 mtdlro
mtd2 mtd2ro mtd3 mtd3ro
mtdblockO mtdblock1 mtdblock2 mtdblock3

12.1.2 MTD {5545
MTD P % ) SZBUAE mtdchar.e SCAFEH . RIHE MTD P47 & e RS .

static const struct file operations mtd_fops = {

.owner =THIS MODULE,

Alseek = mtdchar_lseek,

.read = mtdchar_read,

.write = mtdchar write,

.unlocked ioctl = mtdchar unlocked ioctl,

#ifdef CONFIG COMPAT
.compat_ioctl = mtdchar compat ioctl,

#endif
.open = mtdchar_open,
release = mtdchar_close,
.mmap = mtdchar mmap,

#ifndef CONFIG_MMU
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.get unmapped area = mtdchar get unmapped area,

.mmap_capabilities = mtdchar mmap_capabilities,

#endif
fie
int __init init_mtdchar(void)
{
int ret;

//H17 1 << MINORBITS /> MTD T84
ret=__ register chrdev(MTD CHAR MAIJOR, 0, 1 << MINORBITS,"mtd", &mtd_fops);
if (ret < 0) {

pr_err("Can't allocate major number %d for MTD\n",MTD_CHAR_MAIJOR);

return ret;

¥

return ret;
}
void _ exit cleanup_mtdchar(void)
{

__unregister chrdev(MTD CHAR MAIJOR, 0, 1 << MINORBITS, "mtd");
}

__register_chrdev PRZLENE IV M — R A A& AR B %5 U7 38K R P17 4 o
HUTHIFE 1711 register_chrdev_region FRIEUL AL T register chrdev PRE. WAZIN I MTD Jit
B I 2V E M —A MTD A7 £

#define MTD_DEVT(index) MKDEV(MTD_CHAR_MAJOR, (index)*2)
int add mtd device(struct mtd_info *mtd)

{
i=idr_alloc(&mtd_idr, mtd, 0, 0, GFP_KERNEL);//7Fl—> ID

mtd->index = i;

mtd->dev.type = &mtd devtype;

mtd->dev.class = &mtd_class;

mtd->dev.devt = MTD_DEVT(i);/MTD % %5

dev_set_name(&mtd->dev, "mtd%d", i);

dev_set_drvdata(&mtd->dev, mtd);

of node get(mtd get of node(mtd));

INENE MTD P45, 2B /sys BE& 19 11,051 mdev G /dev 45715 51
error = device register(&mtd->dev);

if (error)goto fail added;

/1B ro BRI AT, IXBERE T N AL

device create(&mtd_class, mtd->dev.parent, MTD_DEVT(i) + 1, NULL,"mtd%dro", i);

}
MTD FRFBEE AT IT I I B #6570 XA NI s 8 4% 45 44 (mtd_info). MTD 7
FERCAATIT RS R
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static int mtdchar open(struct inode *inode, struct file *file)
{
int minor = iminor(inode);
int devnum = minor >> 1;
int ret = 0;
struct mtd_info *mtd;
struct mtd_file info *mfi;
pr_debug("MTD_open\n");
AW RW 7704 TJF RO BE#*/
if ((file->f mode & FMODE WRITE) && (minor & 1))
return -EACCES;
mutex lock(&mtd mutex);
mtd = get_mtd_device(NULL, devnum);//3R73 mtd_info Z514
if (IS_ERR(mtd)) {
ret = PTR_ERR(mtd);
goto out;
b
if (mtd->type == MTD_ABSENT) {
ret = -ENODEYV;
goto outl;
}
PRI AT RW J5 AT HFAN AT 5 B4/
if ((file->f mode & FMODE WRITE) && !(mtd->flags & MTD_ WRITEABLE)) {
ret = -EACCES;
goto outl;
}
mfi = kzalloc(sizeof(*mfi), GFP_KERNEL);
if (!mfi) {
ret = -ENOMEM;
goto outl;
}
mfi->mtd = mtd;
file->private data = mfi;
mutex unlock(&mtd mutex);
return 0;
outl:
put mtd device(mtd);
out:
mutex unlock(&mtd mutex);
return ret;

} /*mtdchar_open*/

MTD G244 2355 % % /dev/mtdn 5 5. %) Flash [R50 45 D448 F MTD 545 1% %
PeO, R4 58 ot Flash (IS PYAN S X S -

#flash_eraseall /dev/mtd3

297



Linux X #h42 5 & =6 % 2 &

B 120 MTD FF B A HE AR
R mtd-utils THELH flash_erase TR, R T MTD 541000
FERAT

static const char *mtd_device;//mtd P47 % L4444, Ul/dev/mtd4
libmtd t mtd desc;
struct mtd_dev_info mtd;
int main(int argc, char *argv[])
{
mtd_desc = libmtd_open();
if (mtd_desc == NULL)
return errmsg("can't initialize libmtd");
if ((fd = open(mtd_device, O RDWR)) < 0)
return sys_errmsg("%s", mtd device);
if (mtd_get dev_info(mtd_desc, mtd_device, &mtd) < 0)/FKH K %5 KL
return errmsg("mtd_get dev_info failed");
if (jffs2 && mtd.type == MTD_MLCNANDFLASH)
return errmsg("JFFS2 cannot support MLC NAND.");
eb_start = start / mtd.eb_size;
iSNAND = mtd.type == MTD_NANDFLASH || mtd.type == MTD_MLCNANDFLASH;
if (eb_cnt == 0)
eb_cnt = (mtd.size / mtd.eb_size) - eb_start;
for (eb =eb_start; eb <eb_start + eb_cnt; eb++) {
offset = (off t)eb * mtd.eb_size;
if (Inoskipbad) {
int ret = mtd_is_bad(&mtd, fd, eb);/;& T IR R
if (ret>0) {
verbose(!quiet, "Skipping bad block at %08"PRIxoff t, offset);
continue;
} else if (ret < 0) {
if (errno == EOPNOTSUPP) {
noskipbad = 1;
if (isNAND)
return errmsg("'%s: Bad block check not available", mtd_device);
} else
return sys_errmsg("%s: MTD get bad block failed", mtd device);

}
show_progress(&mtd, offset, eb, eb_start, eb_cnt);/ 7~ i
if (unlock) {
if (mtd_unlock(&mtd, fd, eb) !=0) {
sys_errmsg("%s: MTD unlock failure", mtd device);

continue;

b
if (mtd_erase(mtd_desc, &mtd, fd, eb) !=0) {
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sys_errmsg("%s: MTD Erase failure", mtd_device);
continue;
b
PENIRZ ALY
if (iSNAND) {
if (mtd write oob(mtd desc, &mtd, fd, (uint64 t)offset + clmpos, clmlen,

&cleanmarker) !=0)

sys_errmsg("%s: MTD writeoob failure", mtd device);
continue;
}
} else {
if (pwrite(fd, &cleanmarker, sizeof{cleanmarker), (loff t)offset) = sizeof(cleanmarker)) {
sys_errmsg("%s: MTD write failure", mtd_device);

continue;

}

verbose(!quiet, " Cleanmarker written at %"PRIxoff t, offset);
}
show_progress(&mtd, offset, eb, eb_start, eb_cnt);
bareverbose(!quiet, "\n");
return 0;

}
mtd_erase B0 ] MEMERASE IOCTL K34 Flash, HAASZHLIT .

int mtd_erase(libmtd t desc, const struct mtd dev_info *mtd, int fd, int eb)
{
int ret;
struct libmtd *1lib = (struct libmtd *)desc;
struct erase_info_user64 ei64;
struct erase_info_user ei;
ret=mtd valid erase block(mtd, eb);
if (ret)
return ret;
eib4.start = (_ u64)eb * mtd->eb_size;
ei64.length = mtd->eb_size;
IMURSCRF 64 7l
if (lib->offs64 ioctls == OFFS64 IOCTLS SUPPORTED ||
lib->o0ffs64 ioctls == OFFS64 IOCTLS UNKNOWN) {
ret = ioctl(fd, MEMERASEG64, &ei64);
if (ret == 0)
return ret;
if (errno != ENOTTY ||
lib->offs64 ioctls = OFFS64 IOCTLS UNKNOWN)
return mtd_ioctl error(mtd, eb, "MEMERASE64");
// MEMERASE64 M Linux 2.6.31 A JFUh 35
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lib->offs64 ioctls = OFFS64 IOCTLS NOT SUPPORTED;
}
if (ei64.start + ei64.length > OXFFFFFFFF) {
errmsg("this system can address only %u eraseblocks",0xFFFFFFFFU / mtd->eb_size);
errno = EINVAL;
return -1;
}
el.start = ei64.start;
ei.length = ei64.length;
ret = ioctl(fd, MEMERASE, &ei);
if (ret < 0)
return mtd_ioctl error(mtd, eb, "MEMERASE");
return 0;

12.1.3 MTD Hei%4%

MTD S R8I 7E mtdblock.c SCAFHSEIL. MTD HRECEAE ] mtd_blktrans_dev
iR . %G MTD J5lA% % (mtd_info) S1EM%70 X (gendisk) HEZRAE i,

struct mtd_blktrans dev {

s

struct mtd_blktrans_ops *tr;/MTD HAL 4t
struct list_head list;

struct mtd_info *mtd;/><EXf) mtd_info £544
struct mutex lock;

int devnum;

bool bg_stop;

unsigned long size;

int readonly;

int open;

struct kref ref;,

struct gendisk *disk;//4 X £t

struct attribute_group *disk_attributes;/J& 41

struct workqueue_struct *wq;

struct work_struct work;

struct request_queue *rq;//i# =K A1

spinlock t queue lock;

void *priv;

fmode _t file_mode;

NS4 MTD R4 EM SRR . B 2e i EM MTD Bt .
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.blksize =512,

.open = mtdblock open,
flush = mtdblock flush,
release = mtdblock release,
.readsect = mtdblock readsect,
.writesect = mtdblock writesect,

.add mtd = mtdblock add mtd,

remove_dev=mtdblock remove dev,

.owner =THIS MODULE,
15
static int __init init mtdblock(void)
{
return register mtd_blktrans(&mtdblock tr);
}

register_ mtd_blktrans FRELH ] T register_blkdev PREGE MR %

int register mtd blktrans(struct mtd_blktrans_ops *tr)
{
struct mtd_info *mtd;
int ret;
if (!blktrans_notifier.list.next)
register_mtd_user(&blktrans_notifier);
mutex lock(&mtd table mutex);
ret = register_blkdev(tr->major, tr->name);/JE M ER % %
if (ret < 0) {
printk(KERN WARNING "Unable to register %s block device on major %d: %d\n",
tr->name, tr->major, ret);
mutex unlock(&mtd table mutex);
return ret;
}
if (ret)
tr->major = ret;
tr->blkshift = ffs(tr->blksize) - 1;
INIT_LIST HEAD(&tr->devs);
list add(&tr->list, &blktrans majors);
mtd for each device(mtd)
if (mtd->type != MTD_ABSENT)
tr->add_mtd(tr, mtd);
mutex unlock(&mtd table mutex);

return 0;

}

M T W, 8 mtdblock tr B T mtdblock tr £544 1) add mtd % i pR %L, Wt e
mtdblock_add mtd p&%5.
MTD EH —A mtd_notifier 4544, 1A MTD i@ %04 .
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struct mtd_notifier {
void (*add)(struct mtd_info *mtd);
void (*remove)(struct mtd_info *mtd);
struct list_head list;

15
register mtd_blktrans PRSI T —N44 4 blktrans_notifier ) mtd notifier.

static struct mtd notifier blktrans notifier = {
.add = blktrans notify add,
.remove = blktrans notify remove,

15
BRI blktrans notify add &I, %KECH A T mtd blktrans ops [ add mtd % i1, SEBs_E
3t /& mtdblock add mtd.
J4h MTD s ¥ &Nk %L add mtd device (JL_E30) S H N T BT mtd notifier
2RI add 201, T A4 H mtdblock add mtd:

int add mtd device(struct mtd_info *mtd)

{

list for each entry(not, &mtd_notifiers, list)
not->add(mtd);

}

Wt AL, I MTD JREG B &I 452 25T H mtdblock tr 1) add mtd Ji 5% (mtdblock add
mtd). mtdblock add mtd pREARAL T

static void mtdblock add mtd(struct mtd blktrans ops *tr, struct mtd_info *mtd)
{
struct mtdblk dev *dev = kzalloc(sizeof(*dev), GFP_KERNEL);
if (!dev)
return;
dev->mbd.mtd = mtd;
dev->mbd.devnum = mtd->index;
dev->mbd.size = mtd->size >> 9;
dev->mbd.tr = tr;
if (!(mtd->flags & MTD WRITEABLE))
dev->mbd.readonly = 1;
if (add_mtd_blktrans_dev(&dev->mbd))
kfree(dev);

b
mtdblock add mtd #6 %04 H add mtd blktrans dev 4 MTD JIG &R IN T — D IX
(gendisk), X MTD BLis % 1)tk o
int add mtd blktrans dev(struct mtd blktrans dev *new)
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gd = alloc_disk(1 << tr->part_bits);

if (!gd)goto error2;

new->disk = gd;

gd->private data = new;

gd->major = tr->major;

gd->first_minor = (new->devnum) << tr->part_bits;
gd->fops = &mtd_block ops;

set_capacity(gd, ((u64)new->size * tr->blksize) >> 9);

add_disk(gd);
}

MTD Hei% £ s — AL T/dev/mtdblockn. % MTD ¥ £ il %F MTD Heik & 714
YEo MTD 43 X 1158 ST A :

static struct mtd partition rx1950 nand part[] = {
[0]={
.name = "Boot0",
.offset =0,
.size = 0x4000,
.mask flags =MTD_ WRITEABLE,

.name = "Boot1",

.offset = MTDPART OFS_APPEND,
.size = 0x40000,

.mask flags=MTD_ WRITEABLE,

.name = "Kernel",

.offset = MTDPART OFS_APPEND,
.size = 0x300000,

.mask flags =0,

.name = "Filesystem",
.offset = MTDPART OFS_APPEND,
.size = MTDPART SIZ FULL,
.mask flags =0,
fi2
S XAE RS Tl RN, XSRS . MTDPART_OFS_APPEND #
ML X EER AL TF4f . mtd add device partitions PRAECA MTD B4R I3 [X -

static int mtd add device partitions(struct mtd_info *mtd,struct mtd_partitions *parts);
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2 W

7041 mtd add device partitions PREL, P RIAFAEUW AR : mtd add device
partitions->add_mtd_partitions->add_mtd_device. add mtd device PRE({E MTD W £UKEN 114

HEZAMEG, HotEd MTD 7R85 MTD BBt
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#define NAND_CMD_READOOB 0x50
#define NAND CMD_ERASEI 0x60
#define NAND CMD_STATUS 0x70
#define NAND CMD_SEQIN 0x80
#define NAND_CMD_RNDIN 0x85
#define NAND_CMD_READID 0x90
#define NAND_CMD_ERASE2 0xdo
#define NAND_CMD_PARAM Oxec

#define NAND CMD_GET FEATURES Oxee
#define NAND CMD_SET FEATURES Oxef

#define NAND_CMD_RESET Oxff
#define NAND_CMD LOCK 0x2a
#define NAND_CMD_UNLOCK1 0x23
#define NAND_CMD_UNLOCK2 0x24

12.2.2  NAND BolZ2449%
NAND #0025 {E/drivers/mtd/nand H 5. NAND .t /i H nand_chip &5 7R:

struct nand_chip {
struct mtd_info mtd;
void _iomem *IO_ADDR_ R/ kit
void _iomem *IO_ADDR W;//"5 Hiufi:
uint8 t (*read byte)(struct mtd_info *mtd);
ul6 (*read word)(struct mtd_info *mtd);
void (*write byte)(struct mtd info *mtd, uint8 t byte);
void (*write_buf)(struct mtd info *mtd, const uint8 t *buf, int len);
void (*read_buf)(struct mtd info *mtd, uint8 t *buf, int len);
void (*select_chip)(struct mtd_info *mtd, int chip);/iEFET A
int (*block bad)(struct mtd_info *mitd, loft t ofs, int getchip);
int (*block markbad)(struct mtd_info *mtd, loff t ofs);/FRic A LR
void (*emd_ctrl)(struct mtd_info *mtd, int dat, unsigned int ctrl);//fiy4 5 H| ST
int (*dev_ready)(struct mtd_info *mtd);/ 15 £ il 26
void (*emdfunc)(struct mtd_info *mtd, unsigned command, int column,int page_addr);// &% 4
int(*waitfunc)(struct mtd_info *mtd, struct nand_chip *this);//Z5 5
int (*erase)(struct mtd_info *mitd, int page);//# [
int (*scan_bbt)(struct mtd_info *mtd);//#4 BBT
int (¥errstat)(struct mtd info *mtd, struct nand_chip *this, int state,int status, int page);
int (*write page)(struct mtd info *mtd, struct nand_chip *chip,
uint32 t offset, int data_len, const uint§_t *buf,
int oob_required, int page, int cached, int raw);
int (*onfi_set features)(struct mtd info *mtd, struct nand_chip *chip,
int feature addr, uint8 t *subfeature para);
int (*onfi_get features)(struct mtd info *mtd, struct nand chip *chip,
int feature addr, uint8 t *subfeature para);
int (*setup_read _retry)(struct mtd_info *mtd, int retry mode);
int chip_delay;
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//OOB 5 ECC X

uint8 t *oob_poi;

struct nand hw_control *controller;
struct nand_ecc_ctrl ecc;

struct nand_buffers *buffers;

struct nand_hw_control hwcontrol;
uint8_t *bbt;/IREE

struct nand bbt_descr *bbt_td;
struct nand_bbt_descr *bbt md;
struct nand bbt_descr *badblock pattern;
void *priv;

15
nand_set defaults BR%UH K% & NAND Flash it 7 (R ER A A R 44

static void nand_set_defaults(struct nand_chip *chip, int busw)
{
[ERINZEIR 2y 20ps™/
if (!chip->chip_delay)
chip->chip delay = 20;
if (chip->cmdfunc == NULL)
chip->cmdfunc = nand command,
if (chip->waitfunc == NULL)
chip->waitfunc = nand_wait;
if (!chip->select_chip)
chip->select_chip =nand select chip;
if (Ichip->onfi_set_features)
chip->onfi_set features =nand onfi set features;
if (!chip->onfi_get features)
chip->onfi_get features =nand onfi get features;
if (Ichip->read_byte || chip->read byte == nand read byte)
chip->read byte = busw ? nand read bytel6 : nand read byte;
if (!chip->read word)
chip->read word = nand read word;
if (!chip->block bad)
chip->block bad =nand block bad;
if (!chip->block markbad)
chip->block markbad = nand_default block markbad;
if (!chip->write buf || chip->write buf == nand write buf)
chip->write buf =busw ? nand write bufl6 : nand write buf;
if (!chip->write byte || chip->write byte == nand write byte)
chip->write byte = busw ? nand write bytel6 : nand write byte;
if (chip->read _buf || chip->read buf==nand read buf)
chip->read buf=busw ? nand read bufl6 : nand read buf;
if (!chip->scan_bbt)
chip->scan_bbt =nand_default bbt;
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if (!chip->controller) {
chip->controller = &chip->hwcontrol;
spin_lock init(&chip->controller->lock);
init_waitqueue head(&chip->controller->wq);

}

L BRI A & K% B4k nand_command:

static void nand command(struct mtd info *mtd, unsigned int command,int column, int page addr)
{

register struct nand_chip *chip = mtd_to_nand(mtd);

int ctrl = NAND_CTRL CLE | NAND CTRL CHANGE;

115 R IE AT A
if (command == NAND CMD_SEQIN) {/ NAND CMD SEQIN i #ii#h kb B
int readcmd,;

if (column >= mtd->writesize) {
/*O0OB [X*/
column -= mtd->writesize;
reademd = NAND CMD_READOOB;
} else if (column < 256) {
/*First 256 bytes --> READO0*/
readcmd = NAND CMD_ READO;
} else {
column = 256;
reademd = NAND CMD_READI;
H
chip->cmd_ctrl(mtd, reademd, ctrl);
ctrl &= ~NAND CTRL CHANGE;
}
chip->cmd_ctrl(mtd, command, ctrl);
IR ik 4 ik
ctrl=NAND CTRL ALE |NAND CTRL CHANGE;
if (column !=-1) {
/* 2 16bit £k 55 T 51/
if (chip->options & NAND BUSWIDTH 16 &&!nand opcode 8bits(command))
column >>=1;
chip->cmd_ctrl(mtd, column, ctrl);
ctrl &= ~NAND CTRL CHANGE;
b
if (page addr !=-1) {
chip->cmd_ctrl(mtd, page addr, ctrl);
ctrl &= ~NAND CTRL_CHANGE;
chip->cmd_ctrl(mtd, page addr >> §, ctrl);
PEFR KT 32MB I BE#*/
if (chip->chipsize > (32 << 20))
chip->cmd _ctrl(mtd, page addr >> 16, ctrl);
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}
chip->emd_ctrl(mtd, NAND_CMD_NONE, NAND_NCE | NAND_CTRL_CHANGE);

// Program 5 erase #i 2 H 1 busy AAFIRES, JoFTLEiR
switch (command) {
case NAND CMD PAGEPROG:
case NAND CMD ERASEIl:
case NAND CMD_ ERASE2:
case NAND CMD_SEQIN:
case NAND CMD STATUS:
return;
case NAND_CMD_RESET:
if (chip->dev_ready)break;
udelay(chip->chip_delay);
chip->cmd_ctrl(mtd, NAND_CMD_STATUS,NAND CTRL CLE | NAND_ CTRL

CHANGE);
chip->cmd_ctrl(mtd, NAND CMD_ NONE, NAND NCE | NAND CTRL CHANGE);
/HFE ONFi v4.0, %54 250ms*/
nand wait status_ready(mtd, 250);
return;
default:
HBRICIED IR BUSY &, USER i o]
if (Ichip->dev_ready) {
udelay(chip->chip_delay);
return;
b
}
ndelay(100);
nand_wait_ready(mtd);//A515 4G
}

NN ERIA ) NAND Flash 385 #: K 5231

static void nand write buf(struct mtd info *mtd, const uint8_t *buf, int len)

{
struct nand_chip *chip =mtd to nand(mtd);
iowrite8_rep(chip->I0_ADDR_W, buf, len);/iE£E[1) 10 5
}
static void nand read buf{(struct mtd info *mtd, uint8 t *buf, int len)
{
struct nand_chip *chip =mtd to nand(mtd);
ioread8_rep(chip->IO0_ADDR R, buf, len); ///E£E) 10 £
}

12.2.3 NAND Flash JAbpf

NAND Flash 4342 M (block), $NALEHZATT (page), AFAN 7L HL AL 75 £ dfs X LA
J2 OOB [X . & 12-4 J K9F2GOSXO0A 1L 4514
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1 =64T1T
(128K+4K) 55

I TI=QK+64)F+5
1/ H=(2K+64)B X 64T
128KATT =(128K+4K) 5
(=2.0484~H) 1% 5=(2K+64)B X 64 T X 2.048%
S =2.112Mbits
8bit
2K o455
. 1/0 0~1/0 7
| e S | /
2K 647715

K 12-4 KIF2GO8XO0A fEfiB&if4

OOB X CiffAMX ) fEI —SehE bk H s, R E LM Hi/e ECC (Error Checking and
Correction) #(#i. ECC HKA 7 block (A& IER, BREAIE 1bit MEWRER, Jfhe
KA 2bit (R BB, S EAENE A ECC H, f#E] OOB H. 4
I, 20 BRI ESRE A H BECC, 5 00B i) ECC #EATXS b i 1bit I3
B RSl bR, SRS N Flash (1) BBT (bad block table) #. Linux W% JH
FI 2B BBT %, JEIHF NAND #fEageid BBT Mk, Nt BBT 94, W LABE
nand_chip 5 #Jf¥) options >4 2% BBT 14

#define NAND_SKIP_ BBTSCAN 0x00010000

MR, BN SRS RS BRI, W SERSTICER ), W EE
Bt S A . TR ZMAXRA K WIZE S RABHEREAE Flash FIEEADIX, MR
G BLREE, AT T A3MER .. ECC ARKIKERAE LR IT -

struct nand_ecc_ctrl {
nand_ecc_modes_t mode;
int steps;// 1 1] ECC step (i
int size;//5F ECC step 57114
int bytes; /54> ECC step ] ECC ¥4
int total;/4F VL EA [ ECC 2715
int strength;//AE4 ECC step 24 1E 15 K bit 21
int prepad,;
int postpad,
unsigned int options;//ECC 5
struct nand_ecclayout *layout;//ECC 4fi J7
void *priv;
void (*hwetl)(struct mtd_info *mtd, int mode);
int (*calculate)(struct mtd_info *mtd, const uint8_t *dat,uint8 t *ecc_code);//745 ECC
int (*correct)(struct mtd_info *mtd, uint8_t *dat, uint8_t *read_ecc,uint8 t *calc_ecc);//2! I
int (*read page raw)(struct mtd_info *mtd, struct nand_chip *chip,
uint8_t *buf, int oob_required, int page); /TCAR L5 TT
int (*write page raw)(struct mtd info *mtd, struct nand chip *chip,
const uint8_t *buf, int oob_required, int page); //ToFL K5 HL
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Bs

int (*read page)(struct mtd_info *mtd, struct nand chip *chip,

uint8_t *buf, int oob_required, int page);//is JL
int (*read_subpage)(struct mtd_info *mtd, struct nand chip *chip,

uint32_t offs, uint32_t len, uint8_t *buf, int page);//i5L ¥ 1T
int (*write_subpage)(struct mtd_info *mtd, struct nand_chip *chip,/’5 - 1T

uint32 t offset, uint32 t data len,const uint8 t *data_buf, int oob_required, int page);
int (*write_page)(struct mtd_info *mtd, struct nand_chip *chip,

const uint8_t *buf, int oob_required, int page);//’5 UL
int (*write_oob_raw)(struct mtd_info *mtd, struct nand_chip *chip,int page); //JToi 55 OOB
int (*read_oob_raw)(struct mtd_info *mtd, struct nand_chip *chip,int page); //Fof 5% 15 OOB
int (*read_oob)(struct mtd_info *mtd, struct nand_chip *chip, int page);//isz OOB
int (*write_oob)(struct mtd_info *mtd, struct nand_chip *chip,int page);//’5 OOB

FAMTER N . FE T, 3 T40, Nand Flash (348 block 231 /K H IR bit 22511
B, BIREEE bit 1 4800 0,80 0 482k 1, XMINGHRAEAL 4% (bitflip). HBL 1bit [
PLREERREE R, TEMEBAHE R ESR Y. (HXF 5 1bit 47 s, v REHER, bk
Hai% block HHHAD bit kLR AN B, A TER MEER . 7% ] LA nanddump
THAM 555

root@ # nanddump /dev/mtdS -fa.txt -1 8388608 -o

ECC: 1 corrected bitflip(s) at offset 0x0920b800(iX HL A7 [z 48 7R (K7 51])

12.3 S3C6410X NAND Flash IR 5]

AIRENEIRES, S3C6410X M KIF2GO8XO0A 5o “FE W AT P a5 X (5

SE XA

struct mtd_partition s3¢_partition_info[] = {
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{
.name = "Bootloader",
.offset =0,
.size =(256*SZ 1K),
.mask_flags =MTD_CAP_NANDFLASH,
e
{
.name = "Kernel",
.offset =(256*SZ 1K),
.size = (4*SZ_1M) - (256*SZ_1K),
.mask_flags =MTD_CAP_NANDFLASH,
e
{
.name = "Rootfs",
.offset = (4*SZ_1M),
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.size = (80*SZ_1M),//(48*SZ_1M),
¥
{
.name = "File System",
offset = MTDPART OFS_APPEND,
.size = MTDPART SIZ FULL,
}

|5

struct s3¢2410 nand_set s3¢_nand mtd part_info = {
.ar_chips =1,
.r_partitions = ARRAY_SIZE(s3c_partition_info),

.partitions = s3c_partition_info,

15
struct flash platform data s3c_onenand data = {
.parts = s3c_partition_info,
.r_parts =ARRAY_ SIZE(s3c_partition_info),

e
static struct resource s3¢_nand_resource[] = {
[0] = DEFINE_RES_MEM(S3C_PA NAND, SZ 1M),

e
struct platform_device s3¢_device nand = {
.name = "s3¢2410-nand",
.id =-1,
.num_resources =ARRAY_SIZE(s3c_nand resource),
.resource =s3c nand resource,
e
static void __init smdk6410 machine_init(void)
{

s3c_device nand.name = "s3c6410-nand";

s3c_device nand.dev.platform data = &s3c_nand mtd part_info;

}
5 KA 2 ST

static struct platform_driver s3c6410 nand driver = {
.probe =53c6410 nand probe,
.remove =s3c_nand_remove,
.suspend =s3c nand suspend,
.resume =s3c_nand_resume,
.driver ={

.name = "s3c6410-nand",
.owner = THIS MODULE,

b
$3¢6410 _nand_probe PRESERR F 2 s3¢_nand probe PREL, J5d LALLM
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static int s3¢_nand_probe(struct platform_device *pdev, enum s3c_cpu_type cpu_type)
{
struct s3¢2410 nand_set *plat_info = pdev->dev.platform_data;
struct mtd_partition *partition_info = (struct mtd_partition *)plat info->partitions;
struct nand_chip *nand;

struct resource *I‘CS;

int err = 0;
int ret = 0;
int i, j, size;

#if defined(CONFIG MTD NAND S3C HWECC)
struct nand flash dev *type = NULL;
u_char tmp;
#endif
PRI B AL e/
s3c_nand.clk = clk get(&pdev->dev, "nand");
if (IS_ERR(s3c_nand.clk)) {
dev_err(&pdev->deyv, "failed to get clock™);
err = -ENOENT;
goto exit_error;
}
clk prepare enable(s3c_nand.clk);
res = pdev->resource;
size = res->end - res->start + 1;
s3c_nand.area = request mem_region(res->start, size, pdev->name);
if (s3¢c_nand.area == NULL) {
dev_err(&pdev->dev, "cannot reserve register region\n");
err = -ENOENT;

goto exit_error;

H

s3c nand.cpu_type =cpu type;

s3c_nand.device = &pdev->dev;

s3c_nand.regs = ioremap(res->start, size);// A5 A7 s LT

if (s3c_nand.regs == NULL) {
dev_err(&pdev->dev, "cannot reserve register region\n");
err = -EIO;
goto exit_error;
}
M5 MTD SR B 55 5 B/
s3c_mtd = kmalloc(sizeof(struct mtd_info) + sizeof(struct nand chip), GFP_ KERNEL);
if (Is3c_mtd) {
printk("Unable to allocate NAND MTD dev structure.\n");
return -ENOMEM;
}
nand = (struct nand_chip *) (&s3c_mtd[0]);
memset((char *) s3c_mtd, 0, sizeof(struct mtd_info));
memset((char *) nand, 0, sizeof(struct nand_chip));
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PR 7 XA SN MTD B4/

s3¢_mtd->priv = nand,

for (1= 0; i <plat_info->nr_chips; i++) {
nand->]O_ADDR R = (char *)(s3c_nand.regs + S3C NFDATA);
nand->I0 ADDR W = (char *)(s3c_nand.regs + S3C NFDATA);

nand->cmd_ctrl =s3c_nand hwcontrol;
nand->dev_ready =s3c nand device ready;
nand->scan_bbt =s3c nand scan bbt;
nand->options =0;

#if defined(CONFIG MTD NAND S3C_HWECC)/fi 3 & X T fifif: ECC
nand->ecc.mode =NAND ECC HW;
nand->ecc.hwctl =s3c nand enable hwecc;
nand->ecc.calculate  =s3c nand calculate ecc;
nand->ecc.correct =s3c nand correct data;

s3¢_nand hwcontrol(0,NAND CMD READID,NAND NCENAND CLE|
NAND CTRL CHANGE);
s3c nand hwcontrol(0, 0x00, NAND CTRL CHANGE | NAND NCE | NAND_ ALE);
s3c_nand hwcontrol(0, 0x00, NAND NCE | NAND ALE);
s3c_nand hwcontrol(0, NAND CMD NONE, NAND NCE | NAND CTRL CHANGE);
s3c_nand device ready(0);
tmp = readb(nand->I0_ADDR_R); /*#lli i ID*/
tmp = readb(nand->I0_ADDR _R); /* %% ID*/
for (j = 0; nand flash ids[j].name != NULL; j++) {
if (tmp == nand _flash ids[j].dev_id) {
type = &nand_flash_ids[j];

break;

H
H
if (Itype) {

printk("Unknown NAND Device.\n");

goto exit_error;
b
nand->bits_per_cell = readb(nand->I0_ADDR R);  /*55 3 S205%/
tmp = readb(nand->I0_ADDR _R); /*5 4 AT/

if (Itype->pagesize) {
if (((nand->bits_per_cell >> 2) & 0x3) =0) {

nand type =S3C NAND TYPE SLC;

nand->ecc.size = 512;

nand->ecc.bytes =4,

if (1024 << (tmp & 0x3)) > 512) {
nand->ecc.read page = s3c nand read page 1bit;
nand->ecc.write_page = s3c_nand write page 1bit;
nand->ecc.read_oob = s3c nand read oob_1bit;
nand->ecc.write_oob = s3¢_nand write_oob_1bit;
nand->ecc.layout = &s3c_nand oob 64;

} else {
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nand->ecc.layout = &s3c_nand oob 16;
}
} else {
nand_type =S3C NAND TYPE MLC;
nand->options |= NAND NO SUBPAGE WRITE;  /* A3 5i5+*/
nand->ecc.read_page =s3c_nand read page 4bit;
nand->ecc.write_page = s3c_nand write page 4bit;
nand->ecc.size = 512;
nand->ecc.bytes = §;
nand->ecc.layout = &s3c_nand oob_mlc 64;

#else
nand->ecc.mode = NAND ECC_SOFT;/# {4} ECC #iz{
#endif
if (nand_scan(s3c_mtd, 1)) {//#-/3 nand
ret = -ENXIO;
goto exit_error;
}
PRI, ISINBERE/
add_mtd_partitions(s3c_mtd, partition_info, plat_info->nr_partitions);
}
pr_debug("initialized ok\n");
return 0;
exit_error:
kfree(s3c_mtd);

return ret;

}

s3¢_nand probe PRELUH] T nand scan PR%{, nand scan PRECJS Y T nand set
defaults PREL, XFFRHE7 NAND #EREA FAF @ A AR BE PR 2. s3¢_nand hwcontrol BR
BORAEAAH R AT L, TR TR A& Ly Mtk DU R s A A JAD «

static void s3c_nand hwecontrol(struct mtd_info *mtd, int dat, unsigned int ctrl)
{
unsigned int cur;
void _iomem *regs = s3c_nand.regs;
if (ctrl & NAND_CTRL_CHANGE) {
if (ctrl & NAND _NCE) {
if (dat '=NAND_CMD NONE) {
cur = readl(regs + S3C_NFCONT);
cur &= ~S3C NFCONT nFCEQ;
writel(cur, regs + S3C_NFCONT);
H
} else {
cur = readl(regs + S3C_NFCONT);
cur |= S3C_NFCONT nFCEQ;
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writel(cur, regs + S3C_NFCONT);

}
if (dat 1= NAND_CMD_NONE) {

if (ctrl & NAND CLE)

writeb(dat, regs + S3C_NFCMMD);
else if (ctrl & NAND_ALE)

writeb(dat, regs + S3C_NFADDR);

}
T S3C6410X NAND Flash it F 3 4E i 2 5245 :

[root@urbetter /home]# ./flash erase /dev/mtd3 0 1376

Erasing 128 Kibyte @ abe0000 -- 100 % complete

[root@urbetter /home]# rm b.txt

[root@urbetter /home]# ./nandwrite -p /dev/mtd3 a.txt

Writing data to block 0 at offset 0x0

[root@urbetter /home]# ./nanddump /dev/mtd3 -fb.txt-12000

ECC failed: 0

ECC corrected: 0

Number of bad blocks: 0

Number of bbt blocks: 0

Block size 131072, page size 2048, OOB size 64

Dumping data starting at 0x00000000 and ending at 0x000007dO0...

[root@urbetter /home]# cat b.txt

1234567890111111111111111111222222222222222222222222222222333333333333333333333333333
3333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333
3333333333

12.4 Ubifs 34 &R 532451

Ubifs SCPFRGEM B R jifs2 SAFRGITIRIRA . 55— ST Ubifs SCIFRGEES
PN NN AN IE- € &

[root@urbetter /home]# ./flash erase /dev/mtd3 0 1376
Erasing 128 Kibyte @ abe0000 -- 100 % complete
[root@urbetter /home]# ./ubiattach /dev/ubi ctrl -m 3 -d 0
ubi0: attaching mtd3

ubi0: scanning is finished

ubi0: empty MTD device detected

ubi0: attached mtd3 (name "File System", size 172 MiB)
ubi0: PEB size: 131072 bytes (128 KiB), LEB size: 129024 bytes
ubi0: min./max. I/O unit sizes: 2048/2048, sub-page size 512
ubi0: VID header offset: 512 (aligned 512), data offset: 2048
ubi0: good PEBs: 1376, bad PEBs: 0, corrupted PEBs: 0
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ubi0: user volume: 0, internal volumes: 1, max. volumes count: 128

ubi0: max/mean erase counter: 0/0, WL threshold: 4096, image sequence number: 3295973323

ubi0: available PEBs: 1332, total reserved PEBs: 44, PEBs reserved for bad PEB handling: 40

ubi0: background thread "ubi_bgt0d" started, PID 1187

UBI device number 0, total 1376 LEBs (177537024 bytes, 169.3 MiB), available 1332 LEBs (171859968

bytes, 163.9 MiB), LEB size 129024 bytes (126.0 KiB)

[root@urbetter /home]# ./ubimkvol /dev/ubi0 -n 0 -N rootfs0 -s 78MiB
Volume ID 0, size 634 LEBs (81801216 bytes, 78.0 MiB), LEB size 129024 bytes (126.0 KiB), dynamic,

name "rootfs0", alignment 1

LEBs)

[root@urbetter /home]# df
Filesystem 1K-blocks Used Available Use% Mounted on
192.168.10.102:/root/fgj/nfs/rootfs
29799484 10715960 17546756 38%/
tmpfs 61944 0 61944 0% /dev/shm
[root@urbetter /home]# ./mount -t ubifs ubi0_0 /mnt/disk
-/bin/sh: ./mount: not found
[root@urbetter /home]# mount -t ubifs ubi0_0 /mnt/disk
UBIFS (ubi0:0): default file-system created
UBIFS (ubi0:0): background thread "ubifs bgt0 0" started, PID 1194
UBIFS (ubi0:0): UBIFS: mounted UBI device 0, volume 0, name "rootfs0"
UBIFS (ubi0:0): LEB size: 129024 bytes (126 KiB), min./max. I/O unit sizes: 2048 bytes/2048 bytes
UBIFS (ubi0:0): ES size: 80510976 bytes (76 MiB, 624 LEBs), journal size 3999744 bytes (3 MiB, 31

UBIFS (ubi0:0): reserved for root: 3802731 bytes (3713 KiB)
UBIFS (ubi0:0): media format: w4/r0 (latest is w4/t0), UUID 4470747F-2824-47E7-81E5-

D7B6E64E8AAD, small LPT model

UBIFS (ubi0:0): full atime support is enabled.
[root@urbetter /home]# df
Filesystem 1K-blocks Used Available Use% Mounted on
192.168.10.102:/root/fgj/nfs/rootfs

29799484 10715960 17546756 38%/
tmpfs 61944 0 61944 0% /dev/shm
ubi0_0 73236 16 69504 0% /mnt/disk

Z Bl At

[root@urbetter disk]# echo aaa >aaa

XFE—A> Ubifs ARG T H)A Linux J&, o ik, afBLE

k=
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[root@urbetter /home]#./ubiattach /dev/ubi_ctrl -m 3 -d 0

ubi0: scanning is finished

ubi0: attached mtd3 (name "File System", size 172 MiB)

ubi0: PEB size: 131072 bytes (128 KiB), LEB size: 129024 bytes
ubi0: min./max. I/O unit sizes: 2048/2048, sub-page size 512
ubi0: VID header offset: 512 (aligned 512), data offset: 2048
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ubi0: good PEBs: 1376, bad PEBs: 0, corrupted PEBs: 0

ubi0: user volume: 1, internal volumes: 1, max. volumes count: 128

ubi0: max/mean erase counter: 2/1, WL threshold: 4096, image sequence number: 3295973323

ubi0: available PEBs: 698, total reserved PEBs: 678, PEBs reserved for bad PEB handling: 40

ubi0: background thread "ubi_bgt0d" started, PID 1178

UBI device number 0, total 1376 LEBs (177537024 bytes, 169.3 MiB), available 698 LEBs (90058752
bytes, 85.9 MiB), LEB size 129024 bytes (126.0 KiB)

[root@urbetter /home]# mount -t ubifs ubi0_0 /mnt/disk

UBIFS (ubi0:0): background thread "ubifs bgt0 0" started, PID 1183

UBIFS (ubi0:0): UBIFS: mounted UBI device 0, volume 0, name "rootfs0"

UBIFS (ubi0:0): LEB size: 129024 bytes (126 KiB), min./max. I/O unit sizes: 2048 bytes/2048 bytes

UBIFS (ubi0:0): FS size: 80510976 bytes (76 MiB, 624 LEBs), journal size 3999744 bytes (3 MiB, 31
LEBs)

UBIFS (ubi0:0): reserved for root: 3802731 bytes (3713 KiB)

UBIFS (ubi0:0): media format: w4/r0 (latest is w4/r0), UUID 4470747F-2824-47E7-81ES-
D7B6E64ESAAD, small LPT model

UBIFS (ubi0:0): full atime support is enabled.

[root@urbetter /homel# df

Filesystem 1K-blocks Used Available Use% Mounted on

192.168.10.102:/root/fgj/nfs/rootfs

29799484 10715960 17546756 38%/

tmpfs 61944 0 61944 0% /dev/shm

ubi0 0 73236 24 69500 0% /mnt/disk

[root@urbetter /home]# cd /mnt/disk

[root@urbetter disk]# ls

aaa

[root@urbetter disk]# cat aaa

aaa

T ubifs [1)55—ANTAGREHI S R G BR . RJEBES 2] NAND Flash 73X, R
S

[root@urbetter /home]# ./mkfs.ubifs -r targetfs/ -o ubifs.img -m 2048 -e 129024
-c 1580
[root@urbetter /home]# ./ubinize -0 ubi.img -m 2048 -p 128KiB -s 512 -O 512 ubin
ize.cfg
[root@urbetter /home]# ./flash _erase /dev/mtd3 0 1376
Erasing 128 Kibyte @ abe0000 -- 100 % complete
[root@urbetter /home]# ./ubiformat /dev/mtd3 -f ./ubi.img
ubiformat: mtd3 (nand), size 180355072 bytes (172.0 MiB), 1376 eraseblocks of 131072 bytes (128.0
KiB), min. I/O size 2048 bytes
libscan: scanning eraseblock 1375 -- 100 % complete
ubiformat: 1376 eraseblocks are supposedly empty
ubiformat: flashing eraseblock 15 -- 100 % complete
ubiformat: formatting eraseblock 1375 -- 100 % complete
[root@urbetter /home]# ./ubiattach /dev/ubi_ctrl -m 3 -d 0
ubi0: attaching mtd3
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ubi0: scanning is finished

ubi0: volume 0 ("appfs") re-sized from 634 to 1332 LEBs

ubi0: attached mtd3 (name "File System", size 172 MiB)

ubi0: PEB size: 131072 bytes (128 KiB), LEB size: 129024 bytes

ubi0: min./max. I/O unit sizes: 2048/2048, sub-page size 512

ubi0: VID header offset: 512 (aligned 512), data offset: 2048

ubi0: good PEBs: 1376, bad PEBs: 0, corrupted PEBs: 0

ubi0: user volume: 1, internal volumes: 1, max. volumes count: 128

ubi0: max/mean erase counter: 0/0, WL threshold: 4096, image sequence number: 1843408412
ubi0: available PEBs: 0, total reserved PEBs: 1376, PEBs reserved for bad PEB handling: 40
ubi0: background thread "ubi_bgt0d" started, PID 1186

UBI device number 0, total 1376 LEBs (177537024 bytes, 169.3 MiB), available 0 LEBs (0 bytes), LEB

size 129024 bytes (126.0 KiB)

71 LEBs)

[root@urbetter /home]# mount -t ubifs ubi0 0 /mnt/disk
UBIFS (ubi0:0): background thread "ubifs bgt0 0" started, PID 1190
UBIFS (ubi0:0): UBIFS: mounted UBI device 0, volume 0, name "appfs"
UBIFS (ubi0:0): LEB size: 129024 bytes (126 KiB), min./max. I/O unit sizes: 2048 bytes/2048 bytes
UBIFS (ubi0:0): FS size: 170440704 bytes (162 MiB, 1321 LEBs), journal size 9033728 bytes (8 MiB,

UBIFS (ubi0:0): reserved for root: 0 bytes (0 KiB)
UBIFS (ubi0:0): media format: w4/r0 (latest is w4/r0), UUID 9EBI113E5-F121-4BB0-85E8-

2836C41F59F8, small LPT model

UBIFS (ubi0:0): full atime support is enabled.
[root@urbetter /homel# df
Filesystem 1K-blocks Used Available Use% Mounted on
192.168.10.102:/root/fgj/nfs/rootfs

29799484 10721380 17541336 38%/
tmpfs 61944 0 61944 0% /dev/shm
ubi0 0 155836 16 155820 0% /mnt/disk
[root@urbetter /home]# cd /mnt/disk
[root@urbetter disk]# ls
a.txt b.txt
[root@urbetter disk]# cat a.txt
1234567890111111111111111111222222222222222222222222222222333333333333333333333333333

3333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333
3333333333
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MBI BN AR AL Linux WAZH S = KRB MBI . Linux 45 REIMLEE T
DhfeARR s, B3R TCP/IP, IPX. X.25. AppleTalk MWL, 455 & S B AT 4
P2 T RGAR AL TREAF S R . AT NS YRS 5. DM9000 M I UKk B e
P IT R B Linux A% Netlink B

13.1 MEIZZIEFEA

13.1.1 IRk Pk

W25 AE R Linux ) =2RW& 2 —, AAERRERIIHTT o B DR 3 s B £
XN A SO R G I A SO s i /dev/hdal . /dev/sdal . /devittyl 2. PIZREAE 5 EAIA
], AT M4 s i G — AN, XA DR L T X FITT W 48 1 o5 AR E SR & . I
FIAFEAE T Linux 3CHERZH, fE/dev Hak FEAXN NSS4, AN MERSHHD
M 28K, MBI LU &R, W lo R E %, eth RRUKME&. [H
KM ZABEN 0 1 By, WLOKM &IS58 eth0. ethl---ethn 5. i/ ifconfig
A AT LA A TS R 15 .

[root@urbetter home]# ifconfig
eth0 Link encap:Ethernet HWaddr 00:E0:A3:A4:98:67
inet addr:192.168.0.103 Bcast:192.168.0.255 Mask:255.255.255.0
UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1
RX packets:4798 errors:0 dropped:0 overruns:0 frame:0
TX packets: 1542 errors:0 dropped:0 overruns:0 carrier:0
collisions:0 txqueuelen: 1000
RX bytes:3867512 (3.6 MiB) TX bytes:237974 (232.3 KiB)
Interrupt: 108 Base address:0x300
lo Link encap:Local Loopback
inet addr:127.0.0.1 Mask:255.0.0.0
UP LOOPBACK RUNNING MTU:65536 Metric:1
RX packets:0 errors:0 dropped:0 overruns:0 frame:0
TX packets:0 errors:0 dropped:0 overruns:0 carrier:0
collisions:0 txqueuelen:1
RX bytes:0 (0.0 B) TX bytes:0 (0.0 B)

Linux HAERS T, NHZEIE Socket ALl ML EMUZAZH . Socket B2 M MLE
S5NHZPIMNZ, B2 MR, N SR T AR gl . W
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FI ) Socket % 118 AYA PR iU Socket ( SOCK STREAM ) Al % ¥ 4% X Socket
(SOCK_DGRAM). ¥its Socket j& il M%) Socket, EFXIHIMIERLM TCP R4S
s B Socket A& —FhICIEREN Socket, %N T TCEHE) UDP RSN FH o

13.1.2  sk_buff 4§

sk_buff &5 K& FEA~ Linux WAZ 25T 240 k% O 8 8544« Linux W41 R H 1
K22 T BEEALEH ST sk buff 45K 2K . sk buff 45k 52 R

struct sk_buff {

union {
struct {
TIPS L A TR ¥/
struct sk_buff *next;
struct sk_buff *prev;
union {
ktime t tstamp;
struct skb_mstamp skb_mstamp;
35
35
struct tb_node rbnode; /*H] T netem & tcp #%*/
I8
struct sock *sk/ /BT
struct net_device *dev;//%T N ) 45 e 44
char cb[48] _ aligned();//# L%
unsigned long _skb_refdst;
void (*destructor)(struct sk_buff *skb);
unsigned int len,data_len;//Z5# X 2K S8 DL AR LR MR
_ulé6 mac_len,hdr len;
kmemcheck bitfield begin(flagsl);
__ulé6 queue_mapping;
_u8 cloned:1,nohdr:1,fclone:2,peeked: 1,head frag:1,xmit more:1;
kmemcheck bitfield end(flagsl);
_u32 headers_start[0];
PRAT JL L+
_u32 headers_end[0];
HIN II L% G ¥/
ﬁbﬁ%&mﬂﬁ*%,ﬁmﬁQOm%ﬁw
sk buff data t tail;
sk buff data t end;
unsigned char *head,*data;
unsigned int truesize;//FL SR/, ALFEAGEAL L5 B I/
atomic_t users;//5 | FHVI4L
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13.1.3 R ISR 444

WA R I GE— IR DV BERGE VT ), W 206 28Tl 1 48 i 45 PR U5 ) AR 48— 1
A, ey, g AR,
W 2% 1t 2% UK ) P2 7 e TR BE IR 45 M4 S net_deviceo XG5 MR AT — AN W 4% 42 11 (1) B 2245
K MR KN R %0 o net_device S5RIARN RN, N A EZ G LA e B E

i

=)
AR

struct net _device {
char
struct hlist node
char
unsigned long
unsigned long
unsigned long
int
atomic_t
unsigned long
struct list_head
struct list_head
struct list head
struct list head
struct list_head

struct list_head

netdev_features t
netdev_features t
netdev_features t
netdev_features t
netdev_features t
netdev_features t
int

int

struct net device stats

atomic _long t

atomic_long t

name[[FNAMSIZ];
name_hlist;

*ifalias;

mem_end;// 1745 R
mem_start; /N A7 IR
base_addr;/3E it
irq;// 9 BT
carrier_changes;
state;

dev_list;

napi_list;

unreg_list;

close list;

ptype_all;
ptype_specific;

features;
hw_features;/fE {4
wanted features;
vlan_features;
hw_enc_features;
mpls_features;
ifindex;

group;

stats;
rx_dropped;
tx_dropped;

#ifdef CONFIG_WIRELESS_EXT
const struct iw_handler def * wireless_handlers;

struct iw_public data *

#endif

wireless data;

const struct net_device_ops *netdev_ops;//M &3t & H1E
const struct ethtool_ops *ethtool_ops;/ethool £

Bs

W0 24 g Ay P AT E A e A A T
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int register netdev(struct net_device *dev);

void unregister_netdev(struct net_device *dev);
W 2% B A 1R AE S5 K net_device_ops A& M4 T R GEHR LSS I 25 B KB IR 1

struct net_device ops {

int (*ndo_init)(struct net_device *dev);

void (*ndo_uninit)(struct net_device *dev);

int (*ndo_open)(struct net_device *dev);

int (*ndo_stop)(struct net device *dev);

netdev tx t (*ndo_start xmit)(struct sk_buff *skb,struct net device *dev);

netdev_features t  (*ndo_features check)(struct sk buff *skb,struct net device *dev,
netdev_features_t features);
ul6 (*ndo_select_queue)(struct net_device *dev,struct sk_buff *skb,

void *accel priv,select queue fallback t fallback);

void (*ndo_change rx flags)(struct net device *dev,int flags);

void (*ndo_set rx_mode)(struct net device *dev);

int (*ndo_set mac_address)(struct net device *dev,void *addr);

int (*ndo_validate addr)(struct net device *dev);

int (*ndo_do_ioctl)(struct net_device *dev,struct ifreq *ift, int cmd);
int (*ndo_set_config)(struct net_device *dev,struct ifmap *map);

int (*ndo_change mtu)(struct net device *dev,int new mtu);

int (*ndo_neigh setup)(struct net_device *dev,struct neigh parms *);
void (*ndo_tx_timeout) (struct net device *dev);

struct rtnl link stats64* (*ndo_get stats64)(struct net device *dev,struct rtnl_link stats64 *storage);
struct net_device stats* (*ndo_get stats)(struct net device *dev);

int (*ndo_vlan_rx_add vid)(struct net_device *dev, bel6 proto, ul6 vid);
int (*ndo_vlan rx kill vid)(struct net device *dev, bel6 proto, ul6 vid);

15
W28 W IRBNRE T S M T R HEEAC H . WAL HINFEARPAL & sk buff 4584,
Kl 13-1 S i i e B o

PR E#ET (socket)

Bt

W2 258
2 A

dev_queue_xmit | | netif_rx

netdev_ops ->ndo_start_xmit | | TR T AL B

W45 1% £ TR 5h
MACYKEZ)) PHY3RZ)

13-1  PIEREHE 13 R
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W25 RG I A IR S N R HAR 28 dev queue xmit PREL, 1M dev_queue xmit PRZEL
22U 4% B2 45 17) netdev_ops —>ndo_start_xmit $% 11,

int dev_queue xmit(struct sk_buff *skb);

WA 8% 15 4 W 8 Rl S S 2 7 A A R e A T A R P b K ) RE e R B
sk_buff, JHEMAEPEEEHS 0 Bcdls BOE 2 HIF LI Ze P X, B R ORIHTE sk buff 11— L)k
s B AN A netif rx PREHEEHALIRATIZ o netif rx BRECKREECHE BN AL BB A1)
SRJEIR AL, BRI AR AR PR P LUR IR R LSRR D o e 1) o

int netif rx(struct sk_buff *skb);

W2 1% 4 KN FE 2 B Th B 2 52D netdev_ops 44 Hh I B 1
(1) ndo_open #2I

int (*ndo_open)(struct net_device *dev);

ndo_open % F17E P 28 T4 M5 B0 TR IS 40 10 P o 8 32 2 5 8 0 5 R o BT 16 35 DL B
DMA [ MEEE TAE. A H] ifconfig -4 T LA P 4% e 6
(2) ndo_start xmit £

netdev_tx t(*ndo_start xmit)(struct sk_buff *skb,struct net _device *dev);

ndo_start_xmit £ - FHRRE 45 1 R G0 R ORI B i (R AX S BERI 2% . net_device
SR BT B R L, s AR R R R A B
(3) ndo_get stats 211

struct net_device stats* (*ndo_get stats)(struct net_device *dev);

ndo_get_stats PR [A]—A net_device_stats 4544, XGHIORAT T YK T BEIK Y 45 150 £
Pz L EAn i SRR G S B

struct net _device_stats

{
unsigned longrx_packets;/#2 I ] S AL 5L
unsigned longtx_packets;// 1% ) 5 5
unsigned longrx_bytes; ez SR
unsigned longtx_bytes; /%1% = 7%
unsigned longrx_errors; Vi EEINE=ROR G-
unsigned longtx_errors; IIRIE R R
unsigned longrx_dropped;//Z=F I L5 =
unsigned longtx_dropped; /% 7 1] & 25 B4 =
unsigned longmulticast; eiRCGNEZ TR
unsigned longcollisions;
PR AR R G T R/
unsigned longrx_length_errors;// K JE 45157
unsigned longrx_over_errors;//F T 2% H 4 15
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unsigned longrx_crc_errors; //CRC #2464 =
unsigned longrx_frame_errors;/MiXt 55415
unsigned longrx_fifo errors; //A%MIZE i H R
unsigned longrx_missed_errors;/4Z I It iwES R
PRVEL I RAL AR G T/
unsigned longtx_aborted_errors;
unsigned longtx_carrier_errors;
unsigned longtx_fifo_errors;
unsigned longtx_heartbeat_errors;
unsigned longtx_window_errors;
unsigned longrx_compressed;
unsigned longtx_compressed,
15
(4) ndo_do_ioctl $% I

int (*ndo_do_ioctl)(struct net device *dev,struct ifreq *ift, int cmd);

Linux 2452 1 socket ioctl, & XAE sockios.h Sk, WL RE M L 45L
WL TiXe JOCTL 74 (Jl/driver/net/core/dev ioctl.c), A 4T At H & XX shFE ¥
s, I IOCTL fiv 44

#define SIOCGIFMTU  0x8921 [¥3REL MTU K/h*/
#define SIOCSIFMTU  0x8922 [AUEE MTU K/hv/
#define SIOCSIFNAME  0x8923 PUEE R AR
#define SIOCSIFHWADDR  0x8924 /UL E AR R/
#define SIOCGIFENCAP  0x8925 PARHN 2 Jm e/
#define SIOCSIFENCAP  0x8926 /v B AR R
#define SIOCGIFHWADDR  0x8927 LRI AL/
#define SIOCADDMULTI  0x8931 P 55 8 e
#define SIOCDELMULTI  0x8932 PR ik
#define SIOCGIFBRDADDR 0x8919 Pl = i 5 kv
#define SIOCSIFBRDADDR 0x891a /R il

5 13.1  {#] SIOCGIFHWADDR 3£E{ MAC Hihi:
A28 anfar {8 F) SIOCGIFHWADDR $5HU M MAC Hodik. ST -

int fd;

struct ifreq ifr;

fd = socket(AF _INET, SOCK_DGRAM, 0);
ifrifr_addrsa_family = AF_INET;
strnepy(ift.ift_name, "eth0", IFINAMSIZ-1);
ioctl(fd, SIOCGIFHWADDR, &ifr);
close(fd);
printf("%.2x:%.2x:%.2x:%.2x:%.2x:%.2x\n",
(unsigned char)ifr.ifr hwaddr.sa data[0],
(unsigned char)ifr.ifr hwaddr.sa data[1],
(unsigned char)ift.ifr_ hwaddr.sa_data[2],
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(unsigned char)ift.ifr_ hwaddr.sa_data[3],
(unsigned char)ift.ifr_ hwaddr.sa_data[4],
(unsigned char)ifr.ifr hwaddr.sa data[5]);

ndo_do_ioctl PR # — MM R L HLIK B B ¢ FA AT 1K) TOCTL i &, fir & 19 38 AL 1k
SIOCDEVPRIVATE F1 SIOCDEVPRIVATE+15 2 [,
(5) ndo_set_mac_address £2 1]

int (*ndo_set mac address)(struct net device *dev,void *addr);

SRR R B MR 4% 1K) MAC Hihik, MAC Huhik il A7 /804 addr 500 .
(6) ndo_stop 211

int (*ndo_stop)(struct net_device *dev);
ndo_stop 4 HEM IRAS H up #24 down BT, —HIRBEIEE

13.1.4 SRR IR 5245

5 13.2 AN L% £ DK B FE P S 45
N A A BN R IR AR . HARARAS W \samples\13network\13-1net. %00 €
LI

static char netbuffer[100];
struct net_device *simnetdevs;
void simnetrx(struct net_device *dev, int len, unsigned char *buf)
{
struct sk_buff *skb;
/1531 sk_buff
skb =dev_alloc skb(len+2);
if (Iskb) {
printk("'simnetrx can not allocate more memory to store the packet. drop the packet\n");
dev->stats.rx_dropped++;
return;
}
skb_reserve(skb, 2);
memcpy(skb_put(skb, len), buf, len);
skb->dev = dev;
skb->protocol = eth_type trans(skb, dev);
PICTTRES*
skb->ip_summed = CHECKSUM_UNNECESSARY;
dev->stats.rx_packets++;/1& B 48 v
netif_rx(skb);//[7] b ZHEATH
return;
}
IR P BT A
static irqreturn_t simnet _interrupt (int irq, void *dev_id)
{
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struct net_device *dev;

dev = (struct net_device *) dev_id;
simnetrx(dev, 100,netbuffer);
return IRQ HANDLED;

}
int simnetopen(struct net_device *dev)
{
int ret=0;
printk("simnetopen\n");
1/ 2 AUhH Wy
ret=request_irq(IRQ NET CHIP, simnet_interrupt, IRQF SHARED,dev->name, dev);
netif start queue(dev);
return 0;
}
int simnetrelease(struct net_device *dev)
{
printk("'simnetrelease\n");
netif stop_queue(dev);
return 0;
}
void simnethw_tx(char *buf; int len, struct net_device *dev)
{
PR AL S A
if (len < sizeof(struct ethhdr) + sizeof{(struct iphdr))
{
printk("Bad packet! It's size is less then 34!\n");
return;
}
PTG A/
dev->stats.tx_packets++;
dev->stats.rx_bytes += len;
}
int simnettx(struct sk_buff *skb, struct net_device *dev)
{
int len;
char *data;
len = skb->len <ETH ZLEN ? ETH ZLEN : skb->len;
data = skb->data;
SRR [AJEE/
dev->trans_start = jiffies;
simnethw_tx(data, len, dev);
return 0;
¥
void simnettx timeout (struct net_device *dev)
{

dev->stats.tx_errors++;
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netif wake queue(dev);

return;
}
int simnetioctl(struct net_device *deyv, struct ifreq *rq, int cmd)
{

return 0;

}

struct net_device_stats *simnetstats(struct net_device *dev)
{

return &dev->stats;
}
int simnetchange mtu(struct net device *dev, int new_mtu)
{

unsigned long flags;

spinlock t *lock = &dev->tx_global lock;

if (new_mtu < 68)

return -EINVAL;
spin_lock irgsave(lock, flags);
dev->mtu = new_mtu;

spin_unlock_irqrestore(lock, flags);

return 0;

}

static const struct net device ops sim_netdev_ops = {
.ndo_open = simnetopen,
.ndo_stop = simnetrelease,
.ndo_start xmit = simnettx,
.ndo_tx_timeout = simnettx_timeout,
.ndo_do _ioctl = simnetioctl,
.ndo_change mtu = simnetchange mtu,
.ndo_get stats = simnetstats,

15

void simnetinit(struct net_device *dev)

{
ether setup(dev);
dev->netdev_ops = &sim_netdev_ops;
dev->dev_addr[0] = 0x18;/(0x01 & addr[0])-) multicast
dev->dev_addr[1] = 0x02;
dev->dev_addr[2] = 0x03;
dev->dev_addr[3] = 0x04;
dev->dev_addr[4] = 0x05;
dev->dev_addr[5] = 0x06;
PBEBRIAFR S/
dev->flags |= IFF_ NOARP;
dev->features |= NETIF_F_SG;
spin_lock init(&dev->tx_global lock);

}
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void simnetcleanup(void)
{
if (simnetdevs)
{
unregister netdev(simnetdevs);
free_netdev(simnetdevs);

}

return;
}
int simnetinit module(void)
{
int result,ret = -ENOMEM;
I S
simnetdevs=alloc_netdev(0, "eth%d",NET NAME UNKNOWN,simnetinit);
if (simnetdevs == NULL)
goto out;
ret=-ENODEYV,
if ((result = register_netdev(simnetdevs)))/{E P4 45 15 %
printk("demo: error %i registering device \"%s\"\n",result, simnetdevs->name);
else
ret = 0;
out:
if (ret)
simnetcleanup();
return ret;
}
module_init(simnetinit module);

module_exit(simnetcleanup);
AR BAT B, DO R U] TF R P28 A8 UK BN . 384T 85 R T -

[root@urbetter drivers]# insmod demo.ko

[root@urbetter drivers]# ifconfig ethl 192.168.1.23

simnetopen

[root@urbetter drivers]# ping 192.168.1.23

PING 192.168.1.23 (192.168.1.23): 56 data bytes

64 bytes from 192.168.1.23: seq=0 ttl=64 time=0.491 ms

64 bytes from 192.168.1.23: seq=1 ttl=64 time=0.370 ms

64 bytes from 192.168.1.23: seq=2 ttl=64 time=0.358 ms

64 bytes from 192.168.1.23: seq=3 ttI=64 time=0.359 ms

~C

--- 192.168.1.23 ping statistics ---

4 packets transmitted, 4 packets received, 0% packet loss

round-trip min/avg/max = 0.358/0.394/0.491 ms

[root@urbetter drivers]# ifconfig ethl

ethl Link encap:Ethernet HWaddr 18:02:03:04:05:06
inet addr:192.168.1.23 Bcast:192.168.1.255 Mask:255.255.255.0
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UP BROADCAST RUNNING NOARP MULTICAST MTU:1500 Metric:1
RX packets:0 errors:0 dropped:0 overruns:0 frame:0
TX packets:0 errors:0 dropped:0 overruns:0 carrier:0

collisions:0 txqueuelen: 1000
RX bytes:0 (0.0 B) TX bytes:0 (0.0 B)
[root@urbetter drivers]# ifconfig ethl down

simnetrelease

13.1.5 g AR5 24858

MAEA: A FE A, MZR: L MFEAATE RS . MAC 2. PHY 2. O ER, W
Kl 13-2 isn. MAC ZRIEARB AR i, BT 1SO M4ty (1 5din 55k = . PHY |2 A%
M. MAC |25 PHY 22 a8 04 HE MIT. RMII. GMII. RGMII 4. MII $#:H1Y PHY

AR AT B IVE,  IXHUES MAC W ASCR L AR RS

SCEEEE | NAEREED/RER

Bk MAC 2 MII/GMII

13-4 fi7R.

PHY 2

B PHY 5 )7

TXRX

+

13-2 W AMER

H AP A MAC ¥ 8%, — R MAC 5 PHY DRS00 S B 4%
Wk . AIALEESE By MAC #8048, W2 n—"1 M8 PHY SR, Wi 13-3 5

RI45%H: 0

B 13-4 iF MAC FRIAbBE 28 P 9 24 S

13.2 DM9000A MFIREhIEFF &

13.2.1 DM9000A JiRf

RS RIS Fr B LUK MAC #5550 8%, Al &N A 3 g s
H. —4~10/100M PHY F1—4™ 4KB K/IMEXLT-T SRAM. DM9000A 72§ IEEE 802.3x 42X T

DM9000A J&—k i

- A5 e
S ER AR O MACE MII/GMII PHY 2 TX RX +
RI45Z:4E 0
W8
13-3 7R MAC FAbH 28 X 48 S
RhEESE | MACE | MIVGMII PHY B TX RX n
RI45Z:4E 0
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T PERl . DM9000A 1 4b BE &5 42 1 FH R IE B 5 M Ab B3, B0k 7 SN Rl — g
INDEX i1, —Ffje DATA ¥fld. 480 CMD 4 1, 4uiiii DATA ¥, &5k
INDEX ¥, INDEX it L1252 DATA it LI 2 A2 as il . DM9000A £E A Bl gz
X, DMELEHACEEER N Rt B X A gerh X b, AR5 e a5 s 2 H A gz X BLEGE
%His. DM9000A 4L T DMA Thie, itk T NEBAF##s 11 . DM9000A (1) - ZXREELT T

(D —MNMEHENED, HRERS AL,

(2) B 10/100M 2L (PHY) #21H

(3) WEBHH 16KB ) SRAM, VR R I% ) FIFO 2847

(4) FFF 8/16bit AN EHL AR,

(5) 4ERT EEPROM, HERORAFAIEGSEL, SEILA BB E .

(6) —/>MII 41, TR HPNA $4 m HAl S FF MIT ok 28

DM9000A 1] 3= 2774748 WK 13-1~3 13-6.

F 13-1 MEITH|FH 7SS DM_NCR (0x00)

Bit E s o M
7 EXT PHY L IEFAMEE PHY, 0 B8N HE PHY, AZHAFE A5
6 WAKEEN FAPERAERE, 1 AlRE, 0 ZMIRIFEBRFARDIRGS, ANZRAFE AL
5 PR
4 FCOL 1SR ge i, AT PR
3 FDX XA A PHY B F R, JMH PHY N[5
1 LBK wlﬁl\%ﬁﬁ (Loopback): 00 HIEHR, 01 AW MAC BIFREEX, 10 4P 100M PHY 7 [HIER
B, 11 R
0 RST 1A, 10ps J5 HBhES
F 132 MK EF TS DM_NSR (0x01)
Bit EA S v B
7 SPEED WA T, 7EAEE PHY 0N, 0 100Mbps, 14 10Mbps. 24 LINKST=0 I}, MAiAH]
6 LINKST ERRIRAS, ENEE PHY BT, 0 ISR, 1 CiEs:
5 WAKEST M APRA . BERE 1 RE TN A2 A AL
4 FN|
3 TX2END TX CRIZ) H¥it 2 5eibsas, BIRES 1 REFE. HA i 2 &imoem
2 TX2END TX CRIZ) B 1 e, SNES 1RSSR Bl aIeEr 1 %4058
1 RXOV RX (B0 FIFO CEHFEHZEAE) bRk
0 PR
% 13-3  REEHIEFFEE DM_TCR (0x02)
Bit &2 oM
7 TR e
6 TIDIS Jabber {4k, 1 {{ifE Jabber f&4fE M 2% (2048B) , 02Kk
5 EXCECM BNt Pl 0 MEAMAPh ST EOCT 15 WIZRIEAREH A, 1| LR EEA RS
4 PAD DIS2 AR BB A% 2 Vi PAD
3 CRC_DIS2 AR B EIRE 2 VRN CRC K5
2 PAD DISI B LFREr 170 PAD
1 CRC DISI B e 1NN CRC 4
0 TXREQ TX CRIE) WisK. KIETEE BENEF1%AL
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F 13-4 HEEEFMEAERKRSFEFSE 1 TSR (03H) 52 TSR_I (04H)

Bit % v B

7 TITO Jabber AE4IFRIN . %A E A RN T2 T 2048B ol bl &4 P SRR

6 LC BT SRR GBS EWARIN R AL B B0 NIRRT R A ok
5 NC TCRBAT T o AL BT RAEWHEII RS S 7EA IR N 0 B

4 LC WEIR PRS0 E AR RAE 64B (RIS L 52 )5 Xk i phoe

3 CoL B ppgE . SO BN R s A AR R A PR

2 EC BoPoE, A BRI R TRAET 16 e (RIESNSD) Ja, kil

1-0 TR

F13-5 FWHEFHIFESE RCR (05H)
Wooom

o
=
N
=

Tk

WTDIS FHIVHER g4k, 1251E, 0 ffifig

DIS_LONG ERKEIa. 1 A EF IR K ER 15228 3

ALL RNEIITH % pifkik

RUNT ZME AN TR R £

PRMSC B2 (Promiscuous Mode)

7
6
5
4 DIS_CRC F:Ft CRC RHAR IR I Bl A
3
2
1
0

RXEN A e

F13-6 FUCRASZTESE RSR (06H)

Bit % 7 U B

7 RF NGEREHHRWT %A BRI 64B [

6 MF EZS e IR A VALK VAR P NG L ORE R e ivi R

5 LCS MRIEIR o« A EAT RS WSO FR R A R AR

4 RWTO PSR T I I o AL B 2R B KT 2048B Hdmii

3 PLE YIBRERAG  R AL E AL R R AE WSO R R AR B R O

2 AE XFEHTE (Alignment)o %07 E N R RPN ML RACASZR T, BIAE BLFAY A Fint 5%
1 CE CRC KA. AL B A R HME MM CRC RS AT 5

0 FOE I FIFO ZeAritath o %07 AT F R AR N & 2E FIFO i H

13.2.2 DM9000A IRZNFEE0Hr

S3C6410X HA LTI MAC #54H2%, it SROM #2817 DM9000A M -Fith .
K] 13-5 & DM9000A 15 S3C6410X ) i i 3

DI5—D0 K———>> SD15—SD0
RESET RST
ADDR2 CMD
S3C6410X OEn IOW DM9000A
WEn IOR
CSnl AEN
EINT7 INT

E 13-5 DM9000A 5 S3C6410X 1) Hi i R 2
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AR 73T Linux ARZH 1) DM9000A YXEHFET KA 41 I 2% B2 IRl e 7 (KB AT T K
WikE. B ILE SORENF6 8%

static struct platform_driver dm9000 driver = {
.driver ={
.name = "dm9000",
.owner =THIS MODULE,

.pm = &dm9000_drv_pm_ops,
}s
.probe  =dm9000_probe,
remove = devexit p(dm9000 drv_remove),
3
static int __init dm9000_init(void)
{
printk(KERN_INFO "%s Ethernet Driver, V%s\n", CARDNAME, DRV_VERSION);
return platform_driver register(&dm9000_driver);
}

FEVE A FRI PR £ dm9000_probe 1 3= 258 M M 28 B s WAL, FFERINUM 48 W& (1)1 &
PRUEAE L, AR LEE BTG T WU A A kA . Mk SE EE, dm9000_probe 4%
X DM9000 [IRRAZEATIRA, FFATHN S50 S, )i register netdev pRE: M
DM9000 M 4% % 45 U5 . dm9000_probe AR AL 1 :

static int dm9000_probe(struct platform_device *pdev)
{
struct dm9000_plat data *pdata = dev_get platdata(&pdev->dev);
struct board_info *db;/*H k(5 5%/
struct net_device *ndev;
struct device *dev = &pdev->dev;
const unsigned char *mac_src;
int ret = 0;
int iosize;
int i;
u32id val;
int reset_gpios;
enum of gpio_flags flags;
struct regulator *power;
power = devm_regulator_get(dev, "vee");/3R B HLJE E 15 4%
if IS_ERR(power)) {
if (PTR_ERR(power) == -EPROBE_DEFER)
return -EPROBE_DEFER,;
dev_dbg(dev, "no regulator provided\n");

1 else {
ret = regulator enable(power);
if (ret !=0) {

dev_err(dev,"Failed to enable power regulator: %d\n", ret);

332



% 13% RAREENES

return ret;
}
dev_dbg(dev, "regulator enabled\n");
}
/ARIE GPIO B AT

reset_gpios = of get named gpio flags(dev->of node, "reset-gpios", 0,&flags);
if (gpio_is_valid(reset gpios)) {
ret = devm_gpio_request_one(dev, reset _gpios, flags,"dm9000 reset");
if (ret) {
dev_err(dev, "failed to request reset gpio %d: %d\n",reset_gpios, ret);
return -ENODEV;
b
msleep (2) ;
gpio_set value(reset gpios, 1);
msleep (4) ;
}
if (pdata) {
pdata = dm9000_parse dt(&pdev->dev);
if (IS_ERR(pdata))
return PTR_ERR(pdata);
}
e WS & S
ndev = alloc_etherdev(sizeof(struct board_info));//2> 4453 C board_info Z5 K KM A A7
if (Indev)
return -ENOMEM;
SET NETDEV_DEV(ndev, &pdev->dev);
dev_dbg(&pdev->dev, "dm9000 probe()\n");
PTERR R AR/
db = netdev_priv(ndev);
db->dev = &pdev->dev;
db->ndev = ndev;
spin_lock_init(&db->lock);
mutex_init(&db->addr lock);
HATEERAAE I TAERAS, T A6rll M 2R
INIT DELAYED WORK(&db->phy_poll, dm9000_poll work);
113RA B
db->addr res = platform_get resource(pdev, IORESOURCE MEM, 0);
db->data_res = platform_get resource(pdev, IORESOURCE MEM, 1);
if (!db->addr_res || !db->data_res) {
dev_err(db->dev, "insufficient resources addr="%p data=%p\n",
db->addr res, db->data res);
ret = -ENOENT;
goto out;
}
ndev->irq = platform_get irq(pdev, 0);
if (ndev->irq < 0) {
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dev_err(db->dev, "interrupt resource unavailable: %d\n",ndev->irq);
ret = ndev->irq;
goto out;
}
db->irq wake = platform_get irq(pdev, 1);
if (db->irq_wake >=0) {
dev_dbg(db->dev, "wakeup irq %d\n", db->irq wake);
ret = request_irq(db->irq_wake, dm9000_wol _interrupt,
IRQF SHARED, dev_name(db->dev), ndev);// F i % 2% i it 22 ¢ HH Ihp
if (ret) {
dev_err(db->dev, "cannot get wakeup irq (%d)\n", ret);
} else {
PRSI A A I ) i/
ret = irq_set_irq wake(db->irq_wake, 1);//Kf irq wake ¥ Bk AT IR 2 St ) R KT
if (ret) {
dev_err(db->dev, "irq %d cannot set wakeup (%d)\n",db->irq_wake, ret);
ret = 0;
} else {
irq_set irq wake(db->irq_wake, 0);/A I 5T, BRI A1 ) 5% i
db->wake supported = 1;

b
iosize = resource_size(db->addr res);
db->addr req =request mem region(db->addr_res->start, iosize,pdev->name);
if (db->addr_req == NULL) {
dev_err(db->dev, "cannot claim address reg area\n");
ret = -EIO;
goto out;
}
db->io_addr = ioremap(db->addr_res->start, iosize);//MLi} %517 2%
if (db->io_addr == NULL) {
dev_err(db->dev, "failed to ioremap address reg\n");
ret =-EINVAL;
goto out;
}
iosize = resource_size(db->data_res);
db->data_req = request mem_region(db->data_res->start, iosize,pdev->name);
if (db->data_req == NULL) {
dev_err(db->dev, "cannot claim data reg area\n");
ret = -EIO;
goto out;
}
db->io_data = ioremap(db->data_res->start, iosize); /M5 # il
if (db->io_data==NULL) {
dev_err(db->dev, "failed to ioremap data reg\n");
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ret = -EINVAL;
goto out;
}
ndev->base addr = (unsigned long)db->io_addr;
/*¥% & 10 routines*/
dm9000_set io(db, iosize);
if (pdata != NULL) {
if (pdata->flags & DM9000 PLATF 8BITONLY)
dm9000_set io(db, 1);
if (pdata->flags & DM9000 PLATF 16BITONLY)
dm9000_set io(db, 2);
if (pdata->flags & DM9000 PLATF 32BITONLY)
dm9000_set io(db, 4);
if (pdata->inblk != NULL)
db->inblk = pdata->inblk;
if (pdata->outblk != NULL)
db->outblk = pdata->outblk;
if (pdata->dumpblk != NULL)
db->dumpblk = pdata->dumpblk;
db->flags = pdata->flags;
}
#ifdef CONFIG_DM9000 FORCE SIMPLE PHY POLL
db->flags [= DM9000 PLATF SIMPLE PHY;
#endif
dm9000_reset(db);
PRAIEL 1 1D/
for 1=0;1<8;it++t) {
id val =ior(db, DM9000 VIDL);
id val |= (u32)ior(db, DM9000 VIDH) << 8§;
id_val |= (u32)ior(db, DM9000 PIDL) << 16;
id_val |= (u32)ior(db, DM9000_PIDH) << 24;
if (id_val == DM9000_ID)break;
dev_err(db->dev, "read wrong id 0x%08x\n", id_val);
}
if (id_val '= DM9000 ID) {
dev_err(db->dev, "wrong id: 0x%08x\n", id_val);

ret=-ENODEV;
goto out;

}

PR R RRA*/

id val = ior(db, DM9000 CHIPR);
dev_dbg(db->dev, "dm9000 revision 0x%02x\n", id_val);
switch (id_val) {
case CHIPR_DM9000A:
db->type = TYPE DM9000A;
break;
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case CHIPR DM9000B:
db->type = TYPE_DMO9000B;
break;
default:
dev_dbg(db->dev, "ID %02x => defaulting to DM9000E\n", id val);
db->type = TYPE _DMO9000E;
}
/*dm9000a/b SZRFIEA AL */
if (db->type == TYPE DM9000A || db->type == TYPE _DM9000B) {
ndev->hw_features = NETIF_F RXCSUM | NETIF_F IP_CSUM;
ndev->features |= ndev->hw_features;
}
MHE PP OB —A DM9000, HE— B HE B 115 S50/
ndev->netdev_ops= &dm9000_netdev_ops;
ndev->watchdog_timeo= msecs_to_jiffies(watchdog);
ndev->ethtool ops= &dm9000_ethtool ops;
db->msg_enable = NETIF_MSG_LINK;
db->mii.phy id mask =0x1f;
db->mii.reg num_mask = 0x1f;
db->mii.force media =0;
db->mii.full duplex =0;
db->mii.dev= ndev;
db->mii.mdio_read = dm9000 phy read;
db->mii.mdio_write= dm9000 phy write;
mac_src = "eeprom";
/Y8 MAC Hihl*/
for(i=0;1<6;i+=2)
dm9000 read eeprom(db, i/ 2, ndev->dev_addr+i);
if (lis_valid ether addr(ndev->dev_addr) && pdata = NULL) {
mac_src = "platform data";
memcpy(ndev->dev_addr, pdata->dev_addr, ETH ALEN);
}
if (!is_valid ether addr(ndev->dev_addr)) {
mac_src = "chip";
ndev->dev_addr[0]=0x00;
ndev->dev_addr[1]=0xe0;
ndev->dev_addr[2]=0xa3;
ndev->dev_addr[3]
ndev->dev_addr[4]=0x98;
ndev->dev_addr[5]=0x67;
¥
if (lis_valid ether addr(ndev->dev_addr)) {
dev_warn(db->dev, "%s: Invalid ethernet MAC address. Please "
"set using ifconfig\n", ndev->name);
eth hw_addr random(ndev);
mac_src = "random";
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}
platform_set drvdata(pdev, ndev);

ret = register_netdev(ndev);//J: /1t 2% ¥ %
if (ret == 0)
printk(KERN_INFO "%s: dm9000%c at %p,%p IRQ %d MAC: %pM (%s)\n",
ndev->name, dm9000_type to char(db->type),
db->i0_addr, db->i0_data, ndev->irq,ndev->dev_addr, mac_src);

return 0;
out:
dev_err(db->dev, "not found (%d).\n", ret);
dm9000_release board(pdev, db);
free netdev(ndev);
return ret;
}

DMO9000A (1] 458 & A E R 11 32 SR -

static const struct net_device ops dm9000_netdev_ops = {
.ndo open  =dm9000 open,
.ndo_stop  =dm9000_stop,

.ndo_start xmit =dm9000_start xmit,
.ndo_tx_timeout =dm9000_timeout,
.ndo_set rx mode =dm9000 hash table,
.ndo_do _ioctl =dm9000 ioctl,
.ndo_change mtu  =eth change mtu,
.ndo_set features =dm9000_set_features,

.ndo_validate addr = eth validate addr,
.ndo_set mac address = eth mac addr,

15
dm9000_open PREL T HITE T Hr BT AL B :

if (request_irq(dev->irq, dm9000_interrupt, IRQF SHARED,dev->name, dev))
return -EAGAIN;

XN A I B R AL S — AR RIEMEL dm9000_start xmit. AIERTSEREHE S
A TX SRAM 1, SRIEHAKEN TX WKL/, Bat TX #HZ5 281 0 A7 s Eh
1, WEREI%, BALGERILREGHNEE 00H, Miia 2 1 . DM9000A [f] TX SRAM Hin]
DAF IR [ I A A P A A6, a0k TR T, T AR Se a4k ek 114,

static void dm9000 send packet(struct net device *dev,int ip_summed,ul6 pkt len)
{
board info t *dm =to dm9000 board(dev);
if (dm->ip_summed !=ip_summed) {
if (ip_summed == CHECKSUM_NONE)
iow(dm, DM9000_TCCR, 0);
else
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iow(dm, DM9000_TCCR, TCCR_IP | TCCR_UDP | TCCR_TCP);
dm->ip_summed = ip_summed;
}
PR TX KEY
iow(dm, DM9000 TXPLL, pkt len);
iow(dm, DM9000 TXPLH, pkt len >> 8);
IR K
iow(dm, DM9000_TCR, TCR_TXREQ);
}
static int dm9000_start xmit(struct sk_buff *skb, struct net device *dev)
{
unsigned long flags;
board info t *db = netdev_priv(dev);
dm9000_dbg(db, 3, "%s:\n", func );
if (db->tx_pkt cnt> 1)
return NETDEV_TX BUSY;
spin_lock irgsave(&db->lock, flags);
/*¥ data #%3] DM9000 TX RAM*/
writeb(DM9000 MWCMD, db->io_addr);
(db->outblk)(db->io0_data, skb->data, skb->len);
dev->stats.tx_bytes += skb->len;
db->tx pkt cnt++;
[*IIEE I/
if (db->tx_pkt cnt==1) {
dm9000_send packet(dev, skb->ip_summed, skb->len);
1 else {
/*EE A/
db->queue pkt len = skb->len;
db->queue ip summed = skb->ip summed;
netif stop_queue(dev);
}
spin_unlock_irgrestore(&db->lock, flags);
dev_kfree skb(skb); /* il SKB*/
return NETDEV _TX OK;
}

B R IESE R S AW, IR dm9000 tx_done BREL5E 5 AL B .
5 ANH B R A P AR FE R 2 dm9000_interrupt:

static irqreturn_t dm9000_interrupt(int irq, void *dev_id)
{

struct net device *dev = dev _id;

struct board info *db = netdev_priv(dev);

int int_status;

unsigned long flags;

u8 reg_save;

dm9000_dbg(db, 3, "entering %s\n", func );
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spin_lock irgsave(&db->lock, flags);
reg_save = readb(db->io_addr);
dm9000 mask _interrupts(db);
PRI WPRIRE*/
int_status = ior(db, DM9000_ISR);
iow(db, DM9000 ISR, int_status);  /*i5Ex i/
if (netif msg_intr(db))
dev_dbg(db->dev, "interrupt status %02x\n", int_status);
la UGl T
if (int_status & ISR_PRS)
dm9000_rx(dev);
P BIE T/
if (int_status & ISR_PTS)
dm9000_tx done(dev, db);
if (db->type != TYPE DMO9000E) {
if (int_status & ISR_LNKCHNG) {
PR 2% AR AL S AR B/
schedule delayed work(&db->phy poll, 1);

}
dm9000 unmask_interrupts(db);

writeb(reg_save, db->io_addr);
spin_unlock irgrestore(&db->lock, flags);
return IRQ_ HANDLED;

}

DMO9000A 2zt (RX SRAM) 2 —MHIEMEHRE . REEA )5 RX SRAM 1)
TFE b Z 0x0C00. FEANECEN ER A5 —A 4B k. BAdE L& CRC KREKAE.
4B LB LS Olh, IRES . P KA. FN KB R R R I dh ok 220144
HEERAER Can 8 7. 16 A7 32 47) XI5F. dm9000 rx pRELM AL L4

static void dm9000_rx(struct net device *dev)
{
struct board_info *db = netdev_priv(dev);
struct dm9000 _rxhdr rxhdr;
struct sk_buff *skb;
u8 rxbyte, *rdptr;
bool GoodPacket;
int RxLen;
PR T f
do {
ior(db, DM9000 MRCMDX);
P AFEN B i/
rxbyte = readb(db->io_data);
PR/
if (rxbyte & DM9000_PKT ERR) {/fl4fi%
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dev_warn(db->dev, "status check fail: %d\n", rxbyte);
iow(db, DM9000_RCR, 0x00); /*{5 1115 % */

return;

}

if (1(rxbyte & DM9000_PKT RDY))/ai R AL, ik[Al
return;

PELEREE, SREURESS K/
GoodPacket = true;
writeb(DM9000 MRCMD, db->io_addr);
(db->inblk)(db->io_data, &rxhdr, sizeof(rxhdr));
RxLen =1el6 to cpu(rxhdr.RxLen);
if (netif msg rx_status(db))
dev_dbg(db->dev, "RX: status %02x, length %04x\n",rxhdr.RxStatus, RxLen);
PRELAATI/
if (RxLen < 0x40) {
GoodPacket = false;
if (netif msg rx _err(db))
dev_dbg(db->dev, "RX: Bad Packet (runt)\n");
¥
if (RxLen > DM9000 PKT MAX) {
dev_dbg(db->dev, "RST: RX Len:%x\n", RxLen);
}
IPRZS R
if (rxhdr.RxStatus & (RSR_FOE | RSR_CE | RSR_AE |
RSR PLE | RSR_ RWTO [RSR_LCS | RSR_RF)) {
GoodPacket = false;
if (rxhdr.RxStatus & RSR_FOE) {
if (netif msg rx _err(db))
dev_dbg(db->deyv, "fifo error\n");
dev->stats.rx_fifo_errors++;
¥
if (rxhdr.RxStatus & RSR_CE) {
if (netif msg_rx_err(db))
dev_dbg(db->dev, "crc error\n");
dev->stats.rx_crc_errors++;
¥
if (rxhdr.RxStatus & RSR_RF) {
if (netif msg_rx_err(db))
dev_dbg(db->dev, "length error\n");
dev->stats.rx_length_errors++;

}

/% )\ DM9000 %t Hidfi*/

if (GoodPacket &&((skb = netdev_alloc_skb(dev, RxLen + 4)) = NULL)) {
skb_reserve(skb, 2);
rdptr = (u8 *) skb_put(skb, RxLen - 4);
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/*Read received packet from RX SRAM*/
(db->inblk)(db->io_data, rdptr, RxLen);
dev->stats.rx_bytes += RxLen;
I Eihg LR
skb->protocol = eth_type trans(skb, dev);
if (dev->features & NETIF_F RXCSUM) {
if (((rxbyte & 0x1c) << 3) & rxbyte) == 0)
skb->ip_summed = CHECKSUM_UNNECESSARY;
else
skb_checksum none_assert(skb);
}
netif rx(skb);
dev->stats.rx_packets++;
} else {
PATEN K/
(db->dumpblk)(db->io_data, RxLen);
}
} while (rxbyte & DM9000 PKT RDY);

}
A It DM9000A IR I FEANH5¢

13.2.3 DM9000A M- FIkshFE e tE

ARATA- UM LE S3C6410X 15 A DM9000A IKANFET .
151 13.3 DMO9000A XL F% kit S 45
(1) #H S3C6410X 1) GPIO [1:

void initDM9000()
{
unsigned int tmp;
writel((readl(S3C64XX_GPNPUD) &~(0x3<<14)),S3C64XX_GPNPUD);
/I EINT7 & P &
writel((readl(S3C64XX EINTOCONO) & ~(0x7 <<12)) | (0x1 << 12), S3C64XX EINTOCONO);
writel((readl(S3C64XX _EINTOFLTCONO)& ~(0x3 <<6)) | (0x1 << 7), S3C64XX _EINTOFLTCONO);
writel((readl(S3C64XX EINTOPEND)&~(0x1<<7)),S3C64XX EINTOPEND);
writel(readl(S3C64XX EINTOMASK) & ~(0x1 << 7), S3C64XX EINTOMASK);/*EINT7 unmask*/
¥
static int __devinit dm9000_probe(struct platform_device *pdev)
{
nitDM9000();

}
(2) &% MAC Hofik o R

static int __devinit dm9000_probe(struct platform_device *pdev)

{
..
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/*for 1=0;1<6; i++)

ndev->dev_addr[i] = ior(db, i+DM9000_PAR);*/
ndev->dev_addr[0]=0x00;
ndev->dev_addr[1]=0xe0;
ndev->dev_addr[2]=0xa3;
ndev->dev_addr[3]=0xa4;
ndev->dev_addr[4]=0x98;
ndev->dev_addr[5]=0x67;

}
(3) f£/arch/arm/mach-s3c6400/include/mach/map.h H s i % -~ i dik -

#define S3C64XX_PA_DM9000  (0x18000000)/4 ¥ ikl SROM 4 X (CSnl) [
#define S3C64XX_SZ DM9000 SZ_IM
#define S3C64XX_VA DM9000 S3C_ADDR(0x03b00300)

(4) 7E linux/arch/arm/plat-s3c64xx/dev-uart.c 1 il DM9000 %5 4 :

#define DM9000_ETH_IRQ EINTO IRQ_EINT(7)
static struct resource dm9000_resources_cs1[] =

start = S3C64XX_PA_DM9000 + 0x300,
.end = S3C64XX_PA_DM9000 + 0x300 + 0x03,
flags = IORESOURCE_MEM

.start = S3C64XX PA DM9000 + 0x300 + 0x4,
.end = S3C64XX PA DM9000 + 0x300 + 0x4 + 0x7f,
flags = IORESOURCE_MEM
e
[2]={
.start = DM9000 ETH IRQ EINTO,
.end = DM9000 ETH IRQ EINTO,
flags = IORESOURCE IRQ

15

static struct dm9000 plat data dm9000_setup csl = {
flags = DM9000_PLATF 16BITONLY

|5

struct platform_device s3c_device dm9000 csl = {
.name = "dm9000",
id =0,
.num_resources =ARRAY SIZE(dm9000 resources csl),
.resource = dm9000_resources csl,
dev  ={

.platform data = &dm9000 setup csl,
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¥
EXPORT _SYMBOL(s3c_device dm9000 csl);

>

(5) 7t arch/arm/mach-s3¢6410/mach-smdk6410.c [ 55 G5 AR TR I 2515 E.

static struct platform_device *smdk6410 devices[] _initdata =

{
&s3c_device dm9000_csl,

}
(6) AT make menuconfig, HEAMZELE, WK 13-6 5K 13-7 Fix.

General setup ——7>

[#] Enable loadable module suppert ——=7
—*- Enable the block layer -———2
Swstem Type ———>
Bus support -—->
Eernel Features -——2
Boot options ——»*
CPU Power Management -—-——>
Floating point emulation -—3»
Userzpace binary formats —-—2>
Power manazement options -———>
Networking support -——»
Dewice Drivers ———»*

K 13-6 FECHEMSSTRE

Packet socket
Unix domain zockets
UNIX: =ocket monitoring interface
Transformation uzer configuration interface
Transformation sub policy support
Transformation migrate databaze
Transformation statistics
PF_EEY =zockets
TCP/IP networking
IP: multicasting
IP: advanced router
FIE TRIE statistics
IP: policy routing
IP: equal cost multipath
IP: werboze route monitoring
IP: kernel lewel autoconfiguration
IF: DHCP support
IP: EOOTP =support
IP: RARP support
IF: tunmeling
IP: GEE demultiplezer

x

N T e e e L e L L T N N
R
e W e e e T

B 13-7 e Mg il

fic'E [device drivers] H LD, Wik 13-8 frow:

Generic Driver Options ———>
Bus dewices -——>
< » Connector — unified userspace <—» kernelspace linker -————
<& Memory Technology Device (MTD) support ———3
-%- Dewice Tree and Open Firmware support -———>
< » Parallel port support -————
[#] Block devices ———>
Misc devices ——>
SCSI device support ———7

Serial ATA and Parallel
Multiple devices driver
Generic Target Core Mod

—r e
L

ATh drivers (libata] -——-
support (RAID and LYM) -———-
(TCM) and ConfigFs Infrastructure—

*] Network device suppoxrt —>
Open—Channel 35D target support -———
Input device support ——2

13-8 device drivers fit &
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fic'® [device drivers] -> [network device support] -> [Ethernet driver support] Hf¥jik
T, G 13-9 Bios.

——— Ethernet driwver =support
L Altera Triple—Speed Ethernet MAC support
] ARC devices
] Aurora VLEI devices
] Cadence devices
] Broadcom dewices
] Cirruz devices
> DMBOOD support
] Force simple NSE baszed PHY polling
> Dawe ethernet support (DNET)
] EZchip devwices

— A S e ——

13-9 it & DM9000A LA S #F
BATEER T

dm9000 Ethernet Driver, V1.31
eth0: dm9000a at c886¢300,c8872304 IRQ 108 MAC: 00:e0:a3:a4:98:67 (chip)
ethO: link up, 100Mbps, full-duplex, Ipa 0x45E1

[root@urbetter /]# ping 192.168.1.120

PING 192.168.1.120 (192.168.1.120): 56 data bytes

64 bytes from 192.168.1.120: seq=0 ttI=64 time=1.404 ms
64 bytes from 192.168.1.120: seq=1 ttI=64 time=0.509 ms
64 bytes from 192.168.1.120: seq=2 ttI=64 time=0.755 ms
64 bytes from 192.168.1.120: seq=3 ttI=64 time=0.545 ms
~C

--- 192.168.1.120 ping statistics ---

4 packets transmitted, 4 packets received, 0% packet loss
round-trip min/avg/max = 0.509/0.803/1.404 ms

13.4 ethtool

ethtool /& H k&) 5k B M S HIN 2. WAZTEE) ethtool IOCTL #2141k -

#define SIOCETHTOOL  0x8946/*Ethtool 4% 1%/
int dev_ioctl(struct net *net, unsigned int cmd, void _ user *arg)
{
case SIOCETHTOOL.:
dev_load(net, ifr.ifr name);
rtnl_lock();
ret = dev_ethtool(net, &ifr);
rtnl_unlock();
if (Iret) {
if (colon)*colon =":";
if (copy_to_user(arg, &ift,sizeof(struct ifreq)))
ret = -EFAULT;
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}

return ret;

}

J14b ethtoolh W45 ethtool Ffix2 i€ L. net device Z5HIHH — ethtool #Af ik Hi
(ethtool_ops), HI>KALFH ethtool iy 4>

struct ethtool ops {
int (*get settings)(struct net device *, struct ethtool cmd *);
int  (*set_settings)(struct net_device *, struct ethtool cmd *);
void (*get drvinfo)(struct net device *, struct ethtool drvinfo *);
int (*get regs len)(struct net device *);
void (*get regs)(struct net device *, struct ethtool regs *, void *);
void (*get wol)(struct net device *, struct ethtool wolinfo *);
int  (*set_wol)(struct net_device *, struct ethtool wolinfo *);
u32 (*get msglevel)(struct net device *);
void (*set msglevel)(struct net_device *, u32);
int (*nway_reset)(struct net device *);
u32 (*get link)(struct net device *);
int (*get eeprom_len)(struct net device *);
int (*get eeprom)(struct net device *,struct ethtool eeprom *, u8 *);
int (*set_eeprom)(struct net device *,struct ethtool eeprom *, u8 *);
int  (*get coalesce)(struct net_device *, struct ethtool coalesce *);
int  (*set coalesce)(struct net device *, struct ethtool coalesce *);
void (*get ringparam)(struct net device *struct ethtool ringparam *);
int  (*set_ringparam)(struct net device *,struct ethtool ringparam *);
void (*get pauseparam)(struct net_device *,struct ethtool pauseparam®*);
int (*set pauseparam)(struct net device *,struct ethtool pauseparam*);
void (*self test)(struct net device *, struct ethtool test *, u64 *);
void (*get strings)(struct net device *, u32 stringset, u§ *);
int (*set phys id)(struct net device *, enum ethtool phys id state);
void (*get ethtool stats)(struct net device *,struct ethtool stats *, u64 *);
int  (*begin)(struct net device *);
void (*complete)(struct net_device *);
u32 (*get priv_flags)(struct net device *);
int (*set priv_flags)(struct net device *, u32);
int (*get sset count)(struct net device *, int);
int  (*get rxnfc)(struct net device *,struct ethtool rxnfc *, u32 *rule locs);
int (*set_rxnfc)(struct net_device *, struct ethtool rxnfc *);
int (*flash device)(struct net_device *, struct ethtool flash *);
int  (*reset)(struct net device *, u32 *);
u32 (*get rxth key size)(struct net device *);
u32 (*get rxfh indir size)(struct net device *);
int  (*get rxth)(struct net device *, u32 *indir, u§ *key,u8 *hfunc);
int  (*set_rxfh)(struct net device *, const u32 *indir,const u8 *key, const u8 hfunc);
void (*get channels)(struct net device *, struct ethtool channels *);
int  (*set channels)(struct net device *, struct ethtool channels *);

345



Linux X #h42 5 & =6 % 2 &

I
DMO9000A (1135 7 ethtool #EfEFRE 1R

static const struct ethtool ops dm9000_ethtool ops = {

.get_drvinfo =dm9000 get drvinfo,
.get_settings =dm9000 get settings,
.set_settings =dm9000_set settings,
.get_msglevel =dm9000 get msglevel,
.set_msglevel =dm9000_ set msglevel,
.nway_reset =dm9000 nway reset,
.get link =dm9000 get link,
.get_wol =dm9000_get wol,
.set_wol =dm9000_set wol,
.get_eeprom_len =dm9000 get eeprom _len,
.get_eeprom =dm9000 get eeprom,
.set_eeprom =dm9000_set eeprom,

s
Nl A2 ethtool iy FH 5451«

/3R ethO {5 B

[root@urbetter home]# ./ethtool -i eth0

driver: dm9000

version: 1.31

firmware-version:

expansion-rom-version:

bus-info: dm9000

supports-statistics: no

supports-test: no

supports-eeprom-access: yes

supports-register-dump: no

supports-priv-flags: no

/I3RHL eth0 5t

[root@urbetter home]# ./ethtool ethO

Settings for eth0:
Supported ports: [ TP MII ]
Supported link modes: ~ 10baseT/Half 10baseT/Full

100baseT/Half 100baseT/Full
Supported pause frame use: No
Supports auto-negotiation: Yes
Adpvertised link modes: 10baseT/Half 10baseT/Full
100baseT/Half 100baseT/Full
Advertised pause frame use: No
Advertised auto-negotiation: Yes
Link partner advertised link modes: 10baseT/Half 10baseT/Full
100baseT/Half 100baseT/Full

Link partner advertised pause frame use: Symmetric
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Link partner advertised auto-negotiation: Yes
Speed: 100Mb/s
Duplex: Full
Port: MII
PHYAD: 0
Transceiver: internal
Auto-negotiation: on
Supports Wake-on: d
Wake-on: d
Current message level: 0x00000004 (4 )
link
Link detected: yes
/1] ethO F1 )i
[root@urbetter home]# ./ethtool -s ethO autoneg off
//BUE R K& 75 e
[root@urbetter home]# ./ethtool ethO
Settings for eth0:
Supported ports: [ TP MII ]
Supported link modes: ~ 10baseT/Half 10baseT/Full
100baseT/Half 100baseT/Full
Supported pause frame use: No
Supports auto-negotiation: Yes
Advertised link modes: Not reported
Advertised pause frame use: No
Advertised auto-negotiation: No
Speed: 100Mb/s
Duplex: Full
Port: MII
PHYAD: 0
Transceiver: internal
Auto-negotiation: off
Supports Wake-on: d
Wake-on: d
Current message level: 0x00000004 (4 )
link
Link detected: yes
/1B ethO PR3
[root@urbetter home]# ./ethtool -s ethO speed 10 duplex full
dm9000 dm9000.0 ethO: link down
dm9000 dm9000.0 ethO: link up, 10Mbps, full-duplex, lpa 0x45E1
[root@urbetter home]# ./ethtool -s ethO autoneg on
dm9000 dm9000.0 ethO: link down
dm9000 dm9000.0 eth0: link up, 100Mbps, full-duplex, Ipa 0x45E1

13.5 PHY SR IRH
SRS ANG PHY S, T84 PHY ASAIREN. 03 PHY 5P I07 (s LA
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%, WTHNAZIEH PHY U IkshEIRT. i@ H PHY 9X3)) 0L drivers/net/phy/phy_device.c.

static struct phy_driver genphy_driver[] = {
{
.phy_id= Oxftfffttf,
.phy _id mask= Oxffffffff,
.name= "Generic PHY",
.soft_reset = genphy_soft reset,
.config_init = genphy config_init,
features= PHY GBIT FEATURES | SUPPORTED MII |
SUPPORTED AUI | SUPPORTED FIBRE |SUPPORTED BNC,
.config_aneg = genphy_config_aneg,
.aneg_done = genphy aneg_done,
.read_status = genphy read_status,
.suspend = genphy suspend,

.resume= genphy resume,

.phy_id= Oxfftttfit,

.phy_id mask= Oxftfftttt,

.name = "Generic 10G PHY",
.soft_reset = genl0g_soft reset,
.config_init= gen10g_config_init,
features= 0,

.config_aneg = gen10g_config aneg,
.read_status= gen10g_read status,
.suspend= genl0g_suspend,

resume= genl0g resume,

|5
static int __init phy_init(void)
{
int rc;
rc =mdio_bus_init();
if (rc)return rc;
rc = phy_drivers_register(genphy_driver, ARRAY_SIZE(genphy_driver), THIS MODULE);
if (rc)mdio_bus_exit();
return rc;

}

W% — phy state_ machine L {EBAFIRASKTIH] genphy read status BRZECRAN PHY
R BAEHIAONL PHY &, PR T 22 A CIBC ) PHY 3 & RIS 1 2515 &,
7 net_device £, phy device 44 [J*phydev Ji biidsx [ iXFIEHICFR . phy_connect bR
0k PHY s 5 NS85 i ke ok .

struct phy_device *phy connect(struct net device *dev, const char *bus _id,

void (*handler)(struct net_device *),phy_interface t interface)
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bus_id B} PHY 1) ID. fFH B PHY &5 M5 B7 PHY ZHREMMZE e
DM9000) fEALEE ethtool iy 2B I VA SEANF . ZEE— ethtool iy 2 KT

#define ETHTOOL GSET 0x00000001 /*3RHR £ 15 H.*/
int dev_ethtool(struct net *net, struct ifreq *ifr)
{

switch (ethemd) {
case ETHTOOL GSET:
rc = ethtool_get settings(dev, useraddr);
break;

}
ethtool_get_settings PR &L HI K] /& ethtool_ops->get_settings:

int __ethtool get settings(struct net device *dev, struct ethtool cmd *cmd)

{
ASSERT RTNL();
if (!dev->ethtool ops->get settings)
return -EOPNOTSUPP;
memset(cmd, 0, sizeof(struct ethtool cmd));
cmd->cmd = ETHTOOL _GSET;
return dev->ethtool ops->get settings(dev, cmd);

¥
57 DM9000 [1] get_settings, i H [1)/& mii_ethtool _gset:

static int dm9000 get settings(struct net_device *dev, struct ethtool cmd *cmd)

{
struct board info *dm =to dm9000 board(dev);
mii_ethtool gset(&dm->mii, cmd);
return 0;
}
int mii_ethtool gset(struct mii_if info *mii, struct ethtool cmd *ecmd)
{

struct net device *dev = mii->dev;
ul6 bmer, bmsr, ctrl1000 = 0, stat1000 = 0;
u32 nego;
ecmd->supported =
(SUPPORTED _10baseT Half | SUPPORTED 10baseT Full |
SUPPORTED_100baseT Half | SUPPORTED_100baseT Full |
SUPPORTED_Autoneg | SUPPORTED TP | SUPPORTED_MII);
if (mii->supports gmii)
ecmd->supported |= SUPPORTED 1000baseT Half [SUPPORTED_1000baseT Full;
ecmd->port = PORT MII;
ecmd->transceiver = XCVR _INTERNAL;
ecmd->phy address = mii->phy id;
ecmd->mdio_support = ETH_MDIO_SUPPORTS_C22;
ecmd->advertising = ADVERTISED TP | ADVERTISED MII;
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bmer = mii->mdio_read(dev, mii->phy_id, MII BMCR);

bmsr = mii->mdio_read(dev, mii->phy _id, MII BMSR);

if (mii->supports _gmii) {
ctrl1000 = mii->mdio_read(dev, mii->phy id, MII_CTRL1000);
stat1000 = mii->mdio_read(dev, mii->phy_id, MII_STAT1000);

mii->full duplex = ecmd->duplex;
return 0;

}

5 83C6410X Jin DM9000 [RIZH-A AN, TI M) Davinei AbH 2538 3 46 5 MAC #5751 2%,
HFEEANE—A PHY 5. Davinci EMAC IRENWILEALINER: T —A PHY %4

priv->phydev = phy_connect(ndev, priv->phy_id,&emac_adjust_link,PHY INTERFACE MODE MII);
A W™ Davinci EMAC BX5))(1) get_settings $ SEILUNT

static int emac_get settings(struct net_device *ndev,struct ethtool cmd *ecmd)
{
struct emac_priv *priv = netdev_priv(ndev);
if (priv->phydev)
return phy_ethtool gset(priv->phydev, ecmd);
else
return -EOPNOTSUPP;
}
int phy ethtool gset(struct phy device *phydeyv, struct ethtool cmd *cmd)
{
cmd->supported = phydev->supported;
cmd->advertising = phydev->advertising;
cmd->lp_advertising = phydev->Ip_advertising;
ethtool cmd speed_set(cmd, phydev->speed);
cmd->duplex = phydev->duplex;
if (phydev->interface = PHY INTERFACE MODE_MOCA)
cmd->port = PORT BNC;
else
cmd->port = PORT MII;
cmd->phy_address = phydev->mdio.addr;
cmd->transceiver = phy is_internal(phydev) ?
XCVR INTERNAL : XCVR EXTERNAL;
cmd->autoneg = phydev->autoneg;
cmd->eth tp mdix_ctrl = phydev->mdix;
return 0;

}

AW, emac_get settings FL#EE IS PHY WA SRR E
51 13.4  ET1011C 35 ASCHF 1000M #9473 #r
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1§ ethtool T2 A& eth0 WM& S50, 458

root@/home:~# ethtool ethQ
Settings for eth0:
Supported ports: [ TP AUI BNC MII FIBRE ]
Supported link modes:  10baseT/Half 10baseT/Full
100baseT/Half 100baseT/Full
Supports auto-negotiation: Yes
Advertised link modes: 10baseT/Half 10baseT/Full
100baseT/Half 100baseT/Full
Advertised pause frame use: No
Advertised auto-negotiation: Yes
Speed: 100Mb/s
Duplex: Full
Port: MIIL
PHYAD: 1
Transceiver: external
Auto-negotiation: on
Link detected: yes

ET1011C {5 H ARG 3 EE 1000M 4%, (H L4 45 A BoRIFAR SR 1000M M4, 4
Mt phy_device.c fCHiL:

int genphy _config_init(struct phy device *phydev)
{
int val;
u32 features;
features = (SUPPORTED TP | SUPPORTED_ MII|[SUPPORTED AUI | SUPPORTED FIBRE |
SUPPORTED BNC | SUPPORTED Pause | SUPPORTED Asym Pause);

PR A A7 A/
val = phy_read(phydev, MII_BMSR);//ZEA MRS A7 2%
if (val < 0)

return val;

if (val & BMSR_ANEGCAPABLE)

features |= SUPPORTED_Autoneg;
if (val & BMSR 100FULL)

features [= SUPPORTED 100baseT Full;
if (val & BMSR _100HALF)

features [= SUPPORTED_100baseT Half;
if (val & BMSR_10FULL)

features [= SUPPORTED _10baseT_Full;
if (val & BMSR 10HALF)

features = SUPPORTED 10baseT Half;
if (val & BMSR_ESTATEN) {

val = phy_read(phydev, MII_ESTATUS);//# JRIRESF175%

if (val <0)

return val;
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if (val & ESTATUS_1000_TFULL)
features [= SUPPORTED_1000baseT_Full;
if (val & ESTATUS 1000 THALF)
features [= SUPPORTED_1000baseT Half;
¥
phydev->supported &= features;
phydev->advertising &= features;
return 0;

}
AU T MIL_ESTATUS 255 B, W& 13-7:

£ 13-7 ET1011C MII_ESTATUS 7758

Bit E S it T it EN e uo M
15 1000Base-X Full duplex 0=/"3Z#F 1000Base-X Full duplex RO 0
14 1000Base-X Half duplex 0=A"3Zf 1000Base-X Half duplex RO 0
1=3FF 1000Base-T Full duplex A bit [0 E A 5L
1 1000Base-T Full 1 R 1 st
3 000Base-T Full duplex 0= 1000Base-T Full duplex o SPEED 1000 {5 I

1=32F 1000Base-T Half duplex
0=/3ZHF 1000Base-T Half duplex

11:0 fRE - RO 0

12 1000Base-T Half duplex RO 1

Al 0L 13 f74E A SPEED 1000 & JHISEHUK) o IXANE USRS, SR, HoRACE
1000M P2 R RATINIXANE RSN 1, TAEa8 e 1, XANEWET R 0, WZFAA5
fHN 00 JEEAHN I EHBH, Kz I Phr s, i ethtool iy 2 A5 A M4 544

root@/home:~# ethtool ethQ
Settings for eth0:
Supported ports: [ TP AUI BNC MII FIBRE |
Supported link modes: ~ 10baseT/Half 10baseT/Full
100baseT/Half 100baseT/Full
1000baseT/Half 1000baseT/Full
Supports auto-negotiation: Yes
Advertised link modes: 10baseT/Half 10baseT/Full
100baseT/Half 100baseT/Full
1000baseT/Half 1000baseT/Full

A JLE A B SCHRE 1000M 4%,

13.6 Netlink Socket

13.6.1 Netlink HLil

Netlink /& Linux WAZ5 N HFEPZ A —FUEEHLE, 14 TCP 5 UDP R4l —
¥, NAZF Netlink 760 —Fr P& sl ik AL BE . Netlink PMfE RFC3549 15 Y. 7F Linux
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WA, Netlink 184 T 10 A #% Netlink AP, 176N 28 FARAER) socket API il A] LA
A Netlink HLEIFEALE KRS Netlink [ f41E .70 Netlink W5 . Netlink AMUZRE
FgE, T H IR I AR AN P Netlink 748K %45 Netlink 21, J& 1% Netlink
YATA P AZARER O, AR RERIEZNE B AT Linux A% Netlink AL .

W A% Netlink socket {8 F T T 11 45 F i ik -

struct netlink sock {
/*struct sock WAZIE netlink sock )2 —A i bi*/

struct sock sk;

u32 portid;//As sock ¥ I
u32 dst_portid;// B 1% -1
u32 dst_group; // H 41
u32 flags;

u32 subscriptions;

u3?2 ngroups; /22 {4 HUE

unsigned long*groups; //Z %415
unsigned longstate;
size t max_recvmsg_len;

wait_queue head t wait;

bool bound;
bool cb_running;
struct netlink callback cb;

struct mutex *cb_mutex;

struct mutex cb_def mutex;

void (*netlink rcv)(struct sk_buff *skb);
int (*netlink bind)(struct net *net, int group);
void (*netlink unbind)(struct net *net, int group);
struct module *module;

#ifdef CONFIG_NETLINK MMAP
struct mutex pg_vec lock;

struct netlink ring  rx_ring;
struct netlink ring  tx_ring;
atomic_t mapped;

#endif /*CONFIG _NETLINK_MMAP*/
struct thash _head node;

struct rcu_head rcu;
1
netlink & AP SO SUAE A% HFEM o E MR Al b
// netlink P35

static struct proto netlink proto = {
name ="NETLINK",
.owner =THIS_MODULE,
.obj_size = sizeof(struct netlink sock),
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static struct pernet operations _ net initdata netlink net ops = {
.init = netlink net _init,
.exit = netlink net_exit,

15

static const struct net proto_family netlink family ops = {
.family = PF_NETLINK,
.create = netlink create,
.owner= THIS MODULE,

15

static int __init netlink proto_init(void)

{
int i;
int err = proto_register(&netlink_proto, 0);//7£jl} netlink Fipi3U&
if (err = 0)goto out;
netlink _add usersock entry();
sock_register(&netlink_family_ops);/iF /i netlink X1 [1] socket TpiSUAbEE 75
register_pernet_subsys(&netlink net_ops);/{% /I 25 i 4 25 18] -1 R 4t
rtnetlink init();

out:
return err;

panic:
panic("netlink init: Cannot allocate nl_table\n");

}

TEWAZEE SR, W] ] netlink kernel create pRA%{G1 % —™ Netlink socket:

struct sock *netlink_kernel_create(struct net *net, int unit, struct netlink_kernel_cfg *cfg);

Z 4 unit K7 Netlink PRI WAZTIOE SR ISR REAT i 282

354

#define NETLINK_ROUTE 0/ B #5*/
#define NETLINK_UNUSED 1

#define NETLINK_USERSOCK 2

#define NETLINK_FIREWALL 3/*[5 K/
#define NETLINK_INET DIAG 4

#define NETLINK_NFLOG 5

#define NETLINK_XFRM 6

#define NETLINK _SELINUX 7/*selinux [j K H%*/
#define NETLINK_ISCSI 8

#define NETLINK_AUDIT 9

#define NETLINK_FIB_LOOKUP 10

#define NETLINK_ CONNECTOR 11

#define NETLINK_NETFILTER 12

#define NETLINK_IP6_FW 13

#define NETLINK._ DNRTMSG 14

#define NETLINK_KOBJECT UEVENT 15/*Kobject Zff*/
#define NETLINK_GENERIC 16/*18 H] Netlink #p130%/
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#define NETLINK_SCSITRANSPORT 18
#define NETLINK_ECRYPTFS 19/% % SR R G8%/

netlink_kernel_cfg &5#45 X1 F:

struct netlink kernel cfg {
unsigned int groups;//Z117 &
unsigned int flags;

void (*input)(struct sk_buff *skb);//¥H & 21k [E] 17
struct mutex *cb_mutex;

int (*bind)(struct net *net, int group);//ZHZP5E
void (*unbind)(struct net *net, int group);//ZH AR E
bool (*compare)(struct net *net, struct sock *sk);

e
LRI input B 5 BREUE Netlink 74 SACEERREL, A1 E 218 Netlink socket B, %
input PREGEEN LB G, ALEB4T input BREI S EUE sk_buff 4544
Netlink 71 5 4514 FH Netlink ¥ 2k NZ #4158, Netlink 3 &k 451472 nlmsghdr:

struct nlmsghdr
{
_u32 nlmsg_len;/* G5 Sk KT B/
__ul6 nlmsg_type;/*¥H B2 */
__ul6 nlmsg_flags;/* i hnpra5*/
_u32 nlmsg_seq;/*/ 751 *5*/

32 nlmsg_pid;/* &% 7H B3 R ID*/
e

nlmsghdr £5#1¥) nimsg_flags 7B THCEH AR, o PR &AL

#define NLM_F_REQUEST 1% 3R B/

#define NLM_F_MULTI 28 BHZA o/

#define NLM_F_ACK 4/*ACK*/

#define NLM_F_ECHO 8/ 1 K[ v/

#define NLM_F_ROOT 0x100

#define NLM_F_MATCH 0x200

#define NLM_F_ATOMIC 0x400

#define NLM_F DUMP (NLM_F_ROOT|NLM_E _MATCH)
#define NLM_F REPLACE 0x100 /*7& 5 & ATAEMI*/
#define NLM_F_EXCL 0x200 /*AN a5 CLEAELE/
#define NLM_F_CREATE 0x400 /< SRASAEAE 61t/
#define NLM_F_APPEND 0x800 /*iE&n2 i/

PWAZHR 29 B2l sk buff 45 KSR R, Netlink 4 50B F BCEAE sk_buff [ data
B MAZH A% Netlink YRR, 780 E HbrHbE S5k, NETLINK CB % Hk
IR [FILRAFAE sk_buff [¥] cb % 52 H 1 netlink_skb_parms 4544, netlink_skb_parms HH {735 — L&
iﬁiﬁ{%‘l%\:
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#define NETLINK CB(skb) (*(struct netlink skb parms*)&((skb)->cb))
T AN R R T

NETLINK CB(skb). portid= 0; /{4 B & iEH w1, —BHNAZEE R 0
NETLINK_CB(skb).dst_group = 1;/ H #ngitiht.

TEPNRZ AT L A B 2L netlink_unicast SR AL HL R B -
int netlink unicast(struct sock *ssk, struct sk_buff *skb,u32 portid, int nonblock)

Firpr ssk JZ netlink_kernel_create RRHURIFI Netlink B2 . skb &M Hdngify, I
data &5 FH SR A7 Netlink 15 portid %k H sk 1, W% k00 B RN 1D,
nonblock HWBLIERRE, 1% % MSG_DONTWAIT, IR IE 77k, BhIn i s 7 el
GAAFNISZ RN AT Ry 0, FRoRBHZETT, U an R A B G A7 W R IR A5

WAZBL B 1 R &8 W] LLASTH R £X netlink_broadceast Sk &% #&¥H B

int netlink broadcast(struct sock *ssk, struct sk buff *skb, u32 portid,u32 group, gfp t allocation);

2K ssk. skb 5 portid [117 X5 netlink unicast pRELISEAR . AWK AR RIEL
5fi 1 ID 4 portid [/ Netlink socket. group AU Netlink 75 5K ZHEZH 205 . allocation Ay N
1753 icks&, 45 GFP_ATOMIC Al GFP_KERNEL %%,

51 13.5 % Netlink | #% & 1% 52451

#define NETLINK_EXAMPLE 32
struct sk_buff *skb = NULL;
struct nlmsghdr *nlh;
int ret;
struct sock *sock;
static void netlink rcv(struct sk buff *skb)
{
JAEIEFRIL netlink ¥ 5
}
struct netlink kernel cfg cfg= {
.input = netlink rcv,
|5
sock = netlink kernel create(&init net, NETLINK EXAMPLE, &cfg);
skb = nlmsg_new(NLMSG_DEFAULT SIZE, GFP_ATOMIC);
if (skb == NULL)return;
/RS 1%
NETLINK_CB(skb).portid = 0;
NETLINK CB(skb).dst group = 0;
nlh = (struct nlmsghdr *)skb->data;/45 7 ZdiE AL
nlh->nlmsg_len = NLMSG_SPACE(1000);
nlh->nlmsg _pid = 0;
nlh->nlmsg_flags = 0;
strcpy(NLMSG_DATA(nlh), "HELLO WORLD!");
I HEH B
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netlink broadcast(sock, skb, 0, 1, GFP_ATOMIC);

13.6.2 Netlink i )24

Netlink I H J2 4 F AR HER) socket B4 75 WAZMAE . PRt socket API [ b% %4
socket, bind, sendmsg, recvmsg Fl close # 1] LN F %] Netlink socket. T [Hi41-4H Netlink socket
A AP B

B1%—™ Netlink socket:

socket(AF_NETLINK, SOCK RAW, netlink type);

Netlink X [ HpSU% & AF_ NETLINK, 2 —ANS40b700E SOCK_ RAW  (J5ilf socket)
5l SOCK_DGRAM (H#liRERT), H=ASHIRE netlink PRCEA, L2 —AAE
SR, BT DU AR T SRR, 22 netlink_kernel_create PR%LTH] unit.

bind R ELTELRE P hE . Netlink 1) socket HidikffH sockaddr nl &5#)387R:

struct sockaddr nl

{
sa_family t nl family;/*AF NETLINK*/
unsigned short nl_pad;
32 nl_pidy/ R B FIHERE ID, A 0 s BcE h WA B 4L+
__u32 nl_groups;/*Z4&41*/
|5

sockaddr_nl Z5#4 ¥ 0 nl_family 4 #p0% AF_NETLINK, it nl_pad 47 % 7 fiff
A, BIEERE R E N 0, it nl_pid AHFMERE T SRR 1D, W R A iz k A3
HREZ IR, ST BOE N 0, 75 WBCE A B B3R ID. J 5% nl_groups H
THeE 241, bind KB TR RNZ 7 BIR E M2/ 4H, WREE N0, Xn
W AT 2 #5641

P 2T LU AT socket B4 5411 send BAELM A% R IETH S, W1 sendto. sendmsg %5 .
MENSNbIAR /I

struct msghdr {

void * msg name;  /*socket 4%/
int msg_namelen;/* 44 FRI 5 */
struct iovec * msg_iov; PR/

__kernel_size t msg_iovlen;/* HE Pt i/
void *msg_control;
_ kernel size t msg_controllen;
unsigned msg_flags;
1

13.6.3 Netlink JRZFESL51

51 13.6 Netlink SKFE 15 W H 5461
A Netlink SEIL A% 5 N H 2 A8 H . A W \samples\13network\13—2netlink .
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B N A% Netlink 327480017 «

struct sock *nl sk = NULL;
static int init_netlink(void)

{
struct netlink kernel cfg cfg= {
.groups= CN_NETLINK USERS + 0xf,
Anput = sample input,
bs
nl_sk =netlink kernel create(&init net, NETLINK SAMPLE, &cfg);
if (Inl_sk)
{
printk("net link: Cannot create netlink socket.\n");
return -EIO;
}
printk("net link: create socket ok.\n");
return 0;
}
int init_module()
{
init_netlink();
return 0;
¥

W% Netlink 327 UE)H B2 sample input BAEL. AW F sample input PREIT
e AR I FH 2 R TR B0 DU a1y 2

void sample input (struct sk_buff * skb)
{

struct sk_buff *skb;

struct nlmsghdr *nlh;

unsigned int pid;

int rc;

int len = NLMSG_SPACE(1200);

char data[100];

int dlen=0;

skb = skb get(__skb);

if (skb->len >= NLMSG_SPACE(0))

{
nlh = nlmsg_hdr(skb);
dlen= nlh->nlmsg_len;
pid = nlh->nlmsg_pid;/* 4471 & 1D BE A H i 1 */
if(dlen>100)dlen=100;
memset(data,0,100);
memcpy(data, NLMSG_DATA (nlh),dlen);
printk("net_link: recv '%s' from process %d.\n",data,pid);
kfree skb(skb);
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skb = alloc_skb(len, GFP_ATOMIC);//43- i sk_buff
if (!skb)
{
printk("net link: alloc_skb failed.\n");
return;
¥
nlh = nlmsg_put(skb,0,0,0,1200,0);/[i1 skb #N1— netlink 7 5
nlh ->nlmsg_len=dlen;
NETLINK CB(skb).portid = 0;
memcpy(NLMSG_DATA(nlh), data, strlen(data));
rc = netlink_unicast(nl_sk, skb, pid, MSG_DONTWAIT);/// 3% 4% i &

if (rc <0)
{
printk("net_link: unicast skb error\n");
}
printk("net_link: send '%s' to process %d ok.\n",data,pid);
H
return;
}
MRS AT -

int main(int argc, char* argv[])

{

struct sockaddr nl src_addr, dest_addr;

struct nlmsghdr *nlh = NULL;

struct iovec iov;

int sock fd;

struct msghdr msg;

// PF_NETLINK 5 AF NETLINK [

sock fd = socket(PF_NETLINK, SOCK _RAW, NETLINK SAMPLE);
memset(&msg, 0, sizeof(msg));

memset(&src_addr, 0, sizeof(src_addr));

src_addr.nl_family = AF_NETLINK;

src_addr.nl pid = getpid();

src_addr.nl_groups = 0;

bind(sock_fd, (struct sockaddr*)&src_addr, sizeof(src_addr));
memset(&dest_addr, 0, sizeof(dest_addr));

dest addr.nl family = AF NETLINK;

dest addr.nl pid=0;

dest addr.nl groups = 0;

nlh=(struct nlmsghdr *)malloc(NLMSG_SPACE(MAX PAYLOAD));
nlh->nlmsg_len = NLMSG_SPACE(MAX_ PAYLOAD);
nlh->nlmsg_pid = getpid();

nlh->nlmsg_flags = 0;

strcpy(NLMSG_DATA(nlh), "Hello kernel!");

iov.iov_base = (void *)nlh;

359



Linux X #h42 5 & =6 % 2 &

}

iov.iov_len = nlh->nlmsg_len;

msg.msg_name = (void *)&dest addr;

msg.msg_namelen = sizeof(dest_addr);

msg.msg_iov = &iov;

msg.msg_iovlen = 1;

sendmsg(sock fd, &msg, 0);

printf("Send message payload: %s\n",NLMSG_DATA(nlh));
memset(nlh, 0, NLMSG_SPACE(MAX PAYLOAD));
recvmsg(sock fd, &msg, 0);

printf("Received message payload: %s\n",NLMSG_DATA(nlh));
close(sock fd);

ABIEATEERANT -

360

[root@urbetter drivers]# insmod netlink.ko

net link: create socket ok.

[root@urbetter drivers]# ./test

net_link: recv 'Hello kernel!' from process 1246.
net_link: send 'Hello kernel!' to process 1246 ok.

Send message payload: Hello kernel!

Received message payload: Hello kernel!
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(Host Controller). USB EALJE USB &MLy, B IATS5 B

(1) K USB 25 HEFEARER o

(2) B LN USB B Z [ HiAL o

(3) EHLEHUR USB % 4% A1 I At o

(4) ARESIEBIIGETT

(5) AHEEHEN) USB B S il

USB AR 08AE EH TR I Bt HyE. USBL.1 X E$E OHCI (Open Host
Controller Interface Specification) F1 UHCI (Universal Host Controller Interface Specification) #i
i. UHCI XREPFRISEREUD, B R GE MM AR IEBE ) 5 A T R 2K B m: OHCT B %
e E SAEREErR, AR BRI SR 2R ERRAIG, X ARG ZR B, USB AL il s 2l
B B . WD, AEREWOTMEN, TR A WUTL (SOF, Start of
Frame) 4, HT Rk e H .

USB 2.0 #3417 EHCI (Enhanced Host Controller Interface) , ‘&4 USB 2.0 4Lk
Ht AL AP IS I R BRI T D bsdE, KRG T USB 2.0 I ENLE, 2
AR TR . EHC AR S AR el 50 e, O T USB 1.1, USB 2.0 1
HC i EHCI A1 CHC (Companion Host Controller, 4§ OHCI F1 UHCI 55) 57541k o

14.1.3 USB X522k

USB W& (EIBHE LAy T LR, MRt Bt BLE B, B 0 2R U2,
B 14-2 Fim. W& EHR A IAAEE, 45 % ID. USB HHUMRAS. 142 om s
B BRI ATE AT, WO, B U S S A .
ST 2R, g AE .

Uit 150
00 Ui s 1

B | B0

Uity A0
Bl
#0On

A&l

fidEn

K 142 USB & &ZERA

USB BT USB RGEK YT — M s IR, S nileriidl, — A i S8l — &
H, b sl A BNV AE Z AR A TE AT IR o O SRS Py il I 2 12 MV T Ok
LR ATe . im0 USB i ME—r GhkiR sy, 2 BN W Z REAE 1Y
HRIHECH o HIPAS 0 5 S AL T i P ilEiE . — BB F R AA, thidiE
BIVRT AR o A T8 S A B e B A R LM
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Linux W% USB %45 K45 K00 R

struct usb_device {
int devnum;
char devpath[16];
u32 route;
enum usb_device state state;
enum usb_device speed speed;
struct usb_tt *tt;
int ttport;
unsigned int toggle[2];
struct usb_device *parent;
struct usb_bus *bus;
struct usb_host_endpoint ep0;/3i 71 0
struct device dev;
struct usb_device descriptor descriptor;
struct usb_host bos *bos;
struct usb_host_config *config;
struct usb_host config *actconfig;
struct usb_host_endpoint *ep_in[16];//45 A\ ¥ K
struct usb_host_endpoint *ep_out[16];//4i tH % I
char **rawdescriptors;
unsigned short bus_mA;
u8 portnum;

s
Linux WA USB it &IN5 T

struct usb_host_config {
struct usb_config_descriptor desc;//Fit. & i 177
char *string;/*Hit. &7 5%/
struct usb_interface assoc_descriptor *intf assoc[lUSB_MAXIADS];

struct usb_interface *interface[USB_MAXINTERFACES]; /[t & SR 14 11#/

struct usb_interface cache *intf cache[USB  MAXINTERFACES];
unsigned char *extra;  /*JLABFEIARF*/
int extralen;//HABFEIR ST K BE

1

Linux W% USB N S5k -

struct usb_host _interface {
struct usb_interface_descriptor descy/ % A FF
int extralen;
unsigned char *extra; /< HALHREIB T/
struct usb_host_endpoint *endpoint;//><ER ¥
char *string;/*¥ 1 543 #3%/
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Linux W+ USB AL s 45 H 40T -

struct usb_host endpoint {
struct usb_endpoint_descriptor desc;//vi ) IR ST
struct usb_ss_ep comp descriptor  ss_ep_comp;

struct list head urb_list;
void *hepriv;
struct ep_device *ep_dev; /*FHF sysfs*/

unsigned char *extra;  /*HAFHIARF*/
int extralen;/F At HEIR T &

int enabled;

int streams;

14.2 Linux USB IR 2 F{Kk %

14.2.1 USB fhgEks
Linux ) USB XaNFE AR R R WK 14-3 FiR.

PELEN A

USBix&Mz) (S7FfE3. AplEER2 (HID), @fF2%)

USB core

USBEH Lz Hill#% IR Zh

USBi%#

K 14-3 Linux ¥ USB IKshFE/ TR

USB FHFHI #7155 USB #211E5 M USB Hdli Lt USB N5 HI sk S0 A 7 o7
I USB ML RS . USB #0215 USB M, USB WAk . USB ¥4 2K0K5)
It N E, B MREA TS, Bl USB RFRIKS) 2 USB W& K8 SN T
RAEWEAWNMREG . USB WAKIE) B 5 FETKN. Linux WS USB %
A FE USB FTEN B4 TR HID WA, fAffise 2k, sk liss,

14.2.2 USB %40kl
USB #0218 ] usb_driver JKbril—> USB WA UK, %45k 2 XK.

struct usb_driver {
const char *name;
int (*probe) (struct usb_interface *intf,const struct usb_device_id *id);
void (*disconnect) (struct usb_interface *intf);
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int (*unlocked ioctl) (struct usb_interface *intf, unsigned int code,void *buf);
int (*suspend) (struct usb_interface *intf, pm message t message);
int (*resume) (struct usb_interface *intf);

int (*reset_resume)(struct usb_interface *intf);

int (¥pre_reset)(struct usb_interface *intf);

int (*post_reset)(struct usb_interface *intf);

const struct usb_device id *id_table;

struct usb_dynids dynids;

struct usbdrv_wrap drvwrap;

unsigned int no_dynamic id:1;

unsigned int supports autosuspend:1;

unsigned int disable_hub _initiated Ipm:1;

unsigned int soft unbind:1;

s
USB %24 XSy E M e R .

#define usb_register(driver) \
usb_register_driver(driver, THIS MODULE, KBUILD MODNAME)

void usb_deregister(struct usb_driver *);

/R TR A1 ) USB AN SERI AT BRI AR L 538 IS Ad R 5 4 I A5

#define module usb_driver(_ usb_driver) \
module driver( usb driver, usb_register, \

usb_deregister)

usb_driver VMG, 4 USB B0 2 KIUHIH USB 45 Z ILHLHS, 21 usb_driver

] probe PR %L,
14.2.3 USB %%
USB #3218 H usb_device &5 FKbrIH—~ USB %44, 144544 5E R

struct usb_device {

int devnum;/{/E R LI
char devpath[16];//USB #1+h 4%
u32 route;

enum usb_device_state state;//ARAS

enum usb_device speed speed;//iH JE

struct usb_tt *tt;//ZH 4 Cll sz L AR AR B %)
int ttport;

unsigned int toggle[2];

struct usb_device *parent;

struct usb_bus *bus;

struct usb_host_endpoint ep0;//¥ii /5. 0

struct device dev;

struct usb_device descriptor descriptor;//i £ AT
struct usb_host bos *bos;

struct usb_host config *config;
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struct usb_host config *actconfig;

struct usb_host_endpoint *ep_in[16];//4i A\ %ifi A
struct usb_host_endpoint *ep_out[16];//47 H i s
char **rawdescriptors;//GET_DESCRIPTOR 741 [B] AR 157 JR 4 7455 B
unsigned short bus_ mA;//FIi

u8 portnum;//HUB ¥ 5

u8 level;//USB ¥ J 4

unsigned can_submit:1;

unsigned persist_enabled:1;

unsigned have langid:1;

unsigned authorized:1;

unsigned authenticated:1;

unsigned wusb:1;

unsigned lpm_capable:1;

unsigned usb2_hw_Ipm_capable:1;

unsigned usb2_hw_Ipm_besl capable:1;
unsigned usb2 hw Ipm_enabled:1;

unsigned usb2_hw_Ipm_allowed:1;

unsigned usb3 Ipm ul enabled:1;

unsigned usb3 Ipm u2 enabled:1;

int string_langid;

s
2 HUB K228, a0t —A usb_device, VEMZRIMZkix&HRT, SRIGUL
P AH Y. A B )

1424 THLEEHIE S
usb_hed &5 H SRR —A> USB THLE 1 259K 40

struct usb_hed {

struct usb_bus self; /*hed A& & bus*/

struct kref kref; /5] - Ex/

const char *product_desc; /*] T4 HI*/

int speed; /*Ki3 hub [P */

char irq_descr[24]; /*driver + bus #*/

struct timer_list rh_timer; /*drives root-hub polling*/
struct urb *status_urb;  /*Z4HTHRAS urb*/

#ifdef CONFIG_PM
struct work_struct ~ wakeup work; /*ZCREMEE FH*/

#endif
const struct he_driver *driver; [TEH5 B 5 hooks R/
/IOTG 5L LRI T 25 PHY X1,
struct usb_phy *usb_phy;
struct phy *phy;
unsigned long flags;
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unsigned int irq; SRR */

void _iomem *regs; [RUEES WAE/1O*/

resource_size_t ISIC_start; [*NAFIO YR UG/

resource_size t rsrc_len; [*INAH1O BEYRIKCEE*/

unsigned power budget; /*HIFEIH, HA70 mA, 0= JoFRE*/

struct giveback urb _bh high prio bh;
struct giveback urb _bh low prio_bh;

struct mutex *bandwidth mutex;//4fs 5 H. /&
struct usb_hcd *shared hcd;

struct usb_hcd *primary _hcd;

struct dma_pool *pool[HCD BUFFER POOLS];
int state;

unsigned long hed_priv[0] _attribute  ((aligned(sizeof(s64))));//FH £k
}5

usb_add hcd FR# N USB EHLEE 2% 5K 5) -
int usb_add_hcd(struct usb_hcd *hed,unsigned int irgnum, unsigned long irgflags);
Hrpirgnum S, irgflags A TBR A
14.2.5 USB iiKYt urb
USB & I # /MR [HEH] USB ik (urb) BEAT(E BALH . urb Z5F 41

struct urb {
/UL R AT : usb A% 0 JZ BEHAE HI 25 F*/
struct kref kref; /*URB 5| Hl it %i+/
void *hepriv; /% AR A A £t/
atomic_t use_count; PRI RARSEA K/
atomic_t reject;
int unlinked;

PR 22 FH AT Kt A8 (s 61/

struct list_head urb_list;

struct list head anchor list;

struct usb_anchor *anchor;

struct usb_device *dev; [*RBRFI B4/
struct usb_host_endpoint *ep; /%3 5. */

unsigned int pipe; PRETELR R/
unsigned int stream_id; /3 1D*/
int status; PR/
unsigned int transfer flags; /*f&Hikriki*/
void *transfer_buffer; /RS T/

dma_addr ttransfer dma;  /*fEFIZE M) DMA Hihik*/
struct scatterlist *sg;
int num_mapped_sgs;

int num_sgs;
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u3?2 transfer_buffer length; /*¥ZEphKCEE*/
u32 actual_length; /RS BRAER B/
unsigned char *setup_packet; /*#: 30 F, (#2515 FH)*/
dma addr_tsetup dma; /*EEN AL DMA Hitik*/

int start_frame; [AFFERIT (ISO)*/

int number_of packets; /*1SO BL.EE*/

int interval; /LR (INT/ISO)*/
int error_count; /*1SO Fi A/

void *context; [RSE A TR S0/

usb_complete t complete;  /*5E e E A4 I */
struct usb_iso_packet_descriptor iso_frame_desc[0];/*HF ISO*/
1

QI —> urb 8] I ) B £
struct urb *usb_alloc urb(int iso_packets, gfp t mem_flags);

iso_packets {CFR A EL A, WA BIERSEN urb WHZ{E R 0. mem_flags A @)%k
Fra&o B urb {8 F R I 1 R £

void usb_free urb(struct urb *urb);
usb_submit_urb H>KH¢4Z USB i3k b:

int usb_submit_urb(struct urb *urb, gfp t mem_flags);

usb_submit_urb &SP, B BRI, $RATH) urb BIBNAEFERASY,  AbBE5E
2> A struct urb-> complete FR%L, complete PREL T LUWTF -

typedef void (¥usb_complete t)(struct urb *);
FEHUEHEAC TG K, AT LLH usb_unlink_urb PRE(EY usb_kill urb pRA%Y .

int usb_unlink urb(struct urb *urb);//ANZ 45 % Lk iR B
void usb_kill urb(struct urb *urb);/Z5&f5 HUIH Bl

USB SCHFIURMREA I Bt (i it FD 0, hirfedm. S, 750
Fetin 7 SRR AR, FSR AR T3 1121 USB M 1B A&, AHR I s 5 hil4e 4
BEAIRAS M SN 2o Xl e, SevridR s ARy 8, 16, 32 5K 64B, X T
R BEH R 8B —Fhik#e. [RIDALRE PRI ESEM ALy a0, W T 5
A V)RR S S . [FED AR R RRR AL R KA im0 1024B. W&l 1
ERIR . AR B EAR NG B, AR AR AR AT S5 B &
o st AR AR AR, TR IR TR B BRI A

usb_fill_int_urb JHIRIFE7E AP WAL SR urb:

static inline void usb_fill int urb(struct urb *urb,struct usb_device *dev,unsigned int pipe,

void *transfer_buffer,int buffer length,
usb_complete t complete fn,void *context,int interval)
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urb->dev = dev;
urb->pipe = pipe;
urb->transfer buffer = transfer buffer;
urb->transfer buffer length = buffer length;
urb->complete = complete fn;
urb->context = context;
if (dev->speed == USB_ SPEED HIGH || dev->speed = USB_SPEED SUPER) {
PRFER 1) B 1 PR R */
interval = clamp(interval, 1, 16);
urb->interval = 1 << (interval - 1);
} else {
urb->interval = interval;
¥
urb->start frame = -1;

}
usb_fill_control urb F>R3H e #a Hill AL i =L urb:

static inline void usb_fill control urb(struct urb *urb,struct usb_device *dev,unsigned int pipe,
unsigned char *setup packet,void *transfer buffer,
int buffer length,usb_complete t complete fn,void *context)

urb->dev = dev;

urb->pipe = pipe;

urb->setup_packet = setup_packet;
urb->transfer buffer = transfer buffer;
urb->transfer buffer length = buffer length;
urb->complete = complete fn;

urb->context = context;

}
usb_fill_bulk_urb HIIE 7L S AL HIBI A 1) urb:

static inline void usb_fill bulk urb(struct urb *urb,struct usb_device *dev,unsigned int pipe,
void *transfer buffer,int buffer length,

usb_complete t complete fn,void *context)

urb->dev = dev;

urb->pipe = pipe;

urb->transfer_buffer = transfer_buffer;
urb->transfer buffer length = buffer length;
urb->complete = complete fn;

urb->context = context;

}

Linux WA EA AL 1T R ORI 78 RPN urb, RPN urb A S BCE
URB_ISO_ASAP Frii:
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urb->dev = dev->udev;
urb->context = dev;
urb->pipe = usb_rcvisocpipe(dev->udev, 0x83);
urb->transfer_flags = URB_ISO_ASAP;
urb->transfer buffer = dev->adev.transfer buffer[i];
urb->interval = 1;
urb->complete = em28xx_audio_isocirq;
urb->number of packets = EM28XX NUM_AUDIO PACKETS;
urb->transfer buffer length =sb_size;
for j =k =0; j <EM28XX NUM AUDIO PACKETS;
j++, k += EM28XX_AUDIO MAX PACKET SIZE) {
urb->iso_frame desc[j].offset =k;
urb->iso_frame desc[j].length =EM28XX AUDIO MAX PACKET SIZE;
}

N IHJUAS USB #idls Ak s B R ek K, T — A wib, JRIEHURIR I 25, 4545
WEPREHR . XKLL B AR T b RS0 BRI R AR I Ao
int usb_control msg(struct usb_device *dev, unsigned int pipe, _ u8 request,
__u8requesttype, ul6 value, ul6 index, void *data, ul6 size, int timeout);
int usb_interrupt msg(struct usb_device *usb_dev, unsigned int pipe,
void *data, int len, int *actual length, int timeout);
int usb_bulk msg(struct usb_device *usb_dev, unsigned int pipe,
void *data, int len, int *actual length, int timeout);

14.3 USB i%&#%

PWAZAE ] usb_get descriptor PRI EGRHLBE 45 (1 FH AT «
int usb_get descriptor(struct usb_device *dev, unsigned char type,unsigned char index, void *buf, int size)

FEA B I A5

#define USB_ DT DEVICE 0x01
#define USB_DT_CONFIG 0x02
#define USB_DT_STRING 0x03
#define USB_DT INTERFACE 0x04
#define USB_ DT _ENDPOINT 0x05
#define USB_DT_DEVICE_QUALIFIER 0x06
#define USB_DT OTHER SPEED CONFIG  0x07
#define USB_DT INTERFACE _POWER 0x08

WA USB B MM L, W, WIZKIGRIS S AT BCERMRTRT . 4%
BEEOY SN S R NIE i SSE U

V47 &5 DYy

struct usb_device descriptor {
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_ul

_u8

bLength; /AR TF 1) 715 5L
bDescriptor Type;/fiIR AP A ¥4

__ul6 bedUSBy/It & SRR HEA K USB et Uil ilA 5 (BCD f4)

_u
_u
_ul
_ul

bDeviceClass;// B #2544

bDeviceSubClass;// 1% & I3

bDeviceProtocol;//H3 i

bMaxPacketSize0;//3i 1 0 R AN (X 8,16,32,64 hEikAED

__ul6idVendor;//] Titri
__ul6 idProduct;//;= A&
__ul6 bedDevicey// £ kAT (BCD fi5)

_u
_ul
_ul
_u8

iManufacturer;/fid ] B {5 B RG]
iProduct;/id 7= 5 B B R S|
iSerialNumber;/##id 3 45 741545 S B 2R 5 |
bNumConfigurations; //JH & £ SZHF I B 4L

} _ attribute _ ((packed));
/PG EHIR T
struct usb_config descriptor {

_u8

_u

bLength;//MEHEIRAF 71541
bDescriptorType;//Hit & iR fF 2 11

__ul6 wTotalLength;//IAE B4 & 1 &K

_u
_u
_u
_ul
_u8

bNumlnterfaces;// e & S ¢ IE2 N4
bConfigurationValue;//ff]/F SetConfiguration iy 2 {241
iConfiguration;//Fid LI ¥ 7 FR IR T & 5 |
bmAttributes;// FL I FC B 4

bMaxPower;///E AL E R s 2 H YR FE 2 i

} _ attribute  ((packed));
IR R FF

struct usb_interface descriptor {

_u
_u
_ul
_u8
_u

ud

bLength;/ AR T[54

bDescriptorType; /42 I i 72

binterfaceNumber;/#% 15 : 4 ATHC & SCRF IR OB R 5], IWETFG
bAlternateSetting;//T] 1% % & 11 2R 5 [{H

bNumEndpoints; /132 1 H 1) i B 0s:

binterfaceClass;//ZMH: ZFAE K RIFFAEIR T o dnRICERINE Ry FFH, Wtk 0

Kb, TSRO USB VIR E

_ul
_u8

_u8

bInterfaceSubClass;/ 1285
bInterfaceProtocol;// g
ilnterface;/FiAR 6% I ) 7 B R R R 5 1B

} _ attribute _ ((packed));
135 K HIRTF
struct usb_endpoint descriptor {

_u8
_u
_u8

ud

Bit[l,O]ﬁﬂ%ﬂ:%%ﬁ‘é:

bLength;//MEHERAF 71541

bDescriptorType;//Ji o iR FFAE

bEndpointAddress;// A 5 BT R 1 s f ik

bmAttributes;/IH Ik FRI{E 534 [ /& E bConfigurationValue 3T H5 (L & it AL 4R o
00=F iM%, 01=[IPAE%; 10=HfbLi%; 1=hirflix. P Habrao#s ok &
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__ul6 wMaxPacketSize:// 4 Fif e & 1M ad BEMSHM AL B K ES B AR/
_u8  bIntervaly//A& W4 %12 S i 14 I 1] ] 5t
HEAT 755 e A i
__u8 bRefresh;
__u8 bSynchAddress;
} _ attribute  ((packed));

A LRSR AL TR AR HUE R, IRIEX S H, N LU EY) USB
WD B AIE WA KB . USB WA IKsh R P rh Il % ] usb_device id KAk Fr S F511)
USB %25 IS RERIZE 6

struct usb_device id {

_ul6 match_flags; /*[JCCHLEdak+/
) AR LT/

__ulé6 idVendor;

__ulé6 idProduct;

_ul6 bedDevice lo;

_ul6 bedDevice_hi;

PRI L/

_ul bDeviceClass;

_u8 bDeviceSubClass;

_u8 bDeviceProtocol;

fh RES LN IN )

_u8 bInterfaceClass;

_u8 bInterfaceSubClass;

_u8 bInterfaceProtocol;
¥R RO L/

_u8 bInterfaceNumber;

kernel ulong t driver info  attribute ((aligned(sizeof(kernel ulong t))));

14.4 S3C6410X USB F #5422 IR N2 F

14.4.1  IRGFF IR BT

S3C6410X (1) USB #8305 2 4~ USB 11, "&/2f74 OHCI MiyEfY USB 11, X4
USB # ) a7 ff4s &5 OHCIL.O FUYuHEA N, 1M Linux W54 OHCILO #iie, Pl
S3C6410X [¥] EMLAZ IS SR AN EESLI N B FEA R R Z, FESESIL he_driver 5841,
S3C6410X [¥] he_driver Z5Ft |-

static struct hc_driver read mostly ohci s3¢2410 hc_driver;
ohci s3¢2410 _hc driverhub status data =ohci $3¢2410 hub_status data;
ohci s3c2410 hc driver.hub_control = ohci_s3c¢2410 hub_control;

S3C6410X USB = ML 4 i 4% 4 I p% %0 4 ohci_hed s3¢2410_drv_probe, FIK#]UH1k
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S3C6410X USB FHLES 48,

static struct platform_driver ohci_hed s3¢2410 driver = {
.probe =ohci_hcd s3¢2410 drv_probe,
.remove =ohci_hed s3¢2410 drv_remove,
.shutdown  =usb hcd platform shutdown,
.driver ={
.name = "s3c¢2410-ohci",

.pm = &ohci_hcd s3¢2410 pm ops,

}s
|5
static int ohci_hed s3¢2410 drv_probe(struct platform_device *pdev)
{
return usb_hcd s3c¢2410_probe(&ohci_s3¢2410_hc_driver, pdev);
}
static int usb_hcd s3¢2410 probe(const struct he_driver *driver,struct platform device *dev)
{

struct usb_hcd *hed = NULL;
struct $3¢2410_hed _info *info =dev_get platdata(&dev->dev);
int retval,
$3c2410_usb_set power(info, 1, 1);
$3¢2410 usb_set power(info, 2, 1);
hcd =usb_create hcd(driver, &dev->dev, "s3c24xx");
if (hcd = NULL)
return -ENOMEM;
hed->rsre_start = dev->resource[0].start;
hed->rsre_len= resource_size(&dev->resource[0]);
hed->regs = devim_ioremap_resource(&dev->dev, &dev->resource[0]);// 27 17 o i
if IS_ERR(hcd->regs)) {
retval = PTR_ERR(hcd->regs);
goto err_put;
}
clk=devm _clk get(&dev->dev, "usb-host");
if (IS_ERR(clk)) {
dev_err(&dev->dev, "cannot get usb-host clock\n");
retval = PTR_ERR(clk);
goto err_put;
}
usb_clk=devm_clk get(&dev->dev, "usb-bus-host");
if (IS_ERR(usb_clk)) {
dev_err(&dev->dev, "cannot get usb-bus-host clock\n");
retval = PTR_ERR(usb_clk);
goto err_put;
}
$3c2410_start_hc(dev, hed);
retval = usb_add_hcd(hed, dev->resource[1].start, 0);
if (retval != 0)
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goto err_ioremap;
device_wakeup_enable(hcd->self.controller);// fo i/ M £ I i R 48
return 0;
err_ioremap:
$3¢2410_stop_hc(dev);
err_put:
usb_put hed(hed);

return retval,

14.4.2 S3C6410X ik U 352451
(1) B 5et8i/arch/arm/mach-s3¢2410/mach-smdk2410.c, ¥sHil USB ##%:

static struct platform_device *smdk6410 devices[] initdata = {

#ifdef CONFIG_SMDK6410_SD_CHO
&s3c_device_hsmmc0,

#endif

#ifdef CONFIG_SMDK6410 SD CH1
&s3c_device_hsmmcl,

#endif
&s3c_device i2¢c0,
&s3c_device i2cl,
&s3c_device fb,
&s3c_device_usb,
&s3c_device usb_hsotg,

#ifdef CONFIG REGULATOR
&smdk6410 b pwr 5Sv,

#endif
&smdk6410_lcd powerdeyv,
&smdk6410 smsc911x,

15
(2) 1217 make menuconfig, HEAWACE, 7t [device drivers] — [USB support]
BB el 14-4 Jis:

——— USE =support
Tk Support for Host—=side USE

[#] USE announce new dewices

Fk Mizcellaneous USE options #9k

[*] Enable USE persziszt by defaunlt
Dvnamic USE minor allocation

0TS support

Eely on OTG and EH Targeted Peripherals Liszt
USE ULFI PHY interface support

USE Monitor

Support WISE Cable Bazed Association (CHA)

N
PN -

4+ USE Host Controller Drivers ¢
<0x Cyprezs C8T=00 HCD support
<y zHCI HCD (USE 3.0) support
< EHCI HCD (USE 2.0) support
L USE Mas= Storage support

| 14-4 USB support it &
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(3) A UHL, N U SAEHE U SR T

JABNJETEA U 4

[root@urbetter /dev]# usb 1-1: USB disconnect, device number 2

usb 1-1: new full-speed USB device number 7 using s3¢2410-ohci

usb 1-1: New USB device found, idVendor=0781, idProduct=5575

usb 1-1: New USB device strings: Mfr=1, Product=2, SerialNumber=3

usb 1-1: Product: Cruzer Glide

usb 1-1: Manufacturer: SanDisk

usb 1-1: SerialNumber: 4C530201021202112304

usb-storage 1-1:1.0: USB Mass Storage device detected

scsi host1: usb-storage 1-1:1.0

usb 1-2: new full-speed USB device number 8 using s3¢2410-ohci

usb 1-2: device descriptor read/64, error -62

usb 1-2: device descriptor read/64, error -62

usb 1-2: new full-speed USB device number 9 using s3c2410-ohci

scsi 1:0:0:0: Direct-Access SanDisk Cruzer Glide 1.26 PQ: 0 ANSI: 6

sd 1:0:0:0: Attached scsi generic sg0 type 0

sd 1:0:0:0: [sdb] 15633408 512-byte logical blocks: (8.00 GB/7.45 GiB)

sd 1:0:0:0: [sdb] Write Protect is off

sd 1:0:0:0: [sdb] Write cache: disabled, read cache: enabled, doesn't support DPO or FUA
sdb: sdbl

[root@urbetter /dev]# mount -t vfat /dev/sdbl /mnt/disk/

[root@urbetter /dev]# df

Filesystem 1K-blocks Used Available Use% Mounted on
192.168.10.102:/root/fgj/nfs/rootfs 29799484 7393104 20869612 26% /

tmpfs 61948 0 61948 0% /dev/shm
/dev/sdbl 7812864 16 7812848 0% /mnt/disk
[root@urbetter /dev]# cd /mnt/disk

[root@urbetter disk]# 1s

[root@urbetter disk]# mkdir a

[root@urbetter disk]# ls

a

14.5 USB EZEZRMEFOWN

Wi USB FHFEHIAS CEIF R oeHE, AT T AR S5 & T AR 2 1) USB 3£ IR B 2
. {F Linux WHCLME Sl 1) USB WAWKSHRE PR Wbk, AR K
F, X H DL USB &% % 04 M USB % 4% 5K 2 F2 )5 JF & 10 5 3%, AC 1 7
/drivers/hid/usbhid/usbkbd.c 1. USB ##4f ik % /& USB W& S AWK & 14561k

static struct usb_device id usb_kbd id table [] = {
{ USB_INTERFACE INFO(USB INTERFACE CLASS HID, USB_INTERFACE SUBCLASS
BOOT,
USB INTERFACE PROTOCOL KEYBOARD) },
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{} /*Terminating entry™*/
fie
MODULE DEVICE TABLE (usb, usb_kbd id table);
static struct usb_driver usb_kbd driver = {
.name = "usbkbd",
.probe = usb_kbd probe,
.disconnect = usb_kbd disconnect,
.id table= usb _kbd id table,
fie
module usb_driver(usb_kbd_driver);//USB % #2RXA I1I

R4 usb_kbd_id_table HJAIA USB #£&UK5) 3 KF HID 2K/ USB 4%, K B M.
USB i SR JH o W07 A% iy 77 o 4 0o 8 M8, R ) 458 ) A% 4y 7 X 4% il 48 5 LED 4T .
usb_kbd_probe PRE E T IWHE WS, M T R& . BRI

static int usb_kbd probe(struct usb_interface *iface,const struct usb_device id *id)
{

struct usb_device *dev = interface to usbdev(iface);
struct usb_host interface *interface;
struct usb_endpoint_descriptor *endpoint;
struct usb_kbd *kbd;
struct input_dev *input_dev;
int i, pipe, maxp;
int error = -ENOMEM;
interface = iface->cur_altsetting;
if (interface->desc.bNumEndpoints != 1)

return -ENODEYV;
endpoint = &interface->endpoint[0].desc;
if (lusb_endpoint is int in(endpoint))

return -ENODEV;
pipe = usb_rcvintpipe(dev, endpoint->bEndpointAddress);
maxp = usb_maxpacket(dev, pipe, usb_pipeout(pipe));
kbd = kzalloc(sizeof(struct usb_kbd), GFP_KERNEL);
input_dev = input_allocate_device();//4 B3N % %
if ('kbd || linput_dev)

goto faill;
if (usb_kbd alloc_mem(dev, kbd))

goto fail2;
kbd->usbdev = dev;
kbd->dev = input_dev;
spin_lock init(&kbd->leds lock);
if (dev->manufacturer)

strlcpy(kbd->name, dev->manufacturer, sizeof(kbd->name));
if (dev->product) {

if (dev->manufacturer)

strlcat(kbd->name, " ", sizeof(kbd->name));

strlcat(kbd->name, dev->product, sizeof(kbd->name));
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H
if (!strlen(kbd->name))
snprintf(kbd->name, sizeof(kbd->name),
"USB HIDBP Keyboard %04x:%04x",
le16 to cpu(dev->descriptor.idVendor),
le16_to_cpu(dev->descriptor.idProduct));
usb_make path(dev, kbd->phys, sizeof(kbd->phys));
strlcat(kbd->phys, "/input0", sizeof(kbd->phys));
IR B
input_dev->name = kbd->name;
input_dev->phys = kbd->phys;
usb_to_input id(dev, &input_dev->id);
input_dev->dev.parent = &iface->dev;
input_set drvdata(input_dev, kbd);
input_dev->evbit[0] = BIT MASK(EV_KEY) | BIT MASK(EV_LED) [BIT MASK(EV_REP);
input_dev->ledbit[0] = BIT_MASK(LED_NUML) | BIT_MASK(LED_CAPSL) |
BIT_MASK(LED_SCROLLL) | BIT MASK(LED_COMPOSE) |
BIT_MASK(LED_KANA);
for (i=0; 1< 255; i++)
set bit(usb_kbd keycode[i], input_dev->keybit);
clear bit(0, input dev->keybit);
input_dev->event =usb_kbd_event;/led ZH{-AbFH o %
input_dev->open = usb_kbd open;
input_dev->close =usb_kbd _close;
usb_fill_int_urb(kbd->irq, dev, pipe,kbd->new, (maxp > 8 ? 8 : maxp),
usb_kbd_irq, kbd, endpoint->bInterval);/IAFeSBALHZEZ T HT urb
kbd->irq->transfer_dma = kbd->new_dma;
kbd->irq->transfer flags |= URB_NO_TRANSFER DMA MAP;
kbd->cr->bRequestType = USB_TYPE_CLASS | USB_RECIP_INTERFACE;
kbd->cr->bRequest = 0x09;
kbd->cr->wValue = cpu_to 1e16(0x200);
kbd->cr->wIndex = cpu_to_lel6(interface->desc.bInterfaceNumber);
kbd->cr->wLength = cpu_to le16(1);
usb_fill_control_urb(kbd->led, dev, usb_sndctrlpipe(dev, 0),
(void *) kbd->cr, kbd->leds, 1,usb_kbd_led, kbd);//3E7¢ led #4] urb
kbd->led->transfer dma = kbd->leds_dma;
kbd->led->transfer flags [= URB_NO_TRANSFER_DMA MAP;
error = input_register_device(kbd->dev);/AE M ¥ %
if (error)
goto fail2;
usb_set intfdata(iface, kbd);
device_set wakeup_enable(&dev->dev, 1);// R F I AR RS
return 0;
fail2:
usb_kbd_free_mem(dev, kbd);
faill:
input_free device(input dev);
kfree(kbd);
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return error;

}
usb_kbd_open FIZTHEAC T USB gk, 5T

static int usb_kbd_open(struct input_dev *dev)

{
struct usb_kbd *kbd = input_get drvdata(dev);
kbd->irq->dev = kbd->usbdev;
if (usb_submit urb(kbd->irq, GFP_ KERNEL))
return -EIO;
return 0;
}

71 USB B4 58 R H UG 3 7= A i, BB 4 A7 A kbd->new Ho HH KT A 2 R £
usb_kbd_irq fUES I

static void usb_kbd irq(struct urb *urb)

{
struct usb_kbd *kbd = urb->context;
int i;
switch (urb->status) {
case 0:/*J{Ih*/
break;
case -ECONNRESET: PRSI A

case -ENOENT:// S AAFAE
case -ESHUTDOWN: /&4ty s <], Toidifbsn
return;
default:/* HA 1R/
goto resubmit;
b
for (i=0;i<8; it++)
input_report key(kbd->dev, usb_kbd keycode[i + 224], (kbd->new[0] >> i) & 1);
for 1=2;1<8;it++) {
if (kbd->old[i] > 3 && memscan(kbd->new + 2, kbd->old[i], 6) == kbd->new + 8) {
if (usb_kbd_keycode[kbd->old[i]])
input_report_key(kbd->dev, usb_kbd_keycode[kbd->old][i]], 0);
else
hid_info(urb->dev,"Unknown key (scancode %#x) released.\n" ,kbd->old[i]);
b
if (kbd->new[i] > 3 && memscan(kbd->old + 2, kbd->new[i], 6) == kbd->old + 8) {
if (usb_kbd keycode[kbd->new[i]])
input_report_key(kbd->dev, usb_kbd_keycode[kbd->newli]], 1);
else
hid_info(urb->dev,"Unknown key (scancode %#x) pressed.\n" ,kbd->new[i]);
}
}
input_sync(kbd->dev);//[F2P 5 IHIAE B
memcpy(kbd->old, kbd->new, 8);
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resubmit:
i=usb_submit urb (urb, GFP_ ATOMIC);
if (i)
hid_err(urb->dev, "can't resubmit intr, %s-%s/input0, status %d",
kbd->usbdev->bus->bus_name,kbd->usbdev->devpath, i);
}

usb_kbd_close PREARAL LT

static void usb_kbd close(struct input_dev *dev)

{
struct usb_kbd *kbd = input_get drvdata(dev);
usb_kill urb(kbd->irq);

}

usb_kbd_event &£ k45 HI B FI¥ LED 47,

static int usb_kbd_event(struct input_dev *dev, unsigned int type,unsigned int code, int value)
{
unsigned long flags;
struct usb_kbd *kbd = input_get drvdata(dev);
if (type != EV_LED)return -1;
spin_lock irgsave(&kbd->leds lock, flags);
kbd->newleds = (!!test bit(LED KANA, dev->led) << 3) |
(Mtest bit(LED_COMPOSE, dev->led) << 3) |
(Mtest bit(LED_SCROLLL, dev->led) <<2) |
(Mtest bit(CLED_CAPSL, dev->led) <<1) |
(Mtest_bit(LED_NUML, dev->led));
if (kbd->led urb_submitted){
spin_unlock irqrestore(&kbd->leds_lock, flags);
return 0;
}
if (*(kbd->leds) == kbd->newleds){
spin_unlock irqgrestore(&kbd->leds_lock, flags);
return 0;
}
*(kbd->leds) = kbd->newleds;
kbd->led->dev = kbd->usbdev;
if (usb_submit_urb(kbd->led, GFP_ATOMIC))/A&3L led 5 urb, ¥IE7E kbd->leds H
pr_err("usb_submit_urb(leds) failed\n");
else
kbd->led urb_submitted = true;
spin_unlock irgrestore(&kbd->leds lock, flags);
return 0;

}
R brAEsAL LED (6], nI3 LA 10 &
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AR E) A Linux WAZ H LLEBCRR IR IR S, & AR B 3 /drivers T, 1 A& 3
/sound HFE F. HEI Linux WAZ S8 MRE = E % H ALSA (Advanced Linux Sound

Architecture) ZH4. ARFAE ALSA B 5 ¥ SR RE 7T A o

15.1 ALSA Sk FH

ALSA TR R AL T ARSI BEER, 8L 1100 N HIRE R4 5 B it 1T 5 (1) pRi 4

£ (alsalib)o ALSA MR R FSARSR W 15-1 Fios.

Application

Alsalib

T
ALSA ,%é%ali}ﬁlﬂ%

ALSA core

ALSA SOC

ALSAFH% % IR 5

BEfE (FALE -+ EsmE )

15-1 ALSA SAAZER)

ALSA SRR A W MRS

(1) SZREPTA SRR E I 1, AT AR 75 Bl R e % o

(2) SERBHALI R IKERE T
(3) SMP FIZFE LAkl

(4) A Rk, St T IR RIGRER L, NI RiAE 1 NIRRT

(5) SCHFFBCEM OSS APL, S KZ 4 0SS W

ALSA HAMAZ NN HERE T B 0. (1D W &5 B8 U (/proc/asound); (2) B
2 H14% 11 (/dev/snd/controlCX);  (3) TR #4875 [ (/dev/snd/mixerCXDX); (4) PCM &%

$2(/dev/snd/pemCXDX); (5) J5idf MIDI #4542 1 (/dev/snd/midiCXDX); (6)

%0 (/dev/snd/seq); (7) € W83 1 (/dev/snd/timer).

—= 7
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Z IR G IR NAL T

15.2 ALSA %L 2

1521 Hf:
7R H snd card S5 M)A

struct snd_card {

s

int number; /xR Y/
char id[16]; /xR ID*/
char driver[16]; I*BREN 44 %/
char shortname[32]; RS e A
char longname[80]; /xR
char irq_descr{32]; LA/
char mixername[80]; PIRE AR A

char components[128];

struct module *module; PRI R/

void *private_data; PR HAE*/

void (*private_free) (struct snd_card *card); /*B¢ ISURA AT B 1 [] ) */
struct list_head devices; PULAR R/

struct device ctl_dev; PR

unsigned int last_numid;

struct rw_semaphore controls_rwsem;/*¥a il Bz 1 BER B/

rwlock_tctl files rwlock; /¥4 L SCAFEER B>/

int controls_count; PP i D R e
int user_ctl_count; /¥ PR DB

struct list_head controls; PR R

struct list_head ctl_files; LR B R R 1 ST/

struct mutex user_ctl lock; /*H ¥z F14/

struct snd_info_entry *proc_root;  /*proc R H 3&*/

struct snd_info_entry *proc_id;

struct proc_dir_entry *proc_root link;

struct list_head files_list;  /*RERIE R IISCREER*/

struct snd_shutdown_f ops *s_f ops; /*{5 IARAS N I SCAFERAE/

spinlock_t files_lock; PR

int shutdown; /xR IEAE AT/
struct completion *release_completion;

struct device *dev; 1 PR ORI IR B £/

struct device card dev;
const struct attribute_group *dev_groups[4]; /*JEPEZH*/
bool registered; [*card_dev & miFESM*/

QIR — A PR E5H:

int snd_card new(struct device *parent, int idx, const char *xid,

struct module *module, int extra_size,struct snd_card **card_ret);
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snd_card_register PR RF MR

int snd_card register (struct snd_card * card);

15.2.2 PSS
—ANFERTT RS AL S

struct snd_device {
struct list_head list; PR R £
struct snd_card *card; P A B R/
enum snd_device_state state; /%W IRAS*/
enum snd_device type type; /*¥ %S/
void *device_data; Jhlr &2 A& Tl
struct snd_device ops *ops; /* & AN A RIS/

Bs

PG EFE PCM S Fdilde 1, J5ils MIDI #2 AR . S0k 4 128 82 enum
snd_device_type:

enum snd_device_type {
SNDRV_DEV_LOWLEVEL,
SNDRV_DEV_CONTROL,
SNDRV_DEV_INFO,
SNDRV_DEV_BUS,
SNDRV_DEV_CODEC,
SNDRV_DEV_PCM,
SNDRV_DEV_COMPRESS,
SNDRV_DEV_RAWMIDI,
SNDRV DEV TIMER,
SNDRV_DEV_SEQUENCER,
SNDRV_DEV_HWDEP,
SNDRV_DEV_JACK,

1
snd_device_new PRECH R BIEE— AN E AR A

int snd_device new(struct snd_card *card, snd_device type t type,
void *device data, struct snd_device ops *ops)

snd_device_free PRAICM - HHIBR S 415 £ -
intsnd_device_free(struct snd_card *card, void *device_data);
15.23 PCM
PCM 2FCh ik b gt i il (pulse-code modulation), 7F &5 A AbH B 75t 2 X AR5 Adk
AT WK RAE o 75 R0, 5 M5 5 3% I — 2 R A% (sample rate) DL ARG RE (bits per
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sample) AT RAE, FEASRAE ST X —mi (frame). — & AEHE (1 bit 200K X
W, — AR bit BOREE X PR IE XCRAEEE . — Ml 14 25 ATEICHE 42 FS [ 05 E
FE— AR T A . PCM B0 S Bl A2 B s 1) 255 AT 430 o
ALSA ZE¥y, PCM HIRAEEEEHA, M snd pem S5k, — AR EEZ
AN PCM, B4 PCM X AL ZANFRIECR A T, Bl 15-2 25 ALSA PCM it I 4244 o

Snd_card
PCM1 PCMn
Playback stream Capture stream
substream| substream|1
substream?2 substream2
substreamn substreamn

K 152 HARA R

struct snd_pcm {
struct snd_card *card;/fTJ& = k<
struct list_head list;
int device; /% £ 5%/
unsigned int info_flags;
unsigned short dev_class;
unsigned short dev_subclass;
char id[64];
char name[80];
struct snd_pcm_str streams[2];/ i
struct mutex open_mutex;
wait_queue head t open_ wait;
void *private_data;
void (*private_free) (struct snd_pcm *pcm);
bool internal; /* /& 75 {X P &R AL A */
bool nonatomic; /* /&= 7F 34> PCM £/ 40 TAE R 1 R 3c#/
1
TR EL AR FEBOA  R AR, ORI 2T, 20 AFIAE snd_pem £5F4
() streams[ 2]/ 51 EARA T 1) 7€ LA F :
enum {
SNDRV_PCM_STREAM PLAYBACK =0,

SNDRV_PCM_STREAM CAPTURE,
SNDRV_PCM_STREAM _LAST = SNDRV_PCM_STREAM CAPTURE,
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PCM &Ml 7 g5 F T

struct snd pcm_substream {
struct snd_pcm *pcm;
struct snd_pcm_str *pstr;
void *private_data;/* & i H pcm->private data*/

int number;
char name[32]; /XTI *
int stream; [T )%/

struct pm_qos_request latency pm_qos_req;
size_tbuffer bytes max;  /*IFTEZEMIR N/
struct snd_dma_buffer dma_buffer;//DMA 2%
size_t dma_max;/DMA “K/)

const struct snd pcm_ops *ops;//PCM 4

struct snd_pcm_runtime *runtime;/i&47 {5 B
struct snd_timer *timer; [*E I BR*/

unsigned timer_running: 1; /*E W25 & HAEISIT*/
struct snd_pcm_substream *next;/F5 7] F —A>Fii
struct list_head link list;

struct snd_pcm_group self group;

struct snd_pcm_group *group;

¥
snd_pem_new PRELGIEE—ANENH PCM SE4:

int snd_pcm_new(struct snd_card *card, char *id, int device,
int playback count, int capture count,struct snd pem ** rpcm);

snd_pem_new_stream BRI ACENE—NM T PCM i :

int snd_pcm_new_stream(struct snd_pcm *pem, int stream, int substream_count)

stream B3R 77 1)

1524 FHWigshzn
TR I 1 R

struct snd_kcontrol new {
snd_ctl elem iface tiface; /*3zIIFRiN*/
unsigned int device;/* B #5/%5 J' 5%/
unsigned int subdevice;/* T ¥ %/ T T */
const unsigned char *name; /*ASCIT % */
unsigned int index;  /* & %*/
unsigned int access; /*Vj ] AN R */
unsigned int count;
snd_kcontrol_info_t *infoy/#% I FIAH A5 &
snd_kcontrol_get_t *get;//3REX BRI
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Bs

snd_kcontrol_put_t *put;/BEE BREL
union {
snd_kcontrol tlv rw_t *c;
const unsigned int *p;
} tlv;
unsigned long private value;

snd _ctl newl pRELEIEE—ASB I 1 :

struct snd_kcontrol * snd_ctl newl (const struct snd_kcontrol new * ncontrol,void * private data);

snd_ctl free one PREUEEI— N ahilHE 1 :

void snd_ctl free one (struct snd_kcontrol * kcontrol);

snd_ctl_add pRECH 7RIS II— AN

int snd_ctl add (struct snd_card * card, struct snd_kcontrol * kcontrol);

snd_ctl_remove B A RMIBR—AN il 1 -

int snd_ctl remove(struct snd_card *card, struct snd_kcontrol *kcontrol) ;

NI CS4281 B 1 “ F AR IS 7 PR -

static struct snd_kcontrol new snd cs4281 pcm_vol =

{

Bs

.iface = SNDRV_CTL ELEM IFACE MIXER,

.name = "PCM Stream Playback Volume",

.info =snd cs4281 info_volume,

.get=snd cs4281 get volume,

.put=snd cs4281 put volume,

.private_value = ((BAO PPLVC << 16) | BAO_PPRVC),
tlv={.p=db _scale dsp },

snd_ctl add(card, snd ctl newl(&snd cs4281 pcm_vol, chip));//KF struct cs4281 *chip 7E A FAT Hih
118 1 R EE X

#define snd_kcontrol chip(kcontrol) ((kcontrol)->private data)

static int snd_cs4281 get volume(struct snd_kcontrol *kcontrol,struct snd ctl elem value *ucontrol)

{

struct cs4281 *chip = snd_kcontrol chip(kcontrol);

int regl = (kcontrol->private value >> 16) & Oxfftf;

int regR = kcontrol->private_value & Oxffff;

int volL, volR;

volL=CS_VOL MASK - (snd cs4281 peekBAO(chip, regl) & CS VOL MASK);
volR =CS_VOL MASK - (snd_cs4281 peekBAO(chip, regR) & CS_VOL_MASK);
ucontrol->value.integer.value[0] = volL;

ucontrol->value.integer.value[1] = voIR;
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}

return 0;

static int snd_cs4281 put volume(struct snd kcontrol *kcontrol,struct snd ctl elem value *ucontrol)

{

}

struct cs4281 *chip = snd_kcontrol chip(kcontrol);
int change = 0;
int regL = (kcontrol->private value >> 16) & Oxffff;
int regR = kcontrol->private value & Oxfftf;
int volL, voIR;
volL =CS_VOL MASK - (snd cs4281 peekBAO(chip, regl) & CS_VOL MASK);
volR =CS VOL MASK - (snd cs4281 peekBAO(chip, regR) & CS VOL MASK);
if (ucontrol->value.integer.value[0] != volL) {//{NF & Bl 5 F A2 A—EL
volL =CS_VOL MASK - (ucontrol->value.integer.value[0] & CS VOL MASK);
snd_cs4281 pokeBAO(chip, regL, volL);
change = 1;
}
if (ucontrol->value.integer.value[1] != voIR) {//A1 K EAH 5 A EHA—EL
volR =CS_VOL MASK - (ucontrol->value.integer.value[1] & CS_VOL MASK);
snd cs4281 pokeBAO(chip, regR, volR);
change = 1;
}

return change;

1t shell A LUELT amixer iy 4 BEE CS4281 &, Hilln:

amixer cset name=' PCM Stream Playback Volume ' 26,26

WAz E LT — FR 5% K424 snd_keontrol_new:

#define SOC_SINGLE(xname, reg, shift, max, invert) \

{

.iface = SNDRV_CTL_ELEM IFACE_MIXER, .name = xname, \
.info=snd soc info volsw, .get =snd soc get volsw,\

.put =snd _soc_put_volsw, \

.private_value = SOC_SINGLE VALUE(reg, shift, max, invert, 0) }

#define SOC_DOUBLE(xname, reg, shift left, shift right, max, invert) \

{

.iface= SNDRV_CTL ELEM IFACE MIXER, .name = (xname),\
.info=snd soc info volsw, .get=snd soc get volsw, \

.put=snd soc put volsw, \

.private_value = SOC_DOUBLE VALUE(

1t WM9713 1] keontrol #1117 X :

static const struct snd_kcontrol new wm9713 snd ac97 controls[] = {

SOC DOUBLE TLV("Speaker Playback Volume", AC97 MASTER, 8, 0, 31, 1, out_tlv),
SOC_DOUBLE("Speaker Playback Switch", AC97_ MASTER, 15,7, 1, 1),

SOC_DOUBLE TLV("Headphone Playback Volume", AC97 HEADPHONE, 8, 0, 31, 1,out_tlv),
SOC _DOUBLE("Headphone Playback Switch", AC97 HEADPHONE, 15, 7, 1, 1),
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SOC_DOUBLE_TLV("Line In Volume", AC97_PC_BEEP, 8, 0, 31, 1, main_tlv),
SOC_DOUBLE TLV("PCM Playback Volume", AC97_PHONE, 8§, 0, 31, 1, main_tlv),
SOC SINGLE TLV("Mic 1 Volume", AC97 MIC, 8, 31, 1, main_tlv),

SOC SINGLE TLV("Mic 2 Volume", AC97 MIC, 0, 31, 1, main_tlv),

SOC SINGLE TLV("Mic 1 Preamp Volume", AC97 3D CONTROL, 10, 3, 0, mic_tlv),
SOC_SINGLE TLV("Mic 2 Preamp Volume", AC97 3D CONTROL, 12, 3, 0, mic_tlv),
SOC_SINGLE("Mic Boost (+20dB) Switch", AC97_LINE, 5, 1, 0),
SOC_SINGLE("Mic Headphone Mixer Volume", AC97_LINE, 0, 7, 1),

fie

BH WAZT P A 1 keontrols iy 240 T :
[root@urbetter home]# ./amixer controls
numid=1,iface=MIXER,name='Speaker Playback Volume'

numid=2,iface=MIXER,name='Speaker Playback Switch'
numid=3,iface=MIXER,name="Headphone Playback Volume'

15.2.5 AC97 |

AC97 4F% Audio CODEC 97, & Intel 25 )L A Sl & ) 2 A A F e .
ACT W UEAE A —Fh 4B 0 S PR 30, FE R 5T X PC £ SR 37 75 >Rk H 2538 U i 3 Y4
5 AT AR S AR 3k 7 AN T T AT AL, JEE IR T R ST AT B A

struct snd_ac97 {
const struct snd_ac97 build ops *build ops;
void *private data;
void (*private_free) (struct snd_ac97 *ac97);
struct snd_ac97_bus *bus;
struct pei_dev *pci;  /*PCI BE45*/
struct snd_info_entry *proc;
struct snd_info_entry *proc_regs;
unsigned short subsystem_vendor;
unsigned short subsystem_device;
struct mutex reg_mutex;
struct mutex page mutex;
unsigned short num; /*codec 5: 0 =7, 1 = 5§ %/
unsigned short addr; /*codec 4JHHhL*/
unsigned int id; /*codec ID*/
unsigned short caps; /*fg )] (register 0)*/
unsigned short ext_id;/*J ERFPE RS (register 28)*/
unsigned short ext_mid; /3% modem ID (register 3C)*/
const struct snd_ac97 res_table *res_table;
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unsigned int scaps;  /*IXZ)HE ) */

unsigned int flags;  /*RFERALD*/

unsigned int rates[6]; /* i, AC97_RATES_* & M */
unsigned int spdif_status;

unsigned short regs[0x80]; /* %5 f7-#% cache*/

15

struct snd_ac97 bus {
struct snd_ac97 bus_ops *ops;
void *private_data;
void (*private_free) (struct snd_ac97 bus *bus);
struct snd_card *card;
unsigned short num; /* &2k 5 */
unsigned short no_vra: 1, /4432 EF VRA*/

dra: 1, /*SZRERUSH R/
isdin: 1;/*4F457 SDIN*/

unsigned int clock; /*AC'97 JERTEF (G A 48000Hz)*/
spinlock tbus lock; /*&2k4, FEIFEHT slot 4 HL*/
unsigned short used_slots[2][4]; /* £ F54# F i) PCM slot*/
unsigned short pcms_count; /*PCM % #5:*/
struct ac97_pcm *pems;
struct snd_ac97 *codec[4];
struct snd_info_entry *proc;

b

ACI7 A REARGE—IAE, A FERa A rds. WIZTYIIR AC9T A4 as L I R T -
snd_ac97_write FRELE AC97 Z 17 a%:

void snd_ac97 write(struct snd_ac97 *ac97, unsigned short reg, unsigned short value);
snd_ac97_read PR AC97 ZFf7-4s

unsigned short snd_ac97 read(struct snd_ac97 *ac97, unsigned short reg);
snd_ac97_update PRELHHT AC97 ZFf7-4s

int snd_ac97 update(struct snd_ac97 *ac97, unsigned short reg, unsigned short value);

snd_ac97 update 2 LELFF A2 P RIIEME, AR IFME S value AS—EUW BB 25 47 2%«

15.3 ALSA SOC %24

ALSA SOC JZ1] 2y SOC g N XA 335 FIEHE 2 A gl a5 3 L U 1) ALSA SZFF.
ALSA SOC AR V-EUKE). CPU IRaNL HMgmitaedksh 72, ARSI s 4. o)
Ab, R TERUER A I E LR AR, rEEETEE L. B 15-3 4 ALSA
SOC ZEH .,
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ALSA SOC

Machine Driver
Codec Driver T B A 1 S 3R Platform Driver
15 Codec 5 Platformz2 [A] {48 &

il D HAE
2C% 12S PCM AC97
Audio Codec

& 15-3 ALSA SOC %244

153.1 SOC |
SOC 7K H snd_soc_card 454k :

struct snd_soc_card {
const char *name;
const char *long_name;
const char *driver name;
struct device *dev;
struct snd_card *snd_card;
struct module *owner;
struct mutex mutex;
struct mutex dapm_mutex;
bool instantiated;
int (*probe)(struct snd_soc card *card);
int (*late_probe)(struct snd_soc_card *card);
int (*remove)(struct snd_soc_card *card);
int (*suspend_pre)(struct snd soc_card *card);
int (*suspend_post)(struct snd_soc card *card);
int (*resume_pre)(struct snd_soc_card *card);
int (*resume_post)(struct snd_soc_card *card);
Yl SV
int (*set_bias_level)(struct snd_soc _card *,struct snd_soc_dapm_context *dapm,
enum snd_soc_bias_level level);
int (*set_bias_level post)(struct snd soc card *,struct snd soc _dapm_context *dapm,
enum snd_soc_bias level level);
int (*add_dai_link)(struct snd_soc_card *,struct snd_soc_dai_link *link);
void (*remove dai_link)(struct snd_soc_card *,struct snd_soc_dai_link *link);
long pmdown_time;
/*CPU <--> Codec DAI links */
struct snd_soc_dai_link *dai_link; /*¥iE X link*/
int num_links; /*F5E X link i/
struct list_head dai_link_list; /*J/T47 link*/
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int num_dai_links;
struct list_head rtd_list;

int num_rtd;

//DAMP FHIC I A A
const struct snd_soc_dapm_widget *dapm_widgets;
int num_dapm_widgets;
const struct snd_soc_dapm_route *dapm_routes;
int num_dapm_routes;
const struct snd_soc_dapm_widget *of dapm_ widgets;
int num_of dapm_ widgets;
const struct snd_soc_dapm_route *of dapm_routes;
int num_of dapm_routes;
bool fully routed;

e
snd_soc_card A AFAERZ4EK T snd_card 45#4. snd soc dai link £5#4J5€ LT SOC 5
MBS 5 . snd_soc_card (1] dai_link 8% 2 A T HI464L

struct snd_soc dai_link {
/*AZIAE machine driver W15 B */

const char *name; /*Codec 4 H*/
const char *stream_name; PRRAATRE/
//CPU ]

const char *cpu name;

struct device node *cpu_of node;

const char *cpu_dai_name;

14T

const char *codec name;

struct device node *codec_of node;

const char *codec_dai_name;

struct snd_soc_dai_link component *codecs;

unsigned int num_codecs;

=l

const char *platform name;

struct device node *platform_of node;

int be_id;

const struct snd_soc_pcm_stream *params;

unsigned int num_params;

unsigned int dai_fmt; /AHTERIGET RS 2*/

enum snd_soc_dpem_trigger trigger[2]; /*DPCM fith )2 S5 #/
int (*init)(struct snd_soc_pcm_runtime *rtd); /*codec/machine %55 FRIWJ UG 1L */
int (*be_hw_params_fixup)(struct snd soc_pcm_runtime *rtd,struct snd pcm_hw_params *params);
/*machine i EE{E*/

const struct snd_soc_ops *ops;

const struct snd_soc_compr_ops *compr_ops;
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/*Hi[) dai links FR&*/
bool playback only;
bool capture only;
MRS FHRAER E

bool nonatomic;

Bs
Machine JZ2— &AM — soc-audio V-5 Bi#. 1M soc-audio W {11 & WXzl N & 7E
ALSA #0252 (soc-core.c)o

static struct platform_driver soc_driver = {

.driver ={
.name = "soc-audio",
.pm = &snd_soc_pm_ops,
B
.probe = soc_probe,
.remove = s0C_remove,
fie
static int _ init snd_soc_init(void)
{
snd_soc_debugfs_init();
snd soc util init();
return platform_driver register(&soc_driver);
}

soc_probe FEESLILANT :
static int soc_probe(struct platform_device *pdev)

{
struct snd_soc_card *card = platform get drvdata(pdev);
if (!card)return -EINVAL,;
dev_warn(&pdev->dev,"ASoC: machine %s should use snd_soc_register_card()\n",card->name);
card->dev = &pdev->dev;
return snd_soc_register_card(card);
}
int snd_soc_register card(struct snd soc card *card)
{

int i, ret;
struct snd_soc_pcm_runtime *rtd;
if (!card->name || !card->dev)
return -EINVAL,;
for (i =0; i < card->num_links; i++) {
struct snd_soc dai_link *link = &card->dai_link[i];
ret = soc_init_dai_link(card, link);/R; £ link ¥R 75 EH
if (ret) {
dev_err(card->dev, "ASoC: failed to init link %s\n",
link->name);

return ret;

391



Linux X #h42 5 & =6 % 2 &

}

snd_soc_instantiate_card £30% SOC JZ A MEATEEE (I 15.3.5 15[%) soc_bind dai_link
PREO, FEAH snd card new G/ R(snd card), fHi/aiHH snd card register /4>

PR

}

dev_set_drvdata(card->dev, card);
snd_soc_initialize card _lists(card);

INIT LIST HEAD(&card->dai link list);
card->num_dai_links = 0;

INIT LIST HEAD(&card->1td_list);
card->num_rtd = 0;

INIT LIST HEAD(&card->dapm _dirty);
INIT LIST HEAD(&card->dobj_list);
card->instantiated = 0;
mutex_init(&card->mutex);
mutex_init(&card->dapm_mutex);

ret =snd_soc_instantiate_card(card);
if (ret = 0)

return ret;

return ret;

15.3.2 DAI

DAT &t 3 35 4% 11 (Digital Audio Interface). AbFa% 1535 A 253 H — A sk £ 4
DAI. %4> DAI A H C.I# DAI X5)(snd_soc_dai_driver).

struct snd_soc_dai {

392

const char *name;
int id;
struct device *dev;// Ik 1% £

struct snd_soc_dai_driver *driver;//DAI J5Z))

/*DAT I21T {5 B/

unsigned int capture_active: 1;/* KA 15 8 */
unsigned int playback _active: 1;/*F/S £ ELEH *

unsigned int symmetric_rates:1;
unsigned int symmetric_channels:1;
unsigned int symmetric_samplebits:1;
unsigned int active;

unsigned char probed:1;

struct snd soc_dapm_ widget *playback widget;
struct snd_soc_dapm_widget *capture widget;

/*DAIDMA Z#*/
void *playback dma data;

void *capture_dma_data;
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unsigned int rate;
unsigned int channels;

unsigned int sample_bits;

|5

struct snd_soc_dai_driver {
/*DAI #iik*/
const char *name;
unsigned int id;
unsigned int base;
struct snd_soc_dobj dobj;
I*DAI K[l */
int (*probe)(struct snd_soc_dai *dai);
int (*remove)(struct snd_soc_dai *dai);
int (*suspend)(struct snd_soc_dai *dai);
int (*resume)(struct snd_soc_dai *dai);
int (*compress new)(struct snd soc_pcm_runtime *rtd, int num);
bool bus_control//J& 75 H T4 il £ 2%
const struct snd_soc_dai_ops *ops;
/*DAI BeJ7*/
struct snd_soc_pcm_stream capture;
struct snd_soc_pcm_stream playback;
unsigned int symmetric_rates:1;
unsigned int symmetric_channels:1;
unsigned int symmetric_samplebits:1;
PRI S IBRIRE 3 AR BRI 20 1/
int probe_order;
int remove_order;

s

NAZH A1) snd_soc_dai_driver #R¥4 P35 3 struct snd_soc_component H, 2 IRAFAAE
snd_soc_component %3 :

static LIST HEAD(component list);

15.3.3 codec
w8 H snd_soc_codec ZitL A :

struct snd_soc_codec {
struct device *dev;
const struct snd_soc_codec_driver *driver;
struct list_head list;
struct list_head card_list;
PIBAT IR/
unsigned int cache bypass:1; /*2% 115 7] cache*/
unsigned int suspended: 1; /*FEATIRZS*/
unsigned int cache_init:1; /*codec cache =75 #JUHL*/
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/*codec I0*/
void *control_data; /*¥5 B */
hw_write thw_write;
void *reg_cache;
P
struct snd_soc_component component;
1
snd_soc_register_codec PAZEM 4™ soc codec:

int snd_soc_register_codec(struct device *dev,const struct snd soc _codec_driver *codec drv,

struct snd_soc_dai_driver *dai_drv,int num_dai)

JrA 1 snd_soc_codec S N2 codec FEFK
static LIST_HEAD(codec_list);
1534 SOC P&
SOC V&1 snd_soc_platform 45K iliik :

struct snd_soc_platform {
const char *name;
int id;
struct device *dev;
struct snd_soc_platform_driver *driver;
unsigned int suspended: 1; /*FEEFR & */
unsigned int probed:1;
struct snd_soc_card *card;
struct list_head list;
struct list_head card list;

15

A hn—A SOC platform:

int snd soc_add platform(struct device *dev, struct snd_soc_platform *platform,
const struct snd_soc_platform_driver *platform drv)

JPA 1) snd_soc_codec RN I E codec R 1
static LIST HEAD(platform list);
15.3.5 PCM &1 i

snd_soc _card 5 —> rtd_list B3, HIRIRTE snd_soc pem runtime 4544, 145Kk
RIBITINTCE
struct snd_soc_pcm_runtime {

struct device *dev;
struct snd_soc_card *card;
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struct snd_soc_dai_link *dai_link;
struct mutex pcm_mutex;
enum snd_soc_pcm_subclass pcm_subclass;
struct snd_pcm_ops ops;
unsigned int dev_registered:1;
/*8h7#& PCM BE 1847 I 44 */
struct snd_soc_dpcm_runtime dpcm([2];
int fe_compr;
long pmdown_time;
unsigned char pop wait:1;
PRIBAT I B/
struct snd_pcm *pem;
struct snd_compr *compr;
struct snd_soc_codec *codec;
struct snd_soc_platform *platform;
struct snd_soc_dai *codec_dai;/ codec 7] DAI
struct snd_soc_dai *cpu_dai;//CPU ¥if] DAI
struct snd_soc_component *component;
struct snd_soc_dai **codec_dais;
unsigned int num_codecs;
struct delayed work delayed work;
unsigned int num; /* M 0 FF4G 1] B 38 1) 5/
struct list_head list; /*soc 75K rtd HEFK*/
1

soc_bind_dai_link FRZH SOC F=-R5 DAL 98¢, K5 S ELRAELE snd_soc_pem runtime
G

static int soc_bind dai_link(struct snd soc_card *card,struct snd soc dai link *dai_link)
{
struct snd_soc_pem_runtime *rtd;
struct snd_soc_dai_link _component *codecs = dai_link->codecs;
struct snd_soc_dai_link_component cpu_dai_component;
struct snd_soc_dai **codec_dais;
struct snd_soc_platform *platform;
const char *platform name;
int i;
dev_dbg(card->dev, "ASoC: binding %s\n", dai_link->name);
rtd = soc_new_pcm_runtime(card, dai_link);
if (Irtd)return -ENOMEM,;
if (soc_is dai link bound(card, dai_link)) {
dev_dbg(card->dev, "ASoC: dai link %s already bound\n",
dai_link->name);
return 0;
}
cpu_dai_component.name = dai_link->cpu_name;

cpu_dai_component.of node = dai_link->cpu_of node;
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cpu_dai_component.dai name = dai_link->cpu_dai_name;
rtd->cpu_dai =snd_soc_find_dai(&cpu_dai_component);
if (Irtd->cpu_dai) {
dev_err(card->dev, "ASoC: CPU DAI %s not registered\n",
dai_link->cpu_dai name);
goto _err_defer;
¥
rtd->num_codecs = dai_link->num_codecs;
/*NIESHK) CODEC H -5 M) CODEC*/
codec_dais = rtd->codec_dais;
for (1= 0; i <rtd->num_codecs; i++) {
codec_dais[i] = snd_soc_find_dai(&codecs[i]);
if (Icodec_daisl[i]) {
dev_err(card->dev, "ASoC: CODEC DAI %s not registered\n",
codecs[i].dai_name);
goto _err_defer;

}
rtd->codec_dai = codec_dais[0];
rtd->codec = rtd->codec_dai->codec;
UTRBEA platform, VUHELZS 1] platform*/
platform name = dai_link->platform_name;
if (!platform name && !dai_link->platform of node)
platform_name = "snd-soc-dummy";
1 N plateform 154X M) plateform™/
list_for_each_entry(platform, &platform_list, list) {
if (dai_link->platform of node) {
if (platform->dev->of node !=
dai_link->platform of node)
continue;
} else {
if (stremp(platform->component.name, platform name))
continue;

}

rtd->platform = platform;
H
if (!rtd->platform) {
dev_err(card->dev, "ASoC: platform %s not registered\n",
dai_link->platform name);
return -EPROBE DEFER;
}
soc_add_pcm_runtime(card, rtd);//% rtd %02 card [ rtd #RH
return 0;
_err_defer:
soc_free pcm_runtime(rtd);
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return -EPROBE DEFER;
}

snd_soc_find dai A% component list 54 71 53XV (] DAL

15.3.6 DAPM

DAPM (Dynamic Audio Power Management) ALl i1 1) H ¥ 2 g SOV 45 1 255 A
T ARG MHFERDIRERE, ML T WA AR AL R SE,  ARAR I 5 At F Yy B
RYGIAE . FiAb, keontrol I Z [MJAH EH AT, Joikiksh, H HEAFAEEEIT. DAPM
IR AT i vk 73X )@, DAPM HT (widget) 52 XAIF:

struct snd_soc_dapm_ widget {
enum snd_soc_dapm_type id;
const char *name;/* 45 ¥ g4 */
const char *sname;/* Vit 44 */
struct list_head list;
struct snd_soc_dapm_context *dapm;
void *priv;  /AFA Hdi*/
struct regulator *regulator;  /*4E [1) HLJFHH 15 25 %/
const struct snd_soc_pcm_stream *params; /*dai links Z%*/
unsigned int num_params; /*dai links Z%(/N5*/
unsigned int params_select; /* 241 dai links Z%{*/
[*dapm ¥ Hl*/
int reg; /*negative reg = no direct dapm™*/
unsigned char shift; /*FAL*/
unsigned int mask;  /*AEFS LA HERD*/
unsigned int on_val; /*F] FRIRASFI{E*/
unsigned int off val; /*JCHPIRZSIIE™/
unsigned char power:1;
unsigned char active:1;
unsigned char connected:1;
unsigned char new:1;
unsigned char force:1;
unsigned char ignore_suspend:1;
unsigned char new_power:1;
unsigned char power checked:1;
unsigned char is_supply:1;/* & 75 {25 A [ Fo T/
unsigned char is_ep:2; AT Ui RSB ) BT/
int subseq;  /* LGRS/
int (*power_check)(struct snd_soc_dapm_widget *w);

PEME A

unsigned short event_flags; [ AL/

int (*event)(struct snd_soc_dapm_widget*, struct snd_kcontrol *, int)/S-{4-4bHE
/%I keontrol®/

int num_kcontrols;// kcontrol (&
const struct snd_kcontrol_new *kcontrol_news;
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struct clk *clk;

e
DAPM widget .7 U1 287

enum snd_soc_dapm_type {
snd_soc_dapm_input =0,
snd_soc_dapm_output,
snd soc_dapm mux,
snd soc dapm demux,
snd_soc_dapm_mixer,

/RN I/

/e A T

(R AN N %/

PR N R 2 B v I —

PIRE*/

/* [fi] snd_soc_dapm_mixer, X JITE TS TG54 A SN ITR & B IC A RTZ/

snd_soc_dapm_mixer named ctl,
snd_soc_dapm_ pga,

snd soc dapm out drv,

snd soc _dapm_adc,

snd_soc _dapm dac,
snd_soc_dapm_micbias,
snd_soc_dapm_mic,

snd soc_dapm hp,

snd soc_dapm_spk,

Bs

(AT YRR 5 BOR/ ZE IR/
[T IR B A/

/*AD B/

/¥*DA FEH*/

/%37 T R LY i
w2

PE AL/

[XE T/

DAPM widget 2 [A ] A FLIERE, 2 R—4% e B S A s o A5 N 4 1 4 2 TR) o ot i
HHeSAE—FE, DAPM widget ik DAPM B HIEHAE L. DAPM widget [Fi%EH: ¢ Rl

i snd soc_dapm route 454 IR :

struct snd_soc_dapm_route {
const char *sink;// H ] widget
const char *control;//i%4544
const char *source;//Jil widget

int (*connected)(struct snd_soc_dapm_widget *source,struct snd_soc_dapm_widget *sink);

s

% snd_soc_dapm_route [¥] control & NULL, W|ZJR sink 45 source FIEFE . —4>
TERE IR PR B O A — A R 2 i,

(1) M DAC 1/ H & .
(2) MEINEJHE] ADCo
(3D NI T 38 A L A A
(4) M. DAC %] ADC.

WAZTE FHITE L N S S EE s (0L dapm_power widgets pRA%L), JF&5 Ak b
') DAPM widget i I-F, (poweron) 5 NHL (power off) ZlJff:

(1) FRAIGE.

(2) Mt amixer iv2 45 7 25028 S e 4% .

398



e

% 15%

Z IR G IR NAL T

(3) NPT I B PCM B4 .
[F] keontrol £ H—+f, W€ X T —RI% K43 DAPM widget:

#define SND_SOC_DAPM _ADC(wname, stname, wreg, wshift, winvert) \
{ .id=snd _soc_dapm_adc, .name = wname, .sname = stname, \

SND SOC DAPM INIT REG VAL(wreg, wshift, winvert), }
#define SND_SOC DAPM_DAC(wname, stname, wreg, wshift, winvert) \
{ .id=snd soc_dapm_dac, .name = wname, .sname = stname, \

SND_SOC DAPM INIT REG_VAL(wreg, wshift, winvert) }
#define SND_SOC_DAPM_MIXER(wname, wreg, wshift, winvert, \

wecontrols, wncontrols)\
{ .id =snd_soc _dapm_mixer, .name = wname, \
SND SOC DAPM INIT REG VAL(wreg, wshift, winvert), \

.kcontrol news = wcontrols, .num_kcontrols = wncontrols}
{541 WM9713 ) DAPM 5 & SCUT R

#define WM9713 HP MIXER CTRL(xname, xmixer, xshift) { \
.iface = SNDRV_CTL ELEM IFACE MIXER, .name = xname, \
.info =snd _soc_info_volsw, \
.get=wm9713 hp mixer get, .put=wm9713 hp mixer put,\
.private_value = SOC_DOUBLE VALUE(SND SOC NOPM, \
xshift, xmixer, 1, 0, 0) \
}
static const struct snd_kcontrol_ new wm9713_hpl_mixer_controls[] = {
WM9713 HP _MIXER CTRL("Beep Playback Switch", HPL MIXER, 5),
WM9713 HP MIXER CTRL("Voice Playback Switch", HPL MIXER, 4),
WM9713 HP MIXER CTRL("Aux Playback Switch", HPL MIXER, 3),
WM9713_HP_MIXER_CTRL("PCM Playback Switch", HPL_MIXER, 2),

WM9713_HP_MIXER CTRL("Monoln Playback Switch", HPL MIXER, 1),
WM9713_HP_MIXER CTRL("Bypass Playback Switch", HPL_MIXER, 0),

Bs

static const struct snd_soc_dapm_widget wm9713 dapm_widgets[] = {

SND SOC DAPM MIXER("Left HP Mixer", AC97 EXTENDED MID, 3, 1,

&wm9713_hpl mixer controls[0],ARRAY_SIZE(wm9713_hpl mixer controls)),

SND_SOC_DAPM_DAC("Left DAC", "Left HiFi Playback", AC97 EXTENDED MID, 7, 1),

SND_SOC_DAPM_ADC("Left Voice ADC", "Left Voice Capture", SND_SOC_NOPM, 0, 0),

SND_SOC_DAPM_INPUT("PCBEEP"),

s

static const struct snd_soc_dapm_route wm9713 audio _map[] = {
/*1eft HP mixer*/
{"Left HP Mixer", "Beep Playback Switch", "PCBEEP"},
{"Left HP Mixer", "Voice Playback Switch",  "Voice DAC"},
{"Left HP Mixer", "Aux Playback Switch", "Aux DAC"},
{"Left HP Mixer", "Bypass Playback Switch", "Left Line In"},
{"Left HP Mixer", "PCM Playback Switch", "Left DAC"},
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{"Left HP Mixer", "Monoln Playback Switch", "Mono In"},
{"Left HP Mixer", NULL, "Capture Headphone Mux"},

}

Al WLEE =511 )L DAPM widget 1B wm9713 audio map H A FI ) FF k£ NER
#44°4 Left HP Mixer [1] DAPM widget. FIfi & Left HP Mixer [¥)1%82 1 B 5241 -

[root@urbetter home]# ./amixer controls |grep 'Left HP Mixer'
numid=82,iface=MIXER ,name='Left HP Mixer Aux Playback Switch'
numid=80,iface=MIXER,name='Left HP Mixer Beep Playback Switch'
numid=85,iface=MIXER,name='Left HP Mixer Bypass Playback Switch'
numid=_84,iface=MIXER ,name='Left HP Mixer Monoln Playback Switch'
numid=83,iface=MIXER ,name='Left HP Mixer PCM Playback Switch'
numid=81,iface=MIXER ,name='Left HP Mixer Voice Playback Switch'
I/5E3RIR— " i il L (5 R
[root@urbetter home[# ./amixer cget name='Left HP Mixer PCM Playback Switch'
numid=83,iface=MIXER,name="Left HP Mixer PCM Playback Switch'

; type=BOOLEAN,access=rw------ ,values=2

: values=off,off
[root@urbetter home]# ./amixer cset name='Left HP Mixer PCM Playback Switch' 1
numid=83,iface=MIXER ,name='Left HP Mixer PCM Playback Switch'

; type=BOOLEAN,access=rw------ ,values=2

: values=on,off
[root@urbetter home]# ./amixer cset name="Left HP Mixer PCM Playback Switch' 0
numid=83,iface=MIXER ,name='Left HP Mixer PCM Playback Switch'

; type=BOOLEAN,access=rw------ ,values=2

: values=off,off
I ESHATT N on B off

[root@urbetter home]# ./amixer cset name='Left HP Mixer PCM Playback Switch' on

numid=83,iface=MIXER ,name='Left HP Mixer PCM Playback Switch'

; type=BOOLEAN,access=rw------ ,values=2

: values=on,off
[root@urbetter home]# ./amixer cset name='Left HP Mixer PCM Playback Switch' off
numid=83,iface=MIXER,name="Left HP Mixer PCM Playback Switch'

; type=BOOLEAN,access=rw------ ,values=2

: values=off,off

AT /amixer cset name="Left HP Mixer PCM Playback Switch' 1 7~ Left DAC #E X4k
%, Left HP Mixer i3 Left DAC.

15.4 ALSA IRshiEF24)

RIS ACOT IRANFEF i1 S3C6410X [ AC9T #1H FAICH WMO714 Ymfiffid s 41,
K 15-4 5 AC97 HLi% )5 B
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$15% ZTHREEHRSE

ACO7 BITCLK 3 S Brrerk

ACOT_SYNC  2» | ASYNC

AC97_SDI 5| SDATA_IN WM9714
AC97_SDO 77| SDATA_OUT

AC97 RSTn RESTB

Kl 15-4 AC97 ik i3

15.4.1 S3C6410X [T AC97 e

S3C6410X [ AC97 FiHIBAIT 1 AC97 2.0 WASIFIE . AC97 #4H)BA 63 1 AC-link

(audio controller link) MZkLY AC97 YnfitidasiEfe. AC9T ¥EHIFIcln ACT Jmfidhidgs Ki%k
PCM %, AC97 Fufiftidgs ] DAC #eid kS SURAE B o B 3 405 5 . AC97 %
HI IR BN AC-link AL LR K] PCM S50k . S3C6410X (1) AC97 il o s LR

Pk

(1) =ACLIETE, 535 AR PCM N 2R PCM it AL MIC $N o
(2) CFFEET DMA IR E RIS T W 34

(3) A[ARRFER ACIT Yufthid 1 (48kHz FIMIK T 48kHz).

(4) HHEIE 16 4> FIFO,

(5) HECFEEARYufiin 45 .

S3C6410X (1] ACO7 ¥l Byt 1 W3R 15-1,

F 15-1 S3C6410X By AC97 #5341 B2 5T

% W Jgoom oW
X97RESETn Linfae) AC RESETn: #{

X97BITCLK LN AC BIT CLK: 12.288MHz {474
X97SYNC Hnth AC_SYNC: 48kHz [filrls5
X97SDO vt AC_SDO: AT & 4t
X97SDO LN AC _SDO: HATHIEIRMA

AC-link 2 —Fh XU T, [FE e PCM 58007 . &K F IS 455 18 5 2ok Ak 2

P BB S (K7 ) R 2 AN A N . AC-Link SN2 R 12 AN R i L Eeds
Mo BRI HER S 20bite FEASTHAWIE S 256bit [5G, X 256bit Hi s>k 13 AN E
Jr (Slot). 55 0 ANMWFIE K 16bit, FROMARZE R, FABM 12 AN AR Eds s &R
9 20bit. WK 15-5 Fros.

Slot# 0 1 2 3 4 5 6 7 8 9 10 11 12
Data
[— 1 —
SYNC hase
—J 1AG | P ]
Phase
CMD | cMD | PCM | PCM
SDATA_OUT| TAG |ADDR | DATA| LEFT | RIGHT RSRVD| |RSRVD|RSRVD|RSRVD|RSRVD|RSRVD|RSRVD|
STATUS|STATUS| PCM PCM PCM
SDATA_IN | TAG | ADDR | DATA | LEFT | RIGHT | RSRVD| MC | RSRVD| RSRVD| RSRVD| RSRVD|RSRVD|RSRVD |

K 15-5 AC-link BZ N
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FREZE AL fr—AN 1bit (A R AL R 12bit 1A 208 A AL BRI . 2% SYNC X
e W) R 7R — AN B R IF 4h . SYNC £RFF = I T S5 hR 28 A A IR « AC97 ol 1) H BI040
48kHz, 315 12.288MHz [ 8f[E2 (BITCLK). AC97 ¥ B I0HT AC97 S fif it w1 1ok

SYNC #1
L,
k. AC-

BITCLK S vk 5 ] I A 35 RIS S . R 3% AE BITCLK 1 b TS ¥ i i 5
Tz I ZE BITCLK [ R By S THURE . &I 51 ST 3H S AR vb 1A 58
ink %R MSB 2] LSB [ FHES

AC-link %A%z (SDATA OUT) W% 15-2.

F 152 ACHlink 5 H kg

Slot 5 v B

bitl 5=1, 0 it 5 20— AR A

Slot0 bit14~bit3 XN 12 N, A 0 W I ek, 1 WIS R R 3 A L
bit0 Fl bitl K %ifih#s VO LUy

Stot] bit19=0 N5 AC97 Jufflidés 277 4%, =1 WIAis: AC97 Zufiihidh &8 25 77 s
bit18~bit12 iy AC97 Zififhith &5 1) 75 47 ekl

Slot2 bit19~bitd Jyir 2 Hdh

Slot3 PCM [HIJC P 18 404

Slot4 PCM [RIJSUA s 5

15.4.2 Machine Driver
WMO714 5 WM9713 (K I)fe LA ML AU, W] ISR WM9713 UK5). Machine )2

LA

JL smdk wm9713.co 15.3.1 5617tk B %30t

snd soc dai link X T soc VG5 codec ZI[AMISEHAK R, U SMDK FF R AR+
SOC AR MRS R -
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static struct snd_soc dai_link smdk dai = {
.name = "AC97",
.stream_name ="AC97 PCM",
.platform name = "samsung-ac97",
.cpu_dai_name = "samsung-ac97",
.codec_dai_name = "wm9713-hifi",
.codec_name = "wm9713-codec",
15
static struct snd_soc_card smdk = {
.name = "SMDK WM9713",
.owner = THIS MODULE,
.dai_link = &smdk_dai,
.num_links =1,
|5
static struct platform device *smdk snd wm9713 device;
static struct platform_device *smdk snd ac97 device;
static int __init smdk_init(void)
{

int ret;
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smdk_snd_wm9713_device = platform_device_alloc(''wm9713-codec", -1);
if (Ismdk snd wm9713_device)return -ENOMEM;
ret = platform_device add(smdk _snd wm9713_device); /71" wm9713-codec" & %%
if (ret)goto errl;
smdk_snd_ac97_device = platform_device_alloc(“soc-audio”, -1);
if (smdk snd ac97 device) {
ret = -ENOMEM;
goto err2;
}
platform_set drvdata(smdk_snd_ac97_device, &smdk);
ret = platform_device add(smdk _snd_ac97 device);//Zs 1" soc-audio"F& &
if (ret)goto err3;
return 0;

15.4.3 Platform Driver

SOC platform driver 3252 T CPU % DAI 3K, JEM SOC platform driver. 73 A
L IRANFET R ) platform driver Ji¥F . {UHSTE sound/soc/amsung/ac97.c. YRANA U1

static struct platform_driver s3c_ac97_driver = {
.probe =s3c ac97 probe,
.remove = s3c_ac97 remove,
.driver = {
.name = “samsung-ac97”,
}s
}5

module platform driver(s3c_ac97 driver);
$3¢6400 _ac97_probe B EAAL T :

static int s3¢_ac97 probe(struct platform_device *pdev)
{
struct resource *mem_res, *irq_res;
struct s3c_audio_pdata *ac97 pdata;
int ret;
ac97 pdata = pdev->dev.platform_data;
if (!ac97 pdata || !ac97 pdata->cfg gpio) {
dev_err(&pdev->dev, “cfg_gpio callback not provided!\n”);

return —EINVAL;
}
PRI W U/

irq_res = platform_get resource(pdev, IORESOURCE IRQ, 0);

if (lirq_res) {
dev_err(&pdev->dev, “AC97 IRQ not provided!\n”);
return —ENXIO;
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mem_res = platform_get resource(pdev, IORESOURCE MEM, 0);
s3c_ac97.regs = devm_ioremap_resource(&pdev->dev, mem_res);
if (IS_ERR(s3c_ac97.regs))

return PTR_ERR(s3c_ac97.regs);
//DMA B H
s3c_ac97 pem_out.slave = ac97_pdata->dma_playback;
s3c_ac97_pem_out.dma_addr = mem_res->start + S3C_AC97_PCM_DATA;
s3c_ac97 pem_in.slave = ac97 pdata->dma_capture;
s3c_ac97 pcem_in.dma_addr = mem_res->start + S3C_AC97 PCM_DATA;
s3c_ac97 mic_in.slave = ac97 pdata->dma_capture mic;
s3c_ac97_mic_in.dma_addr = mem_res->start + S3C_AC97_MIC_DATA;
init_completion(&s3c_ac97.done);
mutex_init(&s3c_ac97.lock);
s3c_ac97.ac97 clk = devm clk get(&pdev->dev, “ac97”);//ZRHL I 4
if (IS_ERR(s3¢_ac97.ac97 clk)) {

dev_err(&pdev->dev, “ac97 failed to get ac97 clock\n”);

ret =-ENODEV;

goto err2;
}
clk_prepare_enable(s3c_ac97.ac97_clk);/ff HERTEH
if (ac97_pdata->cfg_gpio(pdev)) {

dev_err(&pdev->dev, “Unable to configure gpio\n”);

ret = -EINVAL;

goto err3;
}
ret = request_irq(irq_res->start, s3c_ac97_irq,0, “AC97”, NULL);/Hi5 o Wy
if (ret < 0) {

dev_err(&pdev->dev, “ac97: interrupt request failed.\n”);

goto err4;
}
ret=snd_soc_set ac97 ops(&s3c_ac97_ops);// ¥ H ac97 EEfF phEL
if (ret 1= 0) {
dev_err(&pdev->dev, “Failed to set AC’97 ops: %d\n”, ret);
goto err4;
b

ret = devm_snd_soc_register _component(&pdev->dev, &s3c_ac97_component,
s3c_ac97_dai, ARRAY_ SIZE(s3c_ac97_dai));/iE Mt DAI
if (ret)goto err5;
ret = samsung_asoc_dma_platform_register(&pdev->dev,ac97 pdata->dma_filter);/f3 /Mt DMA 5 |4
if (ret) {
dev_err(&pdev->dev, “failed to get register DMA: %d\n”, ret);
goto errS;

}

return 0;
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devm_snd_soc_register_component PR EGF M T CPU ¥ (1) DAI 3Kz

static struct snd_soc_dai_driver s3¢_ac97 dai[] = {
[S3C_AC97 DAI PCM] = {
.name = “ amsung-ac97”,
.bus_control = true,
.playback = {
.stream_name = “AC97 Playback”,
.channels min =2,
.channels max =2,
.rates = SNDRV_PCM_RATE_8000_48000,
formats = SNDRV_PCM_FMTBIT S16 LE,},
.capture = {
.stream_name = “AC97 Capture”,
.channels min =2,
.channels max =2,
rates = SNDRV_PCM_RATE_8000_48000,
formats = SNDRV_PCM_FMTBIT S16 LE,},
.probe =s3c_ac97 dai probe,
.ops = &s3c_ac97_dai_ops,

b
s3c_ac97_dai_probe £ 12 W) UHI, DMA Z4.

static struct s3c_dma_params s3c_ac97 pcm_out = {

.dma size =4,
b
static struct s3¢_dma_params s3c_ac97 pcm in = {
.dma size =4,
15
static int s3c_ac97_dai_probe(struct snd_soc_dai *dai)
{
samsung_asoc_init dma_data(dai, &s3¢_ac97 pcm_out, &s3c_ac97 pem_in);/FiHi{t DMA S%
return 0;
}

samsung_asoc_dma_platform_register BREEM T —AN3EF PCM 1] DMA 5%

int samsung_asoc_dma_platform_register(struct device *dev,dma_filter fn filter)
{
samsung_dmaengine pcm_config.compat filter fn = filter;
return devm_snd_dmaengine pcm_register(dev,
&samsung_dmaengine pcm_config,
SND DMAENGINE PCM_FLAG CUSTOM CHANNEL NAME |
SND DMAENGINE PCM FLAG COMPAT);
b

int snd_dmaengine pcm_register(struct device *dev,
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const struct snd_dmaengine pcm_config *config, unsigned int flags)

struct dmaengine pcm *pcm;
int ret;
pem = kzalloc(sizeof(*pem), GFP_ KERNEL);
if (!pem)return -ENOMEM;
pcm->config = config;
pcm->flags = flags;
ret = dmaengine pcm_request chan_of(pcm, dev, config);
if (ret)goto err_free dma;
ret =snd_soc_add_platform(dev, &pcm->platform,&dmaengine_pcm_platform);
if (ret)goto err free dma;
return 0;
err_free dma:
dmaengine pcm_release chan(pcm);
kfree(pcm);

return ret;

}
M3EF DMA 1) SOC platform HJ3Xzh7E SOC JZ 5L :

static const struct snd pcm_ops dmaengine pcm_ops = {

.open = dmaengine pcm_open,

.close =snd_dmaengine pcm_close,
.ioctl =snd pcm_lib_ioctl,
.hw_params = dmaengine pcm hw_params,
.hw_free =snd pcm_lib_free pages,
trigger =snd dmaengine pcm_trigger,
.pointer = dmaengine_pcm_pointer,

15
static const struct snd_soc_platform_driver dmaengine pcm_platform = {
.component_driver = {
.probe_order=SND SOC_COMP_ORDER_LATE,

5
.0ps = &dmaengine pcm_ops,
.pcm_new = dmaengine pcm new,

1
s3c_ac97_dai_probe BEGLE T ACIT M E I FRAE R :

static struct snd_ac97 bus_ops s3¢_ac97 ops = {
.read =s3c_ac97 read,
.write =s3c_ac97 write,
.warm_reset = s3c_ac97 warm_reset,
.reset =s3c_ac97 cold reset,

|5

ret =snd_soc_set_ac97_ops(&s3c_ac97_ops);
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ACYT AT A LB E R AT -

static unsigned short s3¢_ac97 read(struct snd_ac97 *ac97,unsigned short reg)

{
u32 ac_glbetrl, ac_codec _cmd;
u32 stat, addr, data;
mutex lock(&s3c_ac97.lock);
s3c_ac97 activate(ac97);
reinit_completion(&s3c_ac97.done);
ac_codec_cmd = readl(s3c_ac97.regs + S3C_AC97 CODEC_CMD);
ac_codec cmd=S3C AC97 CODEC CMD READ |AC CMD ADDR(reg);
writel(ac_codec cmd, s3c_ac97.regs + S3C_AC97 CODEC CMD);
udelay(50);
ac_glbctr]l = readl(s3c_ac97.regs + S3C_AC97_GLBCTRL);
ac_glbetr]l |= S3C_AC97_GLBCTRL CODECREADYIE;
writel(ac_glbetrl, s3¢_ac97.regs + S3C_AC97 _GLBCTRL);
if ('wait_for completion timeout(&s3c_ac97.done, HZ))
pr_err(“AC97: Unable to read!”);
stat = readl(s3c_ac97.regs + S3C_AC97 STAT);
addr = (stat >> 16) & 0x7f;
data = (stat & Oxfftf);
if (addr !=reg)
pr_err(“ac97: req addr = %02x, rep addr = %02x\n”,
reg, addr);
mutex unlock(&s3c_ac97.lock);
return (unsigned short)data;
}

AC97 A7 28 B E R T

static void s3c_ac97 write(struct snd_ac97 *ac97, unsigned short reg,unsigned short val)
{
u32 ac_glbctrl, ac_codec_cmd;
mutex lock(&s3c ac97.lock);
s3c_ac97 activate(ac97);
reinit_ completion(&s3c_ac97.done);
ac_codec_cmd =readl(s3c_ac97.regs + S3C_AC97_CODEC_CMD);
ac_codec_cmd =AC _CMD_ADDR(reg) | AC_CMD_DATA(val);
writel(ac_codec_cmd, s3c¢_ac97.regs + S3C_AC97 CODEC_CMD);
udelay(50);
ac_glbetr]l = readl(s3c_ac97.regs + S3C_AC97 GLBCTRL);
ac_glbetr]l = S3C_AC97_GLBCTRL_CODECREADYIE;
writel(ac_glbctrl, s3c_ac97.regs + S3C_AC97_GLBCTRL);
if (wait_for completion_timeout(&s3c_ac97.done, HZ))
pr_err(“AC97: Unable to write!”);
ac_codec_cmd = readl(s3c_ac97.regs + S3C_AC97 CODEC CMD);
ac_codec_cmd |= S3C_AC97 CODEC CMD READ;
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writel(ac_codec_cmd, s3c_ac97.regs + S3C_AC97 CODEC CMD);
mutex_unlock(&s3c_ac97.lock);

15.4.4 Codec Driver
codec JZACHIEAE wm9713.c CAFH . IXBACAI AN TG R .

static struct platform_driver wm9713 codec_driver = {
.driver = {
.name = “wm9713-codec”,

}s
.probe = wm9713 probe,
.remove = wm9713 remove,

}5
module platform_driver(wm9713 codec_driver);
wm9713-codec “¥- 55 W ¢ LL/E machine /2% L. wm9713_probe HEGIM T codec 5 DAI
UKz, AR h -

static struct snd_soc_codec_driver soc_codec dev_wm9713 = {

.probe = wm9713 soc_probe,
remove=  wm9713 soc remove,
.suspend=  wm9713 soc_suspend,
resume=  wm9713 soc resume,

.set_bias level =wm9713 set bias level,
.controls = wm9713_snd_ac97_controls, /il I
.num_controls =ARRAY SIZE(wm9713 snd ac97 controls),
.dapm_widgets = wm9713_dapm_widgets,//DAMP .G
.num_dapm_widgets = ARRAY SIZE(wm9713 dapm_widgets),
.dapm_routes = wm9713_audio_map, /DAMP 4
.num_dapm_routes = ARRAY SIZE(wm9713 audio map),
fe
static struct snd_soc_dai_driver wm9713 dai[] = {
{
.name = "wm9713-hifi",
.playback = {
.stream_name = "HiFi Playback",
.channels_min =1,
.channels max = 2,
.rates = WM9713 RATES,
formats = SND_SOC _STD_AC97 FMTS,},
.capture = {
.stream_name = "HiFi Capture",
.channels_min =1,
.channels max = 2,
.rates = WM9713 RATES,
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formats = SND_SOC STD AC97 FMTS,},
.ops = &wm9713_dai_ops_hifi,
}s

|5
static int wm9713_probe(struct platform_device *pdev)
{
struct wm9713 priv *wm9713;
wm9713 = devm_kzalloc(&pdev->dev, sizeof(*wm9713), GFP_KERNEL);
if (wm9713 == NULL)
return -ENOMEM;
mutex_init(&wm9713->lock);/HIaaA% T e
platform_set drvdata(pdev, wm9713);
return snd_soc_register_codec(&pdev->dev,

&soc_codec dev. wm9713, wm9713 dai, ARRAY SIZE(wm9713 dai));
}

wm9713_soc_probe FRELAIE T —/ AC9T7 75 -RSEHI, FHXZA RUAT T A7 28U,
N R A R RAT R 2

static int wm9713 soc_probe(struct snd_soc_codec *codec)
{
struct wm9713 priv *wm9713 =snd soc codec get drvdata(codec);
struct regmap *regmap;
/1% AC9T R
wm9713->ac97 = snd_soc_new_ac97 codec(codec, WM9713 VENDOR ID,
WM9713_VENDOR_ID_MASK);
if IS ERR(wm9713->ac97))
return PTR_ ERR(wm9713->ac97);
regmap = regmap_init_ac97(wm9713->ac97, &wm9713 regmap_config);/AC97 Fi-K 57w st
if (IS_ERR(regmap)) {
snd_soc free ac97 codec(wm9713->ac97);
return PTR_ERR(regmap);
}
snd_soc_codec_init_regmap(codec, regmap);//#J4itt SOC codec 177 17wy WLb
snd_soc_update_bits(codec, AC97_CD, Ox7fff, 0x0000);//HLiH i
return 0;

}
FCAl AR 152 W] LASI A AZA S Hh B 152

15.5 ALSA E5iZ B8

snd_pem_runtime 4589 JLFA 5 T S I MZ HITAT K15 K-

struct snd_pcm_runtime {
[
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snd pcm_uframes_t avail max;

snd_pcm_uframes thw ptr_base;  /*hfif43E bk i) +/

snd pcm_uframes thw ptr_interrupt; /*HF W7 i PR G/

unsigned long hw_ptr_jiffies; /*hw_ptr 5357 [ E]*/

unsigned long hw_ptr_buffer_jiffies; /<22y NI E], MIHRAEZTHA, BN jiffies™/
¥ S K-/

snd_pcm_uframes_t period_size; 7T IS RO 7N/

unsigned int periods; /% e T R/
snd_pcm_uframes_t buffer_size; PERTEGZ MR /N
snd_pem_uframes_t min_align; =2 Bl

size_t byte_align;//< %55

unsigned int frame_bits;

unsigned int sample_bits;

unsigned int info;

M- B SH -

unsigned int period_step;

snd_pcm_uframes_t start_threshold;//Ji 2h 5 {5
snd_pem_uframes_t stop_threshold;//{5 11 BI{E
snd_pem_uframes_t silence_threshold; /* 41 75 8 i A T U S A2 +/
snd pcm_uframes_tsilence size;  /FEAFRHE AN/
snd_pcm_uframes_t boundary; PHREF I */
snd_pem_uframes_t silence_start; /*Ef 5 X FREl*/
snd_pcm_uframes_tsilence filled; /* B 7R IR/
P WREE %/

struct snd_pcm_mmap_status *status;

struct snd pcm_mmap_control *control;

P WA %/

struct snd_pcm_hardware hw;

struct snd pcm_hw_constraints hw_constraints;

/*-- DMA --*/

unsigned char *dma_area;  /*DMA [X ML/
dma_addr_t dma_addr; /*DMA [X ) i ik-+/

size_t dma_bytes; /*DMA X K/h*/

struct snd_dma_buffer *dma_buffer p; /=TI e/

15
snd_pem_uframes t (JoFF5 M) 5 snd pem_sframes t (A58 S NiZH &5

M) 47 . snd pem_substream %5 #JfF) runtime Ji¥ 53 H T d sk M IE TR . WIZIRTEZE il
SEBRR/IN A runtime-> buffer size(FF M), FeHuhE A runtime-> dma_area. N HE1ESTRE N
runtime->control->appl_ptr, S 4544 runtime->status->hw ptro T UFHE 7 E, W%
WX G2 1 AU runtime-> boundary K/)y:

runtime->boundary = runtime->buffer_size;

while (runtime->boundary * 2 <= LONG_MAX - runtime->buffer_size)

runtime->boundary *=2;

runtime->control->appl_ptr YL M 0 #| runtime-> boundary, {H5ZF5 5 £ s iy (1 bk 2
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WL 2] runtime-> dma_area JF4A 11X 35:
appl_ofs = appl_ptr % runtime->buffer size;

ALSA INEZEiZ % WK 15-6 fin.

runtime->hw_ptr_base i {:
FEF L, #04E 40 runtime->Period_size
RE, 256/512i

runtime->control->appl_ptr

/

Runtime->status->hw_ptr \ runtime->boundary

snd_pcm_update_hw_ptrO

5t F % —[X, runtime->dma_addr +
prtd->period * period_size;

FI8E ks
runtime->dma_area s iR BT E I

H pritihik

prtd->params->dma_addr
Kl 15-6  ALSA gz nisis

N HZWH Alsalib [ snd_pem_writei BRI HAUEHE, snd_pem_writei PR EUE T IOCTL
#ir4 (SNDRV_PCM _IOCTL WRITEI FRAMES) [ %5 AN E 48R, %24 A%
] snd_pem lib_writel PR%(, 1 snd_pem lib_writel PAEIZHEHE runtime->control->appl _ptr #£
FYHTN HFRE, I E I BdE 2 M A% 5 B HT runtime->control->appl_ptr:

snd_pem_sframes_t snd pcm_lib_writel(struct snd pcm_substream *substream,
unsigned long data,snd pcm_uframes _t size,int nonblock,transfer f transfer)

avail = snd pcm_playback avail(runtime);

while (size > 0) {
snd pcm_uframes_t frames, appl ptr, appl ofs;
snd_pcm_uframes_t cont;

frames = size > avail ? avail : size;
cont = runtime->buffer_size - runtime->control->appl_ptr % runtime->buffer_size;
if (frames > cont)
frames = cont;
if (snd BUG_ON(!frames)) {
runtime->twake = 0;
snd pcm_stream_unlock irg(substream);
return -EINVAL;

}
appl_ptr = runtime->control->appl_ptr;
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appl ofs = appl ptr % runtime->buffer size;
snd pcm_stream_unlock irg(substream);
err = transfer(substream, appl_ofs, data, offset, frames);
snd pcm_stream_lock irq(substream);
if (err < 0)
goto _end unlock;

appl_ptr += frames;

if (appl_ptr >= runtime->boundary)
appl_ptr -= runtime->boundary;

runtime->control->appl_ptr = appl_ptr;

if (substream->ops->ack)
substream->ops->ack(substream);

offset += frames;

size -= frames;

xfer += frames;

avail -= frames;

}

DMA # il 45 B X AL 4 runtime->period_size &4, f&45e <A snd_pem_update
hw_ptr0 PRECE B EdaEr, AT F—IX runtime->period_size /Nl fr) AL 4, & 2 46,

static int snd pcm_update hw_ptrO(struct snd pcm_substream *substream,unsigned int in_interrupt)

{
runtime->hw_ptr base = hw_base;
runtime->status->hw_ptr =new_hw_ptr;
runtime->hw_ptr_jiffies = curr_jiffies;

}

snd_pem_playback_hw_avail bR Z0R [H] 28 254 15 g -

snd pcm_sframes tsnd pcm_playback hw_avail(struct snd pem_runtime *runtime)

{

return runtime->buffer _size - snd pcm_playback avail(runtime);

}
snd_pcm_playback avail BRZGR 9196 4% 2 A%

static inline snd_pcm_uframes t snd pcm_playback avail(struct snd pcm_runtime *runtime)
{
snd pcm sframes t avail = runtime->status->hw_ptr + runtime->buffer_size - runtime->control->appl _ptr;
if (avail < 0)
avail += runtime->boundary;
else if ((snd_pem_uframes_t) avail >= runtime->boundary)
avail -= runtime->boundary;
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return avail;

}
runtime-> start_threshold & /- Ak THESCIRZS I R B E BRI I G2 ot AR, W AZ S0P TR
e KA B, WA BRI

snd pcm_sframes tsnd pcm_lib_writel(struct snd pcm_substream *substream,
unsigned long data,snd pcm_uframes_t size,int nonblock,transfer f transfer)

{
if (runtime->status->state == SNDRV_PCM_STATE PREPARED &&
snd_pcm_playback hw_avail(runtime) >= (snd_pcm_sframes_t)runtime->start _threshold) {
err =snd_pcm_start(substream);
if (err < 0)
goto _end unlock;
b
}

15.6 ALSA [ H#miZ#0O

TENH)Z, ALSA EHi & H “plughwix,y” &7, W “hw:0,0” LR AE R ES—
A~ ALSA HAs A . WIHGERRIR, W ALSA B3k %7464 pemCxDyp, WAL 255 W)
HAL 2 pemCxDyc.

TES 4 ALSA APL BRACZ AT, Yook TR

(1) LR L

AL AR e i A WA TR, BRI B A T ) S . RS TE AL
AT IS, B L1~Ln R FIEHE, RI~Rn oA mIEHHE, 16-bit XHIE A
ZUE A A% X

L1IRIL2R2L3R3L4R4L5R5L6 R6 L7 R7 L8 R§ L9 R9--:Ln Rn

A IR A (period) SRAEAit S ALFE,
AR R AR TE — N A, S e O TE RAE I, I e XNOE TE S LT, e
S TERAE, JRTBCE AR . IR A A . BRI T, 16-bit XUATE )R
LR eI B e A% A
L1L21L314L5L6 L7 L8 L9---Ln R1 R2 R3 R4R5 R6 R7 R8§ R9-**Rn

(2) Hfftn iz

ALSA SCREPIM AL IR

1) HOAR R Al 525 B2l snd_pem_write AT snd_pem_read #AEE#E .

2) WAFBRIE A EEK A 5 2SR S 16 A AE k.

NTHIA4H ALSA APT %K.

PCM i1 &S 5&50) (snd_pem_hw params_t) [FI% B RPILGL T R
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N B — NS HE
int snd pcm hw_params_malloc (snd pcm hw_params_t **ptr);
VIR S H 451
int snd pcm hw _params_any (snd_pcm_t *pcm, snd pcm _hw_params_t *params)
IR NSRS RN
void snd pcm hw_params_free (snd pcm_hw_params t *obj)
118 BRI IER
int snd pcm hw params_set access ( snd_pcm_t *pem,
snd pcm_hw_params_t *params, snd_pcm_access_t _access)

BAL R (snd_pem access t)fLFE Y Fh:

® SND PCM_ACCESS MMAP_INTERLEAVED: £ Fxz 41

® SND PCM_ACCESS MMAP NONINTERLEAVED: P {7 i FT-EAZ 21

® SND PCM_ACCESS RW INTERLEAVED: #2541

® SND PCM ACCESS RW NONINTERLEAVED: Mk F1 Az 41

snd_pcm_hw_params_set format FATCEAAE 2L, 2 5N S A8 i 28 2
TR 5B RS, 2 little-endian i& /& big-endian.

int snd pcm hw params_set format ( snd pcm t *pcm,

snd pcm_hw_params t *params,
snd pcm_format t val);

snd_pem_hw_params_set_channels W& S A5 7, 0 WL IS0 50 75 38 A AR
WMARFENARF, e )a— NS Hval 4 2.
int snd pcm_hw_params_set channels(snd_pcm t *pcm,

snd pcm_hw_params_t *params,
unsigned int val);

snd_pem_hw_params_set_rate_near 5 B £ SIEE I 2T H AR RAE 2

int snd pcm_hw_params_set rate near(snd pcm_t *pcm,
snd pcm_hw_params_t *params,
unsigned int *val, int *dir);

snd_pem_open BT PCM ¥ #%:

int snd pcm_open (snd _pcm_t **pcm, const char *name, snd_pcm_stream_t stream, int mode);
snd_pcm_hw_params PR &K BCE PCM B4 124

int snd pcm hw params (snd pcm t *pcm, snd pcm hw_params t *params);
PCM  E A (T 5 42 1 B A 1

/HEFLS PCM BE4, DUMES A PCM s

int snd pcm prepare (snd pcm t *pcm);

IHEAT A E 3 B N B R

snd pcm sframes t snd pcm_writei (snd_pcm_t *pem, const void *buffer, snd pecm_uframes _t size);
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IREARAE G\ E e ' N B B a6

snd pcm sframes t snd pcm writen (snd_pem_t *pem, const void *buffer, snd pem uframes t size);

1 INE BB 26 B ERAZ A5 Ao

snd pcm_sframes t snd pcm readi (snd pem_t *pem, const void *buffer, snd pcm_uframes_t size);
AT 36 B R AR AT A S Al

snd pcm_sframes t snd pcm readn(snd pcm t *pem, const void *buffer, snd pcm uframes t size);
snd_pem_close EIICH] PCM %4

int snd pcm close (snd pcm_t *pcm);

Alsalib PEBEAFTIFERSCH snd_pem open, FTTFBLAJF T LI WA R E S, B SH
. FrESEEAPRE] snd pcm_hw params_t £584H, 5E L snd_pem hw_params_t Z5#))5,
WA E NSRS . SHOCECEEH AT LA snd pem writei A1 snd pem readi #4775
AR S T .

1 15.1  JEAK) ALSA F547 [0 38 5241

ARH5 W\samples\15alsa\15-1loop. AR ARRL L

int set_ hw_parameter(snd pcm_t *audio handle)
{
int err;
snd pcm_hw_params t *hw_params;
if ((err = snd_pcm hw_params_malloc (&hw_params)) < 0) {
fprintf (stderr, "cannot allocate hardware parameter structure (%s)\n",
snd_strerror (err));
return err;
¥
if ((err = snd_pcm_hw_params_any (audio_handle, hw_params)) < 0) {
fprintf (stderr, "cannot initialize hardware parameter structure (%s)\n",
snd_strerror (err));
return err;
¥
if ((err = snd_pcm_hw_params_set access (audio_handle,
hw_params, SND PCM_ACCESS RW INTERLEAVED)) <0) {
fprintf (stderr, "cannot set access type (%s)\n",
snd_strerror (err));
return err;
¥
if ((err = snd_pcm_hw_params_set format (audio_handle,
hw_params, SND PCM_FORMAT S16 LE))<0) {
fprintf (stderr, "cannot set sample format (%s)\n",
snd_strerror (err));
return err;
¥
if ((err=snd pcm hw params set rate near (audio_handle, hw_params, &pcmrate, 0)) <0) {
fprintf (stderr, "cannot set sample rate (%os)\n",
snd_strerror (err));
return err;

}

if ((err = snd_pcm_hw_params_set channels (audio_handle, hw_params, 2)) < 0) {
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fprintf (stderr, "cannot set channel count (%s)\n",
snd_strerror (err));
return err;
}
if ((err = snd pcm_hw_params (audio_handle, hw_params)) < 0) {
fprintf (stderr, "cannot set parameters (%os)\n",
snd_strerror (err));

return err;
}
snd pcm_hw params_free (hw_params);
}
AT FE AR
int initAlsa playback()
{
int err;
if ((err = snd_pem_open (&playback handle, "plughw:0,1",

SND PCM_STREAM PLAYBACK, 0)) <0) {
fprintf (stderr, "cannot open audio device %s (%s)\n", "plughw:0,1",snd_strerror (err));
return err;

}
return set hw_parameter(playback handle);
}
IHT FE AR
int initAlsa Record()
{
int err;
if ((err = snd_pcm_open (&capture handle, "plughw:0,1",

SND PCM_STREAM CAPTURE, 0)) < 0) {
fprintf (stderr, "cannot open audio device %s (%s)\n", "plughw:0,1",snd_strerror (err));
return err;

}
return set hw_parameter(capture _handle);
}
FEREN T EICRE, IR RGBSR

int main(void)

{
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int i=0;
int err;
short buf[10240];

init ¢

ycle buffer();

initAlsa_playback();

initAlsa Record();

pthread create(&id,NULL,(void *)playbackthread, NULL);
if ((err = snd_pcm_prepare (capture_handle)) < 0) {

}

while

fprintf (stderr, "cannot prepare audio interface for use (%s)\n",snd_strerror (err));
exit (1) ;

Q)
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{
if ((err = snd_pem_readi (capture handle, buf, 256)) !=256)
{
fprintf (stderr, "read from audio interface failed (%s) %d\n",snd_strerror (err),err);
snd pcm_prepare(capture_handle);
}
if(err>0)
{
pthread mutex lock(&fifo->lock);
fifo put(buf,err*4);
pthread mutex unlock(&fifo->lock);
if(g_count<100)g_count++;
}
}

snd pem_close (playback handle);
snd pcm_close (capture handle);
exit(0);

}

TR AR T IR P SR I8 AT

void playbackthread(void)
{
int err;
char buf[1024];
unsigned int n;
while(g_count<2);//Z&H— & 15 Ak
while (1)
{
pthread mutex lock(&fifo->lock);
n = fifo_get(buf, sizeof(buf));
pthread mutex unlock(&fifo->lock);
if(n>0)
{
if ((err = snd_pcm_writei (playback handle,buf, n/4)) != ( n/4))
{
fprintf (stderr, "write to audio interface failed (%s)\n",snd_strerror (err));
snd pcm_close (playback handle);
initAlsa_playback();

usleep (1) ;
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