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LinuxZREIBEFREME (2)

kernel/ WIZEIBRIZOMEE ( RGeBR I8 Earch/*kernel )

arch/ RREGIEXREE , 8PN BERKE—MARE
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scripts/ TRIFBCERIASY

sound/ = RIKGHER

Documentation/ WIZSEE R

README REFNGRIFEN

Makefile TEMakefile3Z44 (sets arch and version)
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http://kernel.org

wget http://kernel.org/pub/linux/kernel/...

wget http://kernel.org/.../.../linux-*.bz2.sign

gpg —Vverify linux-2.xx.tar.bz2.sign

tar xvf linux-2.xx.tar.bz2
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#include <linux/init.h> j .
#include <linux/ module.h> BRAZ O

MODULE_LICENSE("GpL");
MODULE_AUTHOR("rD");

static int hello_init(void) -
printk("hello_init \n");
return o;

by

static void helln_exit{uuid)g%;%%mp""ﬁ@ﬂ: H
printk("hello_exit \n");
return;

}.

module_init(hello_init); | wmmAan: =hnmms

module_eXit(hello_exit); #EREMSO: SepkR A
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Makefile

» ifneq ($(KERNELRELEASE),)
« obj-m:=hello.o
. else
» KDIR :=/lib/modules/$(shell uname -r)/build
« PWD :=$(shell pwd)
* all:
make -C $(KDIR) M=$(PWD) modules

* clean:
rm -f *.ko *.0 *.mod.o *.symvers *.cmd *.mod.c *.order

« endif
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* make
I
* |smod
o /RIS
* Insmod/rmmod
o Lo [ENEVRIR
* dmesg
* FTENloglE R
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printk

#define KERN_EMERG KERMN_SOH "0"/* system is unusable */

#define KERN_ALERT KERMN_SOH "1"/* action must be taken immediately */
#define KERN_CRIT KERN_SOH "2"/* critical conditions */

#define KERN_ERR KERN_SOH "3"/* error conditions */

#define KERN_WARNING KERMN_SOH "4"/* warning conditions */

#define KERN_NOTICE KERN_SOH "5"/* normal but significant condition */
#define KERN_INFO KERMN_SOH "6"/* informational */

#define KERN_DEBUG KERN_SOH "7"/* debug- level messages */

#define KERN_DEFAULT KERN_SOH "d"/* the default kernel loglevel */

peng@ubuntu:~/driverf1/module$ cat /proc/sys/kernel/printk
- 4 1 7

l !
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Makefile

( )

obj-m:=hello.o

r=/1lib/modules/5(shell /build
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» Ubuntu
» LiInuxIZHNEBRFSRE+
» /usr/src/linux-headers-xxxxx-generic-
pae/Module.symvers

* N ERIHIRIFERIAZ
- IRERT
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BRERA B
static int global var = 100; extern int global var;

extern void show(void);
static void show(void)

{ static int hello_init(void)
printk("show(): global var {
=%d \n",global var); show();
} return O;
}

module_init(hello_init);
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» LERIFERA AR INEGRIRA EIRIRAGRIFIT IS , £ER)
SHIHRZEEI—1"Module.symvers3{F , iIXEFHHY
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+ 2 FERAIRIEE R HIModule.symvers 3 {4#& I Bk
BEIRT , AiafmEBI=IR
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include\linux\ Moduleparam.h

JR8Y . module_param(name,type,perm)
224 :
@name%%ixﬂﬁ%’kﬂlﬁ’]”’“ 55
@typeSZHIZEREL
@permig ZFE"*"‘QLEIEHWBE
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hool

Linux MEXMNHERERSD
HFEH(true/ falae), XREAERN ERint RS

invbonl
charp

int

[bool 5 i, MmME A erue, TEME Yl se

FRENRD. AELZRAPRRBETRSSENT, 0T a0 ie s
o

long
short

T T
|1 s

wint
ulong

ushart

Eineg 1
EfSEEn
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module_param_string(name,string,len,perm);
module_param_arry(name,type,num_point,perm);

MODULE_ PARM_ DESC(dbg,
"Boolean to enable debugging (0/1 == off/on)");
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static char *whom = "hello \n";
static int var = 1;

static int hello_init(void)

{ printk("hello init %s \n",whom);
return 0;

}

static vold hello exit(void)

{ printk("hello exit %d\n",var);
return;

}

MODULE_LICENSE("GPL");
module param(whom,charp,0644);
module param_named(var_out,var,int,0644);

module_init(hello_init);
module exit(hello exit);




5N

* iInsmod hello.ko var=1 whom= "yikoupeng”
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sysfs

Sysfs: W% 25— 4L

A

S B

L

Amgmxﬁ

%/\_/4

L_&

/sys/moduleTﬁ'Ji

I W—H‘

J

K

root@ubuntu: /sys/module/hello/parameters# ls -1

total 0

-frWw-r--r-- 1 root root 4096 Mar 17 05:35 var_out
-rw-r--r-- 1 root root 4096 Mar 17 05:35 whom
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modinfo

MODULE_LICENSE("GPL");
module_param(whom,charp,0644);
module_param_named(var_out,var,int,0644);

MODULE_PARM_DESC(var,

"Boolean to enable debugging (0/1 == off/on)");
MODULE_AUTHOR("daniel peng");
MODULE DESCRIPTION("yikou test"):
MODULE LICENSE("GPL");
MODULE_ALIAS("yikoupeng");
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* cat /proc/devices

31
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» typedef __kernel_dev_t dev _t;
» typedef __u32 _ kernel_dev_t;
* typedef uint32_t _ u32;

» #define MINORBITS 20
» #define MINORMASK (LU << MINORBITS) - 1)

» #define MAJOR(dev)((unsigned int) ((dev) >> MINORBITS))
« #define MINOR(dev) ((unsigned int) ((dev) & MINORMASK))
 #define MKDEV(ma,mi)  (((ma) << MINORBITS) | (mi))
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J,ra:a:
* register_chrdev_region() - register a range of device numbers

* @from: the first in the desired range of device numbers; must include
= the major number.

* @count: the number of consecutive device numbers required

* @name: the name of the device or driver.
e

* Return value is zero on success, a negative error code on failure.
wi
int I'EQiStEI'_GhI'dE\f_I’EQiDn{dev_t from, unsigned count, const char *name)

]
* unregister_chrdev_region() - return a range of device numbers

* @from: the first in the range of numbers to unregister

* @count: the number of device numbers to unregister

*

* This function will unregister a range of @count device numbers,

* starting with @from. The caller should normally be the one who

* allocated those numbers in the first place...

*/

void unregister_chrdev_region(dev_t from, unsigned count)
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cdev

 void cdev_init(struct cdev *, const struct
fille_operations *);

* Int cdev_add(struct cdev *, dev_t, unsigned);

 void cdev_del(struct cdev *);
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struct file_operations

struct file_operations {
struct module *owner;
loff_t (*llseek) (struct file *, loff_t, int);
ssize_t (*read) (struct file *, char __user #*, size_t, loff_t *);
ssize_t (*write) (struct file *, const char __user *, size_t, loff_t *);
ssize_t (Faio_read) (struct kiocbh *, const struct iovec *, unsigned long, loff_t);
ssize_t (Falo_write) (struct kiocb *, const struct iovec *, unsigned long, loff_t);
int (*iterate) (struct file *, struct dir_context *);
unsigned int (¥poll) (struct file *, struct poll_table_struct *);
long (Funlocked_ioctl) (struct file *, unsigned int, unsigned long);
long (*compat_ioctl) (struct file *, unsigned int, unsigned long);
int (*mmap) (struct file *, struct vm_area_struct *);
int (fopen) (struct inode *, struct file *);
int (¥flush) (struct file *, fl_owner_t id);
int (*release) (struct inode *, struct file *);
int (*fsync) (struct file *, loff_t, loff_t, int datasync);
int (Failo_fsync) (struct kiocb *, int datasync);
int (*fasync) (int, struct file *, int);
int (Flock) (struct file *, int, struct file_lock *);
ssize_t (¥*sendpage) (struct file *, struct page *, int, size_t, loff_t *, int);
unsigned long (*get_unmapped_area)(struct file *, unsigned long, unsigned lor
int (*check_flags)(int);
int (*flock) (struct file *, int, struct file_lock *);
ssize_t (*splice_write)(struct pipe_inode_info *, struct file =, loff_t *, size_t, w
ssize_t (*splice_read)(struct file *, loff_t *, struct pipe_inode_info *, size_t, un
int (*setlease)(struct file *, long, struct file_lock **);
long (*fallocate)(struct file *file, int mode, |off_t offset,

loff_t len);

int (*show_fdinfo)(struct seqg_file *m, struct file *f);

} ? end file_operations ? ;



P1 AR
E fd = open("/dev/hello",0_RDWR);
mknod /dev/hello ¢ 237 0
/
/
struct inode% )
dev £ i rdev- struct file {
] - . ! unsigned int f flags; VFS
loff_t f_pos;
Bi—EfrfENEE void *¥private_data;
}
\
chrdevs ]

4

o

static struct char_d {rice_struct {
struct char_device_struct *next;
unsigned int major;
unsigned int baseminor;
int minorct;
char name[s4];
struct cdev *cdev; /* will die */

struct kobject kobj;
struct module *owner;

} *chrdevs[CHRDEV/MAJOR_HASH_SIZE];
_gtruct Cdev { /

EERMNSZI

-

const struct file_operations *ops; ———
struct list_head list;
dev_t dev;

struct file_operations ¥

ssize_t (*read) (struct file *, char __user *,
ssize_t (*write) (struct file *, const char __1
Y

unsigned int count;

\

C

)

=
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register_chrdev

static inline int I'EQiStEI'_ChrdE\f{unsigned int major, const char *name,
const struct file_operations *fops)
{

¥

return __register_chrdev(major, 0, 256, name, fops);

!J'#C*

* _ register_chrdev() - create and register a cdev occupying a range of minors
* @major: major device number or 0 for dynamic allocation

* @baseminor: first of the requested range of minor numbers

* @count: the number of minor numbers required

* @name: name of this range of devices

* @fops: file operations associated with this devices

)

*= If @major == 0 this functions will dynamically allocate a major and return
* its number.

-

= If @major > 0 this function will attempt to reserve a device with the given
* major number and will return zero on success.

)

* Returns a -ve errno on failure.

-

* The name of this device has nothing to do with the name of the device in

*= [dev. It only helps to keep track of the different owners of devices. If

* your module name has only one type of devices it's ok to use e.g. the name
* of the module here.|

*/



unregister_chrdev

static inline void UanQiStEI'_ChrdE\f(unsigned int major, const char *name)
{

h

__unregister_chrdev(major, 0, 256, name);
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udev

udev E—MTIEFEAPZENTER , EeeiRIER G TR
1* REBEAIVR SIS EINE S 3‘21* RS

WS, AR, LB R ERE N IE/dev BR T,
(I=| EH'E':'J L/L{ FRCE A PIERE.

- udev IZITERFRET | MAFREA.

- BIEAFNER —DD)\EEﬂJ’I‘EiX fEsysfs_EiFEMERAY
FEE |, udevtlFFTAIRE T =,
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/¥ This is a #define to keep the compiler from merging different
* instances of the _ key variable */

#define dass_create(owner, name) \
({ , \ root@ubuntu: /sys/class# 1s
static struct lock_class_key __key; \ ata_device devfreq hwmon net rtc spi_transport
__dass_create(owner, name, &__Kkey); \ SERETTSEEETE i2c-adapter pci_bus scsi_device thermal
}:] ata_port dmi input power_supply scsi_disk tty
C drm leds ppdev scsi_generic usbmon
bd1 firmware mdio_bus PPP scsi_host Ve
72%%& . block gpilo mem printer sound vtconsole
= ‘ bluetooth graphics misc regulator spi_host

@Owner THlS_MODU LE bsg hidraw mmc_host rfkill spi_masta§psi/blog.csdn.net/daocaokafei
@name RHF
A CIK(E]

] PLE X —"struct classHTREF R Eclst 2 IR BI{E, R )58
IS_ERR(cls) 3]

TR, IR I AN IR [El0, MR BIAEOE (A PLIE

PTR_ERR(cls)>K3K1F

SR B )RS R )
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]

* class_destroy - destroys a struct class structure

* ({@cls: pointer to the struct class that is to be destroyed

*

* Note, the pointer to be destroyed must have been created with a call
* to class_create().

*/
void class_destroy(struct dass *ds)
1
if ((ds == NULL) || (IS_ERR(ds)))
return;
dass_unregister(ds);
¥
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] **
* device_create - creates a device and registers it with sysfs

* @class: pointer to the struct class that this device should be registered to
* @parent: pointer to the parent struct device of this new device, if any

* @devt: the dev_t for the char device to be added

* @drvdata: the data to be added to the device for callbacks

* @fmt: string for the device's name

#

* This function can be used by char device classes. A struct device

* will be created in sysfs, registered to the specified class.

*

* A "dev" file will be created, showing the dev_t for the device, if

* the dev_t is not 0,0.

* If a pointer to a parent struct device is passed in, the newly created

* struct device will be a child of that device in sysfs.

* The pointer to the struct device will be returned from the call.

* Any further sysfs files that might be required can be created using this

* pointer.

#

* Returns &struct device pointer on success, or ERR_PTR() on error.
*

* Note: the struct class passed to this function must have previously
* been created with a call to class_create().

*/
struct device *dEViGE_crEEtE(struct class *dass, struct device *parent,
dev_t dewvt, void *drvdata, const char *fmt, ...)

va_list vargs;
struct device *dev;

va_start(vargs, fmt);

dev = device_create_vargs(cdass, parent, devt, drvdata, fmt, vargs);
va_end(vargs);

return dev;



]

* device_destroy - removes a device that was created with device_create()
* @class: pointer to the struct class that this device was registered with

* @devt: the dev_t of the device that was previously registered

=

* This call unregisters and cleans up a device that was created with a

* call to device_create().

=/
void dEViCE_dEStI'DY(struct class *dass, dev_t devt)
{
struct device *dev;
dev = dass_find_device(dass, NULL, &devt, _ match_devt);
if (dev) {
put_device(dev);
device_unregister(dev);
L
¥

D>
%
"
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A Hread. write

#include <unistd.h>

ssize_t read(int fd, void *buf, size_t count);

ZH
fd : SCAFFRIR ST
buf : EHUI IR UM 22 P IX
Count: Z& X K /)N
IR [AE
SE BRI AN B
HEy: Ul

#include <unistd.h>

ssize_t write(int fd, const void *buf, size_t count);

ZH
fd : SCOFFRIRST
buf : LB NHIEIE A7 22 i [X
Count: SEFRE 5 A IELHE 1Y K/
iR [A{E

DMUNCYNE S R
Hag: TE NS —HLinux



Nfzi=read

ssize_t (*read) (struct file ¥, char __user #, size_t, loff t *);
ssize_t (*write) (struct file *, const char __user *, size_t, loff_t *);

ssize_t (*read)(struct file *filp, char __user *buf, size_t count, lofft *f pos);
ZH
filp: fF 1A BB 2 A file A5 A AR FE £
buf: 175 NP ise BCEE 1 FH P S TR & X FE 5t
count:FF iz U 17 4k
f_pos:AF L R AL B, T HUE Al a MRS S s B 1 50 7 o7
_user: & NETWZE, FEHRERIEFEF R TEBImPTEE A=A
1) 72 FH P 20 R] [ Mk

Y EILIER
I SERR B 51 8, RIBGR Bl 5 fE
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read

(*read)(struct file *fllE char __user *buf, size_t countE Ioff t *f 0S);

T - ——

‘A"“ J—

<=
5

//,
Kid

wi

N

P
V.l‘

struct file {

struct path f_path;

#define f_dentry f_path.dentry )
struct inode *f_inode; /*ouacr
const struct file_operations jf‘ op;
spinlock_t f_lock; /
atomic_long_t f: count"
unsigned int f_flags/
fmode_t f mong
struct mutex f pos¥tiock;
[loff_t f_pos; |
struct fown_struct f_owner;
const struct cred *f_cred;

struct file_ra_state f_ra;




copy_to_user

. static inline unsigned long ___must_check CDpy_tD_USEI'(mid __user *to, const void *from, unsigned long n)
- g
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Rfzizdwrite

ssize_t (*read) (struct file ¥, char __user #, size_t, loff t *);
ssize_t (*write) (struct file *, const char __user *, size_t, loff_t *);

ssize_t (*write)(struct file *filp, const char __user *buf, size_t count, loff t *f pos);
ZH:

filp SR AR 1Y 1 S PHfile A A i ET

buf: {57 5 N T is2 BUE I 1 FH 7 28 () 22 o [X Fi

count: FRF iz HUE R 17 2k ]

f_pos: A7 BEEEYE AT B, 5N 58 RUa IRYE SLPRE N 1 B 8 & 7
R [H]

IR SEPR B N F T8, RIMGR [B] 7 {8
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write

(*write)(struct file *filp, const char __user *buf, size_t count, loff_t *f_pos);

v~
W

struct file {
struct path

#define f_dentry
struct inode
const struct file_operations /s _0op;

f_path;
f_path.dentry

spinlock_t f_lock;
atomic_long_t £ count
unsigned int f_flags/
fmode_t f modc)3
struct mutex f_pos_gock
[loff_t f_pos; |

struct fown_struct f_owner;
const struct cred *f_cred;
struct file_ra_state f_ra;

*f_inode: / *,hacr

A 1% %% [a]
B K]

_copy from _user 22 X
ZZ X

W= § HP A

VISR
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copy_from_user

static inline unsigned long __must_check copy_from_user(mid *to, const void __user *from, unsigned long n)
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NAEERSERE

#include <sys/ioctl.h>

int iloctl(int fd, unsigned long request, ...);

ZH
@fd:F] H s SO I i 3R AR Iﬁﬁiﬁm_
@ cmd: 3 NSRBI EALE RIS, T EFE R IR,
IR =B AN E 2 — e g —
@ =N " IECIEE S, R Z Ik AR R AR Al n] AR 22
LRI =)
RN o
KW -1, [AIBS& B errno
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unlocked Iioctl

Iﬂngul[*unlnclie;:l_iﬁc‘l:l} (struct file *, unsfgne_cl int, ﬂnsigned* 'Ic:ng);

ZHL:

@file: vfsf2 NFT AT s AT B EFR G K S5 148, FH TA7 0L
RIS B

@ cmd: )3IW%ﬁmmv‘TuW%Kﬁvaﬁfﬂmﬁﬁ‘

@%:A%ﬁ: 2= ) A AﬁﬁﬁﬁﬁjﬁﬁﬁAﬂm@(‘
IW%EWF”%MM Al RE 2 — N EUE, CIRAb&IE]

ﬁ (El
L. 0

. EE R Al
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. int ioctl(int fd; int cmd, ...);

struct filée COIERIZSIER)

T b

VES

<long xxx_ioctl (struct file , unsigned int , unsigned long );
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cmd

B EER FFEIS Ji ] 0 RoT
2bit
—
cmd
PR | RMELR, R KWK, AT EE 1 8bit B T
7515 RFIXA BRI LA 4
77 1) o R B P s ], BORF P A B AR, N R, RE, wE, i
R R | BRSSO
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/*************************************************

*type : &RRAY
*nr - ﬁﬁ4>F?£%

*size : PR IEEAR (int ,char ,struct name ..

e de e o e ok e e e ke ek ok ke ke ek ke ke ke ke ek ke ko ke ke ko ke k ok /
/* used to create numbers */

_10(type,nr) : 8 BEEAR R a2
_TOR(type,nr,datatype) : MIXF)HEUEYE
_TOW(type,nr,datatype) :[AIXE)F 5 AEIE
_TOWR (type,nr,datatype)

_TI0C_NONE AE N0, ToB IR AR

_IOC_READ AR N1, AT X Bh e I

_TI0C_WRITE AE N2, A IR E B AL
I0OC_READ| IOC WRITE : XN [a] EHE AL X

/* used to decode ioctl numbers.. */

_IOC_DIR (cmd) : - IR BT [A]
_IOC_TYPE (cmd) : i FP PR B B A 2R Y
_IOC_NR (cmd) : AT PIRBUF S
_IOC_SIZE (cmd) : A\t P 3R B K/
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linux/spi/spidev.h conflict!'!
video/kyro.h conflict!

,0x10
,0x11,1int
,0x12 ,1int




M ER<S, MULERE ?

__“«/LLL?— IOC_TYPE ( nr ) kTR FRfEFRE FRAY
wStypeBRIEM ;

- LB 7R _IOC_DIR(nnK G2 ETEEs | Ala
5 E1d Z=access ok(type addr,size)3¥ WP E{(&1%5
HREI R RS,
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if( IOC_TYPE(cmd)!=DEV_FIFO_TYPE){
pr_err("cmd  %u,bad magic 0x%x/0x%x.\n",cmd,_I0C_TYPE(cmd),DEV_FIFO_TYPE);
return-ENOTTY;
}
if( IOC _DIR(cmd)& _IOC_READ)
ret=!laccess_ok(VERIFY_WRITE,(void __user*)arg,_10C_SIZE(cmd));
else if( _IOC_DIR(cmd)& IOC_WRITE )
ret=laccess_ok(VERIFY_READ,(void _ user*)arg, IOC_SIZE(cmd));
if(ret){
pr_err("bad access %ld.\n" ret);
return-EFAULT;

}
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FAFP =S| 8Jf 0% =S | B)itBilk ) Et

1 3267 Linux N AZ HiLhl 2 yornol momory
I‘E—L- ilj éj\ . es 0xC0000000

|

\ .

~ / =

N ':I I PAGE_OFFSET=0xC0000000
O 3 G ; j 1/ I El TASK_SIZE=0xC0000000| USEr memory {Lower bound of kernel space)
\ I / . (Upper-limit of user-space) (3 GB)

~

3~VAG NN IZ 7|
0x00000000

FE & B R AT 2 R
LS N
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\ /dev/com0 /dev/coml
RiH 2
VA% . inode ; :

Y 4
mknod /dev/comO0 c 237 0 tnodel | o e e

mknod /dev/com1 c 237 1 e

chrdevs| |

1. InOdeEjﬁﬁ& El%/u [=] Jl_n
2 . mA u 74 Iﬁi Xj‘ }_‘ I l & %. Chal“_devii::::e_struct
s A

237:0 @ @ 237:1 RRfF



= 1 #include <stdio.h>
*E,_i 2 #include <sys/types.h>

3 #include <sys/stat.h>
I{t':j: ,/f_g- 4 #include <fcntl.h>
5 main()

6 {
7 int fd;
1. Isof 8 fd = open("test",0_RDWR|O_CREAT);
g) / / d/fd/ B if(fd<0)
. Proc/pi 10 {
11 perror("open fail \n");
12 return;
13 }
14 sleep(100);

printf("open ok ");

root@ubuntu: /home/peng/driver/2/cdev# ./a.out &
[1] 7298
root@ubuntu: /home/peng/driver/2/cdev# lsof test

COMMAND PID USER FD TYPE DEVICE SIZE/OFF  NODE NAME
a.out 7298 root 3u REG 8,1 0 939477 test
root@ubuntu: /home/peng/driver/2/cdev#t 1ls -1 [/proc/7298/fd
SHE o

------ 1 root root 64 Aug 17 01:

1:57
lrwx------ 1 root root 64 Aug 17 01:57
1:57
1:57

0 -> [dev/pts/0
1 -> [dev/pts/0O
2 -> [dev/pts/0O
3 -> /home/peng/driver/2/cdev/test

lrwx------ 1 root root 64 Aug 17 01:
lrwx------ 1 root root 64 Aug 17 01:



HIES SRR

D1338 / * open file mformatmn *{
01339: struct files_struct *files;

struct files_struct {
!*
* read mostly part
*/
atomic_t count;
struct fdtable _ rcu *fdt;
struct fdtable fdtab;
!*
* written part on a separate cache line in SMP
=/
spinlock_t file_lock cacheline_aligned_
int next_fd;
unsigned long close_on_exec_init[1];
unsigned long open_fds_init[1];
struct file __rcu * fd_array[NR_OPEN_DEFAL

I

1. filefFBIAE B
2. file5fd——Xf W

task_struct

fdtr&

fdO
fdl

fd2
fd3

file_struct

BEF

ST

SRR



j:]- ' ‘ j1q: /dev/com0 /dev/coml 2
| i T
inode { inode {
struct cdev *i_cdev: struct cdev *i_cdey;
dev t i_rdev-_ dev t i rdev; VESE
} 1
fdO = open("/dev/icom0",0_RDWR);
fd1 = open("/dev/icom1",0_RDWR);
<char_device struct
Uiz

9370 2371 e
COMO COM1



AR ER S RIES 1

NS —OLinux



/dev/com0 /dev/coml
T\
h 4 l
inode { inode {

struct cdev *i_cdev:
dev_ t 1 _rdev;

}

struct cdev *i_cdev;
dev t 1 _rdev;

}

VFSE

open (inode, file)

|=h =

read (file)

237: ' 237 L
TR % " 8



inode {

struct cdev *i cdev;

|dev_t i_rdev;l

1

T~

T

/dev/comO /dev/coml
7T
‘ 1

inode {

struct cdev *1_ cdev;
dev_ t 1 _rdev;

}

M E

pmydev

REUXIRES

HENMRERER
Zlfile—>private_data

L |

5

open (inodel|[file)

read(filel

VFSE

iE i filetz B H openk

EREFHRAEER

W&

comf1

test|=

test|=

com(



SCIR

» » .
/—\L:.J X static int dev_fifo_open (struct inode *inode, struct file *file)
{

e .
#define MAX_COM_NUM 2 struct mydev *cd;

printk("monor = %d \n",MINOR(inode- >i_rdev));

struct mydev{ N ! e _
char *reg: cd = pmydev[MINOR(inode- >i_rdev)];

3 int test; file- =private_data = cd;

struct mydev *pmydev[MAX_COM_NUM]; } return o;

struct cdev cdev;

AL GHEE

for(i=0;i<MAX_COM_NUM;i++) ssize_t dE\f_ﬁfD_l'Eﬂd (struct file *file, char __user *buf, size_t size, loff_t *po
¢ pmydev[i] =kmalloc(sizeof(struct mydev), GFP_KERNEL); ¢ struct mydev *cd;
cd = (struct mydev *)file- >private_data;
for(i=0;i<MAX_COM_NUM:i++) printk("read() file- =private_data cd- >test=%d\n",cd- >test);
pmydev[i]- >test = i; if(copy_to_user(buf, &minor, size)){

return - EFAULT;

Iy
cdev_init(&cdev,&dev_fifo_ops);
devno = MKDEV(major,0); return size;
error = cdev_add(&cdev,devno,z); +
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- Hcpu LHEMRERZ B H A
»  CPURIMZ LESRNHFZRIPU T Z TR |,

40 : PHRATIEIERD , AT RIS |
aiczz SE A %mm | EHYT Rl
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H&na3

«ZcpuZld
« CPU 1i5a3TER#L , CPU 2 tBipa)¥TERN..
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» BCPU LR Z [EIH A&
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(¥

- open ( )

if(flag!=0)
|

return -EBUSY:

Y /TEMC BRI
« flage=1;
° }
e release()

* 1

- flage=0;
* }
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P1 flage =1 P2

int flage = 1; // 1: available 0:

static int hello_open (struct open

if(flage == 0) int flage = 1; /f 1: available o0:
{

static int helld_open (struct
{

return - EBUSY;

L1

; if(flage == 1)
close {
return - EBUSY;

¥
printk("hello_open()\n");
flage = 0;

return o;

FEP1/P2E R THIT & &

printk("hellp_open()\n");
A

flage = 0;
return o l \
} o+

Ve w18y

B Bl NER A A REfE 55 V1

<

-

static int hello_release (st static int hello_release (str

printk("hello_release()\n");

flage = printk({"hello_release()\n");
! flage = 1;
return o;
} return o;

by
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REX.

£ linux FRJEFEEXT N AVE
atomic_t, EMXUTF :

typedef struct {
Int counter:;
} atomic_t;

NS : —HLinux
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s IR FIRMEL
- TREHRAE

* #define atomic_set(v,i) (((v)->counter) = (i))

* EEHR(E

* #define atomic_read(v) (*(volatile int *)&(v)->counter)
» NNER{E

e static inline void atomic_add(int i, atomic_t *v)

NS —OLinux



5 RIS EIRIE2

e #define atomic_inc_and_test(v)
(atomic_inc_return(v) == 0)

- BRFZSENEML , AAIBREAZ0 , RIERR(EASHFTRR
- A0REAE

 #define atomic_dec_and_test(v)
(atomic_dec_return(v) == 0)

- BREFEENERL , HABREAZ0 , REEEASHEFTH
- A0REAE
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- 11951k
e static atomic_t v= ATOMIC INIT(1);
* Openifil 8
* if(latomic_dec_and test(&wv))
.« [/E—2Z2EFRESEO
{ //NREFTEAZE]L
o atomic_inc(&v);

return -EBUSY;
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P1

fd=open() v -1

fd=open()

static int hello_open (struct inod

{
if(! atomic_dec_and_test(&v))
atomic_inc(&v);
return - EBUSY;
b
-—_-}
return o0;
b

static int hello_release (struct inode *inode, struct file *filep)

{

atomic_inc(&v) ;
printk("hello_release QO \n");
return 0;

static int hello_open (struct inod
{

if(! atomic_dec_and_test(&v))

atomic_inc(&v);
return - EBUSY;
h

return o;
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(EEEREFITIEINEE

IRIHT 1%FE’WL%'J mutexFE7

s mutexfE N HHY FHESS=EHE

B RF#(E.
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ZIBNNEZE T , mutextb(EEEWMITIEEER ,
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mutexBI{ERIEESIN

» B—EZIRAB— 1 Z&izr LIFFE mutex,

 REMFEETILR , FEE— R Emutex , &
BI—1NMAEFEPRERULE,

o AAIEFIB A INSFNAREA.
 LHFEFFEmutexiY |, HEARLUEH.
- mutex/EREHAPIEEYIIG{L.

» mutexa] LAFERR , FTLAARTOIFER JLﬁifEﬂiFa‘%E,i%EJIZFﬁ_FEf
=RehfEER | fittasklet. TEATSRES
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FARTEN
DEFINE_MUTEX(name);
7SHIIRfEmutex :

mutex_init(&mutex);
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» mutex_lock(struct mutex*)

» JIiEERIMutex E84 , 2NERASE] FANIREHR
» mutex_unlock(struct mutex?*)

» JHIEEERIMutexf#Ed
» mutex_trylock(struct mutex®)

« ZNFABUEERIMuUtex , ANERALIINIR[E
o{E20

» mutex_is_lock(struct mutex*)
« PNERUEHAERH , NIRME]L ; FNIRE]0
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fsE LA

struct mutex mutex;
mutex_init(&mutex); /*TEN*/
/N8R

mutex_lock(&mutex);

NmFRX

IfEE
mutex_unlock(&mutex);
NFS: —HLinux
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#9a1t
#include <linux/semaphore.h>

struct semaphore sem;
sema_init(8sem,1);
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PV

P

extern int __must_check down_interruptible(struct semaphore *sem);
extern int __must_check dﬂWﬂ_ki"ﬂhlE{struct semaphore *sem);

extern int __must_check dﬂwn_trylﬂl:k{struct semaphore *sem);

extern int __must_check dﬂwn_ﬁmenUt{struct semaphore *sem, long jiffies);

-V

extern void UP(struct semaphore *sem);

NS —OLinux
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« struct semaphore sem;
e sema._init(&sem,1);

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

* {

: if(down_interruptible(8sem))

o return -ERESTARTSYS;

° return O;

* ]

« int hello_release(struct inode *inode,struct file *filp)
* {

o up(&sem);

° return O;

° } NS —OLinux
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ENX
&ISHY :

spinlock_t lock;
spin_lock_init (&lock);

BRHY :
DEFINE_SPINLOCK(lock);
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nngd
spin_lock(&lock);

i Ed
spin_unlock(&lock);
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{SEFCH)

static spinlock_t lock;
static int flage = 1;

spin_lock_initalock);

static int hello_open (struct inode *inode, struct file *filep)
{
spin_lock(&lock);
if(flage ! =1)
{
spin_unlock(&Jock);
return - EBUSY;

¥
flage =0;
spin_unlock(&Jock);

return o;

¥
static int hE"D_I'ElEHSE (struct inode *inode, struct file *filep)

{
flage = 1;
return 0;

ISAK T — HLinux
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The Linux Storage Stack Diagram

version 4.10, 2017-03-10
e stack as of Kernel

outlines the Linux storag | version 4.10
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» waitqueue (SF1FEAF) E)uxslj\]*? AT EESGREIRIA
2, AENAESRBR RSB SRR R |, oJLAE
MYEA add_wait queue() PRIZSHE :I:IIJ\JJ[I:l:IJ

waitqueue 1 , SASHERELMEHTEAREHIT

—L/ = bQ / 'ﬁﬁ?r / D%JZ'\Q;ETIEEL \}‘j E]\S:l_-il

ahk

3 wake_up() &g
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* BN

e #include <linux/wait.h>

NS
wait_queue_head_t wq;

init_waitqueue_head(&wq);
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 walt_event(wqg, condition)

» walt_event_timeout(wq, condition, timeout)
 walt_event_interruptible(wq, condition)

* 240

* W@ F1FPAS

condition AFMEHFIAT, , SHwake upfg , conditiond
BT , MREEREZERYHIE | SRAT |, dRechElR

- 54451

« havedata 0:28%IE 1 %0
« havedata==
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BEPRPEZEIR] ( MREE )

« #define wake_up(x) _wake_up(x, TASK_NORMAL, 1, NULL)

 #define wake_up_interruptible(x) _ wake_up(x,
TASK INTERRUPTIBLE, 1, NULL)
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havedata =0

_pello_read{) ello_write()
{

wait_event(rwq,havedate==1);

copy_to_user(); copy_from_user();

havedata=0,; havdate = 1;
wake_up(&wwq); wake_up(&rwq);
} }
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IR

- static ssize_t hello_read(struct file *filp,char __user
*buf,size_t size,loff_t *poss)

* {

- wait_event_interruptible(rwq,flage!=0);
« flage=0;

« wake_up_interruptible(&wwq);

* return size;
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- static ssize t.heIIo_.writeéstruct file *filp,const char
__user *bufsize_t size,loff_t *poss)

*{

- wait_event_interruptible(wwq,flage!=1);
- flage=1;

« wake_up_interruptible(&rwq);

« return size;

NS —OLinux



SISz FFAEREEE ?

')\_‘L /=

- fd=open("/dev/hello",O_RDONLY | O_NONBLOCK);

NS —OLinux



RZ(CES

static ssize_t hello_read(struct file *filp,char __user *buf,size_t size loff_t *poss)

{

int ret = 0;

if(havedate==0)

{

if(filp->f_flags & O_NONBLOCK)

{

return -EAGAIN;

}

wait_event_interruptible(rwq,flage!=0);
}
flage=0;

wake_up_interruptible(&wwq);
return size;
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SRS FFISelect. poll. epoll

+1/0% f't : T)BxELJ_—iFEWL%J FER LA
e 7|< BENMNEATHE (— IR EMEE S
%), %Lﬂ&EL THMNANESEE.

- select. pollfepollZLinux APHRHAII/OEHG T
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API[RE!

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

 int poll (struct pollfd *fds, unsigned int nfds, int timeout);

- int epoll_create(int size) ; /2/EZ17 , size - EALHIZH
- int @POII_ctl(int epfd, int op, int fd, struct epoll_event *event) ;

e int ep0||_Wait(int epfd, struct epoll_event * events, int maxevents, int
timeout);

NS —OLinux



1. select
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RS,
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» select PREUSAISHEIART7 32 |
 writefds, readfds, 5F|I|exceptfds

FiaselectiRZ A= , BEIGRAHE (B8R
N S e igexcept) , SRR ( imeoutis
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I
4 Wit
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» selectAR_ LR BT RSB I E I dIiRSHIEERE
Kt T T2, XEFERT R RRRE ¢

1, EENNAERIIRRVTAEEHRS] , BseilrimORIAR /N
BIR,

2. Xj“socketl_1?TEIT§Ex B |, BIRARERYGEE |
RN

%Q‘ETF' MNREFIRAEANETESEM |, XTFEEFE
EFRZT B GBI ZE i EHITFFHEX
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2. poll

» FselectpRE—+F | nﬁlﬁ%/\S‘Z1*"+“ T, BRI
L—”Zﬁ_uﬁjﬂljﬁjﬂi olix[A] , Eidi=p 3321*':-*‘* FSRIREY
E LM AR RT

» ANEITFselectfER="MuBRFRR=""fdseth5=\ , pollfE
I—A pollfdg9EEt=CE

- pollfdHiRBRALMERT ((ERHMELIXNGERERES
£ )
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e H A Sselect {E—2
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3. epoll

-epoll 27E2.6 I FIEHAY , Eselectfpoll
EI’Ji""E Rhi 2N

cepollfsEEFH— 15 1*??"'“? 2 NIRRT
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Epoll{fL =

N

« BRTSZFFHIFD

S ANATHEIAR T

HEAZIRS!
IR AR LIFTHSHRIER

X EF—HRITA T

2048, 5/MBIF, 71 GBTZHON 22 LA E 105747 , BAsE R Lcat
/proc/sys/fs/file-maxzRE, — i KRX M HIIRFTRFLREXN.

2. IO ALSHEE LIfdRYZERIIE T N

. epoll/i\IEJ--select%Dpolli YA, MaEEEENMAE X AIEERECE
SCINRY., REMERNfdZSHNTRIERZE]L.

. 3. eooll{% I— N NAEEA T EIEZ MEIR T

BRI RXEBSFHEIARRTAY =a1¢{¥ﬁ&§ﬂ|7\]¢? F— NSRS | XTEFEERF
aF 1A= ERIcopy RE—IR.
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pollj5i=cH

- unsigned int (*poll) (struct file *, struct poll_table_struct *);
R[EME: eventFHff
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SFRE

wE Y. B

POLLIN 38 B S 28 s B P R
POLLRDNORM 0 ]
POLLRDBAND Dt S 9y 2l vl i3
POLLPRI e S g A Tk
POLLOUT HEPIE S
POLLWRNORM HEHAE S
POLLWRBAND PLoe gl B vl 5
POLLERR Hir KA

POLLHUP RAETE

POLLNVAL 5 A0R A 2 — T H B A



poll_wait

e static inline

- void poll_wait(struct file * filp,
walt_queue_head_t * wait_address,
poll_table *p)

typedef struct poll_table_struct {
poll_gueue_proc _gproc;
unsigned long _key;

} poll_table;
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poll () RELHERUENT

static unsigned int xxx_poll(struct file *filp, poll_table *wait)

{
unsigned int mask = 0;
struct xxx_dev *dev = filp->private_data; /KBS RIS/

poll_wait(filp, &dev->r_wait, wait);//IHEZEFAFIL
poll_wait(filp, &dev->w_wait, wait);//I1E5ZFFIkL
if (...)//BIiEE

{
mask |= POLLIN | POLLRDNORM,; /*&~EHERIX15*/
}
if (...)//AI5
{

mask |= POLLOUT | POLLWRNORM; /*tRREiET B\ */
}

return mask;

NS —OLinux




25 5L1)

static unsigned int hE"O_pﬂ" (struct file *filep, struct poll table struct *ptable)

{

unsigned int mask = 0;

poll wait(filep,&rqg,ptable);
poll_wait(filep,&wqg,ptable);
if(have_data == 1)

{

mask |= POLLIN;//TBJiE
}
if(have_data == 0)
{

mask |= POLLOUT;//TIE
}

return mask;
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1R RFE-select

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

» numfdsHERREMEN SRR IHEATHINL,
 readfds, writefds, exceptfds
- X, BREMERISHEATES |
» timeoutZ#E—MEmIstruct timevalZSBRVIEET , BRILAGE
select()fEFFrtimeoutif|B[ & B MIHRATHERHFUIR(E],
- NULLBHZE  O0:3FfEZ=E  3F0 : @&EAdEdE
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« JEN
* VOIQ
* Int
* VOIQ

* VOIO

e #inC
e #inc
e #inc
e #inc
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AT

D CLR(int fd, fd_set *set); MESGset Mifxfd

-D_ISSET(int fd, fd_set *set); ¥I¥ifdE2AZE1EE
D _SET(int fd, fd_set *set); 1GfdiIAZseth
FD_ZERO(fd_set *set); iaaset

ude <sys/select.h>

ude <sys/time.h>

ude <sys/types.h>

ude <unistd.h>

0 ?
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Pol A ERIZ

- SHHHEIFREBEERER , R T

. 1. SRR NAYstruct file.f_op->poll)7i% ( NERBGRMSSINE ) |, =
HIEE MEHFONICRdESEZBIOS M

- 2. IRELBIOSEHAHZE , NEEFIERIRNIOSH4RE , NXERER

« 3. (NREINRBIOEHHE | NEIEMTETEREIISEL | TEEEHAFT

4. NRBIVSEUETAZFRTF  NARKERLER , KTIOHEHR[E

- 5. WIRENSEIETEF T ( FF—RIVEEFEEEFES ) [ WK=3E)
select/poll/epol B ARESIER

« 6. TN AR — N EFHIOEMH RER | 2K LIRRBETESHNESIREE,
ISWIRREC 5 , EFFT1IPMIOSEHIETRE | KIRWERIRIIOSH4RE |
RBIERITIEZE R,
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,-( User space )4-,‘1
- LY
L]

L]

r
se lect/pollfepoll E
B
i I
il I
i I
i i
‘ Kernel space ‘ b i
l‘., select/poll Mechanics !
I.'| -:.l'
Monitor multiple file
descriptions.

Device Driver
poll

Device Driver
poll

Device Driver
poll




r

read (fd,buf,len)

N

write(fd,buf,len)

test 250

S

select()

user space

Ie_é perati /
wait_event(rq,have_data == 1), fH 3 read ﬂalt_event(wq,have_data ==0);
EE R .write SAWIE
have_data= 0 :®a§ .poll have_data= 1 ;#]i%
wake_up(&wq); / wake_up(&rq);
& have_data () }
7
r~a

poll_wait(filp,| &rq| wait),//imsEsaEAzIsk
poll_wait(filp,[Bwaq,|wait),//IISE5EAZIL
if (.)//ah%
{
mask |= POLLIN | POLLRDNORM; /*{RR&ugasria:/
}
if (.)/@S
{
mask |= POLLOUT | POLLWRNORM; /“RTEUET S\ */

return mask

kernel space



select

------------ 3-Syscall-----moeeenen

¥
SYSCALL DEFINES(select)

T

¥
core_sys_select

T

15fd_setiE D] ‘H‘Hh
57 el N,

-
-
il —— ===~

_115
#eE W _aprocE B 1E5T

,
-

i ———

¥

s
-

e —————
-
=

do_select

L]
-

&

-

T
B

:
¥

-
i —
—-

poll_initwait f----- ! intt_poll_funcptr(__polhait)

F—E@ihfor;;)
H—EEF, #Bunsigred long BE{BH

E-EELR, EbitheineR

const struct file_operations *f_op;
f_op = ffile-=f_op;
mask = DEFAULT_POLLMASK;
if (f_op->=poll) {
wart_key _set{wait, in, out, bit, busy_flag);

mask = (*f_op-=poll)(f.file, wait); ------caz--]

cond_resched |#EMiESE

tval | | timeowut | |sEnal_pending ----m hreak

poll_schedule_timeout | g% & F timeout

poll_freewait

e e et e e et e e o e o o o o o o o o o ot o o o o o o o o o o o o

( Device Driver )

<

Bl pollwaiteE 3

T p-=_gproc()
»
poll_wait
.
wooi_pol()
!
poll_wait()
i
F

struct file_operations {

.i.’élm I
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__wake_up_common

Ko BEAFAFBAS, 1 e i AR

3 41 5 S5 A5 BA S ()

ﬁﬂ*ﬂ%l\ﬁmm‘& PARAIGHS 15 i e 8k 441 o B WAL heusk
SRS F 4 wait
: 7

&> for: R4 ., ik P L 5 T ot

A e X 0Y__waltf Awg 5 ELF)
JAL RSB RERE N =
TASK_UNINTERRUPTIBLE

5 autoremove_wake_function
........... ol

PG RN SR DA A R A
U FE 254 AR TF M2 AT M PR

LT
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schedule();
JFRETRN, BT Fitit.
ELFN T IC b il P 2 A HE RS
TN

L

sh_wait(&wq, & _wait) =
#&ﬁ‘ME#JHEIﬁh ‘spin_unlock_irgrestore

S R LR S TASK_RUNNING ARAR Tt K—
R SO __wialt A 1 A 5 2 O




F P 2 i) : .
struct polifd T~ SCAF il 77 A S AF HEAS A5 B A% 32 -

include/asm-generic/pollh m F 'fE rgj B(J ﬁﬁ gﬂgp\ strut poliid

struct pollfd __user *ufds

{

“ -
unsigned int nfds S 4 Cinput)

ek — A X RIXR R ol 745 i 1] 515« T TR ’ stack_pps

A
k¥ ¥do_sys_poll :
. BIE .3 el s 4L
oumm poll s ol st 8 3¢
f-poll_listi1'jentries £ i Aspoll_listIjentries £ fit Aspoll_list(1jentries £ fit

Ikt struct poll_wqy

I B [ 4 5

Seft SN I Jy ik T (A

\/

__wake_up_common
MEFEFHEAT] CBEA B

" el

==

fs/select. v

Mdo_polli& il ity BHR 44 0 ol ] /1 )| Ch = = = = = = ==

Wl b L A9 walt_queue_head_t

static inline void poll_wait(struct file * filp, wait_queue_head_t * wait_address, poll_table *p)
{

if (p && wait_address) //in UL G #H T, p=NULL . 230 iip->gproc A iy !
p->qproc(filp, wait_address, p);
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Linux/R(E=

root@ubuntu: /home/peng/crc#t kill -1

1) SIGHUP 2) SIGINT 3) SIGQUIT 4) SIGILL 5) SIGTRAP

6) SIGABRT 7) SIGBUS 8) SIGFPE 9) SIGKILL 10) SIGUSR1
11) SIGSEGV 12) SIGUSR2 13) SIGPIPE 14) SIGALRM 15) SIGTERM
16) SIGSTKFLT  17) SIGCHLD 18) SIGCONT 19) SIGSTOP 20) SIGTSTP
21) SIGTTIN 22) SIGTTOU 23) SIGURG 24) SIGXCPU 25) SIGXFSZ
26) SIGVTALRM  27) SIGPROF 28) SIGWINCH 29) SIGIO 30) SIGPWR

31) SIGSYS 34) SIGRTMIN 35) SIGRTMIN+1 36) SIGRTMIN+2 37) SIGRTMIN+3

38) SIGRTMIN+4 39) SIGRTMIN+5 40) SIGRTMIN+6 41) SIGRTMIN+7 42) SIGRTMIN+8

43) SIGRTMIN+9 44) SIGRTMIN+10 45) SIGRTMIN+11 46) SIGRTMIN+12 47) SIGRTMIN+13
48) SIGRTMIN+14 49) SIGRTMIN+15 50) SIGRTMAX-14 51) SIGRTMAX-13 52) SIGRTMAX-12
53) SIGRTMAX-11 54) SIGRTMAX-10 55) SIGRTMAX-9 56) SIGRTMAX-8 57) SIGRTMAX-7

58) SIGRTMAX-6 59) SIGRTMAX-5 60) SIGRTMAX-4 61) SIGRTMAX-3 62) SIGRTMAX-2

63) SIGRTMAX-1 64) SIGRTMAX
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#include <signal.h>
typedef void (*sighandler_t)(int);
sighandler_t signal(int signum, sighandler_t handler);
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Fasyncigi2

int hE"O_fasynC_fllanint fd,struct file* filep,int on)
{

printk("led_fasync \n");
return fasync_helper(fd,filep,on,&hello_fasync);

}
static struct file operations hello_ops =
{
.open = hello_open,
.release = hello_release,
.read = hello_read,
.write = hello write,
. fasync = hello_fasync_func,
1
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kill fasync(&hello fasync,SIGIO,POLLIN);

NFS: —HLinux



void funC( int signo)

ST e
1tﬁ5%fm { printf("signo= %d\n",signo);

read(fd,buff,sizeof(buff));
printf("buff=%s",buff);

return ;
}
maing)
{

BN int flage;
MR T

fd = open("/dev/hellodev",0_RDWR);
if(Fd<0)
{
perror(“open fail \n");
return;

}

fentl(fd,F_SETOWN,getpid());
flage=fecntl(fd,F_GETFL);
fentl(fd,F_SETFL,flage|FASYNC);
signal(SIGIO, func);

while(1);

AN - close(fd);

} « end main » |
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struct bus_type {

const char *name;
const char *dev_name; struct bus_type platform_bus_type = {
struct device *dev_root; _hame = "platform”,
struct dEUlCE_attr:‘lbUtE *dev_attrs; /* use dev groups instead */ dev groups = plat-Form dev groups,
const struct attribute group **bus_groups; - - -
const struct attribute group **dev_groups; .match = plEIt'FGFI‘II_I’IIEItCh_,
const struct attribute group **drv_groups; -uevent = platform_uevent,
. pm = &platform_dev_pm ops,
int (*match)(struct device *dev, struct device_driver *drv); };
__JnI_LEuEuEnilisiru:i.dﬁnicz.fdﬁu,_struct kobj_uevent_env *env);

int (*probe)(struct device *dev);
int (*remove)(struct device *dev);
vold (*shutdown)(struct device *dev);

int (*online)(struct device *dev); _
int (*offline) (struct device *dev); . .

int bUS_I'EQlSter(struct bus_type *bus)
int (*suspend) (struct device *dev, pm message t state);

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

const struct dev_pm ops *pm;
struct iommu ops *iommu_ops;
struct subsys private *p;

struct lock class key lock_key;

} « end bus_type » ; 1UX



PlatformZEs

struct platform_device {
const char *name;

int id;
bool id_auto;
struct device dev;
3 u3i2 num_resources;
\ struct resource *resource;
34
-/ const struct platform device id *id_entry;
o

/* MFD cell pointer */
struct mfd cell *mfd_cell;

platform * arch specific additions *
bUS . mat Ch T platform_match } itruct pdzv_archda‘ta archflata;
struct platform_driver {
/f”%“\\ int (*probe)(struct platform device *);
)\ int (*remove)(struct platform device *);
\mh“#// void (*shutdown)(struct platform device *);
x int (*suspend)(struct platform device *, pm.1

int (*resume)(struct platform device *);
struct device_driver driver;

const struct platform device id *id_table;
bool prevent_deferred_probe;

}s



3]

#define platform_driver_register(drv) \
__platform_driver_register(drv, THIS MODULE)

int platform_device_register struct platform device *pdev)
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