Linux
11.1
Linux / 3
/
/dev/cua0 /dev/cual
512 1024
BSD
Linux
IDE /dev/hda2
IDE 3 2 Linux
chrdevs mknod
Linux
11.1.1 1/0
1/0
1/0
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CD-ROM

1/0

11.1

11.2
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11.1

Linux

110

110

110

110



11.1.2

CPU

2940 SCSI

Linux

170

CSR

IDE

NCR 810 SCSI

Linux

rwx

IDE SCSl SCS1
CSR Adaptec

IDE /dev/hda
11.3

11.3
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Linux

Linux

file_operations file_operation
NULL
Linux

1

Linux
Linux 170

Linux
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11.2
11.2.1 1/0
170 170 170 1/0 port
1BM PC 170 65,536 8 170
8 16
16 32 4 4
CPU  1/0 in ins out outs
CPU 170 CPU
170 170
mov and or
1/0 DMA
170
1/0 11.4 CPU
Control Register Status Register
CPU Input Register
Output Register
——P —
C |[4¢— —
P 110
U < <«
——P —
11.4 1/0
1/0
170
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1/0 ?1in out ins outs 1/0

1 inb() inw() inl(

170 1 2
16

)

4

2 inb p() inwp() inl p()

170 1 2
CPU

4

3 outb( ) outw() outl()

170 1 2

SN

1/0 1

2

5 insb( ) insw( ) insl()

170 1

2

2

4

4

4

4

6 outsb( ) outsw( ) outsl()
1/0 1
1/0
I1SA
1/0
1/0
request_region( )
1/0
check_region( )
170
release_region( )
170
170 170
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outb p( ) outw p( ) outl p()

““prTecwrec1””
32
“ dummy
1/0 1/0
1/0
iotable
3
1/0
170
/proc/ioports

170

Linux

CPU



11.2.2

170

1/0

170
170

170

170
PC
170

1/0

USB

11.2.3

Linux

mknod

170

PC

170

PCMCIA SCSI

170
170

mknod(const char * filename, int mode, dev_t dev)

dev_t

8
MAJOR
16
kdev_t
Linux
32

8

MINOR 16

dev_t

Linux 2.4

kdev_t

IRQ
170
170
170
CPU

3
16

3
MKDEV
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/dev documentation/devices.txt
include/linux/major.h
/dev 11.1
11.1
/dev/fd0 2 0
/dev/hda 3 0 1 IDE
/dev/hda2 3 2 1 IDE 2
/dev/hdb 3 64 2 IDE
/dev/hdb3 3 67 2 IDE 3
/dev/ttyp0 3 0
/dev/console 5 1
/dev/Ipl 6 1
/dev/ttySO 4 64 1
/dev/rtc 10 135
/dev/null 1 3
/dev/hda
/dev/hda2
/dev/null “e 7z
/tmp/disk
s & 7 3 0
/dev/hda
1 /dev/ttySO
1
. 1/0
[ ]
CD-ROM RAM
RAM RAM
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. 1/0

170

BSD UNIX
etho0

socket( ) bind( ) [listen( ) accept() connect( )

UNIX BSD
11.2.4 VFS
VFS
VFS
170
170 170
11.2.5
CPU
CPU 170 CPU
170 CPU CPU
CPU
L 42 k4
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1 Linux

Linux

irgaction

request_irg ( )
int request_irg(unsigned int irq, /*
void (*handler)(int, void *, struct pt_regs *),/*
unsigned long irgflags,
const char * devname,
void *dev_id)
irgaction 11.5
struct irgaction {
void (*handler)(int, void *, struct pt_regs *);
unsigned long flags;
unsigned long mask;
const char *name;
void *dev_id;
struct irgaction *next;
}:

static struct irgaction *irg_action[NR_IRQS+1]

~414 -

CPU

request_irqg ( )

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



Irg_action

N W

[y

PC

Linux

IRQ
PCI

PCI PCI
PCI

11.5
2 Linux

Linux

Irgaction Irgaction
han dler han dler
flags flags
mask mask
name name
dev_id dev_id
next next
Irgaction
handler
flags
mask
name
dev_id
next
11.5 1irgaction
irg_action
PCI
1SA
1SA I1SA
CPU Linux
0
1SA
1SA 1SA
PCI PCI
BIOS PCI
PCI PCI-PCI
PCI
PCI Linux 1
irg_action irgaction
Linux
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Linux
irg_action 6
irg_action 7
Linux
/
1 /
2 read() request()
3
4
read() request()
5 read() request()
11.2.6 DMA
PC DMAC
RAM  1/0 DMAC CPU
DMAC CPU  DMAC
DMAC
CPU
1SA DMAC
DMAC
3
CPU CPU
CPU
PC
Compag Alpha
DMA
170 DMAC DMA
DMAC 170 170
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/
DMAC
PCI SCSI
4
Sun  SPARC
CPU

1/0



170 DMAC DMAC

170
DMAC 1/0 IRQ CPU
170 DMA
virt_to bus bus_to virt
IRQ DMAC
DMA
1 ISA DMA
ISA DMAC
DMAC
ISA DMAC

1 open( ) 1 0
) request_irq( ) ISA DMAC IRQ

) request_dma( ) DMA

. DMA

. DMA

2 DMA read write

) set_dma_mode( ) /

) set_dma_addr() DMA 24
DMAC RAM 16MB

) set_dma_count( )

) set_dma_dma( ) DMA

. DMAC

170

) disable_dma( ) DMA

) get_dma_residue( )

3 release 0
. DMA

) free_dma( ) DMA

) free_irq( ) DMA IRQ

2 PCI DMA

PCI DMA DMAC 170 open()

IRQ DMA
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DMA PCI DMA
1/0 DMA
release
IRQ
11.2.7 1/0
1/0
MB  RAM
1
PC 1/0 3
1 1SA
1/0 0xa0000  OxfFfFfff 640K  1MB
2 VESA VLB
1/0 0xe00000  OxFFFFff
14MB  16MB
3 PCI
1/0 RAM
2 1/0
1/0 PC
1/0 PAGE_OFFSET
PAGE_OFFSET 0xc0000000
4GB
1/0 PC
32 0xc0000000
0x000b0fe4 1/0 1l 0xFc000000
1/0 12
t1 = *((unsigned char *)(0xc00b0fe4));
t2 = *((unsigned char *)(0xfc000000));
RAM
4GB 1 0xc00b0fe4
1/0 0x000b0fe4 640K  1MB ““ISA 77
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2 170 RAM

0xfc000000 0xfc000000
1/0
ioremap( ) ioremap( ) wvmalloc()
get_vm_area( ) vm_struct 1/0
ioremap( )
2
io_mem = ioremap(0xfbh000000, 0x200000);
t2 = *((unsigned char *)(io_mem + 0x100000));
1 2MB 0xfb000000 2
0xfc000000 iounmap( )
PC 170
0xc0000000 Linux
170
readb, readw, readl
1/0 1 2 4
writeb, writew, writel
1/0 1 2 4
memcpy_fromio, memcpy_toio
170
1/0
memset_io
170

0xfc000000 1/0

io_mem = ioremap(Oxfb000000, 0x200000);
t2 = readb(io_mem + 0x100000);

170

11.2.8

SVR4 DDI/DDK
Device-Driver Interface Driver-Kernel Interface

Linux DDI/DKI 3
file_operations

-419-



Linux

g b~ W N -

ioctl() cdrom_
ioctl()
ioctl()

floppy_ioctl ()
static int floppy_ioctl(struct inode *inode, struct file *Ffilp,
unsigned int cmd, unsigned long param)

cmd FDEJECT
ioctl() Iseek
11.3
CPU
11.3.1
register_blkdev() blkdevs

fs/block_dev.c

static struct {

const char *name;

struct block_device_operations *bdops;
} blkdevs[MAX_BLKDEV];

Linux 2.4
file_operations
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block_device_operations
struct block_device_operations {
int (*open) (struct inode *, struct file *);
int (*release) (struct inode *, struct file *);
int (*ioctl) (struct inode *, struct file *, unsigned, unsigned long);
int (*check_media_change) (kdev_t);
int (*revalidate) (kdev_t);
struct module *owner;

file_operation VFS
block_device_operations

block_device_operations

register_blkdev fs/block _dev.c
int register_blkdev(unsigned int major, const char * name, struct block_device_operations
*bdops)
{
if (major == 0) {
for (major = MAX_BLKDEV-1; major > 0; major--) {
if (blkdevs[major].bdops == NULL) {
blkdevs[major].name = name;
blkdevs[major].bdops = bdops;
return major;
}
}
return -EBUSY;
}
if (major >= MAX_BLKDEV)
return -EINVAL;
if (blkdevs[major].bdops && blkdevs[major].bdops != bdops)
return -EBUSY;
blkdevs[major].name = name;
blkdevs[major].bdops = bdops;
return O;

file_operations

file_operations fs/block dev.c
struct file_operations def_blk fops = {
open: blkdev_open,
release: blkdev_close,
I1seek: block_lIlseek,
read: generic_file_read,
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write: generic_file_write,
mmap : generic_file_mmap,
fsync: block_fsync,
ioctl: blkdev_ioctl,
b
open()
open 11.6
open() ——
sys_open()
filp_open() [fs/open.c
dentry_open()
blkdev_open() —— fs/block_dev.c
11.6 open()
11.6 open def _blk_fops
blkdev_open blkdev_open
block_device_operations block_device_operations
open open
, DevFS .
devfs_register_blkdev() fs/devfs/base.c
/**
* devfs_register_blkdev - Optionally register a conventional block driver.
* @major: The major number for the driver.
* @name: The name of the driver (as seen in /proc/devices).
* @bdops: The &block device operations structure pointer.
*
* This function will register a block driver provided the "devfs=only"
* option was not provided at boot time.
* Returns 0 on success, else a negative error code on failure.
*
/

int devfs_register_blkdev (unsigned int major, const char *name,
struct block _device_operations *bdops)

{
if (boot_options & OPTION_ONLY) return O;

return register_blkdev (major, name, bdops);
} /* End Function devfs_register_blkdev */
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11.3.2

block
170
Linux

1024 2048 4096

512 1024 2014
sector
2
PC 512
Ext2
blksize size
blksize_size[M] NULL M
1024
RAM
170
VFS

11.7
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.

A
generic file read() "VFS
generic file write()

bread()
breada()

Il rw block

getblk()

Ram Je-sf )

11.7

read( ) write()

read write

generic_file_write ()

read write

() generic_file_write ()

read write

generic_file read () generic_file write ()

generic_file_read () generic_file write ()

getblk( ) I1_rw_block( )

VES

bread( ) breada( )

getblk( ) Il_rw_block( )

170

DMAC
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VFS
generic_file read ()

generic_file_read
1/0
getblk()
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VFS

170

170

request include/linux/blkdev.h
/*
* Ok, this is an expanded form so that we can use the same
* request for paging requests.
*/
struct request {
struct list_head queue;
int elevator_sequence;

volatile int rg_status; /* should split this into a few status bits */

#define RQ_INACTIVE -
#define RQ_ACTIVE 1
#define RQ_SCSI_BUSY OxFfff
#define RQ_SCSI_DONE Oxfffe

#define RQ_SCSI_DISCONNECTING  OxffeO

kdev_t rq_dev;

int cmd; /* READ or WRITE */
int errors;

unsigned long sector;

unsigned long nr_sectors;

unsigned long hard_sector, hard_nr_sectors;
unsigned int nr_segments;

unsigned int nr_hw_segments;

unsigned long current_nr_sectors;
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void * special;

char * buffer;

struct completion * waiting;
struct buffer_head * bh;
struct buffer_head * bhtail;
request_queue_t *q;

b
2.2
struct request
cmd READ RAM
WRITE RAM rq_status
RQ_INACTIVE RQ_ACTIVE

rq_dev sector
nr_sector  current_nr_sector
sector nr_sector current_nr_sector

b_regnext
bh  bhtail
buffer
b_data
b_regnext
request_queue_t wait_for_request
get_request wait()
get_request( )
NULL
4
next
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struct request_queue

{

/*
* the queue request freelist, one for reads and one for writes
*/

struct request_list rq[2];

/*
* Together with queue_head for cacheline sharing
*/

struct list_head queue_head;

elevator_t elevator;

request_fn_proc
merge_request_fn
merge_request_fn
merge_requests_fn
make_request_fn
plug_device_fn
/*

* The queue owner gets to use this for whatever they like.
* 11 _rw_blk doesn"t touch it.

*/

void * queuedata;

request_fn;
back_merge_fn;
front_merge_fn;
merge_requests_fn;
make_request_fn;
plug_device_fn;

¥ % X X * *

/*
* This is used to remove the plug when tq_disk runs.
*/

struct tq_struct plug_tq;

/*

* Boolean that indicates whether this queue is plugged or not.
*/

char plugged;

/*

* Boolean that indicates whether current_request is active or
* not.

*/

char head_active;

/*

* Is meant to protect the queue in the future instead of
* io_request_lock

*/

spinlock_t queue_lock;

/*
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* Tasks wait here for free request
*/
wait_queue_head_t wait_for_request;
Y
typedef struct request_queue request_queue_t;
request_list
struct request_list {
unsigned int count;
struct list_head free;

¥
elevator_t request_fn_proc
plug_device_fn request_fn
request_fn_proc request_fn_proc #typedef

typedef void (request_fn_proc) (request_queue_t *q)

request_queue

request_fn( )

5
blk dev_struct
struct blk_dev_struct {
/*
* queue_proc has to be atomic
*/
request_queue_t request_queue;
queue_proc *queue;
void *data;
Y
request_queue queue
0
data gueue
blk_dev

struct blk_dev_struct blk_dev[MAX_BLKDEV];

generic_file read ()
generic_file write ()
blk dev_struct
11.8
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11.8

buffer_head

request

blk_bcv_struct

11.3.3

ssize_t generic_file_read(struct file * filp, char * buf, size_t count, loff_t
generic_file_write(struct file *file,const char *buf,size_t count, loff_t *ppos)

ssize_t
filp

Buf

Count
ppos

blk_dcv

buffer_hear

requesl_fri
current_request

generic_file_read ()

buffer_heard request
buffer_head
request request
dev dev
cmd cmd
bh | bh
bhlail bhlail
next — next
buffer_head
b_dev
b_blocknr
b_rpe
b_prev_free
b_requexl

generic_file read

generic_file_write

filp->f _pos

generic_file_write ()

*ppos)
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superformat /dev/fd0
generic_file_write

bread( ) breada( )

bread( )
bread()
generic_file_read
bread( )
fs/buffer.c
/**
* bread() - reads a specified block and returns the bh
* @block: number of block
* @size: size (in bytes) to read
* Reads a specified block, and returns buffer head that
* contains it. It returns NULL if the block was unreadable.
*/
struct buffer_head * bread(kdev_t dev, int block, int size)
{
struct buffer_head * bh;
bh = getblk(dev, block, size);
touch_buffer(bh);
if (buffer_uptodate(bh))
return bh;
I1_rw_block(READ, 1, &bh);
wait_on_buffer(bh);
if (buffer_uptodate(bh))
return bh;
brelse(bh);
return NULL;
}
o getblk( )
getblk( )
o buffer_uptodate
getblk( )
o I11_rw block( )
o wait_on_buffer()

b wait
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breada( ) bread( )

2 1l _rw_block( )

11_rw_block( )
void Il_rw_block(int rw, int nr, struct buffer_head * bhs[])

o rw READ WRITE READA WRITEA

. bhs nr

block/11_rw_blk.c
void Hl_rw_block(int rw, int nr, struct buffer_head * bhs[])

unsigned int major;
int correct_size;
int i;

if (Inr)
return;

major = MAJOR(bhs[0]->b_dev);

/* Determine correct block size for this device. */
correct_size = get_hardsect_size(bhs[0]->b_dev);

/* Verify requested block sizes. */
for (i =0; i <nr; i++) {
struct buffer_head *bh = bhs[i];
if (bh->b_size % correct_size) {
printk(KERN_NOTICE "I1lI_rw_block: device %s: "
"only %d-char blocks implemented (%u)\n",
kdevname(bhs[0]->b_dev),
correct_size, bh->b_size);
goto sorry;

if ((rw & WRITE) && is_read_only(bhs[0]->b_dev)) {
printk(KERN_NOTICE "Can"t write to read-only device %s\n",
kdevname(bhs[0]->b_dev));
goto sorry;
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for (i =0; i <nr; i++) {
struct buffer_head *bh = bhs[i];

/* Only one thread can actually submit the 1/0. */
if (test_and_set bit(BH_Lock, &bh->b_state))
continue;

/* We have the buffer lock */
atomic_inc(&bh->b_count);
bh->b_end_io = end_buffer_io_sync;

switch(rw) {
case WRITE:
if (latomic_set_buffer_clean(bh))
/* Hmmph! Nothing to write */

goto end_io;
__mark_buffer_clean(bh);
break;
case READA:
case READ:

if (buffer_uptodate(bh))
/* Hmmph! Already have it */

goto end_io;
break;
default:
BUGQO:
end_io:
bh->b_end_io(bh, test_bit(BH_Uptodate, &bh->b_state));
continue;
}
submit_bh(rw, bh);
}
return;
sorry:
/* Make sure we don"t get infinite dirty retries.. */
for (i =0; 1 <nr; i++)
mark_buffer_clean(bhs[i]);
}

11_rw_block()

ro_bits drivers/block/11_rw_blk.c
static long ro_bits[MAX_BLKDEV][8];
ioctl()

is_read only
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2 for

buffer_head b_end_io
end_buffer_io_sync
BH Dirty 1 0
__mark_buffer_clean(bh) LRU
buffer_uptodate 0
submit_bh “ 7z
11.3.4 RAM
1 RAM
RAM
RAM
RAM
RAM
RAM RAM
RAM RAM
RAM
2 Linux  RAM
RAM RAM
RAM
RAM
s static struct block _device_operations rd_bd op = {
owner: THIS_MODULE,
open: rd_open,
ioctl: rd_ioctl,
j
Linux RAM 1 rd_open () ,
INITRD_MINOR INITRD

0
filp->f_op = &initrd_fops
static struct file_operations initrd_fops = {
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read: initrd_read,
release: initrd_release,
>
INITRD initrd_read ()
memcpy_tofs (buf (char *)
initrd_start+file->f pos count) initrd_release ()
INITRD
RAM rd_ioctl ()
/
RAM
int init_module(void) /* rd_init()*/
void cleanup_module(void)
ramdisk
RAM 3

1 int identify_ramdisk_image(kdev_t device, struct file *fp, int
start_block)

2 static void rd_load_image(kdev_t device, int offset)
RAM offset
3 wvoid rd_load ()

ROOT_DEV
Linux RAM

11.3.5

IDE Integrated Drive Electronics

11.1(a) (&)

11.1 (a) IDE
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N
>
—
>
o

8 15

8 15

16 23

16 23

24 27

24 27

P|lRPr|PrP[P|OC|J]O|O|O
PR|lP,P|lO|lO|R,r|O|lO|O
r|lO|lO|lO|Rr|O|O|O

®) /

HS3

HS2

HS1 HSO

HSn  CHS CHS
LBA

11.1

24 27

(©)

DO

D1

1024

D2

D4

ID CRC

D6

CRC

D7

Rl ||~

11.1

(d)

DO

D1

D2

D3

WDC

D4

D5

D6

D7
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11.1 )

D7D6D5D4D3D2D1D0

0001R3R2R1RO

1111R3R2R1R0

0010IMOT

00110MOT

ID 01000000

01010000

| 1=0 BDRQ BDRQ

2 Linux

drivers/ide/hd.c
include/linux/hdreg.h

Linux

static struct block_device_operations hd_fops = {

open: hd_open,
release: hd_release,
ioctl: hd_ioctl,
Y
3 hd_open () hd_release ()
hd _release () 1

hd.c hd out ()

static void hd_out(unsigned int drive,unsigned int nsect,unsigned int sect,
unsigned int head,unsigned int cyl,unsigned int cmd,
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void (*intr_addr)(void));
drive nsect sect
head cmd

cmd SET_INIT(intr_addr)
DEVICE_INTR
hd_request ()

hd_out () DEVICE_INIT hd_request()
hd_out()

1 void unexpected_hd_interrupt(void)
( SET_TIMER)
2 static void bad_rw_intr(void)

. 4
° 8
. 16

3 static void recal_intr(void)
4 static void read_intr(void)
5 static void write_intr(void)
6 static void hd_interupt(void)
hd_interupt ()
hd_interupt () DEVICE_INTR
DEVICE_INTR unexpected_hd_interrupt()
check_status ()
contorller_ready () drive_busy ()
dump_status ()

wait_DRQ ()

bad_rw_intr ( )
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reset_controller () reset _hd ()
hd_init ()
RAM
11.4
UNIX
TTY TTY 0
1 63 63 64 255 192
CRT <« i PC
“ i 1 /dev/mem 2
dev/kmem/ 3 “e 7? /dev/null 8
/dev/random Linux
Documentation/devices. txt
11.4.1
“e 77 /dev/null
dev/null “e i 1
1 cc s
MEM_MAJOR

include/linux/major.h
#define MEM_MAJOR 1

file_operatins
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static struct file_operations memory_fops = {
open: memory_open, /* just a selector for the real open */

};

memory_fops file_operations

memory_open
static int memory_open(struct inode * inode, struct file * filp)

{
switch (MINOR(inode->i_rdev)) {
case 1:
filp->f_op = &mem_fops;
break;
case 2:
filp->f_op = &kmem_fops;
break;
case 3:
filp->f_op = &null_fops;
break;
}
it (filp->f_op && Filp->f_op->open)
return filp->f_op->open(inode,filp);
return O;
}
/dev/null 3 file_operations null_fops
static struct file_operations null_fops = {
Ilseek: null_lIseek,
read: read_null,
write: write_null,
¥
open NULL
write() write_null()

static ssize_t write_null(struct file * file, const char * buf,
size_t count, loff_t *ppos)
{

return count;

}
count

read_null

static ssize_t read_null(struct file * file, char * buf,
size_t count, loff_t *ppos)

{

return 0;

}
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11.4.2

device_struct

fs/devices.c
struct device_struct {
const char * name;
struct file_operations * fops;

b
name fops
device_struct chrdevs
static struct device_struct chrdevs[MAX_CHRDEV];
255 255
0
chrdevs register_chrdev( )
unregister_chrdev( ) register_chrdev

int register_chrdev(unsigned int major, const char * name, struct file_operations *fops)
{
if (major == 0) {
write_lock(&chrdevs_lock);
for (major = MAX_CHRDEV-1; major > 0; major--) {
if (chrdevs[major].fops == NULL) {
chrdevs[major].name = name;
chrdevs[major].fops = fops;
write_unlock(&chrdevs_lock);
return major;
}
}
write_unlock(&chrdevs_lock);
return -EBUSY;
}
if (major >= MAX_CHRDEV)
return -EINVAL;
write_lock(&chrdevs_lock);
if (chrdevs[major].fops && chrdevs[major].fops !'= fops) {
write_unlock(&chrdevs_lock);
return -EBUSY;
}
chrdevs[major].name = name;
chrdevs[major].fops = fops;
write_unlock(&chrdevs_lock);
return 0;

major O 1
chrdevs

chrdevs
register_chrdev(6, "lp", &lp_fops);

— 440 -



file_operations fs/devices.c

/*
* Dummy default file-operations: the only thing this does
* is contain the open that then fills in the correct operations
* depending on the special file...
*/
static struct file_operations def_chr_fops = {
open: chrdev_open,
b
file_operations
file_operations chrdev_open

/*
* Called every time a character special file is opened
*/

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

{
int ret = -ENODEV;

filp->f_op=get_chrfops(MAJOR(inode->i_rdev), MINOR(inode->i_rdev));
if (filp->f_op) {
ret = 0;
if (filp->f_op->open != NULL) {
lock_kernel();
ret = filp->f_op->open(inode,filp);
unlock_kernel();

}
}
return ret;
}
MAJOR MINOR i_rdev
get_chrfops
open
open()
open( )
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11.4.3

Linux ,
C++

param.h

dir.h

user.h

tty.h

fs.h Buffer header

#include <linux/kernel.h>

#include <linux/module.h>

#if CONFIG_MODVERSIONS==1 /* CONFIG_MODVERSIONS */
#define MODVERSIONS

#include <linux/modversions.h>

#endif

/* */

#include <linux/fs.h>

#include <linux/wrapper.h>

/* */

#ifndef KERNEL_VERSION

#define KERNEL_VERSION(a,b,c) ((a)*65536+(b)*256+(c))
#endif

#if LINUX_VERSION_CODE > KERNEL_VERSION(2,4,0)
#include <asm/uaccess.h> /* for copy_to_user */
#endif

#define SUCCESS 0

/* */
/* /proc/devices */
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#define DEVICE_NAME "char_dev"

/* */
#define BUF_LEN 100

/* */
static int Device Open = 0

/* */
static char Message[BUF_LEN]

/* */
static char *Message Ptr

/* */
static int Major;

2 open ()

static int device_open(struct inode *inode,
struct file *file)

{

static int counter = 0;

#ifdef DEBUG
printk (“device_open(%p,%p)\n", inode, file);
#endif

printk(“"Device: %d.%d\n",
inode->i_rdev >> 8, inode->i_rdev & OxFF);

/*
if (Device_Open)
return -EBUSY;

Device_Open++;

/*
*/
sprintf(Message,
"If I told you once, I told you %d times - %s",
counter++,

"Hello, world\n");
Message_Ptr = Message;
/*

*/
MOD_INC_USE_COUNT;

*/
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return SUCCESS;
}

3 release ()

#if LINUX_VERSION_CODE >= KERNEL_VERSION(2,4,0)

static int device_release(struct inode *inode,
struct file *file)

#else

static void device_release(struct inode *inode,
struct file *file)

#endif

{

#ifdef DEBUG

printk (“device_release(%p,%p)\n", inode, file);
#endif

/* */
Device_Open --;

/*
MOD_DEC_USE_COUNT;

#if LINUX_VERSION_CODE >= KERNEL_VERSION(2,4,0)
return 0;
#endif

}
4 read ()

#if LINUX_VERSION_CODE >= KERNEL_VERSION(2,4,0)
static ssize_t device_read(struct file *file,

char *buffer, /* */
size_t length, /* */
loff_t *offset) /* */

#else

static int device_read(struct inode *inode,
struct file *file,

char *buffer, int length)
#endif
{
/* */
int bytes read = 0;
/* 0 */
if (*Message Ptr == 0)
return O;
/* */
while (length && *Message Ptr) {
/*

—444 -

copu_to_user()

*/



*/
copy_to_user(buffer++,*(Message_Ptr++), length--);
bytes_read ++;

}

#ifdef DEBUG
printk ("Read %d bytes, %d left\n",
bytes_read, length);
#endif

/* Read */
return bytes read;

}
5 write ()

#if LINUX_VERSION_CODE >= KERNEL_VERSION(2,4,0)
static ssize_t device_write(struct file *file,
const char *buffer,
size_t length,
loff_t *offset)
#else
static int device_write(struct inode *inode,
struct file *file,
const char *buffer,
int length)
#endif
{

int i;
#ifdef DEBUG

printk (“device_write(%p,%s,%d)", file, buffer, length);
#endif

#if LINUX_VERSION_CODE >= KERNEL_VERSION(2,4,0)
copy_from_user(Message, buffer length);

Message_Ptr = Message;
/* */

return i;

}
6

init_module

struct file_operations Fops = {
read: device_read,
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write: device_write,
open: device_open,
release: device_release

};
;

init_module e init_module
module_register_chrdev

int init_module()
{
/* */
Major = module_register_chrdev(0,
DEVICE_NAME,
&Fops);

/* */
if (Major < 0) {
printk ("%s device failed with %d\n",
"Sorry, registering the character”,
Major);
return Major;

}

printk ("%s The major device number is %d.\n",
"Registeration is a success.",
Major);
printk ("If you want to talk to the device driver,\n");
printk ("you"ll have to create a device file. \n");
printk ("We suggest you use:\n");
printk (“mknod <name> ¢ %d <minor>\n", Major);
printk ("You can try different minor numbers %s",
"and see what happens.\n");

return 0;
}
/proc
void cleanup_module()
{ -
int ret;
/* */

ret = module_unregister_chrdev(Major, DEVICE_NAME);
/* */

if (ret <0)
printk("Error in unregister_chrdev: %d\n", ret);

— 446 -



11.4.4

gce

Linux

Linux C gcc
gcc -C
-D__KERNEL__ -DMODULE gcc
/lib/modules/xxxx/misc  XXXX depmod
insmod rmmod Ismod
int init_module(void) insmod
init_module 0

void cleanup_module (void)

register_chrdev

mknod
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