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Linux Device Driver

ibanez1383@dankook.ac.kr
http://embedded.dankook.ac.kr/~ibanez1383
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system call interface

kernel
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DDI(device driver interface)
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n = USRS
v &= B3 CH0lA & (device type)
vy B BHS ™ol A CFOI (device unit)
/dev/tty0 4,0
- e
/dev/hdb

/dev/ttyl 4,1

5

Idevitty2 4,2

5

[devl/ity3 4,3

/devihda  /devindbl 3,65 - /dev/hdb3 3,67
/devihdb2 3,66

/'/\ : 1 ,\\
/dev/hdal 3,1 /dev/hda3 3,3

/dev/hda2 3,2
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XX WY (device file)
v CIHIOIA ECIOIHE & 206l =

vOEX I 9 mode‘ JqJ‘(I S 4 (type),

(minor number) 22 M4

ISONITIg= RS |

s=

brw—r————— 1 root
brw—r————— 1 root
brw—r————— 1 root
brw—r————— 1 root
crw—w--w—— 1 card
crw——w--w—— 1 card
crw——w--w—-— 1 card

gl Lz e 44 mknod

v mknod /dev/file_name [b|c] major_number minor_number

Oct
Oct
Oct
Oct

May
May
May

WwWwww

16
16
16

1993 hda
1993 hdat
1993 hda?
1993 hdagd

1993 tty0
1993 ttyl
1993 tty?2
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At 010l Hoil M RULE.

= M €55 A %*8 HS AMIE b=
Major Character devices Block devices
0
1 mem RAM disk
2 floppy (fd*)
3 IDE hard disk (hd*)
4 terminal
5 terminal & AUX
6 Parallel Interface
7 virtual console (vcs*)
8 SCSI hard disk (sd*)
9 SCSI tapes (st*)
10 Bus mice(bm, psaux)
11 SCSI CD-ROM(scd*)
23 Mitsumi CD-ROM (mcd*)
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User level | Kernel level Kernel level H/W

Linux device driver

Linux device driver wrapper

I I
I I
| - N I
l e ) Device driver core |
'| struct file_operations|: tty_open() f : T
| Fuutoh rs_interrupt() Y
| open: tty_open, |~
1 read : tty read, tty_read () I
application < : > write : tty write, < >| © receive_chars() I
I release : tty_release, tty write() : ]
| r
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s CIHIOIA E2H0IHE OS2 3 R=222 74
v ZJ|8 QLB HI0l A

init() ==, init_module() & ==

v I AIAE QIHNIOIA =&

ZF HO|E CIHHOIA « 2 A2t 252 &2 file_operations 0| &
= At E2t0|H : open, release, read, write, ioctl
=2 C 210l : open, release, request, ioctl

HE= Z=2t0/H : open, close, transmit, receive, ioctl

v o= e HOl A

s C|HO0

in(), out()

| A Ect0lBH e HE 20 SA

v 22X E2t0IH : chrdevs[] HIOIE 0|2
v 22 E20IH : blkdevs[], blk_dev[] HIOIE 0|2
v UE= E210|H : device & 0|

=

o
A
a
I
£
JE
ol
>



S} CIHIOIA E2H0IH X (1/4) ’

O EHOlY Setolyf =213 : tty_init()

init process init_module

driver/char/tty_io.c /* driver/chag/fty_io.c */ /* include/linux/major.h */
tty_Iseek, m
tty_read,

tty_write

NULL,

tty_poll

tty_ioctl,

NULL,

tty_open, /* fs/devices.c */
NULL :

ity reloase, @nster_ohrdev()
NULL

struct file_operations tty_fops
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1

0

s chrdevs[] HIOIE 22X

Major number

| chrdevs]]

0

1

2

MAX_CHRDEV -1

[* fs/devices.c */

struct device_struct {
name;
fops; —|

file_operations

} chrdevs[];

Iseek
read,
write,
readdir

loctl,
mmap,
open,
flush,
release
fsync,
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St CIHIO|A E2F0IH X (3/4) :

Q HOIE E20IH ZD1 : tty_open()

/[* fslopen.c */

- get_unused_fd()
: - fd_install(fd, f)

[* fslopen.c */

< filp_openD

[* fs/namei.c */ ; ,
- i - struct file initialize
...................... I e TSl devicES.C ¥
pipe_open() D). " o T— DSt

p->f_op = get_chrfops(MAJOR
(inode->i_rdev));

' IAfilp->f_op = chrdevs[major].fops/*/
socket_open() blkdev_open() | - filpXkf_op->open; /* tty_open *
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St CIHIO|IA E2L0IH 2X (4/4) -

s B0l 208 S| : tty_read()

[* fs/fread write.c */

sock_read()

pipe_read()

—> block_read()

[* driver/char/tty io.c */
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User level

Kernel level

blkdevs

01 2 3 4 254 255 01 2 3 4 253 254 255

J

struct block_device_operations idedisk_ops{ - struct file_operations tty fops{
.open : idedisk_open, .open : tty_open,
. .release : idedisk_release, - 111 .read : tty_read,
Disk Jioctl : idedisk_ioctl, write : tty_write,
} }
register blkdev(3, “ide”, &idedisk ops); register_chrdev(4, “tty”, &tty fops); _
e COP giserehrdev(d, St STy o1 w2y



ClEt0lA =2i0lB e & XIIE 2l ) VRS 4

mmnr’l mvdrv.ko
$ mknod /dev/mydrv ¢ 253 0

$ ./test
est_app User level
( ; iiiiiﬁm ii” |Hiﬁiﬁiﬁ I ..........................
Kernel level
task_struct VES
. file struct file
files %
ol mydrv |
fd[1]
fd[2]

fd[3]

chrdev_open() S &
01 2 254 255 01 2 253 254 255

struct file_operations mydrv_fops{
.open : my_open,
.read : my_read,
.write : my_write,

.}
% register_chrdev(253, “mydrv”, &mythe=rops; 1l 2 S



MZ& ClHIO|A E2I0IH &4 5

s MZE2 C/H0lA Ectolt &4 B

>~ W b~

ClHOlA =20l =& entry point functions + file_operations
MZ2 ClEl0lA ECI0IHE ?let = B &5
CIHIOIA E2l0IH RE % : chrdevs(], blkdevs[]
X O A4
# mknod /dev/mydrv [blc] major_number minor_number

HE FUE & 2IFE

m
A
o
[T
)
=
ol
=



P = L=z _)<d: Character Device Driver - 2.6
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m 2.6 HE 0| Al character device driver

#include <linux/kernel.h>
#include <linux/module.h>
#include <linux/slab.h>
#include <linux/fs.h>
#include <asm/uaccess.h>

#define DEVICE_NAME  "mydrv"

#define MYDRV_MAX_LENGTH 4096

#define MIN(a, b) (((a) < (b)) ? (@) : (b))

static int MYDRV_MAJOR;

static char * mydrv_data;

static int mydrv_read_offset, mydrv_write_offset;

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

{
if( MAJOR(inode-=i_rdev) != MYDRV_MAJOR )
return -1;
return O;
b
static int mydrv_release(struct inode * inode, struct file *file)
{
if( MAJOR(inode-=i_rdev) |= MYDRV_MAJOR )
return -1;
return O;
b

static int mydrv_ioctl(struct inode *inode, struct file *file, unsigned int cmmd, unsigned long arg)

{
printk("<0> mydrv_ioctl is invokedWn");
return O;

}
I cH=2CH
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static ssize_t mydrv_read(struct file *file, char *buf, size_t count, loff _t *ppos)

{

}

if( (buf == NULL) | ] (count<0))
return -EINVAL;
if( (mydrv_write_offset - mydrv_read_offset) <=0)
return O;
count = MIN( (mydrv_write_offset - mydrv_read_offset), count);
if( copy_to_user(buf, mydrv_data + mydrv_read_offset, count) )
return -EFAULT;
mydrv_read_offset += count;
return count;

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

{

if( (buf==NULL) ] ] (count<O0))
return -EINVAL;
if( count+mydrv_write_offset >= MYDRV_MAX LENGTH) {
/* driver space is too small */
return O;
3
if( copy_from_user(mydrv_data + mydrv_write_ offset, buf, count) )
return -EFAULT;
mydrv_write offset += count;
return count;
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struct file_operations mydrv_fops = {
.owner = THIS_MODULE,
.read = mydrv_read,
.write = mydrv_write,
.ioctl = mydrv_.ioctl,
.open = mydrv_open,
.release = mydrv_release,

module_init(mydrv_init);
module_exit(mydrv_cleanup);

B
int mydrv_init(void)
{
if( (MYDRV_MAJOR = register_chrdev(0, DEVICE_NAME, &mydrv_fops)) < 0 ){
printk("<0> can't be registeredWn");
return MYDRV_MAJOR;
+
printk("<0> major NO = %dWn", MYDRV_MAJOR);
if( (mydrv_data = (char *) kmalloc(MYDRV_MAX_ LENGTH * sizeof(char), GFP_KERNEL)) == NULL ){
unregister_chrdev(MYDRV_MAJOR, DEVICE_NAME);
return -ENOMEM;
by
mydrv_read_offset = mydrv_write_offset = 0O;
return O;
by
void mydrv_cleanup(void)
{
kfree(mydrv_data);
unregister_chrdev(MYDRV_MAJOR, DEVICE_NAME);
by
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of

U

m 2.6 HEZ 0| Al character device driver 2= Z 1}
J| et Makefile

MY_TARGET := chr_test.ko
obj-m := chr_test.o
KERNEL_DIR := /lib/modules/$(shell uname -r)/build
MODULE_DIR := /lib/modules/$(shell uname -r)/kernel/chr_test
PWD := $(shell pwd)
default :

$(MAKE) -C $(KERNEL_DIR) SUBDIRS=$(PWD) modules
install :

mkdir -p $(MODULE_DIR)

cp -f $(MY_TARGET) $(MODULE_DIR)
clean :

$(MAKE) -C $(KERNEL_DIR) SUBDIRS=$(PWD) clean
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1t|r

m 2.6 HE 0l Al character device driver HIAEE ?et &
AN =

$ make

$ insmod chr_test.ko

Major NO = 252

$mknod /dev/mydrv c 252 0

$echo “test string” >> /dev/mydrv
$cat /dev/mydrv

test string
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<@l i openl) >

/* fs/namei.c */

pipe_open()) -

‘ || blkdev_open(

chrdev open( )
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s 2.6 HE Ul A block device driver

i #include <linux/string.h>

: #include <linux/slab.h>

. #include <asm/atomic.h>

. #include <linux/bio.h>

: #include <linux/module.h>

: #include <linux/moduleparam.h>
: #include <linux/init.n>

i #include <linux/pagemap.h>

. #include <linux/blkdev.h>

: #include <linux/genhd.h>

: #include <linux/buffer_head.h>
i #include <linux/backing-dev.h>
i #include <linux/blkpg.h>

. #include <linux/writeback.h>

. #include <asm/uaccess.h=>

. #define DEVICE_NAME "mydrv"

. #define MYDRV_MAX_LENGTH  (8*1024*1024)
. #define MYDRV_BLK_SIZE 512

#define MYDRV_TOTAL_BLK (MYDRV_MAX_LENGTH/MYDRV_BLK_SIZE)

: static int MYDRV_MAJOR = 0;

. static char * mydrv_data;

. struct request_queue *mydrv_queue;
i struct gendisk ~ *mydrv_disk;

I =
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static int mydrv_make_request(request_queue_t *q, struct bio *bio)

o

...............

struct block_device *bdev = bio->bi_bdev;
inti;
char *data;
char *buffer;
sector_t sector = bio->bi_sector;
unsigned long len = bio->bi_size >> 9;
struct bio_vec *bvec;
int rww = bio_data_dir(bio);
if (sector + len > get_capacity(bdev->bd_disk)) goto fail;
if(rw == READA) rw = READ;
data = mydrv_data + (sector * MYDRV_BLK_SIZE);
bio_for_each_segment(bvec, bio, i){
buffer = kmap(bvec->bv_page) + bvec->bv_offset;

switch(rw){
case READ : memcpy(buffer, data, bvec-=bv_len);
break;
case WRITE : memcpy(data, buffer, bvec->bv_len);
break;
default : kunmap(bvec->bv_page);
goto fail;
}

kunmap(bvec->bv_page);
data += bvec->bv_len;
}
bio_endio(bio, bio->bi_size, 0); //until 2.6.22
//bio_endio(bio, 0); //after 2.6.24
return O;

bio_io_error(bio, bio->bi_size); //until 2.6.22
//bio_io_error(bio); //after 2.6.24
return O;
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int mydrv_open(struct inode *inode, struct file *filp)

{
printk("<0>%6s:%s:%dWn", __FILE_ , FUNCTION__, LINE_);
return O;

by

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

{
printk("<0>%6s:%s:%dWn", __FILE_ , FUNCTION__, LINE_);
return O;

by

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

{

printk("<0>9%bs:%s:%dWn", __FILE_ , FUNCTION__, LINE_);
printk(*<0>CMD = %dWn", cmd);
return O;
by
static struct block _device_ operations mydrv_fops =
{
.owner = THIS MODULE,
.open = mydrv_open,
.release = mydrv_release,
Jdoctl = mydrv_.ioctl,
}
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int mydrv_init(void)

1

if( (MYDRV_MAJOR = register_blkdev(MYDRV_MAJOR, DEVICE_NAME)) < 0 ){

printk(*'<0=> can't be registeredWn");
return -EIO;
}
printk(*'<0> major NO = %dWn", MYDRV_MAJOR);
if( (mydrv_data = vmalloc(MYDRV_MAX_LENGTH)) == NULL ){
unregister_chrdev(MYDRV_MAJOR, DEVICE_NAME);
printk("<0> vmalloc failedWn");
return -ENOMEM;
}
if( (mydrv_disk = alloc_disk(1)) == NULL ){
printk(*"<0> alloc_dirk failedWn");
unregister_chrdev(MYDRV_MAJOR, DEVICE_NAME);
vfree(mydrv_data);
return -EIO;
}
if( (mydrv_queue = blk_alloc_queue(GFP_KERNEL)) == NULL ){
printk(""<0=> blk_alloc_queue failed¥n");
unregister_chrdev(MYDRV_MAJOR, DEVICE_NAME);
vfree(mydrv_data);
put_disk(mydrv_disk);
return -EI10;
}
blk_queue_make_request(mydrv_queue, &mydrv_make_request);
blk_queue_hardsect_size(mydrv_queue, MYDRV_BLK_SIZE);
mydrv_disk->major = MYDRV_MAJOR;
mydrv_disk-=>first_minor = 0O;
mydrv_disk->fops = &mydrv_fops;
mydrv_disk->queue = mydrv_queue;
sprintf(mydrv_disk->disk_name, "mydrv");
set_capacity(mydrv_disk, MYDRV_TOTAL_BLK);
add_disk(mydrv_disk);
return O;
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void mydrv_exit(void)

{
viree(mydrv_data);
del_gendisk(mydrv_disk);
put_disk(mydrv_disk);

unregister_blkdev(MYDRV_MAJOR, DEVICE_NAME );
}

module_init(mydrv_init);
module_exit(mydrv_exit);

MODULE_LICENSE("GPL™);
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N

1>

02t

6 HE Ul A block device driver HHIAEEZE 2| &t

$ make

$ insmod blk_test.ko

Major NO = 252

$mknod /dev/mydrv b 252 0

$mke2fs /dev/mydrv

$mkdir test

$mount —t ext2 -o loop /dev/mydrv ./test
$vi hello.c

$ls

. hello.c

$gcc —02 —o hello hello.c
$ls

. hello hello.c

$

Od
()

=10

o
A
[T
)
JE
ol



P= L= )eH : Network Device Driver — 2.6

30

s 2.6 HE 0l A network device driver

#include <linux/module.h>
#include <linux/kernel.h>
#include <linux/netdevice.h>
#include <linux/ethtool.h>
#include <linux/pci.h>

struct net_device virtnet;
struct pci_dev *pdev = NULL;
struct net_device_stats virt_stats;

int virtnet_open(struct net_device *dev)

. netif_start_queue(dev);
return O;
3
int virtnet_release(struct net_device *dev)
. netif_stop_queue(dev);
return O;
3

static int virtnet_ioctl(struct net_device *dev, struct ifreq *rq, int cmd)

{
+

static int virtnet_xmit(struct sk_buff *skb, struct net_device *dev)

{

return O;

dev_kfree_skb(skb);
return O;
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{

}

{
}

static int virtnet_probe(struct net_device *dev, struct pci_dev *pdev)

int ret;
unsigned char pci_rev;

pdev = pci_find_device(PCl_VENDOR_ID_REALTEK, PCI_DEVICE_ ID_REALTEK 8139, pdev);

if(pdev) printk("<0O>probed for rtl 8139Wn");
else printk("<O0>RtI8139 card not present?Wn");

pci_read_config_ byte(pdev, PCI_REVISION_ID, &pci_rev);

if(ret = pci_enable_device(pdev)){
printk("<O0=>Error enabling the deviceWn");
return ret;

by

if(pdev-=irg < 2){
printk("<0>Invalid irq numberW#n");
ret = -EIO;

Yelse{
printk(""<0=>Irq Obtained is %d", pdev-=irq);
dev-=irq = pdev-=irq;

}

return O;

static void virtnet_get drvinfo(struct net_device *dev, struct ethtool_drvinfo *info)

strcpy(info->driver, "virtnet");
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static const struct ethtool_ops virtnet_ethtool_ops = {
.get_drvinfo = virtnet_get_drvinfo,

i

static struct net_device_stats *virtnet_get_stats(struct net_device *dev)

{
}

int virtnet_init(struct net_device *dev)

{

return &virt_stats;

int ret;
if((ret = virtnet_probe(dev, pdev)) = 0)
return ret;

dev->open = virtnet_open;
dev->hard_start_xmit = virtnet_xmit;
dev->stop = virtnet_release;
dev->get_stats = virtnet_get_stats;
dev->do_ioctl = virtnet_ioctl;
dev->ethtool_ops = &virtnet_ethtool_ops;

return O;
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int virtnet_init_module(void)
{

int result;

virtnet.init = virtnet_init;

printk("<0>%bs:%6s:%dWn", __FILE_ , FUNCTION_ , LINE_);

strcpy(virtnet.name, "virtnet");

iIf((result = register_netdev(&virtnet))){
printk("virtnet: Error %od initializing card virtnet card"”, result);
return result;

}

return O;

}

void virtnet_cleanup(void)

{
printk(""<0> Cleaning Up the ModuleWn");
unregister_netdev(&virtnet);
return;

}

module_init(virtnet_init_module);
module_exit(virtnet_cleanup);

MODULE_LICENSE("GPL™);
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$ insmod net_test.ko
$ ifconfig virtnet 192.168.13.83 up
$ ifconfig

$ ping 192.168.122.1

from 1
from 1

Mo Bu:
up
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