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null : black hole —
tty* : virtual console
pt* : pseudo-terminal
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crw--w--w- 0 root root 5, 1 Oct 1 1998 console
crw-rw-rw- 1 root root 1, 3 May 6 1998 null
cfw------- 1 root root 4, © May 6 1998 tty
crw-rw---- 1 root disk 96, 0 Dec 10 1998 pto
CfPw------- 1 root root 5, 64 May 6 1998 cua®@
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fd* : Floppy disk

. hd* : Hard disk
B 2|5 A0] A2 Block device

sda : SCSI disk
brw------- 1 root floppy 2, © May 6 1998 fdo
brw-rw---- 1 root disk 3, @ May 6 1998 hda
brw-rw---- 1 root disk 3, 1 May 6 1998 hdal
brw-rw---- 1 root disk 8, @ May 6 1998 sda
brw-rw---- 1 root disk 8, 1 May 6 1998 sdal
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B $Is -al /dev/hda*

brw-rw---- 1 root disk 1l 1o May 6 1998 hda
brw-rw---- 1 root disk 1, [1|May 6 1998 hdal
brw-rw---- 1 root disk 1,/ [2|May 6 1998 hda2
brw-rw---- 1 root disk 1|8 May 6 1998 hda3
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Ztetst HYE B & 2 - Hello hello.c

B oA =2 1=
« 20| ZEO| ZYE [ "Hello, linux kernel module"S& =3
» B50| HAHE [ "Good bye"E =&

B Source file : hello.c
= ZQ3tinclude ot ZsH

D

= module license X|H:

« 79 2,65 HHEA| X| &3] 0F

= module_init Bt At Bl S & module_init(init_func);
= module_exit &= 2t Bl S 2 ; module_exit(exit_func);

MODULE_LICENSE(...);
= license Z&: GPL, GPL v2, Dual BSD/GPL, Proprietary &

#include <linux/kKernel.h>
#include <linux/module.h>
#include {linux/init.h>

MODULE_LICENSE("GPL");
MODULE_AUTHOR("Gildong Hong");
MODULE_DESCRIPTION( Hello™);

static int __init module_begin(void)

{
printk(""Hello, linux kernel module.®n");
return 0;

H

static void __exit module_end{void)

{
printk("Good bye.Wn");

H

module_init{module_begin);
module_exit{module_end);
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HE nE T2 13 2|5t Makefile

obj-m += hello.o
all:
make -C /lib/modules/$(shell uname -r)/build M=$(PWD) modules
clean:
make -C /lib/modules/$(shell uname -r)/build M=$(PWD) clean
# make

make -C /lib/modules/3.13.0-00293-g1664d72/build M=/home/root/my/hello modules
make[1]: Entering directory "/usr/src/3.13.0-00293-g1664d72’

CC [M] /home/root/my/hello/hello.o

Building modules, stage 2.

MODPOST 1 modules

cc /home/root/my/hello/hello.mod.o

LD [M] /home/root/my/hello/hello.ko

m Y by
= hello.o TS HA MM
« modpostS C AATHAC| M) ko0 N Q&= FIPHE HAksto]
hello.mod.cE A M3t = A0} > hello.mod.o A4 Ad
» S KO .o mUS A0 ko (kernel object) It A4

>
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B hello 2 & =%+ 20l
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#dmesg EE=
# tail —f /var/log/kern.log (-f SM: A &H 0l Hol =2)
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m C|HHO|A S2to|B Bha ZHA
= struct file_operations 4 9|
= open, release, read, write, ioctl &= 113
= init, exit = LA
m 7{20] C|H0|A E2t0|Bf S —init BH4=0f A] =34
= register_chrdev(), register_blkdev(), register_netdev()
B HO/2Y
# make .. Makefile Ztd = AlsH
# insmod o MME ko DY load
W C|HpO|A THY A4
#mknod C|BIO|ATIQAO0|Z E2O[HEIY THS HHS
(0f]) mknod /dev/LED c 239 0
- ZasR 4
# chmod ug+w /dev/LED
m C|HjO|A MO Y aete ST RO A U HAE

ClHjo| A EEtO|H =4

#include <linux/kernel.h> Header Files
#include <linux/module.h>

#include <linux/fs.h>
#include <linux/init.h>

int device_open( ... ){ ... } Function Prototypes &
int device_release( ... ) { ... } Definitions

ssize_t device_write( ... ) {... }
ssize_t device_read( ... ) { ... }

static struct file_operations device_fops = { File Operation
.open = device_read,
.release = device_release,
.write = device_write,
.read = device_read

.ioctl = ... // deprecate
h
module_init(init_func); RE HX| Al 2718 £H
module_exit(exit_func); DE HMI7{ Al it =t Lo
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struct char_device_struct{ /* fs/char_dev.c */

const char * name; /I name field
struct file_operations * fops; /I file_operations
} *chrdev[MAX_PROBE_HASH];

struct file_operations { [* <linux/fs.h> */
struct module *owner;
loff_t (*llseek) (struct file *, loff_t, int);
ssize_t (*read) (struct file *, char *, size_t, loff_t *);
ssize_t (*write) (struct file *, const char *, size_t, loff_t *);

int (*mmap) (struct file *, struct vm_area_struct *);
int (*open) (struct inode *, struct file *);

int (*flush) (struct file *);

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

ClHFO| A E o[ B — LED C|Hfo|A Eato|H]

#include <linux/kernel.h>
#include <linux/module.h>
#include <linux/init.h>
#include <linux/interrupt.h>
#include <asm/io.h>

el
fo
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#include <linux/fs.h>
#include <linux/uaccess.h>
#include <linux/types.h>
#include <linux/ioport.h>

MODULE_LICENSE("GPL");
MODULE_AUTHOR( "SangKyun Yun");
MODULE_DESCRIPTION("Seven Segment LEDs");

#define base_lwFPGA exFF200000
#define len_lwFPGA ex2e0000
#define addr_LED e

#define LED_DEVMAJOR 239
#define LED_DEVNAME "led”

static void *mem_base;
static void *led addr;
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LED C|H}O|A E2}0|H{(2) LED C|H}O|A E2}0|H{(3)
B open, release A4t B write A
» O7|N= EY X2 5K 22 « 8719] LEDO| 8-hit 7S =243t
= get_user(): user space [|O|E{ £ kernel spaceZ £ At
?tatz.c int led_open(struct inode *minode, struct file *mfile) . ﬁHI_.UKH ol_|_/'\_9| 5_7'0" IIl'El'M %Al,-%p E”O|E'| 37|7|, gng
return ©;
} static ssize_t led write (struct file *file, const char _ user *buf, size_t count,
loff_t *f_pos){
static int led_release(struct inode *minode, struct file *mfile) . :
{ unsigned int led_data = @;
return @ ; "
} get_user(led_data, (unsigned char *)buf);
I/ copy_from_user(led_data, (unsigned char*)buf, count);
iowrite32(led_data, led_addr);
return count;
}
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LED C|H}O|A E2}0|H(4)

B read HAH
« ledOf] EHE 2 AS

= put_user : kernel dataE user 3 Zt0f| S At

static ssize_t led_read (struct file *file, char _ user *buf, size_t count,
loff_t *f_pos){
unsigned int led_data;

led_data = ioread32(led_addr);
put_user(led_data, buf);
return 4;

LED C|H}O|A E2}0|H(5)

m file operationsOf| Ci{sF AL 27|35}

static struct file_operations led_fops = {

.read = led_read,
mrite = led_write,
.open = led_open,
.release = led_release,
1/ .doctl = led_ioctl,

1;
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LED C|HIO|A E2}0|H(6) LED C|H}O|A E2}0|H{(7)
B CZ20|H init/exit &4
Ol =T static void _ exit led_exit(void){
static int __init led_init(void) unregister_chrdev(LED_DEVMAJOR, LED_DEVNAME);
{ printk(" ¥s unregisterd.\n",LED_DEVNAME);
int res; iounmap(mem_base);
}
res=register_chrdev(LED_DEVMAJOR, LED_DEVNAME, &led_fops);
if(res < 0) { module_init(led_init);
printk(KERN_ERR " leds : failed to register device.\n"); module_exit(led_exit);
return res;
¥
: - m E20|H S5
mem_base = ioremap_nocache(base_lwFPGA, len_lwFPGA); . .
if( !mem_base) { . reglster_chrdev(). E—XI‘ |:|H|-0|ﬁ EE"O'H" %%
printk("Error mapping memory\n"); ioremap nocache(): QL= XK| =AE 7. l—'|_T‘_|_|-_Q_ JhAbZ= A2 OHI|
release_mem_region(base_lwFPGA, len_lwFPGA); - E)__ 0 BEST | F£E 7488 | 7rEFL =e
return -EBUSY; u EEl'OlH'l OHIﬂ
= unregister_chrdev(): A} C|HO|A EZIO|H S2 8K
led_addr = mem_base + addr_LED; = jounmap(): HE St FtAFEAZ WEE XX o] Z7HS Sl |
printk("Device: ¥s MAJOR: ¥d\n", LED_DEVNAME, LED_DEVMAJOR);
return @;
}
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B C[H}O|A m(keE) 4d

» C|HO|AE ALESHY| RIS = = E(uY)S M dslior &
# mknod /dev/led ¢ 239 0
.. C|HFO| A E2}0[H o major B3 @ ZHOtOF 2
2 Al mknod /dev/uf0|0|E CZlO|HEIY FHs 2

B CHO|A TS SoiM EEd =Y

o ol & /dev/led

> EXHEK| major S ¢ 239

- chrdev H|O|& & X p = chrdev[239]
> oY At et p->fops->read();

B C|H}O|A S2l0|H] BE AX|

#insmod led.ko

ClHto|A Eato| S8

B Qg[S LEDE EH5t= S

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <fentl.h>

#include <sys/types.h>
#include <sys/ioctl.h>

#include <sys/stat.h>

int main(void)
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Ol

=24 "app_led.c"

int dev, data, rdata;

dev = open(”/dev/led”, O_RDWR);

if (dev < @) {

fprintf(stderr, “"cannct open LED device\n");

return 1;

29 30
A C =] iL = o IL =] kel gl AlS
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// write u %}Hl'%-6|'7|
printf("Input LED data (hex) : "); # cc —o app_led app_led.c
scanf("%x", &data);
write(dev, 8data, 4);
// read u .AEIE-OH |'7|
read(dev, &rdata, 4);
printf(“led data = ¥x\n", rdata); # .Japp_led
return @;
CJIE=C N
= open()
= read() EE= write()
= close()
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