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#include <sys/ioctl.h>
int ioctl(int fd, int cmd, ...)
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B old version0jAl= C|HIO|A E2}O|H{ O A CFS
= linux kernel 2.6.360|%.0f| = |7 &
= big kernel lock (BKL) AFE{O| A =SHE|0] M50 2/ St

4 HE
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int (*ioctl) (struct inode *inode, struct file *filp, unsigned int cmd,
unsigned long arg);

B new versiont A& CtS g2 HY =
= linux kernel 2.6.115 E F7}E

long (*unlocked_ioctl) (struct file *, unsigned int, unsigned long);
long (*compat_ioctl) (struct file *, unsigned int, unsigned long);
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» DE1-SoC= 67§2| HEX LED | &
n T2 (32-bit 1/O)
= HEX3-HEXO : OxFF200020
= HEX4-HEX5 : OxFF200030
W C|HO|A E2}0[H 2| of
» 679 HEX LEDE 17} 9| deviceZ LCtE (/dev/hex)
w write() &4 - H4-E 16742 £ (24H|EQ SHE)
» read() B -S| S M4 S AL
- ioctl() 34 - 22 "ef xof
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MODULE_LICENSE("GPL");
B hex.c MODULE_AUTHOR( “SangKyun Yun");

sinclude <linux/kernel.h> MODULE_DESCRIPTION("Seven Segment LEDs");

#include <linux/module.h>

#include <linux/init.hs #define base_lwFPGA OxFF2ee000
#include <linux/interrupt.h> #define len_lwFPGA ex200000
#includ /ic.h

roinon sk v #define addr_LED e
#include <linux/fs.h> #define addr_HEX® ex2e
#include <linux/uaccess.h> :g:;l:: :z::-::n gx:g
#include <lii t .h s - g
e EnEt Lypes 11> #define addr_KEY exse

#include <linux/ioport.h>

#define HEX_DEVMAJOR 248

write

B write 8

int hex_conversion[16] = {
@x3F, exe6, ex5B, @x4F, @x66, exeD, ex7D, exe7,
Ox7F, @x67, Ox77, ex7C, ©Ox39, OxSE, ex79, ex71,
b

static ssize_t hex_write (struct file *file, const char _ user *buf, size_t count,
loff_t *f_pos){

unsigned int hex_data = 8;

unsigned int nofill = @;

#define HEX_DEVNAME "hex"” get_user(hex_data, (unsigned int *)buf);
- I copy_from_user(8&hex_data, buf, count);
static void *mem_base; - = B : (5
static void “hex®_addr; // HEX3-HEX@ :e:—dat: :ex—?ata L ﬁ §4 s :ask
static void “hexl_addr; // HEXS5-HEX4 ata = hex_data; L
static unsigned int data = -1;
8 d if (mode & NOFILL) nofill = 1;
static unsigned int mode = @; I HEX LED off 2E}f
#define NOFILL 4 /1 bit 2 hexl = @;
#define BLINK 8 // bit 3 hex® = hex_conversion[hex_data & exf];
unsigned int hex®, hexl; // HEX LED output data
static int turnoff = @; // for blink mode
6
. A .
write(H|=) open, release, read, ioctl
do {
hex_data »>»>= 4; static int hex_open(struct inode *minode, struct file *mfile)
if (nofill && hex_data==0) break; {
hex® |= hex_conversion[hex_data & @xf]<<8; ; return @;
no zero fillo] 1 hex data >>= 4;:
=2 data”} 00| H if (nofill 8& r'nex_data--a} break; ?tatic int hex_release(struct inode *minode, struct file *mfile)
break hex@ |= hex_conversion[hex_data & @xf]<<16; return 9;
hex_data >»= 4; }
if (nofill && hex_d?ta--a) break; static ssize_t hex_read (struct file *file, char _ user *buf, size_t count,
hex® |= hex_conversion[hex_data & @xf]<<24; loff_t *f_pos){
put_user(data, (unsigned int *)buf);
hex_data >>= 4; return 4;
if (nofill 88 hex_data==0) break; 1
hexl = hex_conversion[hex_data & exf];
static long hex_ioctl(struct file *file, unsigned int cmd, unsigned long arg)
hex_data >>= 4; {
if (nofill && hex_data==0) break; unsigned int newcmd;
hexl |= hex_conversion[hex_data & @xf]<<8;
while (@); N o mode = cmd;
4 : break AE317] 5l return o
iowrite32(hex@, hex@_addr); 1 HtE51= do-while 22 AtE }
iowrite32(hexl, hexl_addr);
return 4;
} 8




| file operations

static struct file_oper

ations hex_fops = {

B module init

static int __init hex_init(void)

.read = hex_read, { B
Mrite = hex_write, & b
piseh - hax: oper, res=register_chrdev(HEX_DEVMAJOR, HEX_DEVNAME, &hex_fops);
.release = hex_release, if(res < ©) { -
/! doctl = hex_ioctl, : g : raat s bar wlen. Xn"Ys
.unlocked_ioctl = hex_ioctl, E:::::(fi?_‘_““ hex : failed to register device.\n");
| H } 3
B module exit mem_base = ioremap_nocache(base_lwFPGA, len_lwFPGA);
static void _ exit hex_exit(void){ if( "“";:;::atﬁh_cr P o
unregister_chrdev(HEX_DEVMAJOR, HEX_DEVNAME); i " sl il £ ]
printk(” ¥s unregisterd.\n",HEX_DEVNAME); ::::::e_z;zg;?gion(base_lePﬁA, len_lwFPGA);
= »
iowrite32(@, hex@_addr); // turn off all HEX LEDs } n R et e 2
iowrite32(0, hexl addr); printk(“Device: ¥s MAJOR: ¥d\n", HEX_DEVNAME, HEX_DEVMAJOR);
. g hex@_addr = mem_base + addr_HEX@;
} Ioumepienbase)y hexl_addr = mem_base + addr_HEX1;
module_init(hex_init); return 8;
module_exit(hex_exit); }
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#include <stdio.h> int main(void) T
#include <stdlib.h> " o
#include <unistd.h> int dev, data, rdata; P =
#include <fentl.h> # make - A E%E
dev = open("/dev/hex”, O_RDWR); # cc app_hex.c —o app_hex LS8 ZOH
#include <sys/types.h> if (dev < @) { _
#include <sys/ioctl.h> fprintf(stderr, "cannot open LED device\n"); B HEX LED QIl J-Ll'% AOHAC';!
#include <sys/stat.h> return 1; # mknod /dev/hex ¢ 240 0 g{g
#define NOFILL 4 I/ ioctli— difault #Is -l /dev/hex E!-OIJ
#define BLINK 38 octl(dev, @, NULL);
// write crw-r--r-- 1 root root 240, 0 Jan 1 00:29 /dev/hex
printf(“Input HEX7 data (hex) : "); x| &= MM =]
scanf("%x", &data); u OX|_E|'O|H'| Exl x X‘”7‘|
write(dev, &data, 4); # insmod hex.ko .. 2K
// read
read(dev, &rdata, 4); # Ismod ... 2ol
printf(“"read data = X¥x\n", rdata); .
// write - noFILL Module Size Used by
Printfg'.[?put HEX7 data (hex) for NOFILL : "); hex 1694 0
scanf("%x", &data); com -
ioctl(dev, NOFILL, NULL); #SEZLZ T AT
write(dev, &data, 4);
}
# rmmod hex . HA
# Ismod ... 2ol
11 12
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B timer AL
= init_timer() — timer 7|3}
= add_timer() — timer & 52
= del_timer() — timergt XA

= Vvoid init_timer(struct timer_list *timer);
= Vvoid add_timer(struct timer_list *timer);
= int del_timer(struct timer_list *timer);

struct timer list {

struct timer_list *next; /* never touch this */

struct timer list *prev: /* never touch this */

unsigned long expires; /* the timeout, in jiffies */
unsigned long data; /* argument to the handler */
void (*function) (unsigned long): /* handler of the timeout */
volatile int running:; /* added in 2.4; don't touch */

struct timer_list hex_timer;

void init_add_timer(void)

{
init_timer(&hex_timer);
hex_timer.function = hex_timer_function;
hex_timer.expires = jiffies + HZ;
hex_timer.data = @;
add_timer (&hex_timer);

}

void remove_timer(void)

del_timer(8hex_timer);
}

void hex_timer_function(unsigned long ptr)
{
if ( !(mode & BLINK) ) return;
turnoff = !turnoff;
if (turnoff) {
iowrite32(@, hex@_addr);
iowrite32(@, hexl_addr);
} else {
iowrite32(hex®, hex®_addr);
iowrite32(hexl, hexl_addr);
}
init_add_timer();

// after 1 sec
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ioctl — BLINK =&t

static long hex_ioctl(struct file *file, unsigned int cmd, unsigned leong arg)

{

unsigned int newcmd;

newcmd = cmd;
if ( (mode & BLINK) &% !(newemd & BLINK))
remove_timer();
mode = newcmd;
if (mode & BLINK) {
init_add_timer();
3

return @;
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