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#include <asm/io.h>

unsigned char inb (unsigned short port)

unsinged short inw (unsigned short port)

void outb (unsgined char value, unsiged short port)
void outw (unsgined short value, unsiged short port)
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byte(l O inb (port) inport (port)
word O inw (port) inportw (port)
byte0l O outb (value, port) outport (port, value)
wordO O outw (value, port) outportw (port,walue)
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#include <unistd.h> /* for libc5 */
#include <sys/io.h> /* for glibc */
int ioperm(unsigned long from, unsigned long num,
int turn_on);
int iopl(int level);

#include <asm/io.h>

void outport(unsigned short int port,unsigned short
int value){
outw(value,port);
MFvallued portDO0DOOODOO ¥

short int CtHSA( int arm )
{
int intreq;
int access=0;

_Base = 0x200 + arm*0x10;
access=ioperm(_Base,16,1);
/¥ Base OO 16 bytesO DO OO OO *
/I access=iopl(3); /*ioplO OO *
fprintf(stderr,"l/O access=%d¥n",access);

intreq = _Base + itr;
outport( _Base + mdr
return(intreq);

, 0x00);
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#include <linux/sched.h>
#include <linux/signal.h>
int request_irq(
unsigned intirg, /00000 */
void (*handler)(int, struct pt_regs *),
~O00000ooao
unsigned long flags, /* 0 0 0O */
const char *device); 00000 */
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void free_irg(unsigned int irq);
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$ tar xvfz rtlinux-2.0.tgz

$ Is -F rtlinux-2.0

COPYRIGHT GettingStarted.txt README changelog  rtl/
CREDITS INSTALL TODO  kernel_patch

)

FAQ INSTALL.phil  UPGRADING

| /
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$ cd linux
$ patch -p1 < ../rtlinux-2.0/kernel_patch
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$ make xconfig *
$ make dep; make clean; make zlilo
$ make modules; make modules_install

gbooobooboboobooboboobon
googon

( Processor type and features --->

(PPro/6x86MX) Processor family
#CPUOOOOOO

[*] Symmetric multi-processing support
#SMPO OO OOO

[*] Hard realtime support
#00000000

Loadable module support --->
[*] Enable loadable module support
#0000000000000O0O0O0O0
[ 1 Set version information on all symbols for
modules

00 *
/sbin/modprobe rtl_time.o
/shin/modprobe rt_com.o
/sbin/modprobe mbuff.o

[ 1 Kernel module loader )
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$ cd /usr/src/rtlinux-2.0

$ In -s /usr/src/linux . /linux
$cdrtl

$ make; make install
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$ cd /lib/modules/2.2.13-rtl2.0/misc

$Is-F
mbuff.o  rt_ com.o rtl_posixio.o rtl_time.o
mbuff.0.061 rtl_fifo.o rtl_sched.o

List 2 /etc/rc.d/rc.modules
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oooon
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$ Ismod

Module Size Used by

mbuff 5676 0

rt_com 4120 0 (unused)O **

rtl_fifo 5676 0 (unused) ***
rtl_posixio 6536 0 [rtl_fifo]

rtl_sched 4280 0 [rtl_posixio]

rtl_time 4344 0 [rtl_sched]
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$ cd /usr/src/rtlinux-2.0/rtl/examples

$Is-F

README compat/ fp/ frank/ hello/ measurements/
mmap/ regression/ sound/

O00CfrankkD0ODOOOOODODODOODOOO
DD****

do0ododoooooDooooooooooDoon
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$ cd /usr/src/rtlinux-2.0/rtl/examples/frank
$ insmod frank_module.o

$ frank_app

FIFO 1: Frank Frank

FIFO 2: Zappa Zappa

FIFO 2: Zappa

FIFO 2: Zappa

# rc.modules
/shin/modprobe rtl_fifo.o
/shin/modprobe rtl_sched.o
/shin/modprobe rtl_posixio.o

* make config 0 O O make menuconfig 0 O OKDO
**rt comO v.05.300000000
***mbuff0 v.0.7.100000000
>>JU0000ooooooooooooo



00000000000 0ORTLINUXODODODDO
gbooboboobobooboobuoobooboobo
gogooboobogd

[$ rmmod frank_module ]

4. RTLinux O API
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int0] init_module()
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void cleanup_module()
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goopoSIXOOOOOODOODODODOODODODO
o0ooboo0oooOoOoOooooOooooooood
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pthread_t tid;
o0oooIboOoo0o0ooooooooooDooo
o0ooooooooo

pthread_attr_t attr;
Opthreaed D OO0 O0OO0DOOO0DOOO

Real-TimeO OO OO0 OO 0O O O Opthread_create [
oooooooo

#include <pthread.h>
int pthread_create(pthread _t * thread, pthread attr t*
attr, void * (*start_routine)(void *), void * arg);

OO000O0Odpthread_tOD OO0 O0ODOOOOODO attrd
000000000000 000 *start_routine O
O Ostart routine0 00000 arg0D 00O OO Oattr

ONULLODOODODOODODOO00ODOO0ODOODOO0OD
0000000000 0O00RTLINUxOOOODOO
00000000 init_module)D 00O callD OO
ooooooo

#include <pthread.h>

pthread_t pthread_self(void);
o0oooDoooooomboooooooo
gooooooboboobooooooooooo

#include <rtl_sched.h>
int pthread_delete_np (pthread_t thread);

gOooOoooOoodooOoooiIboogooooo
00000000 _npO non-portable d [0 non_POSIX
goOoOopooogooeposIXoOoOoooooooo
Oo0ooDoooooooon

430000000000 API
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#include <pthread.h>
int pthread_attr_init(pthread_attr_t *attr);
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sched _param param;
O000000o0Ooo0DoOooDoDOoooooDoon
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#include <pthread.h>
int pthread_setschedparam(pthread_t target thread, int
policy, const struct sched_param *param);

OO000O0Odpthread_tOD0O00OO00OO0OD0ODOODO
00 0O Csched_paramO 00 0 00O O OO O Cpolicy™
0OO0OSCHED_FIFOOSCHED_RROOOOOODO
SCHED_FIFOO O OOO0OOOOOOOOOOOO
00000000 000OSCHED_ RROOOODOODO
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gogoooooobobobobbbbbobooood
sched paramO0 0000000000 0OO0ODOOOO
gboobobooobobooobobooboobon
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struct sched_param p;

p . sched_priority = 1;

pthread_setschedparam (pthread_self(), SCHED_FIFO,
&p);
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int pthread_getschedparam(pthread_t target thread, int
*policy, struct sched_param *param);
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#include <rtl_sched.h>
int pthread_wakeup_np (pthread_t thread);

000000000000 pthread_wait_np()d0 O 0O O
00000o000oooooooooonIbo

#include <rtl_sched.h>
int pthread_make_periodic_np(pthread_t thread, hrtime_t
start_time, hrtime_t period);

0000000000000 000 APIODOO
00000000 start timed O OO0 O O periodd
hrtime_t0 000000000 Ohrtime_td00 00
long longO0O0OOODODOOOCOCOOOOO
rtl_timeh0 000000000 0ODOODOODOO

Edefine NSECS_PER_SEC 1000000000 ]

#include <rtl_sched.h>
int pthread_wait_np(void);
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#include <rtl_sched.h>
int pthread_suspend_np (pthread_t thread);

pthread wakeup np)U OO0 OO0 OOOCOOOODOOO
oooooo
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000000000000 LmuxODOOQOODODO
0 Real-Time FIFO O O shared memory 0 0 0O OO
O 0Real-TimeFIFOO OO O ODOOD O OO O Linux
go0ooooOoO0O0oooOoooDooOoOoooogo
O000Dooo00ooDooo0o0ooooooo
OOORFRFIFOOOOOODOOOOODOOO
ORTLinuxOOOODOOO maked O OO O /dev/rtfO
OO/devitf70C0000O00D0OCO0ODOOOODOO
O00000Dooo0o0Doooooooooooo
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[* rtf.sh */
#sh
foriin 8910 11; do mknod /dev/rtf$i c 150 $i; done

[$ sh rtf.sh ]
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#include <rtl_fifo.h>
int rtf_create(unsigned int fifo, int size);

000 fifcODOORT-FIFOO OO OOO minor0D 00O DO
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#include <rtl_fifo.h>
int rtf_destroy(unsigned int fifo);

fifoOOODOOORT-AIFOOODOOOOOOOOO
O000000oooooOo-100000o0o0o0o0d
cleanup_module0 OO0 calOO OO
ORT-FIFOCOOOOOOOOOODOOOOODOOO
ogoooooooood

#include <rtl_fifo.h>
int rtf_get(unsigned int fifo, char * buf, int count);
int rtf_put(unsigned int fifo, char * buf, int count);
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oogd
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0000000000000 0OOhandlerD0DODO
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#include <rtl_fifo.h>
int rtf_create_handler(unsigned int fifo, int (* han-
dler)(unsigned int fifo));

fifo0OOOOORT-FIFOCOOOOOOOOOOO
OOhandler0 00000000 calOOODOOOO
OFFOOODO handler0 00 00D0O0O0OO0OO0O0OO
ooooooOoUoOooOoOoOoDoDoooooooon
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4.5 Clock O OO API
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goooogooo

#include <rtl_time.h>
hrtime_t gethrtime(void);
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#include <rtl_time.h>
hrtime_t clock_gethrtime(clockid_t clock);
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#include <rtl_sched.h>
int pthread_setfp_np (pthread_t thread, int flag);
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4.7 SMP O 0O O API
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#include <rtl_sched.h>
int pthread_sttr_setcpu_np(pthread_attr_t *attr, int cpu);
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int pthread_sttr_getcpu_np(pthread_attr t *attr, int
*cpu);
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#include <rtl_core.h>
int rtl_request_irg(unsigned int irg, unsigned int (*han-
dler)(unsigned int irg, struct pt_regs *regs));
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*handler OO OO0O0OD0irgOOO0OO0OODOODOOO
000000000000 hanlderDO0D0O0OOOO
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#include <rtl_core.h>
int rtl_free_irq(unsigned int irq);

OO0o0O0b00OgqUbO00Oonooooonoog APl
ooooog

gbooobooboobooboboobooboogan
APIOO00O0OO0O0O0DOO0DbOOn

#include <rtl_core.h>
void rtl_hard_enable_irg(unsigned int irg);

O0igdDO000 0000000000000
OO00O0DO00000b00O0Ohandler0O0DO0OO
0000000000000 calDOODOODOD
oo

*WODODOAPIDOODOODODSMPOOOOODOODO
gogboooooboo



ggoobbboooobobobooooonbono ArPIO
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#include <rtl_core.h>
int rtl_get_soft_irg (void (*handler)(int, void *, struct
pt_regs *), const char * devname);

OO00O0O0OoD0Od*evrameO O OODOOODOODO
handler D0 00000000 ODOOODOODOODOO
googooo

#include <rtl_core.h>
void rtl_free_soft_irq(unsigned int irg);

gogoobobbooooooboood
gboboobooobooboobobooboboon
gogoooobooooon

#include <rtl_core.h>
extern void rtl_global_pend_irqg(int irg);

O00O000Ortl get soft irg)U DO O0ODOOODOOO
0000000000000 0calODODODO
oooooogoooood

4.9 RTLinux V1.30 V2.00 APIO 00O

OV130 APIOO V2.00 APID 000000000
00000000000000000000 APID
0000000000000
OVv2000000V1I30APIDOOOO0O000O0O0
0 O rtl_conf.hD 0 O O OCONFIG_RTL_USE_V1_API
00000000000000000000000
00000000000000000000000

5. RTLinux00 000000000
O00O000O0O000o rtlinux-2.0/rtl/examples O O
0000000000000 000RTLInxOODO
Oo00oO0ooOo0OoooOoOobooogooooo

5.1“ HelloWorld” OO0 O0O0O

0000 RTLinuxOOODOOODODO examples/hello
0000000000000 000 hellocO OO0
0000000 Lst4000000
00o0o0oooooooooooooooon
OO0D000Opthread_tO00O0000D0OO0O thread O O
OO0OthreadOOODOODOORDO start_routine O
init_moduled pthread create 00 0000000 O0O
oood

[/* #define CONFIG_RTL_USE_V1_API 1%/ ]

0000000000000 000RTLinuxO0O
OO000OO0OmakeOOOODOODOOODOODO

Table 3000 APID O[O

Old API New API
rt_get time gethrtime(3), clock_gettime(3)
rt_task_init pthread_create(3)

rt_task_delete pthread_delete_np (3)

rt_task_make_periodic pthread_make_periodic_np (3)

rt_task_wait pthread_wait_np(3)

rtl_requestirq(3),

request_RTirq rtl hard enableira(3)

#include <rtl.h>
#include <time.h>
#include <pthread.h>

pthread_t thread;

void * start_routine(void* arg)
{
struct sched_param p;
p . sched_priority = 1;
pthread_setschedparam (pthread_self()
SCHED_FIFO, &p);
pthread_make_periodic_np (pthread_self()
gethrtime(), NSECS_PER_SEC);

while (1) {
pthread_wait_np ();
rtl_printf("I'm here; my arg is %d¥n", *arg)
rt_printk("I'm here; my arg is %d¥n", *arg)
}

return O;

int init_module(void) {
return pthread_create (&thread, NULL
start_routine, (void*)1);

}

void cleanup_module(void) {
pthread_delete_np (thread);

free_RTirq rtl_free_irq(3)

List 4 hello.c



000000 thread O cleanup_module 00 0O OO
mmod0 000000000 0OO0O0ODOOO
start_routined 0 Oched_paramO 00000 pOODO
00000000 7 pthread_setschedparamd 0O O O
000000000 threed0O0O000O0O0OOOO
pthread_make _periodic npO 0000 O0O0O0O0OO0O0O
O0threed 0000000 0ODOODOODOOODOODO
OO0000Opthread wait npO0 00 00O0O00O0O0O0O
0000000o0oooooooooooooDoo
OO0o0o00OdO printf000OC0OOOOODOCOO
00000oo0ooooooooooooon
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$ insmod hello
I'm here; my arg is 1

rt_printk OO0 O Odmesg0d 00 OO0 /var/log/mes-
sages0 000 00D0O0DOOOOOOODOOOOOO
oooo

$ insmod rt_printk

e o )

$ cd /usr/src/rtlinux-2.0/rtl/drivers ]

0000 printk00O00OO00ODOODOOOOO
OhellocOODOO0O0OOODOOO makeD OODOODOO
Make DO DOOOOList5 00000000000

all: hello.o

include rtl.mk

clean:
rm -f *.0

List 5 Make [0 [0 [0 [0
OO00Oinclude0 00 OO rtlmkOd O OList60 000
OO0OOincluded DO ODODODOOODOOODOO
000000000 O0ORTLINUxOOOOOOOODO
goooooooooo

#Automatically generated by rtl Makefile

RTL_DIR = /usr/src/rtlinux-2.0/rtl

RTLINUX_DIR = /usr/src/rtlinux-2.0/linux
INCLUDE= -l/usr/src/rtlinux-2.0/linux/include -1/usr/
src/rtlinux-2.0/rtl/include -l/usr/src/rtlinux-2.0/rtl
CFLAGS = -l/ust/src/rtlinux-2.0/linux/include -l/usr/src/
rtlinux-2.0/rtl/include -l/usr/src/rtlinux-2.0/rtl -l/usr/src/
rtlinux-2.0/rtl/include/posix -Wall -Wstrict-prototypes
-O2 -fomit-frame-pointer-D__ RTL__ -D__ KERNEL___
-DMODULE -pipe -fno-strength-reduce -m486 -

F0g ¥

malign-loops=2 -malign-jumps=2 -malign-functions=2
-DCPU=686

ARCH =386

CC =gcc
RTL_MODULES=/lib/modules/2.2.13-rtl2.0/misc

List6rtlmk 0000
Oo0oooooooooo®
o-o200000d
O-fomit-frame-pointer0 0 0 00000000 ODO0O
goo0oooOooOoOoOoDooOoOooooooooo
oooo
O-D_RTL_ -D__KERNEL__-DMODULE
ORTLinuxOODOOODODODODODOOODOOD
OO000000DO#define_RTL__O00O0OO0OOOO
ooooooogo
O-pipe000000CO00O0OOCOOODODOOODOOO
oooooooo
O -Wall -Wstrict-prototypesd OO0 OO0 OO0 OO
oooooooooon

52RT-FIFOCO0OODOODODODO

ORT-FIFOOODOOOOODOOOOOODOOex-
amples/frank0 0 00000 fran00000O0DOOO
OO0O000CfrankDOOODOQCOOODQO Fig.300
frank_module.cO List7-13 000000 O0O0O0O
OfrankkOO0OD0OCOOORTLINUXOODOOOOODOO
0000 frank_module.cO O LinuxDODODODODO
OO0 frank app.cO0000000O0DOCOOOOO
ORT-FIFOO 12 0000000000ORT-FIFO1LD
0200000000LImxODO0O0O00OO0O0OOO
0O0D0Oo0ooDo0Of frank” " Zappa”}0 OO OO
OoOOoDooOorrFOOOOOOOOCOORIFOODOO
00000000000 000000OselectDO00O0O
O00O0Oreadd 0000 module app0 0 OO0 DOODO

RTLinux Module

P

(frank_module)

RT-FIFO 4| 9 (task[0] [RT-FIFp F—— "frank"
(task[1] }——> RT-FIFp 2———#> "Zappa"

my_handler() | «¢——RT-FIFO J@—— COODO
T

Linux Process ____
(frank_app)

Fig. 3frank O O OO0 000



0000000000000 0D0000d frank_app
OO00RT-RAIFO3O0OOOOOODOOOODOOOO
00o0DO0ooooooOoooooooDi1000000
O000o0oono frank app0 000000

O0000frank_module.cO000000O0O0ODOO0O
000 task[0],[1]0 00O 00O O thread_code 0 O O
00000000 taskO RT-FIFO4o0or500000
oodooooOoOoOoooooobooooooooo
O000000ORT-FIFOCODOODOOODOODODODO
OO0Gfi000000D0CO0000D0OOd frank_app
0000000 ooDoooDoDooooon
STOP_TASKOOOOOODOOODOOOODOOO

void *thread_code(void *t)
{
int fifo = (int) t;
int taskno = fifo - 1;
struct my_msg_struct msg;
while (1) {
int ret,err;
ret = pthread_wait_np();
if ((err = rtf_get (taskno + 4, &msg, sizeof(msg))) == sizeof
(msg)) {
switch (msg.command) {
case START_TASK:
pthread_make_periodic_np(pthread_self(), gethrtime(),
msg.period * 1000);break;
case STOP_TASK:
pthread_suspend_np(pthread_self());break;

¥

}
rtf_put(fifo, data[fifo - 1], 6);

int my_handler(unsigned int fifo)
{
struct my_msg_struct msg;
int err;
while ((err = rtf_get(COMMAND_FIFO, &msg, sizeof
(msg))) == sizeof(msg)) {
rtf_put (msg.task + 4, &msg, sizeof(msg));
pthread_wakeup_np (tasks [msg.task]);

return O;

gooooooooa

000 my_handler0 RT-FIFO30 00000000
00000000000 0RT-FIFO40005000
00000 tskOOOODOOODODOOOOO taskO
goooon

OList20 0000000000000 OOOOO0
Ortf create0 00 0000RT-FIFOCOOODOOOO
O000000o0O0OO0O0OO0OODOODOOODOOOOO
O rtf_create_handlerOO0OOORT-FIFO 30
my handler OO0 O00OO0OO0OOOOOOOOOOO
hellocOODOODOOODOOODDODODOODOO
0000000000000 000000O00
init moduleJOOOOOOODODOODOODO
cleanup_module0 D0 OO0 ODO RT-FIFOCODOODOO
0000000000000 RTLINUXOODOOO
0000 RT-FIFOOOOOOOO

int init_module(void)

{

int c[5];

pthread_attr_t attr;

struct sched_param sched_param;

int ret;

c[0] = rtf_create(1, 4000);

oood

c[4] = rtf_create(5, 100);/* input control channel */
pthread_attr_init (&attr);

sched _param.sched_priority = 4;
pthread_attr_setschedparam (&attr, &sched_param);
pthread_create (&tasks[0], &attr, thread_code, (void *)1);

pthread_attr_init (&attr);

oood

pthread_create (&tasks[1], &attr, thread_code, (void *)2);
rtf_create_handler(3, &my_handler);

return O;

}

void cleanup_module(void)
{

rtf_destroy(1);

agooo

rtf_destroy(5);
pthread_delete_np (tasks[0]);
pthread_delete_np (tasks[1]);

}

List 7-1 frank_modules.c O 0O OO0 00000
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OO0 LinuxOODOO0O frank_app.cO List 7-30 0 O O
000ooooooooooon
0(ADOO0000U0OoUoooogogoggooo
00000 include0D0D0OOODO

OB)fd st OODOOMdsOO0O0DOOOOODOOO
OO00O0ORT-FIFOOODOODOODOOODOODODODO
OOtimeval D OO O0O0OOOO0OtvOODOO
0000000000000 000DO00 RT-FIFO
oooooo
O@open0D00O0D0OORT-FIFOO 100200/
dev/rtfl tff2 00O O0O0OOOOOOOOOOOO
00000o0000oooooooooooooon
00000 fdoCfdl00D0COO0O0COO/ev/rtf30 O
000o0oooOoooooooooog
O@)RTLnuxDOOOOOOOOOOODOOOO
oo0ooooooo

O(E)fd_set0 00 rfds0d FD_ZEROO OO ODOOO
000000000 00FD_SETOODOODOODODO

0000000000000 0000O fdoOfdlO O
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ooooboooobooobobooobooboo
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#include <sys/time.h>
#include <sys/types.h>
#include <fcntl.h>
#include <unistd.h>
#include <sys/ioctl.h>
#include <rtl_fifo.h>
#include <rtl_time.h>
char buf[BUFSIZE];

A)

int main(){

fd_set rfds;

struct timeval tv;

int retval;

int fdO, fd1, ctl;

int n,i;

struct my_msg_struct msg;

fd0 = open("/dev/rtf1", O_RDONLY);
fd1 = open("/dev/rtf2", O_RDONLY); ©)
ctl = open("/dev/rtf3", O_WRONLY);

/* now start the tasks */

msg.command = START_TASK;msg.task = 0;
msg.period = 500000;

write(ctl, &msg, sizeof(msg)) ; (D)
msg.task = 1;msg.period = 200000;

write(ctl, &msg, sizeof(msg)) ;

(B)

for (i=0;i<100; i++) {
FD_ZERO(&rfds);

FD_SET(fdO, &rfds); (E)

FD_SET(fd1, &rfds);

tv.tv_sec = 1;

tv.tv_usec = 0;

retval = select(FD_SETSIZE, &rfds, NULL,
NULL, &tv); (F)

if (retval > 0) {
if (FD_ISSET(fdO, &rfds)) {
n = read(fd0, buf, BUFSIZE - 1);
printf("FIFO 1: %s¥n", buf);
¥ (©)
if (FD_ISSET(fd1, &rfds)) {
n = read(fd1, buf, BUFSIZE - 1);
printf("FIFO 2: %s¥n", buf);
}

}
[* stop the tasks */

msg.command = STOP_TASK; msg.task = 0;
write(ctl, &msg, sizeof(msg)) ;

msg.task = 1; (H)
write(ctl, &msg, sizeof(msg)) ;

return O;

¥

List7-3 00000000 frank_app.c
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53000000000000O
O0O0Opthread_setfp np OO0 00O OO0OOOOO0O
00000000000 0DO00D00DO00 List 8-
10rt process.cO 0O OO0

0000000000000 <mathh>000000
000000000 funO O Oexp()d log()O sqrt()
0000000000000 o0o0oDoooo
init_moduled O O O pthread_setfp_np (mytask, 1)0 O O
D000 mytaskODOOOOODOOOOOOOOODO
OO0O0OOMakeOOODODO Listg-2000000

#include <rtl.h>
#include <time.h>
#include <asm/io.h>
#include <pthread.h>
#include <math.h>
pthread_t mytask;

void *fun (void *t) {
inti=0;
double f, 2, 3;
double x=0;
while (1) {
f=10.0/(1.0 + exp(-x));
I f=10.0%*sin(x);
f2=10.0*log(x+1.0);
f3=sqrt(x);
x+=1.0;
if(x>10) x=0;
pthread_wait_np();

}

int init_module (void) {

struct sched_param p;

hrtime_t now = gethrtime();

pthread_create (&mytask, NULL, fun, (void *) 1);
pthread_make periodic_np (mytask, now + 2 *
NSECS_PER_SEC, NSECS_PER_SEC);
pthread_setfp_np (mytask, 1);

p . sched_priority = 1;

pthread_setschedparam (mytask, SCHED_FIFO, &p);
return O;

}

void cleanup_module (void) {
pthread_delete_np (mytask);

}

rt_process.o: rt_process.c

$(CC) ${INCLUDE} ${CFLAGS} -c -0
rt_process_tmp.o rt_process.c

Id -r -static rt_process_tmp.o -0 rt_process.o -L/usr/
lib -Im -Ic

rm -f rt_process_tmp.o

List8-2000000000 Maked OO0

UOrtprocesscU 000D OOOODODOOOOOO
ciboUoOoOoboboooboobooogooOsin
O00cosOOODO-mOODOOODOODOODOODO
O00OexpO O OO -lcOQOOOOCODODOOO
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5.4 Sharedmemory 000 O00O0000O0O

goo0ooOooOdOoooooOoOoooogooooo
00oooooooooRT-FIFCOOOOOOOO
0000000000000 0 shared memoryd O O
0000000000000 Oshared memoryD O O
OO0O00D0ODOO00OO0DOOO0 /devimemO
O00000O/MdevimbuffO 0 OO0 OOO0OODOOO

1) /devimem O OO OODO
goo0ooOooOdOoooooOoOoooogooooo
0000000000000 000d bootO O append
OCOOmemOO00D0OOCOOOODOOOOODOOOO
gO0OLILoO0D0OOdObootD OO DOOODOO 128MO
0000000000 4M0O shared memoryd 0O OO
O O fetc/lilo.conf0 List9-10 00000000

boot = /dev/hda3
timeout = 10
prompt
vga = normal
append = "mem=124M"
read-only
map=/System.map
image = /bzImage
label = linux
root = /dev/hda3

Listg-1 000000000000

List 9-1 lilo.conf 0 [0 O
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ORTLinuxV13OOOOODO Liste-300000O

#include <rtl.h>
#include <unistd.h>
#include <fcntl.h>
#include <sys/mman.h>
int *start;

int address = 0xA0000;
size_t length = 1000;

int init_module(void ){

inti;

int fd = open("/dev/mem”, O_RDWR);
start=(int *)mmap(0,length, PROT_READ |
PROT_WRITE, MAP_SHARED, fd,address);

for (i=0;i<100; i++) {

rtl_printf ("%x ", start[i]);

}

rtl_printf ("¥n");

return O;

¥

void cleanup_module(void ){
munmap(start, length);

#ifndef MODULE
int main(void)
{
if (init_module() == 0) {
cleanup_module();

}

return O;

}
#endif

List 9-2 shared memory [J (0 [1 [ [0 -1

/* shmem.h : header file for shared memory */
#define SH_MEM_BASE_ADDR (124*0x100000)
#define MAP_FAILED (-1)

typedef struct {
char variable1[10];
int variable2;
float variable3;

} RUN_DATA;

RUN_DATA* get_sh_mem_ptr(void);

0000000000 rt_shmem.c*/
#include "shmem.h"
RT_TASK shmemtask;
RUN_DATA *ptr;
void shmemwrite(int t){
static int i=0;
float f=0.0;
sprintf(ptr->variablel,"RT_TASK¥n");
ptr->variable2 = 0;
while(1){
ptr->variable2 = (int)f;
f = ptr->variable3;
rt_task_wait();

int init_module(void){

RTIME now=rt_get_time();

ptr = (RUN_DATA*) SH_MEM_BASE_ADDR;
rt_task_init(&shmemtask,shmemwrite,0,3000,4);
rt_task use_ fp(&shmemtask,1);

00 *




rt_task_make_periodic
(&shmemtask,now,0.1*RT_TICKS_PER_SEC);
return O;

¥

void cleanup_module(void){
rt_task_delete(&shmemtask);

~AO000000o0

#include <unistd.h>

#include <fcntl.h>

#include <stdlib.h>

#include <stdio.h>

#include <sys/mman.h>

#include "shmem.h"

RUN_DATA *ptr;

RUN_DATA *get_sh_mem_ptr(void){
int fd;
RUN_DATA *ptr;
fd=open("/dev/mem", O_RDWR)) ;
ptr = (RUN_DATA*) mmap(0,sizeof

(RUN_DATA),PROT_READ!PROT_WRITE,

MAP_FILEIMAP_SHARED,fd,SH_MEM_BASE_ADDR);

close(fd);
return(ptr);

}

int main(void)

{
char tmp1[10];
int tmp2;

float tmp3, f=0.0;
ptr = (RUN_DATA *)get_sh_mem_ptr();
while(1){

sscanf(ptr->variablel,"%s",tmp1l);

tmp2 = ptr->variable2;

ptr->variable3 = f;

printf(“shared memory data= %s, %d,

%f¥n" tmpl,tmp2,f);
f+=10.0;
sleep(1);

(2) /[devimbuff 0O OO 00O
O/devimbuff 0O O0OOOOOOODOO shared
memory 000000000 Ombuffod0 0000
0000000000000 0mbuffd Tomasz
MotylewskiD O OO OO OOOOOoOOoOOoooOd/
dvimemOOOOOOOOOOOOODOODOOO
O000003d Jusr/src/rtlinux-2.0/rtl/drivers 0 O O O
000000000000 DoOdwebOOdOOVv0.7.1
00000000 DOO0oo0DOO00D0Do0o0ooOon
0000000000000 0000DO0O List 10-
10000000000 List10-20000

#include <linux/kernel.h>
#include <linux/module.h>
#include <linux/sched.h>
#include <mbuff.h>
#define sharename "shm1"

volatile char™ ptr;
volatile char* start;

int num_space = 1000; /*1000 bytes */

int init_module ( void ) {
int i=0;
ptr=mbuff_alloc(sharename,num_space);
start = ptr;
for(i=0;i<1000;i++){
*ptr=(char)i;
ptr++;
}

return O;

}

void cleanup_module( void ){
mbuff_free(sharename,ptr);

}

List 9-3 shared memory (0[] [0 [J [7 -2

List10-Imbuff OO O OO0 OO0000
goooboobobboobooboobon

#include <mbuff.h>
volatile char* mbuff_alloc(char* name, unsignedshort num);

UOname DO O0OO0OOO0OODOOOODOOOOO
O000OnmOO00OO0OO0OODOODOODOOO
0@oobooobooboobooobooooboon

ggobooboooogooon



#include <mbuff.h>
void mbuff_free(char* name);

gooobooobooboobooboo

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <sys/types.h>
#include <sys/mman.h>
#include <sys/stat.h>
#include <fcntl.h>
#include <mbuff.h>
#define sharename "shm1"
volatile char* ptr;
int num_space=1000;
/* main routine */
int main (void ) {
int i=0;
ptr=mbuff_alloc(sharename,num_space);

for(i=0;i<1000;i++){
printf("ptr[%d]=%x ",i,ptr[i]);
if(1%210==0) printf("¥n");

}

mbuff_free(sharename,ptr);

}

List10-2mbuff OO0 OO 000000000
0000000000000 Onbuff_alloccd 0000
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5500000000000000
0000000000 DOO000D0000ODOO0dJens
Michaelsen, Jochen KOO OO OO rt comoO OO0
doooooooovos3d00bOoonooooon
dooooooooo

$cdrt_com-0.5.3
$ make; make install
$insmod rt_com

goooboobooobgoobgoon

gogooooogAPIoboboooogd

#include <rt_com.h>
void rt_com_setup( unsigned int com, unsigned baud, un-
signed parity,

unsigned stopbits, unsigned wordlength );

OO0 comO0Ort comcOOO0O rt_com_tabled O O
00000000 bOO000D0bOO00com=00000
0000000 =0x3f80irg=40 0 0 0 00O Obaud O
O000O0parity0 00000DOODO O stopbits 0 O
O00000O0OwordlengthD OO OOOOODOODO
000000OO00oO0dOrcomhOOO0DOOOO
od

#include <rt_com.h>
void rt_com_write(unsigned int com, char *buf, int cnt );

O0buf000000D00O0DOO000D0OentO00ODO
goooogn

#include <rt_com.h>
void rt_com_read(unsigned int com, char *buf, int cnt );

O0buf000000D00O0DOO000D0OentO00ODO
goooogn

rrecomOOOOOODOOOODOrt com-0.5.3/test
00000mMmoOOD0O0test00DO00DOODDOOO
0000000000 00000D0O0OList11-10
helloworld.cO 0O O O

#include <rt_com.h>
static int com=0;
int init_module(void){
char hello[] = "Hello World";
if( 0 > rt_com_setup( com, 9600,
RT_COM_PARITY_NONE, 1, 8))
return( -1);
rt_com_write( com, hello, sizeof( hello ) );
printk( KERN_INFO "rt_com test: >>%s<< sent.¥n", hello );
return( 0);
}
[** free all allocated resources */
void cleanup_module(void)
{
rt_com_setup(com, -1,0,0,0);
printk( KERN_INFO "rt_com test: finished¥n");

}

List11-1rt-comO0 000000000
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/* serial.h */

#define COM1_BASE_ADRDO 0x3F8 /*** COM1 ***/
#define COM2_BASE_ADR[ 0x2F8 /*** COM2 ***/
#define COM3_BASE_ADRO 0x3E8 /*** COM3 ***/
#define COM4_BASE_ADRI[] 0x2E8 /*** COM4 ***/

#define IER 1 /*** Interrupt Enable Register ***/
#define FCR 2 [*** FIFO Control Register ***/
#define LCR 3 /*** Line Control Register ***/
#define MCR 4 [*** Modem Control Register ***/
#define LSR 5 /*** Line Status Register ***/

#defined IMRO 0x21 /*** Interrupt Mask Register */
#define ICRO 0x20 /*Interrupt Control Register*/
#define EOl  0x20 /*** End Of Interrupt ***/

#define BUF_MAX 256
#define BAUD_300 0x0180

#define BAUD_1200 0x0060
#define BAUD_2400 0x0030
#define BAUD_4800 0x0018
#define BAUD_9600 0x000C
#define BAUD_19200 0x0006
#define BAUD_38400 0x0003

#define FIFO_TRIG_10 0x01 /* FIFO trigger = 1 byte */
#define FIFO_TRIG_40 0x41 /* trigger = 4 byte */
#define FIFO_TRIG_8[1 0x81 /* trigger = 8 byte */
#define FIFO_TRIG_140 0xc1 /* trigger = 14 byte */
#define FIFO_CLEAR 0x07 /*** FIFO clear ***/

/* serial.c */

#include <asm/io.h>

#include "serial.h"

static unsigned short int port, baudrate;
void my_rs_init(int com, int baud)

{

switch(com){
case 1:
port = COM1_BASE_ADR;break;
case 2:

port = COM2_BASE_ADR;break;
case 3:

port = COM3_BASE_ADR;break;
case 4:
port = COM4_BASE_ADR;break;
default:
¥
switch(baud){
case 9600:
baudrate = BAUD_9600;break;
case 4800:
baudrate = BAUD_4800;break;
case 2400:
baudrate = BAUD_2400;break;
default:
}
outb(0x0,port+IER); /* interrupt disable */
outb(0x80,port+LCR); /* Divisor Latch Access Bit = 1*/
outw(baudrate,port); /*** Divisor set ***/
outb(0x03,port+LCR); /* DLAB=0,data bit=8,stop
bit=1,no parity */
outb(FIFO_TRIG_8,port+FCR);
outb(0x0f,port+IERY); /* Interrupt enable (recieve) */
}

int rs_send(char* sdata, int n){

int i=0;
for(i=0;i<n;i++){
while(1){
if((inb_p(port+LSR) & 0x60)==0x60) break;
}
outb(sdata[i],port);
}
return(l);
}

int rs_receive(char* rdata){
if((inb(port+LSR) & 0x01)==0x01) {
*rdata = inb(port);
return(l);
}else {
*rdata=0;
return(-1);

}
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#include <rtl.h>
#include <rtl_core.h>
#include <time.h>
#include <pthread.h>
#include <asm/io.h>
#include "serial.h"

pthread_t servotask;
pthread_t readtask;
static char ~ getbuf[DATA_SIZE];

unsigned int *irg_handler(unsigned int irg, struct pt_regs
*regs){
rs_receive(getbuf);
rtl_printf("get:%s¥n",getbuf);
rtl_hard_enable_irq(4);
return(0);
}

int init_module(void){
struct sched_param p;
hrtime_t now=gethrtime();
my_rs_init(1,9600);
rtl_request_irq(4,irq_handler);
rtl_hard_enable_irq(4);
return O;

¥

void cleanup_module(void){
rtl_free_irq(4);

void * read(void* t){
while(1){
rtl_global_pend_irq(softirg);
pthread_wait_np();

int init_module(void){

struct sched_param p;

hrtime_t now=gethrtime();

my_rs_init(1,9600);

pthread_create(&readtask,NULL,read,(void*) 0);

pthread_make_periodic_np(readtask,
now,NSECS_PER_SEC*0.0001);

p.sched_priority = 20;

pthread_setschedparam(readtask,
SCHED_FIFO,&p);

softirg=rtl_get_soft_irq(irqg_handler,"/dev/ttyS0");

return O;

void cleanup_module(void){
pthread_delete_np(readtask);
rtl_free_soft_irq(softirq);
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extern "C"0 {}
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void* kmalloc( size_t size, priority);

void kfree( void™* ptr);
0000000000000 000DOO0d priority O
000 GFP_KERNELO OOOODO*

extern "C" {

#define NULL 0

#define new _new
#include <linux/module.h>
#include <linux/kernel.h>
#include <rtl.h>

#include <rtl_time.h>
#include <pthread.h>
#include <math.h>

#undef new

void * kmalloc(unsigned size, int prio);
/Ivoid kfree(void * p);

pthread_t thread;

void * start_routine(void* arg);

int init_module();

void cleanup_module();

void perror(char *wrt) { printk(KERN_ERR ": %s¥n",wrt); }
/Ivoid __throw() { panic("C++ Exception thrown!"); }
/lvoid __rtti_user(void) {}

/Ivoid __rtti_si(void) {}

X

class matrix{
private:
int row,col;
public:
matrix(int, int);
“matrix(void);
double *ptr;

void terminate (void) {;}
void * operator new (unsigned size) { return kmalloc
(size, GFP_KERNEL); }
void * operator new[](unsigned size, unsigned nb)

{ return kmalloc(size*nb,GFP_KERNEL); }
void operator delete (void * p) { kfree(p); }
void operator delete[](void *p) { kfree(p); }

matrix::matrix(int r, int ¢) {
ptr=new double(r*c);
for(int i=0;i<r;i++){
for(int j=0;j<c;j++){
ptr[i*c+j]=(double)(i+j);
rtl_printf("%d ",(int)ptr[i*c+j]);

}

matrix::"matrix(){}
matrix *m;

void * start_routine(void* arg){
int i=0,j=0;
while (1) {
pthread_wait_np ();
for(i=0;i<3;i++){
for(j=0;j<3;j++)
rtl_printf("[%d,%d]= %d | ",i,j,(int)
m->ptr[i*3+j]);
rtl_printf("¥n");

}

return O;

}

int init_module(){

struct sched_param p;

p . sched_priority = 1;

m = new matrix(3,3);

pthread_create (&thread, NULL,
start_routine, (void*)0);

pthread_make_periodic_np (thread,

2*NSECS_PER_SEC,NSECS_PER_SEC);

pthread_setfp_np(thread,1);

pthread_setschedparam (thread,
SCHED_FIFO, &p);

return O;

void cleanup_module(){
pthread_delete_np (thread);
kfree(m);

*0000000O0signalh 0000000 breakOO OO
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O SharedInterface.javall O 0 O OO 0O

public class SharedInterface {
static {
System.loadLibrary("share");
}
public SharedInterface()
{
getPointer();
}
public synchronized native void getPointer();
I

List 13-1 SharedInterface.java
doocooooopooooopboooooon
0 O O SharedNative.c 0 O List13-20 0 0O
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char num_b=0;
short int num_h=0;
int num_i=0;

long int num_I=0;
char *moji;

MODULE_PARM(num_b,"b");
MODULE_PARM(num_h,"h");
MODULE_PARM(num_i,"i");
MODULE_PARM(num_L,"I");
MODULE_PARM(moji,"s");
0Doo
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ttinclude "SharedInterface.h"
RUN_DATA *ptr;

void SharedInterface_getPointer(struct HSharedInterface

*this)

{
ptr = (RUN_DATA *)get_sh_mem_ptr();

t

List 13-2 SharedNative.c
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$ javac Sharedinterface.java

Sharedinterface.class0 0 0 0 0O 0O
$ javah Sharedinterface

0000000 Sharedinterface.h0 0 0O O 0 0O
$ javah -stubs SharedInterface

Sharedinterface.c 0 000 0O DO
$ gce -c -1 Jusr/local/jdk/include -1 /usr/local/jdk/include/
genunix SharedNative.c -0 Sharednative.o
$ gcc Sharedlnterface.c -o Sharedinterface.o
$ gcc -shared SharedInterface.o SharedNative.o -0
libshare.so

$ insmod rt_process num_b=1 num_h=2 num_i=3
num_I=4 moji=" name”

J
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