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RTLinux

POSIX

rtl_pthread_xxx() rtl_

RT Linux V1 API

RT Linux V2 API

RedHat/RedHawk/POSIX API

rt_get_time gethrtime clock_gettime
1193180Hz
clock_gettime #include <time .h>
int clock_gettime (clockid_t which_clock,
1193180Hz struct timespec *setting) ;
gethrtime gcc [options] file -lccur_rt ...
which_clock
* CLOCK_REALTIME
The standard POSIX clock which_clock
* CLOCK_8254 CLOCK_REALTIME
The clock that is used on non-SMP x86 | CLOCK_MONOTONIC
systems setting
* CLOCK_APIC which_clock
The local APIC clock on SMP x86
systems. 0 clock_gettime
-1
errno
clock_gettime (2) man page
rt_task_init pthread_create

rt_task_delete

pthread_delete_np

rt_task_make_periodic

pthread_make_periodic_np

Posix timer
timer
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pthread

rt_task_wait pthread_wait_np.
pthread_make_periodic_np
pthread
sigwait()
POSIX
server_block(),server_wake()
pthread_attr_getcpu_np. pthread_getaffinity_np()
RT-Linux CPU CPU
CPU RT-Linux
mpadvise
(MPA_PRC_GETRUN,MPA_TID,0,setp);
pthread
pthread_attr_setreserve_np(V3)
pthread_attr_setcpu_np. pthread_setaffinity()
pthread CPU
pthread_attr_getreserve_np(V3)
pthread_delete_np.
pthread_setfp_np.
0
pthread_suspend_np.
pthread_wakeup_np
pthread_wakeup_np.
pthread_suspend_np
pthread
sigwait(),sigsupend()
POSIX
server_block(),server_wake()
pthread_make_periodic_np.
pthread_linux
pthread_create()
Com
rt_com_read. read()
rt_com_setup. teseta(),ioctl()
rt_com_table.3
1 1
rt_com_write.3 write()
rtf
RT-FIFO
150 063
"/dev/rtf"
# rtf_create. mkfifo()
RT-FIFO
rtf_create_handler
RT-FIFO
Linux RT-FIFO
rtf_destroy close(),unlink()
rtf_create RT-FIFO
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rtf_get.
RT-FIFO

read()

rtf_put.
RT-FIFO

write()

request_RTirq

rtl_request_irqg.
IRQ

free_RTirq

rtl_free_irqg.

IRQ

rtl_get_soft_irq

rtl_free_soft_irq.

rtl_getcpuid.
CPU

ID

mpadvise()

rtl_getschedclock.

1D

CLOCK_REALTIME

rtl_global_pend_irq.
Linux IRQ

rtl_hard_disable_irq.
IRQ

request_RTirq

rtl_hard_enable_irq.

IRQ

rtl_allow_interrupts.
cpu

rtl_no_interrupts.

rtl_restore_interrupts.
rtl_no_interrupts

rtl_stop_interrupts.
cpu

rtl_setclockmode.
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RTLinux BI& &%

RTLinx
RTLinux frank
RTLinux Linux
RTLinux frank frank_module.c

frank_app.c FIFO

.......................................... RTLinux Module T T
(frank_module) (frank_app)
RT-FIFO 4 P task[0] P RT-FIFO 1 > frank”
RT-FIFO 5 P task[1] P RT-FIFO 2 > Zappa"
my_handler() [ RT-FIF0 3 | ¢

frank_module frank_app

.......................................... real-time thread time-shareing thread =

(frank_module) (frank_app)

FIFO 4 |—»{ task[0]

A 4
=
-

“frank"

A 4
=
N
A

FIFO 5 task[1] *'Zappa"

my_handler() [ RIFD 3 |

5/32



RTLinux frank_module.c

int main()

{
init_valueue();//
init_module();
pause();

cleanup_module();

RTLinux
"RT-FIFO”

“rtf_get(),rtf_put()”
“pthread_wakeup_np()”
“pthread_wait_np()”
“pthread_suspend_np()”
“pthread_make_periodic_np()”
“rtf_create_handler()”
“rtf_printf()”

“gethrtime()”

NPTL

NPTL POSIX

RTLinux

frank_module.

main()
"named pipe”
“realtime pthread”
“POSIX pthread”
“ read(), write()”
“POSIX "
"POSIX pthread "
“select() pthread "
"printf()”

SIGRTMIN+2
POSIX

rtf_create_handler()

(SIGRTMAX-SIGRTMIN-2)



frank_module.c

frank_module.c init_ module()  thread_code my handler 2

frank_module.c

pthread_attr_init (&attr);
thread_code
sched_param.sched_priority = 4;
pthread
pthread_attr_setschedparam (&attr, &sched_param);
ret = pthread_create (&tasks[0], &attr, thread_code, (void *)1);
5 thread_code
pthread_attr_init (&attr);
pthread

sched_param.sched_priority = 5;

pthread_attr_setschedparam (&attr, &sched_param);

ret = pthread_create (&tasks[1], &attr, thread_code, (void *)2);

rtf_create_handler(3, &my_handler); - ]
—

notification pthread

daemon
= =
static void notification(void *arg)
{

unsigned int fifo,sno;

rtl_fifo_t *tcb;

int status=0,retval, fd_flags;

fifo = (int)arg;

tchb = &RTL_FIFO[fifo];

tcb->flag=1;

while(tcb->flag)

{
tcb->timeout.tv_sec = 0;
tcb->timeout.tv_usec = 500000;
FD_ZERO(&tcb->readfds);
FD_SET(tcb->f_id, &tcb->readfds);
retval = select(FD_SETSIZE,&tcb->readfds, NULL, NULL, &tcb->timeout);
if (retval>0)/* fifo True */

if (FD_ISSET(tcb->f_id, &tch->readfds))
{

tcb->handler(fifo);/*my_handler() */
}

; }

pthread_exit((void*)&status);

}
thread_code() ret = pthread_wait_np() pthread_wakeup_np()
my_handler() pthread_wakeup_np()
pthread_wait_np() sigwait()
pthread_wakeup() pthread_Kill()
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void *thread_code(void *t)
{
int fifo = (int) t;
int taskno = fifo - 1;
struct my_msg_struct msg;
while (1) {
int ret;
interr;
ret = pthread_wait_np();/*

fifo- 1,
switch (msg.command) {
case START_TASK:

break;
case STOP_TASK:

break;
default:

return O;

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

int my_handler(unsigned int fifo)

struct my_msg_struct msg;
interr;

msg.task, msg.period);
pthread_wakeup_np (tasks [msg.tagk]);/*

if ((err = rtf_get (taskno + TASK_CONTROL_FIFO_OFFSET,(char*) &msg, sizeof(msg))) == sizeof(msg)) {
rtl_printf("Task %d: executing the ¥"%d¥" command to task %d; period %d¥n",
msg.command, msg.task, msg.period);

rtl_printf("RTLinux task: START_TASK: command¥n");
pthread_make_periodic_np(pthread_self(), gethrtime(), msg.period * 1000);/* */

rtl_printf("RTLinux task: STOP_TASK: command¥n");
pthread_suspend_np(pthread_self());/* */

rtl_printf("RTLinux task: bad command¥n");

while ((err = rtf_get(COMMAND_FIFO,(char*) &msg, sizeof(msg))) == sizeof(msg)) {
rtf_put (msg.task + TASK_CONTROL_FIFO_OFFSET,(char*) &msg, sizeof(msg));
rtl_printf("FIFO handler: sending the ¥"%d¥" command to task %d; period %d¥n", msg.command,

*/

*/

int pthread_wait_np(void)

{/* */
sigset_t diset,eiset,oset;

int ret,signo,tno;

tno = get_tno(pthread_self());
sigfillset(&diset);

}
if (err 1= 0){
return -EINVAL;

}

return O;
J
\ 4
int pthread_wakeup_np(pthread_t thread)
{/* */

int tno;

tno = get_tno(pthread_self());
RTL_TSD[tno].state=RTL_RUN;

return(pthread_kill(thread, WAITSIGNAL)/*

*I)’

for(signo=WAITSIGNAL;signo<=SIGRTMAX;signo++)
sigdelset(&diset,signo);

}
if (pthread_sigmask(SIG_BLOCK,&diset,&oset)==(-1))

return (-1);

sigemptyset(&eiset);

sigaddset(&eiset, WAITSIGNAL);
sigaddset(&eiset,RTL_TSD[tno].timer_sno);
sigaddset(&eiset,SIGINT);
sigaddset(&eiset,SIGI0);

\ RTL_TSD[tno].state=RTL_SUSPEND;

ret = sigwait(&eiset,&signo);/* */

RTL_TSD[tno].state=RTL_RUN;

if (pthread_sigmask(SIG_SETMASK, &oset,&eiset)==(-1))
return (-1);

return(ret);
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pthread_wakeup_np()

rtf_get()

START_TASK

pthread_make_periodic_np(pthread_self(), gethrtime(), msg.period * 1000);

i

int pthread_make_periodic_np(pthread_t thread,hrtime_t start_time,hrtime_t period)

*/
static struct sigevent event;
static timer_t timer;
static struct itimerspec itspec;
int tno;
void * val=NULL,;
tno = get_tno(thread);
/* Create the POSIX timer to generate signum */
event.sigev_notify = SIGEV_SIGNAL;/* */
RTL_TSD[tno].timer_sno = event.sigev_signo = get_sno();
if (event.sigev_signo < (WAITSIGNAL+1))

return (-1);

if (timer_create((clockid_t)CLOCK_REALTIME,&event,&timer)==(-1))/* */
{

RTL_TSD[tno].timer_key=(timer_t)-1;
return (-1);

/* Set the initial delay and period of the timer.

This also arms the timer */
clock_gettime(CLOCK_REALTIME,&itspec.it_value);
start_time+=10000LL;

itspec.it_value.tv_sec = (unsigned long int)(start_time>>32);
itspec.it_value.tv_nsec = (unsigned long int)(start_time & OXFFFFFFFFLL);
itspec.it_interval.tv_sec = (unsigned long int)(period>>32);
itspec.it_interval.tv_nsec = (unsigned long int)(period & OXFFFFFFFFLL);
if (timer_settime( timer, TIMER_ABSTIME, &itspec, NULL)==(-1))/* */

RTL_TSD[tno].timer_key=(timer_t)-1;
return (-1);

}
RTL_TSD[tno].timer_key=timer;
RTL_TSD[tno].state=RTL_RUN;
sched_yield();

return(0);

int pthread_suspend_np(pthread_t thread)
{* */

int tno;

tno = get_tno(pthread_self());

if (pthread_equal(pthread_self(),thread) )

if (RTL_TSD[tno].timer_key!=((timer_t)-1))
timer_delete(RTL_TSD[tno].timer_key);/* */
telse{
return(pthread_kill(thread, WAITSIGNAL));/* */

}

POSIX

API

period hrtime_t

rtf_get) STOP_TASK

pthread_suspend_np(pthread_self());

pthread_kill()
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/%

rtl.h

*/

#ifndef _RTL H_
#define _RTL_H_
#include <stdio.h>
#include <pthread.h>
#include <limits.h>
#include <time.h>
#include <mqueue.h>
#include <signal.h>
#include <errno.h>
#include <sys/time.h>
#include <sys/types.h>
#include <sys/stat.h>
#include <unistd.h>
#include <fcntl.h>
#include <sched.h>
#include <string.h>
#include <sys/mman.h>
#include <cpuset.h>
#include <sched.h>
#include <mpadvise.h>
#include <termios.h>

#define _EMULATE_RTLINUX_
#define hrtime_t long long

/* Section 2 */
#define rtl_close
#define rtl_ftruncate
#define rtl_gpos_unlink
#define rtl_inb
#define rtlinb_p
#define rtl_inl
#define rtlinl_p
#define rtl_inw
#define rtl_inw_p
#define rtlioctl
#define rtl_Iseek
#define rtl_mmap
#define rtl_munmap
#define rtl_open
#define rtl_outb
#define rtl_outb_p
#define rtl_outl
#define rtl_outl_p
#define rtl_outw
#define rtl_outw_p
#define rtl_read
#define rtl_shm_open
#define rtl_shm_unlink
#define rtl_unlink
#define rtl_write

/* Section 3 */

/* malloc */
#define rtl_size_t
#define rtl_rt_malloc
#define rtl_rt_free
#define rtl_rt_realloc

/* calloc */

close
rtl_ftruncate
unlink

inb_p
inl_p

inw_p
ioctl
Iseek
mmap
unmap
open
outb
outb_p
outl
outl_p
outw
outw_p
read
shm_open
shm_unlink
unlink
write

size_t
malloc
free
realloc

inb

inl

inw
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#define rtl_rt_calloc calloc
//void *rtl_rt_malloc_pool(int pool, rtl_size_t size);
//void *rtl_rt_calloc_pool(int pool, rtl_size_t nmemb, rtl_size_t size);
//int rtl_init_mem_pool(int pool, int type, int chunksize, int numchunks);
//void rtl_cleanup_mem_pool(int pool);

/* debugpr */
#define debugpr printf

/* onewayq */ // not support

int rtf_create(unsigned int fifo,int size);
int rtf_ create_handler(unsigned int fifo,int (*handler)(unsigned int fifo) );
#define rtf_create_rt_handler rtf_create_handler
int rtf destroy(unsigned int fifo);
int rtf_flush(unsigned int fifo);
int rtf_get(unsigned int fifo,char *buff,int count);
// rtf_isempty
// rtf_isused
// rtf link_user_ioctl
// rtf_make_user_pair
int rtf_put(unsigned int fifo,char *buff,int count);
// rtf_resize
// rtl_a_clear
// rtl_a_decr
// rtl_a_incr
// rtl_allow_interrupts
// rtl_a_set
// rtl_breakpoint
// rtl_cleanup_mem_pool
hrtime_t clock_gethrtime(clockid_t clock);
#define RTL_CLOCK_REALTIME CLOCK_REALTIME
#define rtl_timespec timespec
#define rtl_clockid_t clockid_t
#define rtl_clock_getres clock_getres
#define rtl_clock_gettime clock_gettime
#define rtl_clock_nanosleep clock_nanosleep
#define rtl_clock_settime clock_settime
int rtl_cpu_exists (int cpu);
// rtl_decr_dev_usage
// rtl_free_irq
// rtl_free_soft_irq
// rtl_freq_cur
// rtlfreq_list
// rtl_freq_set
// rtl_getcpuid
// rtl_get_soft_irq
// rtl_global_pend_irq
// rtl_gpos_free
// rtl_gpos_malloc
// rtl_gpos_register_dev
// rtl_gpos_unregister_dev
// rtl_hard_disable_irq
// rtl_hard_enable_irq
// rtlincr_dev_usage
// rtl_init_mem_pool
// rtlirq_set_affinity

#define rtl_longimp longjmp
#define rtljmp_buf Jjmp_buf
#define rtl_main_wait pause

#define rtl_mkfifo mkfifo

#define rt_Lmode_t mode_t
// rtl_namei

#define rtl_nanosleep nanosleep
// rtl_no_interrupts

int rtl_num_cpus(void);

#define rtl_perror perror

#define rtl_printf printf

#define rtl_pthread_t rtl_pthread

#define rtl_pthread_attr_destroy pthread_attr_destroy
#define rtl_pthread_attr_t pthread_attr_t

// rtl_pthread_attr_getcpu_np

#define rtl_pthread_attr_getdetachstate pthread_attr_getdetachstate

// rtl_pthread_attr_getfp_np
// rtl_pthread_attr_getreserve_np
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#define rtl_pthread_attr_getschedparam
#define rtl_pthread_attr_getstackaddr
#define rtl_pthread_attr_getstacksize
#define rtl_pthread_attr_init

// rtl_pthread_attr_setcpu_np
#define rtl_pthread_attr_setdetachstate

// rtl_pthread_attr_setfp_np

// rtl_pthread_attr_setreserve_np
#define rtl_pthread_attr_setschedparam
#define rtl_pthread_attr_setstackaddr
#define rtl_pthread_attr_setstacksize
#define rtl_pthread_cancel
#define rtl_pthread_cleanup_pop
#define rtl_pthread_cleanup_push
#define rtl_pthread_condattr_t
#define rtl_pthread_condattr_destroy
#define rtl_pthread_condattr_getpshared
#define rtl_pthread_condattr_init
#define rtl_pthread_condattr_setpshared
#define rtl_pthread_cond_broadcast
#define rtl_pthread_cond_destroy
#define rtl_pthread_cond_init
#define rtl_pthread_cond_signal
#define rtl_pthread_cond_timedwait
#define rtl_pthread_cond_wait

pthread_attr_getschedparam
pthread_attr_getstackaddr
pthread_attr_getstacksize

pthread_attr_init

pthread_attr_setdetachstate

pthread_attr_setschedparam
pthread_attr_setstackaddr
pthread_attr_setstacksize

pthread_cancel

pthread_cleanup_pop
pthread_cleanup_push

pthread_condattr_t
pthread_condattr_destroy

pthread_condattr_getpshared
pthread_condattr_init

pthread_condattr_setpshared
pthread_cond_broadcast
pthread_cond_destroy

pthread_cond_init

pthread_cond_signal
pthread_cond_timedwait

pthread_cond_wait

int rtl_pthread_create(pthread_t *thread, pthread_attr_t *attr, void *(*start_routine)(void *), void *arg);

// rtl_pthread_delete_np

#define rtl_pthread_detach
#define rtl_pthread_equal
#define rtl_pthread_exit
#define rtl_pthread_getcpuclockid
#define rtl_pthread_getschedparam
#define rtl_pthread_getspecific
#define rtl_pthread_idle
#define rtl_pthread_join
#define rtl_pthread_key_create
#define rtl_pthread_key_delete
#define rtl_pthread_kill
#define rtl_pthread_linux
#define rtl_pthread_mutex_t
#define rtl_pthread_make_periodic_np
#define rtl_pthread_mutexattr_destroy
#define rtl_pthread_mutexattr_getprioceiling
#define rtl_pthread_mutexattr_getprotocol
#define rtl_pthread_mutexattr_getpshared
#define rtl_pthread_mutexattr_gettype
#define rtl_pthread_mutexattr_init
#define rtl_pthread_mutexattr_setprioceiling
#define rtl_pthread_mutexattr_setprotocol
#define rtl_pthread_mutexattr_setpshared
#define rtl_pthread_mutexattr_settype
#define rtl_pthread_mutex_destroy
#define rtl_pthread_mutex_getprioceiling
#define rtl_pthread_mutex_init
#define rtl_pthread_mutex_lock
#define rtl_pthread_mutex_setprioceiling
#define rtl_pthread_mutex_timedlock
#define rtl_pthread_mutex_trylock
#define rtl_pthread_mutex_unlock
#define rtl_pthread_self
#define rtl_pthread_setcancelstate
#define rtl_pthread_setcanceltype

// rtl_pthread_setfp_np
#define rtl_pthread_setschedparam
#define rtl_pthread_setspecific
#define rtl_pthread_spin_destroy
#define rtl_pthread_spin_init
#define rtl_pthread_spin_lock
#define rtl_pthread_spin_trylock
#define rtl_pthread_spin_unlock
int pthread_suspend_np(pthread_t thread);
#define rtl_pthread_testcancel
int pthread_wait_np(void);

pthread_detach
pthread_equal
pthread_exit
pthread_getcpuclockid
pthread_getschedparam

pthread_getspecific
pause
pthread_join

pthread_key_delete

pthread_key_delete
pthread _kill
pause

pthread_mutex_t
pthread_make_periodic_np
pthread_mutexattr_destroy
pthread_mutexattr_getprioceiling
pthread_mutexattr_getprotocol
pthread_mutexattr_getpshared
pthread_mutexattr_gettype
pthread_mutexattr_init
pthread_mutexattr_setprioceiling
pthread_mutexattr_setprotocol
pthread_mutexattr_setpshared
pthread_mutexattr_settype
pthread_mutex_destroy
pthread_mutex_getprioceiling

pthread_mutex_init

pthread_mutex_lock
pthread_mutex_setprioceiling
pthread_mutex_timedlock
pthread_mutex_trylock
pthread_mutex_unlock
pthread_self
pthread_setcancelstate
pthread_setcanceltype

pthread_setschedparam
pthread_setspecific

pthread_spin_destroy
pthread_spin_init
pthread_spin_lock

pthread_spin_trylock
pthread_spin_unlock

pthread_testcancel
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int pthread_wakeup_np(pthread_t thread);
//rtl_put_circle
//rtl_put fillcircle
//rtl_put fillrect
//rtl_put_line
//rtl_put_pixel
//rtl_put_rect
//rtl_put_text
//rtl_register_dev
//rtl_register_rtldev
//rtl_request_irq
//rtl_restore_interrupts
//rtl_rt_calloc
//rtl_rt_calloc_pool
//rtlrt free
//rtl_rt_malloc
//rtl_rt_malloc_pool
//rtl_rt_realloc
#define rtl_sched_get_priority_max
#define rtl_sched_get_priority_min
#define rtl_sched_yield
#define rtl_sem_t
#define rtl_sem_close
#define rtl_sem_destroy
#define rtl_sem_getvalue
#define rtl_sem_init
#define rtl_sem_open
#define rtl_sem_post
#define rtl_sem_timedwait
#define rtl_sem_trywait
#define rtl_sem_unlink
#define rtl_sem_wait
#define rtl_jmp_buf
#define rtl_setimp
#define rtl_sigaction
// rtl_stop_interrupts
// rtl_test_bit_and_clear
// rtl_test_bit_and_set
#define rtl_timespec
// rtl_timespec_add
// rtl_timespec_add_ns
// rtl_timespec_eq
// rtl_timespec_from_ns
// rtl_timespec_ge
// rtl_timespec_gt
// rtl_timespec_le
// rtl_timespec_lt
// rtl_timespec_normalize
// rtl_timespec_nz
// rtl_timespec_sub
// rtl_timespec_to_ns
#define rtl_uname
// rtl_unregister_dev
// rtl_unregister_rtldev
#define rtl_usleep
// sched_get_cpufreq_max
// sched_get_cpufreq_min

#define WAITSIGNAL  (SIGRTMIN+2)

typedef struct

{
timer_t timer_key;
int timer_sno;
int state;
int request;
int tno;
pthread_t pid;

} rtitsd_t;

typedef struct

{

get_priority_max

get_priority_min
sched_yield
sem_t
sem_close
sem_destroy

sem_getvalue
sem_init
sem_open
sem_post
sem_timedwait
sem_trywait
sem_unlink
sem_wait
Jjmp_buf
setjmp
sigaction

timespec

uname

usleep
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int flag;
char f_ name[256];
int (thandler)(unsigned int fifo);
pthread_attr t  attributes;
#ifdef MESSAGE_QUEUE
maqd_t f.id;
struct mq_attr f_attr;
struct sigevent notification;

#else
int fid;
pthread_t pid;
//struct timespec timeout;
struct timeval timeout;
sigset_t sigmask;
fd_set readfds;
#endif
} rtl_fifo_t;

#define RTL_.SUSPEND (0)
#define RTL_RUN (1)

hrtime_t gethrtime(void);

void init_valueue(void);

int pthread_make_periodic_np(pthread_t thread,hrtime_t start_time,hrtime_t period);
int pthread_suspend_np(pthread_t thread);

int pthread_wait_np(void);

int pthread_wakeup_np(pthread_t thread);

int pthread_attr_setcpu_np(const pthread_attr_t *attr,int cpu);

int pthread_attr_getcpu_np(const pthread_attr_t *attr,int *cpu);

#endif /% _RTL_H_ */
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/%

rtl.c

*/

#include <rtl.h>

static rtltsd_t RTL_TSD[ POSIX_THREAD_THREADS_MAX];
static rtl_fifo t RTL_FIFO[ POSIX_THREAD THREADS_MAX];
static int RTL.NUMBER=0;
static int SNO_NUMBER=0;
static int Stop_flag=0;
static int global_setup_signal(int signo, void (*interrupt_handler)(int,siginfo_t *, void *))
{
static struct sigaction newact;
static sigset_t set,oset;

if (sigprocmask(0,NULL, &set)==(-1))
{
return(-1);

sigdelset(&set,signo);
if (sigprocmask(SIG_SETMASK &set,&oset)==(-1))

return(-2);
1

sigemptyset(&newact.sa_mask);
sigaddset(&newact.sa_mask,signo);
newact.sa_sigaction = interrupt_handler;
newact.sa_flags = SA_SIGINFO|SA_RESTART;
if (sigaction(signo, &newact, 0)==(-1))

{

return(-3);

return(0);

}

static void sigint_handler(int signo, siginfo_t *siginfo, void *misc)

{
if ((siginfo—>si_pid==0)||(getpid()==siginfo—>si_pid)|| (getppid)==siginfo—>si_pid))

fprintf(stderr,”¥nSIG%d DETECT¥n" signo);

Stop_flag = 1;
1
}
void wait_module(void)
{
while(Stop_flag==0) pause();
}

void init_valueue(void)
{
int fifo,sno;
sigset_t diset,oset;
struct sched_param myparam;

SNO_NUMBER=WAITSIGNAL+1;
sigemptyset(&diset);

sigaddset(&diset, WAITSIGNAL);
for(sno=WAITSIGNAL+1;sn0<=SIGRTMAX;sno++)
{

sigaddset(&diset,sno);

1

sigprocmask(SIG_BLOCK &diset,&oset);
memset(RTL_TSD,0,sizeof(RTL_TSD));
memset(RTL_FIFO,0,sizeof(RTL_FIFO));
RTL_NUMBER=0;
for(fifo=0;fifo_POSIX_THREAD_THREADS_MAXfifo++)
{

}

myparam.sched_priority = sched_get_priority_max(SCHED_FIFO);
sched_setscheduler(getpid(), SCHED_FIFO,&myparam);

RTL_FIFO[fifol.fid = -1;
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mlockall(MCL_CURRENT|MCL_FUTURE);
global_setup_signal(SIGINT,sigint_handler);

static int get_sno(void)

{

}

int sno;

sno = SNO_NUMBER;

if (sno>=SIGRTMAX) return(-=1);
++SNO_NUMBER;

return(sno);

static int get_tno(pthread_t pid)

{

}

int tno;

if (RTL.NUMBER)

{
for (tno=0;tno<RTL_NUMBER;tno++)
{
if (pthread_equal(RTL_TSD[tno].pid,pid) )
{
return(tno);
1
1
1

tno = RTL_NUMBER;++RTL_NUMBER;
RTL_TSD[tno].pid = pid;
RTL_TSD[tno].tno = tno;

return(tno);

int pthread_wait_np(void)

{

sigset_t diset,eiset,oset;
int ret,signo,tno;

tno = get_tno(pthread_self();
resume:

{
sigfillset(&diset);
for(signo=WAITSIGNAL;signo<=SIGRTMAX;signo++)
{

sigdelset(&diset,signo);

1
if (pthread_sigmask(SIG_BLOCK &diset,&oset)==(-1))
{

}

return (-1);

sigemptyset(&eiset);
sigaddset(&eiset, WAITSIGNAL);
sigaddset(&eiset,RTL_TSD[tno].timer_sno);
sigaddset(&eiset, SIGINT);
sigaddset(&eiset,SIGIO);
RTL_TSD[tno].state=RTL_SUSPEND;
ret = sigwait(&eiset,&signo);
RTL_TSD[tno].state=RTL_RUN;
if (pthread_sigmask(SIG_SETMASK &oset,&eiset)==(-1))
{

}

return (=1);

//printf(” pthread_wait_np(ret)¥n”);

]

return(ret);

hrtime_t clock_gethrtime(clockid_t clock)

{

struct timespec nowtime;
long long x;
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]

clock_gettime(clock,&nowtime);

x = (long long)nowtime.tv_sec << 32;

X |: (long long)nowtime.tv_nsec;
return(x);

int rtl_cpu_exists (int cpu)

{

]

cpuset_t* setp;
char *cpustr;
int ret,mask;

setp = cpuset_alloc();

cpuset_init(setp);

ret = mpadvise (MPA_CPU_PRESENT,0,0,setp);
if (ret'=MPA_FAILURE)

{
cpustr = cpuset_get_string(setp);
mask= strtol(cpustr, (char **)NULL, 16);
free(cpustr);
return(mask & cpu);
free(cpustr);
return(=1);

int rtl_num_cpus(void)

{

]

cpuset_t* setp;
char *cpustr;
int ret,cpu,mask;

setp = cpuset_alloc();

cpuset_init(setp);

ret = mpadvise (MPA_CPU_ACTIVE,0,0,setp);
if (ret'=MPA_FAILURE)

{
free(cpustr);
return ( cpuset_count(setp) );
free(cpustr);
return(=1);

hrtime_t gethrtime(void)

{

}

struct timespec nowtime;
long long x;

clock_gettime(CLOCK_REALTIME,&nowtime);
x = (long long)nowtime.tv_sec << 32;
x |= (long long)nowtime.tv_nsec;

return(x);

int pthread_make_periodic_np(pthread_t thread hrtime_t start_time hrtime_t period)

{

static struct sigevent event;
static timer_t timer;
static struct itimerspec itspec;
int tno,policy;
void * val=NULL;
struct sched_param param;

pthread_getschedparam(pthread_self(),&policy,(struct sched_param *)&param);
param.sched_priority = sched_get_priority_max(SCHED_FIFO);
pthread_setschedparam(pthread_self(), SCHED_FIFO,(const struct sched_param *)&param);

tno = get_tno(thread);
/* Create the POSIX timer to generate signum */
event.sigev_notify = SIGEV_SIGNAL;
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RTL_TSD[tno].timer_sno = event.sigev_signo = get_sno();
if (event.sigev_signo < (WAITSIGNAL+1))
{

return (=1);

}
if (timer_create((clockid_t)CLOCK_REALTIME &event &timer)==(-1))

{
RTL_TSD[tno].timer_key=(timer_t)-1;
return (-1);
1
/% Set the initial delay and period of the timer.

This also arms the timer */
clock_gettime(CLOCK_REALTIME &itspec.it_value);
start_time+=10000LL;
itspec.it_value.tv_sec = (unsigned long int)(start_time>>32);
itspec.it_value.tv_nsec = (unsigned long int)(start_time & OxFFFFFFFFLL);
itspec.it_interval.tv_sec = (unsigned long int)(period>>32);
itspec.it_interval.tv_nsec = (unsigned long int)(period & OxFFFFFFFFLL);
if (timer_settime( timer, TIMER_ABSTIME, &itspec, NULL)==(-1))
{
RTL_TSD[tno].timer_key=(timer_t)-1;
return (=1);

RTL_TSD[tno].timer_key=timer;
RTL_TSD[tno].state=RTL_RUN;
sched_yield();
return(0);
}

int pthread_wakeup_np(pthread_t thread)
{
int tno;
tno = get_tno(pthread_self());
RTL_TSD[tno].state=RTL_RUN;
return(pthread_kill(thread, WAITSIGNAL));
1

int pthread_suspend_np(pthread_t thread)
{
int tno;
tno = get_tno(pthread_self());
if (pthread_equal(pthread_self() thread) )
{
if (RTL_TSD[tno].timer_key'=((timer_t)-1))
timer_delete(RTL_TSD[tno].timer _key);

return(pthread_kill(thread, WAITSIGNAL));
1

static void notification(void *arg) /* AL FERIREA%ER */
{

unsigned int fifo,sno;

rtl_fifo_t *tchb;

int status=0,retval, fd_flags;

fifo = (int)arg;
tcb = &RTL_FIFO[fifo];

tcb—>flag=1;
while(tcb—>flag)
{
tcb—>timeout.tv_sec = 0;
tcb—>timeout.tv_usec = 500000;
FD_ZERO(&tchb—>readfds);
FD_SET(tcb—>f id, &tcb—>readfds);
retval = select(FD_SETSIZE,&tcb—>readfds, NULL, NULL, &tcb—>timeout);
if (retval>0)
{
if (FD_ISSET(tcb—>f id, &tcb—>readfds))
{
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tcb—>handler(fifo);
1
1
pthread_exit((void*)&status);

]

int rtf_create_handler(unsigned int fifo,int (*handler)(unsigned int fifo) )

{
rtl_fifo_t *tchb;

tcb = &RTL_FIFO[fifo];

if (pthread_attr_init(&tcb—>attributes))
{

return(=1);

}
if (pthread_attr_setscope(&tcb—>attributes, P THREAD_SCOPE_SYSTEM))
{

return(=1);

1
if (pthread_attr_setdetachstate(&tcb—>attributes, PTHREAD_CREATE_DETACHED))
{

return(=1);

1
if (pthread_attr_setinheritsched(&tcb—>attributes, PTHREAD_INHERIT_SCHED))
{

]

return(=1);

tcb—>handler = handler;
if (pthread_create(&tcb—>pid,&tcb—>attributes,(void*)notification,(void *)fifo) < 0)
{

1
return(0);

return(=1);

]

int rtf_create(unsigned int fifo,int size)

{
rtl_fifo_t *tchb;

tcb = &RTL_FIFO[fifo];

tcb—>flag=0;
sprintf(tcb—>f_name,”/dev/rtf%d” fifo);

if (size>4096)

{

1
if (mkfifo(tcb—>f name, 0666)<0)

return(-1);

{
]

return(-1);

tcb—>f id = open(tchb—>f name,0_RDWR|O_NONBLOCK,0666);
return(tcb—>f id);
return(0);
1

int rtf_destroy(unsigned int fifo)

{
rtl_fifo_t *tchb;

tcb = &RTL_FIFO[fifo];
if (tcb—>f id!=(-1))
{
close(tcb—>f.id);
tcb—>fid = -1,

1

sprintf(tcb—>f_name,” /dev/rtf%d” fifo);
if (laccess(tcb—>f name,F_OK))
{

1
if (tcb—>flag)

unlink(tcb—>f name);
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tcb—>flag=0;
if (tcb—>pid) pthread_kill(tcb—>pid,SIGINT);
tcb—>pid=0;
return(0);
1
int rtf_put(unsigned int fifo,char *buff,int count)
{
rtlfifo_t stcb;
int ret;
tcb = &RTL_FIFO[fifo];
ret = write(tcb—>f_id,buff,count);
return(ret);
1
int rtf_get(unsigned int fifo,char *buff,int count)
{
rtl_fifo_t stcb;
tcb = &RTL_FIFO[fifo];
return(read(tcb—>f_id,buff,count));
1
int rtf_flush(unsigned int fifo)
{
rtl_fifo_t *tchb;
tcb = &RTL_FIFO[fifo];
return(tcflush(tcb—>f id, TCIOFLUSH));
1

int pthread_attr_setcpu_np(const pthread_attr_t *attr,int cpu)
{
cpuset_t *cpuset;
int ret;

cpuset = cpuset_alloc();
cpuset_init(cpuset);
cpuset_set_cpu(cpuset,cpu,1);/* CPU set */

ret = pthread_attr_setaffinity_np(attr, sizeof(cpuset), cpuset);
cpuset_free(cpuset);
return(ret);

}

int pthread_attr_getcpu_np(const pthread_attr_t *attr,int *cpu)
{
cpuset_t *cpuset;
char *str;
int iret;

cpuset = cpuset_alloc();
cpuset_init(cpuset);

ret = pthread_attr_getaffinity_np(attr, sizeof(cpuset), cpuset);
*cpu=—1;
for(i=cpuset_min_cpu();i<cpuset_max_cpu();i++)

{
]

cpuset_free(cpuset);
return(ret);

if (cpuset_get_cpu(cpuset,i)) *cpu = i;

}

int rtl_pthread_create(pthread_t *thread, pthread_attr_t *attr, void *(*start_routine)(void *), void *arg)
{

struct sched_param param;
pthread_attr_setschedpolicy(attr, SCHED_FIFO);
param.sched_priority = sched_get_priority_ max(SCHED_FIFO);
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pthread_attr_setschedparam(attr,&param);
return(pthread_create(thread, attr, start_routine, arg));

}

int rtl_gpos_mknod(const char *pathname, int mode, int major, int minor)

{
]

return(mknod(pathname,(mode_t)(mode|S_IFCHR),(dev_t)((major<<16)|(minor))));

21/32



Z# pthread [TL B S RFPa—5—DRE

frank_module.c,frank_app.c RTLinux
RedHawk API

POSIX

tswitch.c POSIX

POSIX 1ms sigsuspend();
interval_handler()

do_main()

create_timer();

thread_main0
while(l)
{

interval handler thread mainl
sigsuspend() of > - Y ///////" — Y

¥

1KHz

thread main2()

interval_handler() GLOBAL_COUNTER
pthread_mutex(),pthread _cond() thread_mainl(),thread_main2()
pthread mutex pthread cond
pthread_mutex_lock (&Mutex); pthread_mutex_lockMUTEX_LOCK(&Mutex);
if(Event==0) pthread_cond_wait(&Condition,&Mutex)"_ Event++] . .
Event--; ———_pthread_cond_signal(&Condition);
pthread_mutex_unlock(&Mutex); pthread_mutex_unlock(&Mutex);
pthread_mutex_lock()/pthread_mutex_unlock() mutex Mutex
Event Mutex
Evant
pthread_mutex_cond_wait() Mutex Condition
POSIX

22/32



Mutex Event pthread_cond_signal()

Mutex
pthread_cond_wait() Mutex
Mutex Event
do
{

pthread_mutex_lock(&Mutex[1]);
if(Event[1]==0)

{
pthread_cond_wait(&Condition[1],&Mutex[1]);

I* */
}
Event[1]--;
pthread_mutex_unlock(&Mutex[1]);

I* D */

} while (loop_flag);
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tswitch.c

#include <stdio. h>
#include <errno. h>
#include <sys/types.h>
#include <time.h>
#include <signal.h>
#include <string.h>
#include <unistd. h>
#include <mpadvise.h>
#include <pthread. h>
#include <locale. h>
#include <cpuset. h>
#include <stdlib. h>
#include <math.h>

#define CYCLE 1000
#define THREAD_NO 3
char *progname, *lang;

volatile sig_atomic_t loop_flag=1, GlobalCounter=0;
sigset_t diset, oset, eiset;

#define TESTNUMBER 10000

#define MAXJITTER (30)

pthread_cond_t Condition[THREAD_NO];

#define COND_SIGNAL pthread_cond_signal
#define COND_WAIT pthread_cond_wait
pthread_mutex_t Mutex [THREAD_NOJ ;

#define MUTEX_LOCK pthread_mutex_lock
#define MUTEX_UNLOCK pthread_mutex_unlock

int Event[THREAD_NO]=1{0, 0, 0} ;

float SwitchTimel [TESTNUMBER/2];

float SwitchTime2[TESTNUMBER/2];

float IntervalTime[TESTNUMBER];

struct timespec StartTime={0, 0}, EndTime={0, 0} ;
struct timespec CurrrentTime={0, 0} ;

void
readtime (struct timespec *nowtime)

clock_gettime (CLOCK_REALTIME, nowtime) ;
}

void
adjust (struct timespec #*start, struct timespec *finish, float *realtime)

int SEC, NSEC;

sec = finish->tv_sec - start->tv_sec;
nsec = finish->tv_nsec - start->tv_nsec;
if (nsec0)
{
sec —;
nsec += 1000000000;
]
*realtime = (float) (nsec/1000)+(f loat) (sec*x1000000) ;

timer_t
create_posix_timer (int signum, int sec, int nsec)

static struct sigevent event;
static timer_t timer;
static struct itimerspec itspec:

/* Create the POSIX timer to generate signum */
event. sigev_notify = SIGEV_SIGNAL;
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//event. sigev_notify = SIGEV_THREAD;
event. sigev_signo = signum;
if (timer_create ((clockid_t) CLOCK_REALTIME, &event, &timer)==(-1))
{
fprintf (stderr, “create_posix_timer () Cannot create timer — %s¥n”
strerror (errno));
return ((timer_t)-1);
]
/* Set the initial delay and period of the timer
This also arms the timer */
clock_gettime (CLOCK_REALTIME, &itspec. it_value) ;
itspec. it_value. tv_sec += 1;
itspec. it_interval. tv_sec = sec;
itspec. it_interval.tv_nsec = nsec;
if (timer_settime( timer, TIMER_ABSTIME, &itspec, NULL)==(-1))
{

}

return(timer) ;

return ((timer_t)-1);

void interval_hadler (int sig)

{
#ifdef DEBUG

printf (“interval_hadler (%d)¥n”, GlobalCounter) ;
#tendif

i f (Event [0] '=THREAD_NO) return;

readtime (&StartTime) ;
if(CurrrentTime. tv_sec)

{
]

CurrrentTime. tv_sec = StartTime. tv_sec;
CurrrentTime. tv_nsec = StartTime. tv_nsec;
switch (GlobalCounter%10)

{

adjust (&CurrrentTime, &StartTime, &IntervalTime[GlobalCounter]) ;

case 0:
MUTEX_LOCK (&Mutex[11): /* lock */
Event[1]++;
COND_SIGNAL (&Condition[1]);
MUTEX_UNLOCK (8Mutex[1]1); /* unlock */

break;
case 1:
MUTEX_LOCK (&Mutex [2]) : /* lock */
Event[2]++;
COND_SIGNAL (&Condition[2]) ;
MUTEX_UNLOCK (8Mutex[2]) ; /* unlock */
break;
case 2:
MUTEX_LOCK (&Mutex [11) : /* lock */
Event[1]++;
COND_SIGNAL (&Condition[1]);
MUTEX_UNLOCK (8Mutex[1]1); /* unlock */
break;
case 3:
MUTEX_LOCK (&Mutex [2]) : /* lock */
Event[2]++;
COND_SIGNAL (&Condition[2]) ;
MUTEX_UNLOCK (8Mutex[2]) ; /* unlock */
break;
case 4:
MUTEX_LOCK (&Mutex[11): /* lock */
Event[1]++;
COND_SIGNAL (&Condition[1]);
MUTEX_UNLOCK (8Mutex[1]1); /* unlock */
break;
case 5:

MUTEX_LOCK (&Mutex [2]) : /* lock */
Event[2]++;
COND_SIGNAL (&Condition[2]) ;
MUTEX_UNLOCK (8Mutex[2]) ; /* unlock */
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break;
case 6:
MUTEX_LOCK (8Mutex[1]): /* lock */
Event [1]++;
COND_SIGNAL (&Condition[1]);
MUTEX_UNLOCK (8Mutex[11); /* unlock */

break;
case 7:
MUTEX_LOCK (8Mutex[2]): /* lock */
Event[2]++;
COND_SIGNAL (&Condition[2]) ;
MUTEX_UNLOCK (8Mutex[2]); /* unlock */
break;
case 8:
MUTEX_LOCK (8Mutex[1]); /* lock */
Event [1]++;
COND_SIGNAL (&Condition[1]);
MUTEX_UNLOCK (8Mutex[11); /* unlock */
break;
case 9:
MUTEX_LOCK (8Mutex[2]): /* lock */
Event[2]++;
COND_SIGNAL (&Condition[2]) ;
MUTEX_UNLOCK (8Mutex[2]) ; /* unlock */
break;

}

GlobalCounter++;

void *thread_main0O(void *arg)

int class = 3; /* FIFO Schedule */
int priority = 1; /* RealTime Priority min */
struct sched_param param; /* RealTime Priority min x/
cpuset_t *cpumask ;

cpu_t cpu = 1;

volatile int thread_no;

int i;

float min, max, avr;
struct timespec w0 = {0, 100 * 1000* 1000} ;
struct timespec wait = {0, 200% 1000} ;

if (pthread_getschedparam(pthread_self (), &class, &param))

{
fprintf (stderr, “pthread %d Cannot get priority %s¥n”
pthread_self (), strerror (errno)) ;

}

param. sched_priority = priority;

if (pthread_setschedparam(pthread_self (), SCHED_FIFO, (const struct sched_param *)&param))

{
fprintf (stderr, “pthread %d Cannot set priority %s¥n”
pthread_self (), strerror (errno)) ;

}

#ifdef CCURRT
cpumask = cpuset_alloc();
cpuset_init (cpumask) ;
cpuset_set_cpu (cpumask, cpu, 1) ;/* 2nd CPU set */
if ( mpadvise (MPA_PRC_SETBIAS, MPA_TID, 0, cpumask) <0)
{

fprintf (stderr, “thread %d Cannot bind processor %s¥n”
pthread_self (), strerror (errno)) .

]
if (mpadvise (MPA_PRC_GETRUN, MPA_TID, O, cpumask) !=MPA_FAILURE)

{
char * cpustr;
cpustr = cpuset_get_string (cpumask) ;
printf (“Thread %d is ¥"%s¥” running¥n”, *(intx)arg, cpustr) ;
free (cpustr) ;
}

cpuset_free (cpumask) ;

26/32



#tendif

MUTEX_LOCK (&Mutex[0]) ;

Event[0]++;

MUTEX_UNLOCK (&Mutex[0]) ;

do

{
MUTEX_LOCK (&Mutex [0]) ;
thread_no = Event[0];
MUTEX_UNLOCK (8Mutex[0]) ;
nanos | eep (&w0, 0) ;

} while (thread_no<THREAD_NO) ;

if (pthread_sigmask (SIG_SETMASK, &eiset, &oset)==(-1))

{

fprintf (stderr, “Cannot set sigprocmask — %s¥n”
strerror (errno)) ;

sigsuspend (&eiset) ;

i f(GlobalCounter>=TESTNUMBER) loop_flag=0;
} while (loop_flag);
COND_SIGNAL (&Condition[1]);
COND_SIGNAL (&Condition[2]) ;
min=99999999999. 0, max=0, avr=0;
for (i=0; i<TESTNUMBER/2; i++)

{
ifmin>SwitchTime1[i]) min = SwitchTimel[i];
it (max<SwitchTime1[i]) max = SwitchTimel[i];
avr += SwitchTimel[i];

]

printf ("Switchl %10.3f: %10.3f : %10. 3f¥t”, min, avr/ (float) (TESTNUMBER/2) , max) ;
if (fabs (max-min) <=MAXJITTER)

{

printf (“GOOD (fabs (%f) <%d micro sec)¥n”, max-min, MAXJITTER) ;
}
else
{

printf (“FAIL (fabs (%f) >%d micro sec)¥n”, max-min, MAXJITTER) ;
}

min=99999999999. 0, max=0, avr=0;
for (i=0; i<TESTNUMBER/2; i++)

{
ifmin>SwitchTime2[il) min = SwitchTime2[i];
i f (max<SwitchTime2[i]) max = SwitchTime2[i];
avr += SwitchTime2[i];

}

printf ("Switch2 %10.3f: %10.3f : %10. 3f¥t”, min, avr/ (float) (TESTNUMBER/2) , max) ;
if (fabs (max-min) <=MAXJITTER)

{

printf (“GOOD (fabs (%f)<%d micro sec)¥n”, max-min, MAXJITTER) ;
]
else
{

printf (“FAIL (fabs (%f)>%d micro sec)¥n”, max-min, MAXJITTER) ;
]

min=99999999999. 0, max=0, avr=0;
for (i=1; i<TESTNUMBER; i++)

{
if(min>IntervalTime[i]) min = IntervalTime[i];
if (max<IntervalTime[i]) max = IntervalTime[i];
avr += IntervalTime[i];

]

printf (“Interval %10.3f: %10.3f : %10.3f¥t"” min, avr/ (float) (TESTNUMBER-1), max) ;
if (fabs (max-min) <=MAXJITTER)
{

}

else

{

printf (“GOOD (fabs (%f) <%d micro sec)¥n”, max-min, MAXJITTER) ;
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printf (“FAIL (fabs (%f)>%d micro sec)¥n”, max-min, MAXJITTER) ;

return(0) ;

void *thread_mainl (void *arg)

{
static int err=-1;
int class = 3; /* FIFO Schedule */
int priority = 2; /* RealTime Priority min */
static struct sched_param param; /* RealTime Priority min */
cpuset_t *cpumask ;
cpu_t cpu = 1; /* boot PROCESSOR */

if (pthread_getschedparam(pthread_self (), &class, &param))

fprintf (stderr, “thread %d Cannot get priority %s¥n”
pthread_self (), strerror (errno)) .

]

param. sched_priority = priority;

if (pthread_setschedparam(pthread_self (), SCHED_FIFO, (const struct sched_param *)&param))

fprintf (stderr, “thread %d Cannot set priority %s¥n”
pthread_self (), strerror (errno)) .

]

if (pthread_sigmask (SIG_SETMASK, &diset, &oset)==(-1))

{
fprintf (stderr, “Cannot set sigprocmask - %s¥n”
strerror (errno)) ;
err = errno;
pthread_exit ((void*)&err) ;

}

#ifdef CCURRT
cpumask = cpuset_alloc();
cpuset_init (cpumask) ;
cpuset_set_cpu (cpumask, cpu, 1) ;/* CPU set */
if ( mpadvise (MPA_PRC_SETBIAS, MPA_TID, 0, cpumask) <0)
{

fprintf (stderr, “thread %d Cannot bind processor %s¥n”
pthread_self (), strerror (errno)) .
]
if (mpadvise (MPA_PRC_GETRUN, MPA_TID, 0, cpumask) !=MPA_FAILURE)
{
char * cpustr;
cpustr = cpuset_get_string(cpumask) ;
printf (“Thread %d is ¥"%s¥” running¥n”, x(intx)arg, cpustr) ;
free (cpustr) ;
}
cpuset_free (cpumask) ;
#tendif
MUTEX_LOCK (&Mutex[0]) ;
Event[0]++;
MUTEX_UNLOCK (&Mutex[0]) ;
do
{
MUTEX_LOCK (&8Mutex[1]); /* lock */
if (Event[1]1==0) COND_WAIT (&Condition[1], &Mutex[1]):
readtime (§EndTime) ;
if (GlobalGounter<TESTNUMBER)
adjust (&StartTime, &EndTime, &SwitchTimel [GlobalCounter/2]) ;
Event[1]—;
#if 0
printf ("¥t¥tthread_mainl %d¥n”, Event[1]);
#tendif
MUTEX_UNLOCK (&Mutex[1]1); /* unlock */
/* eventl_exec(); */
} while (loop_flag);
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err=0;
pthread_exit ((void *)err) ;

return(0) ;

}

void *thread_main2 (void *arg)

{
static int err=-1;
int class = 3; /* FIFO Schedule */
int priority = 3; /* RealTime Priority min */
struct sched_param param; /* RealTime Priority min x/
cpuset_t *cpumask ;
cpu_t cpu = 1; /* 2nd PROCESSOR */

if (pthread_getschedparam(pthread_self (), &class, &param))

fprintf (stderr, “thread %d Cannot get priority %s¥n”
pthread_self (), strerror (errno)) .

]

param. sched_priority = priority;

if (pthread_setschedparam(pthread_self (), SCHED_FIFO, (const struct sched_param *)&param))

fprintf (stderr, “thread %d Cannot set priority %s¥n”
pthread_self (), strerror (errno)) .

]

if (pthread_sigmask (SIG_SETMASK, &diset, &oset)==(-1))

{
fprintf (stderr, “Cannot set sigprocmask - %s¥n”
strerror (errno)) ;
err = errno;
pthread_exit ((void*)&err) ;

}

#ifdef CCURRT
cpumask = cpuset_alloc();
cpuset_init (cpumask) ;
cpuset_set_cpu (cpumask, cpu, 1) ;/* CPU set */
if ( mpadvise (MPA_PRC_SETBIAS, MPA_TID, 0, cpumask) <0)
{

fprintf (stderr, “thread %d Cannot bind processor %s¥n”
pthread_self (), strerror (errno)) .
]
if (mpadvise (MPA_PRC_GETRUN, MPA_TID, 0, cpumask) !=MPA_FAILURE)
{
char * cpustr;
cpustr = cpuset_get_string(cpumask) ;
printf (“Thread %d is ¥"%s¥” running¥n”, *(intx)arg, cpustr) ;
free (cpustr) ;
}
cpuset_free (cpumask) ;
#tendif
MUTEX_LOCK (&Mutex[0]) ;
Event[0]++;
MUTEX_UNLOCK (&Mutex[0]) ;
do
{
MUTEX_LOCK (8Mutex[2]1) ; /* lock */
if (Event[2]==0) COND_WAIT (&Condition[2], &Mutex[2]):
readtime (§EndTime) ;
if (GlobalGounter<TESTNUMBER)
adjust (&StartTime, &EndTime, &SwitchTime2[GlobalCounter/2]) ;

Event[2]—;
#if 0
printf ("¥t¥t¥t¥tthread_main2 %d¥n”, Event[2]);
#tendif
MUTEX_UNLOCK (&8Mutex[2]); /* unlock */
/* event2_exec(); */
} while (loop_flag);
pthread_exit((void *)err) .
return(0) ;
}

void * (xthread_main[THREAD_NO]) (void *arg) =
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thread_main0
thread_maint
thread_main2

do_main (progname, fdin, filename, opt)
char *progname;
FILE *fdin;
char *filename;
int opt;

static int no, thread_status [THREAD_NO], thread_arg[THREAD_NO] ;
static pthread_t tid[THREAD_NO] ;

static pthread_attr_t attributes[THREAD_NO];

void *status_p;

int signum;

static struct sigaction newact;

static sigset_t set, oset;

static timer_t timer_id;

printf(” e
printf (“#+x* posix timer & thread contexst switch test sk ¥n”);
printf(” ¥n"):

if (opt)

{
system(”/usr/bin/shield -a 17);
system(“/usr/bin/shield —¢”);

}

if (sigprocmask (0, NULL, &set)==(-1))
{

fprintf (stderr, “%s: Cannot get sigprocmask — %s¥n”
progname, strerror (errno)) ;
exit(1);

]

sigaddset (&set, SIGRTMIN+2) ;

#if 1
if (sigprocmask (SIG_SETMASK, &set, &oset)==(-1))
{

fprintf (stderr, “%s: Cannot set sigprocmask — %s¥n”
progname, strerror (errno)) ;
exit(1);
]
#tendif
signum = SIGRTMIN+2;
printf (“Create POSIX timer %d Hz¥n“, CYCLE);
timer_id = create_posix_timer (signum, 0, 1000000000/CYCLE) ;
if (timer_id<0)
{
fprintf (stderr, “%s: Cannot set posix timer - %s¥n”
progname, strerror (errno)) ;
exit(1);
]
/* Set up the signal handler using sigaction(2) or sigset(2) */
sigemptyset (&newact. sa_mask) ;
sigaddset (&newact. sa_mask, signum) ;
newact. sa_handler = interval_hadler;
newact. sa_flags = SA_SIGINFO|SA_RESTART;
if (sigaction(signum, &newact, 0)==(-1))

fprintf (stderr, “%s: Cannot set sigaction — %s¥n”
progname, strerror (errno)) ;
exit(1);

}

sigfillset (&diset);

sigfillset (eiset);
sigdelset (&eiset, SIGRTMIN+2) ;
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sigdelset (&eiset, SIGALRM) ;
sigdelset (§eiset, SIGINT);

#if 0
do
{
sigsuspend (§eiset) ;
if(GlobalCounter>=TESTNUMBER) |oop_flag=0;
} while (loop_flag);
#tendif

printf (“Create %d thread¥n”, THREAD_NO) ;

for (no=0;no<THREAD_NO; no++)

{
if (pthread_cond_init (& Condition[nol, 0)<0)
{

fprintf (stderr, “%s: Cannot create condition — %s¥n”
progname, strerror (errno)) ;
exit(1);

}
if (pthread_mutex_init (&Mutex[no], 0)<0)
{

fprintf (stderr, “%s: Cannot create condition — %s¥n”
progname, strerror (errno)) ;
exit(1);

}
Event[no]=0;
}
for (no=0;no<THREAD_NO; no++)
{
if (pthread_attr_init (&attributes[nol))

fprintf (stderr, “%s: Cannot set attributes — %s¥n”
progname, strerror (errno)) ;
exit(1);

}
if (pthread_attr_setscope (&attributes[no], PTHREAD_SCOPE_SYSTEM))

fprintf (stderr, “%s: Cannot set attributes — %s¥n”
progname, strerror (errno)) ;
exit(1);

}
if (pthread_attr_setdetachstate (&attributes[no], PTHREAD_CREATE_JOINABLE))

fprintf (stderr, “%s: Cannot set attributes — %s¥n”
progname, strerror (errno)) ;
exit(1);

}
if (pthread_attr_setinheritsched (&attributes[no], PTHREAD_INHERIT_SCHED))

fprintf (stderr, “%s: Cannot set attributes — %s¥n”
progname, strerror (errno)) ;
exit(1);

}

]
MUTEX_LOCK (8Mutex[0]) ; /* lock */
for (no=1;no<THREAD_NO;no++)
{
thread_arg[no] = no;
thread_status[no] = pthread_create (&tid[nol, &attributes[nol, thread_main[nol, (void
*) &thread_arg[no]) ;
if (thread_status[no])

{
fprintf (stderr, “%s: Cannot create thread - %s¥n”
progname, strerror (errno)) ;
exit(1);

]

}

MUTEX_UNLOCK (8Mutex[01) ; /* unlock */
thread_arg[0] = 0;

thread_main[0] ((void *)&thread_arg[0]) ;
timer_delete (timer_id) ;

for (no=1;no<THREAD_NO;no++)

{
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pthread_join(tid[nol, &status_p) ;

main(argc, argv)
int argc;
char #**argv.

{
extern int errno;
extern int optind;
extern char *optarg;
register int i,c, opt = 0;
progname = argv[0];
while((c = getopt(arge, argv, “b”)) != EOF) {
switch(c) |
case ‘b’ :
opt =1;
break;
default:
fprintf (stderr
“usage: %s [-b]¥n”
progname) ;
exit(1);
]
}
#if 0
if (optind != arge) {
for (¢ = optind; ¢ < argc; c++) |
if (access(argvlc], 4)) {
fprintf (stderr,
“%s: ¥ %s¥” Y%s¥n”
progname, argv[c], strerror (errno)) ;
exit(1);
]
}
]
#tendif
if (optind == arge) |
do_main (progname, stdin, “(stdin)”, opt) ;
} else {
register FILE *fd;
for (¢ = optind; ¢ < argc; c++) |
if ((fd = fopen(argvlc], “w”)) == NULL) {
fprintf (stderr,
“%s: ¥ %s¥” %s¥n”
progname, argv[c], strerror (errno)) ;
exit(1);
]
do_main (progname, fd, argv[cl, opt) ;
fprintf (fd, “Interval, Switchl, Switch2¥n”) ;
for (i=0; i<TESTNUMBER/2; i++)
{
fprintf (fd, “%f, %f, %f¥n”, IntervalTime[i+1], SwitchTimel[i], SwitchTime2[i]);
]
for (i=TESTNUMBER/2; i <TESTNUMBER-1; i ++)
{
fprintf (fd, “%f, , ¥n”, IntervalTime[i+1]);
]
fclose(fd) ;
]
}
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