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POSIX Realtime extensions

IEEE std 1003.1b-1993

» 2| S ELE ALY,

p =R AdlEE, SE=RE A= 1/0, SJ11/0, LHE 43
» ELOI 0,

» AIO (Asynchronous 1/0)

» mapped file, memory locking

IEEE std 1003.1d-1999
|IEEE std 1003.1j-2000 Advanced RT ext.
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Async. vs Sync.
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Async. vs Sync. : lib. level
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Synchronous : system call
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Async. vs Sync. : sys.
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SIGEV event

POSIX Realtime event mechanism
» Event information

» Asynch. Callback : threading, Signaling

POSIXS| OIHIE &0 2R 20 AIEE= E= Jls



sigevent
+—

e.g. mqg_notify(...)

int mq notify(mgd t mgdes, const struct sigevent *notification);

-

typedef struct sigevent {
int sigev notify; /* SIGEV_SIGNAL, SIGEV_NONE, SIGEV_THREAD */
int sigev_signo; /* signal number */

union sigval sigev_value; /* signal value */

void (*sigev_notify function) (union sigval) ; /* SX| MY E e x/
pthread attr t *sigev notify attributes; /* SX| MY E HM x/

}i
typedef union sigval ({

int sival int; /* int 42 TES= 222 S8 " */
void *sival ptr; /* EQAHE MEHSl= 4o SSAH HH */

} sigval_t;




sigevent (con’t)
-‘—

sigev_notify

SIGEV_NONE

OlHIE SXIE AtE0otAl &ESLICH

SIGEV_SIGNAL

OIHIES SXIE Al1ES EAAIZLICH
* Al HH : sigev_signo, sigev_val

SIGEV_THREAD

O|HIES Sz M &EE M-St Xl &LICh.

*AIE @ H : sigev_notify_function,
sigev_notify_attributes,
sigev_val




sigevent (con’t)
‘i“"'""""""""""""

SEGEV_SIGNAL

typedef struct sigevent ({

int sigev notify; /* SIGEV SIGNAL, SIGEV NONE, SIGEV THREAD */
int sigev_signo; /* signal number */

union sigval sigev_value; /* signal value */

void (*sigev_notify function) (union sigval); /* SX| MY E & *x/
pthread attr t *sigev notify attributes; /* X A= HM x/

};

MEl
int sival int; /* int 4= ,_1IZE3|-E Ao 22 Hu{ */
void *sival ptr; /* EQIEHE MES= 42 =2 HE */

} sigval_t;




sigevent (con’t)
+—

siginfo_t 22X & A (padding, HIE&E 2= M 2l)

siginfo_t {
int
int
int
pid t
uid t
int
clock_t
clock_t
sigval t
int
void *
void *
int

int

si_signo;
si_errno;
si_code;
si_pid;
si_uid;
si_status;
si _utime;
si_stime;
si_value;
si_int;
si ptr;
si_addr;
si_band;

si_fd;

/*
/*
/*
/*
/*

HME AlOE HS */

ol ZE4f:Exol T2fM CtEA ALEE */
Aladel w4 o|fF */

Aladg B2 T2 MAL pIp */

Alodg B AMX 7A ID (effiect user id) */
Exit @O0|L} AldY */

El User time */

& System time */

Signal value:A|dd YAl MEE
POSIX.1lb signal */

*/

which caused fault */

& (SEA) */

POSIX.1lb signal
Memory location
Band event */

*/

File descriptor




sigevent (con’t)
-‘—

si_code : negative/0 (from process)

SI_SIGIO CHOl= SIGIO 0fl 2o H 2ast Al11E

SI_ASYNCIO AIO(Asynchronous I/0) 2| 2120l SJoi A &8t Al <
SI_MESGQ A AIZH HIAIAIR(POSIX MQ)2| AMEHDH HSHE|Of ZaEt AIDE
SI_TIMER EIOIO{Jt B2 &/ &St Al

SI_QUEUE sigqueue(2) &0 2oHA MEEHE AL

SI_USER I((IE"(%Z)(; Zi;féZ)ﬂEé)’é% 20 2ol BEZ & Al DY

» Ref. Implementation APl manual
» e.g. SIGSEGV -> SEGV_MAPERR or SEGV_ACCERR



Realtime Signaling

—

int sigwaitinfo(const sigset_t *set, siginfo t *info);

int sigtimedwait(const sigset t *set,

siginfo t *info, const struct timespec timeout);
int sigqueue (pid t pid, int sig, const union sigval value) ;
union sigval ({

int sival_int;

void *sival ptr; /* I OIE

RT signal recv’ing : sigwaitinfo, sigtimedwait
RT singal queuing : sigqueue



Realtime Sighaling (con’t)
—

union sigval si val;

LHEBE.

si val.sival ptr = address to something;

if (sigqueue(getpid(), SIGRTMIN, si val)) {

/* error */

void h sigev_rtl(int signo, siginfo t *si, void *data)
{ /* RT Alad #SE */
printf ("\t[RTS] Ptr(%p)\n", si->si value.sival ptr);
}
LAEE
struct sigaction sa_rtl;
memset (&sa rtl, 0, sizeof(sa rtl));
sa rtl.sa flags = SA SIGINFO | SA RESTART; /* RTSO|2 2 SA SIGINFOZ= */
sa_rtl.sa sigaction = h_sigev rtl; /* SA SIGINFO -> sa handler CH&l. */

sigaction (SIGRTMIN, &sa rtl, NULL);




Realtime Sighaling (con’t)

-

union sigval si val;
AER
si_val.sival _int = number; /* int type A& 7}5 */

if (sigqueue(getpid(), SIGRTMIN, si val)) {

union2 &
A S HUIN0

/* error */

}
AEE
void h_sigev_rtl (int signo, siginfo_t *si, void *data)
{ /* RT A|lO9d @& *»/
printf ("\t[RTS] Integer value (%d)\n",

si->si_value.sival _int);




Practice: siginfo_t
.r_

J|Z9] signal handler &+ 51gmfo

» siginfo_t2| si_code, pid, uid, times= =



break time

S80



RTS: communication

RTS signal & signal queue
cond_var_rts.c

RTS I/0 multiplexing
io_rts.c

Dir. event Notification

dir_rt.c



timer - obsolete
-‘—

traditional timer

sleep() %, Alo]| A2 20 B2 T2 HAE AL F Yth
usleep() - BSD A|zro] Rt EAY Al g o] =381 7ot

alarm() & Al agS A AGH A|7E o] - &R A7), (old fashioned)

getitimer()

setitimer() T3t Bto]H (interval timer) 24 A3 AlZtvl &< AT

» no guarantee on MT environment

» system scope (uncertain)



RT timer: func. list

—
IEEE std 1003.1b, process scope

timer_create() Elo|HE A AAA] Elo]H] TR o|HEE X AJT 5= Q).

timer_delete() Elo|H & 21A|

timer_settime() Elo| ] A (TBEA|ZL F713 HEAZHS AA s ZAFAZH,

timer_gettime() | Elol™ ¢ AZHEAH S gloj 20

timer_getoverrun() | LHA(FEH AEH)E EolH Y FHLE /& &




RT timer: func. list (con't)

—
IEEE std 1003.1b, process scope

clock_getres() E A A A2 A4 %= (resolution or precision)= 714 -2t}

clock_gettime() EAR XA Y ATHE 71A Lt

clock_settime() 57 AAIY AlbS A3

CPU A A7+ S 434 X712 714 e,

clock_getcpuclockid() | ~ pocrx cCPUTIME wj=2 7} 14 5ol okgt A& 745510

nanosleep() Nano second$] sleep




RT clock
+—

int clock _getres(clockid t clk _id, struct timespec *res)

int clock gettime (clockid t clk_id, struct timespec *tp)
int clock_settime (clockid t clk_id, const struct timespec *tp)
» clockid_t Et2) (POSIX spec.)

CLOCK_REALTIME

Al &8 Ao AA A AE A8 (The UNIX Epoch A|7H)
monotonic clock : ERAZAE 7|E0E A 7S SA
NOTONI
SO C (e.g. Bl 529 < boot times 7|&, HFEE FE 7|F)
* monotonic clock2|

L QM - difference timeS T& O A|AH A|ZIS
ALESHH nrpol| 2 AlZE E™A] AjzZio] E2lE £ U7| mfZo|ct




RT clock
1—

» clockid_t Et2 (POSIX optional / Linux extensions)

= dojol 719He GZA A (BAL AXRA gornz war))

CLOCK_MONOTONIC_RAW . e
- Linux specific.

CLOCK_PROCESS_CPUTIME | Z2 A2 ©$] CPU A7+ 54 A4
1D (_POSIX_CPUTIME mj 327} J 2] € 7% A aith.)

CLOCK_THREAD_CPUTIME_ | 3= &5 CPU AIZE 57 A4
1D — | (_POSIX_THREAD_CPUTIME w27} R |5l 3 $o x| s

ct.)




clock resolution
4 -

$ ./clock_getres $ ./clock_getres

$ ./clock_getres
clock precision = 0.000000001 clock precision = 0,000999848

clock precision = 0.004000250

» H/WOIl et A CH= LY.



clock: example
-'.—

struct timespec tspec;

clock getres (CLOCK REALTIME, &tspec);

printf ("clock precision = %d.%091d\n", tspec.tv_sec, tspec.tv_nsec);

clock _gettime (CLOCK REALTIME, &tspec);
printf ("REALTIME Clock = %d.%091d\n", tspec.tv_sec, tspec.tv_nsec);

clock gettime (CLOCK MONOTONIC, &tspec)
printf ("MONOTONIC Clock = %d.%091d\n", tspec.tv_sec, tspec.tv_nsec);




RT timer : func.

B—

int timer create(clockid t clockid, struct sigevent *restrict evp,
timer t *restrict timerid);

int timer delete(timer t timerid);

int timer gettime (timer_ t timerid, struct itimerspec *value);

int timer settime (timer_ t timerid, int flags,
const struct itimerspec *restrict wvalue,
struct itimerspec *restrict ovalue);

int timer getoverrun(timer_ t timerid);

|

» C|SER B0l &AM 2lEHEE 2 5= )8z AAZEE = EFO[THL.
N 13/ E, 2IHY EtOIHE XI& &L,
N EFOIH Bt= Al 2 E RTSIGEVE Al EE += JULE(LdE dd, Al1E 85)



RT timer : timer_settime

+—

int timer settime (timer_ t timerid, int flags,

const struct itimerspec *restrict wvalue,

struct itimerspec *restrict ovalue) ;

struct itimerspec ({ struct timespec ({
struct timespec it interval; time t tv_sec;

struct timespec it value; long tv_nsec;

};

};

/* second */

/* nano second */

> 0.0 X EOI 2t=Al2tE &8, XNIE=E Al2t= EHOI0H = SBt=2E LICH
it_value
0.0 ElOIH= £ =3t &. 0101 &&= EOIHIF ACTHH o A& LICH.
> 0.0 ol & AIZHOtCH EFOIDY Bt=0F S & (2/IHE).
it_interval — - -
0.0 OIHY EIOIH D=2 R=ast E. B0l H= 38422 & =aLICH

* itimerspec 2 A& (A4AO0|5t= tv_nsec BHQ Ut.-x2 AFEHLICL)




RT timer : timer_settime (con’t)

+—

struct itimerspec { struct timespec ({
struct timespec it interval; time t tv_sec; /* second */
struct timespec it value; long tv_nsec; /* nano second */
}s }i
flags description

TIMER_ABSTIME

itimerspec®] A|7HS AU 7to 2 ALE

realtime clock?! 7%+ UNIX epochE 7|2 2 3
monotonic clock?] F-¢-= SZA LS 7€ o2 A HE 7§

* itimerspec 2 & A& (&

£H0|6t= tv_nsec WHO LH-x=2 AFHEHLICE)




RT timer (con’t)
+—

Ve

if (timer create (CLOCK_ REALTIME, &sigev, &rt_timer) == -1) {
perror ("FAIL: timer create()"); return -1;
}
rt itspec.it value.tv_sec = 2; /* initial timer */
rt itspec.it_value.tv_nsec = 500000000; /* 500,000,000 = 0.5 sec */
rt itspec.it_interval.tv_sec = 4; /* expire every 4 seconds */

rt _itspec.it _interval.tv_nsec = 0;

if (timer settime(rt_ timer, 0, &rt itspec, NULL) == -1) { /* run timer */
perror ("FAIL: timer settime()");

return -1;

* itimerspec 2 A& (A4&0|5t= tv_nsec HH S UL-=2 AF&HLICT)



RT timer (con’t)
+—

Vs

if (timer create (CLOCK MONOTONIC, é&sigev, &rt timer) == -1) ({
perror ("FAIL: timer create()");

return -1;

}
clock _gettime (CLOCK_MONOTONIC, &tspec) ; /* time from monotonic clock */

tspec.tv_sec += 2;

tspec.tv_nsec = 500000000;

X8 E=HA 21T
ABSTIMES =22 ..

rt_itspec.it value = tspec;

rt itspec.it_interval.tv_sec = 4; /* expire eve

rt itspec.it _interval.tv_nsec = 0;

if (timer_ settime (rt_timer, TIMER ABSTIME, &rt_ itspec, NULL) == -1) ({
perror ("FAIL: timer settime()");

return -1;




RT timer: example

i'h-'

rt_timer.c

#include
#include
#include
#include
#include
#include
#include

#include

#define GET TIMEO (a)

<unistd.h>
<signal.h>
<stdio.h>
<stdlib.h>
<string.h>
<errno.h>
<time.h>
<sys/time.h>

char * get timeO(char *buf, size t sz buf);

int inst_timer(void);

get timel(a, sizeof(a))

NULL ? "error"

void sa_sigaction_rtmin(int signum, siginfo t *si, wvoid *sv);




RT timer: example (con’t)
.f—

-
int main()

{
if (inst_timer() == -1) ({
return EXIT FAILURE;
}
while (1) {

pause () ;

return 0;

} /* end : main */




RT timer: example (con’t)
d'P-

p
int inst_ timer(void) {

struct sigaction sa rtl;

struct sigevent sigev; /* signal event */

timer t rt timer; /* timer id */

struct itimerspec rt itspec;

char ts_now[20]; E]'O]Eﬂ% f——'ji]—a}ﬂ ;ﬂq]
SIGEV realtime eventE TE4}.

memset (&sa _rtl, 0, sizeof(sa_rtl));

sigemptyset (&sa rtl.sa mask);

sa rtl.sa sigaction = sa sigaction rtmin; /* rt timer handler */

sa rtl.sa flags = SA SIGINFO;

if (sigaction(SIGRTMIN, &sa rtl, NULL) == -1) {
perror ("FAIL: sigaction()");
return -1;
}
sigev.sigev notify = SIGEV_SIGNAL; /* notification with signal */
sigev.sigev_signo = SIGRTMIN;




RT timer: example (con’t)
|i.P--

p
/* create timer */
if (timer create (CLOCK MONOTONIC, &sigev, &rt timer) == -1) {
perror ("FAIL: timer create()");

return -1;

/* interval timer setting */
printf ("Enable timer at %s\n", GET TIMEO (ts now))
rt itspec.it value.tv_sec = 2 ;
rt itspec.it _value.tv_nsec = 500000000; /* 0.5 sec */
rt itspec.it interval.tv _sec = 4; /* periodic timer with 4 sec. */
rt itspec.it interval.tv nsec = 0;
if (timer settime(rt timer, 0, &rt itspec, NULL) == -1) {
perror ("FAIL: timer settime()");
return -1;

}

return O;




RT timer: example (con’t)
.'.—

p
void sa_sigaction rtmin(int signum, siginfo t *si, wvoid *sv)

{
char ts_now[20];
printf ("[%d] -> RT timer expiration at %s\n",
(int)getpid() , GET TIMEO (ts_now)) ;




RT timer: example (con’t)
-’.—

/char * get timeO(char *buf, size t sz _buf) ({
#define STR TIME FORMAT "$H:%M:%S"
struct timespec tspec;
struct tm tm_now;
size t sz_ret;

if (buf == NULL) return NULL;

return NULL;

localtime r((time_ t *)&tspec.tv_sec, &tm now);

return NULL;

}
snprintf (buf + sz _ret, sizeof(buf), ".%091d",

return buf;

if (clock gettime (CLOCK REALTIME, &tspec) == -1) {

if ((sz_ret = strftime(buf, sz buf, STR TIME FORMAT, &tm now)) == 0) {

(long) tspec.tv_nsec);




RT timer: example (con’t)
.f_

Run “rt_timer”

$ ./rt_timer

Enable timer at 17:46:41.

-> RT timer expiration at 17:46:44
-> RT timer expiration at 17:46:48
-> RT timer expiration at 17:46:52




CPU clock

CPU times =& : ds =&, =40l == AIS

int clock _getcpuclockid(pid t pid, clockid t *clock_id);
int pthread getcpuclockid(pthread t pthread id, clock t *clock id)

» CLOCK_PROCESS_CPUTIME_ID
» CLOCK_THREAD_CPUTIME_ID



CPU clock: example
+—

cputime_process.c

" #define XOPEN SOURCE 600
#include <unistd.h>
#include <stdio.h>
#include <stdlib.h>
#include <time.h>
int num steps=200000000; /* integration HF: 22fH (L{F M ZHO0|Xl.) */
struct timespec diff timespec(struct timespec tl, struct timespec t2);
int main() {
int ret;
#ifdef POSIX CPUTIME
struct timespec tsl, ts2, ts_diff;
clockid t clock cpu;
if ((ret = clock getcpuclockid (0, &clock cpu)) !'= 0) {
return EXIT FAILURE;
}
clock gettime (clock cpu, &tsl);
#endif




CPU clock: example (con't)
+—

cputime_process.c

int i;
double x, step, sum = 0.0;
step = 1.0/ (double) num steps;

for (i=0; i<num steps; i++) { pis TolHA CPUE SAAXIT}
x = (1+0.5) * step; SEA|E F7to]| 1 sec. & sleepallA] CPU
sum += 4.0/(1.0 + x*x); clock®} real clock®] Zro] zFo|UA| sty

}
printf("pi = %$.8f (sum = %.8f)\n", step*sum, sum);
sleep (1) ;
#ifdef POSIX CPUTIME
clock gettime (CLOCK PROCESS CPUTIME ID, &ts2);
ts_diff = diff timespec(tsl, ts2);
printf ("elapsed cpu time = %$1d.%091d\n", ts _diff.tv_sec, ts _diff.tv_nsec);
#endif
return EXIT SUCCESS;

} /* end : main */




CPU clock: example (con't)

cputime_process.c

struct timespec diff timespec(struct timespec tl, struct timespec t2)
{
struct timespec t;
t.tv_sec = t2.tv_sec - tl.tv_sec;
t.tv_nsec = t2.tv_nsec - tl.tv_nsec;
if (t.tv_nsec < 0) {
t.tv_sec--;
t.tv_nsec += 1000000000;
}

return t;




cputime_process: exec

$ time ./cputime_process
pi = 3.14159265 (sum = 628318530 .71809554)
elapsed cpu time = 3.235577332

real Om4 . 239s
user Om3.235s
SysS OmO.001s

1ZE sleep 317] W=l realzt
user?| A|7to] EEhA T



