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Clock & Timer concepts
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Overrun

Latency
Drift



Time.h
(page R:Ch9 pp302-320)

#include <time.h>
time_t time(time_t *calptr);

Epoch: 00:00 (midnight), Jan 1, 1970 GMT
Day is 86,400 seconds

time_t is usually a long

If the long is 32 bits, time overflows in 2038

Extensions
POSIX:XSI microseconds
POSIX:TMR nanoseconds




Timing a function

#include <stdio.h>
#include <time.h>
void function_to_time(void);

int main(void) {
time_t tstart;

tstart = time(NULL);

function_to_time();

printf(“function_to_time took %f seconds of elapsed time\n”,
difftime(time(NULL), tstart));

return(0);



Time (P156)

struct tm *localtime(const time_t *timer);
Takes time since epoch, returns date

struct tm *gmtime(const time_t *timer);
Takes time since epoch, returns UTC

char *ctime(const time_t *clock);
26 byte date string in ascii

char *asctime(const struct tm *timeptr);
26 byte date string in ascii



Time struct tm

int tm_sec;
int tm_min;
int tm_hour;
int tm_mday;
int tm_mon;
int tm_year;
int tm_wday;
int tm_yday;
int tm_isdst;



POSIX XSI

struct timeval

time_t tv_sec; /* seconds since the Epoch*/
time_t tv_usec /* and microsoeconds*/
#include <sys/time.h>

int gettimeofday(struct timeval *restrict tp, void *restrict tzp);

tzp is null, historical



P307 Measure running time using
gettimeofday

#include <stdio.h>
#include <sys/time.h>
#define MILLION 1000000L

void function_to_time(void);

int main(void) {

long timedif;

struct timeval tpend;
struct timeval tpstart;

if (gettimeofday(&tpstart, NULL)) {
fprintf(stderr, “Failed to get start time\n”);
return 1;

»



Measure running time using gettimeofday

function_to_time(); /* timed code goes here */

if (gettimeofday(&tpend, NULL)) {
fprintf(stderr, “Failed to get end time\n");
return 1;

»

timedif = MILLION*(tpend.tv_sec - tpstart.tv_sec) +
tpend.tv_usec - tpstart.tv_usec;

printf(*The function_to_time took %ld microseconds\n”, timedif);
return O;

¥



Gettimeofday limitations

Resolution small number of microsecs

Many consecutive calls of get.. Will return same
value
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P308 A program to test the resolution of
gettimeofday

#include <stdio.h>
#include <sys/time.h>
#define MILLION 1000000L
#define NUMDIF 20

int main(void) {
inti;
int numcalls = 1;
int numdone = 0;
long sum = 0;

long timedif[NUMDIF];

struct timeval tlast;

struct timeval tthis;

if (gettimeofday(&tlast, NULL)) {
fprintf(stderr, “Failed to get gettimeofday\n”);
return 1;

»
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A program to test the resolution of
gettimeofday

while (numdone < NUMDIF) {
numcalls++;
if (gettimeofday(&tthis, NULL)) {
fprintf(stderr, “Failed to get a later gettimeofday.\n");
return 1;
by
timedif[numdone] = MILLION*(tthis.tv_sec - tlast.tv_sec) +
tthis.tv_usec -tlast.tv_usec;
if (timediffnumdone] '= 0 {
numdone++;
tlast=this;
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Realtime clocks

POSIX:TMR Library -I rt

clockid _t variables --- Can create virtual clocks

System wide clock in all implementations is CLOCK_REALTIME
#include <time.h>

struct timespec
time_t tv_sec;
long tv_nsec; /*NANOSECS*/

#include <time.h>

int clock_getres(clockid_t clock_id, struct timespec *res);
int clock_gettime(clockid_t clock_id, struct timespec *tp);
int clock_settime(clockid_t clock_id, struct timespec *tp);

Clock_getres displays nominal resolution in nanoseconds of timers and
timer interrupts — usually larger and unrelated to clock_gettime for
timing
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Elapsed time versus processor time

The time function measures elapsed time or wall clock
time.

The virtual time for a process is the amount of time
that the process spends in the running state

#include <sys/times.h>

clock_t times(struct tms *buffer);

See sysconf on page P53
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Sleep Functions

#include <unistd.h>
unsigned sleep(unsigned seconds);

sleep interacts with SIGALRM
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Nanosleep

#include <time.h>
Int nanosleep(const struct timespec *rqtp, struct timespec *rmtp);

Resolution of CLOCK REALTIME is of order 10ms

Does not affect SIGALRM
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POSIX:XSI Interval timers

Generates a signal after a time interval
repeatedly — periodic

struct timeval it_value; /* time until next expiration*/
struct timeval it_interval; /* value to reload into the timer */

Timeval structrue has fields for seconds and microseconds
#include <sys/time.h>
int getitimer(int which, struct itimerval *value);

int setitimer(int which, const struct itimerval *restrict value,
struct itimerval *restrict ovalue);
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ltimers

It_interval = 0 then timer wont restart
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Print asterix every 2 seconds

#include <errno.h>

#include <signal.h>

#include <stdio.h>

#include <unistd.h>

#include <sys/time.h>

/* ARGSUSED */

static void myhandler(int s) {
char aster = "*";
int errsave;
errsave = errno;
write(STDERR_FILENO, &aster, 1);
errno = errsave;
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static int setupinterrupt(void) { /* set up myhandler for SIGPROF */
struct sigaction act;
act.sa_handler = myhandler;
act.sa_flags = 0;
return (sigemptyset(&act.sa_mask) || sigaction(SIGPROF, &act,
NULL));

b
/* Create signal handler */
static int setupitimer(void) /* set ITIMER_PROF for 2-second intervals*/
struct itimerval value;
value.it_interval.tv_sec = 2;
value.it_interval.tv_usec = 0;
value.it_value = value.it_interval;
return (setitimer(ITIMER_PROF, &value, NULL));

/* Create timer to generate signals */
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int main(void) {
if (setupinterrupt()) {
perror("Failed to set up handler for SIGPROF");

return 1;
)
if (setupitimer() == -1) {
perror("Failed to set up the ITIMER_PROF interval timer");
return 1;
)
for (; ; ); /* execute rest of main program here */

¥

Set up signal and handler to create *s. Set up interval timer to
create signals
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P320 POSIX:XSI Interval Timer used to
time function

#include <stdio.h>

#include <sys/time.h>

#define MILLION 1000000L

void function_to_time(void);

int main(void) {
long diftime;
struct itimerval ovalue, value;
ovalue.it_interval.tv_sec = 0;
ovalue.it_interval.tv_usec = 0;

ovalue.it_value.tv_sec = MILLION; /* a large number */
ovalue.it_value.tv_usec = 0;
if (setitimer(ITIMER_VIRTUAL, &ovalue, NULL) == -1) {
perror("Failed to set virtual timer");
return 1;

»
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XSl Interval Timers

ITIMER REAL - decrements in real time;
generates SIGALRM when it expires

ITIMER_VIRTUAL - virtual time; SIGVTALRM

ITIMER_PROF - virtual&system time; SIGPROF
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Interval Timers

Interval Timers
Set an Alarm to send a signal
Set a signal handler to do something with the signal

POSIX:XSI extension provides each process a
small fixed number of timers.

POSIX:TMR has a small number of clocks, but a
process can create many independent timers
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(Following slides are beyond CS241
requirements)
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POSIX:TMR Interval Timers

struct itimerspec

struct timespec it_interval; /* timer period™/

struct timespec it_value; /* timer expiration*/
it_interval time used for resetting timer after it expires
it value, time remaining before expiration

timer_create creates per process timers --- they are NOT
inherited on fork!!!
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timer_create

#include <signal.h>

#include <time.h>

int timer_create(clockid_t clock_id, struct sigevent *restrict evp,
timer_t *restrict timerid);

/* evp is signal event generated when timer expires, O=default*/

struct sigevent {

int sigev_notify /*notification type*/
int sigev_signo /*signal number*/
union sigval sigev_value; /*signal value*/

¥

Union sigval {
int sival_int;
void *sival_ptr:

¥
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Interval POSIX:TMR examples
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Parameters

*evp specifies which signal should be sent

If evp is NULL and the clock is
CLOCK_REALTIME, the default signal is
SIGALRM

The sigev_notify of evp allows you to change
whether the timer generates a signal.
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Creating a timer

timer t timerid;

If (timer_create(CLOCK REALTIME, NULL,
&timerid) == -
perror(“Failed to create a new timer”);
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timer_delete

#include <time.h>
int timer_delete(timer_t timerid);

If successful returns 0. If unsuccessful -1 and sets errorno

Timer_delete may delete a timer even if there are pending signals
for the timer. Make no assumptions about this.
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Timer operations

int timer_settime(timer_t timerid, int flags,
const struct itimerspec *value, struct itimerspec *ovalue);

settime sets timer to value and assigns remaining time of timer to
ovalue.

int timer_gettime(timer_t timerid, struct itimerspec *value);

Returns remaining time left on timer

int timer_getoverrun(timer_t timerid);

Returns lost signals — signals that were sent and are still pending
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P328 Display Message every 2 seconds

#include <errno.h>

#include <signal.h>

#include <stdio.h>

#include <time.h>

#include <unistd.h>

#define BILLION 1000000000L

#define TIMER_MSG "Received Timer Interrupt\n"

/* ARGSUSED */

static void  interrupt(int signo , siginfo_t  *info, void *context ) {
int errsave;
errsave = errno;
write(STDOUT_FILENO, TIMER_MSG, sizeof(TIMER_MSG) - 1);
errno = errsave;

¥

Define action to do on signal
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static int setinterrupt() {
struct sigaction act;
act.sa_flags = SA_SIGINFO;
act.sa_sigaction = interrupt;

if ((sigemptyset(&act.sa_mask) == -1) ||
(sigaction(SIGALRM , &act, NULL) == -1
return -1;

return O;

)
Set actions to do for SIGALRM

))
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static int setperiodic(double sec) {

timer_t timerid;

struct itimerspec value;

if (timer_create(CLOCK_REALTIME , NULL, & timerid ) ==-1 )
return -1;

value.it_interval.tv_sec = (long)sec;

value.it_interval.tv_nsec = (sec - value.it_interval.tv_sec)*BILLION;

if (value.it_interval.tv_nsec >= BILLION) {
value.it_interval.tv_sec++;
value.it_interval.tv_nsec -= BILLION;

¥

value.it_value = value.it_interval;

return timer_settime(timerid , 0, &value, NULL);
¥

Create an interval timer that creates SIGALM's
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int main(void) {

if (setinterrupt() == -1) {
perror("Failed to setup SIGALRM handler");
return 1;

¥

if (setperiodic(2.0) == -1) {
perror("Failed to setup periodic interrupt");
return 1;

¥

for (; ;)
pause();

¥

Pause causes program to sleep for a real-time amount....
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