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9.1 POSIX Times

POSIXspecifiesthatsystemsshouldkeeptime in termsof secondssincetheEpochand
thateachdaybeaccountedfor by exactly86,400seconds.TheEpoch is definedas00:00
(midnight), January1, 1970,CoordinatedUniversalTime (alsocalledUTC, Greenwich
MeanTime or GMT). POSIX doesnot specifyhow an implementationshouldalign its
systemtimewith theactualtime anddate.

Mostoperationsneedto bemeasuredwith timerswith greaterthanone-secondresolu-
tion. Two POSIXextensions,thePOSIX:XSIExtensionandthePOSIX:TMRExtension,
definetime resolutionsof microsecondsandnanoseconds,respectively.

9.1.1 Expressing time in seconds since the Epoch

ThePOSIXbasestandardsupportsonly a time resolutionof secondsandexpressestime
sincetheEpochusingatime_t type,whichis usuallyimplementedasalong. A program
canaccessthe systemtime (expressedin secondssincethe Epoch)by calling thetime
function. If tloc is notNULL, thetime functionalsostoresthetime in *tloc.

SYNOPSIS

#include <time.h>

time_t time(time_t *tloc);
POSIX:CX

If successful,time returnsthenumberof secondssincetheEpoch.If unsuccessful,time
returns(time_t)–1.POSIXdoesnotdefineany mandatoryerrorsfor time.

Exercise 9.1
Thetime_t type is usuallyimplementedasa long. If a long is 32 bits, at ap-
proximatelywhatdatewould time_t overflow? (Rememberthatonebit is used
for the sign.) What datewould causean overflow if an unsigned long were
used?Whatdatewouldcauseanoverflow if a64-bit datatypewereused?
Answer:
For a 32-bit long, time would overflow in approximately68 yearsfrom January
1, 1970,sothesystemwould not have a “Y2K” problemuntil theyear2038.For
atime_t valuethatis anunsigned long, theoverflow wouldoccurin theyear
2106,but this would not allow time to returnan error. For a 64-bit datatype,
theoverflow would not occurfor another292billion years,long afterthesunhas
died!

Thedifftime functioncomputesthedifferencebetweentwo calendartimesof type
time_t, makingit convenientfor calculationsinvolving time. Thedifftime function
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hastwo time_t parametersandreturnsa double containingthe first parameterminus
thesecond.

SYNOPSIS

#include <time.h>

double difftime(time_t time1, time_t time0);
POSIX:CX

No errorsaredefinedfor difftime.

Example 9.2
The following programcalculatesthe wall-clock time that it takes to execute
function_to_time.

#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;

}

simpletiming.c

Example9.2usesa timeresolutionof onesecond,whichmaynotbeaccurateenough
unlessfunction_to_time involvessubstantialcomputationor waiting. Also, thetime
function measureswall-clock or elapsedtime, which may not meaningfullyreflect the
amountof CPUtime used.Section9.1.5presentsalternativemethodsof timing code.

9.1.2 Displaying date and time

Thetime_t type is convenientfor calculationsrequiringthe differencebetweentimes,
but it is cumbersomefor printing dates.Also, a programshouldadjustdatesandtimesto
accountfor factorssuchastime zone,daylight-saving time andleapseconds.

The localtime function takes a parameterspecifying the secondssince the
Epoch and returnsa structurewith the componentsof the time (such as day, month
and year) adjusted for local requirements. The asctime function converts the
structurereturnedby localtime to a string. The ctime function is equivalent to
asctime(localtime(clock)). The gmtime function takesa parameterrepresenting
secondssincetheEpochandreturnsastructurewith thecomponentsof timeexpressedas
CoordinatedUniversalTime (UTC).
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SYNOPSIS

#include <time.h>

char *asctime(const struct tm *timeptr);
char *ctime(const time_t *clock);
struct tm *gmtime(const time_t *timer);
struct tm *localtime(const time_t *timer);

POSIX:CX

No errorsaredefinedfor thesefunctions.
Thectime functiontakesoneparameter, a pointerto a variableof typetime_t, and

returnsapointerto a26-characterEnglish-languagestring.Thectime functiontakesinto
accountboththetimezoneanddaylightsaving time. Eachof thefieldsin thestringhasa
constantwidth. Thestringmight bestoredasfollows.

Sun Oct 06 02:21:35 1986\n\0

Example 9.3
The following programprints the dateand time. The printf format did not
include’

�
n’ becausectime returnsastringthatendsin anewline.

#include <stdio.h>
#include <time.h>

int main(void) {
time_t tcurrent;

tcurrent = time(NULL);
printf("The current time is %s", ctime(&tcurrent));
return 0;

}

timeprint.c

Exercise 9.4
Whatis wrongwith thefollowing programthatprintsthetimebeforeandafterthe
functionfunction_to_time executes?

#include <stdio.h>
#include <time.h>

void function_to_time(void);

int main(void) {
time_t tend, tstart;

tstart = time(NULL);
function_to_time();
tend = time(NULL);
printf("The time before was %sThe time after was %s",

ctime(&tstart), ctime(&tend));
return 0;

}

badtiming.c
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Answer:
Thectime functionusesstaticstorageto holdthetimestring.Bothcallstoctime
storethestringin thesameplace,sothesecondcall mayoverwritethefirst value
beforeit is used.Most likely, bothtimeswill beprintedasthesamevalue.

Thegmtime andlocaltime functionsbreakthetime into separatefieldsto make it
easyfor programsto outputcomponentsof thedateor time. ISOC definesthestruct tm

structureto have thefollowing members.

int tm_sec; /* seconds after the minute [0,60] */
int tm_min; /* minutes after the hour [0,59] */
int tm_hour; /* hours since midnight [0,23] */
int tm_mday; /* day of the month [1,31] */
int tm_mon; /* months since January [0,11] */
int tm_year; /* years since 1900 */
int tm_wday; /* days since Sunday [0,6] */
int tm_yday; /* days since January 1 [0,365] */
int tm_isdst; /* flag indicating daylight-saving time */

Example 9.5
Thefollowing codesegmentprintsthenumberof dayssincethebeginningof the
year.

struct tm *tcurrent;
time_t current_time;

current_time = time(NULL);
tcurrent = localtime(&current_time);
printf("%d days have elapsed since Jan 1\n", tcurrent->tm_yday);

Unfortunately, the asctime, ctime and localtime are not thread-safe. The
POSIX:TSFThreadSafeExtensionspecifiesthread-safealternativesthat have a caller-
suppliedbuffer asanadditionalparameter.

SYNOPSIS

#include <time.h>

char *asctime_r(const struct tm *restrict timeptr, char *restrict buf);
char *ctime_r(const time_t *clock, char *buf);
struct tm *gmtime_r(const time_t *restrict timer,

struct tm *restrict result);
struct tm *localtime_r(const time_t *restrict timer,

struct tm *restrict result);
POSIX:TSF

If successful,thesefunctionsreturn a pointer to the parameterholding the result. For
asctime_r andctime_r, the result is in buf. For gmtime_r andlocaltime_r, the
resultis in result. If unsuccessful,thesefunctionsreturnaNULL pointer.


