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Overview

“What is time, then? If nobody asks me, | know; if | have to explain it to someone who has asked me, | do not
know."”

-- Augustine

How to Use This Documentation

This documentation makes use of the following naming and formatting conventions.

e Codeisinfixed wi dth font andissyntax-highlighted.

» Replaceable text that you will need to supply isini tal i cs.

» Freefunctions are rendered in the code font followed by (), asinfree_f unction().

 If anamerefersto aclasstemplate, it isspecified likethis: cl ass_t enpl at e<>; thatis, itisin code font and itsnameisfollowed
by <> toindicate that it is a class template.

« If aname refers to a function-like macro, it is specified like this: MACRQ( ) ; that is, it is uppercase in code font and its name is
followed by () toindicate that it is afunction-like macro. Object-like macros appear without the trailing () .

» Namesthat refer to concepts in the generic programming sense are specified in CamelCase.

S Note
In addition, notes such asthis one specify non-essential information that provides additional background or rationale.

Finally, you can mentally add the following to any code fragmentsin this document:

/'l Include all of Chrono files
#i ncl ude <boost/chrono. hpp>

Motivation
Time

We all deal with time every day of our lives. We've intuitively known it since birth. Thuswe are al very familiar with it and believe
it to be a simple matter. The modeling of time in computer programs should be similarly simple. The unfortunate truth is that this
perceived simplicity is only skin deep. Fortunately, we do not need a terribly complicated solution to meet the bulk of our needs.
However, overly simplistic solutions can be dangerous and inefficient, and won't adapt as the computer industry evolves.

Boost.Chrono implements the new time facilities in C++11, as proposed in N2661 - A Foundation to Sleep On. That document
provides background and motivation for key design decisions and is the source of agood deal of information in this documentation.

In addition to the clocks provided by the standard proposal, Boost.Chrono provides specific process and thread clocks.

Wall clock versus system and user time

To make the timing facilities of Boost.Chrono more generally useful, the library provides a number of clocks that are thin wrappers
around the operating system'’s process time AP, thereby allowing the extraction of wall clock time, user CPU time, and system CPU
time of the process. Wall clock time isthe sum of CPU time and system CPU time. (On POSI X -like systems, thisreliesont i mes() .
On Windows, it relieson Get ProcessTi nes() .)
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Description
The Boost.Chrono library provides:
Standard

» A meansto represent time durations; managed by thegeneric dur at i on class. Examplesof time durationsincludedays, m nut es,
seconds and nanoseconds, which can be represented with a fixed number of clock ticks per unit. All of these units of time
duration are united with a generic interface by the dur at i on facility.

» A typefor representing pointsintime: t i me_poi nt . A ti me_poi nt representsan epoch plusor minusadur at i on. Thelibrary
leaves epochs unspecified. A t i me_poi nt isassociated with a clock.

» Several clocks, some of which may not be available on aparticular platform: syst em cl ock, st eady_cl ock and hi gh_r esol -
ution_cl ock.A clock isapairing of ati me_poi nt and dur at i on, and afunction which returnsat i me_poi nt representing
now.

Other clocks

To make the timing facilities more generally useful, Boost.Chrono provides a number of clocks that are thin wrappers around the
operating system's time APIs, thereby allowing the extraction of wall clock time, user CPU time, system CPU time spent by the
process,

» process_real _cpu_cl ock, captureswall clock CPU time spent by the current process.
» process_user _cpu_cl ock, captures user-CPU time spent by the current process.

* process_system cpu_cl ock, captures system-CPU time spent by the current process.

A tuple-like class pr ocess_cpu_cl ock, that captures real, user-CPU, and system-CPU process times together.
* Athread_cl ock thread steady clock giving the time spent by the current thread (when supported by a platform).

Lastly, Boost.Chrono includes typeof registration for dur ati on and ti me_poi nt to permit using emulated auto with C++03
compilers.

1/0

It provides I/O for dur ati on and t i me_poi nt . This I/O makes use of these types much more convenient. In following the "you
only pay for what you use" philosophy, this extra functionality is located in a header separate from <boost/chrono/chrono.hpp>,
namely <boost/chrono/chrono_io.hpp>.

It builds on <boost/ratio/ratio_io.hpp> to provide readable and flexible formatting and parsing for types in
<boost / chr ono. hpp>. Thistextural representation uses Sl prefixes whenever possible. This makes it easy for boost: :mi I | -
seconds to be represented by the text "milliseconds”, or a hypothetical meter class to print out "millimeter”. The dur at i on and
theti me_poi nt i/o can be customized through the new facets: dur ati on_uni t s and _time_point_units. The user can speciaize
these facets so that the the chrono i/o could be localizable. However Boost.Chrono doesn't provides a complete |ocale solution.

system cl ock: : ti ne_poi nt 1/O is proposed in terms of UTC timepoints, strongly guided by 1SO 9899:1999, Programming
languages - C, 1SO 9945:2003, Information Technology - Portable Operating System Interface (POSIX) and |SO 8601:2004, Data
elements and interchange formats - Information interchange - Representation of dates and times.

Rounding utilities

A few simple rounding utility functions for working with durations.
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Caveat Emptor

The underlying clocks provided by operating systems are subject to many seemingly arbitrary policiesand implementation irregular-
ities. That's a polite way of saying they tend to be flakey, and each operating system or even each clock hasits own cruel and unusual
forms of flakiness. Don't bet the farm on their accuracy, unless you have become deeply familiar with exactly what the specific op-
erating system is guaranteeing, which is often very little.
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User's Guide
Getting Started

Installing Chrono

Getting Boost.Chrono

Boost.Chrono is in the latest Boost release in the folder / boost / chr ono. Documentation, tests and examples folder are at
boost/I1i bs/ chrono/.

You can also access the latest (unstable?) state from the Boost trunk directories boost/chrono and libs/chrono. Just go to here and
follow the instructions there for anonymous SVN access.

Where to install Boost.Chrono?
The simple way isto decompress (or checkout from SVN) the filesin your BOOST ROQT directory.
Building Boost.Chrono

Boost.Chrono can be configured as aheader-only library defining BOOST_CHRONO HEADER ONLY. However Boost.Chrono depends
on the non header-only library Boost.System, so that you will need to link with boost_system.

Boost.System has un undocumented feature (use of macro BOOST _ERROR_CODE_HEADER_ONLY) to make it header only.

If BOOST_CHRONO _HEADER_ONLY is hot defined you need to compile it and build the library before use, for example using:

bj am |'i bs/ chrono/ bui | d

Requirements

In particular, Boost.Chrono depends on:

Boost.Config for configuration purposes, ...
Boost.Exception for throw_exception, ...

Boost.I nteger for cstdint conformance, ...

Boost.M PL for MPL Assert and bool, logical ...
Boost.Operators for operators, ...

Boost.Ratio for ratio, milli, micro, ...

Boost.System for error_code, ...

Boost. TypeTraits for is_base, is_convertible, common_type, ...
Boost.Utility/Enablel f for enable if, ...

Building an Executable that Uses Boost.Chrono

In addition to link with the Boost.Chrono library you need al so to link with the Boost.System library. If Boost.System is configured
defining BOOST_ERROR_CODE_HEADER_ONLY you will no need to link with it as the dependent part is header only then.
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Exception safety

All functionsin thelibrary are exception-neutral and provide strong guarantee of exception safety aslong asthe underlying parameters
provideit.

Thread safety
All functions in the library are thread-unsafe except when noted explicitly.

As Boost.Chrono doesn't use mutable global variables the thread-safety analysisis limited to the access to each instance variable. It
is not thread safe to use a function that modifies the access to a user variable if another can be reading or writing it.

Tested compilers

The implementation will eventually work with most C++03 conforming compilers. Currently | use to test with on:
Windows with

« MSVC10.0

MinGW with

»+ GCC450

* GCC 4.5.0 -std=c++0x
» GCC45.2

* GCC 4.5.2 -std=c++0x
« GCC4.6.0

* GCC 4.6.0 -std=c++0x
+ GCC4.80

* GCC 4.8.0 -std=c++0x

Ubuntu with* GCC 4.4.6 * GCC 4.4.6 -std=c++0x * GCC 4.5.4* GCC 4.5.4 -std=c++0x * GCC 4.6.1 * GCC 4.6.1 -std=c++0x *
Intel 12.1.3* Intel 12.1.3 -std=c++0x

OsX with

« GCC4.1.2

» GCC4.6.2

* GCC 4.6.2 -std=c++0x
« GCC4.7.0

* GCC 4.7.0 -std=c++0x
+ GCC4.7.1

* GCC4.7.1 -std=c++0x
« GCC4.7.2

* GCC 4.7.2 -std=c++0x

» GCC4.8.0

render
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» GCC 4.8.0 -std=c++0x

+ GCC48.1

* GCC 4.8.1 -std=c++0x

e clang 3.1

 clang 3.1 -std=c++0x -stdlib=libc++
» clang 3.2

 clang 3.2 -std=c++11 -stdlib=libc++

The committed code is tested with much more compilers. There are two compilers (VACPP and Borland) that don't provide the
needed features. Other as Intel and Sun have some issues with i/0. While everything compiles and link correctly, there are some
runtimeissues | have not cached yet. See the regression tests for details.

S Note
Please let us know how this works on other platforms/compilers.

S Note
Please send any questions, comments and bug reports to boost <at> lists <dot> boost <dot> org.

Hello World!
Tutorial

Duration

The durati on is the heart of this library. The interface that the user will see in everyday use is nearly identical to that of
Boost.DateTime time dur at i ons authored by Jeff Garland, both in syntax and in behavior. This has been a very popular boost
library for 7 years. Thereis an enormous positive history with this interface.

Thelibrary consists of six units of timedur at i on:
* hours

* mnutes

* seconds

* mlliseconds

* microseconds

* nanoseconds

These units were chosen as a subset of the boost library because they are the most common units used when sleeping, waiting on a
condition variable, or waiting to obtain the lock on a mutex. Each of these unitsis nothing but athin wrapper around asigned integral
count. That is, when you construct ni nut es( 3), al that happensis a3 is stored inside i nut es. When you construct ni cr o-

seconds( 3), all that happensisa3 isstoredinside i cr oseconds.

The only context in which these different types differ is when being converted to one another. At this time, unit-specific compile-
time conversion constants are used to convert the source unit to the target unit. Only conversions from coarser units to finer units
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are alowed (in Boost). This restriction ensures that all conversions are always exact. That is, i cr oseconds can aways represent
any value m nut es has.

In Boost.DateTime, these units are united viainheritance. Boost.Chrono instead unites these units through the class template dur -
ation. That is, in Boost.Chrono all six of the above units are nothing but typedefs to different instantiations of dur ati on. This
change from Boost.DateTime has a far reaching positive impact, while not changing the syntax of the everyday use at al.

The most immediate positive impact is that the library can immediately generate any unit, with any precision it needs. This is
sometimes necessary when doing comparisons or arithmetic between dur at i ons of differing precision, assuming one wants the
comparison and arithmetic to be exact.

A secondary benefit is that by publishing the classtemplate dur at i on interface, user code can very easily create dur at i onswith
any precision they desire. Ther at i o utility isused to specify the precision, so aslong as the precision can be expressed by arational
constant with respect to seconds, this framework can exactly represent it (one third of a second is no problem, and neither is one
third of af ent o second). All of this utility and flexibility comes at no cost just by making use of the no-run-time-overhead r at i o
facility.

In Boost.DateTime, hour s does not have the same representation as nanoseconds. The former isusualy represented with al ong
whereasal ong | ong isrequired for thelatter. The reason for thisis simply range. You don't need many hoursto cover an extremely
large range of time. But thisisn't true of nanoseconds. Being able to reduce the sizeof overhead for some units when possible, can
be a significant performance advantage.

Boost.Chrono continues, and generalizes that philosophy. Not only can one specify the precision of a dur at i on, one can also
specify itsrepresentation. Thiscan be any integral type, or even afloating-point type. Or it can be a user-defined type which emul ates
an arithmetic type. The six predefined units all use signed integral types astheir representation. And they all have a minimum range
of + 292 years. nanoseconds heeds 64 bitsto cover that range. hour s needs only 23 bits to cover that range.

So What Exactly is a durati on and How Do | Use One?

A dur at i on hasarepresentation and atick period (precision).

tenpl ate <class Rep, class Period = ratio<l> > class duration;

The representation is simply any arithmetic type, or an emulation of such atype. The representation stores a count of ticks. This
count is the only data member stored in adur ati on. If the representation is floating-point, it can store fractions of atick to the
precision of the representation. Thetick periodisrepresented by ar at i o and isencoded into thedur at i on'stype, instead of stored.
Thetick period only has an impact on the behavior of the dur at i on when a conversion between different dur at i onsis attempted.
Thetick period is completely ignored when simply doing arithmetic among like dur at i ons.

Example:

t ypedef boost::chrono::duration<long, boost::ratio<60> > m nutes;

mnutes mi(3); /1 ml stores 3
mnutes n2(2); /1l nR2 stores 2
mnutes nB = nl + nR; /]l nB stores 5

t ypedef boost::chrono::duration<long | ong, boost::mcro> mncroseconds;
nm croseconds usl(3); /1 usl stores 3
nm croseconds us2(2); /1 us2 stores 2
m croseconds us3 = usl + us2; // us3 stores 5

m croseconds us4 = nB + us3; /1 us4 stores 300000005

In the final line of code above, there is an implicit conversion from minutes to microseconds, resulting in arelatively large number
of microseconds.

If you need to access the tick count within adur at i on, thereisamember count () which simply returns the stored tick count.
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long long tc = us4.count(); /1 tc is 300000005

These dur at i on's have very simple, very predictable, and very observable behavior. After all, thisis really nothing but the time-
tested interface of Jeff's boost time dur at i on library (unified with templates instead of inheritance).

What Happens if | Assign n8 + us3 to ni nutes Instead of ni croseconds?
mnutes md = nB + us3;

It won't compile! The rationale is that implicit truncation error should not be allowed to happen. If this were to compile, then m4
would hold 5, the same value as n8. The value associated with us3 has been effectively ignored. Thisis similar to the problem of
assigning adoubleto ani nt : the fractional part gets silently discarded.

But What if the Truncation Behavior is What | Want to Do?

Thereisadur ati on_cast facility to explicitly ask for this behavior:
m nutes md = boost::chrono::duration_cast<mnutes>(n8 + us3); // mi.count() ==

In general, one can perform dur at i on arithmetic at will. If dur at i on_cast isn't used, and it compiles, the arithmetic is exact. If
one wants to override this exact arithmetic behavior, dur at i on_cast can be used to explicitly specify that desire. The dur a-
ti on_cast hasthe same efficiency asthe implicit conversion, and will even be exact as often asit can.

You can use dur at i on_cast <> to convert the dur at i on into whatever units you desire. This facility will round down (truncate)
if an exact conversion is not possible. For example:

boost: : chrono: : nanoseconds start;

boost: : chrono: : nanoseconds end;

t ypedef boost::chrono::mlliseconds ns;

ns d = boost::chrono::duration_cast<ns>(end - start);

/1 d now holds the nunber of mlliseconds fromstart to end.

std::cout << ms.count() << "nms\n";

We can convert to nanoseconds, or some integral-based duration which nanoseconds will always exactly convert to, then dur a-
tion_cast <> isunnecessary:

t ypedef boost::chrono:: nanoseconds ns;
ns d = end - start;
std::cout << ns.count() << "ns\n";

If you need seconds with a fl oating-point representation you can also eliminate the dur at i on_cast <>:

t ypedef boost::chrono:: duration<doubl e> sec; // seconds, stored with a double
sec d = end - start;
std::cout << sec.count() << "s\n";

If you're not sure if you need dur ati on_cast <> or not, feel free to try it without. If the conversion is exact, or if the destination
has a floating-point representation, it will compile: else it will not compile.

If you need to use dur at i on_cast <>, but want to round up, instead of down when the conversion isinexact, here is a handy little
helper function to do so. Writing it is actually a good starter project for understanding Boost.Chrono:

render
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tenpl ate <cl ass ToDuration, class Rep, class Period>
ToDur ati on
round_up(boost: : chrono: : duration<Rep, Period> d)
{
/1 first round down
ToDuration result = boost::chrono::duration_cast<ToDuration>(d);
if (result <d) // conparisons are *al ways* exact
++resul t; /1 increnent by one tick period
return result;

}

t ypedef boost::chrono::mlliseconds ns;

ns d = round_up<ms>(end - start);

/1 d now holds the nunber of nmilliseconds fromstart to end, rounded up.
std::cout << ms.count() << "ns\n";

Rounding functions
Boost.Chrono provides few simple rounding utility functions for working with durations.

/'l round down
tenpl ate <class To, class Rep, class Period>

To
floor(const durati on<Rep, Period>& d)
{
return duration_cast<To>(d);
}

/1 round to nearest, to even on tie
tenpl ate <class To, class Rep, class Period>

To
round(const duration<Rep, Period>& d)
{

To t0 = duration_cast<To>(d);

To t1 = tO;

++t 1;

BOOST_AUTO(di ff0, d - t0);
BOOST_AUTQ(diff1, t1 - d);
if (diffo == diff1)

if (tO.count() & 1)
return til,;
return toO;

}
elseif (diffo < diffl)
return to;
return t1i,
}
/1 round up
tenpl ate <class To, class Rep, class Period>

To
ceil (const duration<Rep, Period>& d)
{
To t = duration_cast<To>(d);
if (t <d
++t
return t;

The beauty of the chrono library is the ease and accuracy with which such conversions can be made. For example to convert from
m | 1iseconds (1/ 1000 of asecond), to 1/ 30 of a second, one must multiply the milliseconds by 0. 03. It is common knowledge

10
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that you can't exactly represent 0. 03 in acomputer. Nevertheless round will exactly (with no round off error) detect atie and round
to even when this happens. The differencesdi f f 0 and di f f 1 are not approximate, but exact differences, even when d has the units
of millisecond and To is 1/ 30 of asecond. Theunit of di f f 0 and di f f 1 is1/ 3000 of a second which both millisecond and 1/ 30
of asecond exactly convert to (with no truncation error).

Similarly, the comparisont < d inceil isexact, even when there is no exact conversion between t and d. Example use of
rounding functions

#i ncl ude <i ostreanr

#i ncl ude <boost/chrono/ chrono_i o. hpp>
#i ncl ude <boost/chrono/fl oor. hpp>

#i ncl ude <boost/chrono/ round. hpp>

#i ncl ude <boost/chrono/ceil . hpp>

int main()

{
usi ng nanespace boost: : chrono;
mlliseconds nms(2500);
std::cout << floor<seconds>(ns) << '\n';
std::cout << round<seconds>(ns) << '\n';
std::cout << ceil <seconds>(ns) << '\n';
ns = mlliseconds(2516);
t ypedef duration<long, boost::ratio<l, 30> > frane_rate;
std::cout << floor<frane_rate>(ns) << '\n';
std::cout << round<frane_rate>(ns) << '\n';
std::cout << ceil<frame_rate>(ns) << '\n';

return O;

The output of this program should be

2 seconds
2 seconds
3 seconds
75 [ 1/ 30] seconds
75 [ 1/ 30] seconds
76 [ 1/ 30] seconds

Trafficking in floating-point Durations
| don't want to deal withwritingdur at i on_cast all over the place. I'm content with the precision of my floating-point representation.

Not aproblem. When the destination of a conversion has floating-point representation, all conversions are allowed to happenimplicitly.

t ypedef boost::chrono:: duration<double, ratio<60> > dmi nutes;
dm nutes dmd = nB + us3; // dmd. count() == 5.000000083333333

How Expensive is All of this?

If you were writing these conversions by hand, you could not make it more efficient. The use of r at i o ensures that all conversion
constants are simplified as much as possible at compile-time. Thisusually resultsin the numerator or denominator of the conversion
factor ssimplifying to 1, and being subsequently ignored in converting the run-time values of the tick counts.

How Complicated is it to Build a Function Taking a durati on Parameter?

There are several options open to the user:

11
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« If the author of the function wants to accept any dur at i on, and is willing to work in floating-point dur at i ons, he can simply
use any floating-point dur at i on as the parameter:;

void f(boost::chrono::duration<double> d) // accept floating-point seconds

/1 d.count() == 3.e-6 when passed boost::chrono::m croseconds(3)

}

f (boost: : chrono: : nmcroseconds(3))

« If the author of the function wants to traffic only in integral dur ati ons, and is content with handling nothing finer than say
nanoseconds (just as an example), he can simply specify hanoseconds as the parameter:

voi d f(boost::chrono::nanoseconds d)

{
}

/1 d.count() == 3000 when passed boost::chrono:: m croseconds(3)

f (boost::chrono::mcroseconds(3));

Inthisdesign, if the client wants to passin afloating-point dur at i on, or adur at i on of finer precision than nanoseconds, then the
client is responsible for choosing his own rounding mode in the conversion to nanoseconds.

boost : : chrono: : durati on<doubl e> s(1./3); // 1/3 of a second
f (boost: : chrono: : duration_cast <boost::chrono:: nanoseconds>(s)); // round towards zero in conver[
sion to nanoseconds

In the example above, the client of f has chosen "round towards zero" as the desired rounding mode to nanoseconds. If the client has
adurati on that won't exactly convert to nanoseconds, and fails to choose how the conversion will take place, the compiler will
refuse the call:

f(s); [// does not conpile

« If the author of the function wants to accept any dur at i on, but wants to work with integral representations and wants to control
the rounding mode internally, then he can template the function:

tenpl ate <cl ass Rep, class Period>
voi d f(boost::chrono::duration<Rep, Period> d)

{
/1l convert d to nanoseconds, rounding up if it is not an exact conversion
boost: : chrono: : nanoseconds ns = boost: : chrono: : duration_cast <boost: :chrono:: nanoseconds>(d);
if (ns < d)
++ns;
/'l ns.count() == 333333334 when passed 1/3 of a floating-point second
}

f (boost: : chrono: : durati on<doubl e>(1./3))

« If the author in the example does not want to accept floating-point based dur at i ons, he can enforce that behavior like so:
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tenpl ate <cl ass Peri od>
voi d f(boost::chrono::duration<long |ong, Period> d)

{
/1 convert d to nanoseconds, rounding up if it is not an exact conversion
boost: : chrono: : nanoseconds ns = boost::chrono::duration_cast<nanoseconds>(d);
if (ns <d)
++Ns;
/1 ns.count() == 333333334 when passed 333333333333 pi coseconds
}

/1 About 1/3 of a second worth of picoseconds
f(boost::chrono: :duration<long | ong, boost:: pico>(333333333333));

Clients with floating-point dur at i ons who want to use f will now have to convert to an integral dur at i on themselves before
passing the result to f.

In summary, the author of f has quite a bit of flexibility and control in the interface he wants to provide his clients with, and easy
options for manipulating that dur at i on internal to his function.

Is it possible for the user to pass aduration to a function with the units being ambiguous?

No. No matter which option the author of f chooses above, the following client code will not compile:

f(3); [/ WII not conpile, 3 is not inplicitly convertible to any _ duration

Can Durations Overflow?

This depend on the representation. The default typedefs uses a representation that don't handle overflows. The user can define his
own representation that manage overflow as required by its application.

Clocks

While dur at i ons only have precision and representation to concern themselves, clocks and t i me_poi nt s are intimately related
and refer to one another. Because clocks are simpler to explain, we will do so first without fully explaining t i me_poi nt s. Once
clocks areintroduced, it will be easier to thenfill inwhat ati me_poi nt is.

A clock is aconcept which bundles 3 things:

1. A concretedur at i on type.

2. A concretet i ne_poi nt type.

3. A function called now() which returns the concretet i me_poi nt .

The standard defines three system-wide clocks that are associated to the computer time.

» syst em cl ock represents system-wide realtime clock that can be synchronized with an external clock.

» steady_cl ock can not be changed explicitly and the time since the initial epoch increase in a steady way.

» high_resol uti on_cl ock intend to use the system-wide clock provided by the platform with the highest resolution.

Boost.Chrono provides them when supported by the underlying platform. A given platform may not be able to supply all three of
these clocks.

The library adds some clocks that are specific to a process or athread, that is there is a clock per process or per thread.
The user isaso ableto easily create more clocks.

Given aclock named Clock, it will have:

13
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class O ock {

public:
typedef an arithnetic-like type rep;
typedef an instantiation of ratio peri od;
t ypedef boost::chrono::duration<rep, period> duration;
t ypedef boost::chrono::tinme_point<C ock> ti me_point;
static constexpr bool is_steady = true or false;

static time_point now);

One can get the current time from Clock with:
Clock::tinme_point t1 = dock::now);

And one can get thetime dur at i on betweentwot i me_poi nt s associated with Clock with:
Clock: :duration d = dock::now() - t1,;

And one can specify apast or futuret i me_poi nt with:
Clock::time_point t2 = Cock::now) + d;

Note how even if a particular clock becomes obsolete, the next clock in line will have the same API. There is no new learning curve
to come up. The only source code changes will be simply changing the type of the clock. The same dur ati on and ti me_poi nt
framework continuesto work asnew clocks areintroduced. And multiple clocks are safely and easily handled within the same program.

Time Point

A tinme_point represents a point in time, as opposed to a dur at i on of time. Another way of saying the same thing, is that a
ti me_poi nt represents an epoch plusor minusadur at i on. Examplesof ti me_poi nt sinclude:

* 3 minutes after the computer booted.
» 03:14:07 UTC on Tuesday, January 19, 2038
* 20 milliseconds after | started that timer.

In each of the examples above, a different epoch isimplied. Sometimes an epoch has meaning for several millennia. Other timesthe
meaning of an epoch islost after awhile (such asthe start of atimer, or when the computer booted). However, if twot i me_poi nt s
are known to share the same epoch, they can be subtracted, yielding avalid dur at i on, even if the definition of the epoch no longer
has meaning.

In Boost.Chrono, an epoch isapurely abstract and unspecified concept. Thereis no type representing an epoch. Itissimply anidea
that relates (or doesn't) t i me_poi nt stoaclock, and inthe casethat they shareaclock, t i ne_poi nt stooneanother.ti me_poi nts

associated with different clocks are generally not interoperabl e unless the rel ationship between the epochs associated with each clock
is known.

So What Exactly is a tine_poi nt and How Do | Use One?

Atinme_point hasaclock and adur ati on.
tenpl ate <class C ock, class Duration = typenane C ock::duration> class time_point;

Theti me_poi nt 'sclock is not stored. It is simply embedded into thet i me_poi nt 'stype and serves two purposes:

14
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1. Becauset i me_poi nt soriginating from different clocks have different types, the compiler can beinstructed to fail if incompatible
ti me_poi nt sare used in inappropriate ways.

2. Givenati ne_poi nt, one often needsto compare that t i ne_poi nt to "now". Thisisvery simpleaslong astheti me_poi nt
knows what clock it is defined with respect to.

A tine_point'sduration isstored as the only data member of theti me_poi nt. Thusti me_poi nt s and their corresponding
dur at i on have exactly the same layout. But they have very different meanings. For example, it is one thing to say | want to sleep
for 3 minutes. It is a completely different thing to say | want to sleep until 3 minutes past the time | started that timer (unless you
just happened to start that timer now). Both meanings (and options for sleeping) have great practical value in common use cases for
sleeping, waiting on a condition variable, and waiting for a mutex's lock. These same concepts and tools are found (for example) in
Ada

A timer example:

void f()
{

boost:: chrono: : steady_cl ock: :tinme_point start = boost::chrono::steady_cl ock::now();

g();

h():

dur ati on<doubl e> sec = boost::chrono::steady_clock::now) - start;
cout << "f() took " << sec.count() << " seconds\n";

Note that if oneisusing the dur at i on between two clock t i me_poi nt sin away where the precision of the dur at i on matters, it
isgood practice to convert the clock'sdur at i on to aknown dur at i on. Thisinsulates the code from future changes which may be
made to the clock’s precision in the future. For example st eady_cl ock could easily be based on the clock speed of the cpu. When
you upgrade to a faster machine, you do not want your code that assumed a certain tick period of this clock to start experiencing
run-time failures because your timing code has silently changed meaning.

A delay loop example:

/1 delay for at |east 500 nanoseconds:
auto go = boost::chrono::steady_cl ock:: now() + boost::chrono::nanoseconds(500);
whil e (boost::chrono:: steady_cl ock::now() < go)

The above code will delay as close as possible to half a microsecond, no matter what the precision of st eady_cl ock is. The more
precise st eady_cl ock becomes, the more accurate will be the delay to 500 nanoseconds.

Specific Clocks

system_clock

syst em cl ock isuseful when you need to correlate the time with a known epoch so you can convert it to a calendar time. Note the
specific functionsin the syst em cl ock class.

steady_clock

st eady_cl ock isuseful when you need to wait for aspecific amount of time. st eady_cl ock time can not be reset. As other steady
clocks, it isusually based on the processor tick.

Hereisapolling solution, but it will probably be too inefficient:

boost:: chrono: : steady_cl ock::tinme_point start= chrono::steady_cl ock::now);
boost:: chrono: : steady_cl ock::duration del ay= chrono: : seconds(5);
whil e (boost::chrono::steady_clock::now) - start <= delay) {}
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high_resolution_clock

When available, hi gh_resol uti on_cl ock is usualy more expensive than the other system-wide clocks, so they are used only
when the provided resolution is required to the application.

process_cpu_clock

Process and thread clocks are used usually to measure the time spent by code blocks, as a basic time-spent profiling of different
blocks of code (Boost.Chrono.Stopwatch is a clear example of this use).

thread clock

You can uset hr ead_cl ock whenever you want to measure the time spent by the current thread. For example:

boost: : chrono: :thread_cl ock: :ti me_point start=boost::chrono::thread_cl ock::now);
/'l ... do sonmething ...

t ypedef boost::chrono::mlliseconds ns;
ns d = boost::chrono::thread_clock::now) - start;

/1 d now holds the nunber of mlliseconds fromstart to end.
std::cout << ms.count() << "ns\n";

If you need seconds with a floating-point representation you can do:

t ypedef boost::chrono:: duration<doubl e> sec; // seconds, stored with a double.
sec d = end - start;
std::cout << sec.count() << "s\n";

If you would like to programmatically inspect t hread_cl ock::duration, you can get the representation type with
t hread_cl ock: : rep, and thetick period witht hr ead_cl ock: : peri od (which should beatyper at i o which has nested values
ratio::num and ratio::den). The tick period of thread_clock is thread_clock::period::num /
t hread_cl ock: : peri od: : den seconds: 1/ 1000000000 in this case (1 hillionth of a second), storedinal ong | ong.

/10

duration

Any dur at i on can be streamed out to abasi ¢_ost r eam Therun-time value of thedur at i on isformatted according to the rules
and current format settings for dur at i on: : r ep get_duration_style and the durationpunct facet.

the format is either
<val ue> <unit>
or

<uni t > <val ue>

16
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O Warning
Need to be changed Thisisfollowed by a single space and then the compile-time unit name of thedur at i on. This
unit nameishbuilt onthe string returned fromr at i o_st ri ng<> and the dataused to construct thedur at i on_punct
which was inserted into the stream'slocale. If adur at i on_punct has not been inserted into the stream'slocale, a
default constructed dur at i on_punct will be added to the stream's |locale.

dur ati on unit names come in two varieties: long(prefix) and short(symbol). The default constructed dur a-
ti on_punct provides names in the long(prefix) format. These names are English descriptions. Other languages
are supported by constructing adur at i on_punct with the proper spellings for "hours", "minutes’ and "seconds’,
and their abbreviations (for the short format). The short or long format can be easily chosen by streaming adur a-
tion_short () orduration_| ong() manipulator respectively or using the parameterized manimulator dur a-
tion_fmt (duration_style::prefix) orduration_fnt(duration_style::synbol).

Example:

#i ncl ude <i ostreanr
#i ncl ude <boost/chrono/ chrono_i 0. hpp>

int main()

{
usi ng nanmespace std
usi ng nanmespace boost;

cout << "mlliseconds(l) ="
<< boost::chrono::mlliseconds(1l) << "\n'

cout << "nmilliseconds(3) + mcroseconds(10) ="
<< boost::chrono::mlliseconds(3) + boost::chrono::mcroseconds(10) << '\n'

cout << "hours(3) + mnutes(10) ="
<< boost::chrono::hours(3) + boost::chrono::minutes(10) << "\n'

t ypedef boost::chrono::duration<long |ong, boost::ratio<l, 2500000000> > d ockTick
cout << "C ockTick(3) + boost::chrono::nanoseconds(10) ="
<< C ockTick(3) + boost::chrono::nanoseconds(10) << '\n';

/1
return O;

The output could be

mlliseconds(1l) = 1 mcrosecond

mlliseconds(3) + microseconds(10) = 3010 m croseconds
hours(3) + minutes(10) = 190 mi nutes

Cl ockTi ck(3) + nanoseconds(10) = 56 [1/5000000000] seconds

Set cout to use short nanes:

mlliseconds(3) + microseconds(10) = 3010 ps
hours(3) + minutes(10) = 190 m

Cl ockTi ck(3) + nanoseconds(10) = 56 [1/5000000000]s

system cl ock: :now() = 129387415616250000 [1/10000000]s since Jan 1, 1970
nonot oni c_cl ock: : now() = 37297387636417 ns si nce boot

Set cout to use |ong nanes:
hi gh_resol uti on_cl ock::now() = 37297387655134 nanoseconds si nce boot
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As can be seen, each duration type can be streamed without having to manually stream the compile-time units after the run-time
value. And when the compile-time unit is known to be a"common unit", English names are used. For "uncommon units' aunit name
is composed from the reduced numerator and denominator of the associated r at i 0. Whatever stream/locale settings are set for

dur at

i on: : r ep are used for the value. Additionally, when the value is 1, singular forms for the units are used.

Sometimes it is desired to shorten these names by using the SI symbols instead of S prefixes. This can be accomplished with the
use of the syrmbol _f or mat manipulator *:

cout

cout

cout

cout

cout

<< "\nSet cout to use short nanes:\n";
<< boost::chrono::synbol format;

<< "m|liseconds(3) + mcroseconds(10) ="
<< boost::chrono::mlliseconds(3) + boost::chrono::mcroseconds(10) << '\n'

<< "hours(3) + mnutes(10) ="
<< boost::chrono:: hours(3) + boost::chrono::mnutes(10) << "\n'

<< " ockTi ck(3) + nanoseconds(10) ="
<< (O ockTick(3) + boost::chrono::nanoseconds(10) << '\n';

The output could be

Set
mll
hour

cout to use short nanes:
i seconds(3) + mcroseconds(10) = 3010 pus
s(3) + mnutes(10) = 190 m

Cl ockTi ck(3) + nanoseconds(10) = 56 [1/5000000000]s

syst

em cl ock: :now() = 129387415616250000 [ 1/10000000]s since Jan 1, 1970

nonot oni c_cl ock: : now() = 37297387636417 ns since boot

Set

cout to use Iong namnmes

hi gh_resol ution_cl ock: : now() = 37297387655134 nanoseconds si nce boot

The i for microsecond is specified to be U+00B5, encoded as UTF-8, UTF-16 or UTF-32 as appropriate for the stream's character

Size.

When the format decision is taken at runtime, it could be better to use the parameterized manipulator dur ati on_f nt asin

duration_style style;

/..
cout

<< duration_fnt(style);

Parsing adur at i on follows rules analogous to the dur at i on converting constructor. A value and a unit (SI symbol or prefixed)
areread fromthebasi c_i st ream If thedur at i on hasanintegral representation, then the value parsed must be exactly representable
in the target dur at i on (after conversion to the target dur at i on units), elsef ai | bi t isset. dur ati ons based on floating-point
representations can be parsed using any units that do not cause overflow.

For example a stream containing "5000 milliseconds" can be parsed into seconds, but if the stream contains 3001 ms", parsing into
seconds will causef ai | bi t to be set.

Example:

Yduration_short invi
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#i ncl ude <boost/chrono/ chrono_i o. hpp>
#i ncl ude <sstreanw
#i ncl ude <cassert>

int main()
{

usi ng nanespace std;

istringstreamin("5000 mlliseconds 4000 ns 3001 ns");
boost: : chrono: : seconds d(0);

in >> d;
assert(in.good());
assert(d == seconds(5));
in >> d;
assert(in.good());
assert(d == seconds(4));
in >> d;
assert(in.fail());
assert(d == seconds(4));
return O;

Note that adur at i on failure may occur latein the parsing process. This means that the characters making up the failed parse in the
stream are usually consumed despite the failure to successfully parse.

Sometimes in templated code it is difficult to know what the unit of your duration is. It isall deterministic, and inspect-able. But it
can be inconvenient to do so, especially if you just need to print out a"debugging” statement. For example:

/1 round to nearest, to even on tie
tenpl ate <class To, class Rep, class Period>

To
round(const duration<Rep, Period>& d)
{
To t0 = duration_cast<To>(d);
To tl1 =10;
++t 1;
auto diffo =d - tO;
cout << "diffo =" << diffo << "\n';
auto diffl1 =t1 - d;
cout << "diffl =" << diffl << '"\n";

if (diffo == diff1)

if (tO.count() & 1)
return til,;
return toO;

}

else if (diffo < diffl)
return toO;

return til,;

Thisis where /O for duration really shines. The compiler knows what the type of diffO is and with this proposal that type (with
proper units) will automatically be printed out for you. For example:

mlliseconds ms = round<mlliseconds>(nanoseconds(123)); // diff0 = 123 nanoseconds
/1 diffl = 999877 nanoseconds
mlliseconds ns = round<ml|liseconds>(Ticks(44)); /1 diff0 = 2 [1/3000] seconds
/1 diffl = 1 [1/3000] second
19
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This simple 1/0 will make duration so much more accessible to programmers.
system cl ock: : ti ne_poi nt

syst em cl ock is specidl. It isthe only clock that has conversions between itsti me_poi nt andti me_t . C subsequently relates
time_t to the Gregorian calendar viacti me, gnti me, | ocal ti me, and strfti me. Neither C, nor POSIX relateti me_t to any
calendar other than the Gregorian calendar. 1SO 8601 is specified only in terms of the Gregorian calendar.

Boost.Chrono provides syst em cl ock: : ti me_poi nt 1/O in terms of the Gregorian calendar, and no other calendar. However
assystem cl ock: : ti me_poi nt remainsconvertiblewithti me_t, itispossiblefor clientsto create other calendars which inter-
operate withti me_t and subsequently syst em cl ock: : ti me_poi nt.

Furthermore, it is existing practice for al major hosted operating systems to store system time in aformat which facilitates display
as Coordinated Universal Time (UTC). Therefore Boost.Chrono providesthat the default output for syst em cl ock: : ti me_poi nt
bein aformat that represents a point in time with respect to UTC.

cout << systemclock::now() << '"\n';
could output

2011- 09-15 18: 36: 59. 325132 +0000

This format is strongly influenced by 1SO 8601, but placesa' ' between the date and time instead of a'T'. The former appears to
more accurately represent existing practice. A fully numeric format was chosen so as to be understandable to as large a group of
human readers as possible. A 24 hour format was chosen for the same reasons.

Of the referenced standards, only SO 8601 discusses the output of fractional seconds. Neither C nor POSIX have built-in function-
ality for this. However it appears to be universal (as of this writing) that syst em cl ock: : peri od is sub-second. And it seems
desirable that if you stream out asyst em cl ock: : ti me_poi nt, you ought to be able to stream it back in and get the same value.
Therefore the streaming of fractional seconds (at least by default) appears to be unavoidable.

Finally thetrailing " +0000" disambiguates the UTC-formatted syst em cl ock: : ti me_poi nt from one formatted with respect to
the local time zone of the computer. The latter can easily be achieved with:

cout << time_fmt(local) << systemclock::now) << '"\n';
that could result in

2011- 09-15 14:36:59. 325132 -0400

Notethat syst em cl ock: : ti me_poi nt itself isneither UTC, nor thelocal time. However in practice, syst em cl ock: : ti me_poi nt
isacount of ticks beyond some epoch which is synchronized with UTC. So as amobile computer moves across time zones, the time
zone traversal does not impact the value of asyst em cl ock: : ti me_poi nt produced by syst em cl ock: : now() . Anditisonly
in formatting it for human consumption that one can choose UTC or the local time zone. C and POSIX treat ti me_t just as
Boost.Chrono treatssyst em cl ock: : ti me_poi nt :

tm* gntine(const tine_t* timer) -> UTC
tm* localtine(const tine_t* tinmer) -> local tine

This proposal simply extends the C/POSIX ti me_t functionality to C++ syntax and syst em cl ock: : ti me_poi nt .

Theti me_f nt () manipulator is"sticky". It will remain in effect until the stream destructs or until it is changed. The stream can be
reset to its default state with:

cout << tinme_fnt(utc);
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And the formatting can be further customized by using the time format sequences. For example:

cout << tinme_fmt(local, "% 9B %, % %");
cout << systemclock::now() << '\n'; // Sunday April 24, 2011 02: 36:59 PM

When specifying formatting manipulators for wide streams, use wide strings.
You can use the same manipulators with istreams to specify parsing sequences.

Unfortunately there are no formatting/parsing sequences which indicate fractional seconds. Boost.Chrono does not provide such
seguences. In the meantime, one can format and parse fractional seconds for system cl ock: : ti me_poi nt by defaulting the
format, or by using an empty stringintime_fnt ().

The stream's current locale may impact the parsing/format sequences supplied to thesyst em cl ock: : ti me_poi nt manipulators
(e.g. names of days of the week, and names of months).

Other clocks time_point

Unlike syst em cl ock: : ti me_poi nt, the other clocks have no conversion witht i me_t . Thereislikely no relationship between
steady clock::time_point and UTC at al (UTC is not steady).

In general a tinme_point is formatted by outputting its internal durati on followed by a string that describes the
ti me_poi nt: : cl ock epoch. Thisstring will vary for each distinct clock, and for each implementation of the supplied clocks.

#i f def BOOST_CHRONO HAS CLOCK_STEADY

cout << "steady_clock::now() =" << boost::chrono::steady _clock::now) << '\n';
#endi f

cout << "\nSet cout to use long nanes:\n"
<< boost::chrono::duration_|ong
<< "high_resol ution_cl ock::now) ="
<< boost:: chrono:: high_resolution_clock::now() << "\n';

The output could be

steady_cl ock: : now() = 37297387636417 ns since boot

Set cout to use |ong nanes:
hi gh_resol uti on_cl ock: : now() = 37297387655134 nanoseconds si nce boot

Parsingati me_poi nt involvesfirst parsing adur at i on and then parsing the epoch string. If the epoch string does not match that
associated witht i me_poi nt : : cl ock then failbit will be set.

Example:
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#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

<boost/ chrono/ chrono_i o. hpp>
<sstreanv

<i ostreanr

<cassert>

int main()

{

usi ng nanespace std;

boost: : chrono: : high_resolution_clock::time_point t0 = boost::chrono:: high_resol ull
tion_clock::now);
stringstreami o;
io << tO0;
boost::chrono:: high_resolution_clock::time_point tl1;
io >> t1l,;
assert(!io.fail());

cout
cout
cout

<< jo.str() << '\n';
<< t0 << '"\n';
<< tl << '\n';

boost:: chrono: : high_resolution_clock::time_point t = boost::chrono::high_resol ull
tion_clock::now);

cout

cout
cout

<<t << '\n';

<< "That took " <<t - t0 << "\
<< "That took " <<t - t1 << "\

return O;

The output could be:

50908679121461 nanoseconds si nce boot
That took 649630 nanoseconds

n';
n';

Here's a simple example to find out how many hours the computer has been up (on this platform):

#i ncl ude
#i ncl ude

<boost/ chrono/ chrono_i o. hpp>
<i ostreanr

int main()

{

usi ng nanespace std;
usi ng namespace boost;

t ypedef boost::chrono::time_point<boost::chrono:: steady_cl ock, boost::chrono:: dural

ti on<doubl e, boost::ratio<3600> > > T;
T tp = boost::chrono::steady_cl ock::now);
std::cout << tp << '\n';
return O;

The output could be:

17.8666 hours since boot
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Low level I/O

The /O interface described in the preceding I/O sections were at the user level. These services are based on low level services that
are useful when writing libraries. The low level services are related to access to the associated ios state and local e facets. The design
follows the C++ |OStreams standard design:

The library encapsulate the local e-dependent parsing and formatting of dur at i on into a new facet class. Let's focus on formatting
in this example. The concerned facet classisdur at i on_put , analogous to time_put, money_put, etc.

The use of thisfacet is similar to the time_put facet.

Examples

Duration

How you Override the Duration's Default Constructor

Next we show how to override the dur at i on's default constructor to do anything you want (in this case set it to zero). All we need
to do is to change the representation

namespace | _dont _|i ke_the_default_duration_behavior {

tenpl ate <cl ass R>
cl ass zero_defaul t

{

public:
typedef R rep;

private:
rep rep_;

public:
zero_default(rep i = 0) rep_(i) {}
operator rep() const {return rep_;}
zero_defaul t & operator+=(zero_default x) {rep_ += x.rep_; return *this;}
zero_defaul t & operator-=(zero_default x) {rep_ -= x.rep_; return *this;}
zero_defaul t & operator*=(zero_default x) {rep_ *= x.rep_; return *this;}
zero_defaul t & operator/=(zero_default x) {rep_ /= x.rep_; return *this;}
zero_default operator+ () const {return *this;}
zero_default operator- () const {return zero_default(-rep_);}
zero_defaul t & operat or ++() {++rep_; return *this;}
zero_default operator++(int) {return zero_default(rep_++);}
zero_defaul t & operator--() {--rep_; return *this;}
zero_default operator--(int) {return zero_default(rep_--);}
friend zero_default operator+(zero_default x, zero_default y) {return x +=y;}
friend zero_default operator-(zero_default x, zero_default y) {return x -=vy;}
friend zero_default operator*(zero_default x, zero_default y) {return x *=y;}
friend zero_default operator/(zero_default x, zero_default y) {return x /=y;}
friend bool operator==(zero_default x, zero_default y) {return x.rep_ == y.rep_;}
friend bool operator!=(zero_default x, zero_default y) {return !(x ==1y);}
friend bool operator< (zero_default x, zero_default y) {return Xx.rep_ < y.rep_;}
friend bool operator<=(zero_default x, zero_default y) {return !(y < x);}
friend bool operator> (zero_default x, zero_default y) {returny < x;}
friend bool operator>=(zero_default x, zero_default y) {return !(x <vy);}

H

t ypedef boost::chrono:: duration<zero_default<long | ong> boost::nano > nanoseconds
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t ypedef boost::chrono:: duration<zero_default<long | ong> boost::mcro > m croseconds;
t ypedef boost::chrono::duration<zero_default<long |long> boost::mlli > mlliseconds;
t ypedef boost::chrono:: duration<zero_default<long | ong> > seconds;

t ypedef boost::chrono:: duration<zero_default<long | ong> boost::ratio<60> > m nut es;
t ypedef boost::chrono:: duration<zero_default<long |ong> boost::ratio<3600> > hours;

}

Usage

usi ng namespace | _dont _|i ke_the_defaul t_duration_behavi or;

mlliseconds ms;
std::cout << ms.count() << '\n'

See the source file example/i_dont_like the default_duration_behavior.cpp

Saturating

A "saturating" signed integral type is developed. Thistype has +/- infinity and aNaN (like | EEE floating-point) but otherwise obeys
signed integral arithmetic. Thisclassis subsequently used asthe template parameter Rep in boost::chrono::dur at i on to demonstrate
aduration class that does not silently ignore overflow.

See the source file example/saturating.cpp
xtime Conversions

Example round_up utility: converts d to To, rounding up for inexact conversions Being able to easily write this function is a major
feature!

#i ncl ude <boost/chrono. hpp>
#i ncl ude <boost/type_ traits. hpp>

#i ncl ude <i ostrean

tenpl ate <class To, class Rep, class Period>
To
round_up(boost: : chrono: : duration<Rep, Period> d)
{
To result = boost::chrono::duration_cast<To>(d);
if (result < d)
++resul t;
return result;

To demonstrate interaction with an xtime-like facility:
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struct xtine

{
| ong sec;
unsi gned | ong usec;
b
tenpl ate <cl ass Rep, class Period>
xtinme
to_xtime_truncate(boost::chrono::duration<Rep, Period> d)
{ .
xtime xt;

xt.sec = static_cast<long>(boost::chrono::duration_cast<seconds>(d).count());
xt.usec = static_cast<long>(boost::chrono::duration_cast<m crold
seconds>(d - seconds(xt.sec)).count());

return xt;
}
tenpl ate <cl ass Rep, class Period>
xtinme
to_xtime_round_up(boost::chrono::duration<Rep, Period> d)
{ .
xtime xt;

xt.sec = static_cast<long>(boost::chrono::duration_cast<seconds>(d).count());

xt.usec = static_cast<unsigned | ong>(round_up<boost::chrono::mcrol
seconds>(d - boost::chrono::seconds(xt.sec)).count());

return xt;

}

m cr oseconds
fromxtinme(xtinme xt)

{
return boost::chrono::seconds(xt.sec) + boost::chrono::mcroseconds(xt.usec);
}
void print(xtime xt)
{
std::cout << '{' << xt.sec << ',' << xt.usec << "}\n";
}
Usage
xtime xt = to _xtine_truncate(seconds(3) + boost::chrono::mlliseconds(251));
print(xt);
boost::chrono::mlliseconds ns = boost::chrono::duration_cast<boost::chrono::mlli[O

seconds>(fromxtinme(xt));

std::cout << ms.count() << " mlliseconds\n";

Xt = to_xtime_round_up(ns);

print(xt);

xt = to_xtime_truncate(boost::chrono::seconds(3) + nanoseconds(999));
print(xt);

xt = to_xtime_round_up(boost::chrono::seconds(3) + nanoseconds(999));
print(xt);

See the source file xtime.cpp

Clocks

Cycle count

Users can easily create their own clocks, with both points in time and time durations which have a representation and precision of
their own choosing. For exampleif there is a hardware counter which simply increments a count with each cycle of the cpu, one can
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very easily build clocks, time points and durations on top of that, using only afew tens of lines of code. Such systems can be used
to call the time-sensitive threading API's such as sleep, wait on a condition variable, or wait for a mutex lock. The API proposed
herein is not sensitive as to whether this is a 300MHz clock (with a 3 1/3 nanosecond tick period) or a 3GHz clock (with atick
period of 1/3 of a nanosecond). And the resulting code will be just as efficient as if the user wrote a specia purpose clock cycle
counter.

#i ncl ude <boost/chrono. hpp>
#i ncl ude <boost/type_traits. hpp>
#i ncl ude <i ostreanr

tenpl ate <long | ong speed>
struct cycl e_count

{
typedef typenane boost:: __ratio_nultiply__<boost::ratio<speed>, boost::nmega>: :type
frequency; // WMz
t ypedef typenane boost::__ratio_divide__<boost::ratio<l> frequency>: :type period
typedef long long rep
t ypedef boost::chrono::duration<rep, period> duration;
t ypedef boost::chrono::time_point<cycle_count> time_point
static time_point now )
{
static long long tick = 0
/1 return exact cycle count
return time_point(duration(++tick)); // fake access to clock cycle count
}
b

tenpl ate <long | ong speed>
struct approx_cycl e_count

{
static const long long frequency = speed * 1000000; // Mz
t ypedef nanoseconds duration
typedef duration::rep rep
t ypedef duration::period period
static const |ong | ong nanosec_per_sec = period::den
t ypedef boost::chrono::time_point<approx_cycle_count> time_point;
static time_point now )
{
static long long tick = 0
/'l return cycle count as an approxi mate nunber of nanoseconds
/1l compute as if nanoseconds is only duration in the std::lib
return time_point(duration(++tick * nanosec_per_sec / frequency))
}
b

See the source file cycle _count.cpp
xtime_clock

Thisexample demonstratesthe use of atimeval-like struct to be used asthe representation typefor both dur at i on andt i me_poi nt .
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class xtine {
private:
| ong tv_sec;
| ong tv_usec;

void fixup() {
if (tv_usec < 0) {
tv_usec += 1000000;
--tv_sec;

}

public:
explicit xtime(long sec, |ong usec) {
tv_sec = sec;
tv_usec = usec;
if (tv_usec < 0 || tv_usec >= 1000000) {
tv_sec += tv_usec / 1000000;
tv_usec % 1000000;

fixup();
}
explicit xtine(long |ong usec) {

tv_usec = static_cast<long>(usec % 1000000);
tv_sec = static_cast<long>(usec / 1000000);

fixup();
}
/'l explicit

operator long long() const {return static_cast<long |ong>(tv_sec) * 1000000 + tv_usec;}

xti me& operator += (xtinme rhs) {
tv_sec += rhs.tv_sec;
tv_usec += rhs.tv_usec;
if (tv_usec >= 1000000) {
tv_usec -= 1000000;
++t v_sec;
}

return *this;

}

xtime& operator -= (xtine rhs) {
tv_sec -= rhs.tv_sec;
tv_usec -= rhs.tv_usec;
fixup():
return *this;

}

xti me& operator % (xtine rhs) {
long long t = tv_sec * 1000000 + tv_usec;
long long r = rhs.tv_sec * 1000000 + rhs.tv_usec;
t % r,
tv_sec = static_cast<long>(t / 1000000);
tv_usec = static_cast<long>(t % 1000000);
fixup():
return *this;

}

friend xtinme operator+(xtine x, xtinme y) {return x +=
friend xtinme operator-(xtine x, xtinme y) {return x -=
friend xtinme operator%xtine x, xtinme y) {return x %

R i el
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friend bool operator==(xtine x, xtinmey)
{ return (x.tv_sec == y.tv_sec &% x.tv_usec == y.tv_usec); }

friend bool operator<(xtime x, xtiney) {
if (x.tv_sec == y.tv_sec)
return (x.tv_usec < y.tv_usec);
return (x.tv_sec < y.tv_sec);

}

return ! (x ==vy); }
returny < x; }

return ! (y < x); }
return ! (x <vy); }

friend bool operator!=(xtine
friend bool operator> (xtine
friend bool operator<=(xtine
friend bool operator>=(xtine

x
—
3
<

x

—

<
—— = —
-

><_><><><
x
~—
3
<

, Xtime 'y
friend std::ostream operator<<(std::ostream& os, xtinme Xx)
{return os << '{' << x.tv_sec << ',' << x.tv_usec << '}';}
}s
Clock based on timeval-like struct.

class xtinme_cl ock

{
public:
t ypedef xtine rep;
t ypedef boost::micro peri od;
t ypedef boost::chrono:: duration<rep, period> dur ation;
t ypedef boost::chrono::time_point<xtine_clock> time_point;
static time_point now )
{
#i f defi ned( BOOST_CHRONO_ W NDOWAS_API )
time_point t(duration(xtinme(0)));
gettineofday((tineval *)&, 0);
return t;
#el i f defined( BOOST_CHRONO MAC API)
time_point t(duration(xtinme(0)));
gettineofday((tineval *)&, 0);
return t;
#el i f defined( BOOST_CHRONO PCSI X_API )
//time_point t(0,0);
ti mespec ts;
c:clock_gettime( CLOCK _REALTIME, &ts );
xtinme xt( ts.tv_sec, ts.tv_nsec/1000);
return time_point(duration(xt));
#endif // POSI X
}
s

Usage of xtime_clock
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std::cout << "sizeof xtinme_clock::tinme_point =" << sizeof(xtine_clock::time_point) << '\n';
std::cout << "sizeof xtine_clock::duration =" << sizeof (xtinme_clock::duration) << "\n';
std::cout << "sizeof xtine_clock::rep =" << sizeof(xtine_clock::rep) << '\n';

xtime_cl ock: :duration delay(boost::chrono::mlliseconds(5));

xtime_clock::tinme_point start = xtinme_clock::now);

while (xtinme_clock::now() - start <= delay) {}

xtime_clock::tinme_point stop = xtine_clock::now);

xtime_cl ock::duration el apsed = stop - start;

std::cout << "paused " << boost::chrono::::nanoseconds(el apsed).count() << " nanoseconds\n";

See the source file exampl e/timeval _demo.cpp

Time Point

min Utility

The user can define afunction returning the earliest t i me_poi nt asfollows:

tenpl ate <class Cl ock, class Durationl, class Duration2>
t ypename boost:: comon_type<ti nme_poi nt <Cl ock, Durationl>,
ti me_poi nt <C ock, Duration2> >::type
m n(tinme_point<C ock, Durationl> t1, tine_point<C ock, Duration2> t2)

{
}

return t2 <tl ?t2: ti;

Being able to easily write this function is a major feature!

BOOST_AUTQO(t1, systemclock::now() + seconds(3));
BOOST_AUTQ(t 2, system cl ock::now() + nanoseconds(3));
BOOST_AUTQO(t3, min(tl, t2));

See the source file example/min_time_point.cpp
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A Tiny Program that Times How Long Until a Key is Struck

#i ncl ude <boost/chrono. hpp>
#i ncl ude <i ostreanr
#i ncl ude <i omani p>

usi ng namespace boost:: chrono;

tenpl ate< class C ock >

class tiner

{

typenanme Cl ock::tinme_point start;

public:

timer()
typename C ock::duration el apsed() const

{

start( Clock::now() ) {}

return Cock::now) - start;

}

doubl e seconds() const

{

return el apsed().count() * ((double)d ock:: period::num C ock: : period::den);

}
}

int main()

{

timer<systemcl ock> t1;
timer<steady_cl ock> t2;
ti mer<hi gh_resol ution_cl ock> t3;

std::
std::

std::
std::

std::
std::
system cl ock: : ti ne_point d4
system cl ock: : time_poi nt d5
std:

steady_cl ock: : time_point dé
steady_cl ock: : time_poi nt d7

st d:

hi gh_resol uti on_cl ock: : ti me_poi nt d8
hi gh_resol uti on_cl ock: : ti me_poi nt d9

st d:

cout << "Type the Enter key: ";
cin.get();
cout << std::fixed << std::setprecision(9);
cout << "systemclock----------- o
<< tl.seconds() << " seconds\n";
cout << "steady_clock-------- S
<< t2.seconds() << " seconds\n";
cout << "high_resolution_clock--:

:cout

:cout

:cout

<< t3.seconds() << " seconds\n";

system cl ock: : now() ;
system cl ock: : now() ;

<< "\nsystemclock latency----------- " << (d5 - d4).count() << std::endl;

st eady_cl ock: : now() ;
st eady_cl ock: : now() ;

<< "steady_cl ock |l atency-------- © " << (d7 - d6).count() << std::endl;

hi gh_resol ution_cl ock: : now() ;
hi gh_resol ution_cl ock: : now() ;

<< "high_resolution_clock latency--: " << (d9 - d8).count() << std::endl;

std::time_t now = systemclock::to_tine_t(systemclock::now));

st d:

:cout

<< "\nsystemcl ock::now() reports UTCis "

<< std::asctine(std::gntime(&ow)) << "\n";

return O;

render
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The output of this program run looks like this:
See the source file example/await_keystroke.cpp
24 Hours Display

In the example above we take advantage of the fact that t i ne_poi nt s convert as long as they have the same clock, and as long as
their internal dur at i ons convert. We also take advantage of the fact that a dur at i on with a floating-point representation will
convert from anything. Finally the /O system discoversthe morereadable "hours' unit for our dur at i on<doubl e, rati 0<3600>>.

There are many other waysto format dur at i onsandti me_poi nt s. For example see 1SO 8601. Instead of coding every possibility
into oper at or <<, which would lead to significant code bloat for even the most trivial uses, this document seeks to inform the
reader how to write custom 1/O when desired.

As an example, the function below streams arbitrary dur at i onsto arbitrary basi c_ost r eans using the format:
[-]1d/hh:m$m ss. cc

Where:

» disthe number of days

* h isthe number of hour s

* misthe number of nmi nut es

* ss. cc isthe number of seconds rounded to the nearest hundreth of a second
1. include <boost/chrono/chrono_io.hpp>
2. include <ostream>

3. include <iostream>
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/1 format duration as [-]d/hh::mm:ss.cc
tenpl ate <class CharT, class Traits, class Rep, class Period>
std:: basic_ostrean<CharT, Traits>&
di spl ay(std:: basic_ostream<CharT, Traits>& os
boost:: chrono: : durati on<Rep, Period> d)

{
usi ng nanmespace std
usi ng nanmespace boost;
t ypedef boost::chrono::duration<long |ong, boost::ratio<86400> > days
t ypedef boost::chrono::duration<long |ong, boost:centi> centiseconds;
/'l if negative, print negative sign and negate
if (d < boost::chrono::duration<Rep, Period>(0))
{
d = -d;
0s << '-';
}
/1 round d to nearest centiseconds, to even on tie
centiseconds cs = boost::chrono::duration_cast<centiseconds>(d);
if (d- cs > boost::chrono::mlliseconds(5)
|| (d - cs == boost::chrono::mlliseconds(5) &% cs.count() & 1))
++CS;
/'l separate seconds from centiseconds
boost: : chrono: : seconds s = boost::chrono::duration_cast<boost::chrono::seconds>(cs)
Cs -= s;
/1 separate m nutes from seconds
boost::chrono:: mnutes m = boost::chrono::duration_cast<boost::chrono::mnutes>(s)
S -=m
/1 separate hours from mi nutes
boost: :chrono:: hours h = boost::chrono::duration_cast<boost::chrono::hours>(m;
m-= h;
/'l separate days from hours
days dy = boost::chrono::duration_cast<days>(h);
h -= dy;
/1 print d/hh:mmss.cc
0os << dy.count() << '/’
if (h < boost::chrono::hours(10))
os << 'O
0s << h.count() << ':";
if (m< boost::chrono::mnutes(10))
os << 'O
0s << mcount() << ':';
if (s < boost::chrono::seconds(10))
0os << 'O
0s << s.count() << '.';
if (cs < boost::chrono::centiseconds(10))
os << 'O
0s << cs.count ()
return os;
}
int main()
{
usi ng nanmespace std
usi ng nanmespace boost;
di spl ay(cout, boost::chrono::steady_clock::now().tinme_since_epoch()
+ boost::chrono:: duration<long, boost::nmega>(1)) << '\n';
di spl ay(cout, -boost::chrono::mlliseconds(6)) << '\n'
di spl ay(cout, boost::chrono::duration<long, boost::mega>(1)) << '"\n';
di spl ay(cout, -boost::chrono::duration<long, boost::nega>(1)) << '\n'
}
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The output could be:

12/ 06: 03: 22. 95
-0/ 00: 00: 00. 01
11/13: 46: 40. 00
-11/13: 46: 40. 00

Simulated Thread Interface Demonstration Program

The C++11 standard library's multi-threading library requiresthe ability to deal with the representation of timein amanner consistent
with modern C++ practices. Next is asimulation of this interface.

The non-member sleep functions can be emulated as follows:

namespace boost { nanespace this_thread {

tenpl ate <cl ass Rep, class Period>
voi d sl eep_for(const chrono::duration<Rep, Period>& d) {
chrono: : mcroseconds t = chrono::duration_cast<chrono:: m croseconds>(d);
if (t <d
++t
if (t > chrono::mcroseconds(0))
std::cout << "sleep for " << t.count() << " mcroseconds\n";

}

tenpl ate <class O ock, class Duration>
voi d sleep_until (const chrono::tinme_point<dock, Duration>& t) {
usi ng nanespace chrono;
t ypedef tine_poi nt<C ock, Duration> Tineg;
t ypedef system cl ock::tine_point SysTineg;
if (t > dock::now()) {
typedef typenanme common_t ype<typenane Tine::duration,
typenane SysTime::duration>::type D
/* auto */ Dd =1t - dock::now);
nm croseconds us = duration_cast<m croseconds>(d);
if (us < d)
++Us;
SysTinme st = systemcl ock::now() + us;
std::cout << "sleep_until
detail ::print_time(st);
std::cout << " whichis " << (st - systemclock::now()).count() << " mcroseconds away\n";

}
H}

Next istheboost : : t hread: : ti med_nut ex modified fuctions
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nanespace boost {
struct tinmed_mutex {
I

tenpl ate <cl ass Rep, class Period>
bool try_lock_for(const chrono::duration<Rep, Period>& d) {
chrono: : mcroseconds t = chrono::duration_cast<chrono:: m croseconds>(d);
if (t <= chrono::mcroseconds(0))
return try_lock();
std::cout << "try lock for " << t.count() << " mcroseconds\n";
return true;

}

tenpl ate <class C ock, class Duration>
bool try_lock_until (const chrono::tine_point<C ock, Duration>& t)

{
usi ng nanmespace chrono;
typedef tine_point<d ock, Duration> Tine;
typedef system clock::tinme_point SysTine;
if (t <= dock::now))
return try_lock();
typedef typenane comon_type<typenane Tine::duration,
typenane Cl ock::duration>::type D
/* auto */ Dd =1t - dock::now);
nm croseconds us = duration_cast<m croseconds>(d);
SysTinme st = systemclock::now() + us;
std::cout << "try lock until ";
detail::print_tine(st);
std::cout << " which is " << (st - systemclock::now()).count()
<< " mcroseconds away\n";
return true;
}
s
}

boost : :thread:: condition_vari abl e timerelated function are modified as follows:

render
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nanespace boost {
struct condition_variable

{
I
tenpl ate <cl ass Rep, class Period>
bool wait_for(nutex& const chrono::duration<Rep, Period>& d) {
chrono: : mcroseconds t = chrono::duration_cast<chrono:: m croseconds>(d);
std::cout << "wait_for " << t.count() << " mcroseconds\n";
return true;
}
tenpl ate <class C ock, class Duration>
bool wait_until (rmutex& const chrono::time_point<dock, Duration>& t) {
usi ng nanmespace boost:: chrono;
typedef tine_point<d ock, Duration> Tine;
typedef system clock::tinme_point SysTine;
if (t <= dock::now))
return fal se;
t ypedef typenane common_type<typenane Tine::duration,
typenane Cl ock::duration>::type D
/* auto */ Dd =1t - dock::now);
nm croseconds us = duration_cast<m croseconds>(d);
SysTinme st = systemclock::now() + us;
std::cout << "wait_until "
detail ::print_tine(st);
std::cout << " which is " << (st - systemclock::now()).count()
<< " mcroseconds away\n";
return true;
}
s
}

Next follows how simple is the usage of this functions:

boost:: nmutex m
boost::tinmed nmutex mut;
boost::condition_variable cv;

usi ng nanmespace boost;

this_thread: :sleep_for(chrono::seconds(3));

this_thread: : sl eep_for(chrono:: nanoseconds(300));

chrono: :systemcl ock: :tine_point tinme_linmt = chrono::sysl

temcl ock: :now() + chrono::_ seconds _(4) + chrono::mlliseconds(500);
this_thread: :sleep_until (time_limt);

mut.try_lock_for(chrono::mlliseconds(30));
mut.try_ lock until (tinme_limt);

cv.wait _for(m chrono::mnutes(l)); /1 real code would put this in a |oop
cv.wait_until(m time_limt); // real code would put this in a |oop

/'l For those who prefer floating-point

this_thread: : sl eep_for(chrono: : duration<doubl e>(0.25));
this_thread::sleep_until (chrono::systemclock::now() + chrono::duration<double>(1.5));

See the source file example/simulated _thread_interface demo.cpp
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10

French Output

Example use of output in French

#i ncl ude <boost/chrono/ chrono_i 0. hpp>

#i ncl ude <i ostreanr
#i ncl ude <l ocal e>

int main()

{
usi ng nanespace std;
usi ng nanmespace boost;

usi ng nanespace boost: : chrono;

cout . i mbue(l ocal e(l ocal e(), new duration_punct <char>

(

dur ati on_punct <char >: : use_| ong,

"secondes", "m nutes", "heures",
"s", "nf', "h"
)));
hours h(5);

m nutes n{45);
seconds s(15);
mlliseconds ns(763);

cout << h << ", " << m<< "

Output is:

" << s << " et " << B << '\n':

5 heures, 45 minutes, 15 secondes et 763 millisecondes

See the source file exampl e/french.cpp

External Resources

C++ Standards Committee's cur-
rent Working Paper

N2661 - A Foundation to Sleep On

L GW 934. duration ismissing op-
erator %

LGW 935. clock error handling
needsto be specified

The most authoritative reference material for the library is the C++ Standards Committee's
current Working Paper (WP). 20.11 Time utilities "time"

From Howard E. Hinnant, Walter E. Brown, Jeff Garland and Marc Paterno. Is very inform-
ative and provides motivation for key design decisions

From Terry Golubiewski. Isvery informative and provides motivation for key design decisions

From Beman Dawes. This issue has been stated as NAD Future.
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Reference

Asconst expr will not be supported by some compilers, it isreplaced in the code by BOOST_CONSTEXPRfor const expr functions
and BOOST_STATI C_CONSTEXPR for struct/class static fields. The same applies to noexecpt which is replaced by noexcept in
the code.

The documentation doesn't use these macros.

Head €I <boost/chrono/ i ncl ude. hpp>

Include all the chrono header files.

#i ncl ude <boost/ chrono/ chrono. hpp>

#i ncl ude <boost/chrono/ chrono_io. hpp>

#i ncl ude <boost/chrono/ process_cpu_cl ocks. hpp>
#i ncl ude <boost/chrono/thread_cl ocks. hpp>

#i ncl ude <boost/chrono/ceil . hpp>

#i ncl ude <boost/chrono/fl oor. hpp>

#i ncl ude <boost/chrono/ round. hpp>

Included on the C++11 Recommendation

Header <boost/chrono. hpp>

Include only the standard files.

#i ncl ude <boost/chrono/ chrono. hpp>

Header <boost / chrono/ chr ono. hpp>

Include only the standard files.

#i ncl ude <boost/chrono/ duration. hpp>

#i ncl ude <boost/chrono/ti ne_point. hpp>

#i ncl ude <boost/chrono/ system cl ocks. hpp>

#i ncl ude <boost/chrono/typeof/boost/chrono/ chrono. hpp>

Limitations and Extensions

At present, tthere is no know limitation respect to the C++11 standard.

The current implementation providesin addition:

» clock error handling as specified in clock error handling needs to be specified.

* process and thread clocks.

Configuration Macros

How Assert Behaves?

When BOOST_NO_STATI C_ASSERT is defined, the user can select the way static assertions are reported. Define
» BOOST_CHRONO USES STATI C_ASSERT: defineit if you want to use Boost. Stati cA ssert.

* BOOST_CHRONO USES_MPL_ASSERT: defineit if you want to use Boost. MPL static asertions.
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e BOOST_CHRONO USES ARRAY_ASSERT: defineit if you want to use internal static asertions.
The default behavior is as BOOST_CHRONO _USES ARRAY_ASSERT was defined.

When BOOST_CHRONO_USES_MPL_ASSERT is not defined the following symbols are defined as

#defi ne BOOST_CHRONO_A_ DURATI ON_REPRESENTATI ON_CAN_NOT_BE_A DURATI ON \
"A duration representation can not be a duration”
#def i ne BOOST_CHRONO_SECOND TEMPLATE_PARAMETER OF_DURATI ON_MUST_BE_A STD_RATI O \
"Second tenpl ate paranmeter of duration nmust be a boost::ratio"
#def i ne BOOST_CHRONO_DURATI ON_PERI CD_MJST_BE_PGCSI TI VE \
"duration period nust be positive"
#def i ne BOOST_CHRONO_SECOND TEMPLATE_PARAMETER _OF_TI ME_PO NT_MUST_BE_A BOOST_CHRONO_DURATI ON \
"Second tenpl ate paranmeter of time_point nust be a boost::chrono::duration”

Depending on the static assertion used system you will have an hint of the failing assertion either through the symbol or through the
text.

Don't provide Hybrid Error Handling

When BOOST_CHRONO _DONT_PROVI DE_HYBRI D_ERROR_HANDLI NG is defined the lib don't provides the hybrid error handling
prototypes:

Cl ock: :tinme_point O ock::now system:error_code&ec=boost::throws());

This allow to be closer to the standard and to avoid the Boost.System dependency, making possible to have Boost.Chrono as a
header-only library.

By default BOOST_CHRONO _PROVI DE_HYBRI D_ERROR_HANDLI NGis defined.
How to Build Boost.Chrono as a Header Only Library?
When BOOST_CHRONO_HEADER_ONLY is defined the lib is header-only.

If in addition BOOST_USE_W NDOWS_H is defined <wi ndows. h> isincluded, otherwise filesin boost / det ai | / wi n are used to
reduce the impact of including <wi ndows. h>.

However, you will either need to define BOOST_CHRONO_DONT_PROVI DE_HYBRI D_ERROR_HANDLI NG or link with Boost.System.
Deprecated 10
Version 2.0.0 deprecates the preceding 1O features.

These deprecated features will be provided by default up to boost 1.55. If you don't want to include the deprecated features you could
define BOOST_CHRONO _DONT_PROVI DES_DEPRECATED | O SI NCE_V2_0_0. Since 1.55 these features will not be included any
more by default. Since this version, if you want to include the deprecated features yet you could define
BOOST_CHRONO_PROVI DES_DEPRECATED | O _SI NCE_V2_0_0. These deprecated features will be only available until boost 1.58,
that is you have 1 year and a half to move to the new features.

time_point<system_clock,D> specialization limitation
Version

BOOST_CHRONO_VERSI ON definesthe Boost.Chrono version. The default versionis 1. Inthis case the foll owing breaking or extending
macros are defined if the oppositeis not requested:

* BOOST_CHRONO_PROVI DES _DEPRECATED | O _SI NCE_V2_0_0

The user can request the version 2 by defining BOOST_CHRONO_VERSI ON to 2. In this case the following breaking or extending
macros are defined if the opposite is not requested:
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» Breaking change BOOST_CHRONO DONT_PROVI DES_DEPRECATED | O SINCE V2_0 0

The default value for BOOST_CHRONO_VERSI ON will be changed to 2 since Boost 1.55.

Header <boost / chrono/ dur ati on. hpp>

Thisfile contains duration specific classes and non-member functions.

namespace boost {
namespace chrono {

tenpl ate <cl ass Rep, class Period = ratio<l> > class duration;

}
tenpl ate <cl ass Repl, class Periodl, class Rep2, class Period2>
struct common_t ype<durati on<Repl, Periodl>,

dur ati on<Rep2, Period2> >;

namespace chrono {

/| customization traits
tenpl ate <cl ass Rep> struct treat_as_fl oating_point;
tenpl ate <cl ass Rep> struct duration_val ues;

/1 duration arithnetic
tenpl ate <cl ass Repl, class Periodl, class Rep2, class Period2>
const expr
t ypenanme comon_t ype<dur ati on<Repl, Periodl> duration<Rep2, Period2> >::type
oper at or +(
const duration<Repl, Periodl>& |hs,
const duration<Rep2, Period2>& rhs);

tenpl ate <cl ass Repl, class Periodl, class Rep2, class Period2>
const expr
t ypenanme comon_t ype<dur ati on<Repl, Periodl> duration<Rep2, Period2> >::type
oper at or - (
const duration<Repl, Periodl>& |hs,
const duration<Rep2, Period2>& rhs);

tenpl ate <cl ass Repl, class Period, class Rep2>
const expr
dur ati on<typenanme conmon_t ype<Repl, Rep2>::type, Period>
oper at or *(
const duration<Repl, Period>& d,
const Rep2& s);

tenpl ate <cl ass Repl, class Period, class Rep2>
const expr
dur ati on<typenanme conmon_t ype<Repl, Rep2>::type, Period>
oper at or *(
const Replé& s,
const duration<Rep2, Period>& d);

tenpl ate <cl ass Repl, class Period, class Rep2>
const expr
dur ati on<typenanme conmon_t ype<Repl, Rep2>::type, Period>
operator/(
const duration<Repl, Period>& d,
const Rep2& s);

tenpl ate <cl ass Repl, class Periodl, class Rep2, class Period2>
const expr
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typenane common_t ype<Repl, Rep2>::type
operator/(
const durati on<Repl, Periodl>& |hs
const duration<Rep2, Period2>& rhs)

#i f def BOOST_CHRONO_EXTENSI ONS
/1 Used to get frecuency of events

tenpl ate <cl ass Repl, class Rep2, class Period>

const expr
doubl e operator/(

const Repl& s

const duration<Rep2, Period>& d)
#endi f

/1 duration conparisons
tenpl ate <cl ass Repl, class Periodl, class
const expr bool operator==
const durati on<Repl, Periodl>& |hs
const duration<Rep2, Period2>& rhs)

tenpl ate <cl ass Repl, class Periodl, class
const expr bool operator! =(
const durati on<Repl, Periodl>& |hs
const duration<Rep2, Period2>& rhs)

tenpl ate <cl ass Repl, class Periodl, class
constexpr bool _ _duration__op_le_1(
const durati on<Repl, Periodl>& |hs
const duration<Rep2, Period2>& rhs)
tenpl ate <cl ass Repl, class Periodl, class
const expr bool operator<=(
const durati on<Repl, Periodl>& |hs
const duration<Rep2, Period2>& rhs)

tenpl ate <cl ass Repl, class Periodl, class
const expr bool operator>(
const durati on<Repl, Periodl>& |hs
const duration<Rep2, Period2>& rhs)
tenpl ate <cl ass Repl, class Periodl, class
const expr bool operator>=(
const durati on<Repl, Periodl>& |hs
const duration<Rep2, Period2>& rhs)

/1 duration_cast

Rep2

Rep2

Rep2

Rep2

Rep2

Rep2

cl ass

cl ass

cl ass

cl ass

cl ass

cl ass

tenpl ate <cl ass ToDuration, class Rep, class Period>

const expr

Peri od2>

Peri od2>

Peri od2>

Peri od2>

Peri od2>

Peri od2>

ToDuration duration_cast(const duration<Rep, Period>& d);

/'l conveni ence typedefs
t ypedef durati on<boost:
t ypedef durati on<boost:
t ypedef durati on<boost:
t ypedef durati on<boost:
t ypedef durati on<boost:
t ypedef durati on<boost:

nt _|east64_t, nano> nanoseconds; I
nt_|east64_t, micro> nicroseconds; //
nt_least64_t, mlli> nlliseconds; //
nt _| east64_t > seconds
nt_least32_t, ratio< 60> > mnutes; //
nt_least32_t, ratio<3600> > hours; //

11

at
at
at
at
at
at

| east
| east
| east
| east
| east
| east

64
55
45
35
29
23

bits
bits
bits
bits
bits
bits

needed
needed
needed
needed
needed
needed
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Time-related Traits

Metafunction treat _as_fl oati ng_poi nt <>

tenpl ate <cl ass Rep> struct treat_as_fl oating_point
boost: :is_floating_point<Rep> {};

Thedur ati on template usesthetreat _as_fl oati ng_poi nt trait to help determineif adur at i on with onetick period can be
converted to another dur at i on with adifferent tick period. If t reat _as_f | oati ng_poi nt <Rep>: : val ue istrue, then Rep is
afloating-point type and implicit conversions are allowed among dur at i ons. Otherwise, the implicit convertibility depends on the
tick periods of the dur ati ons. If Rep is a class type which emulates a floating-point type, the author of Rep can specialize
treat _as_fl oating_point sothat durati on will treat this Rep asif it were a floating-point type. Otherwise Rep is assumed
to be anintegral type, or a class emulating an integral type.

Class Template dur ati on_val ues

tenpl ate <cl ass Rep>
struct duration_val ues

{

public:
static constexpr Rep zero();
static constexpr Rep max();
static constexpr Rep mn();

b

Thedur at i on template usesthedur at i on_val ues trait to construct special values of thedur at i on's representation (Rep). This
is done because the representation might be a class type with behavior which requires some other implementation to return these
special values. In that case, the author of that class type should specialize dur at i on_val ues to return the indicated values.

Static Member Function zero()

static constexpr Rep zero();

Returns: Rep(0) . Note: Rep( 0) isspecified instead of Rep() sinceRep() may have some other meaning, such as an uninitialized
value.

Remarks: The value returned corresponds to the additive identity.

Static Member Function max()

static constexpr Rep max();

Returns: nuneric_l i m ts<Rep>:: max().
Remarks: The value returned compares greater than zero().

Static Member Function ni n()

static constexpr Rep min();

Returns: nuneric_limts<Rep>::|owest().

Remarks: The value returned compares less than or equal to zer o() .
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common_t ype Specialization

tenpl ate <cl ass Repl, class Periodl, class Rep2, class Period2>
struct common_t ype<chrono: : duration<Repl, Periodl> chrono::duration<Rep2, Period2> >

{
I

t ypedef chrono:: duration<typename comon_type<Repl, Rep2>::type, see bell ow> type;

The period of the dur ati on indicated by this specialization of cormon_t ype is the greatest common divisor of Peri odl and
Peri od2. This can be computed by forming ar at i o of the greatest common divisor of Peri od1: : numand Peri od2: : num and
the least common multiple of Peri od1: : den and Peri od2: : den.

Note: The typedef type is the dur at i on with the largest tick period possible where both dur at i on arguments will convert to it
without requiring a division operation. The representation of this type is intended to be able to hold any value resulting from this
conversion, with the possible exception of round-off error when floating-point dur at i ons areinvolved (but not truncation error).

Class Template durati on<>

A dur at i on measures time between two pointsin time (t i me_poi nt ). A dur at i on has a representation which holds a count of
ticks, and atick period. Thetick periodisthe amount of timewhich occursfrom onetick to another in units of asecond. It isexpressed
asarational constant usingr ati o.
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nanmespace boost { nanmespace chrono {

tenpl ate <cl ass Rep, class Period>
class duration {
public:

typedef Rep rep;

t ypedef Period peri od;

private:
rep rep_; // exposition only
public:

constexpr duration();
tenpl ate <cl ass Rep2>
constexpr explicit duration(const Rep2& r);

tenpl ate <cl ass Rep2, class Period2>
constexpr duration(const durati on<Rep2, Period2>& d);

durati on& operator=(const duration& = default;
constexpr rep count() const;

constexpr duration _ _duration__op_plus();
constexpr duration _ _duration__op_mnus();
durati on& operator++();

duration operator++(int);

duration& operator--()
duration operator--(i

-(int);
durati on& operator+=(const duration& d);
durati on& operator-=(const duration& d);

durati on& operator*=
durati on& operator/=
durati on& operat or %
durati on& operat or %

const rep& rhs);
const rep& rhs);
const rep& rhs);
const duration& rhs);

— e~~~

static constexpr duration zero();
static constexpr duration mn();
static constexpr duration max();

H

Rep must be an arithmetic type, or a class emulating an arithmetic type, compile diagnostic otherwise. If dur at i on isinstantiated
with the type of Rep being adur at i on, compile diagnostic isissued.

Per i od must be an instantiation of r at i o, compile diagnostic otherwise.

Peri od: : nummust be positive, compile diagnostic otherwise.

Examples:

* duration<long, ratio<60> > holdsacount of minutesusing along.

e duration<long | ong, milli> holdsacountof millisecondsusing along long.

e duration<doubl e, ratio<l, 30> > holdsacount using adoublewith atick period of 1/30 second (atick frequency of 30
Hz).

The following members of dur ati on do not throw an exception unless the indicated operations on the representations throw an
exception.
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Constructor durati on()

constexpr duration();

Effects: Constructs an object of type dur at i on from duration_values<rep>::zero().

Constructor dur ati on(const Rep2&)

tenpl ate <cl ass Rep2>
constexpr explicit duration(const Rep2& r);

Remarks: Rep2 isimplicitly convertibletor ep, and
e treat_as_fl oating_point<rep>::val ueistrue,or
e Itreat_as_floating_point<rep>::value & !treat_as_floating_poi nt <Rep2>::val ueistrue.

If these constraints are not met, this constructor will not participatein overload resolution. Note: This requirement prevents construction
of an integral-based dur at i on with a floating-point representation. Such a construction could easily lead to confusion about the
value of thedur at i on.

Example:

duration<int, mlli> d(3.5); // do not conpile
duration<int, mlli> d(3); /'l ok

Effects: Constructs an object of typedur ati on.
Post Conditions: count () == static_cast<rep>(r).

Constructor dur ati on(const durati ong&)

tenpl ate <cl ass Rep2, class Period2>
constexpr duration(const duration<Rep2, Period2>& d);

Remarks: treat _as_fl oati ng_poi nt <rep>::val ue,orrati o_di vi de<Peri od2, period>::type::den == 1,€elsethis
constructor will not participate in overload resolution. note This requirement prevents implicit truncation error when converting
between integral-based dur at i ons. Such a construction could easily lead to confusion about the value of the dur at i on.

Example:

duration<int, mlli> ms(3);

duration<int, mcro>us = ms; [/ ok
duration<int, mlli> ms2 = us; // do not conpile

Effects: Constructs an object of typedur at i on, constructing r ep_ from dur ati on_cast <dur ati on>(d). count ().

Member Function count () const

constexpr rep count() const;

Returns: rep_.

Member Function oper at or +() const

constexpr duration operator+() const;

render

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Boost.Chrono 2.0.4

Returns: *t hi s.

Member Function operator-() const

constexpr duration operator-() const;

Returns: duration(-rep_).

Member Function oper at or ++()
durati on& operator++();

Effects. ++rep_.
Returns: *t hi s.

Member Function oper at or ++(i nt)
duration operator++(int);

Returns. durati on(rep_++).

Member Function operator-- ()

durati on& operator--();

Effects. --rep_.
Returns; *t hi s.

Member Function operat or - - (i nt)

duration operator--(int);

Returns: duration(rep_--).

Member Function oper at or +=(const durati on&)

durati on& operator+=(const duration& d);

Effects. rep_ += d.count ().
Returns. *t hi s.

Member Function oper at or - =(const durati on&)

duration& operator-=(const duration& d);

Effects: rep_ -= d. count ().
Returns: *t hi s.

Member Function oper at or %(const durati on&)

dur ati on& operator % (const duration& d);
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Effects. rep_ % d.count ().
Returns: *t hi s.

Member Function oper at or *=(const rep&)

durati on& operator*=(const rep& rhs);

Effects. rep_ *= rhs.
Returns: *t hi s.

Member Function operator/=(const rep&)

duration& operator/=(const rep& rhs);

Effects. rep_ /= rhs.
Returns: *t hi s.

Member Function oper at or %=(const rep&)

dur ati on& operator%-(const rep& rhs);

Effects. rep_ % rhs.
Returns: *t hi s.

Static Member Function zero()

static constexpr duration zero();

Returns: dur ati on(durati on_val ues<rep>::zero()).
Static Member Function mi n()

static constexpr duration mn();
Returns: dur ati on(durati on_val ues<rep>::mn()).
Static Member Function max()

static constexpr duration max();
Returns: dur ati on(duration_val ues<rep>::max()).

durati on Non-Member Arithmetic

Non-Member Function oper at or +(dur at i on, dur ati on)

tenpl ate <cl ass Repl, class Periodl, class Rep2, class Period2>

const expr

t ypename comon_t ype<durati on<Repl, Periodl> duration<Rep2, Period2> >::type

oper at or +(const durati on<Repl, Periodl>& | hs, const duration<Rep2, Period2>& rhs);

Returns: CD(CD(I hs) . count () + CD(rhs). count()) where CDisthetype of the return value.
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Non-Member Function oper at or - (dur ati on, dur ati on)

tenpl ate <cl ass Repl, class Periodl, class Rep2, class Period2>

const expr

t ypenanme comon_t ype<dur ati on<Repl, Periodl> duration<Rep2, Period2> >::type

oper ator-(const duration<Repl, Periodl>& | hs, const duration<Rep2, Period2>& rhs);

Returns: CD(CD(1 hs) . count () - CD(rhs). count ()) where CDisthetype of the return value.

Non-Member Function oper at or * (dur at i on, Rep1l)

tenpl ate <cl ass Repl, class Period, class Rep2>

const expr

dur ati on<t ypenane conmon_t ype<Repl, Rep2>::type, Period>
oper at or *(const duration<Repl, Period>& d, const Rep2& s);

Requires: Let CR represent the cormon_t ype of Repl and Rep2. This function will not participate in overload resolution unless
both Rep1 and Rep2 are implicitly convertible to CR.

Returns: CD(CD(d) . count () * s) where CDisthetype of the return value.

Non-Member Function oper at or * (Repl, dur at i on)

tenpl ate <cl ass Repl, class Period, class Rep2>

const expr

dur ati on<typenane conmon_t ype<Repl, Rep2>::type, Period>
operator*(const Repl& s, const duration<Rep2, Period>& d);

Requires: Let CR represent the cormon_t ype of Rep1 and Rep2. This function will not participate in overload resolution unless
both Rep1 and Rep2 areimplicitly convertible to CR.

Returns. d * s.

Non-Member Function operat or/ (dur ati on, Rep2)

tenpl ate <cl ass Repl, class Period, class Rep2>

const expr

dur ati on<typenane common_t ype<Repl, Rep2>::type, Period>
operator/(const duration<Repl, Period>& d, const Rep2& s);

Requires: Let CRrepresent the cormon_t ype of Repl and Rep2. This function will not participate in overload resolution unless
both Rep1 and Rep2 areimplicitly convertible to CR, and Rep2 is not an instantiation of dur at i on.

Returns: CD(CD(d). count () / s) where CDisthetype of the return value.

Non-Member Function oper at or/ (dur ati on, dur ati on)

tenpl ate <cl ass Repl, class Periodl, class Rep2, class Period2>

const expr

typenanme common_t ype<Repl, Rep2>::type

operator/(const duration<Repl, Periodl>& | hs, const duration<Rep2, Period2>& rhs);

Remarks: Let CD represent the cormon_t ype of the two durati on arguments. Returns: Returns CD(| hs) . count () /
CD(rhs).count ().

Non-Member Function oper at or/ (Repl, dur ati on)

Included only if BOOST_CHRONO_EXTENSIONS is defined.

47

render

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Chrono 2.0.4

This overloading could be used to get the frequency of an event counted by Rep1.

tenpl ate <cl ass Repl, class Rep2, class Period>
const expr
doubl e operator/(const Repl& s, const duration<Rep2, Period>& d);

Remarks: Let CR represent the common_t ype of Repl and Rep2. This function will not participate in overload resolution unless
both Repl and Rep2 are implicitly convertible to CR, and Rep1l is not an instantiation of durati on. Let CD represent dur a-
ti on<CR,Period>.

Returns: CR(s)/ CD(d) . count () where CDisthe type of the return value.

Non-Member Function oper at or % dur at i on, Rep2)

tenpl ate <cl ass Repl, class Period, class Rep2>

const expr

dur ati on<typenanme common_t ype<Repl, Rep2>::type, Period>
oper at or % const duration<Repl, Period>& d, const Rep2& s);

Remarks: Let CR represent the common_t ype of Repl and Rep2. This function will not participate in overload resolution unless
Rep2 must be implicitly convertible to CR and Rep2 must not be an instantiation of dur at i on.

Returns: CD(CD(d).count() % s) where CDis the type of the return value.

Non-Member Function oper at or % dur at i on, dur ati on)

tenpl ate <cl ass Repl, class Periodl, class Rep2, class Period2>
const expr
t ypenanme comon_t ype<durati on<Repl, Periodl> duration<Rep2, Period2> >::type
oper at or % const durati on<Repl, Periodl>& |hs,
const durati on<Rep2, Period2>& rhs);

Remarks: Thisfunction will not participate in overload resolution unless
Returns: CD(CD(lhs).count() % CD(rhs).count()) where CD is the type of the return value.
durati on Non-Member Comparaisons

Non-Member Function oper at or ==(dur at i on, dur at i on)

tenmpl ate <cl ass Repl, class Periodl, class Rep2, class Period2>
bool operator==(const duration<Repl, Periodl>& |hs,
const duration<Rep2, Period2>& rhs);

Returns: Let CD represent the common_t ype of thetwo dur at i on arguments.
Returns: ReturnsCD( | hs) . count () == CD(rhs). count ()

Non-Member Function oper at or! =(dur ati on, dur ati on)

tenpl ate <cl ass Repl, class Periodl, class Rep2, class Period2>
bool operator!=(const duration<Repl, Periodl>& |hs,
const durati on<Rep2, Period2>& rhs);

Returns: ! (1 hs == rhs).

48

render

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Chrono 2.0.4

Non-Member Function oper at or <(dur ati on, dur ati on)

tenpl ate <cl ass Repl, class Periodl, class Rep2, class Period2>
bool operator< (const duration<Repl, Periodl>& |hs,
const duration<Rep2, Period2>& rhs);

Returns: Let CDrepresent theconmmon_t ype of thetwodur at i on arguments. ReturnsCD( | hs) . count () < CD(r hs). count ()

Non-Member Function oper at or <=(dur at i on, dur ati on)

tenpl ate <cl ass Repl, class Periodl, class Rep2, class Period2>
bool operator<=(const duration<Repl, Periodl>& |hs,
const duration<Rep2, Period2>& rhs);

Returns: ! (rhs < | hs).

Non-Member Function oper at or >(dur ati on, dur ati on)

tenpl ate <cl ass Repl, class Periodl, class Rep2, class Period2>
bool operator> (const duration<Repl, Periodl>& |hs,
const duration<Rep2, Period2>& rhs);

Returns. rhs < | hs.

Non-Member Function oper at or >=(dur ati on, dur ati on)

tenpl ate <cl ass Repl, class Periodl, class Rep2, class Period2>
bool operator>=(const duration<Repl, Periodl>& |hs,
const duration<Rep2, Period2>& rhs);

Returns: ! (I hs < rhs).

Non-Member Function duration_cast (durati on)

tenpl ate <cl ass ToDuration, class Rep, class Period>
ToDur ati on duration_cast(const duration<Rep, Period>& d);

Requires: Thisfunction will not participate in overload resolution unless ToDur at i on isan instantiation of dur at i on.

Returns: FormsCF whichisar at i o resultingfromr at i o_di vi de<Peri od, typenane ToDuration:: period>::type.Let
CRbethe conmon_t ype of ToDur ati on: : rep, Rep, andi nt max_t .

e IfCF: :num== 1andCF: : den == 1,thenreturnsToDur ati on( st ati c_cast <t ypename ToDurati on::rep>(d.count()))

e gseif CF: :num! = 1andCF: : den == 1,thenreturnsToDur at i on(st ati c_cast <t ypename ToDur ati on: : rep>(st at -
i c_cast<CR>(d.count()) * static_cast<CR>(CF::num))

* eseif CF:: num== 1landCF: :den ! = 1,thenreturnsToDur ati on(st ati c_cast <t ypename ToDur ati on: : rep>(stat -
i c_cast<CR>(d.count()) / static_cast<CR>(CF::den)))

» else returns ToDuration(static_cast<typename ToDuration::rep>(static_cast<CR>(d.count()) * stat-
ic_cast<CR>(CF::num / static_cast<CR>(CF::den)))

Remarks: This function does not rely on any implicit conversions. All conversions must be accomplished through st ati c_cast .
The implementation avoids all multiplications or divisions when it is known at compile-time that it can be avoided because one or
more arguments are 1. All intermediate computations are carried out in the widest possible representation and only converted to the
destination representation at the final step.
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duration typedefs

/'l conveni ence typedefs

t ypedef durati on<boost::
t ypedef durati on<boost::

nt least32 t, ratio< 60> > mnutes; // at |least 29 bits needed
nt least32 t, ratio<3600> > hours; // at |least 23 bits needed

t ypedef duration<boost::int_|east64_t, nano> nanoseconds; /] at least 64 bits needed
t ypedef duration<boost::int_|least64_t, micro> microseconds; // at |least 55 bits needed
t ypedef duration<boost::int_least64_t, mlli> mlliseconds; // at |least 45 bits needed
t ypedef duration<boost::int_|east64_t> seconds; /] at least 35 bits needed
i
i

dock Requirements

A clock represents a bundle consisting of adur ati on, ati nme_poi nt, and afunction now() to get the current ti me_poi nt. A
clock must meet the requirementsin the following Table.

In thistable C1 and C2 denote Cl ock types. t 1 and t 2 are values returned from C1: : now() where the call returningt 1 happens
before the call returning t 2 and both of these calls occur before C1: : ti me_poi nt: : max() . (note This means C1 did not wrap
around between t1 and t2.).

Table 1. Clock Requirements

expression return type operational semantics

Cl::rep An arithmetic type or class emulatingan  Therepresentation type of thedur at i on
arithmetic type. andtime_point.

Cl:: period ratio Thetick period of the clock in seconds.

Cl::duration chrono::duration<Cl::rep, Theduration typeofthecl ock.

Cl:: peri od>

Cl::ti me_point

chrono: : ti me_poi nt <Cl> or
chrono: : ti ne_poi nt<C2, Cl1::dur-
ati on>

The ti me_poi nt type of the cl ock.
Different clocks are permitted to share a
ti me_poi nt definition if it is valid to

compare their time_points by comparing
their respective dur ati ons. C1 and C2
must refer to the same epoch.

trueiftl <= t2isawaystrue, else
f al se. Note: A cl ock that can be adjus-
ted backwards is not steady

Cl::is_steady const expr boo

Cl::now() Returnsati ne_poi nt representing the

current point in time.

Cl::time_point

Models of d ock:
* system cl ock
* steady_cl ock
* high_resolution_cl ock
* process_real _cpu_cl ock
e process_user_cpu_cl ock

e process_system cpu_cl ock
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* process_cpu_cl ock

* thread_cl ock

Trivial d ock Requirements
A type TC meetsthe Tri vi al C ock requirementsif:
» TCsatisfiesthe d ock requirements,

» thetypesTC: :rep, TC: : duration,andTC: : ti me_poi nt satisfy therequirementsof Equal i t yConpar abl e, LessThanCom
par abl e, Def aul t Const ructi bl e, CopyConst ructi bl e, CopyAssi gnabl e, Dest ruct i bl e, and the requirements of nu-
meric types.

S Note
This means, in particular, that operations on these types will not throw exceptions.

* lvaluesof thetypesTC: : rep, TC: : durati on,and TC: : ti me_poi nt are swappable,

* thefunction TC: : now() does not throw exceptions and it is thread-safe, and

» thetypeTC: : ti me_point:: cl ock meetstheTri vi al d ock requirements, recursively.
Models of Tri vi al O ock:

* system cl ock

* steady_cl ock

* high_resol ution_cl ock

* process_real cpu_cl ock

e process_user_cpu_cl ock

e process_system cpu_cl ock

* thread_cl ock

Ecd ock Requirements

A type EcC meetsthe EcCl ock requirements if

» TCsdtisfiestheTri vi al d ock requirements, and

 itaddsnow() interfacesallowing to recover interna error codes as described in the following table.
» the added now() function is thread-safe.

In thistable C1 denotesa EcCl ock type and ec isan instance of aboost : : system : error _code.
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Table 2. Clock Requirements

expression return type
Cl:: now ec) Cl::tinme_point
Cl:: now boost::throws()) Cl::time_point

Models of d ock:

* system cl ock

* steady_cl ock

* high_resol ution_cl ock

e process_real cpu_cl ock

e process_user_cpu_cl ock

e process_system cpu_cl ock
e process_cpu_cl ock

e thread_cl ock

Header <boost/ chrono/ ti me_poi nt . hpp>

Thisfile containst i me_poi nt specific classes and non-member functions.

operational semantics

Returnsati ne_poi nt representing the
current point in time. ec will stores the
error-code in case something was wrong
internally.

Returnsati ne_poi nt representing the
current point in time. Throws a
boost : : system :systemerror €X-
ception in case something was wrong in-
ternally.
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nanespace boost {
namespace chrono {

tenpl ate <class C ock, class Duration = typenane C ock::duration>
class tinme_point;

}
tenpl ate <class C ock, class Durationl, class Duration2>
struct common_type<tinme_point<C ock, Durationl>,

ti me_poi nt <d ock, Duration2> >;

namespace chrono {

/1 time_point arithnetic
tenpl ate <class C ock, class Durationl, class Rep2, class Period2>
constexpr tine_point<C ock, typenane common_type<Durationl, duration<Rep2, Period2> >::type>
oper at or +(const tinme_poi nt<d ock, Durationl>& |hs,
const duration<Rep2, Period2>& rhs);

tenpl ate <cl ass Repl, class Periodl, class Cock, class Duration2>
constexpr time_point<C ock, typenanme comon_type<durati on<Repl, Periodl> Duration2>::type>
oper at or +( const durati on<Repl, Periodl>& |hs,

const time_point<d ock, Duration2>& rhs);

tenpl ate <class C ock, class Durationl, class Rep2, class Period2>
constexpr tine_point<C ock, typenane comon_type<Durationl, duration<Rep2, Period2> >::type>
operator-(const tinme_point<dock, Durationl>& |hs,

const durati on<Rep2, Period2>& rhs);

tenpl ate <class C ock, class Durationl, class Duration2>
constexpr typenane common_type<Durationl, Duration2>::type
operator-(const tinme_point<dock, Durationl>& |hs,

const time_point<d ock, Duration2>& rhs);

/1 time_point conparisons
tenpl ate <class C ock, class Durationl, class Duration2>
const expr bool
oper at or==(const tinme_poi nt<C ock, Durationl>& |hs,

const tinme_point<C ock, Duration2>& rhs);
tenpl ate <class C ock, class Durationl, class Duration2>
const expr bool
operator!=(const tinme_point<C ock, Durationl>& |hs,

const tinme_point<C ock, Duration2>& rhs);
tenpl ate <class C ock, class Durationl, class Duration2>
const expr bool
operator <(const tinme_point<d ock, Durationl>& |hs,

const time_point<d ock, Duration2>& rhs);

tenpl ate <class C ock, class Durationl, class Duration2>
const expr bool
oper at or <=(const tinme_poi nt<C ock, Durationl>& |hs,

const tinme_point<C ock, Duration2>& rhs);
tenpl ate <class C ock, class Durationl, class Duration2>
const expr bool
oper ator >(const tinme_point<d ock, Durationl>& |hs,

const time_point<d ock, Duration2>& rhs);

tenpl ate <class C ock, class Durationl, class Duration2>
const expr bool
oper at or >=(const tinme_poi nt<C ock, Durationl>& |hs,

const tinme_point<C ock, Duration2>& rhs);

/1 tinme_point_cast
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tenpl ate <cl ass ToDuration, class C ock, class Duration>
constexpr tine_point<C ock, ToDuration>
ti me_poi nt_cast(const tinme_point<dock, Duration>& t);

common_t ype Specialization

tenpl ate <class Cl ock, class Durationl, class Duration2>
struct comon_type<chrono: :tinme_point<C ock, Durationl> chrono::tine_point<C ock, Duration2> >

{
b

typedef chrono::tine_point<Cl ock, typenane comon_type<Durationl, Duration2>: :type> type;
Theconmon_t ype of twot i me_poi nt sisat i me_poi nt withthesamed ock (both havethe sameC ock), and thecommon_t ype
of thetwo dur at i ons.

Class template ti me_poi nt <>

A time_poi nt represents apoint in time with respect to a specific clock.
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tenpl ate <class C ock, class Duration>
class time_point {

public:
typedef d ock cl ock;
t ypedef Duration duration;
typedef typenane duration::rep rep;
typedef typenane duration::period period;
private:
duration d_; // exposition only
public:

constexpr tinme_point();

constexpr explicit time_point(const duration& d);
/'l conversions

tenpl ate <cl ass Duration2>

const expr

ti me_point(const tine_point<clock, Duration2>& t);

/'l observer
constexpr duration tinme_since_epoch() const;

/1 arithnetic

#i f def BOOST_CHRONO_EXTENSI ONS
constexpr tinme_point operator+();
constexpr tinme_point operator-();

ti me_poi nt& operator++();

time_point operator++(int);
time_point& operator--();

time_point operator--(int);
time_point& __tine_point__op_plus_eq_1(const rep& d);
ti me_poi nt & operator-=(const rep& d);
#endi f

time_point& __tinme_point__op_plus_eq_2(const duration& d);
ti me_poi nt & operator-=(const duration& d);

/'l special values

static constexpr tine_point mn();
static constexpr tine_point max();

Clock must meet the Cl ock requirements.
Duration must be an instantiation of dur at i on, compile diagnostic otherwise.

Constructor ti me_poi nt ()
constexpr time_point();

Effects: Constructs an object of t i me_poi nt , initializing d_ withdur ati on: : zero() . Thisti me_poi nt represents the epoch.

Constructor ti me_poi nt (const durati on&)
constexpr tinme_point(const duration& d);

Effects: Constructs an object of t i me_poi nt , initidizing d_ with d. Thist i me_poi nt representsthe epoch + d.
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Copy Constructor ti me_poi nt (const tinme_point &)

tenpl ate <cl ass Duration2>
const expr
ti me_point (const tine_point<clock, Duration2>& t);

Requires: Thisfunction will not participate in overload resolution unless Dur at i on2 isimplicitly convertible to dur at i on.
Effects. Constructs an object of ti ne_poi nt , initializing d_ witht . ti me_si nce_epoch().

Member Function ti ne_si nce_epoch() const

constexpr duration time_since_epoch() const;

Returns. d_.

Member Function operat or +() const

constexpr tinme_point operator+() const;

Returns: *t hi s.

Member Function operator-() const

constexpr tinme_point operator-() const;

Returns: tinme_point(-d_).

Member Function oper at or ++()

ti me_poi nt & operat or ++();

Effects. ++d_.
Returns: *t hi s.

Member Function oper at or ++(i nt)
ti me_poi nt operator++(int);

Returns: ti me_poi nt (d_++).

Member Function operator-- ()
time_point& operator--();

Effects. --d_.
Returns: *t hi s.

Member Function operator - - (int)
time_point operator--(int);

Returns: tine_point(d_--).
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Member Function oper at or +=(const rep&)
ti me_poi nt & operator+=(const rep& r);

Effects: d_ += duration(r).

Returns: *t hi s.

Member Function oper at or - =(const rep&)
ti nme_poi nt & operator-=(const rep& r);
Effects:d_ -= duration(r)

Returns: *t hi s.

Member Function oper at or +=
ti me_poi nt & operator+=(const duration& d);
Effects. d_ += d.

Returns. *t hi s.

Member Function operat or - =

ti me_poi nt & operator-=(const duration& d);
Effects;d_ -=d
Returns. *t hi s.

Static Member Function nin
static constexpr tine_point mn();
Returns: ti me_poi nt (duration::mn()).
Static Member Function nax
static constexpr tine_point max();
Returns: ti me_poi nt (duration::max()).
ti me_poi nt hon-member arithmetic
Non-Member Function oper at or +(ti me_poi nt, dur ati on)

tenmpl ate <class Cl ock, class Durationl, class Rep2, class Period2>
const expr
ti me_poi nt <Cl ock, typename common_type<Durationl, duration<Rep2, Period2> >::type>
oper at or +(const time_poi nt <Cl ock, Durationl>& |hs,
const duration<Rep2, Period2>& rhs);

Returns: CT(I hs. ti me_si nce_epoch() + rhs) where CT isthe type of the return value.
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Non-Member Function oper at or +(dur ati on, ti me_poi nt)

tenpl ate <cl ass Repl, class Periodl, class O ock, class Duration2>
const expr
ti me_poi nt <Cl ock, typename common_type<duration<Repl, Periodl> Duration2>::type>
oper at or +( const durati on<Repl, Periodl>& |hs,
const time_point<C ock, Duration2>& rhs);

Returns. rhs + | hs.

Non-Member Function operator-(time_poi nt, durati on)

tenpl ate <class C ock, class Durationl, class Rep2, class Period2>
const expr
ti me_poi nt <Cl ock, typenanme comon_type<Durationl, duration<Rep2, Period2> >::type>
operator-(const time_point<C ock, Durationl>& |hs,
const duration<Rep2, Period2>& rhs);

Returns: 1 hs + (-rhs).

Non-Member Function oper at or- (ti me_poi nt, ti me_poi nt)

tenpl ate <class C ock, class Durationl, class Duration2>
const expr
typename conmon_t ype<Durationl, Duration2>::type
operator-(const time_point<C ock, Durationl>& |hs,

const time_point<C ock, Duration2>& rhs);

Returns: | hs. time_si nce_epoch() - rhs.tinme_since_epoch().
ti me_poi nt NnON-member comparisons

Non-Member Function oper at or ==(ti me_poi nt, ti me_poi nt)

tenpl ate <class C ock, class Durationl, class Duration2>

const expr

bool operator==(const tine_point<C ock, Durationl>& |hs,
const time_point<C ock, Duration2>& rhs);

Returns: | hs. tinme_since_epoch() == rhs.tinme_since_epoch().

Non-Member Function operat or! =(ti me_poi nt, ti me_poi nt)

tenpl ate <class C ock, class Durationl, class Duration2>

const expr

bool operator!=(const tine_point<C ock, Durationl>& |hs,
const time_point<C ock, Duration2>& rhs);

Returns: ! (1 hs == rhs).

Non-Member Function operat or <(ti me_point, ti me_point)

tenpl ate <class C ock, class Durationl, class Duration2>

const expr

bool operator< (const tine_point<C ock, Durationl>& |hs,
const time_point<C ock, Duration2>& rhs);
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Returns: Ihs.time_since_epoch() < rhs.time_since_epoch().

Non-Member Function oper at or <=(ti me_poi nt, ti me_poi nt)

tenpl ate <class C ock, class Durationl, class Duration2>

const expr

bool operator<=(const tine_point<C ock, Durationl>& |hs,
const time_point<d ock, Duration2>& rhs);

Returns: ! (rhs < | hs).

Non-Member Function oper at or >(ti me_poi nt, ti me_poi nt)

tenpl ate <class O ock, class Durationl, class Duration2>

const expr

bool operator>(const tinme_point<C ock, Durationl>& |hs,
const tinme_point<Cd ock, Duration2>& rhs);

Returns. rhs < | hs.

Non-Member Function oper at or >=(ti me_poi nt, ti ne_poi nt)

tenmpl ate <class Cl ock, class Durationl, class Duration2>

const expr

bool operator>=(const tine_point<C ock, Durationl>& |hs,
const time_point<C ock, Duration2>& rhs);

Returns: ! (1 hs < rhs).

Non-Member Function ti ne_poi nt _cast (ti me_point)

tenpl ate <cl ass ToDuration, class C ock, class Duration>
const expr
ti me_poi nt <Cl ock, ToDuration> time_point_cast(const tine_point<C ock, Duration>& t);

Requires: Thisfunction will not participate in overload resolution unless ToDur at i on isan instantiation of dur at i on.

Returns: ti me_poi nt <Cl ock, ToDuration>(duration_cast<ToDuration>(t.tine_since_epoch())).

Header <boost/ chrono/ system cl ocks. hpp>

Thisfile contains the standard clock classes. The types defined in this section satisfy the Tri vi al Cl ock requirements

nanmespace boost {
namespace chrono {

/'l C ocks

cl ass system cl ock;

cl ass steady_cl ock;

cl ass hi gh_resol ution_cl ock;

tenpl ate <cl ass Char T>
struct clock_string<systemclock, CharT>;
tenpl ate <cl ass Char T>
struct cl ock_string<steady_cl ock, CharT>;
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Class system cl ock

The syst em cl ock class provides a means of obtaining the current wall-clock time from the system-wide real-time clock. The
current time can be obtained by calling syst em cl ock: : now() . Instances of syst em cl ock: : ti me_poi nt can be converted to
and from time_t with the syst em cl ock: :to_time_t() andsystemcl ock::fromtine_t() functions. If system clock is
not steady, a subsequent call tosyst em cl ock: : now() may return an earlier timethan aprevious call (e.g. if the operating system
clock is manually adjusted, or synchronized with an external clock).

The current implementation of syst em cl ock isrelated an epoch (midnight UTC of January 1, 1970), but thisis not in the contract.
You need to use the static function static

std::time_t to_time_t(const tine_point& t);
whichreturnsati ne_t typethat is based on midnight UTC of January 1, 1970.

cl ass systemcl ock {

public:
typedef see bell ow durati on;
typedef duration::rep rep;
typedef duration::period peri od;
typedef chrono::tine_point <system cl ock> ti me_point;
static constexpr bool is_steady = fal se;

static tinme_point now) noexcept;
static tinme_point now(system:error_code & ec);

/1 Map to C API

static std::tinme_t to_tine_t(const time_point& t) noexcept;
static tine_point fromtime_t(std::tine_t t) noexcept;

syst em cl ock satisfy the d ock requirements:
e systemclock::duration::mn() < systemclock::duration::zero() istrue.
» Thenested dur at i on typedef has a resolution that depends on the one provided by the platform.

Static Member Functionto_time_t (time_point)
tinme_t to_time_t(const tine_point& t) noexcept;

Returns: Atime_t suchthattheti me_t andt represent the same point in time, truncated to the coarser of the precisions among
time_t andti me_point.

Static Member Function fromtime_t(time_t)
time_point fromtinme_t(time_t t) noexcept;

Returns: Ati me_poi nt suchthattheti me_poi nt andt represent the same point intime, truncated to the coarser of the precisions
amongti me_point andtine_t.

Macro BOoST CHRONO HAS CLOCK STEADY

Defined if the platform support steady clocks.
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Class steady_cl ock

st eady_cl ock satisfy the C ock requirements.

steady_cl ock class provides access to the system-wide steady clock. The current time can be obtained by calling
st eady_cl ock: : now() . Thereisno fixed relationship between values returned by st eady_cl ock: : now() and wall-clock time.

#i f def BOOST_HAS CLOCK_STEADY
cl ass steady_cl ock {

public:
t ypedef nanoseconds duration;
typedef duration::rep rep;
typedef duration::period peri od;
typedef chrono::tine_point <steady_cl ock> ti me_point;
static constexpr bool is_steady = true;

static time_point
static time_point

now() noexcept;

}s
#endi f

Class hi gh_resol ution_cl ock

hi gh_r esol uti on_cl ock satisfy the Cl ock requirements.

#i f def BOOST_CHRONO_HAS_CLOCK_STEADY

t ypedef steady_cl ock high_resol ution_cl ock;
#el se

t ypedef system cl ock high_resol ution_cl ock;
#endi f

cl ock_string<system cl ock> Specialization

tenmpl ate <cl ass Char T>
struct clock_string<system clock, CharT>

{

static std::basic_string<CharT> name();
static std::basic_string<CharT> since();

cl ock_string<>::nanme() returns"system clock”.

cl ock_string<>::since() returns" sinceJan 1, 1970"

cl ock_string<steady_cl ock> Specialization

#i f def BOOST_CHRONO HAS CLOCK_STEADY

tenpl ate <cl ass Char T>
struct clock_string<steady_cl ock, CharT>

{

static std::basic_string<CharT> name();
static std::basic_string<CharT> since();
b
#endi f

cl ock_string<>::name() returns"steady clock".

cl ock_string<>::since() returns" since boot"

now( system :error_code & ec);

/1 as permtted by [tine.clock.hires]

/1 as permtted by [tine.clock.hires]
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Header <boost/chrono/ cl ock_strings. hpp>

namespace boost {
namespace chrono {

tenmpl ate <class C ock, class CharT>
struct clock_string;

Template Class cl ock_string<>

tenpl ate <class C ock, class CharT>
struct cl ock_string;

This template must be specialized for specific clocks. The specialization must define the following functions

static std::basic_string<CharT> name();
static std::basic_string<CharT> since();

cl ock_string<>::nanme() returnthe clock name, which usually corresponds to the class name.
cl ock_string<>::since() return the textua format of the clock epoch.

Header <boost/ chrono/t ypeof / boost / chrono/ chr ono. hpp>

Register dur ati on<>andti ne_poi nt <> classtemplates to Boost.Typeof.
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Chrono I/OV1

Header <boost/ chrono/ chrono_i o. hpp>

namespace boost {
namespace chrono {

tenpl ate <cl ass Char T>
cl ass duration_punct;

tenpl ate <class CharT, class Traits>
std:: basic_ostream<CharT, Traits>&
duration_short (std:: basic_ostream<CharT, Traits>& 0s);

tenpl ate <class CharT, class Traits>
std:: basic_ostream<CharT, Traits>&
duration_l ong(std::basic_ostrean<CharT, Traits>& 0s);

tenpl ate <class CharT, class Traits, class Rep, class Period>
std:: basic_ostream<CharT, Traits>&
oper at or <<(std::basic_ostream<CharT, Traits>& os, const duration<Rep, Period>& d);

tenmpl ate <class CharT, class Traits, class Rep, class Period>
std::basic_istream<CharT, Traits>&
operator>>(std::basic_istream<CharT, Traits>& is, duration<Rep, Period>& d)

tenpl ate <class CharT, class Traits, class Cock, class Duration>
std:: basic_ostream<CharT, Traits>&
oper at or <<(std:: basi c_ostream<CharT, Traits>& o0s,
const tinme_point<C ock, Duration>& tp);

tenpl ate <class CharT, class Traits, class Cock, class Duration>
std:: basic_istream<CharT, Traits>&
operator>>(std::basic_istream<CharT, Traits>& is,
ti me_poi nt <d ock, Duration>& tp);

Template Class duration_punct <>

Thedur at i on unit names can be customized through the facet: dur at i on_punct . dur at i on unit names come in two varieties:
long and short. The default constructed dur at i on_punct provides namesin the long format. These names are English descriptions.
Other languages are supported by constructing adur at i on_punct with the proper spellings for "hours", "minutes’ and "seconds",
and their abbreviations (for the short format).
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tenpl ate <cl ass Char T>
cl ass duration_punct
public std::locale::facet

{
public:
typedef std::basic_string<CharT> string_type;
enum {use_|l ong, use_short};
static std::locale::id id;
explicit duration_punct(int use = use_|long);
durati on_punct (i nt use,
const string_type& | ong_seconds, const string_type& | ong_mi nutes,
const string_type& | ong_hours, const string_type& short_seconds,
const string_type& short_mnutes, const string_type& short_hours);
duration_punct (int use, const duration_punct& d);
tenpl ate <cl ass Period> string_type short_nane() const;
tenpl ate <cl ass Period> string_type |ong_nane() const;
tenpl ate <cl ass Period> string_type name() const;
bool is_short_nanme() const;
bool is_long_nane() const;
b

I/O Manipulators

The short or long format can be easily chosen by streaming adur ati on_short or dur ati on_| ong manipulator respectively.

tenpl ate <class CharT, class Traits>
std:: basic_ostrean<CharT, Traits>&
duration_short(std:: basic_ostream<CharT, Traits>& 0s);

Effects: Set thedur ati on_punct facet to stream dur ati onsandti me_poi nt sas abbreviations.

Returns: the output stream

tenpl ate <class CharT, class Traits>
std:: basic_ostreanm<CharT, Traits>&
duration_l ong(std::basic_ostreanm<CharT, Traits>& o0s);

Effects. Set thedur ati on_punct facet to stream durations and time_points as long text.

Returns: the output stream

I/O Streams Operations

Any dur at i on can be streamed out to abasi ¢c_ost r eam The run-time value of the dur at i on isformatted according to therules
and current format settings for dur ati on: : rep. Thisis followed by a single space and then the compile-time unit name of the
dur at i on. Thisunit nameisbuilt onthestring returned fromr at i o_st ri ng<> and the dataused to construct thedur at i on_punct

whichwasinserted into thestream'slocale. If adur at i on_punct hasnot beeninserted into the stream’'slocale, adefault constructed
durati on_punct will be added to the stream’s locale.

A tine_point isformatted by outputting its internal dur at i on followed by a string that describes the t i me_poi nt : : cl ock
epoch. This string will vary for each distinct clock, and for each implementation of the supplied clocks.
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tenpl ate <class CharT, class Traits, class Rep, class Period>
std:: basic_ostrean<CharT, Traits>&
oper ator<<(std::basic_ostream<CharT, Traits>& os, const duration<Rep, Period>& d)

Effects: outputsthe dur at i on as an abrevieated or long text format depending on the state of thedur at i on_punct facet.

Returns: the output stream

tenpl ate <class CharT, class Traits, class Rep, class Period>
std:: basic_istreancCharT, Traits>&
operator>>(std::basic_istream<CharT, Traits>& is, duration<Rep, Period>& d)

Effects: readsadur at i on from the input stream. If aformat error isfound, the input stream state will be settofai | bit.

Returns: the input stream

tenpl ate <class CharT, class Traits, class Cock, class Duration>
std:: basic_ostrean<CharT, Traits>&
oper ator<<(std:: basic_ostream<CharT, Traits>& os
const tine_point<Cock, Duration>& tp);

Effects. outputsthet i me_poi nt asan abrevieated or long text format depending on the state of the dur ati on_punct facet.

Returns: the output stream

tenpl ate <class CharT, class Traits, class Cock, class Duration>
std:: basic_istreancCharT, Traits>&
operator>>(std::basic_istreanxCharT, Traits>& is
ti me_poi nt <Cl ock, Duration>& tp);

Effects: readsati ne_poi nt from the input stream. If aformat error isfound, the input stream state will be settof ai | bi t.

Returns: the input stream
Chrono /10O V2

Header <boost / chrono/ chrono_i o. hpp>

Thisfile includes the i/o of the two major components, duration and time_point.

#i ncl ude <boost/chrono/i o/ duration_style. hpp>
#i ncl ude <boost/chrono/io/timezone. hpp>

#i ncl ude <boost/chrono/io/ios_state. hpp>

#i ncl ude <boost/chrono/i o/ duration_get. hpp>
#i ncl ude <boost/chrono/i o/ duration_put.hpp>
#i ncl ude <boost/chrono/io/duration_units. hpp>
#i ncl ude <boost/chrono/i o/ duration_io. hpp>

#i ncl ude <boost/chrono/io/time_point_get. hpp>
#i ncl ude <boost/chrono/io/time_point_put. hpp>
#i ncl ude <boost/chrono/io/tinme_point_units. hpp>
#i ncl ude <boost/chrono/io/tinme_point_io. hpp>
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Header <boost/chrono/i o/ duration_styl e. hpp>

namespace boost {
namespace chrono {

/'l typedefs
enum cl ass duration_style {
prefix, synbol
b
}
}

Scoped enum duration_style

enum cl ass duration_style {
prefix, synbol
i

dur at i on unit names comein two varieties: prefix and symbol.

Header <boost/chrono/iof ti mezone. hpp>

nanespace boost {
namespace chrono {

struct tinmezone
{
enum type {
utc, | ocal
}
}
}
}

Scoped enum tinezone

enum cl ass tinezone {
utc, |ocal

I
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Header <boost/chrono/iofios_state. hpp>

namespace boost {
namespace chrono {

/1 setters and getters
duration_style get_duration_style(std::ios_base & ios);
void set_duration_style(std::ios_base& ios, duration_style style);

ti mezone get_tinezone(std::ios_base & ios);
void set _tinezone(std::ios_base& ios, tinezone tz);

t enpl at e<t ypenane Char T>

std:: basic_string<CharT> get_time_fnt(std::ios_base & ios);

t enpl at e<t ypenane Char T>

void set_tine_fnt(std::ios_base& ios, std::basic_string<CharT> const& fnt);
/1l ilo state savers

struct duration_style_io_saver;

tenpl at e<typenane CharT = char, typenanme Traits = std::char_traits<CharT> >
struct timezone_io_saver;

tenpl at e<typenane CharT = char, typenanme Traits = std::char_traits<CharT> >
struct time_fm _io_saver;

Setter and getters

Non Member Function get _duration_styl e(std::ios_base &)
duration_style get_duration_style(std::ios_base & ios);

Returns: The stream'sdur at i on_st yl e attribute associated to i os.

Non Member Function set _duration_style(std::ios_base & duration_style)
void set_duration_style(std::ios_base& ios, duration_style style);

Effects: Set the stream'sdur ati on_st yl e attribute associated to i os with the st yl e parameter.

Non Member Function get _ti nezone(std::ios_base&)
ti mezone get _tinezone(std::ios_base & ios);

Returns: The stream'st i nezone attribute associated to i os.

Non Member Function set _ti nmezone(std::ios_base& duration_style)
voi d set_tinezone(std::ios_base& ios, tinezone tz);

Effects: Set the stream'st i mezone attribute associated to i os with thet z parameter.

Non Member Function get _tinme_fnt (std::ios_base &

t enpl at e<t ypenane Char T>
std:: basic_string<CharT> get_time_fnt(std::ios_base & ios);
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Returns: The stream's time format attribute associated to i os.

Non Member Function set _time_fnt(std::ios_base& std::basic_string<CharT> const&)

t enpl at e<t ypenane Char T>
void set_tine fnt(std::ios_base& ios, std::basic_string<CharT> const& fnt);

Effects. Set the stream's time format attribute associated toi os with thef nt parameter.

The format is composed of zero or more directives. Each directive is composed of one of the following:

* one or nore white-space characters (as specified by isspace());
* an ordinary character (neither '% nor a white-space character);
* or a conversion specification.

Each conversion specification is composed of a'%' character followed by a conversion character which specifies the replacement
required. The application shall ensure that there is white-space or other non-alphanumeric characters between any two conversion
specifications. The following conversion specifications are supported:
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Table 3. Format tags

Format Specifier

%0

Y%a YA

% 9B %

%

%l

"W
%

%

%

%

%m

9

%
%
%

(%R

R

o

W

%

%

Description

Replaced by %

The day of the week, using the locale's
weekday names; either the abbreviated or
full name may be specified.

The month, using the locale's month
names, either the abbreviated or full name
may be specified.

Not supported.

The day of the month [ 01, 31] ; leading
zeros are permitted but not required..

The date as % %a/ %y .

The date as %/ %m %l.

The hour (24-hour clock) [ 00, 23];
leading zeros are permitted but not re-
quired.

The hour (12-hour clock) [01,12];
leading zeros are permitted but not re-
quired.

The day number of theyear [ 001, 366] ;
leading zeros are permitted but not re-

quired.

The month number [ 01, 12]; leading
zeros are permitted but not required..

The minute [ 00, 59] ; leading zeros are
permitted but not required.

Any white space..
Not supported.

Not supported.

The time as % %Vl

The seconds| 00, 60] ; leading zeros are
permitted but not required.

Thetime as % %Vt 6.

Not supported.

Example

"Monday".

"February".

"060" => Feb-29.

"01" => January.

render
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Format Specifier Description Example

%WV Theweekday asadecima number[ 0, 6], "0" => Sunday.
with O representing Sunday; leading zeros
are permitted but not required..

o Not supported.
9% The date, using the locale's date format..
%X Not supported.
Yy Not supported. "2005".
%Y The year, including the century (for ex-
ample, 1988).

I/O State Savers

Template Class duration_styl e_i o_saver

/'l ilo state savers
struct duration_style_io_saver

{

typedef std::ios_base state_type; // the state type is ios_base
typedef duration_style aspect_type; // the aspect type is the __duration_style

explicit duration_style_io_saver(state_type &s);
duration_style_io_saver(state_type &s, aspect_type new_ val ue);

~duration_style_io_saver();
voi d restore();

Thest at e_t ype isaversion of the |OStreams base classst d: : i os_base.
Constructor duration_styl e_i o_saver (state_type&)

Thefirst constructor takes a stream object and saves a reference to the stream and the current value of a particular stream attribute.
explicit duration_style_io_saver(state_type &s);

Effects. Constructsadur ati on_styl e_i o_saver by storings.
Post Conditions: stati c_cast <duration_style>(*this) == f.
Constructor duration_style_io_saver(state_type, aspect_type)

The second constructor works like the first, and uses its second argument to change the stream's attribute to the new aspect_type
value given.

explicit duration_style_io_saver(state_type &s, aspect_type new_val ue);

Effects. Constructsadur ati on_styl e i o_saver by storings.

Post Conditions: stati c_cast <duration_style>(*this) ==
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Destructor ~durati on_style_i o_saver ()

The destructor restores the stream's attribute to the saved value.
~duration_style_ io_saver();

Effects. Asif rest or e().
Member Function restore()

The restoration can be activated early (and often) with the restore member function.

voi d restore();

Effects. Restoresthe stream'sdur at i on_st yl e attribute to the saved value.

Template Class ti nezone_i o_saver <>

tenpl at e<typenane CharT = char, typenane Traits = std::char_traits<CharT> >
struct timezone_i o_saver

{
typedef std::basic_ios<CharT, Traits> state_type;
typedef tinezone aspect_type;
explicit tinmezone_io_saver(state_type &s);
ti mezone_i o_saver(state_type &s, aspect_type new val ue);
~timezone_i o_saver();
voi d timezone_i o_saver__restore();

The st ate_type is a version of the IOStreams base class template st d: : basi c_i os<Char T, Traits>, where CharT isa
character typeand Tr ai t s isacharacter traits class. The user would usually place an actual input, output, or combined stream object
for the state-type parameter, and not a base class object.
Constructor ti mezone_i o_saver (state_t ype&)

Thefirst constructor takes a stream object and saves a reference to the stream and the current value of a particular stream attribute.
explicit timezone_io_saver(state_type &s);

Effects. Constructsat i nezone_i o_saver by storings.
Constructor ti mezone_i o_saver (state_type, aspect_type)

The second constructor works like the first, and uses its second argument to change the stream's attribute to the new aspect_type
value given.

explicit timezone_io_saver(state_type &s, aspect_type new_val ue);

Effects: Constructsat i nezone_i o_saver by storing s.
Destructor ~ti nezone_i o_saver ()

The destructor restores the stream's attribute to the saved value.

~ti mezone_i o_saver();
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Effects: Asif rest or e().
Member Function restore()

The restoration can be activated early (and often) with the restore member function.

voi d restore();

Effects. Restoresthe stream'st i mezone attribute to the saved value.

Template Class ti ne_fnt _i o_saver <>

tenpl at e<typenane CharT = char, typenane Traits = std::char_traits<CharT> >
struct tine_fnt_io_saver

{
typedef std::basic_ios<CharT, Traits> state_type;
explicit time_fm _io_saver(state_type &s);
time_fnt _io_saver(state_type &s, basic_string<CharT> const& new_val ue);
~time_fmt_io_saver();
voi d restore();

The st ate_t ype is a version of the IOStreams base class template st d: : basi c_i os<Char T, Traits>, where CharT isa
character typeand Tr ai t s isacharacter traits class. The user would usually place an actual input, output, or combined stream object
for the state-type parameter, and not a base class object.

Constructor tinme_fnt _i o_saver(state_type&)

Thefirst constructor takes a stream object and saves a reference to the stream and the current value of a particular stream attribute.
explicit time_fm _io_saver(state_type &s);
Effects: Constructsati me_f nt _i o_saver by storings.

Constructortinme_fnmt _i o_saver(state_type, aspect_type)

The second constructor works like the first, and uses its second argument to change the stream's attribute to the new aspect_type
value given.

explicit time_fm _io_saver(state_type &s, aspect_type new val ue);

Effects: Constructsati me_f nt _i o_saver by storings.
Destructor ~tine_fnt _i o_saver ()

The destructor restores the stream's attribute to the saved value.
~time_fnt _io_saver();

Effects: Asif rest or e().
Member Function restore()

The restoration can be activated early (and often) with the restore member function.

voi d restore();
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Effects: Restores the stream's time format attribute to the saved value.

Header <boost/chrono/i of durati on_get . hpp>

nanespace boost {
namespace chrono {

tenpl ate <cl ass CharT,
cl ass duration_get;

Template Class duration_get

tenpl ate <class CharT, class Inputlterator =
class duration_get: public std::locale::facet
{

public:

typedef CharT char_type; // Type of charact

typedef std::basic_string<CharT> string_type;

functi ons.
typedef Inputlterator iter_type; // Type of
explicit duration_get(size_t refs = 0);

tenpl ate <typenane Rep,

iter_type get(
iter_type s,
iter_type end,
std::ios_base& ios,
std::ios_base::iostate& err,
durati on<Rep, Period>& d,
const char_type* pattern,
const char_type* pat_end

) const;

t ypenanme Peri od>

tenpl ate <typenane Rep,

iter_type get(
iter_type s,
iter_type end,
std::ios_base& ios,
std::ios_base::iostate& err,
durati on<Rep, Period>& d

) const;

t ypenanme Peri od>

tenpl ate <typenane Rep>
iter_type get_val ue(
iter_type s,
iter_type end,
std::ios_base& ios,
std::ios_base::iostate& err,
Repé& r
) const;

iter_type get_unit(
iter_type i,
iter_type e,
std::ios_base& is,
std::ios_base::iostate& err,
detail ::rt_ratio &rt

class Inputlterator =

std::istreanbuf _iterator<CharT> >

std::istreanbuf_iterator<CharT> >

er the facet is instantiated on
/1l Type of character string passed to menber
buffer.

iterator used to scan the character

ad
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) const
static std::locale::id id; // Unique identifier for this type of facet.
~dur ation_get ()

{
}

Thedur ati on_get facet extracts duration from a character string and stores the resulting value in a class duration d argument. The
facet parses the string using a specific format as a guide. If the string does not fit the format, then the facet will indicate an error by
setting the err argument to iosbase::failbit. In other words, user confirmationisrequired for reliable parsing of user-entered durations,
but machine-generated formats can be parsed reliably. This allows parsers to be aggressive about interpreting user variations on
standard formats.

Constructor durati on_get (si ze_t)
explicit duration_get(size_t refs);

Constructsadur at i on_get facet.
Parameters:
» refs: references

Effects. Constructs adur at i on_get facet. If ther ef s argument is 0 then destruction of the object is delegated to the locale, or
locales, containing it. This allows the user to ignore lifetime management issues. On the other had, if r ef s is 1 then the object must
be explicitly deleted; | ocal e will not do so. In this case, the object can be maintained across the lifetime of multiple locales.

Destructor ~dur ati on_get ()

~duration_get();

Destructsadur ati on_get facet.

Template Member Function get (iter_type,iter_type,std::ios_base& std::ios_base::iostate& dura-
ti on<Rep, Peri od>&, const char_type*, const char_type*) const

tenpl ate <typenane Rep, typenane Peri od>
iter_type get(iter_type s, iter_type end, std::ios_base& ios, std::ios_base::iostate& err,
duration<Rep, Period> &d, const char_type *pattern, const char_type *pat_end) const;

Extracts aduration from therange[ s, end) following the pattern[ pat t er n, pat _end) .
Parameters:

* s start input stream iterator

* end: end input stream iterator

* ios: areferencetoaios base

err: theios_base state
 d: theduration

 pattern: begin of the formatting pattern
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e pat_end: end of the formatting pattern

Requires: [ s, end) and [pattern, pat_end) shal bevalid ranges.

Effects: The function startsby evaluatingerr = std::i os_base: : goodbi t.

Then it computes an intermediate representation based on Rep according to the following rules:
* If Rep isafloating point type, the intermediate representation is| ong doubl e.

» Elseif Rep isasigned integral type, the intermediate representationis| ong | ong.

e Elseif Rep isan unsigned integral type, the intermediate representation is unsigned long long.
» Elseintermediate representation is Rep.

Next the following local variabler of type intermediate representation andrt of typert _rati o are default constructed.

It then enters aloop, reading zero or more characters from s at each iteration. Unless otherwise specified bel ow, the loop terminates

when the first of the following conditions holds:

» Theexpressionpattern == pat_end evaluatestot r ue.
» Theexpressionerr == std::ios_base:: goodbit evaluatesto false.
e The expression s == end evaluates to t r ue, in which case the function evaluates err = std::ios_base::eofbit |

std::ios_base::failbit.

» The next element of patternis equa to' % , followed by a conversion specifier character, format. If the number of elementsin

therange[ patt er n, pat _end) is not sufficient to unambiguously determine whether the conversion specification is complete
and valid, the function evaluateserr = std::i os_base: : fail bi t. Otherwise, the function evaluatess = get val ue(s,
end, ios, err, r) when the conversion specificationis'v'ands = get_val ue(s, end, ios, err, rt) whenthe
conversion specificationis'u’. If err == std::i os_base: : goodbi t holds after the evaluation of the expression, the function
increments pattern to point just past the end of the conversion specification and continues |ooping.

» Theexpressioni sspace(*pattern, ios.getloc()) evaluatestotrue, inwhich case the function first increments pattern

until pattern == pat_end || !isspace(*pattern, ios.getloc()) evauatestotrue, then advancess until s ==
end || !isspace(*s, ios.getloc()) istrue,andfinaly resumeslooping.

» The next character read from s matches the element pointed to by pattern in a case-insensitive comparison, in which case the

functionevaluates++pat t er n, ++s and continues|ooping. Otherwise, thefunction evaluateserr = std: :i os_base: :failbit.

If a duration representation value and a unit specifier have successfully been parsed, compute (rt. num rt. den)/ (Peri -

od: : nuni Peri od: : den) reduced to lowest terms. If this ratio can not be stored without overflow, evaluates err =
std::ios_base:: fail bit.Otherwise store the result of thisdivision in numand den.

If the division did not result in overflow, then computer * num / den in such away asto avoid intermediate overflow. If r has
integral type and this computation would not be exact, evaluateserr = std: :i os_base: : f ai | bi t . If theresult of the computation

would overflow Rep, evaluateserr = std::i os_base:: fail bit.Otherwisetheresultof r * num/ den isused to construct
adurati on<Rep, Period>whichisassignedtod.

Returns: s, an iterator pointing just beyond the last character that can be determined to be part of avalid duration.
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Template Member Function get (iter _type,iter_type,std::ios_base& std::ios_base::iostate& dura-
ti on<Rep, Peri od>&) const

tenpl ate <typenane Rep, typenane Period>
iter_type get(
iter_type s,
iter_type end,
std::ios_base& i os,
std::ios_base::iostate& err,
durati on<Rep, Period>& d
) const;

Extracts aduration from therange [ s, end) following the default pattern.
Parameters:

s start input stream iterator

* end: end input stream iterator

* ios. areferenceto aios base

» err: theios base state

 d: theduration

Effects. Stores the duration pattern from the __ duration_unit facet associatedto'ios i n | et say str'. Last asif

return get(s, end, ios, err, ios, d, str.data(), str.data() + str.size());

Returns: s, an iterator pointing just beyond the last character that can be determined to be part of avalid duration.

Template Member Function get _val ue(iter_type,iter_type, std::ios_base& std::ios_base::iostate& Rep&)
const

tenpl ate <typenane Rep>
iter_type get_value(iter_type s, iter_type end, std::ios_base& ios, std::ios_base::iolO
state& err, Rep& r) const;

Extracts a duration representation from the range[ s, end) .
Parameters:

s start input stream iterator

* end: end input stream iterator

* ios. areferenceto aios base

e err: theios base state

* r: areference to the duration representation

Effects: Asif

return std::use_facet<std::num get<char_type, iter_type>>(ios.getloc()).get(s, end, ios, err, r);

Returns: s, an iterator pointing just beyond the last character that can be determined to be part of avalid Rep value.
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Member Function get _unit(iter _type,iter_type,std::ios_base& std::ios_base::iostate& rt_rati o&)

const
iter_type get_unit(iter_type i, iter_type e, std::ios_base&is, std::ios_base::iostate& err, del
tail::rt _ratio &t) const;

Extracts a duration unit from therange[ s, end) .
Parameters:

s start input stream iterator

* end: end input stream iterator

* ios. areferenceto aios base

» err: theios base state

* rt: areferenceto the duration run-time ratio.
Effects:

« If thefirst character is' [ ', an attempt is made to consume a pattern of the form " [ N/ D] " where N and D have type unsi gned
| ong | ong.

« |f successful, rt records the values of Nand D, otherwise evaluateserr = std::i os_base::fail bit andreturni .

¢ Return the parse the longest string possible matching one of the durations units that can follow the pattern” [ N D] ", as if
return do_get_n_d_prefix_unit(facet, i, e, is, err);

» Otherwise the next character isnot' [ ' . Return the parse the longest string possible matching one of the durations units, asif
return do_get_prefix_unit(facet, i, e, is, err, rt)

Returns: i , an iterator pointing just beyond the last character that can be determined to be part of avalid duration unit.

Protected Member Function do_get _n_d_prefix_unit (duration_units<CharT>
const& iter_type,iter_type,std::ios_base& std::ios_base::iostate& const

virtual iter_type do_get_n_d_prefix_unit(
duration_units<Char T> const &facet,
iter_type i,
iter_type e
std::ios_base&
std::ios_base::iostate& err

) const;

Extracts the run-time ratio associated to the duration when it is given in [N/D] form.

Thisisan extension point of thisfacet so that we can takein account other periodsthat can have auseful translation in other contexts,
as e.g. days and weeks.

Parameters:
* S start input stream iterator

» end: end input stream iterator
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* ios: areferencetoaios base
» err: theios base state
» rt: areference to the duration run-time ratio.

Effects. Scan s for the longest of al the plural forms associated with the duration units. If sucessfull, sets the matched ratioinrt .
Otherwise evaluateserr = std::ios_base::failbit.

Returns: s, an iterator pointing just beyond the last character that can be determined to be part of avalid name.

Protected Member Function do_get _prefix_unit(duration_units<Char T>
const& iter_type,iter_type,std::ios_base& std::ios_base::iostate& detail::rt_ratio& const

virtual iter_type do_get_prefix_unit(
duration_units<CharT> const &f acet,
iter_type i,
iter_type e,
std::ios_baseg&,
std::ios_base::iostate& err,
detail::rt_ratio &rt

) const;

Extracts the run-time ratio associated to the duration when it is given in prefix form.

Thisisan extension point of thisfacet so that we can take in account other periodsthat can have auseful translation in other contexts,
as e.g. days and weeks.

Parameters:

s start input stream iterator

* end: end input stream iterator

* ios. areferenceto aios base

» err: theios base state

* rt: areferenceto the duration run-time ratio.

Effects. Scan s for the longest of al the plural forms associated with the duration units. If sucessfull, sets the matched ratioinrt .
Otherwise evaluateserr = std::ios_base::failbit.

Returns: s, an iterator pointing just beyond the last character that can be determined to be part of avalid name.

Header <boost/ chrono/ i of durat i on_put . hpp>

nanespace boost {
namespace chrono {

tenpl ate <class CharT, class Qutputlterator = std::ostreanbuf_iterator<CharT> >
cl ass duration_put;
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Template Class duration_put

tenpl ate <class CharT, class Qutputlterator = std::ostreanbuf_iterator<CharT> >
class duration_put: public std::locale::facet

{
publi c:

typedef CharT char_type; // Type of character the facet is instantiated on.

typedef std::basic_string<CharT> string_type; // Type of character string passed to nmenber 0O
functi ons.

typedef Qutputlterator iter_type; // Type of iterator used to wite in the character buffer.

explicit duration_put(size_t refs = 0);

tenpl ate <typenane Rep, typenane Period>

iter_type put(iter_type s, std::ios_base& ios, char_type fill, duration<Rep, Peri
od> const & d, const CharT* pattern,

const CharT* pat_end) const;

tenpl ate <typenane Rep, typenane Period>

iter_type put(iter_type s, std::ios_base& ios, char_type fill, duration<Rep, Peri
od> const & d) const;

tenpl ate <typenane Rep, typenane Period>

iter_type put_value(iter_type s, std::ios_base& ios, char_type fill, duration<Rep, Peril
od> const & d) const;

tenpl ate <typenane Rep, typenane Period>

iter_type put_unit(iter_type s, std::ios_base& ios, char_type fill, duration<Rep, PeriO
od> const& d) const;

static std::locale::id id; // Unique identifier for this type of facet.

~duration_put ();

b
Constructor dur ati on_put (si ze_t)
explicit duration_put(size_t refs);

Constructsadur at i on_put facet.
Parameters:
» refs: references

Effects. Constructs adur ati on_put facet. If ther ef s argument is 0 then destruction of the object is delegated to the locale, or
locales, containing it. This allows the user to ignore lifetime management issues. On the other had, if r ef s is 1 then the object must
be explicitly deleted; | ocal e will not do so. In this case, the object can be maintained across the lifetime of multiple locales.

Destructor ~dur ati on_put ()
~duration_put();

Destructsadur ati on_put facet.
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Member Function put (i ter_type, std::ios_base& char_type, durati on<Rep, Peri od> const&, const
Char T*, const Char T*)

tenpl ate <typenane Rep, typenane Period>
iter_type put(iter_type s, std::ios_base& ios, char_type fill, duration<Rep, Peri
od> const & d, const CharT* pattern,

const CharT* pat_end) const;

Parameters:
* S anoutput stream iterator

* ios: areferencetoaios base

d: the duration
 pattern: begin of the formatting pattern
» pat_end: end of the formatting pattern

Effects: Steps through the sequence from pat t er n to pat _end, identifying characters that are part of a pattern sequence. Each
character that is not part of a pattern sequence iswritten to s immediately, and each pattern sequence, asit isidentified, resultsin a
call toput _val ue or put _uni t ; thus, pattern elements and other characters are interleaved in the output in the order in which they
appear in the pattern. Pattern sequences are identified by converting each character ¢ to achar value asif by ct. narrow(c, 0),
where ct is areference to ct ype<char T> obtained from i os. get | oc() . The first character of each sequence is equal to ' % ,
followed by a pattern specifier character specifier, which can be' v' for the duration value or * u' for the duration unit. . For each
valid pattern sequence identified, callsput _val ue(s, ios, d) orput_unit(s, ios, d).

Returns: An iterator pointing immediately after the last character produced.

Member Function put (iter_type, std::ios_base& char_type fill, duration<Rep, Period> const&)

tenpl ate <typenane Rep, typenane Peri od>
iter_type put(iter_type s, std::ios_base& ios, char_type fill, duration<Rep, PeriO
od> const & d) const;

Parameters:

* S an output stream iterator

* ios: areferenceto aios base
 d: theduration

Retrieves Stores the duration pattern fromthe __ duration_unit facet in let say st r. Last asif

return put(s, ios, d, str.data(), str.data() + str.size());

Returns: Aniterator pointing immediately after the last character produced.

Member Function put _val ue(iter_type, std::ios_base& char_type, duration<Rep, Period> const &)

tenpl ate <typenane Rep, typenane Period>
iter_type put_value(iter_type s, std::ios_base& ios, char_type fill, duration<Rep, PeriQ
od> const& d) const;

Parameters:

* S an output stream iterator
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* ios: areferencetoaios base

* d: theduration

Effects: Asif std::use_facet<std::num_put<CharT, iter_type> >(ios.getloc()).put(s, ios, ' ', static_cast<long int> (d.count())).
Returns: Aniterator pointing immediately after the last character produced.

Member Function put _unit(iter_type, std::ios_base& char_type, durati on<Rep, Period> const&)

tenpl ate <typenane Rep, typenane Period>
iter _type put_unit(iter_type s, std::ios_base& ios, char_type fill, duration<Rep, Peril
od> const & d) const;

Parameters:
* S an output stream iterator

* ios. areferenceto aios base

fill: thefill character
e d: theduration

Effects: Let f acet bethedurati on_uni t s<Char T> facet associated toi os. If the associated unit is named, asif

string_type str = facet.get_unit(get_duration_style(ios), d);
s=std::copy(str.begin(), str.end(), s);

Otherwise, format the unit as " [ Peri od: : numi Peri od: : den] " followed by the unit associated to [N/D] obtained using f a-
cet.get _n_d unit(get_duration_style(ios), d).

Returns: s, iterator pointing immediately after the last character produced.

Header <boost/ chrono/i of durati on_units. hpp>

namespace boost {
namespace chrono {
class rt_ratio;
tenpl ate <typenane CharT = char>
class duration_units;
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Classrt ratio

class rt_ratio
{
publi c:
tenpl ate <typenane Period>
rt_ratio(Period const&)
num Period: :type::num, den(Period::type::den)
{
}

rt_ratio(intmax_t n = 0, intmax_t d = 1)
num(n), den(d)

{

}

intmax_t num
i ntmax_t den;

H
Template Class duration_units

tenpl ate <typenane CharT = char>
class duration_units: public std::locale::facet
{
publi c:
typedef CharT char_type; // Type of character the facet is instantiated on.
typedef std::basic_string<CharT> string_type; // Type of character string passed to nmenber 0O
functions.
static std::locale::id id; // Unique identifier for this type of facet.

explicit duration_units(size_t refs = 0);

virtual const string_type* get_n_d valid_ units_start() const =0

virtual const string type* get_n_d valid_units_end() const=0

virtual const string type* get_valid_units_start() const=0

virtual const string_type* get_valid_units_end() const=0

virtual bool match_n_d_valid_unit(const string type* k) const = 0

virtual bool match_valid_ unit(const string type* k, rt_ratio& rt) const = 0
virtual string_type get_pattern() const=0

tenpl ate <typenane Rep, typenane Period>

string_type get_unit(duration_style style, duration<Rep, Period> const& d) const;
tenpl ate <typenane Rep, typenane Period>

string_type get_n_d_unit(duration_style style, duration<Rep, Period> const& d) const;
tenpl ate <typenane Period>

bool is_naned_unit() const;

pr ot ect ed:
virtual ~duration_units();
virtual string_type do_get_n_d_unit(duration_style style, rt_ratio rt, intmax_t v) const = O;
virtual string_type do_get _unit(duration_style style, rt_ratio rt, intmax_t v) const = O;
virtual bool do_is_nanmed_unit(rt_ratio rt) const =0;

};

dur ati on_uni t s facet gives useful information about the duration units, as the number of plural forms, the plural form associated
to aduration, the text associated to a plural form and a duration's period,

Constructor durati on_uni ts()

explicit duration_units(size_t refs = 0);
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Construct adur at i on_uni t s facet.
Parameters:
» refs: references

Effects: Construct adur ati on_uni t s facet. If ther ef s argument is 0 then destruction of the object is delegated to the locale, or
locales, containing it. This allows the user to ignore lifetime management issues. On the other had, if r ef s is 1 then the object must
be explicitly deleted; the locale will not do so. In this case, the object can be maintained across the lifetime of multiple locales.

Destructor ~durati on_uni ts()

virtual ~duration_units();

Effects. Destroys the facet.

Member Function get_n_d_valid units_start()
virtual const string_type* get_n_d_valid_ units_start() const =0;

Returns: pointer to the start of valid [N/D] units.

Member Function get _n_d_valid_units_end()
virtual const string_type* get_n_d_valid_ units_end() const=0;

Returns: pointer to the end of valid [N/D] units.

Member Function get _valid_units_start()

virtual const string_type* get_valid_units_start() const=0;

Returns: pointer to the start of valid units, symbol or prefix with its different plural forms.

Member Function get _val i d_units_end()

virtual const string_type* get_valid_units_end() const=0;

Returns: pointer to the end of valid units.

Member Function mat ch_n_d_val i d_unit (const string_type*)

virtual bool match_n_d_valid_unit(const string_type* k) const = O;

Parameters:
 k: thefound pointer to the [N/D] unit.
Returns: t r ue if k matches avalid unit.

Member Function mat ch_val i d_uni t (const string_type*,rt_ratio&)

virtual bool match_valid_unit(const string type* k, rt_ratio& rt) const = 0;

Parameters:
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« k: thefound pointer to the unit.
Effects: rt isset to the valid Period when the k matches avalid unit. Returns: t r ue if k matches avalid unit.

Member Function get pattern()
virtual string_type get_pattern() const=0

Returns: the pattern to be used by default.

Template Member Function get _uni t (duration_styl e, durati on<Rep, Peri od> const &)

tenpl ate <typenane Rep, typenane Period>
string_type get_unit(duration_style style, duration<Rep, Period> const& d) const;

Returns: get _unit(style, d.count(), rt_ratio(Period())),theunitassociated to thisduration.

Template Member Function get _n_d_uni t (duration_styl e, durati on<Rep, Peri od> const &)

tenpl ate <typenane Rep, typenane Period>
string_type get_n_d_unit(duration_style style, duration<Rep, Period> const& d) const;

Returns: get_n_d_unit(style, d.count(), rt_ratio(Period())), i.e. the [N/D] suffix unit associated to this duration.

Template Member Function i s_named_uni t ()

tenpl ate <typenane Period>
bool is_naned_unit() const;

Returns: do_i s_named_unit(rt_ratio(Period())),trueif the unit associated to the given Period is named, false otherwise.

Protected Member Function do_get _n_d_unit(duration_style,rt_ratio,intmax_t)
virtual string_type do_get_n_d unit(duration_style style, rt_ratio rt, intmax_t v) const = 0

Returns: the [N/D] suffix unit associated to this duration.

Protected Member Function do_get _unit(duration_style,rt_ratio,intnmax_t)
virtual string_type do_get_unit(duration_style style,rt_ratio rt, intmax_t v) const = 0

Returns: the unit associated to this duration.

Protected Member Function do_is_naned_unit(rt_rati o)
virtual bool do_is naned unit(rt_ratio rt) const =0

Returns: trueif the unit associated to the given Period is named, false otherwise.
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Template Class duration_units_defaul t

tenpl ate <typenane CharT = char>
class duration_units_default: public duration_units<CharT>
{
pr ot ect ed:
static const std::size_t pfs_ = 2; // The defaul English facet has two plural forms.

public:
typedef CharT char_type;
typedef std::basic_string<CharT> string_type;

explicit duration_units_default(size_t refs = 0);
~duration_units_default();

bool match_n_d_valid_unit(const string_type* k) const;
bool match_valid_unit(const string_type* k, rt_ratio& rt) const;
const string_type* get_n_d_valid_ units_start()const;
const string_type* get_n_d_valid_units_end()const;
string_type* get_valid_units_start() const;
string_type* get_valid_units_end() const;
string_type get_pattern() const;
pr ot ect ed:
bool do_is naned unit(rt_ratio rt) const;
string_type do_get_n_d_unit(duration_style style, rt_ratio, intmax_t v) const;
string_type do_get_unit(duration_style style, rt_ratio rt, intnmax_t v) const;

virtual std::size_t do_get_plural _forms() const;
virtual std::size_t do_get_plural _formint_|east64_t value) const;

virtual string_type do_get_unit(duration_style style, ratio<l> u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, ratio<60> u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, ratio<3600> u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, atto u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, femo u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, pico u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, nano u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, mcro u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, mlli u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, centi u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, deci u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, deca u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, hecto u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, kilo u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, nega u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, giga u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, tera u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, peta u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, exa u, std::size_t pf) const;

virtual string_type do_get_ratio_prefix(duration_style style, atto u) const;
virtual string_type do_get_ratio_prefix(duration_style style, femo u) const;
virtual string_type do_get_ratio_prefix(duration_style style, pico u) const;
virtual string_type do_get_ratio_prefix(duration_style style, nano u) const;
virtual string_type do_get_ratio_prefix(duration_style style, mcro u) const;
virtual string_type do_get_ratio_prefix(duration_style style, mlli u) const;
virtual string_type do_get_ratio_prefix(duration_style style, centi u) const;
virtual string_type do_get_ratio_prefix(duration_style style, deci u) const;
virtual string_type do_get_ratio_prefix(duration_style style, deca u) const;
virtual string_type do_get_ratio_prefix(duration_style style, hecto u) const;
virtual string_type do_get_ratio_prefix(duration_style style, kilo u) const;
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virtual string_type do_get _ratio_prefix(duration_style style, nega u) const;
virtual string_type do_get _ratio_prefix(duration_style style, giga u) const;
virtual string_type do_get _ratio_prefix(duration_style style, tera u) const;
virtual string_type do_get _ratio_prefix(duration_style style, peta u) const;
virtual string_type do_get _ratio_prefix(duration_style style, exa u) const;

This class is used to define the strings for the default English. This facet names the units associated to the following periods:
e atto,

e fento,
* pico,

* nano,

e nicro,
e mlli,

e centi,
e deci,

* ratio<1>,
e deca,

e hecto,
* kilo,

* nega,

* giga,

* tera,

* peta,

* exa,

* ratio<60> and

ratio<3600>.

Constructor durati on_units_defaul t()
explicit duration_units_default(size_t refs = 0);

Construct a duration_units_default facet.
Parameters:
* refs: references

Effects: Construct aduration_units_default facet. If ther ef s argument is 0 then destruction of the object is delegated to the locale,
or locales, containing it. This allows the user to ignore lifetime management issues. On the other had, if r ef s is 1 then the object
must be explicitly deleted; thelocale will not do so. In this case, the object can be maintained across the lifetime of multiple locales.
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Destructor ~durati on_uni ts_defaul t ()

virtual ~duration_units _default();

Effects: Destroys the facet.

Member Function get _n_d _valid units_start()

virtual const string_type* get_n_d valid_units_start() const;

Returns: pointer to the start of valid [N/D] units.

Member Function get _n_d_valid_units_end()

virtual const string_type* get_n_d_valid_units_end() const;

Returns: pointer to the end of valid [N/D] units.

Member Function get _valid_units_start()

virtual const string_type* get_valid_units_start() const;

Returns: pointer to the start of valid units, symbol or prefix with its different plural forms.

Member Function get _val i d_units_end()

virtual const string_type* get_valid_units_end() const;

Returns: pointer to the end of valid units.

Member Function match_n_d_valid_unit(const string_type*)

virtual bool match_n_d_valid_unit(const string_type* k) const;

Parameters:
 k: thefound pointer to the [N/D] unit.
Returns: t r ue if k matchesavalid unit.

Member Function match_val i d_unit(const string_type*,rt_ratio&)
virtual bool match_valid_unit(const string_type* k, rt_ratio& rt) const;

Parameters:
« k: thefound pointer to the unit.
Effects: rt isset to the valid Period when the k matches avalid unit. Returns: t r ue if k matches avalid unit.

Member Function get _pattern()
virtual string_type get_pattern() const;

Returns: the pattern to be used by default.
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Protected Member Function do_get _n_d unit(duration_style,rt_ratio,intmax_t)
virtual string_type do_get_n_d_ unit(duration_style style, rt_ratio rt, intmax_t v) const;

Returns: the [N/D] suffix unit associated to this duration.

Protected Member Function do_get _unit(duration_style,rt_ratio,intnmx_t)

virtual string_type do_get_unit(duration_style style, rt_ratio rt, intnmax_t v) const;

Returns: the unit associated to this duration.

Protected Member Function do_i s_naned_unit(rt_rati o)

virtual bool do_is_named_unit(rt_ratio rt) const;

Returns: trueif the unit associated to the given Period is named, false otherwise.

Protected Member Function do_get _plural _forns()

virtual std::size_t do_get_plural _forns() const;

Returns: the number of associated plural forms this facet manages.

Protected Member Function do_get _plural _forn(int_|east64 t)

virtual std::size_t do_get_plural _forn(int_|east64_t value) const;

Gets the associated plural form.

Parameters:

value: the duration representation

Returns: the plural form associated to the val ue parameter. In English there are 2 plural forms
* Osingular (-1 or 1)

e 1plurd for al others

Protected Member Function do_get _unit(duration_style,ratio<l> std::size_t)
virtual string_type do_get_unit(duration_style style, ratio<l> u, std::size_t pf) const;

Parameters:

 style: the duration style.

» period: the period associated to the duration hours.
* pf: the requested plural form.

Returns: if styleis symbol returns"s", otherwiseif pf is 0 return "second", if pf is 1 "seconds"
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Protected Member Function do_get _unit(duration_style style,ratio<60>,std::size t)
virtual string_type do_get_unit(duration_style style, ratio<60> u, std::size_t pf) const;

Parameters:

» style: the duration style.

» period: the period associated to the duration hours.

* pf: the requested plural form.

Returns: if styleis symbol returns"min", otherwise if pf is O return "minute”, if pf is 1 "minutes’

Protected Member Function do_get _unit(duration_style,ratio<3600>, std::size_t)
virtual string_type do_get_unit(duration_style style, rati o<3600> u, std::size_t pf) const;

Parameters:

 style: the duration style.

» period: the period associated to the duration hours.

* pf: the requested plural form.

Returns: if styleis symbol returns"h", otherwise if pf is 0 return "hour", if pf is 1 "hours"

Protected Member Function do_get _uni t (duration_styl e, Peri od, std:: size_t)

\
\
\
\
\
\
\
\
\

rtual string_type do_get_unit(duration_style style, atto u, std::size_t pf) const
rtual string_type do_get_unit(duration_style style, fento u, std::size_t pf) const;
rtual string_type do_get_unit(duration_style style, pico u, std::size_t pf) const
rtual string_type do_get_unit(duration_style style, nano u, std::size_t pf) const
rtual string_type do_get_unit(duration_style style, micro u, std::size_t pf) const;
rtual string_type do_get_unit(duration_style style, mlli u, std::size_t pf) const;
rtual string_type do_get_unit(duration_style style, centi u, std::size_t pf) const;
rtual string_type do_get_unit(duration_style style, deci u, std::size_t pf) const
rtual string_type do_get_unit(duration_style style, deca u, std::size_t pf) const

virtual string_type do_get_unit(duration_style style, hecto u, std::size_t pf) const;
virtual string_type do_get_unit(duration_style style, kilo u, std::size_t pf) const
virtual string_type do_get_unit(duration_style style, nega u, std::size_t pf) const
virtual string_type do_get_unit(duration_style style, giga u, std::size_t pf) const
virtual string_type do_get_unit(duration_style style, tera u, std::size_t pf) const

u

\
\

rtual string_type do_get_unit(duration_style style, peta u, std::size_t pf) const
rtual string_type do_get_unit(duration_style style, exa u, std::size_t pf) const;

Parameters:

* style: the duration style.

* u: the period tag atto.

* pf: the requested plural form.

Returns: the concatenation of the prefix associated to period u + the one associated to seconds.
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Protected Member Function do_get _ratio_prefix(duration_style,

virtual string_type
virtual string_type
virtual string_type
virtual string_type
virtual string_type
virtual string_type
virtual string_type
virtual string_type
virtual string_type
virtual string_type
virtual string_type
virtual string_type
virtual string_type
virtual string_type
virtual string_type
virtual string_type
Parameters:

» style: the duration style.

* Uu: the period tag atto.

Returns: depending on the value of st yl e return theratio_string symbol or prefix.

do_get _ratio_prefi
do_get _ratio_prefi
do_get _ratio_prefi
do_get _ratio_prefi
do_get _ratio_prefi
do_get _ratio_prefi
do_get _ratio_prefi
do_get _ratio_prefi
do_get _ratio_prefi
do_get _ratio_prefi
do_get _ratio_prefi
do_get _ratio_prefi
do_get _ratio_prefi
do_get _ratio_prefi
do_get _ratio_prefi
do_get _ratio_prefi

x(duration_style
x(duration_style
x(duration_style
Xx(duration_style
x(duration_style
x(duration_style
x(duration_style
x(duration_style
Xx(duration_style
x(duration_style
x(duration_style
x(duration_style
x(duration_style
Xx(duration_style
x(duration_style
x(duration_style

Header <boost/chrono/i o/ duration_io. hpp>

namespace boost {

namespace chrono {

/1 mani pul ators

std::ios_base& synmbol format (i os_base& ios);
std::ios_base& name_format (i os_base& ios);

class duration_fnt;
t enpl at e<cl ass CharT,

class Traits>

std:: basic_ostream<CharT, Traits>&
operator <<(std::basic_ostream<CharT, Traits>& os,

t enpl at e<cl ass CharT,

class Traits>

std::basic_istream<CharT, Traits>&
operator >>(std::basic_istream<CharT, Traits>& is,

// duration I/0O

tenpl ate <cl ass CharT,

class Traits,

cl ass Rep,

std:: basic_ostream<CharT, Traits>&

operator <<(std::basic_ostream<CharT, Traits>& os,

tenpl ate <cl ass CharT,

class Traits,

cl ass Rep,

std::basic_istream<CharT, Traits>&

operator >>(std::basic_istream<CharT, Traits>& is,

Peri od)

style, atto u) const;
style, fento u) const;
style, pico u) const;
style, nano u) const;
style, micro u) const;
style, mlli u) const;
style, centi u) const;
style, deci u) const;
style, deca u) const;
style, hecto u) const;
style, kilo u) const;
style, mega u) const;
style, giga u) const;
style, tera u) const;
style, peta u) const;
style, exa u) const;

duration_fmt d);

duration_fmt d);

dur ati on<Rep,

cl ass Peri od>
const duration<Rep,

cl ass Peri od>

Peri od>& d);

Peri od>& d)
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I/O Manipulators

There is a parameterized manimulator that takes the duration_style as parameter. The symbol or name format can be easily chosen
by streaming asynbol _f or mat or name_f or mat manipulators respectively.

Template Class durati on_f nt

class duration_fnt
{
publi c:
explicit duration_fmt (duration_style style) noexcept;

#i f ndef BOOST_NO_EXPLI CI T_CONVERSI ON_CPERATCRS

explicit
operator duration_style() const noexcept;
#endi f
duration_style get_duration_style() const noexcept;

b

tenpl ate<cl ass CharT, class Traits>

std:: basic_ostream<CharT, Traits>&

operator <<(std::basic_ostrean<CharT, Traits>& os, duration_fnt d);
tenpl ate<cl ass CharT, class Traits>

std:: basic_istreanm<CharT, Traits>&
operator >>(std::basic_istrean<CharT, Traits>& is, duration_fnt d);

Constructor durati on_fnt (duration_style)

explicit duration_fnt(duration_style f) noexcept;

Effects: Constructsadur ati on_f nt by storing f .
Post Conditions: stati c_cast <duration_style>(*this) ==

Member Function operat or duration_styl e()

explicit operator duration_style() const noexcept;
duration_style get_duration_style() const noexcept;

Returns:: The stored dur ati on_fnt f.

Member Function oper at or <<(basi c_ostreanx>&, duration_fnt)

tenpl ate<class CharT, class Traits>
basi c_ostrean<CharT, Traits>&
oper at or <<(basi c_ostream<CharT, Traits>& s, duration_fnt d);

Effects:: set _duration_style(s, static_cast<duration_style>(d)))).
Returns:: s.

Member Function oper at or >>(basi c_i streanx>&, duration_fnt)

tenpl ate<cl ass CharT, class Traits>
basic_i streanm<CharT, Traits>&
oper at or >>(basi c_i stream<CharT, Traits>& s, duration_fnt d);
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Effects:: set _duration_style(s, static_cast<duration_style>(d)))).
Returns::s.

Non Member Function synbol _f or mat (i os_base&)
std::ios_base& synbol format (i os_base& ios);

Effects:: set _duration_style(s, duration_style::synbol).
Returns: i os

Non Member Function name_f or mat (i os_base&)

std::ios_base& name_format (i os_base& ios);

Effects:: set _duration_style(s, duration_style::prefix).

Returns: i os

I/O Streams Operations

Member Function oper at or <<(basi c_ostreanx>&, const duration<>& d)

Any dur at i on can be streamed out to abasi ¢_ost r eam Therun-time value of thedur at i on isformatted according to the rules
and current format settingsfor dur ati on: : rep andthedur ati on_uni t s facet.

tenpl ate <class CharT, class Traits, class Rep, class Period>
std:: basic_ostream<CharT, Traits>&
operator<<(std::basic_ostrean<CharT, Traits>& os, const duration<Rep, Period>& d);

Effects. Behaves as a formatted output function. After constructing a sentry object, if the sentry converts to true, cals to f a-
cet.put(os,0s,0s.fill(),d) wherefacet istheduration_put <Char T> facet associated to os or a new created instance
of the default dur at i on_put <Char T> facet.

Returns: os.

Member Function oper at or <<(basic_i streanx>& const duration<>& d)

templ ate <class CharT, class Traits, class Rep, class Period>
std::basic_istreanxCharT, Traits>&
operator>>(std::basic_istream<CharT, Traits>& is, duration<Rep, Period>& d)

Effects: Behaves as a formatted input function. After constructing asent ry object, if the sent ry convertstot r ue, callstof a-
cet.get(is,std::istreanbuf iterator<CharT, Traits>(), is, err, d) wherefacet istheduration_get <Char T>
facet associated toi s or anew created instance of the default dur ati on_get <Char T> facet.

If any step fails, callsos. set state(std: :ios_base::failbit | std::ios_base::badbit).

Returns. i s
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Header <boost/chrono/i o/ time_point_get. hpp>

namespace boost {
namespace chrono {
tenpl ate <class CharT, class Inputlterator = std::istreanbuf_iterator<CharT> >
class time_point_get;

}
}

Template Class time_poi nt _get

tenpl ate <class CharT, class Inputlterator = std::istreanbuf_iterator<CharT> >
class time_point_get: public std::locale::facet

{
publi c:
typedef CharT char_type; // Type of character the facet is instantiated on.
typedef Inputlterator iter_type; // Type of iterator used to scan the character buffer.

explicit __tine_point_get _c(size_t refs = 0);
tenpl ate <class C ock, class Duration>
iter _type __tine_point_get _get(iter_type i, iter_type e, std::ios_base&is, std::ios_base::iold
state& err,
ti me_poi nt <O ock, Duration> & p, const char_type *pattern, const char_type *pat_end) const;
tenpl ate <class C ock, class Duration>
iter _type __time_point_get _get2(iter_type i, iter_type e, std::ios_base&is, std::ios_base::iol
state& err,
ti me_poi nt <C ock, Duration> & p) const;
tenpl ate <typenane Rep, typenane Period>
iter_type __tine_point_get_get_durad
tion(iter_type i, iter_type e, std::ios_base& is, std::ios_base::iostate& err,
durati on<Rep, Period>& d) const;

tenpl ate <cl ass C ock>

0

iter_type __time_point_get_get_epoch(iter_type i, iter_type e, std::ios_base&is, std::ios_base::iol
state& err) const;

static std::locale::id id; // Unique identifier for this type of facet.

__time_point_get_d();
b

ti me_poi nt _get isused to parse acharacter sequence, extracting the duration and the epoch into aclassti me_poi nt .

The pattern can contain the format specifiers % and % in any order.

User confirmation is required for reliable parsing of user-entered durations, but machine-generated formats can be parsed reliably.
This allows parsers to be aggressive about interpreting user variations on standard formats.

If the end iterator is reached during parsing the member function setsst d: : i os_base: : eof bit inerr.

Constructor ti ne_poi nt _get (si ze_t)
explicit tinme_point_get(size_t refs);

Constructsa__time_point_get facet.
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Parameters:
» refs: references

Effects: Constructs adur ati on_put facet. If ther ef s argument is 0 then destruction of the object is delegated to the locale, or
locales, containing it. This allows the user to ignore lifetime management issues. On the other had, if r ef s is 1 then the object must
be explicitly deleted; | ocal e will not do so. In this case, the object can be maintained across the lifetime of multiple locales.

Destructor ~ti ne_poi nt _get ()
~time_point_get();

Effects: Destroy the facet.

Template Member Function get (iter _type,iter_type,std::ios_base& std::ios_base::io-
state&, tinme_poi nt<d ock, Duration>& const CharT*, const CharT*)

tenpl ate <class C ock, class Duration>
iter _type get(iter_type s, iter_type end, std::ios_base& ios, std::ios_base::iostate& err,
ti me_poi nt <Cl ock, Duration> & p, const char_type *pattern, const char_type *pat_end) const;

Parameters:

* s start input stream iterator

» end: end input stream iterator

» ios. areferencetoai os_base

e err:theios_base::iostate

e tp: theti me_poi nt

 pattern: begin of the formatting pattern

» pat_end: end of the formatting pattern

Requires: [ pat t ern, pat _end) must beavalid range.

Effects.: Thefunction startsby evaluatingerr = std: : i os_base: : goodbi t . It then entersaloop, reading zero or more characters
from s at each iteration. Unless otherwise specified bel ow, the loop terminates when the first of the following conditions holds:

* Theexpressionpattern == pat_end evaluatestot r ue.
e Theexpressionerr == std::ios_base::goodbit evauatestof al se.
» The expression s == end evaluates to t r ue, in which case the function evaluates err = std::ios_base::eofbit |

std::ios_base::failbit.

» The next element of pattern is equal to ' % , followed by a conversion specifier character, the functions get _dur ati on or
get _epoch arecalled depending on whether theformat is' d' or' e' . If thenumber of elementsintherange[ pat t er n, pat _end)
is not sufficient to unambiguously determine whether the conversion specification is complete and valid, the function evaluates
err | = std::ios_base::fail bit.Otherwise, the function evaluatess = do_get (s, end, ios, err, d).Ilferr ==
std: :i os_base: : goodbi t holds after the evaluation of the expression, the function increments pattern to point just past the
end of the conversion specification and continues looping.

e Theexpressioni sspace(*pattern, ios.getloc()) evauatestot rue,inwhich casethefunctionfirstincrementspattern

until pattern == pat_end || !isspace(*pattern, ios.getloc()) evauatestotrue, then advancess until s ==
end || !isspace(*s, ios.getloc()) istrue,and finaly resumeslooping.
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» The next character read from s matches the element pointed to by pattern in a case-insensitive comparison, in which case the
function evaluates ++pat t er n, ++s and continueslooping. Otherwise, thefunction evaluateserr = std::i os_base::failbit.

Returns: An iterator pointing just beyond the last character that can be determined to be part of avalid time_point.

Template Member Function get (i ter_type,iter_type,std::ios_base&, std::ios_base::io-
stat e&, ti me_poi nt <O ock, Dur ati on>&)

tenpl ate <class C ock, class Duration>
iter _type get(iter_type s, iter_type end, std::ios_base& ios, std::ios_base::iostate& err,
ti me_poi nt <C ock, Duration> & p) const;

Parameters:

* s start input stream iterator

» end: end input stream iterator
* ios. areferenceto ai os_base
* err:thei os_base::iostate
e tp: theti me_poi nt

Effects: Stores the duration pattern from thedur ati on_uni t facetinlet say str. Last asif
return get(s, end, ios, err, ios, d, str.data(), str.data() + str.size());

Returns: Aniterator pointing just beyond the last character that can be determined to be part of avalid name.

Template Member Function get _duration(iter_type,iter_type, std::ios_base& std::ios_base::iostate&, dur-
ati on<Rep, Peri 0d>&)

tenpl ate <typenane Rep, typenane Period>
iter_type get _duration(iter_type s, iter_type end, std::ios_base& ios, std::ios_base::iostate& err,
durati on<Rep, Period>& d) const;

Effects. Asif
return facet.get(s, end, ios, err, d);

wheref acet iseither thedur ati on_get facet associated to thei os or an instance of the default dur at i on_get facet.
Returns: Aniterator pointing just beyond the last character that can be determined to be part of avalid duration.

Template Member Function get _epoch(iter_type,iter_type,std::ios_base& std::ios_base::iostateg&)

tenpl ate <cl ass C ock>
iter_type get_epoch(iter_type s, iter_type end, std::ios_base& ios, std::ios_base::iol
state& err) const;

Effects: Let f acet bethe _time _point_units facet associated toi os or a new instance of the default __time_point_units_default
facet. Let epoch be the epoch string associated to the O ock using this facet. Scanss to match epoch or end is reached.

If not match beforethe end isreached st d: : i os_base: :fail bit issetinerr.If endisreached std::i os_base::fail bit
issetinerr.

Returns: An iterator pointing just beyond the last character that can be determined to be part of a epoch.
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Header <boost/chrono/i o/ time_point_put. hpp>

namespace boost {
namespace chrono {
tenmpl ate <class CharT, class Qutputlterator = std::ostreanbuf_iterator<CharT> >
class time_point_put;
}
}

Template Class time_poi nt _put

The__time_point_put facet providesfacilitiesfor formatted output of t i ne_poi nt values. Themember functionof __time_point_put
takeati me_poi nt and format it into character string representation.

tparam ChatT a character type tparam Outputlterator amodel of Qut put | t er at or

tenpl ate <class CharT, class Qutputlterator = std::ostreanbuf_iterator<CharT> >
class time_point_put: public std::locale::facet
{
public:
typedef CharT char_type; // Type of character the facet is instantiated on.
typedef std::basic_string<CharT> string_type; // Type of character string passed to nenber 0O
functions.
typedef Qutputlterator iter_type; // Type of iterator used to wite in the character buffer.

explicit tinme_point_put(size_t refs = 0);
~time_point_put ();

tenpl ate <class O ock, class Duration>

iter_type put(iter_type i, std::ios_base& ios, char_type fill, tine_point<C ock, Dural
tion> const& tp, const CharT* pattern,

const CharT* pat_end) const;

tenpl ate <class O ock, class Duration>

iter_type put(iter_type i, std::ios_base& ios, char_type fill, tine_point<Cd ock, Dural
tion> const& tp) const;

tenpl ate <typenane Rep, typenane Peri od>

iter_type put_duration(iter_type i, std::ios_base& ios, char_type fill, duration<Rep, PeriO
od> const & d) const;

tenpl ate <typenane C ock>

iter_type put_epoch(iter_type i, std::ios_base& os) const;

static std::locale::id id; // Unique identifier for this type of facet.

Constructor ti me_poi nt _get (size_t)
explicit time_point_put(size_t refs = 0);

Construct atime_point_put facet.

Effects: Construct atime_point_put facet. If ther ef s argument is0 then destruction of the object isdel egated to thelocale, or locales,
containing it. This allows the user to ignore lifetime management issues. On the other had, if r ef s is 1 then the object must be ex-
plicitly deleted; the locale will not do so. In this case, the object can be maintained across the lifetime of multiple locales.

Parameters:

» refs: references
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Member Function put ()

tenpl ate <class C ock, class Duration>
iter_type put(iter_type i, std::ios_base& ios,
tion> const& tp, const CharT* pattern,

const CharT* pat_end) const;

Parameters:
* i: anoutput stream iterator
* ios: areferencetoaios base

fill: the character used asfiller

e tp: theti me_poi nt

pattern: begin of the formatting pattern

» pat_end: end of the formatting pattern

Effects. Steps through the sequence from pat t er n to pat _end, identifying characters that are part of a pattern sequence. Each
character that is not part of a pattern sequence is written to s immediately, and each pattern sequence, asit isidentified, resultsin a
call to__put_durationor __put_epoch; thus, pattern elements and other characters are interleaved in the output in the order in which
they appear in the pattern. Pattern sequences areidentified by converting each character c toachar valueasif by ct. narrow(c, 0),
where ct is areference to ct ype<char T> obtained fromi os. get | oc() . The first character of each sequence isequa to' % ,
followed by a pattern specifier character spec, which canbe' d' for the duration valueor ' e' for the epoch. For each valid pattern
tp.time_since_epoch()) orput _epoch(s,

sequence identified, callsput _duration(s, ios, fill,

char_type fill, time_point<d ock,

Returns: Aniterator pointing immediately after the last character produced.

Member Function put ()

class Duration>
std::ios_base& ios,

tenpl ate <cl ass C ock,
iter_type put(iter_type i,
tion> const& tp) const;

Parameters:
* i anoutput stream iterator
* ios. areferenceto aios base

fill: the character used asfiller

* tp: theti me_poi nt
* tern: begin of the formatting pattern

» pat_end: end of the formatting pattern

char_type fill, time_point<d ock,

Effects. Storesthe time_point pattern from the __time_point_unit facet in let say st r. Last asif

return put(s, ios, fill, str.data(),

tp,

str.data() + str.size());

Returns: Aniterator pointing immediately after the last character produced.

Dur all

i 0s).

Dur all

render
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Member Function put _durati on()

tenpl ate <typenane Rep, typenane Period>
iter_type put_duration(iter_type i, std::ios_base& ios, char_type fill, duration<Rep, Peril
od> const & d) const;

Parameters:

* i: anoutput stream iterator

* ios: areferencetoaios base
« fill: the character used asfiller
e d: theduration

Effects. Asif facet. put (s, ios, fill, d) wherefacetistheduration_put <Char T> facet associated to thei os or a new
instance of dur ati on_put <Char T>.

Returns: An iterator pointing immediately after the last character produced.

Member Function put _epoch()

tenpl ate <typenanme C ock>
iter_type put_epoch(iter_type i, std::ios_base& os) const;

Parameters:
* i an output stream iterator
* ios: areferencetoaios base

Effects: Asif

string_type str = facet.tenplate get_epoch<C ock>();
s=std::copy(str.begin(), str.end(), s);

wherefacetisthe _ti me_poi nt _uni t s<Char T> facet associated to thei os or anew instanceof __ti me_poi nt _units_de-
faul t <Char T>.

Returns: s, iterator pointing immediately after the last character produced.

Header <boost/chrono/iolti me_poi nt_uni ts. hpp>

nanmespace boost {
namespace chrono {
tenpl ate <typenane Char T=char >
class time_point_units;
tenpl ate <typenane Char T=char >
class time_point_units_default,

Template Class time_point _units

__time_point_units facet gives useful information about the time_point pattern, the text associated to atime_point's epoch,
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tenpl ate <typenane Char T=char >
class time_point_units: public std::locale::facet

{
public:
typedef CharT char_type; // Type of character the facet is instantiated on.
typedef std::basic_string<char_type> string_type; // Type of character string used by neni
ber functions.
static std::locale::id id; // Unique identifier for this type of facet.

explicit tinme_point_units(size_t refs = 0);
virtual string_type get_pattern() const =0;
tenpl ate <typenanme O ock>
string_type get_epoch() const;
pr ot ect ed:
virtual ~tinme_point_units();
virtual string_type do_get_epoch(system clock) const=0;
virtual string_type do_get_epoch(steady_clock) const=0;
#i f defi ned( BOOST_CHRONO HAS PROCESS_CLOCKS)
virtual string_type do_get_epoch(process_real cpu_cl ock) const=0;
virtual string_type do_get_epoch(process_user_cpu_cl ock) const =0;
virtual string_type do_get_epoch(process_system cpu_cl ock) const=0;
virtual string_type do_get_epoch(process_cpu_cl ock) const=0;
#endi f
#i f defi ned( BOOST_CHRONO HAS THREAD_ CLQOCK)

virtual string_type do_get_epoch(thread_cl ock) const=0;
#endi f

b
Constructor ti me_poi nt _units()
explicit time_point_units(size_t refs = 0);

Construct a__time_point_units facet.
Parameters:
* refs: references

Effects: Construct a__time_point_units facet. If ther ef s argument is0 then destruction of the object is delegated to the locale, or
locales, containing it. This allows the user to ignore lifetime management issues. On the other had, if ref sv i s 1" then the object
must be explicitly deleted; the locale will not do so. In this case, the object can be maintained across the lifetime of multiple locales.

Member Function get _pattern()

virtual string_type get_pattern() const =0;

Returns: the pattern to be used by default.

Member Function get _epoch()

tenpl ate <typenanme C ock>
string_type get_epoch() const;

Returns: the epoch associated to the clock A ock calling __do_get _epoch(d ock())
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Destructor ti nme_poi nt _uni ts()
virtual ~tinme_point_units();

Destroy the facet.

Member Function do_get epoch(system cl ock)

virtual string_type do_get_epoch(system cl ock) const=0;

Parameters:
» c: adummy instance of syst em cl ock.
Returns: The epoch string associated to the syst em cl ock.

Member Function do_get _epoch(st eady_cl ock)
virtual string_type do_get_epoch(steady_clock) const=0;

Parameters:
» c: adummy instance of st eady_cl ock.
Returns: The epoch string associated to the st eady_cl ock.

Member Function do_get epoch(process_real cpu_cl ock)

#i f defi ned( BOOST_CHRONO_HAS PROCESS_CLOCKS)
virtual string_type do_get_epoch(process_real _cpu_clock) const=0;
#endi f

Parameters:
e c: adummy instance of process_real cpu_cl ock.
Returns: The epoch string associated to the pr ocess_r eal _cpu_cl ock.

Member Function do_get _epoch(process_user_cpu_cl ock)

#i f defi ned( BOOST_CHRONO HAS_PROCESS_CLOCKS)
virtual string_type do_get_epoch(process_user_cpu_cl ock) const=0;
#endi f

Parameters:
» c: adummy instance of pr ocess_real _cpu_cl ock.
Returns: The epoch string associated to the process user_cpu_clock.

Member Function do_get _epoch(process_system cpu_cl ock)

#i f defi ned( BOOST_CHRONO_HAS_PROCESS_CLOCKS)
virtual string_type do_get_epoch(process_system cpu_cl ock) const=0;
#endi f

Parameters:
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e c: adummy instance of process_syst em cpu_cl ock.
Returns: The epoch string associated to the process_user_cpu_clock.

Member Function do_get _epoch(process_cpu_cl ock)

#i f defi ned( BOOST_CHRONO HAS_PROCESS_CLOCKS)
virtual string_type do_get_epoch(process_cpu_cl ock) const=0;
#endi f

Parameters:
e c: adummy instance of pr ocess_cpu_cl ock.
Returns: The epoch string associated to the process cpu_clock.

Member Function do_get _epoch(t hread_cl ock)

#i f defi ned( BOOST_CHRONO HAS THREAD CLOCK)
virtual string_type do_get_epoch(thread_cl ock) const=0;
#endi f

Parameters:
e c: adummy instance of t hr ead_cl ock.

Returns: The epoch string associated to thet hr ead_cl ock.
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Template Class time_point _units_defaul t

/1 This class is used to define the strings for the default English
tenpl at e <typenane Char T=char >
class time_point_units_default: public time_point_units<CharT>
{
publi c:
typedef CharT char_type; // Type of character the facet is instantiated on.

typedef std::basic_string<char_type> string_type; // Type of character string used by nment
ber functions.

explicit time_point_units_default(size_t refs = 0);
~time_point_units_default();

/**

* _returns the default pattern "%%".
*/
string_type get_pattern() const;

pr ot ect ed:
/**
* [param c a dunmy instance of __system cl ock.
* __returns The epoch string returned by "clock_string<system cl ock, CharT>::since() .
*/
string_type do_get_epoch(systemcl ock ) const;
/**
* [param c a dunmy instance of __steady_cl ock.
* __returns The epoch string returned by "clock_string<steady_cl ock, CharT>::since() " .
*/
string_type do_get_epoch(steady_clock ) const;
#i f defi ned( BOOST_CHRONO HAS_PROCESS_CLOCKS)
/**
* [param c a dunmmy instance of _ process_real _cpu_cl ock.
* __returns The epoch string returned by "clock_string<prolO
cess_real _cpu_cl ock, CharT>::since() .
*/
string_type do_get_epoch(process_real _cpu_clock ) const;
/**
* [param c a dunmmy instance of __process_user_cpu_cl ock.
* _returns The epoch string returned by "clock_string<prolO
cess_user_cpu_cl ock, Char T>::since() .
*/
string_type do_get_epoch(process_user_cpu_cl ock ) const;
/**
* [param c a dunmy instance of __process_system cpu_cl ock.
* _returns The epoch string returned by "clock_string<process_sys[O
tem cpu_cl ock, Char T>:: si nce() .
*/
string_type do_get_epoch(process_system cpu_cl ock ) const;
/**
* [param c a dunmy instance of __process_cpu_cl ock.
* __returns The epoch string returned by "clock_string<process_cpu_clock, CharT>::since() .

*/
string_type do_get_epoch(process_cpu_clock ) const;
#endi f
#i f defi ned( BOOST_CHRONO HAS_THREAD_CLOCK)
/**

* [param c a dunmy instance of __thread_cl ock.
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* _returns The epoch string returned by "“clock_string<thread_cl ock, CharT>::since() .
*/
string_type do_get_epoch(thread_clock ) const;
#endi f

b
Header <boost/chrono/i o/ time_point_io. hpp>

namespace boost {
namespace chrono {

/1 mani pul at ors

unspecified time_fnt(timezone tz);

t enpl at e<cl ass Char T>

unspecified time_fnt(tinezone tz, basic_string<CharT> f);
t enpl at e<cl ass Char T>

unspecified time_fnt(timezone tz, const CharT* f);

// il/o state savers

tenpl at e<typenane CharT = char, typename Traits = std::char_traits<CharT> >
struct timezone_io_saver

{
typedef std::basic_ios<CharT, Traits> state_type;
typedef timezone aspect_type;
explicit timezone_io_saver(state_type &s);
ti mezone_i o_saver(state_type &s, aspect_type new val ue);
~timezone_i o_saver();
void tinezone_ io_saver_ _restore();

s

tenpl at e<typenane CharT = char, typename Traits = std::char_traits<CharT> >
struct time_fmt _io_saver

{
typedef std::basic_ios<CharT, Traits> state_type;
explicit time_fm _io_saver(state_type &s);
time_fmt _io_saver(state_type &s, basic_string<CharT> const& new_val ue);
~time_fnt_io_saver();
void restore();
s

/'l systemclock 1/0O

tenpl ate <class CharT, class Traits, class Duration>
basi c_ostrean<CharT, Traits>&
oper at or <<( basi c_ostream<Char T, Traits>& os,
const time_point<systemclock, Duration>& tp);

tenpl ate <class CharT, class Traits, class Duration>
basic_istream<CharT, Traits>&
oper at or >>(basi c_i stream<Char T, Traits>& is,
ti me_poi nt <system cl ock, Duration>& tp);
/1 Qther Clocks I/0O

tenpl ate <class CharT, class Traits, class Cock, class Duration>
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std:: basic_ostrean<CharT, Traits>&
oper at or <<(std:: basi c_ostream<CharT, Traits>& os,
const tine_point<C ock, Duration>& tp);

tenpl ate <class CharT, class Traits, class Cock, class Duration>
std:: basic_istrean<CharT, Traits>&

operator>>(std::basic_istream<CharT, Traits>& is,
ti me_poi nt<d ock, Duration>& tp);

I/O Manipulators

Non Member Function tinme_fnt (ti nezone)
unspecified time_fnt(tinezone tz);

Returns:: An unspecified object that when streamed to a basi c_ostream<CharT, Traits> or basic_i streanxCharT,
Tr ai t s> s will have the effects of ;

set _tinmezone(s, tz);
Non Member Function time_fnt (ti nezone, string)

t enpl at e<cl ass Char T>

unspecified time_fnt (timezone tz, basic_string<CharT> f);
t enpl at e<cl ass Char T>

unspecified time_fnt(tinmezone tz, const CharT* f);

Returns:: An unspecified object that when streamed to a basi c_ostream<Char T, Traits> or basic_i streanxCharT,
Tr ai t s> s will have the effects of:

set _tinmezone(s, tz);
set _time_fnt<CharT>(s, f);

I/O Streams Operations
system cl ock

Non Member Function oper at or <<()

tenpl ate <class CharT, class Traits, class Duration>
std:: basic_ostrean<CharT, Traits>&
oper at or <<(std:: basic_ostream<CharT, Traits>& os,
const tine_point<systemclock, Duration>& tp);

Effects. Behaves as a formatted output function. After constructing asent ry object, if thesent ry convertstot r ue, setsalocal
variablet z of typet i mezone toget _ti mezone( os) . Additionally the format string obtained withget ti ne_f nt () isrecorded
asapair of const Char T*. If the stream has no time_punct facet, then this pair of const Char T* that represent an empty range.

Nextt pisconvertedtoati me_t,and thisti me_t isconverted to at m The conversion tot muse gnt i ne (when available) if the
timezoneisut c, elseit use localtime (if available).

Using the st d: : ti me_put facet stored in os, this inserter writes characters to the stream using the t mand the formating string
stored inthet i me_punct facet, unlessthat facet was missing, or unlessit provided an empty string.
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If the formatting string is empty, then output as follows:
First output t musing " % % %vt "

Next output adoubl e representing the number of seconds stored in thet mplus the fractional seconds representedint p. The format
shall be ios::fixed and the precision shall be sufficient to represent system cl ock: : durati on exactly (eg. if sys-
tem cl ock: : peri od is micro, the precision should be sufficient to output six digits following the decimal point). If the number
of secondsislessthan 10, the output shall be prefixed by ' 0" .

Finally if t z is| ocal , output the t musing the pattern " %z". Else append the sequence " +0000" to the stream.
If any step fails, callsos. set state(i os_base::failbit | ios_base::badbit).
Returns: os

Non Member Function oper at or >>()

tenpl ate <class CharT, class Traits, class Duration>
std::basic_istreancCharT, Traits>&
operator>>(std::basic_istream<CharT, Traits>& is,
ti me_poi nt <system cl ock, Duration>& tp);

Effects: Behaves as a formatted input function. After constructing a sentry object, if the sentry converts to true, obtains a
std::time_get facet fromi s, and obtains a formatting string in the same manner as described for insertion operator. Extract a
t musing the supplied formatting string, or if empty, defaulted as described for the insertion operator. Note that extraction does not
usethet i mezone datastored in thei s for the defaulted string asthet i mezone information is stored in the stream.

Anytinme_poi nt <system cl ock, Durati on>inserted, and then extracted shouldresultinanequal t i me_poi nt <syst em cl ock,
Dur at i on>, excepting any precision that did not get inserted.

Example:

voi d test(std::chrono::systemclock::tine_point tp)

{
std::stringstreams;
s << tp;
boost : : chrono: : systemcl ock: : ti me_point tp2;
S >> tp2;
assert(tp == tp2);
}
Returns: is

Other Clocks

Non Member Function oper at or <<()

tenpl ate <class CharT, class Traits, class Cock, class Duration>
std:: basic_ostreanm<CharT, Traits>&
oper at or <<(std:: basi c_ostream<CharT, Traits>& os,
const tine_point<C ock, Duration>& tp);

Effects. Behaves as aformatted output function. After constructing asent ry object, if thesent ry convertstot r ue, calstof a-
cet.put(os,o0s,0s.fill(),tp) wherefacet istheti me_poi nt _put <Char T> facet associated to os or anew created instance
of thedefault t i me_poi nt _put <Char T> facet.

Returns:. os.

Example:
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22644271279698 nanoseconds si nce boot

Non Member Function oper at or >>()

tenpl ate <class CharT, class Traits, class Cock, class Duration>
std::basic_istreanxCharT, Traits>&
operator>>(std::basic_istream<CharT, Traits>& is,
ti me_poi nt <C ock, Duration>& tp);

Extractst p fromthe streami s.

Effects. Behaves as a formatted input function. After constructing asent ry object, if the sent ry convertstot rue, callstof a-
cet.get(is,std::istreambuf iterator<CharT, Traits>(), is, err, tp) where facet is the
time_poi nt _get <Char T> facet associated toi s or anew created instance of the default t i me_poi nt _get <Char T> facet.

If any step fails, callsos. setstate(std: :ios_base::failbit | std::ios_base::badbit).

Returns:. i s.

Chrono Rounding Utilities
Header <boost/chrono/ f 1 oor. hpp>

namespace boost { namespace chrono {
tenpl ate <class To, class Rep, class Period>
To fl oor(const duration<Rep, Period>& d);

Pl
This function round down the given parameter.

Header <boost / chr ono r ound. hpp>

namespace boost { nanmespace chrono {
tenpl ate <class To, class Rep, class Period>
To round(const duration<Rep, Period>& d);

b}

This function round to nearest, to even on tie the given parameter.

Header <boost/ chrono/ ceil . hpp>

namespace boost { nanmespace chrono {
tenpl ate <class To, class Rep, class Period>
To ceil (const duration<Rep, Period>& d);

b}

This function round up the given parameter.
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Other Clocks

Header <boost/ chrono/ process_cpu_cl ocks. hpp>

Knowing how long a program takes to execute is useful in both test and production environments. It is also helpful if such timing
information is broken down into real (wall clock) time, CPU time spent by the user, and CPU time spent by the operating system
servicing user requests.

Process clocks don't include the time spent by the child process.

#def i ne BOOST_CHRONO HAS_ PROCESS_CLOCKS
namespace boost { nanmespace chrono {

cl ass process_real _cpu_cl ock;
cl ass process_user_cpu_cl ock;
cl ass process_system cpu_cl ock;
cl ass process_cpu_cl ock;

tenpl ate <typenane Rep>

struct process_tines;

tenpl ate <class CharT, class Traits, class Rep>

std:: basic_ostrean<CharT, Traits>&

oper at or <<(std:: basic_ostream<CharT, Traits>& os,
process_ti mes<Rep> const & rhs);

tenpl ate <class CharT, class Traits, class Rep>

std:: basic_istrean<CharT, Traits>&

operator>>(std::basic_istream<CharT, Traits>& is,
process_ti mes<Rep> const & rhs);

tenpl ate <cl ass Rep>
struct duration_val ues<process_tines<Rep> >;

tenpl ate <cl ass Char T>

struct cl ock_string<process_real _cpu_cl ock, CharT>;
struct clock_string<process_user_cpu_cl ock, CharT>;
struct clock_string<process_systemcpu_cl ock, CharT>;
struct clock_string<process_cpu_cl ock, CharT>;

b}

nanmespace std {
tenpl ate <cl ass Rep>
class numeric_limts<boost::chrono::process_times<Rep> >;

Macro BOOST_CHRONO HAS PROCESS CLOCKS
Thismacro isdefined if the platform supports process clocks.
Class process_real _cpu_cl ock

process_real _cpu_cl ock satisfy the Cl ock requirements.

process_real _cpu_cl ock class provides access to the real process wall-clock steady clock, i.e. the real CPU-time clock of the
calling process. The process relative current time can be obtained by calling pr ocess_r eal _cpu_cl ock: : now() .
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cl ass process_real _cpu_clock {

public:
t ypedef nanoseconds duration;
typedef duration::rep rep;
typedef duration::period peri od;
t ypedef chrono::tinme_point<process_real _cpu_cl ock> ti me_point;
static constexpr bool is_steady = true;

static time_point now ) noexcept;
static time_point now system:error_code & ec );

Class process_user_cpu_cl ock
process_user _cpu_cl ock satisfy the C ock requirements.

process_user _cpu_cl ock class provides access to the user CPU-time steady clock of the calling process. The process relative
user current time can be obtained by calling pr ocess_user _cpu_cl ock: : now() .

cl ass process_user_cpu_cl ock {

public:
t ypedef nanoseconds duration;
typedef duration::rep rep;
typedef duration::period peri od;
t ypedef chrono::tinme_point<process_user_cpu_cl ock> ti me_point;
static constexpr bool is_steady = true;

static time_point now ) noexcept;
static time_point now system:error_code & ec );

Class process_system cpu_cl ock
process_syst em cpu_cl ock satisfy the d ock requirements.

process_syst em cpu_cl ock classprovides accessto the system CPU-time steady clockof the calling process. The processrelative
system current time can be obtained by calling pr ocess_syst em cpu_cl ock: : now() .

cl ass process_system cpu_cl ock {

publi c:
t ypedef nanoseconds duration;
typedef duration::rep rep;
t ypedef duration::period peri od;
t ypedef chrono::tine_poi nt <process_system cpu_cl ock> ti nme_point;
static constexpr bool is_steady = true;

static time_point now ) noexcept;
static time_point now system :error_code & ec );

Class process_cpu_cl ock

process_cpu_cl ock canbeconsidered asat upl e<pr ocess_real _cpu_cl ock, process_user_cpu_cl ock, process_sys-
tem cpu_cl ock>.

process_cpu_cl ock provides athin wrapper around the operating system's processtime API. For POSIX-like systems, that's the
times() function, while for Windows, it's the Get Pr ocessTi mes() function.

The process relative real, user and system current time can be obtained at once by calling pr ocess_cl ocks: : now() .
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cl ass process_cpu_cl ock

{

public:
t ypedef process_times<nanoseconds::rep> tines ;
t ypedef duration<tines, nano> duration;
typedef duration::rep rep;
t ypedef duration::period peri od;
t ypedef chrono::time_point<process_cpu_cl ock> ti nme_point;
static constexpr bool is_steady = true;
static time_point now ) noexcept;
static time_point now system:error_code & ec );

b

Template Class process_tines

This classisthe representation of the pr ocess_cpu_cl ock: : dur at i on class. Assuch it needsto implements the arithmetic oper-
ators.

tenpl ate <typenane Rep>

struct process_tinmes : arithnetic<process_tines<Rep>,
mul tiplicative<process_tines<Rep>, Rep,
| ess_t han_conpar abl e<process_ti nes<Rep> > > >

Rep real; /1 real (i.e wall clock) tinme
Rep user; /1 user cpu tine
Rep system // systemcpu tine

times();

times(
process_real _cpu_clock::rep r,
process_user_cpu_clock::rep u,
process_systemcpu_cl ock: :rep s);

tenpl ate <typenane Rep2>
explicit process_tines(
Rep2 r);
tenpl ate <typenane Rep2>
explicit process_tines(
process_ti nes<Rep2> const& rhs);
operator rep() const;

bool operator==(process_tinmes const& rhs);
tenpl ate <typenane Rep2>
bool operator==(process_ti nmes<Rep2> const& rhs);

ti mes operator+=(process_tinmes const& rhs);
times operator-=(process_tinmes const& rhs);
times operator*=(process_tinmes const& rhs);
times operator/=(process_times const& rhs);
bool operator<(process_tines const & rhs) const;

b
process_tines Input/Output

tenpl ate <class CharT, class Traits, class Rep>

std:: basic_ostrean<CharT, Traits>&

oper at or <<(std:: basi c_ostream<CharT, Traits>& o0s,
process_tines<Rep> const& rhs);
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Effects: Output each part separated by ';' and sourrounded by '{', }".

Throws: None.

tenpl ate <class CharT, class Traits, class Rep>

std:: basic_istrean<CharT, Traits>&

operator>>(std::basic_istream<CharT, Traits>& is,
process_tinmes<Rep> const& rhs);

Effects: overridesthe value of rhsif the input stream hasthe format "{r;u;s}". Otherwise, set the input stream state asfailbit | eofbit.
Throws: None.

durati on_val ues Specialization for process_ti nes<>

tenpl ate <cl ass Rep>
struct duration_val ues<process_ti nes<Rep> >

{
static process_tines<Rep> zero();
static process_tines<Rep> max();
static process_tines<Rep> min();
b

Thet i mes specific functions zer o() , max() and mi n() uses the relative functions on the representation of each component.

cl ock_string<process_real _cpu_cl ock> Specialization

tenpl ate <cl ass Char T>
struct clock_string<process_real _cpu_clock, CharT>

{

static std::basic_string<CharT> name();
static std::basic_string<CharT> since();

cl ock_string<>::name() returns"process real_cpu_clock".
cl ock_string<>::since() returns" since process start-up"

cl ock_string<process_user_cpu_cl ock> Specialization

tenpl ate <cl ass Char T>
struct clock_string<process_user_cpu_clock, CharT>

{

static std::basic_string<CharT> name();
static std::basic_string<CharT> since();

cl ock_string<>::nane() returns"process user_cpu_clock".

cl ock_string<>::since() returns" since process start-up"
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cl ock_string<process_system cpu_cl ock> Specialization

tenpl ate <cl ass Char T>
struct clock_string<process_system cpu_cl ock, CharT>

{

static std::basic_string<CharT> name();
static std::basic_string<CharT> since();

I

cl ock_string<>::name() returns"process system cpu_clock”.

cl ock_string<>::since() returns" since process start-up”

cl ock_st ring<process_cpu_cl ock> Specialization

tenpl ate <cl ass CharT>
struct cl ock_string<process_cpu_cl ock, CharT>

{

static std::basic_string<CharT> name();
static std::basic_string<CharT> since();

};
cl ock_string<>::nanme() returns"process cpu_clock”.
cl ock_string<>::since() returns" since process start-up"

numeric_linits Specialization for process_ti mes<>

nanespace std {
tenplate <>
class nuneric_limts<boost::chrono::process_times<Rep>> {
t ypedef boost::chrono:: process_tines<Rep> Res;

public:
static const bool is_specialized = true;
static Res min();
static Res max();
static Res |owest();
static const int digits;
static const int digitsl0;
static const bool is_signed = fal se;
static const bool is_integer = true;
static const bool is_exact = true;
static const int radix = 0;

b

Thepr ocess_ti mes<Rep> specialization functionsmi n(), max() and| owest () usestherelative functionson the representation
of each component.

Notes

e min() returnsthe tuple of mins.

e max() returnsthe tuple of maxs.

* | owest () returnsthe tuple of lowests.

* di gi t s isthe sum of (binary) digits.
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e di gi t s10 isthe sum of digitsl0s.

Header <boost / chronor t hread_cl ock. hpp>

Knowing the time a thread takes to execute is useful in both test and production environments.

#def i ne BOOST_CHRONO HAS_ THREAD_CLOCK
#defi ne BOOST_CHRONO THREAD CLOCK_| S _STEADY
nanmespace boost { nanespace chrono {

cl ass thread_cl ock;

tenpl ate <cl ass Char T>

struct clock_string<thread_cl ock, CharT>;

b}

Macro BOOST _CHRONO HAS THREAD CLOCK

Thismacro isdefined if the platform supports thread clocks.

Macro BOooST CHRONO THREAD CLOCK | S STEADY

Thismacro isdefined if the platform has athread clock. Its valueistrueif it is steady and fal se otherwise.
Class thread_cl ock

t hread_cl ock satisfy the d ock requirements.

thread_cl ock class provides access to the real thread wall-clock, i.e. the real CPU-time clock of the calling thread. The thread
relative current time can be obtained by callingt hr ead_cl ock: : now() .

class thread_clock {

public:
t ypedef nanoseconds dur ati on;
typedef duration::rep rep;
typedef duration::period peri od;
typedef chrono::tine_point<thread_cl ock> ti me_point;
static constexpr bool is_steady = BOOST_CHRONO THREAD CLOCK | S _STEADY;

static tinme_point now ) noexcept;
static tinme_point now system:error_code & ec );

cl ock_string<thread_cl ock> Specialization

#i f defi ned( BOOST_CHRONO HAS THREAD CLOCK)
tenpl ate <cl ass Char T>
struct clock_string<thread_cl ock, CharT>

{
static std::basic_string<CharT> name();
static std::basic_string<CharT> since();
b
#endi f

cl ock_string<>::name() returns"thread clock".

cl ock_string<>::since() returns" since thread start-up”
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Appendices

Appendix: History

Version 2.0.4, July 12, 2014 - 1.56

Fixes:

#6918 Boost Chrono compilation failure on HP uX due to undefined pthread getcpuclockid
#8006 Boost::Chrono Assertion at startup - steady clock::now() - Windows

#9337 chrono::process_cpu_clock time points wrong by factor 1000 on Linux

#9342 Regression on process _cpu_clock::timepoint io on V2

#9419 boost::chrono::floor()/round() and negative durations is wrong

#9698 boost::chrono::thread clock not declared in OSX

#9720 boost::this thread::dleep for() sometimes returnsimmediately on win32

#9859 Remove references to gcc-mingw

#9918 chrono compilation error on Solaris, funciton timegm

#9811 boost/boost/chrono/duration.hpp:355:56: error: call to non-constexpr function 'static std::numeric_limits<float>:: Ty
std::numeric_limits<float>::max()' /home/zosun/input_servicelinputservices-core-service/other/boost/boost/chrono/duration.hpp:
In static member function 'static constexpr double boost::chrono::detail::chrono_numeric_limits<double, true>::lowest()":

#10069 Overflow in chrono clocks on 32bit

#10151 timegm function not available on QNX

Version 2.0.3, September 29, 2013 - 1.55

Fixes:

#7868 chrono_io parsestime incorrectly (1.53 and 1.52)

#9028 Typo in boost/chrono/stopwatches/formatters/base formatter.hpp
#9147 uninitialized std::tm

#9274 |ost of precission on system_clock input.

#9276 output from a system_clock::time_point get atime_point that is one day later than expected.

Version 2.0.2, June 15,2013 -1.54

Fixes:

#8079 Chrono memory leak
#8318 BOOST_FORCEINLINE constructors of time_point and duration
#8367 chrono does not compile with clang from X Code 4.5.2 with -std=c++11 -stdlib=libc++ and -arch armv7

#8370 typo in chrono reference
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e #8435 Can't compile Chrono on HP-UX dueto no CLOCK_REALTIME macro.

#8690 duration_units default - lost return types constness in overridden methods.

#3691 iostate is not checked after scan_keyword call.

» #8696 chrono compilation error on Solaris/gec.

Version 2.0.1, January 18, 2013 - 1.53

Deprecated:
e Thechrono i/o version included in Boost.Chrono 1.2.x has been completly refactored in version 2.0.0

 chrono 1/O: The manipulators dur ati on_short, durati on_| ong are depreceated. You should use the parameterized form
dur ation_fnt or therenamed manipulators__duration_symbol and __duration_prefix instead.

» chrono I/O: Thedur ati on_punct <> facet is depreceated. You should use the get _dur at i on_st yl e free function to get the
informations and use the dur at i on_uni t s facet for localization purposes.

When BOOST_CHRONO_VERSION==2 the preceding deprecated functions are not available.

Fixes:

» #7546 time_point<system_clock> output version 2 fails to compile assigned viboes Bugs Boost 1.53.0 --
e #7547 time_point<system_clock> input version 2 fails to compile assigned viboes Bugs Boost 1.53.0 --

» #7868 chrono _io parsestimeincorrectly (1.53 and 1.52)

Version 2.0.0, October 23, 2012 - 1.52

New Features:
» Enhance chrono I/O

» #5980 Enhance chrono 1/0 with H. Hinnant proposal proposal which has the advantage to provide 1/O for system clocks using
the Gregorian Calendar.

» #5981 Add i/o state savers for duration and time_point formatting state.
» #7059 Add low level i/o facilities.
Deprecated:
e Thechrono i/o version included in Boost.Chrono 1.2.x has been completly refactored in version 2.0.0

 chrono 1/O: The manipulators dur ati on_short, durati on_| ong are depreceated. You should use the parameterized form
dur ation_fnt or therenamed manipulators__duration_symbol and __duration_prefix instead.

» chrono I/O: Thedur ati on_punct <> facet is depreceated. You should use the get _dur at i on_st yl e free function to get the
informations and use the dur at i on_uni t s facet for localization purposes.

When BOOST_CHRONO_VERSION==2 the preceding deprecated functions are not available.
Fixes:
» #7381 C++11 compliance: unresolved symbol when assigning a constexpr duration to a non-const local variable.

o #7479 Compiles fails with compilers supporting constexpr failsif the standard library doesn't provides the constexpr interface
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e #7493 compilefail on intel-linux-12.1.3.0x because of bug on explicit bool conversion
* #7542 Missing -Ipthread in chrono/io tester Sandia-clang-trunk
Would not fix:
» #6871 chrono_io.hpp: operator<<(ostreamé& 0s, ...) modifies the state of os.
* Theneww io interface provided in version 2 solves thisissue. You should move to the new version.
Known bugs not fixed yet:

e #7525 Wrong clock_string<system_clock>::since() on Windows

Version 1.2.3, August 1, 2012 - 1.51

Fixes:

e #6918 Boost Chrono compilation failure on HP uX due to undefined pthread_getcpuclockid.
* #6241 boost::chrono compilation problems without std::wstring support.

» #6987 Documentation & C++11.

e #7041 time_point.hpp depends on Boost.System.

e #7042 Avoiding time_point and duration dependency on time.h and CLOCK_REALTIME.

» #7058 Make it work when BOOST_NO_EXCEPTIONS is defined.

e #7069 Misspellingsin clock_string<thread clock>.

» #7081 WinError.h capitalization in boost/detail/win/basic_types.hpp.

Version 1.2.2, April 1, 2012 - 1.50

Fixes:

» #6361 integer overflow in boost::chrono::process rea cpu_clock::now() under Windows 32bits.
* #6628 compiler warning in process_cpu_clocks.hpp.

» #6666 thread_clock.hpp needs pthread.h.
Version 1.2.1, February 1, 2012 - 1.49
Fixes:

e #6092 Input from non integral durations makes the compiler fail.

#6093 [1/3]second fails as valid duration input.

#6113 duplicate symbol when BOOST_CHRONO_HEADER_ONLY is defined.
e #6243 Sandia-pgi-11.9: more than one instance of overloaded function "min" matches.

» #6257 process_cpu_clock::now() on linux givestime_points 1/1000 times.

Version 1.2.0, October 17, 2011

New Features:

115

httpo://www.renderx.com/


http://svn.boost.org/trac/boost/ticket/7493
http://svn.boost.org/trac/boost/ticket/7542
http://svn.boost.org/trac/boost/ticket/6871
http://svn.boost.org/trac/boost/ticket/7525
http://svn.boost.org/trac/boost/ticket/6918
http://svn.boost.org/trac/boost/ticket/6241
http://svn.boost.org/trac/boost/ticket/6987
http://svn.boost.org/trac/boost/ticket/7041
http://svn.boost.org/trac/boost/ticket/7042
http://svn.boost.org/trac/boost/ticket/7058
http://svn.boost.org/trac/boost/ticket/7069
http://svn.boost.org/trac/boost/ticket/7081
http://svn.boost.org/trac/boost/ticket/6361
http://svn.boost.org/trac/boost/ticket/6628
http://svn.boost.org/trac/boost/ticket/6666
http://svn.boost.org/trac/boost/ticket/6092
http://svn.boost.org/trac/boost/ticket/6093
http://svn.boost.org/trac/boost/ticket/6113
http://svn.boost.org/trac/boost/ticket/6243
http://svn.boost.org/trac/boost/ticket/6257
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Chrono 2.0.4

#5979 Added chrono rounding utilities as defined By Howard Hinnant here.

#5978 Added BOOST_CHRONO_HAS PROCESS CLOCKSto know if process clocks are available.

» #5998 Make possible to don't provide hybrid error handling.

#5906 Take in account the constexpr as defined in the standard.
» #5907 Take in account noexcept for compilers supporting it.
Fixes:

e #2114 Enable visibility support (Boost.Chorno part)

#5669 Intel compiler failure to compile duration.hpp

#5909 process_cpu_clock::now() on MAC givestime_points /1000 times.

» #5946 Process real cpu clock returns the system steady clock (windows).

» #5974 Process real cpu clock should use clock() instead of times() in MAC which is twice faster and have better resolution.
Cleanup:

» #5975 Reduce the combinations of header-only, shared, static link to reduce test time by 50%.

» #5976 chrono_accuracy_test is not deterministic and should be removed from the regression tests

» #5977 Removeold filesfrom Beman'sversion. Some old filesincluded in the Beman's version and not documented in thereviewed
version that have been definitely removed from the repository as

* boost/chrono/timer.hpp,

* boost/chrono/process _times.hpp

* boost/chrono/detail/process_clock.hpp,

* boost/chrono/detail/mac/process_clock.hpp,
* boost/chrono/detail/posix/process_clock.hpp,
* boost/chrono/detail /win/process_clock.hpp,

* boost/chrono/detail/run_timer.hpp,

* boost/chrono/detail/run_timer_static.hpp,

Version 1.1.0, Mars 17, 2011

New Features:

o #7777 Added time_point unary operators +,-,++,-- and binary operators +, - with Rep a RHS.
» #5323 Add Associated type difference_type for chrono::time_point.

Fixes:

» #5322 Explicit default constructed chrono::durations are uninitialized

Version 1.0.0, January 6, 2011

» Moved chrono to trunk taking in account the review remarks.
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» Documentation revision.
Features:

» Boost_Chronoisnow aconfigurable header-only library version (that also allowsthe user to chooseif thewi ndows. h fileisincluded
or not).

e Added clock_string<> traits.

* Define chrono-io for al the clocks.

» Add input of process_times representation.

I mplementation:

» Useof detail/win files to avoid the use of windows.h file.
» Completed the error_code handling.

» Works now with BOOST_SYSTEM_NO_DEPRECATED.
Fixes:

* Fix somewarnings.

 Fix original errorson Mac

» Don't fix the link with boost_system to static.

Test:

» Added test on process and thread clocks.

* Moved to lightweight_test.hpp.

* Ableto test multiple configurations.

Doc:

» Removed some not useful parts as the test and the tickets.

Appendix: Rationale

See N2661 - A Foundation to Sleep On which is very informative and provides motivation for key design decisions. This section
contains some extracts from this document.

Why duration needs operator%

This operator is convenient for computing wherein atime frame a given duration lies. A motivating exampleis converting aduration
into a "broken-down" time duration such as hours::minutes::seconds:
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class C ockTi me

t ypedef boost::chrono:: hours hours;
t ypedef boost::chrono:: m nutes mnutes;
t ypedef boost::chrono::seconds seconds;

cl ass Period>

explicit d ockTine(const boost::chrono::duration<Rep, Period>& d)

(boost: : chrono: : duration_cast <hours>

(d)),

m nut es_(boost: : chrono: : durati on_cast <m nutes>(d % hours(1)))
seconds_(boost:: chrono:: duration_cast <seconds>(d % m nutes(1)

{
public:
hours hours_;
nm nutes mnutes_;
seconds seconds_;
tenpl ate <cl ass Rep,
hours_
{}
b

Appendix: Implementation Notes

Which APIs have been chosen to implement each clock on each platform?

The following table presents a resume of which API is uused for each clock on each platform

Table 4. Clock API correspondence

Clock

system cl ock

st eady_cl ock

process_real _cpu_cl ock

process_sys-
tem cpu_cl ock

process_user_cpu_cl ock
process_cpu_cl ock

thread_cl ock

Appendix: FAQ

Windows Platform

GetSystemTimeAsFileTime

QueryPerformanceCounter
and QueryPerformanceFre-

quency
GetProcessTimes

GetProcessTimes

GetProcessTimes
GetProcessTimes

GetThreadTimes

Posix Platform

clock_gettime( CLOCK_RE-
ALTIME)

clock _gettime(
CLOCK_STEADY)
times

times

times
times

cl ock _get -

time(pthread _getcpuclockid)

Mac Platform

gettimeofday
mach_timebase info,mach_ab-
solute_time

times

times

times
times

cl ock _get -
time(pthread_getcpuclockid)

Why does process_cpu_clock sometimes give more cpu seconds than real seconds?

Ask your operating system supplier. The results have been inspected with a debugger, and both for Windows and Linux, that's what
the OS appears to be reporting at times.
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Are integer overflows in the duration arithmetic detected and reported?

Boost.Ratio avoids all kind of overflow that could result of arithmetic operation and that can be simplified. The typedefs durations
don't detect overflow. You will need a duration representation that handles overflow.

Which clocks should be used to benchmarking?

Each clock has his own features. It depends on what do you need to benchmark. Most of the time, you could be interested in using
athread clock, but if you need to measure code subj ect to synchronization aprocess clock would be better. I you have amulti-process
application, a system-wide clock could be needed.

Which clocks should be used for watching?

For trace purposes, it is probably best to use a system-wide clock.

Appendix: Acknowledgements
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Appendix: Future plans

For later releases
* Include Stopwatches.
» Add User defined literals for some durations.

* Include chrono::date as defined by Howard Hinnant here.
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