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Chapter 1

Status

1.1 Implementation Status

1.1.1  C++ 1998/2003

1.1.1.1 Implementation Status

This status table is based on the table of contents of ISO/IEC 14882:2003.

This section describes the C++ support in mainline GCC, not in any particular release.

1.1.1.2 Implementation Specific Behavior

The ISO standard defines the following phrase:

[1.3.5] implementation—-defined behavior Behavior, fora well-formed program construct and cor-
rect data, that depends on the implementation and that each implementation shall document.

We do so here, for the C++ library only. Behavior of the compiler, linker, runtime loader, and other elements of "the implemen-
tation" are documented elsewhere. Everything listed in Annex B, Implementation Qualities, are also part of the compiler, not the
library.

For each entry, we give the section number of the standard, when applicable. This list is probably incomplet and inkorrekt.
1.9 [intro.execution]/11 #3 If isatty (3) is true, then interactive stream support is implied.

17.4.4.5 [lib.reentrancy] Non-reentrant functions are probably best discussed in the various sections on multithreading (see
above).

18.1 [lib.support.types]/4 The type of NULL is described under Support.

18.3 [lib.support.start.term]/8 Even though it’s listed in the library sections, libstdc++ has zero control over what the cleanup
code hands back to the runtime loader. Talk to the compiler people. :-)

18.4.2.1 [lib.bad.alloc]/5 (bad_alloc), 18.5.2 [lib.bad.cast]/5 (bad_cast), 18.5.3 [lib.bad.typeid]/5 (bad_typeid), 18.6.1 [lib.exception]/8
(exception), 18.6.2.1 [lib.bad.exception]/5 (bad_exception): The what () member function of class std: :exception, and
these other classes publicly derived from it, returns the name of the class, e.g. "std: :bad_alloc".

18.5.1 [lib.type.info]/7 The return value of std: :type_info: :name () is the mangled type name. You will need to call
c++filt and pass the names as command-line parameters to demangle them, or call a runtime demangler function.
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Section Description Status Comments

18 Language support

18.1 Types Y

18.2 Implementation properties Y

18.2.1 Numeric Limits

182.1.1 Class tqnplate. . %
numeric_limits

18.2.1.2 numeric_limits v
members

18.2.1.3 float_round_style Y

18.2.1.4 float_denorm_style Y

18.2.1.5 pumeric_limits Y
specializations

18.2.2 C Library Y

18.3 Start and termination Y

18.4 Dynamic memory %
management

18.5 Type identification

18.5.1 Class type_info Y

18.5.2 Class bad_cast Y

18.5.3 Class bad_typeid Y

18.6 Exception handling

18.6.1 Class exception Y

18.6.2 Violaton Y
exception-specifications

18.6.3 Abnormal termination Y

18.6.4 uncaught_exception Y

18.7 Other runtime support Y

19 Diagnostics

19.1 Exception classes Y

19.2 Assertions Y

19.3 Error numbers Y

20 General utilities

20.1 Requirements Y

20.2 Utility components

20.2.1 Operators Y

20.2.2 pair Y

20.3 Function objects

20.3.1 Base Y

20.3.2 Arithmetic operation Y

20.3.3 Comparisons Y

20.3.4 Logical operations Y

20.3.5 Negators Y

20.3.6 Binders Y

2037 Adap.tors for pointers to %
functions

203.8 Adaptors for pointers to %
members

20.4 Memory

20.4.1 The default allocator Y

20.4.2 Raw storage iterator Y

20.4.3 Temporary buffers Y

20.4.4 Specialized algorithms Y

20.4.4.1 uninitialized_copy Y

20.4.4.2 uninitialized fill Y

20.4.4.3 uninitialized_fill n Y

20.4.5 Class template auto_ptr Y

20.4.6 C library Y

21 Strings

21.1 Character traits

2111 Char.acter traits v
requirements

21.1.2 traits typedef Y
char traits
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20.1.5 [lib.allocator.requirements]/5 "Implementors are encouraged to supply libraries that can accept allocators that encapsu-
late more general memory models and that support non-equal instances. In such implementations, any requirements imposed
on allocators by containers beyond those requirements that appear in Table 32, and the semantics of containers and algorithms
when allocator instances compare non-equal, are implementation-defined." There is experimental support for non-equal alloca-
tors in the standard containers in C++98 mode. There are no additional requirements on allocators. It is undefined behaviour to
swap two containers if their allocators are not equal.

21.1.3.1 [lib.char.traits.specializations.char]/3,4, 21.1.3.2 [lib.char.traits.specializations.wchar.t]/2, 21.3 [lib.basic.string ]/6 ba-
sic_string::iterator, basic_string::const_iterator, 23.* [lib.containers]’s foo::iterator, 27.* [lib.input.output]’s foo::*_type, oth-
ers... Nope, these types are called implementation-defined because you shouldn’t be taking advantage of their underlying types.
Listing them here would defeat the purpose. :-)

21.1.3.1 [lib.chartraits.specializations.char]/5 1 don’t really know about the mbstate_t stuff... see the codecvt notes for what
does exist.

22.%* [lib.localization] Anything and everything we have on locale implementation will be described under Localization.
23.%* [lib.containers] All of the containers in this clause define size_type as std::size_t and difference_type as std::ptrdiff_t.
26.2.8 [lib.complex.transcendentals/9 1 have no idea what complex<T>’s pow (0, 0) returns.

27.4.2.4 [lib.ios.members.static/2 Calling std: :ios_base: :sync_with_stdio after I/O has already been performed on
the standard stream objects will flush the buffers, and destroy and recreate the underlying buffer instances. Whether or not the
previously-written 1/O is destroyed in this process depends mostly on the ——enable—-1ibio choice: for stdio, if the written
data is already in the stdio buffer, the data may be completely safe!

27.6.1.1.2 [lib.istream::sentry], 27.6.2.3 [lib.ostream::sentry] The 1/O sentry ctor and dtor can perform additional work than the
minimum required. We are not currently taking advantage of this yet.

27.7.1.3 [lib.stringbuf.virtuals]/16, 27.8.1.4 [lib.filebuf.virtuals]/10 The effects of pubsetbuf/setbuf are described in the
Input and Output chapter.

27.8.1.4 [lib.filebuf.virtuals]/16 Calling fstream: : sync when a get area exists will... whatever £f1ush () does, I think.

1.1.2 C++ 2011

This table is based on the table of contents of ISO/IEC JTC1 SC22 WG21 Doc No: N3290 Date: 2011-04-11 Final Draft
International Standard, Standard for Programming Language C++

In this implementation the —std=gnu++11 or —std=c++11 flag must be used to enable language and library features. See
dialect options. The pre-defined symbol ___cplusplus is used to check for the presence of the required flag. GCC 5.1 was
the first release with non-experimental C++11 support, so the API and ABI of features added in C++11 is only stable since that
release.

This status table is based on the table of contents of ISO/IEC 14882:2011.

This section describes the C++11 support in mainline GCC, not in any particular release.

1.1.2.1 Implementation Specific Behavior
For behaviour which is also specified by the 1998 and 2003 standards, see C++ 1998/2003 Implementation Specific Behavior.
This section only documents behaviour which is new in the 2011 standard.

17.6.5.12 [res.on.exception.handling] There are no implementation-defined exception classes, only standard exception classes
(or classes derived from them) will be thrown.

17.6.5.14 [value.error.codes] The error_category for errors originating outside the OS, and the possible error code values
for each error category, should be documented here.

18.6.2.2 [new.badlength] what () returns "std: :bad_array_new_length".
20.6.9.1 [allocator.member]/5 Over-aligned types are not supported by std: :allocator.

20.7.2.2.1 [util.smartptr.shared.const] When a shared_ptr constructor fails bad_alloc (or types derived from it) will be
thrown, or when an allocator is passed to the constructor then any exceptions thrown by the allocator.
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Section Description Status Comments

18 Language support

18.1 General

18.2 Types Y

18.3 Implementation properties

18.3.2 Numeric Limits

18323 Class templat§ . v
numeric_limits

18.3.2.4 numeric_limits v
members

18.3.2.5 float_round_style N

18.3.2.6 float_denorm_style N

18.3.2.7 num.er.ic._limits Y
specializations

18.3.3 C Library Y

18.4 Integer types

18.4.1 Header.<cstdint> v
Synopsis

18.5 Start and termination Partial C 1.1brary .depende:ncy fo.r

quick_exit, at_quick_exit

18.6 Dynamic memory %
management

18.7 Type identification

18.7.1 Class type_info Y

18.7.2 Class bad_cast Y

18.7.3 Class bad_typeid Y

18.8 Exception handling

18.8.1 Class exception Y

18.8.2 Class bad_exception Y

18.8.3 Abnormal termination Y

18.8.4 uncaught_exception Y

18.8.5 Exception Propagation Y

18.8.6 nested_exception Y

18.9 Initializer lists

18.9.1 Initializer list constructors Y

18.9.2 Initializer list access Y

18.9.3 Initializer list range access Y

18.10 Other runtime support Y

19 Diagnostics

19.1 General

19.2 Exception classes Y

19.3 Assertions Y

19.4 Error numbers Y

19.5 System error support

19.5.1 Class error_category Y

19.5.2 Class error_code Y

19.5.3 Class L Y
error_condition

1954 Comparison operators Y

19.5.5 Class system_error Y

20 General utilities

20.1 General

20.2 Utility components

20.2.1 Operators Y

20.2.2 swap Y

20.2.3 forward/move helpers Y
Function template

20.2.4 declval Y

20.3 Pairs

20.3.1 In general

20.3.2 Class template pair Y

20.3.3 Specialized algorithms Y

20.3.4 Tuple-like access to pair Y

272035 Piecewise construction Y



http://www.boost.org/libs/smart_ptr/shared_ptr.htm
https://gcc.gnu.org/bugzilla/show_bug.cgi?id=66146

The GNU C++ Library Manual 6 /393

20.7.2.0 [util.smartptr.weakptr] what () returns "bad_weak_ptr".
20.8.11.1 [func.wrap.badcall] what () returns "bad_function_call".
20.8.9.1.3 [func.bind.place]/I There are 29 placeholders defined and the placeholder types are CopyAssignable.

20.11.7.1 [time.clock.system]/3, /4 Time point values are truncated to t ime_t values. There is no loss of precision for conver-
sions in the other direction.

20.15.7 [meta.trans]/2 aligned_storage does not support extended alignment.

21.2.3.2 [char.traits.specializations.charl6_t], 21.2.3.3 [char.traits.specializations.char32_t] The types ul6streampos and
u32streampos are both synonyms for fpos<mbstate_t>. The function eof returns int_type (-1). char_traits<charl
will transform the "noncharacter” U+FFFF to U+FFFD (REPLACEMENT CHARACTER). This is done to ensure that to_int_type
never returns the same value as eo £, which is U+FFFF.

22.3.1 [locale] There is one global locale for the whole program, not per-thread.

22.4.5.1.2 [locale.time.get.virtuals], 22.4.5.3.2 [locale.time.put.virtuals] Additional supported formats should be documented
here.

22.4.7.1.2 [locale.messages.virtuals] The mapping should be documented here.
23.3.2.1 [array.overview] array<T, N>::iteratoris T+ and array<T, N>::const_iteratorisconst T=.

23.5.4.2 [unord.map.cnstr], 23.5.5.2 [unord.multimap.cnstr], 23.5.6.2 [unord.set.cnstr], 23.5.7.2 [unord.multiset.cnstr] The de-
fault minimal bucket count is O for the default constructors, range constructors and initializer-list constructors.

25.3.12 [alg.random.shuffle] The two-argument overload of random_shuffle uses rand as the source of randomness.
26.5.5 [rand.predef] The type default_random_engine is a synonym for minstd_rando0.

26.5.6 [rand.device] The token parameter of the random_device constructor can be used to select a specific source of
random bytes. The valid token values are shown in the list below. The default constructor uses the token "default™".

"default" Select the first available source from the other entries below. This is the only token that is always valid.
"rand_s" Use the MSVCRT rand_s function. This token is only valid for mingw-w64 targets.

"rdseed", "rdrand" or "rdrnd" Use the [A-32 RDSEED or RDRAND instruction to read from an on-chip hardware ran-
dom number generator. These tokens are only valid for x86 and x86_64 targets when both the assembler and CPU support
the corresponding instruction.

"darn" Use the Power ISA-3.0 DARN ("Deliver A Random Number") instruction to read from an on-chip hardware random
number generator. This token is only valid for 64-bit powerpc targets when both the assembler and CPU support the
corresponding instruction.

"hw", "hardware" Use any available CPU instruction to read from an on-chip hardware random number generator. This is
equivalent to trying each of the following and using the first that is supported: "rdseed""rdrand""darn"

"arc4random", "getentropy" Use the named C library function, if available on the target.

"/dev/urandom", "/dev/random" Use the named character special file to read random bytes from. These tokens are
only valid when the device files are present and readable by the current user.

"mt19937", seed value When no source of nondeterministic random numbers is available amersenne_twister_engine
will be used. An integer seed value can be used as the token and will be converted to an unsigned long using
strtoul. These tokens are only valid when no other source of random bytes is available.

An exception of type runt ime_error will be thrown if a random_device object is constructed with an invalid token, or if
it cannot open or read from the source of random bytes.

26.5.8.1 [rand.dist.general] The algorithms used by the distributions should be documented here.

26.8 [c.math] Whether the rand function introduces data races depends on the C library as the function is not provided by
libstdc++.
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27.8.2.1 [stringbuf.cons] Whether the sequence pointers are copied by the basic_stringbuf move constructor should be
documented here.

27.9.1.2 [filebuf.cons] Whether the sequence pointers are copied by the basic_filebuf move constructor should be docu-
mented here.

28.5.1 [re.synopt], 28.5.2 [re.matchflag] , 28.5.3 [re.err] syntax_option_type,match_flag_typeanderror_type
are unscoped enumeration types.

28.7 [re.traits] The blank character class corresponds to the ctype_base: :blank mask.
29.4 [atomics.lockfree] The values of the ATOMIC_xxx_LOCK_FREE macros depend on the target and cannot be listed here.

30.2.3 [thread.req.native]/l native_handle_type and native_handle are provided. The handle types are defined in
terms of the Gthreads abstraction layer, although this is subject to change at any time. Any use of nat ive_handle is inherently
non-portable and not guaranteed to work between major releases of GCC.

thread The native handle type is a typedef for __gthread_t i.e. pthread_t when GCC is configured with the posix
thread model. The value of the native handle is undefined for a thread which is not joinable.

mutex, timed_mutex The native handle type is __gthread_mutex_t* ie. pthread_mutex_t« for the posix
thread model.

recursive mutex, recursive_ timed mutex The native handle typeis ___gthread_recursive_mutex_t« i.e.
pthread_mutex_t* for the posix thread model.

condition_variable The native handle typeis __gthread_cond_t« i.e. pthread_cond_t « for the posix thread
model.

30.6.1 [futures.overview]/2 launch is a scoped enumeration type with overloaded operators to support bitmask operations.
There are no additional bitmask elements defined.

1.1.3 C++ 2014

In this implementation the —std=gnu++14 or —std=c++14 flag must be used to enable language and library features. See
dialect options. The pre-defined symbol ___cplusplus is used to check for the presence of the required flag. GCC 6.1 was
the first release with non-experimental C++14 support, so the API and ABI of features added in C++14 is only stable since that
release.

This status table is based on the table of contents of ISO/IEC 14882:2014. Some subclauses are not shown in the table where the
content is unchanged since C++11 and the implementation is complete.

This section describes the C++14 and library TS support in mainline GCC, not in any particular release.

1.1.3.1 Implementation Specific Behavior

1.1.3.1.1 Filesystem TS

2.1 POSIX conformance [fs.conform.9945] The behavior of the filesystem library implementation will depend on the target
operating system. Some features will not be supported on some targets. Symbolic links and file permissions are not supported
on Windows.

15.30 Rename [fs.op.rename] On Windows, experimental: :filesystem: : rename is implemented by calling MoveFileExW
and so does not meet the requirements of POSIX rename when one or both of the paths resolves to an existing directory. Specifi-

cally, it is possible to rename a directory so it replaces a non-directory (POSIX requires an error in that case), and it is not possible

to rename a directory to replace another directory (POSIX requires that to work if the directory being replaced is empty).
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Section Description Status Comments

18 Language support

18.1 General

18.2 Types Y

18.3 Implementation properties

18.3.2 Numeric Limits

18323 Class templat§ . v
numeric_limits

18.3.2.4 numeric_limits v
members

18.3.2.5 float_round_style N

18.3.2.6 float_denorm_style N

18.3.2.7 num.er.ic._limits Y
specializations

18.3.3 C Library Y

18.4 Integer types

18.4.1 Header.<cstdint> v
Synopsis

18.5 Start and termination Partial C 1.1brary .depende:ncy fo.r

quick_exit, at_quick_exit

18.6 Dynamic memory %
management

18.7 Type identification

18.7.1 Class type_info Y

18.7.2 Class bad_cast Y

18.7.3 Class bad_typeid Y

18.8 Exception handling

18.8.1 Class exception Y

18.8.2 Class bad_exception Y

18.8.3 Abnormal termination Y

18.8.4 uncaught_exception Y

18.8.5 Exception Propagation Y

18.8.6 nested_exception Y

18.9 Initializer lists

18.9.1 Initializer list constructors Y

18.9.2 Initializer list access Y

18.9.3 Initializer list range access Y

18.10 Other runtime support Y

19 Diagnostics

19.1 General

19.2 Exception classes Y

19.3 Assertions Y

19.4 Error numbers Y

19.5 System error support

19.5.1 Class error_category Y

19.5.2 Class error_code Y

19.5.3 Class L Y
error_condition

1954 Comparison operators Y

19.5.5 Class system_error Y

20 General utilities

20.1 General

20.2 Utility components

20.2.1 Operators Y

20.2.2 swap Y

20.2.3 exchange Y

20.2.4 forward/move helpers Y
Function template

20.2.5 declval Y

20.3 Pairs Y

20.4 Tuples Y

0.5 Compile-time integer
sequences

o ('1ass template e
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Paper Title Status Comments

N3662 C++ Dynamic Arrays N Array Extensions TS
A proposal to add a utility

N3793 class to represent optional Y Library Fundamentals TS
objects

N3804 Any library proposal Y Library Fundamentals TS
Invocation type traits, but

N3866 dropping N Library Fundamentals TS
function_call_operator.

N3905 gg(s)t;er:g/girie:tr(:f; £ Y Library Fundamentals TS

N3915 apply() call a function with Y Library Fundamentals TS
arguments from a tuple

7 Polymorphic memory Partial (missing pool

N3916 resource and buffer resource  Library Fundamentals TS

resources
classes)

N3920 Extending shared_ptr to Y Library Fundamentals TS
support arrays
string_view: a

N3921 non-owning reference to a Y Library Fundamentals TS
string

N3925 A sample proposal Y Library Fundamentals TS

N3932 Variable Templates For Y Library Fundamentals TS
Type Traits

N4100 File System Y Link with -Istdc++fs

Table 1.4: C++ Technical Specifications Implementation Status

1.1.4 C++ 2017

In this implementation the —std=gnu++17 or —std=c++17 flag must be used to enable language and library features. See
dialect options. The pre-defined symbol ___cplusplus is used to check for the presence of the required flag. GCC 9.1 was
the first release with non-experimental C++17 support, so the API and ABI of features added in C++17 is only stable since that
release.

This section describes the C++17 and library TS support in mainline GCC, not in any particular release.

The following table lists new library features that are included in the C++17 standard. The "Proposal" column provides a link
to the ISO C++ committee proposal that describes the feature, while the "Status" column indicates the first version of GCC that
contains an implementation of this feature (if it has been implemented). The "SD-6 Feature Test" column shows the corresponding
macro or header from SD-6: Feature-testing recommendations for C++.

Note 1: This feature is supported in GCC 7.1 and 7.2 but before GCC 7.3 the ___cpp_11b macro is not defined, and compilation
will fail if the header is included without using —std to enable C++17 support.

Note 2: This feature is supported in older releases but the ___cpp_1ib macro is not defined to the right value (or not defined at
all) until the version shown in parentheses.

Note 3: The Parallel Algorithms have an external dependency on Intel TBB 2018 or later. If the <execution> header is
included then —1tbb must be used to link to TBB.

Note 4: The mathematical special functions are enabled in C++17 mode from GCC 7.1 onwards. For GCC 6.x or for C++11/C++14
define__ STDCPP_WANT_MATH_SPEC_FUNCS__ to anon-zero value and test for _ STDCPP_MATH_SPEC_FUNCS___ >=
201003L.

The following status table is based on the table of contents of ISO/IEC 14882:2017. Some subclauses are not shown in the table
where the content is unchanged since C++14 and the implementation is complete.
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Library Feature Proposal

Status

SD-6 Feature Test

constexpr

PO154R1 12.1
std: :hardware_{constructive,destructive}_interference_size

_ cpp_lib_hardware_interfe
>= 201603

Core Issue 1776:
Replacement of class

cpp_lib_launder

objects containing reference POISTRI 71 >= 201606
members
Wording for ' N4259 6.1 _ cpp_lib_uncaught_gxcept:
std: :uncaught_exceptions >= 201411
C++17 should refer to C11
instead of C99 POO63R3 o1
_ has_include (<variant>),
Variant: a type-safe union _ _cpp_lib_variant
for C++17 POOSER3 7.1 >= 201603 (since 7.3, see
Note 1)
Library Fundamentals V1 _igz_iz; lz;: itizi B i
};S fi();?lp;ilent& PO220R1 & >_= 2 OI6 0 3_(since 7.3, see
P Note 1)
__has_include (<any>)|,
Library Fundamentals V1 __cpp_lib_any >=
TS Components: any PO220RT 71 201603 (since 7.3, see
Note 1)
Library Fundamentals V1 —:;;_ii; llslfii(;;tiiZE—VleV
Zi ff;nPOSET;t:qi P0220R1 71 >_: 2 OI6 0 3_(since 7.3 ,_see
9— Note 1)
Library Fundamentals V1 __has_include (<memory_resc
TS Components: P0220R1 9.1 _ cpp_lib_memory_resource
memory_resource >= 201603
Library Fundamentals V1 __cpp_lib_apply >=
TS Components: apply PO220RI 7 201603
Library Fundamentals V1 ,
TS Components: P0O220R1 7.1 —cpp_Lib_shared pty arra;
>= 201603
shared_ptr<T[]>
Library Fundamentals V1 _ _cpp_lib_boyer_moore_sear
TS Components: Searchers PO220RI 7 >= 201603
Library Fundamentals V1 __cpp_lib_sample
TS Components: Sampling PO220R1 7 >= 201603
Constant View: A proposal
forastd::as_const POOO7R1 7.1 __cpp_lib_as_const
helper function template >= 201510
Improving pair and tuple N4387 6.1 N/A
I;la}iegofrrcf)i;futi(l;: P0209R2 7.1 _ cpp_lib_make_from_|[tuple
PPy >= 201606
Removing auto_ptr,
random_shuffle (), N4190 No (kept for backwards
And Old <functional> compatibility)
Stuff
Deprecating Vestigial
Library Parts in C++17 POT74R2 121
Making
std::owner_less more PO0074R0 7.1 __cpp_lib_transparent_ope:
flexible >= 201510
Esi;n:sf;id:eSSOf should LWG2296 7.1 _ _cpp_lib_addressof_|conste
p >= 201603
Saf<.e conversions in N4039 6
unique_ptr<T[]>
LWG 2228: Missing
SFINAE rule in unique_ptr ~ N4366 6

templated assignment

Re-enabline S

co 11 enable chared f1


https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0154r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0137r1.html
https://www.open-std.org/JTC1/sc22/WG21/docs/papers/2014/n4259.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0063r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0088r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0220r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0220r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0220r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0220r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0220r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0220r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0220r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0220r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/n4387
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0209r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2014/n4190.htm
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0174r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/p0074r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0304r0.html#2296
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2014/n4089.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/n4366.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0033r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2014/n4169.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2014/n4277.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0005r4.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0358r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0253r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0040r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/p0163r0.html
https://www.open-std.org/JTC1/sc22/WG21/docs/papers/2014/n3911.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/n4389.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/p0006r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/p0013r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0185r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0077r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0258r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/p0092r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0505r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0426r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0254r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0272r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2014/n4258.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2014/n4284.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/n4510.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0084r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2014/n4279.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0083r3.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2014/n4280.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/p0031r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0024r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/p0025r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0295r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/p0030r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0226r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0218r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0219r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0392r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0317r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0152r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/n4508.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0156r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0298r3.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0067r5.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0032r3.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0307r2.pdf
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Section Description Status Comments
21 Language support
21.1 General
21.2 Common definitions
21.3 Implementation properties
21.3.1 General
2139 Header.<limits>

Synopsis
2133 Floating—point type
properties
21.3.3.1 float_round_style N
21.3.3.2 float_denorm_style N
2134 Class teplplatf? . v
numeric_limits
2135 Header'<climits> Y
synopsis
2136 Header.<cfloat> v
Synopsis
21.4 Integer types
2141 Header'<cstdint> Y
synopsis
21.5 Start and termination Partial C 1.1brary .dep endt“tncy fo'r
quick_exit, at_quick_exit
216 Dynamic memory
management
21.6.1 Header <new> synopsis
2162 Storage a}location and %
deallocation
21.6.3 Storage allocation errors Y
21.6.4 Pointer optimization barrier Y
21.6.5 Hardware interference size Y
21.7 Type identification Y
21.8 Exception handling
2181 Header.<exceptior1>
synopsis
21.8.2 Class exception Y
21.8.3 Class bad_exception Y
21.84 Abnormal termination Y
21.8.5 uncaught_exceptions Y
21.8.6 Exception Propagation Y
21.8.7 nested_exception Y
21.9 Initializer lists Y
21.10 Other runtime support Y
22 Diagnostics
22.1 General
22.2 Exception classes Y
223 Assertions Y
22.4 Error numbers Y
22.5 System error support
23 General utilities
23.1 General
23.2 Utility components
2321 Header'<utility>
synopsis
23.2.2 Operators Y
2323 swap Y
23.24 exchange Y
23.2.5 Forward/move helpers Y
2396 Function template %
as_const
Function template
23.2.7 declval Y
Floating-point types up to
64-bit are formatted usino



https://github.com/ulfjack/ryu
https://github.com/fastfloat/fast_float
https://uxlfoundation.github.io/oneDPL/parallel_api_main.html
https://gcc.gnu.org/bugzilla/show_bug.cgi?id=66146
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Paper Title Status Comments
A generalized callable .

N4076 Y Library Fundamentals 2 TS
negator

N4273 Uniform Container Erasure Y Library Fundamentals 2 TS
Greatest Common Divisor

N4061 and Least Common Y Library Fundamentals 2 TS
Multiple

N4066 Delimited iterators Y Library Fundamentals 2 TS

N4282 The Worl'd s Dumbest Y Library Fundamentals 2 TS
Smart Pointer

N4388 Const-Propagating Wrapper Y Library Fundamentals 2 TS

N4391 make_array, revision 4 Y Library Fundamentals 2 TS

N4502 Support for the C++ Y Library Fundamentals 2 TS

. Detection Idiom, V2 Ty

N4519 Source-Code Information Y Library Fundamentals 2 TS

Capture
N (components from V1 are

N4521 Merge Fundamentals V1 still in namespace Library Fundamentals 2 TS

into V2
fundamentals_vl)

POO13R1 Loglcal Opgrator Type Y Library Fundamentals 2 TS
Traits (revision 1)

N4531 std::rand replacement, Y Library Fundamentals 2 TS
revision 3

P0O214R9 Data-Parallel Types Y Parallelism 2 TS

Table 1.7: C++ Technical Specifications Implementation Status

1.1.4.1 Implementation Specific Behavior
For behaviour which is also specified by previous standards, see C++ 1998/2003 Implementation Specific Behavior and C++
2011 Implementation Specific Behavior. This section only documents behaviour which is new in the 2017 standard.

20.5.1.2 [headers] Whether names from Annex K are declared by C++ headers depends on whether the underlying C library
supports Annex K and declares the names. For the GNU C library, there is no Annex K support and so none of its names are
declared by C++ headers.

23.6.5 [optional.bad_optional_access] what () returns "bad optional access".
23.7.3 [variant.variant] variant supports over-aligned types.

23.7.10 [variant.bad.access] what () returns one of the strings "std: :get: variant is valueless","std::get:
wrong index for variant","std::visit: variant is valueless",or"std::visit<R>: wvariant
is valueless".

23.8.2 [any.bad_any_cast] what () returns "bad any_cast".

23.12.5 [mem.res.pool.options], 23.12.5 [mem.res.pool.mem] Let S equal numeric_limits<size_t>::digits. The
limit for maximum number of blocks in a chunk is given by 2N-1, where N is min(19, 3 + S/2). The largest allocation size that
will be allocated from a pool is 222 when S > 20, otherwise 3072 when S > 16, otherwise 768.

23.12.6.1 [mem.res.monotonic.buffer.ctor] The default next_buffer_sizeis128 % sizeof (voidx). The default growth
factoris 1. 5.

23.15.4.3 [meta.unary.prop] The predicate condition for has_unique_object_representations is true for all scalar
types except floating point types.

23.19.3 [execpol.type], 28.4.3 [algorithms.parallel.exec] There are no implementation-defined execution policies.

24.4.2 [string.view.template] basic_string_view<C, T>::iteratorisCxandbasic_string_view<C, T>::const_
is const Cx.



https://www.open-std.org/JTC1/SC22/WG21/docs/papers/2014/n4076.html
https://www.open-std.org/JTC1/SC22/WG21/docs/papers/2014/n4273.htm
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2014/n4061.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2014/n4066.htm
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2014/n4282.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/n4388.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/n4391.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/n4502.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/n4519.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/n4521.html
https://www.open-std.org/JTC1/SC22/WG21/docs/papers/2015/p0013r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/n4531.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0214r9.pdf
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28.4.3 [algorithms.parallel.exec] Threads of execution created by std: : thread provide concurrent forward progress guaran-
tees, so threads of execution implicitly created by the library will provide parallel forward progress guarantees.

29.4.1 [cfenv.syn] The effects of the <cfenv> functions depends on whether the FENV_ACCESS pragma is supported, and on
the C library that provides the header.

29.6.9 [c.math.rand] Whether the rand function may introduce data races depends on the target C library that provides the
function.

29.9.5 [sf.cmath] Calling the mathematical special functions with large inputs is supported but the results may be imprecise.
30.7.5.2.3 [ostream.inserters] NTCTS for nullptr_tis "nullptr".

30.10.2.1 [fs.conform.9945], 30.10.2.2 [fs.conform.os] The behavior of the filesystem library implementation will depend on
the target operating system. Some features will not be supported on some targets. Symbolic links and file permissions are not
supported on Windows.

30.10.5 [fs.filesystem.syn] The clock used for file times is an unspecified type with a signed 64-bit representation, capable of
representing timestamps with nanosecond resolution. The clock’s epoch is unspecified, but is not the same as the system clock’s
epoch.

30.10.7.1 [fs.path.generic] dot-dot in the root-directory refers to the root-directory itself. On Windows, a drive specifier such as
"C:"or "z:" is treated as a root-name. On Cygwin, a path that begins with two successive directory separators is a root-name.
Otherwise (for POSIX-like systems other than Cygwin), the implementation-defined root-name is an unspecified string which
does not appear in any pathnames.

30.10.10.1 [fs.enum.path.format] The character sequence is always interpreted in the native pathname format.
30.10.15.4 [fs.op.file_size] If 'is_regular_file (p), an error is reported.

30.10.15.32 [fs.op.rename] On Windows, filesystem: : rename is implemented by calling MoveF i 1eExW and so does not
meet the requirements of POSIX rename when one or both of the paths resolves to an existing directory. Specifically, it is not
possible to rename a directory to replace another directory (POSIX requires that to work if the directory being replaced is empty).

30.10.29.2 [fs.enum.file_type], 30.10.34.3 [fs.op.copy], 30.10.34.35 [fs.op.status] No additional file types are supported, and
there are no implementation-defined enumerators in std: : filesystem: :file_type.

30.10.32 [fs.class.directory_iterator], 30.10.33 [fs.class.rec.dir.itr] Any directory-like file types supported by opendir/readdir
(or _wopendir/_wreaddir on Windows).

1.1.4.1.1 Parallelism2TS

9.3 [parallel.simd.abi] max_fixed_size<T> is 32, except when targetting AVX512BW and sizeof (T) is 1.

When targeting 32-bit x86, simd_abi: :compatible<T> is an alias for simd_abi::scalar. When targeting 64-bit
x86 (including x32) or Aarch64, simd_abi: :compatible<T> is an alias for simd_abi::_VecBuiltin<16>, unless
T is long double, in which case it is an alias for simd_abi: :scalar. When targeting ARM (but not Aarch64) with
NEON support, simd_abi: :compatible<T> is an alias for simd_abi: :_VecBuiltin<16>, unless sizeof (T) >
4, in which case it is an alias for simd_abi: :scalar. Additionally, simd_abi: :compatible<float> is an alias for
simd_abi: :scalar unless compiling with -ffast-math.

When targeting x86 (both 32-bit and 64-bit), simd_abi: :native<T>isanaliasforoneof simd_abi::scalar,simd_abi::_
simd_abi::_VecBuiltin<32>,or simd_abi::_VecBltnBtmsk<64>, depending on T and the machine options the
compiler was invoked with.

When targeting ARM/Aarch64 or POWER, simd_abi: :native<T>isanaliasfor simd_abi::scalarorsimd_abi::_VecE
depending on T and the machine options the compiler was invoked with.

For any other targeted machine simd_abi: : compatible<T>and simd_abi: :native<T> arealiases for simd_abi: :scale
(subject to change)

The extended ABI tag types defined in the std::experimental::parallelism_v2::simd_abi namespace are:
simd_abi::_VecBuiltin<Bytes>,and simd_abi::_VecBltnBtmsk<Bytes>.

simd_abi::deduce<T, N, Abis...>::type,withN > 1 isan alias for an extended ABI tag, if a supported extended
ABI tag exists. Otherwise it is an alias for simd_abi::fixed_size<N>. The simd_abi::_VecBltnBtmsk ABItag
is preferred over simd_abi::_VecBuiltin.
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9.4 [parallel.simd.traits] memory_alignment<T, U>::valueis sizeof (U) x T::size () rounded up to the next
power-of-two value.

9.6.1 [parallel.simd.overview] On ARM, simd<T, _VecBuiltin<Bytes>> is supportedif __ ARM_NEON is defined and
sizeof (T) <= 4. Additionally, sizeof (T) == 8 with integral T is supported if __ARM_ARCH >= 8, and double is
supported if __aarch64___isdefined. On POWER, simd<T, _VecBuiltin<Bytes>>issupportedif _ALTIVEC__is
defined and sizeof (T) < 8. Additionally, double is supported if __VSX___is defined, and any T with sizeof (T) <=
8 is supported if __ POWER8_VECTOR___ is defined. On x86, given an extended ABI tag Abi, simd<T, Abi> is supported
according to the following table:

ABI tag Abi value type T values for Bytes required machine option
8,12, 16 "-msse"
float 20,24, 28, 32 " mavx”
16 "-msse2"

i in< >
_VecBuiltin<Bytes double 24,32 —

Bytes < 16 and Bytes
divisible by sizeof (T)
16 <Bytes < 32and
Bytes divisible by "-mavx2"
sizeof (T)

integral types other than "-msse2"

bool

vectorizable types with

. . ||_ 512f||
_VecBuiltin<Bytes> sizeof (T) >4 32<Byt.e.s.§ 64 and mavx
and Bytes divisible by
_VecBltnBtmsk<Bytes> Velctorlzable types with sizeof (T) "mavx512bw"
sizeof (T) <4
vectorizable types with " "
_VecBltnBtmsk<Bytes> P Bytes < 32 and Bytes -mavx512vl

sizeof (T) >4
vectorizable types with "-mavx512bw" and
sizeof (T) <4 "_mavx512vl"

divisible by sizeof (T)

Table 1.8: Support for Extended ABI Tags

1.1.5 C++ 2020

In this implementation the —std=gnu++20 or —std=c++20 flag must be used to enable language and library features. See
dialect options. The pre-defined symbol ___cplusplus is used to check for the presence of the required flag.

This section describes the C++20 and library TS support in mainline GCC, not in any particular release.

The following table lists new library features that are included in the C++20 standard. The "Proposal" column provides a link
to the ISO C++ committee proposal that describes the feature, while the "Status" column indicates the first version of GCC that
contains an implementation of this feature (if it has been implemented). A dash (—) in the status column indicates that the
changes in the proposal either do not affect the code in libstdc++, or the changes are not required for conformance. The "SD-6
Feature Test / Notes" column shows the corresponding macro or header from SD-6: Feature-testing recommendations for C++
(where applicable) or any notes about the implementation.

Note 1: This feature is supported in older releases but the ___cpp_11ib macro is not defined to the right value (or not defined at
all) until the version shown in parentheses.

Note 2: The C++20 calendar types are supported since 11.1, time zones and UTC are supported since 13.1, and chrono: :parse
is supported since 14.1.

The following status table is based on the table of contents of ISO/IEC 14882:2020. Some subclauses are not shown in the table
where the content is unchanged since C++17 and the implementation is complete.



https://isocpp.org/std/standing-documents/sd-6-sg10-feature-test-recommendations
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Library Feature Proposal Status SD-6 Feature Test / Notes
Compile-time programming
Add constexpr modifiers to
functions in __cpp_lib_constexpr_lalgor:
<algorithm> and PO202R3 10.1 >= 201703L
<utility> Headers
Constexpr for swetp and POST9RO 10.1 _ cpp_lib_constexpr_lalgor:
swap related functions >= 201806L
__cpp_lib_constexpr_|comple
ngs.t?xféiorlex PO415R1 9.1 >= 201711L (since 9.4,
o b see Note 1)
std::is_constant_evalBRI9SR2) 9.1 —Cpp_Lib_is_constant_eva.
R - ’ >= 201811L
. __cpp_lib_constexpr_|dynam:
More constexpr containers PO784R7 10.1
>= 201907L
Making std: :string PO98OR 121 __cpp_lib_constexpr_|strinc
constexpr >= 201907L
Making std: :vector P1004R2 12.1 _ _cpp_lib_constexpr_|vecto:
constexpr >= 201907L
. __cpp_lib_constexpr_|memors
Constexpr in . P1006R1 9.1 >= 201811L (since 9.4,
std::pointer_traits
see Note 1)
const.expr for <numeric> P1645R] 101 __cpp_lib_constexpr_|numer:
algorithms >= 201911L
) __cpp_lib_array_constexp:
Cons'texpr 1terator PO858R0 9.1 >= 201803L
requirements _ cpp_lib_string_vilew
>= 201803L
(both since 9.4, see Note
1)
constexpr comparison c lib_array_constexpr
operators for P1023R0O 10.1 — PP 2 Y— P
>= 201806
std::array
_ cpp_lib_array_constexp:
>= 201811L
__cpp_lib_constexpr_funct
Misc constexpr bits P1032R1 10.1 >= 2018111
__cpp_lib_constexpr_iter:
>= 201811L
_ _cpp_lib_constexpy strir
>= 201811L
__cpp_lib_constexpr_tuple
>= 201811L
__cpp_lib_constexpr_ util:
>= 201811L
__cpp_lib_constexpr_|funct:
constexpr INVOKE P1065R2 10.1 o 201907L
. . __cpp_lib_remove_cvryef
Transformation Trait PO550R2 9.1 >= 201711L (since 9.4,
remove_cvref
see Note 1)
Implicit conversion traits —cpp_Llib_is_nothrow_conve
puett ) PO758R1 9.1 >= 201806L (since 9.4,
and utility functions
see Note 1)
. . __cpp_lib_type_identity
The identity POSS7R1 9.1 >= 2018061 (since 9.4,
metafunction
see Note 1)
unwrap_ref_ decay and —Cpp_Lib_unwrap_ref
b_res_cecay PO318R1 9.1 >= 201811L (since 9.4,
unwrap_reference
see Note 1)
]éRrrlprOVIHg CtOItIvlpleTteneSS p] 285R0 Man min]QPQ are
equirements for Lype o diagnosed, but not all.
Traits
Missing feature test macros ~ P1353R0 9.1
Makino


https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0202r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0879r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0415r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0595r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p0784r7.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p0980r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1004r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1006r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1645r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0858r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1023r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1032r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1065r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0550r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0758r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0887r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0318r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1285r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1353r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p0340r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1357r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p0466r5.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0941r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0754r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0019r8.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0020r6.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0053r7.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0753r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2016/p0439r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0528r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0718r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p0660r10.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1869r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1135r6.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p0883r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0898r3.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1754r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2020/p1964r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0896r4.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1035r7.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1716r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1248r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1252r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2020/p1739r4.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0355r7.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1466r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0972r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0768r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0905r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1614r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0966r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0482r6.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1423r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p0645r10.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1361r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1652r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0457r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1025r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0122r7.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1024r3.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1085r2.md
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2020/p1976r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p0325r4.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0458r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0809r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0919r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1690r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1209r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0646r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1115r3.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1227r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0653r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0674r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0722r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0591r4.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1007r3.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1020r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2020/p1973r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1165r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p0339r6.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0475r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0600r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0616r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0767r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0777r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0551r3.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0476r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0556r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2020/p1956r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2020/p0586r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0619r4.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0759r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0769r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0788r3.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0892r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0935r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0771r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0356r5.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1651r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0357r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0487r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0602r4.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0608r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0655r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0899r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1123r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1148r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1210r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1236r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p0738r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1458r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1458r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1462r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1463r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1464r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1164r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1001r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p0912r5.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0463r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p0553r4.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p0811r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p0631r8.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1208r6.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p0408r7.pdf
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Section Description Status Comments

17 Language support library

17.1 General

17.2 Common definitions

17.2.1 Header'<cstddef> v
synopsis

17.2.2 Header.<cstdllb> v
Synopsis

17.2.3 Null pointers Y

17.2.4 Sizes, alignments, and Y
offsets

17.2.5 byte type operations Y

17.3 Implementation properties

17.3.1 General

17.3.2 Header'<vers:Lon> v
Synopsis

17.3.3 Header <1imits> v
Synopsis

17.3.4 Floatmg—pomt type
properties
Type

17.3.4.1 it ound. style

17.3.4.2 Type N

float_denorm_style
Class template

17.3.5 . L Y
numeric_limits

1736 Header.<cllmlts> v
synopsis

17.3.7 Header.<cfloat> v
synopsis

17.4 Integer types

17.4.1 General

17.42 Header.<cstdlnt> v
synopsis

17.5 Startup and termination Partial C 1.1brary .depende:ncy fo.r

quick_exit, at_quick_exit

17.6 Dynamic memory v
management

17.7 Type identification Y

17.8 Source location
Header

17.8.1 <source_location> Y
synopsis

17.8.2 Class , Y
source_location

17.9 Exception handling Y

17.10 Initializer lists Y

17.11 Comparisons

17.11.1 Header.<compare> v
synopsis

17.11.2 Comparison category types Y

17113 Class template . v
common_comparison_category
Concept

17.114 three_way_comparable

17115 Result Qf three-way %
comparison

17.11.6 Comparison algorithms Y

17.12 Coroutines

17.12.1 General

17.12.2 Header.<coroutlne> v
synopsis

17.12.3 Coroutine traits Y

S ('1ass template e


https://github.com/ulfjack/ryu
https://github.com/fastfloat/fast_float
https://uxlfoundation.github.io/oneDPL/parallel_api_main.html
https://gcc.gnu.org/bugzilla/show_bug.cgi?id=66146
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1.1.5.1 Implementation Specific Behavior

For behaviour which is also specified by previous standards, see C++ 1998/2003 Implementation Specific Behavior, C++ 2011
Implementation Specific Behavior, and C++ 2017 Implementation Specific Behavior. This section only documents behaviour
which is new in the 2020 standard.

16.4.2.4 [compliance] The implementation is freestanding if the -f f reestanding compiler flag is used, and hosted otherwise.

16.4.2.4 [compliance] The support for always lock-free integral atomic types and presence of atomic_signed_lock_free
and atomic_unsigned_lock_free type aliases depends on the target.

27.5.11 [time.duration.io] The "ps" ("\u00b5\u0073")isused for std: :microPeriod: : type if the macro_GLIBCXX_USE
is defined to a value other than zero before inclusion of the chrono header, "us" is used otherwise.

29.8.2.2 [stringbuf.cons] Sequence pointers are initialized to null pointers by the basic_stringbuf (ios_base: :openmode)
constructor.

31.7.1 [atomics.ref.generic.general], 31.7.3 [atomics.ref.int], 31.7.4 [atomics.ref.float], 31.7.5 [atomics.ref.pointer] The values
of is_always_lock_free members depend on the target and cannot be listed here.

31.7.1 [atomics.ref.generic.general | If sizeof (T) isequal toeither 1, 2, 4, 8, or 16, then the value of required_alignment
member is equal to the maximum of alignof (T) and sizeof (T).Otherwise required_alignment valueisalignof (T).

31.7.3 [atomics.ref.int] The value of required_alignment member is equal to the maximumofalignof (value_type)
and sizeof (value_type).

31.7.4 [atomics.ref.float], 31.7.5 [atomics.ref.pointer] The value of required_alignment memberisequaltoalignof (value_t

32.7.3 [thread.sema.cnt] The value of default argument for the 1least_max_value parameter depends on the target operating
system and platform, however the value of counting_semaphore<>: :max () is greater than or equal to numeric_limits<int

1.1.6 C++ 2023

In this implementation the —std=gnu++23 or —std=c++23 flag must be used to enable language and library features. See
dialect options. The pre-defined symbol ___cplusplus is used to check for the presence of the required flag.

This section describes the C++23 and library TS support in mainline GCC, not in any particular release.

The following table lists new library features that have been accepted into the C++23 working draft. The "Proposal" column
provides a link to the ISO C++ committee proposal that describes the feature, while the "Status" column indicates the first version
of GCC that contains an implementation of this feature (if it has been implemented). A dash (—) in the status column indicates
that the changes in the proposal either do not affect the code in libstdc++, or the changes are not required for conformance. The
"SD-6 Feature Test / Notes" column shows the corresponding macro or header from SD-6: Feature-testing recommendations for
C++ (where applicable) or any notes about the implementation.

1.1.7 C++ TR1
This table is based on the table of contents of ISO/IEC DTR 19768, Doc No: N1836=05-0096, Date: 2005-06-24, "Draft
Technical Report on C++ Library Extensions".

In this implementation the header names are prefixed by tr1/, for instance <trl/functional>, <trl/memory>, and so
on.

This page describes the TR1 support in mainline GCC, not in any particular release.

1.1.7.1 Implementation Specific Behavior

For behaviour which is specified by the 1998 and 2003 standards, see C++ 1998/2003 Implementation Specific Behavior. This
section documents behaviour which is required by TR1.

3.6.4 [tr.func.bind.place]/I There are 29 placeholders defined and the placeholder types are Assignable.



https://isocpp.org/std/standing-documents/sd-6-sg10-feature-test-recommendations
https://isocpp.org/std/standing-documents/sd-6-sg10-feature-test-recommendations
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3

DT L R, TR S T DIDNHNYD &

Library Feature Proposal Status SD-6 Feature Test / Notes
Ranges and Views
Range .constl.*uctor for P1989R2 1.1
std::string_view
3.01n_v1ew should join all P2328R] 112
views of ranges
Clgrlfylng range adaptor P228]IR] 111
objects
Views should not be - 1ib ranges
required to be default P2325R3 11.3 - ?gg 10 65 g
constructible
Conditionally borrowed P2017R] 111
ranges
Require span &
basic_string_viewto P2251RI Yes
be Trivially Copyable
Repairing input range
adaptors and P2259R1 12.1
counted_iterator
Superior String Splitting P2210R2 12.1
What is a view? P2415R2 12.1 oorEpranees
Fix istream_view P2432R1 12.1
starts_with and __cpp_lib_ranges_starts_er
ends_with PT659R3 16.1 >= 202106L
2ip P2321R2 13.1 SCCPp-prangestin
views: :repeat P2474R2 13.1 ;cgggégsiranges_repeat
views: :enumerate P2164R9 13.1 ;cggzéégzranges_enumerate
. .. . __cpp_lib_ranges_joiln_witl
views::join_with P2441R2 13.1 e 902202L
Windowing range adaptors: , ,
views: :chunk and P2442R1 13.1 ;cgggé:glzzranges_sllde
views::slide
views: : chunk_by P2443R1 13.1 ;nggéggfanges—cmnk—by
. . . _ cpp_lib_ranges_stride
views::stride P1899R3 13.1 o 2022071
views::cartesian_prodR2i74R4 13.1 ;clzggéék;zranges_carteSLar
Empty Product for certain __cpp_lib_ranges_cantesiar
Views P2540R1 13.1 >= 202207L
) . _ _cpp_lib_ranges_as_|rvaluc
views::as_rvalue P2446R2 13.1 o 2022071
cbegin should a}lways P2278RA 131 _ _cpp_lib_ranges_as_|const
return a constant iterator >= 202207L
14,1 ( __cpp_lib_ranges_to_|conta:
.l (ranges::to >= 2022021,
ranges::to PI206R7 function) _ _cpp_lib_containers_range
15.1 (new members in >= 202202L
containers)
Ranges iterators as inputs to __cpp_lib_algorithm_|iterat
non-Ranges algorithms P2408RS 16.1 >= 202207L
__cpp_lib_bind_pack
Pipe support for >= 2022021,
P2387R3 .
user-defined range adaptors 87 13.1 __cpp_lib_ranges
>= 202202L
ranges::iota, __cpp_lib_ranges_iotla
rangesTrshift_teft; P2440R1 31 (ranges: :iota) =202202%;
and 16.1 (shift algos) —cpp_lib_shift >=
ranges::shift_right 202202L
_ _cpp_lib_ranges_find_last


https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p1989r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2328r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2281r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2325r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2020/p2017r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2251r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2259r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2210r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2415r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2432r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p1659r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2321r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2474r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2023/p2164r9.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2441r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2442r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2443r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p1899r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2374r4.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2540r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2446r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2278r4.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p1206r7.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2408r5.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2387r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2440r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p1223r5.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2302r4.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2711r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2322r6.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2023/p2609r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2020/p1048r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p1682r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2231r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2273r3.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p1328r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p0533r9.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p1413r3.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2255r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2404r3.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2674r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2023/p2655r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2614r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p1425r4.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p1518r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2077r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p0429r9.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p1222r4.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p0009r18.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2599r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2604r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2613r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2023/p2763r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2020/p1679r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2020/p2166r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p1072r10.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p0448r4.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2438r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2216r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2418r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2508r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2419r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2510r3.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2286r8.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2585r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2093r14.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2539r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2023/p2693r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2291r3.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2162r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p1147r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2020/p0881r7.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2301r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p0323r12.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2505r5.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p0798r8.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2165r4.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p1951r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p0288r9.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2136r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p1272r4.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p0627r6.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2401r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2417r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p1467r9.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2020/p0943r6.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2340r1.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2020/p2212r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2186r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p1642r11.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p0401r6.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2023/p2652r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2590r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2023/p2679r2.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p1132r8.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2023/p2588r3.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2465r3.pdf
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Section Description Status Comments
2 General Utilities
2.1 Reference wrappers
211 Additions' to header ' v
<functional> synopsis
219 Class template
reference_wrapper
2121 reference_wrapper v
construct/copy/destroy
2122 reference_wrapper v
assignment
2123 reference_wrapper v
access
2124 .refer.ence_wrapper v
invocation
2125 referenge_wrapper %
helper functions
2.2 Smart pointers
291 Additions to header. v
<memory> Synopsis
222 Class bad_weak_ptr Y
293 Class template Uses code from
shared_ptr boost::shared_ptr.
2.2.3.1 shared_ptr constructors Y
2232 shared_ptr destructor Y
2233 shared_ptr assignment Y
2234 shared_ptr modifiers Y
2.2.3.5 shared_ptr observers Y
22.3.6 shared_ptr comparison Y
2.2.3.7 shared_ptr I/O Y
2238 shaj?ed_ptr specialized %
algorithms
2239 shared_ptr casts Y
2.2.3.10 get_deleter Y
224 Class template weak_ptr
2.2.4.1 weak_ptr constructors Y
2242 weak_ptr destructor Y
2243 weak_ptr assignment Y
2244 weak_ptr modifiers Y
2245 weak_ptr observers Y
2.24.6 weak_ptr comparison Y
2247 wea}?_pt r specialized %
algorithms
Class template
225 enable_shared_from_th¥s
3 Function Objects
3.1 Definitions Y
Additions to
3.2 <functional> Y
synopsis
33 Requirements Y
34 Function return types Y
35 Function template mem_fn Y
3.6 Function object binders
Class template
3.6.1 . . .
is_bind_expression
Class template
3.6.2 is_placeholder Y
3.6.3 Function template bind Y
3.6.4 Placeholders Y
37 Polymorphic function
wrappers
Class
371 bad function call Y



http://www.boost.org/libs/smart_ptr/shared_ptr.htm
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1.1.8 C++ TR 24733

This table is based on the table of contents of ISO/IEC TR 24733:2011, "Extensions for the programming language C++ to
support decimal floating-point arithmetic".

This page describes the TR 24733 support in mainline GCC, not in any particular release.

1.1.9 C++1S 29124
This table is based on the table of contents of ISO/IEC FDIS 29124, Doc No: N3060, Date: 2010-03-06, "Extensions to the C++
Library to support mathematical special functions".

Complete support for IS 29124 is in GCC 6.1 and later releases, when using at least C++11 (for older releases or C++98/C++03
use TRI instead). For C++11 and C++14 the additions to the library are not declared by their respective headers unless
__STDCPP_WANT_MATH_SPEC_FUNCS___ is defined as a macro that expands to a non-zero integer constant. For C++17
the special functions are always declared (since GCC 7.1).

When the special functions are declared the macro ___STDCPP_MATH_SPEC_FUNCS___is definedto 201003L.

In addition to the special functions defined in IS 29124, for non-strict modes (i.e. ~std=gnu++NN modes) the hypergeometric
functions and confluent hypergeometric functions from TR1 are also provided, defined in namespace ___gnu_ cxx.

1.1.9.1 Implementation Specific Behavior
For behaviour which is specified by the 2011 standard, see C++ 2011 Implementation Specific Behavior. This section documents
behaviour which is required by IS 29124.

7.2 [macro.user]/3 /4 The functions declared in Clause 8 are only declared when ___ STDCPP_WANT_MATH_SPEC_FUNCS___
== 1 (or in C++17 mode, for GCC 7.1 and later).

8.1.1 [sf.cmath.Lnm]/I The effect of calling these functions withn >= 128 orm >= 128 should be described here.
8.1.2 [sf.cmath.Plm]/3 The effect of calling these functions with 1 >= 128 should be described here.
8.1.3 [sf.cmath.1]/3 The effect of calling these functions with nu >= 128 should be described here.
8.1.8 [sf.cmath.J]/3 The effect of calling these functions with nu >= 128 should be described here.
8.1.9 [sf.cmath.K]/3 The effect of calling these functions with nu >= 128 should be described here.
8.1.10 [sf.cmath.N]/3 The effect of calling these functions with nu >= 128 should be described here.
8.1.15 [sf.cmath.Hn]/3 The effect of calling these functions with n >= 128 should be described here.
8.1.16 [sf.cmath.Ln]/3 The effect of calling these functions with n >= 128 should be described here.
8.1.17 [sf.cmath.Pl]/3 The effect of calling these functions with 1 >= 128 should be described here.
8.1.19 [sf.cmath.j]/3 The effect of calling these functions with n >= 128 should be described here.
8.1.20 [sf.cmath.Ylm]/3 The effect of calling these functions with 1 >= 128 should be described here.
8.1.21 [sf.cmath.n]/3 The effect of calling these functions with n >= 128 should be described here.

1.2 License

There are two licenses affecting GNU libstdc++: one for the code, and one for the documentation.

There is a license section in the FAQ regarding common questions. If you have more questions, ask the FSF or the gcc mailing
list.



https://gcc.gnu.org/lists.html
https://gcc.gnu.org/lists.html
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Section Description Status Comments
0 Introduction
1 Normative references
2 Conventions
3 Decimal floating-point types
3] Characteristics of decimal
’ floating-point types
3.2 Decimal Types
Missing declarations for
formatted input/output;
3.2.1 Class decimal synopsis Partial non-conforming extension
for functions converting to
integral type
Missing 3.2.2.5 conversion
to integral type; conforming
322 Class decimal32 Partial extension for conversion
from scalar decimal
floating-point
Missing 3.2.3.5 conversion
to integral type; conforming
323 Class decimal64 Partial extension for conversion
from scalar decimal
floating-point
Missing 3.2.4.5 conversion
to integral type; conforming
324 Class decimall2s8 Partial extension for conversion
from scalar decimal
floating-point
325 Initiali.zation from %
coefficient and exponent
326 ConYersioq to generic v
floating-point type
3.2.7 Unary arithmetic operators Y
3.2.8 Binary arithmetic operators Y
329 Comparison operators Y
3.2.10 Formatted input N
3.2.11 Formatted output N
33 A(Iidiltions to header N
limits
34 Headers cfloat and
float.h
342 Additions to heafier v
cfloat synopsis
343 Additions to head(?r N
float.h synopsis
344 Maximum finite value Y
345 Epsilon Y
346 Minimum positive normal v
value
347 Minimum positive v
subnormal value
34.8 Evaluation format Y
3.5 Additions to cfenv and Outside the scope of GCC
fenv.h
3.6 Additions to cmath and Outside the scope of GCC
math.h
3.7 Addl,tlons to estdioand Outside the scope of GCC
stdio.h
Additions to cstdlib and .
3.8 stdlib.h Outside the scope of GCC
3.9 Additions to cwehaz and ) Gije the scope of GCC
wchar.h
3.10 Facets N
211 Tvpe traits N
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Section Description Status Comments
No diagnostic for
7 Macro names Partial inconsistent definitions of
___STDCPP_WANT_ MATH_Y
Mathematical special
8 . Y
functions
3.1 Additions to head(?r %
<cmath> synopsis
311 assoc1ate.d Laguerre v
polynomials
812 assoc'lated Legendre v
functions
8.13 beta function Y
(complete) elliptic integral
8.1.4 of the first kind Y
(complete) elliptic integral
815 of the second kind Y
(complete) elliptic integral
8.1.6 of the third kind Y
317 regular modl.ﬁed cylindrical v
Bessel functions
cylindrical Bessel functions
8.18 (of the first kind) Y
irregular modified
8.1.9 cylindrical Bessel functions Y
8110 cylmflrlcaI Neumann v
functions
(incomplete) elliptic
8.1.11 integral of the first kind Y
(incomplete) elliptic
8.1.12 integral of the second kind Y
(incomplete) elliptic
8.1.13 integral of the third kind Y
8.1.14 exponential integral Y
8.1.15 Hermite polynomials Y
8.1.16 Laguerre polynomials Y
8.1.17 Legendre polynomials Y
8.1.18 Riemann zeta function Y
spherical Bessel functions
8.1.19 (of the first kind) Y
3.1.20 spherical ass001.ated v
Legendre functions
3121 spher'lcal Neumann %
functions
32 Additions to header %
<math.h>
83 The header <ctgmath> Partial Conﬂlcts with G+ 2011
requirements.
8.4 The header <tgmath.h> N Conflicts with C++ 2011
requirements.

Table 1.14: C++ Special Functions Implementation Status

PEC_EFT
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1.2.1 The Code: GPL

The source code is distributed under the GNU General Public License version 3, with the addition under section 7 of an exception
described in the “GCC Runtime Library Exception, version 3.1 as follows (or see the file COPYING.RUNTIME):

GCC RUNTIME LIBRARY EXCEPTION
Version 3.1, 31 March 2009
Copyright (C) 2009 Free Software Foundation, Inc.

Everyone is permitted to copy and distribute verbatim copies of this
license document, but changing it is not allowed.

This GCC Runtime Library Exception ("Exception") is an additional
permission under section 7 of the GNU General Public License, version
3 ("GPLv3"). It applies to a given file (the "Runtime Library") that
bears a notice placed by the copyright holder of the file stating that
the file is governed by GPLv3 along with this Exception.

When you use GCC to compile a program, GCC may combine portions of
certain GCC header files and runtime libraries with the compiled
program. The purpose of this Exception is to allow compilation of
non-GPL (including proprietary) programs to use, in this way, the
header files and runtime libraries covered by this Exception.

0. Definitions.

A file is an "Independent Module" if it either requires the Runtime
Library for execution after a Compilation Process, or makes use of an
interface provided by the Runtime Library, but is not otherwise based
on the Runtime Library.

"GCC" means a version of the GNU Compiler Collection, with or without
modifications, governed by version 3 (or a specified later version) of
the GNU General Public License (GPL) with the option of using any
subsequent versions published by the FSF.

"GPL-compatible Software" is software whose conditions of propagation,
modification and use would permit combination with GCC in accord with
the license of GCC.

"Target Code" refers to output from any compiler for a real or virtual
target processor architecture, in executable form or suitable for
input to an assembler, loader, linker and/or execution

phase. Notwithstanding that, Target Code does not include data in any
format that is used as a compiler intermediate representation, or used
for producing a compiler intermediate representation.

The "Compilation Process" transforms code entirely represented in
non-intermediate languages designed for human-written code, and/or in
Java Virtual Machine byte code, into Target Code. Thus, for example,
use of source code generators and preprocessors need not be considered
part of the Compilation Process, since the Compilation Process can be
understood as starting with the output of the generators or
preprocessors.
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A Compilation Process is "Eligible" if it is done using GCC, alone or
with other GPL-compatible software, or if it is done without using any
work based on GCC. For example, using non-GPL-compatible Software to
optimize any GCC intermediate representations would not qualify as an
Eligible Compilation Process.

1. Grant of Additional Permission.

You have permission to propagate a work of Target Code formed by
combining the Runtime Library with Independent Modules, even if such
propagation would otherwise violate the terms of GPLv3, provided that
all Target Code was generated by Eligible Compilation Processes. You
may then convey such a combination under terms of your choice,
consistent with the licensing of the Independent Modules.

2. No Weakening of GCC Copyleft.

The availability of this Exception does not imply any general
presumption that third-party software is unaffected by the copyleft
requirements of the license of GCC.

Hopefully that text is self-explanatory. If it isn’t, you need to speak to your lawyer, or the Free Software Foundation.

1.2.2 The Documentation: GPL, FDL

The documentation shipped with the library and made available over the web, excluding the pages generated from source com-
ments, are copyrighted by the Free Software Foundation, and placed under the GNU Free Documentation License version 1.3.
There are no Front-Cover Texts, no Back-Cover Texts, and no Invariant Sections.

For documentation generated by doxygen or other automated tools via processing source code comments and markup, the original
source code license applies to the generated files. Thus, the doxygen documents are licensed GPL.

If you plan on making copies of the documentation, please let us know. We can probably offer suggestions.

1.3 Bugs

1.3.1 Implementation Bugs

Information on known bugs, details on efforts to fix them, and fixed bugs are all available as part of the GCC bug tracking system,
under the component “libstdc++".

1.3.2 Standard Bugs

Everybody’s got issues. Even the C++ Standard Library.

The Library Working Group, or LWG, is the ISO subcommittee responsible for making changes to the library. They periodically
publish an Issues List containing problems and possible solutions. As they reach a consensus on proposed solutions, we often
incorporate the solution.

Here are the issues which have resulted in code changes to the library. The links are to the full version of the Issues List. You
can read the full version online at the ISO C++ Committee homepage.

If a DR is not listed here, we may simply not have gotten to it yet; feel free to submit a patch. Search the include and src
directories for appearances of _GLIBCXX_RESOLVE_LIB_DEFECTS for examples of style. Note that we usually do not make
changes to the code until an issue has reached DR status.



https://gcc.gnu.org/bugs/
https://www.open-std.org/jtc1/sc22/wg21/
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-active.html#DR
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5: string::compare specification questionable This should be two overloaded functions rather than a single function.

17: Bad bool parsing Apparently extracting Boolean values was messed up...

19: ""Noconv" definition too vague If codecvt: :do_inreturns noconv there are no changes to the valuesin [to, to_limit)
22: Member open vs flags Re-opening a file stream does not clear the state flags.

23: Num_get overflow result Implement the proposed resolution.

25: String operator<< uses width() value wrong Padding issues.

48: Use of non-existent exception constructor An instance of ios_base: :failure is constructed instead.

49: Underspecification of ios_base::sync_with_stdio The return type is the previous state of synchronization.

50: Copy constructor and assignment operator of ios_base These members functions are declared private and are thus
inaccessible. Specifying the correct semantics of "copying stream state" was deemed too complicated.

60: What is a formatted input function? This DR made many widespread changestobasic_istreamandbasic_ostream
all of which have been implemented.

63: Exception-handling policy for unformatted output Make the policy consistent with that of formatted input, unformatted
input, and formatted output.

68: Extractors for char* should store null at end And they do now. An editing glitch in the last item in the list of [27.6.1.2.3]/7.
74: Garbled text for codecvt::do_max_length The text of the standard was gibberish. Typos gone rampant.

75: Contradiction in codecvt::length’s argument types Change the first parameter to stateT& and implement the new ef-
fects paragraph.

83: string::npos vs. string::max_size() Safety checks on the size of the string should test against max_size () rather than
npos.

90: Incorrect description of operator>> for strings The effect contain i sspace (¢, getloc ()) which must be replaced
by isspace (c,is.getloc()).

91: Description of operator>> and getline() for string<> might cause endless loop They behave as a formatted input func-
tion and as an unformatted input function, respectively (except that get 1ine is not required to set gcount).

103: set::iterator is required to be modifiable, but this allows modification of keys. For associative containers where the value
type is the same as the key type, both iterator and const_iterator are constant iterators.

109: Missing binders for non-const sequence elements The binderlst and binder2nd didn’t have an operator ()
taking a non-const parameter.

110: istreambuf _iterator::equal not const This was not a const member function. Note that the DR says to replace the func-
tion with a const one; we have instead provided an overloaded version with identical contents.

117: basic_ostream uses nonexistent num_put member functions num_put: :put () was overloaded on the wrong types.
118: basic_istream uses nonexistent num_get member functions Same as 117, but for num_get: :get ().
129: Need error indication from seekp() and seekg() These functions set failbit on error now.

130: Return type of container::erase(iterator) differs for associative containers Make member erase return iterator for
set,multiset, map, multimap.

136: seekp, seekg setting wrong streams? seekp should only set the output stream, and seekg should only set the input
stream.

167: Improper use of traits_type::length() op<< with a const charx was calculating an incorrect number of characters
to write.

169: Bad efficiency of overflow() mandated Grow efficiently the internal array object.



https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#5
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#17
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#19
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#22
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#23
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#25
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#48
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#49
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#50
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#60
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#63
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#68
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#74
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#75
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#83
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#90
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#91
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#103
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#109
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#110
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#117
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#118
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#129
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#130
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#136
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#167
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#169
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171: Strange seekpos() semantics due to joint position Quite complex to summarize...

181: make_pair() unintended behavior This function used to take its arguments as reference-to-const, now it copies them
(pass by value).

195: Should basic_istream::sentry’s constructor ever set eofbit? Yes, it can, specifically if EOF is reached while skipping
whitespace.

206: operator new(size_t, nothrow) may become unlinked to ordinary operator new if ordinary version replaced
The nothrow forms of new and delete were changed to call the throwing forms, handling any exception by catching it
and returning a null pointer.

211: operator>>(istream&, string&) doesn’t set failbit If nothing is extracted into the string, op>> now sets failbit
(which can cause an exception, etc., etc.).

214: set::find() missing const overload Both set and multiset were missing overloaded find, lower_bound, upper_bound,
and equal_range functions for const instances.

231: Precision in iostream? For conversion from a floating-point type, str.precision () is specified in the conversion
specification.

233: Insertion hints in associative containers Implement N 1780, first check before then check after, insert as close to hint as
possible.

235: No specification of default ctor for reverse_iterator The declaration of reverse_iterator lists a default construc-
tor. However, no specification is given what this constructor should do.

241: Does unique_copy() require CopyConstructible and Assignable? Add a helper for forward_iterator/output_iterator, fix
the existing one for input_iterator/output_iterator to not rely on Assignability.

243: get and getline when sentry reports failure Store a null character only if the character array has a non-zero size.
251: basic_stringbuf missing allocator_type This nested typedef was originally not specified.

253: valarray helper functions are almost entirely useless Make the copy constructor and copy-assignment operator decla-
rations public in gslice_array, indirect_array, mask_array, slice_array; provide definitions.

265: std::pair::pair() effects overly restrictive The default ctor would build its members from copies of temporaries; now it
simply uses their respective default ctors.

266: bad_exception::~bad_exception() missing Effects clause The bad_* classes no longer have destructors (they are triv-
ial), since no description of them was ever given.

271: basic_iostream missing typedefs The typedefs it inherits from its base classes can’t be used, since (for example) basic_iostr
is ambiguous.

275: Wrong type in num_get::get() overloads Similar to 118.

280: Comparison of reverse_iterator to const reverse_iterator Add global functions with two template parameters. (NB:
not added for now a templated assignment operator)

292: Effects of a.copyfmt (a) If (this == &rhs) do nothing.
300: List::merge() specification incomplete If (this == &x) do nothing.
303: Bitset input operator underspecified Basically, compare the input character to is.widen (0) and is.widen (1).

305: Default behavior of codecvt<wchar_t, char, mbstate_t>::length() Do not specify what codecvt<wchar_t, char,
mbstate_t>::do_length must return.

328: Bad sprintf format modifier in money_put<>::do_put() Change the format string to "%.0Lf".
365: Lack of const-qualification in clause 27 Add const overloads of is_open.

387: std::complex over-encapsulated Add the real (T) and imag (T) members; in C++11 mode, also adjust the existing
real () and imag () members and free functions.
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389: Const overload of valarray::operator[] returns by value Change it to return a const Ts&.
396: what are characters zero and one Implement the proposed resolution.

402: Wrong new expression in [some_]Jallocator::construct Replace "new" with "::new".

408: Is vector<reverse_iterator<char®> > forbidden? Tweak the debug-mode checks in _Safe_iterator.

409: Closing an fstream should clear the error state Have open clear the error flags.

415: Behavior of std::ws Change it to be an unformatted input function (i.e. construct a sentry and catch exceptions).
431: Swapping containers with unequal allocators Implement Option 3, as per N1599.

432: stringbuf::overflow() makes only one write position available Implement the resolution, beyond DR 169.
434: bitset::to_string() hard to use Add three overloads, taking fewer template arguments.

438: Ambiguity in the "do the right thing'' clause Implement the resolution, basically cast less.

445: iterator_traits::reference unspecified for some iterator categories Change istreambuf_iterator::reference
in C++11 mode.

453: basic_stringbuf::seekoff need not always fail for an empty stream Don’t fail if the next pointer is null and newoff is
Zero.

455: cerr::tie() and wcerr::tie() are overspecified Initialize cerr tied to cout and wcerr tied to wcout.

464: Suggestion for new member functions in standard containers Adddata () tostd: :vectorandat (const key_type
to std: :map.

467: char_traits::1t(), compare(), and memcmp() Change 1t.
508: Bad parameters for ranlux64_base_01 Fix the parameters.

512: Seeding subtract_with_carry_01 from a single unsigned long Constructa l1inear_congruential engine and seed
with it.

526: Is it undefined if a function in the standard changes in parameters? Use &value.

538: 241 again: Does unique_copy() require CopyConstructible and Assignable? In case of input_iterator/output_iterator
rely on Assignability of input_iterator’ value_type.

539: partial_sum and adjacent_difference should mention requirements We were almost doing the right thing, just use
std::move in adjacent_difference.

541: shared_ptr template assignment and void Add an auto_ptr<void> specialization.
543: valarray slice default constructor Follow the straightforward proposed resolution.
550: What should the return type of pow(float,int) be? In C++11 mode, remove the pow(float,int), etc., signatures.

581: £1lush () not unformatted function Change it to be a unformatted output function (i.e. construct a sentry and catch
exceptions).

586: string inserter not a formatted function Change it to be a formatted output function (i.e. catch exceptions).
596: 27.8.1.3 Table 112 omits ''a+'" and "a+b' modes Add the missing modes to fopen_mode.

630: arrays of valarray Implement the simple resolution.

660: Missing bitwise operations Add the missing operations.

691: const_local_iterator cbegin, cend missing from TR1 In C++11 mode add cbegin(size_type) and cend(size_type) to the
unordered containers.

693: std::bitset::all() missing Add it, consistently with the discussion.
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695:
696:
761:
775:
776:
781:
809:
853:
865:

1203:
1339:
2021:
2049:
2056:
2059:
2062:
2063:
2064:
2067:
2101:
2106:
2108:
2118:

2127:
2132:
2141:
2144:
2145:
2162:
2187:

2192:

2196:

ctype<char>::classic_table() not accessible Make the member functions table and classic_table public.
istream::operator>>(int&) broken Implement the straightforward resolution.

unordered_map needs an at() member function In C++11 mode, add at() and at() const.

Tuple indexing should be unsigned? Implement the int -> size_t replacements.

Undescribed assign function of std::array In C++11 mode, remove assign, add fill.

std::complex should add missing C99 functions In C++11 mode, add std::proj.

std::swap should be overloaded for array types Add the overload.

to_string needs updating with zero and one Update / add the signatures.

More algorithms that throw away information The traditional HP / SGI return type and value is blessed by the resolu-
tion of the DR.

More useful rvalue stream insertion Return the stream as its original type, not the base class.

uninitialized_fill_n should return the end of its range Return the end of the filled range.

Further incorrect uses of result_of Correctly decay types in signature of std: :async.

is_destructible underspecified Handle non-object types.

future_errc enums start with value 0 (invalid value for broken_promise) Reorder enumerators.

C++0x ambiguity problem with map::erase Add additional overloads.

2062. Effect contradictions w/o no-throw guarantee of std: : function swaps Addnoexcept to swap functions.
Contradictory requirements for string move assignment Respect propagation trait for move assignment.

More noexcept issues in basic_string Add noexcept to the comparison operators.

packaged_task should have deleted copy c’tor with const parameter Fix signatures.

Some transformation types can produce impossible types Use the referenceable type concept.

move_iterator wrapping iterators returning prvalues Change the reference type.

No way to identify allocator types that always compare equal Define and use is_always_equal even for C++11.

unique_ptr for array does not support cv qualification conversion of actual argument Adjust constraints to allow
safe conversions.

Move-construction with raw_storage_iterator Add assignment operator taking an rvalue.
std: : function ambiguity Constrain the constructor to only accept callable types.
common_type trait produces reference types Use decay for the result type.

Missing noexcept specification in type_index Add noexcept

error_category default constructor Declare a public constexpr constructor.
allocator_traits::max_size missing noexcept Add noexcept.

vector<bool> is missing emplace and emplace_back member functions Addemplace and emplace_back
member functions.

Validity and return type of std: :abs (0u) is unclear Move all declarations to a common header and remove the
generic abs which accepted unsigned arguments.

Specification of is_* [copy/move]_[constructible/assignable] unclear for non-referencable types Use
the referenceable type concept.
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2212:

2296:

2306:
2313:

2328:
2329:

2332:
2332:

2399:

2400:
2401:
2407:

2408:

2415:
2418:
2440:
2441:
2442:

2454:
2455:
2458:
2459:
2465:

2466:
2484:
2487:

2499:

tuple_size for const pair request <tuple> header The tuple_size and tuple_element partial spe-
cializations are defined in <utility> which is included by <array>.

std: :addressof should be constexpr Use _ builtin_addressof and add constexpr to addressof for
C++17 and later.

match_results: :reference should be value_typeég, not const value_type& Change typedef.

tuple_size should always derive from integral_constant<size_t, N> Update definitions of the partial
specializations for const and volatile types.

Rvalue stream extraction should use perfect forwarding Use perfect forwarding for right operand.

regex_match () /regex_search () withmatch_results should forbid temporary strings Add deleted over-
loads for rvalue strings.

regex_iterator/regex_token_iterator should forbid temporary regexes Add deleted constructors.

Unnecessary copying when inserting into maps with braced-init syntax Add overloads of insert taking value_typeé&s
rvalues.

shared_ptr’s constructor from unique_ptr should be constrained Constrain the constructor to require convert-
ibility.

shared_ptr’s get_deleter () should use addressof () Use addressof.
std: : function needs more noexcept Add noexcept to the assignment and comparisons.

packaged_task (allocator arg t, const Allocator&, F&&) should neither be constrained nor explicit
Remove explicit from the constructor.

SFINAE-friendly common_type/iterator_traits is missing in C++14 Make iterator_traits empty if
any of the types is not present in the iterator. Make common_type<> empty.

Inconsistency between unique_ptr and shared_ptr Create empty an shared_ptr from an empty unique_ptr.
apply does not work with member pointers Use mem_ fn for member pointers.

seed_seq: :size () should be noexcept Add noexcept.

Exact-width atomic typedefs should be provided Define the typedefs.

call_once () shouldn’t DECAY_ COPY () Remove indirection through call wrapper that made copies of arguments
and forward arguments straight to std: : invoke.

Add raw_storage_iterator: :base () member Addthe base () member function.

Allocator default construction should be allowed to throw Make noexcept specifications conditional.
N3778 and new library deallocation signatures Remove unused overloads.

std: :polar should require a non-negative rho Add debug mode assertion.

SFINAE-friendly common_type is nearly impossible to specialize correctly and regresses key functionality Detect
whether decay_t changes either type and use the decayed types if so.

allocator_traits::max_size () default behavior is incorrect Divide by the object type.
rethrow_if nested() is doubly unimplementable Avoid using dynamic_cast when it would be ill-formed.

bind () should be const-overloaded not cv-overloaded Deprecate volatile-qualified operator () for C++17, make
it ill-formed for C++20.

operator>> (basic_istream&, CharTx) makes it hard to avoid buffer overflows Replace operator>> (basic
CharTx*) and other overloads writing through pointers.
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2537: Constructors for priority_queue taking allocators should call make_heap Call make_heap.
2566: Requirements on the first template parameter of container adaptors Add static assertions to enforce the requirement.
2583: There is no way to supply an allocator for basic_string(str, pos) Add new constructor.

2586: Wrong value category used in scoped_allocator_adaptor: :construct () Change internal helper for uses-
allocator construction to always check using const lvalue allocators.

2684: priority_queue lacking comparator typedef Define the value_compare typedef.

2735: std: :abs (short), std: :abs (signed char) and others should return int instead of double in order to be com
Resolved by the changes for 2192.

2770: tuple_size<const T> specialization is not SFINAE compatible and breaks decomposition declarations Safely
detect tuple_size<T>: :value and only use it if valid.

2781: Contradictory requirements for std: : function and std: : reference_wrapper Remove special handling for
reference_wrapper arguments and store them directly as the target object.

2802: Add noexcept to several shared_ptr related functions Add noexcept.
2873: shared_ptr constructor requirements for a deleter Use rvalues for deleters.

2921: packaged_task and type-erased allocators For C++17 mode, remove the constructors taking an allocator argu-
ment.

2942: LWG 2873’s resolution missed weak_ptr: :owner_before Add noexcept.
2996: Missing rvalue overloads for shared_ptr operations Add additional constructor and cast overloads.

2993: reference_wrapper<T> conversion from T&& Replaced the constructors with a constrained template, to prevent
participation in overload resolution when not valid.

3074: Non-member functions for valarray should only deduce from the valarray Change scalar operands to be non-
deduced context, so that they will allow conversions from other types to the value_type.

3076: basic_string CTAD ambiguity Change constructors to constrained templates.
3096: path: :lexically_relative is confused by trailing slashes Implement the fix for trailing slashes.

3656: Inconsistent bit operations returning a count Changed bit_width to return int.



https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#2537
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#2566
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#2583
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#2586
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#2684
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#2735
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#2770
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#2781
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#2802
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#2873
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#2921
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#2942
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#2996
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#2993
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#3074
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#3076
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#3096
https://www.open-std.org/jtc1/sc22/wg21/docs/lwg-defects.html#3656

The GNU C++ Library Manual 31/393

Chapter 2

Setup

Transforming libstdc++ sources into installed include files and properly built binaries useful for linking to other software is done
as part of building GCC. Building libstdc++ separately from the rest of GCC is not supported.

The general outline of commands to build GCC is something like:

get gcc sources

extract into gccsrcdir

mkdir gccbuilddir

cd gccbuilddir

gccsrcdir/configure —-prefix=destdir —--other-opts...
make

make check

make install

Each step is described in more detail in the following sections.

2.1 Prerequisites

Because libstdc++ is part of GCC, the primary source for installation instructions is the GCC install page. In particular, list of
prerequisite software needed to build the library starts with those requirements. The same pages also list the tools you will need
if you wish to modify the source.

Additional data is given here only where it applies to libstdc++.

To take full advantage of useful space-saving features and bug-fixes you should use a recent binutils whenever possible. The
configure process will automatically detect and use these features if the underlying support is present.

To generate the API documentation from the sources you will need Doxygen, see Documentation Hacking in the appendix for
full details.

Finally, a few system-specific requirements:

linux The ’gnu’ locale model makes use of iconv for character set conversions. The relevant functions are provided by Glibc
and so are always available, however they can also be provided by the separate GNU libiconv library. If GNU libiconv
is found when GCC is built (e.g., because its headers are installed in /usr/local/include) then the 1ibstdc++.
so. 6 library will have a run-time dependency on 1ibiconv.so.2. If you do not want that run-time dependency then
you should do one of the following:

* Uninstall the libiconv headers before building GCC. Glibc already provides iconv so you should not need libiconv
anyway.

* Download the libiconv sources and extract them into the top level of the GCC source tree, e.g.,



https://gcc.gnu.org/install/
https://gcc.gnu.org/install/prerequisites.html
https://www.gnu.org/software/libiconv/#downloading
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wget https://ftp.gnu.org/pub/gnu/libiconv/libiconv-1.16.tar.gz
tar xf libiconv-1.16.tar.gz
In -s libiconv-1.16 libiconv

This will build libiconv as part of building GCC and link to it statically, so there isno 1ibiconv.so.2 dependency.

* Configure GCC with ——with-libiconv-type=static. This requires the static 1ibiconv.a library, which is
not installed by default. You might need to reinstall libiconv using the -—enable-static configure option to get the
static library.

If GCC 3.1.0 or later on is being used on GNU/Linux, an attempt will be made to use "C" library functionality necessary
for C++ named locale support, e.g. the newlocale and uselocale functions. For GCC 4.6.0 and later, this means that
glibc 2.3 or later is required.

If the gnu’ locale model is being used, the following locales are used and tested in the libstdc++ testsuites. The first
column is the name of the locale, the second is the character set it is expected to use.

de_DE IS0-8859-1
de_DE@euro I50-8859-15
en_GB I50-8859-1
en_HK IS0-8859-1
en_PH I50-8859-1
en_US I50-8859-1
en_US.IS0O-8859-1 IS0-8859-1
en_US.IS0O-8859-15 IS0-8859-15
en_US.UTF-8 UTF-8

es_ES IS0-8859-1
es_MX I50-8859-1
fr_FR IS0-8859-1
fr_FR@euro IS0-8859-15
is_1IS UTF-8

it _IT IS0-8859-1
ja_JP.eucip EUC-JP
ru_RU.IS0O-8859-5 IS0-8859-5
ru_RU.UTF-8 UTF-8
se_NO.UTF-8 UTF-8

ta_IN UTF-8

zh_TW BIG5S

Failure to have installed the underlying "C" library locale information for any of the above regions means that the cor-
responding C++ named locale will not work: because of this, the libstdc++ testsuite will skip named locale tests which
need missing information. If this isn’t an issue, don’t worry about it. If a named locale is needed, the underlying locale
information must be installed. Note that rebuilding libstdc++ after "C" locales are installed is not necessary.

To install support for locales, do only one of the following:

* install all locales, e.g.,tun dnf install glibc-all-langpacks for Fedora and related distributions.
* install just the necessary locales

— with Debian GNU/Linux:
Add the above list, as shown, to the file /etc/locale.gen
run /usr/sbin/locale—gen
— on most Unix-like operating systems:
localedef —-i de_DE —-f IS0-8859-1 de_DE
(repeat for each entry in the above list)
— Instructions for other operating systems solicited.

Some tests for the std: :messages facet require a message catalog created by the msgfmt utility. That is usually
installed as part of the GNU gettext library. If msgfmt is not available, some tests under the 22_1locale/messages
directory will fail.
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2.2 Configure

When configuring libstdc++, you’ll have to configure the entire gcesredir directory. Consider using the toplevel gcc configuration
option ——enable-languages=c++, which saves time by only building the C++ toolchain.

Here are all of the configure options specific to libstdc++. Keep in mind that they all have opposite forms as well (enable/disable
and with/without). The defaults are for the current development sources, which may be different than those for released versions.

The canonical way to find out the configure options that are available for a given set of libstdc++ sources is to go to the source
directory and then type: ./configure --help.

——enable-multilib[default] This is part of the generic multilib support for building cross compilers. As such, targets like
"powerpc-elf" will have libstdc++ built many different ways: "-msoft-float" and not, etc. A different libstdc++ will be built
for each of the different multilib versions. This option is on by default.

——enable-version-specific—runtime—1libs Specify that run-time libraries should be installed in the compiler-
specific subdirectory (i.e., ${1ibdir}/gcc-1lib/${target_alias}/${gcc_version})insteadof ${1libdir}.
This option is useful if you intend to use several versions of gcc in parallel. In addition, libstdc++’s include files will
be installed in ${1ibdir}/gcc-1lib/${target_alias}/${gcc_version}/include/g++, unless you also
specify ——with-gxx-include-dir=dirname during configuration.

—-with-gxx—include-dir=<include-files dir> Adds support for named libstdc++ include directory. For in-
stance, the following puts all the libstdc++ headers into a directory called "4.4-20090404" instead of the usual "c++/(version)".

——with-gxx—include-dir=/foo/H-x86-gcc-3-c-gxx—inc/include/4.4-20090404

——enable-cstdio This is an abbreviated form of / ——enable—-cstdio=stdio’ (described next).

——enable-cstdio=OPTION Select a target-specific I/O package. The choices are ’stdio’ which is a generic abstraction
using POSIX file I/O APIs (read, write, 1seek, etc.), and ’stdio_pure’ which is similar but only uses standard C file
I/O APIs (fread, fwrite, fseek, etc.). The ’stdio_posix’ choice is a synonym for ’stdio’. The default is ’stdio’. This
option can change the library ABI.

——enable-clocale This is an abbreviated form of ' ——enable-clocale=generic’ (described next).

——enable-clocale=OPTION Select a target-specific underlying locale package. The choices are ’ieee_1003.1-2001" to
specify an X/Open, Standard Unix (IEEE Std. 1003.1-2001) model based on langinfo/iconv/catgets, gnu’ to specify a
model based on functionality from the GNU C library (langinfo/iconv/gettext) (from glibc, the GNU C library), ’generic’
to use a generic "C" abstraction which consists of "C" locale info, 'newlib’ to specify the Newlib C library model which
only differs from the ’generic’ model in the handling of ctype, or ’darwin’ which omits the wchar_t specializations needed
by the *generic’ model.

If not explicitly specified, the configure process tries to guess the most suitable package from the choices above. The
default is *generic’. On glibc-based systems of sufficient vintage (2.3 and newer), 'gnu’ is automatically selected. On
newlib-based systems ( ——with_newlib=yes’) and OpenBSD, 'newlib’ is automatically selected. On Mac OS X
’darwin’ is automatically selected. This option can change the library ABI.

——enable-libstdcxx—allocator This is an abbreviated form of ' ——enable-libstdcxx—allocator=auto’
(described next).

——enable-libstdcxx—allocator=OPTION Select a target-specific underlying std::allocator. The choices are 'new’
to specify a wrapper for new, and "malloc’ to specify a wrapper for malloc. See Section 6.3.1.6 for more information. This
option can change the library ABIL.

——enable—-cheaders=0OPTION This allows the user to define the approach taken for C header compatibility with C++. Op-
tions are c, c_std, and c_global. These correspond to the source directory’s include/c, include/c_std, and include/c_global,
and may also include include/c_compatibility. The default is "c_global’.

——enable-threads This is an abbreviated form of ' ——enable-threads=yes’ (described next).
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——enable-threads=0OPTION Select a threading library. A full description is given in the general compiler configuration
instructions. This option can change the library ABI.

——enable-libstdcxx—threads Enable C++11 threads support. If not explicitly specified, the configure process enables
it if possible. This option can change the library ABI.

——enable-libstdcxx-time This is an abbreviated form of ’ ——enable-1libstdcxx-time=yes’ (described next).

——enable-libstdcxx—-time=OPTION Enables link-type checks for the availability of the clock_gettime clocks,
used in the implementation of [time.clock], and of the nanosleep and sched_yield functions, used in the imple-
mentation of [thread.thread.this] of the 2011 ISO C++ standard. The choice OPTION=yes checks for the availability of
the facilities in libc. OPTION=rt also checks in librt (and, if it’s needed, links to it). Note that linking to librt is not
always desirable because for glibc it requires linking to libpthread too, which causes all reference counting to use atomic
operations, resulting in a potentially large overhead for single-threaded programs. OPTION=no skips the tests completely.
The default is OPTION=auto, which skips the checks and enables the features only for targets known to support them. For
Linux targets, if clock_gettime is not used then the [time.clock] implementation will use a system call to access the
realtime and monotonic clocks, which is significantly slower than the C library’s clock_gett ime function.

——enable-libstdcxx—-debug Build separate debug libraries in addition to what is normally built. By default, the debug
libraries are compiled with CXXFLAGS=’-g3 -00 —-fno-inline’ , are installed in ${1libdir}/debug, and
have the same names and versioning information as the non-debug libraries. This option is off by default.

Note this make command, executed in the build directory, will do much the same thing, without the configuration difference
and without building everything twice: make CXXFLAGS='-g3 -00 -fno-inline’ all

——enable-libstdcxx—-debug-flags=FLAGS This optionis only valid when ——enable-1libstdcxx—-debugisalso
specified, and applies to the debug builds only. With this option, you can pass a specific string of flags to the compiler to
use when building the debug versions of libstdc++. FLAGS is a quoted string of options, like

——enable-libstdcxx—-debug-flags='-g3 -0l -fno-inline’

——enable-cxx—-flags=FLAGS With this option, you can pass a string of -f (functionality) flags to the compiler to use when
building libstdc++. This option can change the library ABI. FLAGS is a quoted string of options, like

——enable-cxx—-flags='-fvtable—-gc —-fomit-frame-pointer -ansi’

Note that the flags don’t necessarily have to all be -f flags, as shown, but usually those are the ones that will make sense
for experimentation and configure-time overriding.

The advantage of --enable-cxx-flags over setting CXXFLAGS in the *'make’ environment is that, if files are automatically
rebuilt, the same flags will be used when compiling those files as well, so that everything matches.

Fun flags to try might include combinations of

—fstrict-aliasing
—fno-exceptions
—ffunction-sections
—fvtable-gc

and opposite forms (-fno-) of the same. Tell us (the libstdc++ mailing list) if you discover more!

——enable-c99 The long long type was introduced in C99, along with many other functions for wide characters, and math
classification macros, etc. If enabled, all C99 functions not specified by the C++ standard will be put into namespace
___gnu_cxx, and then all these names will be injected into namespace std, so that C99 functions can be used "as if" they
were in the C++ standard (as they will eventually be in some future revision of the standard, without a doubt). By default,
C99 support is on, assuming the configure probes find all the necessary functions and bits necessary. This option can
change the library ABL

——enable-wchar_ t[default] Template specializations for the wchar_t type are required for wide character conversion sup-
port. Disabling wide character specializations may be expedient for initial porting efforts, but builds only a subset of what
is required by ISO, and is not recommended. By default, this option is on. This option can change the library ABI.



https://gcc.gnu.org/install/configure.html
https://gcc.gnu.org/install/configure.html

The GNU C++ Library Manual 35/393

——enable-long-long The long long type was introduced in C99. It is provided as a GNU extension to C++98 in g++.
This flag builds support for "long long" into the library (specialized templates and the like for iostreams). This option is
on by default: if enabled, users will have to either use the new-style "C" headers by default (i.e., <cmath> not <math.h>)
or add appropriate compile-time flags to all compile lines to allow "C" visibility of this feature (on GNU/Linux, the flag
is -D_ISOC99_SOURCE, which is added automatically via CPLUSPLUS_CPP_SPEC’s addition of _GNU_SOURCE).
This option can change the library ABI.

——enable-fully-dynamic-string This option enables a special version of basic_string avoiding the optimization that
allocates empty objects in static memory. Mostly useful together with shared memory allocators, see PR libstdc++/16612
for details.

——enable-concept—-checks This turns on additional compile-time checks for instantiated library templates, in the form
of specialized templates described in the Concept Checking section. They can help users discover when they break the
rules of the STL, before their programs run. These checks are based on C++03 rules and some of them are not compatible
with correct C++11 code.

——enable-symvers[=style] In 3.1 and later, tries to turn on symbol versioning in the shared library (if a shared li-
brary has been requested). Values for ’style’ that are currently supported are gnu’, ’gnu-versioned-namespace’, *darwin’,
’darwin-export’, and ’sun’. Both gnu- options require that a recent version of the GNU linker be in use. Both darwin
options are equivalent. With no style given, the configure script will try to guess correct defaults for the host system, probe
to see if additional requirements are necessary and present for activation, and if so, will turn symbol versioning on. This
option can change the library ABI.

——enable-libstdcxx-visibility In 4.2 and later, enables or disables visibility attributes. If enabled (as by default),
and the compiler seems capable of passing the simple sanity checks thrown at it, adjusts items in namespace std, namespace
std::trl, namespace std::tr2, and namespace __gnu_cxxtohave visibility ("default") so that-fvisibility options
can be used without affecting the normal external-visibility of namespace std entities. Prior to 4.7 this option was spelled
——enable-visibility.

——enable-libstdcxx—pch In 3.4 and later, tries to turn on the generation of stdc++.h.gch, a pre-compiled file including
all the standard C++ includes. If enabled (as by default), and the compiler seems capable of passing the simple sanity
checks thrown at it, try to build stdc++.h.gch as part of the make process. In addition, this generated file is used later on
(by appending —include bits/stdc++.h to CXXFLAGS) when running the testsuite.

——enable-extern—-template[default] Use extern template to pre-instantiate all required specializations for certain types
defined in the standard libraries. These types include st ring and dependents like char_traits, the templatized IO
classes, allocator, and others. Disabling means that implicit template generation will be used when compiling these
types. By default, this option is on. This option can change the library ABI.

——-disable-hosted-1libstdcxx By default, a complete hosted C++ library is built. The C++ Standard also describes a
freestanding environment, in which only a minimal set of headers are provided. This option builds such an environment.
Note that a hosted library installs headers that still can be used in non hosted environments, as the library checks for
___STDC_HOSTED__, however, a library configured with ——disable-hosted-1ibstdcxx will not install unusable
headers.

——disable-libstdcxx-hosted Thisis an alias for -——disable-hosted-libstdcxx.

——disable-libstdecxx—verbose By default, the library is configured to write descriptive messages to standard error for
certain events such as calling a pure virtual function or the invocation of the standard terminate handler. Those messages
cause the library to depend on the demangler and standard I/O facilities, which might be undesirable in a low-memory
environment or when standard error is not available. This option disables those messages. This option does not change the
library ABI.

——disable-libstdcxx—dual-abi Disable support for the new, C++11-conforming implementations of std: : string,
std::1list etc. so that the library only provides definitions of types using the old ABI (see Dual ABI). This option
changes the library ABI.

—-with-default-libstdcxx-abi=0PTION Set the default value for the _GLIBCXX_USE_CXX11_ABI macro (see
Macros). The default is OP T ION=new which sets the macro to 1, use OPTION=gcc4—-compatible to setitto 0. This
option does not change the library ABIL
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——with-libstdcxx—-lock—policy=0OPTION Sets the lock policy that controls how shared_ptr reference counting
is synchronized. The choice OPTION=atomic enables use of atomics for updates to shared_ptr reference counts.
The choice OPTION=mutex enables use of a mutex to synchronize updates to shared_ptr reference counts. If the
compiler’s thread model is "single" then this option has no effect, as no synchronization is used for the reference counts.
The default is OPTION=auto, which checks for the availability of compiler built-ins for 2-byte and 4-byte atomic compare-
and-swap, and uses OPTION=atomic if they’re available, OPTION=mutex otherwise. This option can change the library
ABLI. If the library is configured to use atomics and user programs are compiled using a target that doesn’t natively support
the atomic operations (e.g. the library is configured for armv7 and then code is compiled with -march=armv5t) then
the program might rely on support in libgcc to provide the atomics.

——enable-vtable-verify Use —-fvtable-verify=std to compile the C++ runtime with instrumentation for vtable
verification. All virtual functions in the standard library will be verified at runtime. Types impacted include 1ocale and
iostream, and others. Disabling means that the C++ runtime is compiled without support for vtable verification. By
default, this option is off.

——enable-libstdcxx-filesystem—ts[default] Build l1ibstdc++£fs.a as well as the usual libstdc++ and libsupc++
libraries. This is enabled by default on select POSIX targets where it is known to work and disabled otherwise.

——enable-libstdcxx—-static—eh-pool Use a fixed-size static buffer for the emergency exception handling pool (see
Memory allocation for exceptions). The default is to allocate the pool on program startup using ma 11 oc. With this option,
a static buffer will be provided by libstdc++ instead. This does not change the library ABI.

—-with-libstdcxx—eh-pool-obj—-count=NUM Set the size of the emergency exception handling pool. NUM is the
number of simultaneous allocated exceptions to support. This does not change the library ABI.

—-with-libstdcxx-zoneinfo=OPTION Choose how std: :chrono: :tzdb will obtain the time zone info. The li-
brary requires a copy of the tzdata.zi and leapseconds files from the IANA Time Zone Database. The choice
OPTION=static will embed a copy of the files into the library, and use that static data when time zone information is re-
quired. The choice OPTION=dir will use the files dir/tzdata.zi and dir/leapseconds (which must exist when
a program tries to access time zone information). The choice OPTION=dir,static will try to use files in dir but if they
are not available the embedded static data will be used instead. The default choice is OPTION=yes. This is equivalent
to OPTION=dir,static with a system-specific default directory (if a suitable default for the target is known). The choice
OPTION=no will disable all code for loading time zone info from file or from the embedded static data, which means
that only the "UTC" and "GMT" time zones are defined. Using OPTION=no results in a smaller library, so is suitable for
systems that will never need to query the time zone database. This does not change the library ABI.

2.3 Make

If you have never done this before, you should read the basic GCC Installation Instructions first. Read all of them. Twice.

Then type: make, and congratulations, you’ve started to build.
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Chapter 3

Using

3.1 Command Options

The set of features available in the GNU C++ library is shaped by several GCC Command Options. Options that impact libstdc++
are enumerated and detailed in the table below.

The standard library conforms to the dialect of C++ specified by the —std option passed to the compiler. By default, g++ is
equivalent to g++ -std=gnu++20 since GCC 16, and g++ -std=gnu++17 in GCC 11-15, and g++ -std=gnu++14 in GCC 6-10,
and g++ -std=gnu++98 for older releases.

3.2 Headers

3.2.1 Header Files

The C++ standard specifies the entire set of header files that must be available to all hosted implementations. Actually, the word
"files" is a misnomer, since the contents of the headers don’t necessarily have to be in any kind of external file. The only rule is
that when one #includes a header, the contents of that header become available, no matter how.

That said, in practice files are used.

There are two main types of include files: header files related to a specific version of the ISO C++ standard (called Standard
Headers), and all others (TS, TR1, C++ ABI, and Extensions).

Multiple dialects of standard headers are supported, corresponding to the 1998 standard as updated for 2003, the 2011 standard,
the 2014 standard, and so on.

Table 3.2 and Table 3.3 and Table 3.4 show the C++98/03 include files. These are available in the C++98 compilation mode, i.e.
—-std=c++98 or —std=gnu++98. Unless specified otherwise below, they are also available in later modes (C++11, C++14
etc).

The following header is deprecated and might be removed from a future C++ standard.

Table 3.5 and Table 3.6 show the C++11 include files. These are available in C++11 compilation mode, i.e. —std=c++11
or —std=gnu++11. Including these headers in C++98/03 mode may result in compilation errors. Unless specified otherwise
below, they are also available in later modes (C++14 etc).

Table 3.7 shows the C++14 include file. This is available in C++14 compilation mode, i.e. ~std=c++14 or —std=gnu++14.
Including this header in C++98/03 mode or C++11 will not result in compilation errors, but will not define anything. Unless
specified otherwise below, it is also available in later modes (C++17 etc).

Table 3.8 shows the C++17 include files. These are available in C++17 compilation mode, i.e. ~std=c++17 or ~std=gnu++17.
Including these headers in earlier modes will not result in compilation errors, but will not define anything. Unless specified oth-
erwise below, they are also available in later modes (C++20 etc).
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Option Flags Description
_std Select the C++ standard, and whether to use the base
standard or GNU dialect.
-fno—-exceptions See exception-free dialect
—fno-rtti As above, but RTTI-free dialect.
For ISO C++11 <thread>, <future>, <mutex>, or
-pthread . .
<condition_variable>.
. Linking to 1ibatomic is required for some uses of ISO
—latomic )
C++11 <atomic>.
Linking to 1ibstdc++exp. a is required for use of
experimental C++ library features. This currently provides
support for the C++23 types defined in the
<stacktrace> header, the C++23 functions defined in
—-lstdc++exp ) . . .
the <print> header, the Filesystem library extensions
defined in the <experimental/filesystem>
header, and the Contracts extensions enabled by
—fcontracts.
Linking to 1ibstdc++£fs. a is another way to use the
Filesystem library extensions defined in the
-lstdc++fs <experimental/filesystem> header. The
libstdc++exp. a library also provides all the symbols
contained in this library.
—fopenmp For parallel mode.
Linking to tbb (Thread Building Blocks) is required for use
-1tbb of the Parallel Standard Algorithms and execution policies
in <execution>.
Limits the library to its freestanding subset. Headers that
are not supported in freestanding will emit a "This header
-ffreestanding is not available in freestanding mode" error. Headers that
are in the freestanding subset partially will not expose
functionality that is not part of the freestanding subset.
Table 3.1: C++ Command Options
algorithm bitset complex deque exception
fstream functional iomanip ios iosfwd
iostream istream iterator limits list
locale map memory new numeric
ostream queue set sstream stack
stdexcept streambuf string utility typeinfo
valarray vector
Table 3.2: C++ 1998 Library Headers
cassert cerrno cctype cfloat ciso646
climits clocale cmath csetjmp csignal
cstdarg cstddef cstdio cstdlib cstring
ctime cwchar cwctype
Table 3.3: C++ 1998 Library Headers for C Library Facilities
strstream

Table 3.4: C++ 1998 Deprecated Library Header
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. condition_
array atomic chrono codecvt .
variable
. initali
forward_ list future l?l a-tzer— mutex random
list
d
ratio regex SCOpec_ system_error thread
allocator
tuple typeindex type_traits unordered_map unordered_set
Table 3.5: C++ 2011 Library Headers
ccomplex cfenv cinttypes cstdalign cstdbool
cstdint ctgmath cuchar
Table 3.6: C++ 2011 Library Headers for C Library Facilities
shared_mutex
Table 3.7: C++ 2014 Library Header
any charconv execution filesystem memory_
resource
optional string_view variant
Table 3.8: C++ 2017 Library Headers
barrier bit charconv compare concepts
coroutine format latch numbers ranges
semaphore izzzzjgn span stop_token syncstream
version

Table 3.9: C++ 2020 Library Headers
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Table 3.9 shows the C++20 include files. These are available in C++20 compilation mode, i.e. —std=c++20 or —std=gnu++20.
Including these headers in earlier modes will not result in compilation errors, but will not define anything.

The following headers have been removed in the C++20 standard. They are still available when using this implementation, but in
future they might start to produce warnings or errors when included in C++20 mode. Programs that intend to be portable should
not include them.

ccomplex ciso646 cstdalign cstdbool ctgmath

Table 3.10: C++ 2020 Obsolete Headers

Table 3.11 shows the C++23 include files. These are available in C++23 compilation mode, i.e. —std=c++23 or —std=gnu++23.
Including these headers in earlier modes will not result in compilation errors, but will not define anything.

expected generator print spanstream stacktrace
stdatomic.h stdfloat

Table 3.11: C++ 2023 Library Headers

Table 3.12 shows the C++26 include files. These are available in C++26 compilation mode, i.e. —std=c++26 or —std=gnu++26.
Including these headers in earlier modes will not result in compilation errors, but will not define anything.

]text_encoding

Table 3.12: C++ 2026 Library Headers

Table 3.13, shows the additional include file define by the File System Technical Specification, ISO/IEC TS 18822:2015. This is
available in C++11 and later compilation modes. Including this header in earlier modes will not result in compilation errors, but
will not define anything.

Table 3.14, shows the additional include files define by the C++ Extensions for Library Fundamentals Technical Specification,
ISO/IEC TS 19568:2015, ISO/IEC TS 19568:2017, and ISO/IEC TS 19568:2024. These are available in C++14 and later
compilation modes, except for <experimental/scope> which is available in C++20 and later compilation modes. Including
these headers in earlier modes will not result in compilation errors, but will not define anything.

Table 3.15, shows the additional include files define by the Networking Technical Specification, ISO/IEC TS 19216:2018. These
are available in C++14 and later compilation modes. Including these headers in earlier modes will not result in compilation
errors, but will not define anything.

In addition, TR1 includes as:

Decimal floating-point arithmetic is available if the C++ compiler supports scalar decimal floating-point types defined via
__attribute_ ((mode(SD|DD|LD))).

Also included are files for the C++ ABI interface:

And a large variety of extensions.

3.2.2 Mixing Headers

A few simple rules.
First, mixing different dialects of the standard headers is not possible. It’s an all-or-nothing affair. Thus, code like

#include <array>
#include <functional>

Implies C++11 mode. To use the entities in <array>, the C++11 compilation mode must be used, which implies the C++11
functionality (and deprecations) in <functional> will be present.
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experimental/filesystem
Table 3.13: File System TS Header
experimental/ experimental/ experimental/ experimental/ experimental/
algorithm any array chrono deque
experimental/ experimental/ experimental/ experimental/ experimental/
forward_list functional iterator list map
i tal i tal
experimental/ experimental/ experimental/ experimental/ experimental/
memory__ , , propagate_
memory numeric optional
resource const
experimental/ experimental/ experimental/ experimental/ experimental/
random ratio regex scope set
experimental . . .
siirii / experimental/ experimental/ experimental/ experimental/
locatign string string_view system_error tuple
experimental/ experimental/ experimental/ experimental/ experimental/
type_traits unordered_map unordered_set utility vector
Table 3.14: Library Fundamentals TS Headers
experimental/ experimental/ experimental/ experimental/io_
buffer executor internet context
. i tal i tal . .
experimental/net experimental/ experimental/ experimental/timer
netfwd socket
Table 3.15: Networking TS Headers
trl/array trl/complex trl/memory trl/functional trl/random
frl/regex trl/tuple trl(type_ trl/unordered_ trl/unordered_
trailts map set
trl/utility
Table 3.16: C++ TR 1 Library Headers
trl/ccomplex trl/cfenv trl/cfloat trl/cmath trl/cinttypes
trl/climits trl/cstdarg trl/cstdbool trl/cstdint trl/cstdio
trl/cstdlib trl/ctgmath trl/ctime trl/cwchar trl/cwctype
Table 3.17: C++ TR 1 Library Headers for C Library Facilities
decimal/decimal

Table 3.18: C++ TR 24733 Decimal Floating-Point Header

cxxabi.h

cxxabi_forced.h

Table 3.19: C++ ABI Headers
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, ext/atomicity. ext/bitmap_
ext/algorithm h allocator.h ext/cast.h
ext/codecvt
sxeéializthons ext/ ext/debug_ ext/enc_ ext/extptr_
hp |1 concurrence.h allocator.h filebuf.h allocator.h
) , ext/malloc_ ext/mt__
ext/functional ext/iterator allocator.h ext/memory allocator.h
t/pb_d t/pb_d
ext/new_ ) ext/numeric_ ext/pb_ds/ eX,/p,_ s/
ext/numeric , assoc_ priority_
allocator.h traits.h .
container.h queue.h
ext/pod_char ext/pool ,

- - - t/rb_t t t/slist
traits.h allocator.h ext/rb_tree ext/rope ext/slis
ext/stdio ext/stdio ext/throw , ext/type

- - - t/t list.h -
filebuf.h sync_filebuf.h allocator.h ext/typelis traits.h
ext/vstring.h

Table 3.20: Extension Headers
, debug/f d .
debug/array debug/bitset debug/deque ljsﬁg/ orwarc_ debug/list
. debug/ debug/
deb deb t deb t
ebug/map ebug/se ebug/string unordered_map unordered_set
debug/vector

Table 3.21: Extension Debug Headers

parallel/algorithm parallel/numeric

Table 3.22: Extension Parallel Headers




The GNU C++ Library Manual 43/393

Second, the other headers can be included with either dialect of the standard headers, although features and types specific to
C++11 are still only enabled when in C++11 compilation mode. So, to use rvalue references with __gnu_cxx: :vstring, or
to use the debug-mode versions of std: : unordered_map, one must use the st d=gnu++11 compiler flag. (Or std=c++11,
of course.)

A special case of the second rule is the mixing of TR1 and C++11 facilities. It is possible (although not especially prudent) to
include both the TR1 version and the C++11 version of header in the same translation unit:

#include <trl/type_traits>
#include <type_traits>

Several parts of C++11 diverge quite substantially from TR1 predecessors.

3.2.3 The C Headers and namespace std

The standard specifies that if one includes the C-style header (<math.h> in this case), the symbols will be available in the global
namespace and perhaps in namespace std: : (but this is no longer a firm requirement.) On the other hand, including the
C++-style header (<cmath>) guarantees that the entities will be found in namespace std and perhaps in the global namespace.

Usage of C++-style headers is recommended, as then C-linkage names can be disambiguated by explicit qualification, such as by
std: :abort. In addition, the C++-style headers can use function overloading to provide a simpler interface to certain families
of C-functions. For instance in <cmath>, the function std: : sin has overloads for all the builtin floating-point types. This
means that std: : sin can be used uniformly, instead of a combination of std: :sinf, std: :sin,and std::sinl.

3.2.4 Precompiled Headers

There are three base header files that are provided. They can be used to precompile the standard headers and extensions into
binary files that may then be used to speed up compilations that use these headers.

e stdc++.h

Includes all standard headers. Actual content varies depending on language dialect.

e stdtrlc++.h
Includes all of <stdc++.h>, and adds all the TR1 headers.

e extc++.h

Includes all of <stdc++.h>, and adds all the Extension headers (and in C++98 mode also adds all the TR1 headers by including
all of <stdtrlc++.h>).

To construct a .gch file from one of these base header files, first find the include directory for the compiler. One way to do this is:

gt+ —-v hello.cc

#include <...> search starts here:
/mnt/share/bld/H-x86-gcc.20071201/include/c++/4.3.0

End of search list.

Then, create a precompiled header file with the same flags that will be used to compile other projects.

g++ -Winvalid-pch -x c++-header -g -02 -o ./stdc++.h.gch /mnt/share/bld/H-x86-gcc.20071201/ <
include/c++/4.3.0/x86_64-unknown-linux—gnu/bits/stdc++.h

The resulting file will be quite large: the current size is around thirty megabytes.
How to use the resulting file.

g++ -I. —-include stdc++.h -H -g -02 hello.cc
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Verification that the PCH file is being used is easy:

g++ -Winvalid-pch -I. -include stdc++.h -H -g -02 hello.cc -o test.exe
! ./stdc++.h.gch

. /mnt/share/bld/H-x86-gcc.20071201/include/c++/4.3.0/iostream

. /mnt/share/bld/H-x86-gcc.20071201linclude/c++/4.3.0/string

The exclamation point to the left of the stdc++.h.gch listing means that the generated PCH file was used.

Detailed information about creating precompiled header files can be found in the GCC documentation.

3.3 Macros

All library macros begin with _GLIBCXX_.

Furthermore, all pre-processor macros, switches, and configuration options are gathered in the file c++config.h, which is
generated during the libstdc++ configuration and build process. This file is then included when needed by files part of the public
libstdc++ API, like <ios>. Most of these macros should not be used by consumers of libstdc++, and are reserved for internal
implementation use. These macros cannot be redefined.

A select handful of macros control libstdc++ extensions and extra features, or provide versioning information for the API. Only
those macros listed below are offered for consideration by the general public.

Below are the macros which users may check for library version information.

_GLIBCXX_RELEASE The major release number for libstdc++. This macro is defined to the GCC major version that the
libstdc++ headers belong to, as an integer constant. When compiling with GCC it has the same value as GCC’s pre-defined
macro __GNUC__. This macro can be used when libstdc++ is used with a non-GNU compiler where __ GNUC__ is not
defined, or has a different value that doesn’t correspond to the libstdc++ version. This macro first appeared in the GCC 7.1
release and is not defined for GCC 6.x or older releases.

__GLIBCXX___ The revision date of the libstdc++ source code, in compressed ISO date format, as an unsigned long. For notes
about using this macro and details on the value of this macro for a particular release, please consult the ABI History
appendix.

Below are the macros which users may change with #define/#undef or with -D/-U compiler flags. The default state of the symbol
is listed.

“Configurable” (or “Not configurable”) means that the symbol is initially chosen (or not) based on --enable/--disable options
at library build and configure time (documented in Configure), with the various --enable/--disable choices being translated to
#define/#undef).

ABI-changing means that changing from the default value may mean changing the ABI of compiled code. In other words, these
choices control code which has already been compiled (i.e., in a binary such as libstdc++.a/.s0). If you explicitly #define or
#undef these macros, the headers may see different code paths, but the libraries which you link against will not. Experimenting
with different values with the expectation of consistent linkage requires changing the config headers before building/installing
the library.

_GLIBCXX_ USE_DEPRECATED Defined to the value 1 by default. Not configurable. ABI-changing. Turning this off removes
older ARM-style iostreams code, and other anachronisms from the API. This macro is dependent on the version of the
standard being tracked, and as a result may give different results for different —std options. This may be useful in
updating old C++ code which no longer meet the requirements of the language, or for checking current code against new
language standards.

_GLIBCXX_USE_CXX11_ABI Defined to the value 1 by default. Configurable via ——disable-1libstdcxx-dual-abi
and/or ——with-default-libstdcxx—abi. ABI-changing. When defined to a non-zero value the library headers
will use the new C++11-conforming ABI introduced in GCC 5, rather than the older ABI introduced in GCC 3.4. This
changes the definition of several class templates, including std: string, std: : 1ist and some locale facets. For more
details see Dual ABI.
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_GLIBCXX_CONCEPT_CHECKS Undefined by default. Configurable via ——enable-concept-checks. When defined,
performs compile-time checking on certain template instantiations to detect violations of the requirements of the standard.
This macro has no effect for freestanding implementations. This is described in more detail in Compile Time Checks.

_GLIBCXX_ASSERTIONS Defined by default when compiling with no optimization, undefined by default when compiling
with optimization. When defined, enables extra error checking in the form of precondition assertions, such as bounds
checking in strings and null pointer checks when dereferencing smart pointers.

_GLIBCXX_NO_ASSERTIONS Undefined by default. When defined, prevents the implicit definition of _GLIBCXX_ASSERTIONS
when compiling with no optimization.

_GLIBCXX_DEBUG Undefined by default. When defined, compiles user code using the debug mode. When defined, _ GLIBCXX_ASSI
is defined automatically, so all the assertions enabled by that macro are also enabled in debug mode.

_GLIBCXX_DEBUG_PEDANTIC Undefined by default. When defined while compiling with the debug mode, makes the debug
mode extremely picky by making the use of libstdc++ extensions and libstdc++-specific behavior into errors.

_GLIBCXX_DEBUG_BACKTRACE Undefined by default. Considered only if libstdc++ has been configured with ——enable-1ibstc
and if _GLIBCXX_DEBUG is defined. When defined display backtraces on debug mode assertions.

_GLIBCXX_PARALLEL Undefined by default. When defined, compiles user code using the parallel mode.

_GLIBCXX_PARALLEL_ASSERTIONS Undefined by default, but when any parallel mode header is included this macro will
be defined to a non-zero value if _GLIBCXX_ASSERTIONS has a non-zero value, otherwise to zero. When defined to a
non-zero value, it enables extra error checking and assertions in the parallel mode.

__STDCPP_WANT_MATH SPEC_FUNCS___ Undefined by default. When defined to a non-zero integer constant, enables sup-
port for ISO/IEC 29124 Special Math Functions.

_GLIBCXX_SANITIZE_VECTOR Undefined by default. When defined, std: :vector operations will be annotated so
that AddressSanitizer can detect invalid accesses to the unused capacity of a std: :vector. These annotations are
only enabled for std: :vector<T, std::allocator<T>> and only when std::allocator is derived from
new_allocator or malloc_allocator. The annotations must be present on all vector operations or none, so this macro must
be defined to the same value for all translation units that create, destroy, or modify vectors.

_GLIBCXX_NO_FREESTANDING_CHRONO Undefined by default. When defined, the <chrono> header cannot be used with
-ffreestanding. When not defined, durations, time points, and calendar types are available for freestanding, but the
standard clocks and the time zone database are not (because they require OS support).

_GLIBCXX_USE_OLD_GENERATE_CANONICAL Undefined by default. When defined generate_canonical reverts to
the algorithm used prior to the implementation of P0952: A new specification for std::generate_canonical in GCC-16.

_GLIBCXX_USE_VARIANT_CXX17_OLD_ABI Undefined by default. When defined variant in C++17 mode will revert
to the non-conforming implementation used prior to the PR112591 in GCC-16. Has no impact for C++20 or later modes.

_GLIBCXX_NO_INLINE_PRINT Undefined by default. When defined std: :print and std: :println are not imple-
mented using inline functions. This means that code using those functions will compile faster, but —1stdc++exp must
be used when linking. The non-inline definitions are compiled using —-fexec—-charset=UTF-8 so might give incorrect
results if called from a source file that uses a non-Unicode encoding, especially for format strings using non-ASCII fill
characters.

3.4 Dual ABI

In the GCC 5.1 release libstdc++ introduced a new library ABI that includes new implementations of std: :string and
std::1list. These changes were necessary to conform to the 2011 C++ standard which forbids Copy-On-Write strings and
requires lists to keep track of their size.

In order to maintain backwards compatibility for existing code linked to libstdc++ the library’s soname has not changed and the
old implementations are still supported in parallel with the new ones. This is achieved by defining the new implementations
in an inline namespace so they have different names for linkage purposes, e.g. the new version of std::list<int> is
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actually defined as std::___cxx11l::1ist<int>. Because the symbols for the new implementations have different names
the definitions for both versions can be present in the same library.

The _GLIBCXX_USE_CXX11_ABI macro (see Macros) controls whether the declarations in the library headers use the old or
new ABI. So the decision of which ABI to use can be made separately for each source file being compiled. Using the default
configuration options for GCC the default value of the macro is 1 which causes the new ABI to be active, so to use the old ABI
you must explicitly define the macro to 0 before including any library headers. (Be aware that some GNU/Linux distributions
configured GCC 5 differently so that the default value of the macro is 0 and users must define it to 1 to enable the new ABI.)

Although the changes were made for C++11 conformance, the choice of ABI to use is independent of the —std option used to
compile your code, i.e. for a given GCC build the default value of the _GLIBCXX_USE_CXX11_ABI macro is the same for
all dialects. This ensures that the —std does not change the ABI, so that it is straightforward to link C++03 and C++11 code
together.

Because std: : string is used extensively throughout the library a number of other types are also defined twice, including the
stringstream classes and several facets used by std: : locale. The standard facets which are always installed in a locale may
be present twice, with both ABIs, to ensure that code like std: :use_facet<std::time_get<char>> (locale); will
work correctly for both std: :time_get and std::___cxx11l::time_get (even if a user-defined facet that derives from
one or other version of t ime_ get is installed in the locale).

Although the standard exception types defined in < st dexcept > use strings, most are not defined twice, sothata std: :out_of_ran
exception thrown in one file can always be caught by a suitable handler in another file, even if the two files are compiled with
different ABIs.

One exception type does change when using the new ABI, namely std: :ios_base: :failure. This is necessary because
the 2011 standard changed its base class from std: :exception to std::system_error, which causes its layout to
change. Exceptions due to iostream errors are thrown by a function inside 1ibstdc++. so, so whether the thrown exception
uses the old std: :io0s_base: :failure type or the new one depends on the ABI that was active when 1ibstdc++.so
was built, not the ABI active in the user code that is using iostreams. This means that for a given build of GCC the type thrown
is fixed. In current releases the library throws a special type that can be caught by handlers for either the old or new type, but
for GCC 7.1, 7.2 and 7.3 the library throws the new std: :ios_base: :failure type, and for GCC 5.x and 6.x the library
throws the old type. Catch handlers of type std: :ios_base::failure will only catch the exceptions if using a newer
release, or if the handler is compiled with the same ABI as the type thrown by the library. Handlers for std: : exception will
always catch iostreams exceptions, because the old and new type both inherit from std: :exception.

Some features are not supported when using the old ABI, including:

e Using std: :string: :const_iterator for positional arguments to member functions such as std: : string: :erase.
* Allocator propagation in std: : string.

e Using std: : string at compile-time in constexpr functions.

e Class std: :chrono: :time_zone and all related APIs.

* The <syncstream> header.

3.4.1 Troubleshooting

If you get linker errors about undefined references to symbols that involve types in the std: :___cxx11 namespace or the tag
[abi:cxx11] then it probably indicates that you are trying to link together object files that were compiled with different values
for the _GLIBCXX_USE_CXX11_ABI macro. This commonly happens when linking to a third-party library that was compiled
with an older version of GCC. If the third-party library cannot be rebuilt with the new ABI then you will need to recompile your
code with the old ABI.

Not all uses of the new ABI will cause changes in symbol names, for example a class with a std: : st ring member variable
will have the same mangled name whether compiled with the old or new ABI. In order to detect such problems the new types and
functions are annotated with the abi_tag attribute, allowing the compiler to warn about potential ABI incompatibilities in code
using them. Those warnings can be enabled with the ~-Wabi—-tag option.
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3.5 Namespaces

3.5.1 Available Namespaces
There are three main namespaces.

e std
The ISO C++ standards specify that "all library entities are defined within namespace std." This includes namespaces nested
within namespace std, such as namespace std: : chrono.

* abi
Specified by the C++ ABI. This ABI specifies a number of type and function APIs supplemental to those required by the ISO
C++ Standard, but necessary for interoperability.

° _gnu_

Indicating one of several GNU extensions. Choices include ___gnu_cxx,___gnu_debug,___gnu_parallel,and __gnu_pbds.

The library uses a number of inline namespaces as implementation details that are not intended for users to refer to directly, these
include std:: detail,std:: cxxllandstd:: V2.

A complete list of implementation namespaces (including namespace contents) is available in the generated source documenta-
tion.

3.5.2 namespace std

One standard requirement is that the library components are defined in namespace std: :. Thus, in order to use these types
or functions, one must do one of two things:

* put a kind of using-declaration in your source (either using namespace std; ori.e. using std::string;) This
approach works well for individual source files, but should not be used in a global context, like header files.

* use a fully qualified name for each library symbol (i.e. std::string, std::cout) Always can be used, and usually
enhanced, by strategic use of typedefs. (In the cases where the qualified verbiage becomes unwieldy.)

3.5.3 Using Namespace Composition

Best practice in programming suggests sequestering new data or functionality in a sanely-named, unique namespace whenever
possible. This is considered an advantage over dumping everything in the global namespace, as then name look-up can be
explicitly enabled or disabled as above, symbols are consistently mangled without repetitive naming prefixes or macros, etc.

For instance, consider a project that defines most of its classes in namespace gtk. Itis possible to adapt namespace gtk
to namespace std by using a C++-feature called namespace composition. This is what happens if a using-declaration is put
into a namespace-definition: the imported symbol(s) gets imported into the currently active namespace(s). For example:

namespace gtk

{
using std::string;
using std::trl::array;

class Window { ... };

In this example, std: : st ring gets imported into namespace gtk. The result is that use of std: : st ring inside names-
pace gtk can just use string, without the explicit qualification. As an added bonus, std: : string does not get imported
into the global namespace. Additionally, a more elaborate arrangement can be made for backwards compatibility and porta-
bility, whereby the using-declarations can wrapped in macros that are set based on autoconf-tests to either "" or i.e. using
std::string; (depending on whether the system has libstdc++ in std: : or not). (ideas from Llewelly and Karl Nelson)
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3.6 Linking

3.6.1 Almost Nothing

Or as close as it gets: freestanding. This is a minimal configuration, with only partial support for the standard library. Assume
only the following header files can be used:

* cstdarg

* cstddef

* cstdlib

* exception

e limits

* new

* exception

* typeinfo
In addition, throw in
e cxxabi.h.

In the C++11 dialect add

e initializer_list

* type_traits

As of GCC 13, libstdc++ implements P1642, which brings in many more headers, as well a quite a few ones not covered by the
paper. In general, if a feature does not require traditionally libc-provided facilities, or dynamic memory allocation, it’s enabled
in the freestanding subset. In addition, if only a subset of a header requires such features, it is partially included. Some examples
include:

* string_view
* tuple

* bitset

Currently, this subset includes all of the iterator APIs (including the ranges APIs) that do not involve streams, the entire C++
algorithms library, excluding parallel algorithms, and a large part of the utilities library. This is on top of the headers included in
the lists above.

If you’re using a libstdc++ configured for hosted environments, and would like to not involve the libraries libstdc++ would
depend on in your programs, you will need to use gec to link your application with only 1ibsupc++. a, like so:

gcc -ffreestanding foo.cc -lsupc++

If you configured libstdc++ with ——disable—hosted-1ibstdcxx, however, you can use the normal g++ command to link,
as this configuration provides a (nearly) empty 1ibstdc++. a.
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3.6.2 Finding Dynamic or Shared Libraries

If the only library built is the static library (1ibstdc++. a), or if specifying static linking, this section is can be skipped. But if
building or using a shared library (1ibstdc++. so), then additional location information will need to be provided.

But how?

A quick read of the relevant part of the GCC manual, Compiling C++ Programs, specifies linking against a C++ library. More
details from the GCC FAQ, which states GCC does not, by default, specify a location so that the dynamic linker can find dynamic
libraries at runtime.

Users will have to provide this information.

Methods vary for different platforms and different styles, and are printed to the screen during installation. To summarize:

e At runtime set LD_LIBRARY_PATH in your environment correctly, so that the shared library for libstdc++ can be found and
loaded. Be certain that you understand all of the other implications and behavior of LD_LIBRARY_PATH first.

* Compile the path to find the library at runtime into the program. This can be done by passing certain options to g++, which
will in turn pass them on to the linker. The exact format of the options is dependent on which linker you use:

— GNU Id (default on GNU/Linux): -W1, -rpath, destdir/1lib
— Solaris 1d: -W1, -Rdestdir/1ib

* Some linkers allow you to specify the path to the library by setting LD_RUN_PATH in your environment when linking.

* On some platforms the system administrator can configure the dynamic linker to always look for libraries in destdir/1lib,
for example by using the ldconfig utility on GNU/Linux or the crle utility on Solaris. This is a system-wide change which can
make the system unusable so if you are unsure then use one of the other methods described above.

Use the 1dd utility on the linked executable to show which 1ibstdc++. so library the system will get at runtime.

A libstdc++. 1a file is also installed, for use with Libtool. If you use Libtool to create your executables, these details are
taken care of for you.

3.6.3 Experimental Library Extensions

GCC 5.3 includes an implementation of the Filesystem library defined by the technical specification ISO/IEC TS 18822:2015.
Because this is an experimental library extension, not part of the C++ standard, it is implemented in a separate library, 1ibstdc+
+fs.a, and there is no shared library for it. To use the library you should include <experimental/filesystem> and link
with —1stdc++£s. The library implementation is incomplete on non-POSIX platforms, specifically Windows is only partially
supported. Since GCC 14, libstdc++exp.a also contains the definitions for this library, so ~1stdc++exp can be used
instead of —1stdc++fs.

GCC 13 includes an implementation of the C++ Contracts library defined by P1429R3. Because this is an experimental extension,
not part of the C++ standard, it is implemented in a separate library, 1ibstdc++exp. a, and there is no shared library for it.
To use the library you should include <experimental/contract> and link with —~1stdc++exp.

Due to the experimental nature of these libraries the usual guarantees about ABI stability and backwards compatibility do not
apply to them. There is no guarantee that the components in any <experimental/xxx> header will remain compatible
between different GCC releases.

3.7 Concurrency

This section discusses issues surrounding the proper compilation of multithreaded applications which use the Standard C++
library. This information is GCC-specific since the C++ standard does not address matters of multithreaded applications.
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3.7.1 Prerequisites

All normal disclaimers aside, multithreaded C++ application are only supported when libstdc++ and all user code was built
with compilers which report (via gcc/g++ —v ) the same thread model and that model is not single. As long as your final
application is actually single-threaded, then it should be safe to mix user code built with a thread model of single with a libstdc++
and other C++ libraries built with another thread model useful on the platform. Other mixes may or may not work but are not
considered supported. (Thus, if you distribute a shared C++ library in binary form only, it may be best to compile it with a GCC
configured with --enable-threads for maximal interchangeability and usefulness with a user population that may have built GCC
with either --enable-threads or --disable-threads.)

When you link a multithreaded application, you will probably need to add a library or flag to g++. This is a very non-standardized
area of GCC across ports. Some ports support a special flag (the spelling isn’t even standardized yet) to add all required macros to
a compilation (if any such flags are required then you must provide the flag for all compilations not just linking) and link-library
additions and/or replacements at link time. The documentation is weak. On several targets (including GNU/Linux, Solaris and
various BSDs) -pthread is honored. Some other ports use other switches. This is not well documented anywhere other than in
"gcc -dumpspecs" (look at the ’lib’ and cpp’ entries).

Some uses of std: : atomic also require linking to 1ibatomic.

3.7.2 Thread Safety

In the terms of the 2011 C++ standard a thread-safe program is one which does not perform any conflicting non-atomic operations
on memory locations and so does not contain any data races. The standard places requirements on the library to ensure that no
data races are caused by the library itself or by programs which use the library correctly (as described below). The C++11
memory model and library requirements are a more formal version of the SGI STL definition of thread safety, which the library
used prior to the 2011 standard.

The library strives to be thread-safe when all of the following conditions are met:

* The system’s libc is itself thread-safe,

* The compiler in use reports a thread model other than ’single’. This can be tested via output from gcc —v. Multi-thread
capable versions of gcc output something like this:

%gcc —-v
Using built-in specs.

Thread model: posix
gcc version 4.1.2 20070925 (Red Hat 4.1.2-33)

Look for "Thread model" lines that aren’t equal to "single."

* Requisite command-line flags are used for atomic operations and threading. Examples of this include —-pthread and
-march=native, although specifics vary depending on the host environment. See Command Options and Machine De-
pendent Options.

* An implementation of the atomicity.h functions exists for the architecture in question. See the internals documentation
for more details.

The user code must guard against concurrent function calls which access any particular library object’s state when one or more
of those accesses modifies the state. An object will be modified by invoking a non-const member function on it or passing it as a
non-const argument to a library function. An object will not be modified by invoking a const member function on it or passing it
to a function as a pointer- or reference-to-const. Typically, the application programmer may infer what object locks must be held
based on the objects referenced in a function call and whether the objects are accessed as const or non-const. Without getting
into great detail, here is an example which requires user-level locks:

library_class_a shared_object_a;

void thread_main () {
library_class_b xobject_b = new library_class_b;



https://web.archive.org/web/20171221154911/http://www.sgi.com/tech/stl/thread_safety.html
https://gcc.gnu.org/onlinedocs/gcc/Option-Summary.html
https://gcc.gnu.org/onlinedocs/gcc/Option-Summary.html
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shared_object_a.add_b (object_b); // must hold lock for shared_object_a
shared_object_a.mutate (); // must hold lock for shared_object_a

// Multiple copies of thread_main() are started in independent threads.

Under the assumption that object_a and object_b are never exposed to another thread, here is an example that does not require
any user-level locks:

void thread_main () {
library_class_a object_a;
library_class_b *xobject_b = new library_class_b;
object_a.add_b (object_b);
object_a.mutate ();

All library types are safe to use in a multithreaded program if objects are not shared between threads or as long each thread care-
fully locks out access by any other thread while it modifies any object visible to another thread. Unless otherwise documented,
the only exceptions to these rules are atomic operations on the types in <atomic> and lock/unlock operations on the standard
mutex types in <mutex>. These atomic operations allow concurrent accesses to the same object without introducing data races.

The following member functions of standard containers can be considered to be const for the purposes of avoiding data races:
begin, end, rbegin, rend, front, back, data, find, lower_bound, upper_bound, equal_range, at and,
except in associative or unordered associative containers, operator []. In other words, although they are non-const so that
they can return mutable iterators, those member functions will not modify the container. Accessing an iterator might cause a
non-modifying access to the container the iterator refers to (for example incrementing a list iterator must access the pointers
between nodes, which are part of the container and so conflict with other accesses to the container).

The Copy-On-Write std: :string implementation used before GCC 5 (and with _GLIBCXX_USE_CXXI11_ABI=0) is
not a standard container and does not conform to the data race avoidance rules described above. For the Copy-On-Write
std: :string, non-const member functions such as begin () are considered to be modifying accesses and so must not
be used concurrently with any other accesses to the same object.

Programs which follow the rules above will not encounter data races in library code, even when using library types which share
state between distinct objects. In the example below the shared_ptr objects share a reference count, but because the code
does not perform any non-const operations on the globally-visible object, the library ensures that the reference count updates are
atomic and do not introduce data races:

std::shared_ptr<int> global_sp;

void thread_main () {
auto local_sp = global_sp; // OK, copy constructor’s parameter is reference-to-const

int 1 = *global_sp; // OK, operatorx is const
int j = xlocal_sp; // OK, does not operate on global_sp
// *global_sp = 2; // NOT OK, modifies int visible to other threads
// %local_sp = 2; // NOT OK, modifies int visible to other threads
// global_sp.reset(); // NOT OK, reset is non-const
local_sp.reset (); // OK, does not operate on global_sp

}

int main() {

global_sp.reset (new int(1l));
std::thread tl (thread _main);
std::thread t2 (thread _main);
tl.join();
t2.join();

For further details of the C++11 memory model see Hans-J. Boehm’s Threads and memory model for C++ pages, particularly
the introduction and FAQ.



https://www.hboehm.info/c++mm/
https://www.hboehm.info/c++mm/threadsintro.html
https://www.hboehm.info/c++mm/user-faq.html
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3.7.3 Atomics

3.74 10

This gets a bit tricky. Please read carefully, and bear with me.

3.7.4.1 Structure

A wrapper type called ___basic_file provides our abstraction layer for the std: : filebuf classes. Nearly all decisions
dealing with actual input and output must be made in __basic_file.

A generic locking mechanism is somewhat in place at the filebuf layer, but is not used in the current code. Providing locking at
any higher level is akin to providing locking within containers, and is not done for the same reasons (see the links above).

3.7.4.2 Defaults

The __basic_file type is simply a collection of small wrappers around the C stdio layer (again, see the link under Structure). We
do no locking ourselves, but simply pass through to calls to fopen, fwrite, and so forth.

So, for 3.0, the question of "is multithreading safe for I/O" must be answered with, "is your platform’s C library threadsafe
for I/O?" Some are by default, some are not; many offer multiple implementations of the C library with varying tradeoffs of
threadsafety and efficiency. You, the programmer, are always required to take care with multiple threads.

(As an example, the POSIX standard requires that C stdio FILE» operations are atomic. POSIX-conforming C libraries (e.g,
on Solaris and GNU/Linux) have an internal mutex to serialize operations on F ILE*s. However, you still need to not do stupid
things like calling fclose (£s) in one thread followed by an access of f£s in another.)

So, if your platform’s C library is threadsafe, then your fstream I/O operations will be threadsafe at the lowest level. For
higher-level operations, such as manipulating the data contained in the stream formatting classes (e.g., setting up callbacks inside
an std: :ofstream), you need to guard such accesses like any other critical shared resource.

3.7.4.3 Future

A second choice may be available for I/O implementations: libio. This is disabled by default, and in fact will not currently work
due to other issues. It will be revisited, however.

The libio code is a subset of the guts of the GNU libc (glibc) I/O implementation. When libio is in use, the _ _basic_file
type is basically derived from FILE. (The real situation is more complex than that... it’s derived from an internal type used to
implement FILE. See libio/libioP.h to see scary things done with vtbls.) The result is that there is no "layer" of C stdio to go
through; the filebuf makes calls directly into the same functions used to implement fread, fwrite, and so forth, using internal
data structures. (And when I say "makes calls directly," I mean the function is literally replaced by a jump into an internal
function. Fast but frightening. *grin*)

Also, the libio internal locks are used. This requires pulling in large chunks of glibc, such as a pthreads implementation, and is
one of the issues preventing widespread use of libio as the libstdc++ cstdio implementation.

But we plan to make this work, at least as an option if not a future default. Platforms running a copy of glibc with a recent-enough
version will see calls from libstdc++ directly into the glibc already installed. For other platforms, a copy of the libio subsection
will be built and included in libstdc++.

3.7.4.4 Alternatives

Don’t forget that other cstdio implementations are possible. You could easily write one to perform your own forms of locking, to
solve your "interesting" problems.
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3.7.5 Containers

This section discusses issues surrounding the design of multithreaded applications which use Standard C++ containers. All
information in this section is current as of the gcc 3.0 release and all later point releases. Although earlier gcc releases had a
different approach to threading configuration and proper compilation, the basic code design rules presented here were similar.
For information on all other aspects of multithreading as it relates to libstdc++, including details on the proper compilation of
threaded code (and compatibility between threaded and non-threaded code), see Chapter 17.

Two excellent pages to read when working with the Standard C++ containers and threads are SGI’s https://web.archive.org/-
web/20171221154911/http://www.sgi.com/tech/stl/thread_safety.html and SGI’s https://web.archive.org/web/20171108142526/-
http://www.sgi.com/tech/stl/Allocators.html.

However, please ignore all discussions about the user-level configuration of the lock implementation inside the STL container-
memory allocator on those pages. For the sake of this discussion, libstdc++ configures the SGI STL implementation, not you.
This is quite different from how gcc pre-3.0 worked. In particular, past advice was for people using g++ to explicitly define
_PTHREADS or other macros or port-specific compilation options on the command line to get a thread-safe STL. This is no
longer required for any port and should no longer be done unless you really know what you are doing and assume all responsi-
bility.

Since the container implementation of libstdc++ uses the SGI code, we use the same definition of thread safety as SGI when
discussing design. A key point that beginners may miss is the fourth major paragraph of the first page mentioned above (For
most clients...), which points out that locking must nearly always be done outside the container, by client code (that’d be you,
not us). There is a notable exceptions to this rule. Allocators called while a container or element is constructed uses an internal
lock obtained and released solely within libstdc++ code (in fact, this is the reason STL requires any knowledge of the thread
configuration).

For implementing a container which does its own locking, it is trivial to provide a wrapper class which obtains the lock (as SGI
suggests), performs the container operation, and then releases the lock. This could be templatized o a certain extent, on the
underlying container and/or a locking mechanism. Trying to provide a catch-all general template solution would probably be
more trouble than it’s worth.

The library implementation may be configured to use the high-speed caching memory allocator, which complicates thread safety
issues. For all details about how to globally override this at application run-time see here. Also useful are details on allocator
options and capabilities.

3.8 Exceptions

The C++ language provides language support for stack unwinding with t ry and catch blocks and the throw keyword.

These are very powerful constructs, and require some t