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1 Scope [fs.scope]

N4100

This Technical Specification specifies requirements for implementations of an interface that computer
programs written in the C++ programming language may use to perform operations on file systems and
their components, such as paths, regular files, and directories. This Technical Specification is applicable

to infofmation technology systems that can access hierarchical file systems, such as those with opera
systenis that conform to the POSIX (3) interface. This Technical Specification is applicable only.te

vendots who wish to provide the interface it describes.

2 Conformance [fs.conformance]

Conformance is specified in terms of behavior. Ideal behavior is not alw4
conformance sub-clauses take that into account.

2.1 POSIX conformance [fs.conform.9945]

Some behavior is specified by reference to POSIX (3). Ho
unspedified.

2 [Note: This constitutes an "as if" rule a
o1] other API's. —end note]

Implethentations are encouraged tqQ provi
shall document any behavior th differs fromt

reasonpble given the i
cannof provide any re 2
4 [Note: This allo WS uSe
ar) implementat
Implementatiqns s
¢ [Bxample:The

does ndtsupport hard
implementations are not required to support those features on the FAT file system. —end

FAT fibe system used by some memory cards, camera memory, and floppy discs
links, symlinks, and many other features of more capable file systems, so

example|

2.2 Operating system dependent behavior conformance [fs.conform.os]

Some behavior is specified as being operating system dependent (4.13). The operating system an

implementation is dependent upon is implementation defined.

© ISO/IEC 2015 — All rights reserved

fing

do

1S


http://en.wikipedia.org/wiki/FAT_filesystem
https://standardsiso.com/api/?name=e1ee9fd578ebadfcee70c81d0e645b86

ISO/IEC TS 18822:2015(E)
© ISO/IEC N4100

It is permissible for an implementation to be dependent upon an operating system emulator rather than
the actual underlying operating system.

2.3 File system race behavior [fs.race.behavior]

Behavior is undefined if calls to functions provided by this Technical Specification introduce a file
system-race (4 6)

If the possibility of a file system race would make it unreliable for a program to test for a preconditign
before|calling a function described herein, Requires is not specified for the function.

3 [Note: As a design practice, preconditions are not specified when it is unré¢
program to detect them prior to calling the function. —end note]

3 Normative references [fs.norm.ref]

document. For dated
dition of the referenced

The following referenced documents are indispensable for the app
refererjces, only the edition cited applies. For undated refe
document (including any amendments) applies.

2

ISO/IEC 14882, Programming Lafiguage «

w
[ ]

[Note:
Standd
referer

The of]

This T

expositi

Unless
includ

8 0

—

oindiel pOSTX® is a registered trademark of The IEEE. MAC OS® is a registered trademark
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is given for the convenience of users of this document and does not constitute an endorsement
by ISO or IEC of these products.
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4 Terms and definitions [fs.definitions]

For the purposes of this document, the terms and definitions given in the C++ Standard and the
following apply.

4.1 absolute path [fs.def.absolute-path]

A path| that unambiguously identifies the location of a file without reference to an additional starting
locatign. The elements of a path that determine if it is absolute are operating system dependent.

4.2 cqnonical path [fs.def.canonical-path]

An abgolute path that has no elements that are symbolic links, and no dojOx

4.3 directory [fs.def.directory]

A file within a file system that acts as a container of directory-e
other flles, possibly including other directory files.

4.4 file [fs.def.file]

An obj
both. 4

types (
4.5 fil
A collg
4.6 fil

The cq
modifi

4.7 fil

The namie’of a file. Filenames dot _and dot-dot _have special meaning. The following characteristics ¢f
filenames are operating system dependent:

2 « The permitted characters. [ Example: Some operating systems prohibit the ASCII control
characters (0x00-0x1F) in filenames. —end example].

3 « The maximum permitted length.

4 « Filenames that are not permitted.

© ISO/IEC 2015 — All rights reserved 3
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>« Filenames that have special meaning.
6 « Case awareness and sensitivity during path resolution.
7« Special rules that may apply to file types other than regular files, such as directories.

4.8 hard link [fs.def.hardlink]

A link (A Q) toan F-Yiq‘ring file. Some file systems support mn]ﬁplp hard links to a file If the last hard
link to|a file is removed, the file itself is removed.

2 [Note: A hard link can be thought of as a shared-ownership smart pointer to a file. —end note]

4.9 link [fs.def.link]

A diregtory entry that associates a filename with a file. A link is either ad
link (4{19).

4.10 native encoding [fs.def.native.encode]

For nafrow character strings, the operating system depend ide

character strings, the implementation defined executig
4.11 native pathname format [fs.def:

The operating system dependent pathname fo

4.12 NTCTS [fs.def.nt

Acronym for "null-te@a <
encodg¢d character typeeririnate

the null character can bé\Ce

4.13 gperating

Behavjor that 1s\depe
[fs.conform.os].

4.14 q»arent directory [fs.def.parent]

When discussing a given directory, the directory that both contains a directory entry for the given
directory and is represented by the filename dot-dot in the given directory.

When discussing other types of files, a directory containing a directory entry for the file under
discussion.

© ISO/IEC 2015 — All rights reserved 4
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This concept does not apply to dot and dot-dot.
4.15 path [fs.def.path]

A sequence of elements that identify the location of a file within a filesystem. The elements are the root-
nameopt, root-directoryopr, and an optional sequence of filenames. The maximum number of elements in

the sequence 18 onerating svstem denendent
Hehce1s-0peaHRE-Syste-acpeRaeht-

4.16 pathname [fs.def.pathname]

A charfacter string that represents the name of a path. Pathnames are formatted ac

cording'to'the genetic

particy
[Exam,

4.18 ¥
A path
relativ

operat]

4.19 §ymbolic link [fs.def.s

A typd of file with tp
stored |by the file is used 6 mod

2 [N alled symlinks. A symbolic link can be thought of as a raw
pd &d to does not exist, the symbolic link is said to be a "dangling"
SY

S R¢

Throughout this Technical Specification, char, wchar t, charl6 t, and char32 t are collectively
called encoded character types.

Template parameters named EcharT shall be one of the encoded character types.

Template parameters named InputIterator shall meet the C++ Standard's library input iterator
requirements (C++14 §24.2.3) and shall have a value type that is one of the encoded character types.

© ISO/IEC 2015 — All rights reserved 5
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4 [Note: Use of an encoded character type implies an associated encoding. Since signed char
and unsigned char have no implied encoding, they are not included as permitted types. —end
note]

N4100

Template parameters named Allocator shall meet the C++ Standard's library Allocator requirements
(C++14 §17.6.3.5).

SN

The cq
standa
std::
header]
std::

2 nd

}

Unless
assum
descril

5.2 F¢

This m
header

Heade
3 #d

[Note:
and mf

amespaces and headers [fs.req.namespace]

mponents described in this technical specification are experimental and not part of the C++

rd library. All components described in this technical specification are declared in ©iamespace
experimental::filesystem: :v1 or a sub-namespace thereof unless q ige specified. Th
described in this technical specification shall import the contents of
bxperimental::filesystem: :v1 Into std: :experimental: :

mespace std {
namespace experimental ({
namespace filesystem ({
inline namespace vl {}
}
}

otherwise specified, references to oth: 108 ibed is technical specification are
bd to be qualified with std: :experifiental s2£14 S : :v1::, and references to entities
pature test macro

acro allows u

<experimentall/

Cpp lib experimental filesystem is yyyymm where yyyy is the ye
e version of the Technical Specification was completed. — end note]

The value\d
n the month when

6 Header<experimental/fitesystem>synopsis

[fs.filesystem.synopsis]

(¢}

ar

namespace std { namespace experimental { namespace filesystem { inline namespace vl {

class path;

©

ISO/IEC 2015 — All rights reserved


https://standardsiso.com/api/?name=e1ee9fd578ebadfcee70c81d0e645b86

ISO/IEC TS 18822:2015(E)
© ISO/IEC N4100

void swap (pathé& lhs, pathé& rhs) noexcept;
size t hash value(const path& p) noexcept;
bool operator==(const path& lhs, const path& rhs) noexcept;
bool operator!=(const pathé& lhs, const path& rhs) noexcept;

( )
( )
bool operator< (const pathé& lhs, const path& rhs) noexcept;
( )
( )
L AY
\ 7

bool operator<=(const pathé& lhs, const path& rhs) noexcept;
bool operator> (const pathé& lhs, const path& rhs) noexcept;
b( | + . + £ C 1k + £ C L. +

I —eoperater rsE—patht—Ihss rsE—patht—rhs—= Sa=

path operator/ (const path& lhs, const path& rhs);

te¢mplate <class charT, class traits>
bgsic ostream<charT, traits>&
operator<<(basic ostream<charT, traits>& os, const path& p);

teémplate <class charT, class traits>
bgsic istream<charT, traits>&
operator>>(basic istream<charT, traits>& is, path& p)

t¢mplate <class Source>

path u8path (const Sourceé& source);
té¢mplate <class InputlIterator>

path u8path (InputlIterator first, Inputltery

class filesystem error;
class directory entry;

class directory iterator;

/[ enable directory itex i tements
directory iterator be§i i WA iter) noexcept;
directory iterator i _iteratoré&) noexcept;

class recursiv
/[ enable recurgiy X i or range-based for statements
recursive direct & 3 yih (recursive directory iterator iter) noexcept;

recursive dired i(const recursive directory iterator&) noexcept;

class file

uintimax t free;
uintmax t available;

enum class file type;

enum class perms;

enum class copy options;

enum class directory options;

typedef chrono::time point<trivial-clock> file time type;

© ISO/IEC 2015 — All rights reserved 7
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// operational functions

path

path
path
path

absolute (const pathé& p, const pathé& base=current path());

canonical (const pathé& p, const pathé& base = current path());
canonical (const path& p, error code& ec);
canonical (const pathé& p, const path& base, error codeé& ec);

+ 1 C £ 4 + 1 C 4 \

N4100

VG

Vv
Vv
Vv

bqg
bqg
bqg
bqg

Vv
Vv

bq

bq

bq
bq

bq
bq

Vv
v

Vv
Vv

id
id
id

ol
ol
ol
ol

id
id

ol

ol

ol
ol

ol
ol

id
id

id
id

id
id

th
th

A
ST Potire T Lottty ST —PPotcity toT 7

L
MY\

copy (const pathé& from, const pathé& to, error code& ec) noexcept;
(

copy (const path& from, const pathé& to, copy options options);
copy (const path& from, const path& to, copy options options,
error code& ec) noexcept;

copy file
copy file
copy file
copy file

const pathé& from, const pathé&
const pathé& from, const pathé&
const pathé& from, const pathé&
const pathé& from, const pathé&
error codeé& ec) noexcept;

—_~ o~~~

copy symlink (const pathé& existing s
copy symlink (const pathé& existing s
error codeé& ec) no

create directories (const
create directories( & ec) noexcept;
create directory(con
create directory(co xror codeé& ec) noexcept;
st pathé& attributes) ;
onst pathé& attributes,
noexcept;

sonst pathé& to, const pathé& new symlink);
const path& to, const path& new symlink,
error codeé& ec) noexcept;

PAN

error codeé& ec) noexcept;

error codeé& ec) noexcept;

current path();
hnrrpnf_oafh(@rror_hod@& ec) ;

void

void

bool
bool
bool

bool

current path (const pathé& p);
current path(const pathé& p, error code& ec) noexcept;

exists (file status s) noexcept;
exists (const path& p);

exists(const pathé& p, error code& ec) noexcept;

equivalent (const path& pl, const pathé& p2);

© ISO/IEC 2015 — All rights reserved
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uintmax t
uintmax t

uintmax t
uintmax t
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equivalent (const pathé& pl, const path& p2, error code& ec) noexcept;

file size(const pathé& p);
file size(const path& p, error code& ec) noexcept;

hard link count (const pathé& p);
hard link count (const path& p, error code& ec) noexcept;

bget st eek—ato{file status S+ ey

bgol is block file(const pathé& p);

bgol is block file(const pathé& p, error codeé& ec) noexcept;

bgol is character file(file status s) noexcept;

bgol is character file(const path& p);

bgol is character file(const path& p, error code& ec)

bgol is directory(file status s) noexcept;

bgol is directory(const path& p);

bgol is directory(const path& p, error codeé&

bgol is empty (const pathé& p);

bgol is empty(const pathé& p, error code& es

bgol is fifo(file status s) noexcept;

bgol is fifo(const path& p);

bgol is fifo(const pathé&

bgol is_other(file status

bgol is_other (const path§

bgol

bgol

bgol

bgol noexcept;

bgol

bgol

bgol p, error code& ec) noexcept;

bgol e status s) noexcept;

bgol t pathé& p);

bgol \k (const pathé& p, error code& ec) noexcept;

flle time~GyP Write time (const pathé& p);

flle timevtype t write time (const path& p, error code& ec) noexcept;

veid lastwrite time (const path& p, file time type new time);

vaoid last write time(const path& p, file time type new time,
error code& ec) noexcept:

void permissions (const pathé& p, perms prms);

void permissions (const pathé& p, perms prms, error code& ec) noexcept;

path read symlink (const path& p);

path read symlink(const path& p, error code& ec);

bool remove (const pathé& p);

© ISO/IEC 2015 — All rights reserved 9
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bool remove (const pathé& p, error codeé& ec) noexcept;
uintmax t remove all (const pathé& p);
uintmax t remove all (const pathé& p, error code& ec) noexcept;
void rename (const path& from, const pathé& to);
void rename (const pathé& from, const path& to, error code& ec) noexcept;
Vet s+ — et R R RS
veid resize file(const path& p, uintmax t size, error code& ec) noexceptl
space info space (const pathé& p);
space info space (const pathé& p, error code& ec) noexcept;
fl1le status status(const path& p);

fl1le status status(const path& p, error code& ec) noexcept

bgol status known (file status s) noexcept;

flle status symlink status(const path& p);

flle status symlink status(const path& p, error g sept;
path system complete (const pathé& p);

path system complete (const path& p,

path temp directory path

path temp directory patt

} } Y|} // namespaces std::experime

ed tat satisties the TrivialClock requirements
(C++1 alof représenting angmeasuring file time values. Implementatior
should

depeng

wn

7 Ex

Filesys
systen

2 []\

for most everyday programming.

4« Uses where file system errors are routine and do not necessarily represent failure.
Returning an error code is the most appropriate response. This allows application
specific error handling, including simply ignoring the error.

© ISO/IEC 2015 — All rights reserved 10
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> —end note]

Functions not having an argument of type error codes report errors as follows, unless otherwise
specified:

7 o

9 o

Functi

11

When a call by the implementation to an operating system or other underlying API results in an
error that prevents the function from meeting its specifications, an exception of type
filesystem error shall be thrown. For functions with a single path argument, that argurent
shall be passed to the filesystem error constructor with a single path argument. Fof
functions with two path arguments, the first of these arguments shall be passed to the
filesystem error constructor as the pathl argument, and the second shall begpassed as the
path2 argument. The filesystem error constructor's error code 3 entds set as
appropriate for the specific operating system dependent error.

§17.6.5.12.

Destructors throw nothing.

error that prevents the function from ineeting tons, the error codes argument {s
set as appropriate for the specific operafing syste: pendent error. Otherwise, clear () 1
called on the error cod
8 Class path [clas
An object of class pat;r prese: ) and contains a pathname (4.16). Such an object is
concerjned only with the t1¢ aspects of a path. The path does not necessarily exist in
externgl storage, and the ecessarily valid for the current operating system or for a
particylar file sysem.
namespace std ce gxperimental { namespace filesystem { inline namespace vl [{
class path
{
public:
typedef see below value type;
typedef basic_ string<value type> string type;

static constexpr value type preferred separator = see below;
// constructors and destructor

path () noexcept;

path (const paths& p);

path (path&& p) noexcept;

template <class Source>

© ISO/IEC 2015 — All rights reserved
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path (const Source& source) ;
template <class InputlIterator>
path (InputIterator first, Inputlterator last);
template <class Source>
path (const Sourceé& source, const locale& loc);
template <class InputlIterator>
path (InputIterator first, InputlIterator last, const localeé&
~path () ;

loc) ;

N4100

// assignments
path& operator=(const pathé& p);
path& operator=(path&& p) noexcept;
template <class Source>
path& operator=(const Sourceé& source) ;
template <class Source>
path& assign(const Sourceé& source)
template <class InputlIterator>
path& assign (InputlIterator first, Inputlterator la

// appends
pathé& operator/=(const pathé& p):;
template <class Source>
pathé& operator/=(const Sourceé& source) ;
template <class Source>
path& append(const Sourceé& source)
template <class Inputlteratoyp
path& append (InputlIterato i} ¢ ast) ;

// concatenation

path& operator+t=
path& operatort=
path& operator+f
template <clas
path& op
template

InputIterator last);

paphée remove - ()
path& replace filename (const pathé& replacement);
pathg& r@o]ac@_@ tension (const path& replacement = path()):

void swap (path& rhs) noexcept;

// native format observers

const string type& native() const noexcept;
const value type* c str () const noexcept;

operator string type() const;

template <class EcharT, class traits = char traits<EcharT>,

© ISO/IEC 2015 — All rights reserved
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class Allocator = allocator<EcharT> >
basic string<EcharT, traits, Allocator>
string (const Allocator& a = Allocator()) const;
std::string string () const;
std::wstring wstring () const;
std::string u8string () const;
std::ul6string ulé6string() const;
std::u32string u32string() const;
// generic format observers
template <class EcharT, class traits = char traits<EcharT>,
class Allocator = allocator<EcharT> >
basic string<EcharT, traits, Allocator>
generic string(const Allocator& a = Allocator()) const;
std::string generic string() const;
std::wstring generic wstring() const;
std::string generic u8string() const;
std::ul6string generic ulé6string() const;
std::u32string generic u32string() const;
// compare
int compare (const path& p) const noexcept;
int compare (const string type& s) constj
int compare (const value type* s) const;
// decomposition
path root name () const;
path root directory() const;
path root path() const;
path relative path() const;
path parent path () /sonst;
path filename () c8&
path stem () const;
path extension 5
// query
bool empty
bool
bool g
bool
bool
boo
boo
bool
bogl\khas e
bdod* is absolfite () const;
beol is relative () const;
// 1terators
class iterator;
typedef iterator const iterator;
iterator begin () const;
iterator end() const;
private:
13
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string type pathname; // exposition only
}i

} } } } // namespaces std::experimental::filesystem::vl

value type is a typedef for the operating system dependent encoded character type used to represent

pathnames.

The value of preferred separator is the operating system dependent preferred-separator chardcis

(8.1).

> [Hxample: For POSIX based operating systems, value type is char and

example]
8.1 path generic pathname format grammar [path.gene

pathndme:
root-name root-directoryopy relative-pathop;

root-directory relative-pathopt
relative-path

root-ngme:
An operating system dependent name th@n i

separator charactg

root-directory:
director

relative-path:
filenanre
relative-path directory-separator

relative-path directory-separator filename

pfeferred separator is the slash character (/). For Windows based op¢ & 8ystems,
vglue typeiSwchar t and preferred separator is the backslash « —end

starting location for absolute paths.

locations. St@o . DSV a single letter followed by a colon as a
drive specifi ¢ e identifing a specific device such as a disc drive. —end
note|

filename:
name

dot
dot-dot

© ISO/IEC 2015 — All rights reserved
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name:
A sequence of characters other than directory-separator characters.

8 [Note: Operating systems often place restrictions on the characters that may be used
in a filename. For wide portability, users may wish to limit filename characters to the
POSIX Portable Filename Character Set:

°| ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopgrstuvwzixyz
01234567289 -
—end note]
dot:
The filename consisting solely of a single period character (.)
dot-do}:

The filename consisting solely of two period charac

directqry-separator:

slash

slash directory-separator
preferred-separator
preferred-separator directory-separfa

preferfed-separator:
An operating syste

slash: Q
The slash characte

Multiple successiv:
separdtor charac

refererjce to the parent directory. What the filename dot-dot refers to relative to root-directory is
implementation-defined>3pecific filenames may have special meanings for a particular operating
systen.

s,

8.2 path conversions [path.cvt]
8.2.1 path argument format conversions [path.fmt.cvt]

I [Note: The format conversions described in this section are not applied on POSIX or Windows
based operating systems because on these systems:

© ISO/IEC 2015 — All rights reserved 15
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2« The generic format is acceptable as a native path.
3« There is no need to distinguish between native format and generic format arguments.
4 « Paths for regular files and paths for directories share the same syntax.

> —end note]

Functions arguments that take character sequences representing paths may use the generic pathname

format

generi¢ format and the generic format is not acceptable to the operating system as a native pathg
conversion to native format shall be performed during the processing of the argument.

7 [Note: Some operating systems may have no unambiguous way to disting

S

If the npative format requires paths for regular files to be fo
the path shall be treated as a directory path if last element

treated

8.2.2 g

For m¢mber function arguments that take chara

functig
argum
argum

disambiguation is required is permitted as an extension to distinguish betwee

grammar (8.1) or the native pathname format (4.11). If and only if such arguments are in the

end note]

as a regular file path.

Qr-Sequet epresenting paths and for member
on erston is performed if the value type of the

ype. Efcoding and method of conversion for the

For Windows based operating systems, the native narrow encoding is determined by
calling a Windows API function. —end note]

©

[Nore—ThisTesutts T betavior idemnticat toother €anmd-C++stanmdard tibrary functiorns
that perform file operations using narrow character strings to identify paths. Changing
this behavior would be surprising and error prone. —end note]

6« wchar t: Encoding is the native wide encoding (4.10). Conversion method is
unspecified.

ISO/IEC 2015 — All rights reserved
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7 [Note: For Windows based operating systems path: :value type iS wchar t SO NO
conversion from wchar t value type arguments or to wchar t value type returns is
performed. —end note]

8 « charie6_ t: Encoding is UTF-16. Conversion method is unspecified.

9 « char32 t:Encoding is UTF-32. Conversion method is unspecified.

10 If the ¢ncoding being converted to has no representation for source characters, the resulting converted
characfers, if any, are unspecified.

8.3 path requirements [path.req]

I In addjtion to the requirements (5), function template parameters named§ox

2 o pasic string<EcharT, traits, Allocator>. A functio
source shall have an effective range [source.begin
3 o A type meeting the input iterator requirements that i

4 o A character array that after array-to
The value type shall be an encoded characte A funcfion argument const Sources
source shall have an effective rang ere end 1S the first iterator value withl an

ource>::type>::value type().

> [Note: . h alue types and their encodings convert to
< '

6 Argum

8.4.1p

1 path() noexecept;

2 Ejfecis: Constructs an object of class path.

3 Postconditions: empty ().

4  path(const path& p);
path (path&& p) noexcept;

© ISO/IEC 2015 — All rights reserved 17
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> Effects: Constructs an object of class path with pathname having the original value of

p.pathname. In the second form, p is left in a valid but unspecified state.

template <class Source>
path (const Source& source) ;
template <class InputlIterator>
path (InputIterator first, InputlIterator last);

N4100

7 Effects: Constructs an object of class path, storing the effective range of source (8.3) or the
range [first,last) in pathname, converting format and encoding if required (8.2.1).

templdgte <class Source>
path (const Sourceé& source, const locale& loc);
templdte <class InputlIterator>
path (InputIterator first, Inputlterator last, const locales&

9 Requires: The value type of Source and InputIterator is cha
10 Ejfects: Constructs an object of class path, storing the effe nex ce or the range

[flirst,last) in pathname, after converting format if i 3 converting the
erjcoding as follows:

codecvt<wchar t, char, mbsta
performed using the codecvt<wchar

131 Astringist :
create a dire p

14

read latinl data();
latinl facet;
locédle (std::locale (), latinl facet);

15

latinl facet Yo convert ISO/IEC 8859-1 encoded 1atinl string to a wide
gharacter string in the native wide encoding (4.10). The resulting wide string is then

converted to a narrow character pathname String in the current native narrow
encoding. If the native wide encoding is UTF-16 or UTF-32, and the current native
narrow encoding is UTF-8, all of the characters in the ISO/IEC 8859-1 character set
will be converted to their Unicode representation, but for other native narrow
encodings some characters may have no representation.

© ISO/IEC 2015 — All rights reserved
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16 For Windows based operating systems the path is constructed by using
latinl facet to convert ISO/IEC 8859-1 encoded 1atinl stringtoa UTF-16
encoded wide character pathname string. All of the characters in the ISO/IEC 8859-1
character set will be converted to their Unicode representation.

17 —end example]

8.4.2 gath assignments [path.assign]

pathé& |operator=(const pathé& p):;

2 Effects: If *tnis and p are the same object, has no effect. Otherwise, mod sathhame to

hgve the original value of p.pathname.
3 Returns: *this
pathé& |operator=(path&& p) noexcept;

adifies pathname to
éd state. [Note: A valid

> Effects: If this and p are the same object, has no eff
hgve the original value of p.pathname. p is left in a
imiplementation is swap (p) . —end note

6  Returns: *this

templdgte <class Source>
path& operator=(const So

templdgte <class Source>
path& assign (const Soixces

templdte <class InputI
path& assign (In

8 Ef

C(
9 R
8.4.3 4

The append operations use operator/= to denote their semantic effect of appending preferred-
separ tar’-when needed

path& operator/=(const pathé& p);
3 Effects:

Appends path::preferred separator to pathname unless:

© ISO/IEC 2015 — All rights reserved 19
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8

4« an added separator would be redundant, or

3>« would change a relative path to an absolute path [Note: An empty path is
relative. — end note], or

p.empty (), Or

7 e xp.native () .cbegin () is a directory separator.

Then appends p.native () to pathname.

N4100

9 R

templd
path
templd
path
templd
path

11 E

12

17

18 R

8.4.4 p

pathé&
pathé&
pathé&
pathé&
templd

path

PIUrns. *this

te <class Source>

& operator/=(const Sourceé& source) ;

te <class Source>

& append (const Sourceé& source);

te <class InputlIterator>

& append (InputIterator first, Inputlterator last);

fects:

Appends path: :preferred separator to patp orthat and

encoding if required (8.2.1), unless:

& ‘Operator+=(const Sourceé& x);
te/<class EcharT>

templd

path& operator+=(EcharT x);
template <class Source>
path& concat (const Sourceé& x);
template <class InputlIterator>
path& concat (InputlIterator first, Inputlterator last);

©
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2 Postcondition: native () == prior native + effective-argument, where
prior_nativeiSnative()pﬁortothecaﬂtooperator+=,muieffective—argumenti$

3 ¢ x.native() if x is present and is const paths, otherwise
4 o the effective range source (8.3), if source is present, otherwise,

>« therange [first,last), if first and last are present, otherwise,
6 o

7 TIflthe value type of effective-argument would not be path: :value type, the actual
argument or argument range is first converted (8.2.1) so that effective-argument hasyvalue
type path::value type.

8  Returns: *this
8.4.5 gath modifiers [path.modifiers]
void ¢lear () noexcept;

I Pgstcondition: empty ()

2  pathé&|make preferred();

3 Ejffects: Each directory-separator is conve
4 Returns: *this

> [Bxample:
4 path p("fo r'
std::cout <X

7 Oh an opera 2 eferred-separator is the same as directory-separator, the
oytput is;

"foetbar"

9 Opfn operating system where preferred-separator is a backslash, the output is:

10 "foo/bar"
"foo\bar"

I —end example]

12 pathé& remove filename () ;

© ISO/IEC 2015 — All rights reserved 21
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13 Postcondition: 'has filename ().
14 Returns: *this.

15 [Example:

16 std::cout << path("/foo").remove filename(); // outputs "/"
std::cout path{7/™) .remove filename(); outputs ™"
17 —end example]

pathé& [replace filename (const path& replacement);

19 Effects:

20 remove filename ();

operator/=(replacement) ;
2l Returns: *this.

22 [Hxample:

23 std::cout << path("/foo"). 3 A // outputs "/bar"
std::cout << path("/").replace fi 3 // outputs "bar"

24 end example]

pathé& [replace extension

26 Effects:

30 Returns: *tH

void gwap (athé& rhs) Yoexcept;

32 Efects—Swapsth fant £ibhn toon ot o

. Q acantantc A a
JCL/‘/L’- VY u}lo UIV VUILITIVIILS Ul UIv TwuU Pﬂbllﬂ.

33 Complexity: constant time.
8.4.6 path native format observers [path.native.obs]

The string returned by all native format observers is in the native pathname format.
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const string type& native() const noexcept;

Returns: pathname.

const value type* c str() const noexcept;

> Returns: pathname.c str().

operator string type() const;

7 Returns: pathname.

8 [Note: Conversion to string type is provided so that an object of class fath tan be given as
an] argument to existing standard library file stream constructors and ogen ‘fupstions, This
provides basic interoperability without the need to modify existing ‘0 ard library classes or
hgaders. —end note]

template <class EcharT, class traits = char traits<Eck
class Allocator = allocator<EcharT> >
basic|string<EcharT, traits, Allocator>

string (const Allocator& a = Allocator()) consf

10 Returns: pathname.

1T Remarks: All memory allocation, inclugis Q valuge, shall be performed by a.
Copnversion, if any, is specified by 8.2.

std::$tring string()

std::ystring wstring()
std::3tring u8string()
std::yléstring ul
std::@32string u32

13 Returns: pathnas

14 Rémarks: Conversio
refurneby

8.4.7 gath generic formapobservers [path.generic.obs]|

Generic“format observer functions return strings formatted according to the generic pathname format
(8.1). The forward slash (' /') character is used as the directory-separator character.

2 [Example: On an operating system that uses backslash as its preferred-separator,
path ("foo\\bar") .generic_string() returns "foo/bar". —end example]
template <class EcharT, class traits = char traits<EcharT>,
class Allocator = allocator<EcharT> >

© ISO/IEC 2015 — All rights reserved 23
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basic string<EcharT, traits, Allocator>
generic string(const Allocator& a = Allocator()) const;

Returns: pathname, reformatted according to the generic pathname format (8.1).

Remarks: All memory allocation, including for the return value, shall be performed by a.
Conversion, if any, is specified by 8.2.

N4100

std::gtring generic string() const;
std::ystring generic wstring() const;
std::§tring generic u8string() const;
std::4l6string generic ul6string() const;
std::432string generic u32string() const;

7 Returns: pathname, reformatted according to the generic pathname fofn

8 Remarks: Conversion, if any, is specified by 8.2. The encoding/6 i ned'by
generic_u8string () is always UTF-8.

8.4.8 gath compare [path.compare]

int compare (const path& p) const noexcept;

2 Returns: A value less than 0 if native e ents\Q Ais are lexicographically less
than native () for the elements of p, otherwise greater than O if native () for the

elements of *this are lexicographically grth 3 ?ve () for the elements of p,
of]

3 R s def : qy Tteration over the half-open range [begin (),
el

int cd

sl vilue type* s) const

7 Returns: compaxe (path (s)).

8.4.9 gath decomposition [path.decompose]

path root name () const;

2 Returns: root-name, if pathname includes root-name, otherwise path ().

path root directory() const;

© ISO/IEC 2015 — All rights reserved
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4

5

Returns: root-directory, if pathname includes root-directory, otherwise path ().

If root-directory is composed of slash name, slash is excluded from the returned string.

path root path() const;

7

Returns: root_name () / root directory()

path felative path() const;

9

path parent path() const;

Returns: A path composed from pathname, if !empty (), beginning with the first filename
after root-path. Otherwise, path ().

11 Returns: (empty() || begin() == --end()) ? path()
if|by starting with an empty path and successively applying ops
thie range [begin (), -—end () ).

path filename () const;

13 Returns: empty () 2 path() : *

14 [Bxample:

16

18

153 std::cout << path("/foo/bar.txt" outputs "bar.txt"

std::cout << path N - ename ( outputs "/"
std::cout << outputs "."
std::cout << outputs ".."
—end example] Q
path gtem() const;
Returns: if £4 S a period but does not consist solely of one or two periods,

19

21

refurns the's
béfore th

() starting at its beginning and ending with the character
ise, returns filename ().

[Axample:

20l ““3td::cout << path("/foo/bar.txt").stem(); // outputs "bar"
path p = "foo.bar.baz.tar";
for (; !p.extension().empty(); p = p.stem())

std::cout << p.extension() << '\n';
// outputs: .tar
// .baz
// .bar

—end example]

© ISO/IEC 2015 — All rights reserved
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path extension () const;

23

24

25

27

28

8.4.10|path query [path.query]

bool g¢mpty () const noexcept;

2

Returns: if filename () contains a period but does not consist solely of one or two periods,
returns the substring of filename () starting at the rightmost period and for the remainder of
the path. Otherwise, returns an empty path object.

Remarks: Implementations are permitted to define additional behavior for file systems which

N4100

append additional elements to extensions, such as alternate data streams or partitioned dataset,
ngmes.

[Bxample:

26 std::cout << path("/foo/bar.txt").extension(); // outputs ".txt"

—end example]

[Note: The period is included in the return value so that it is poss between no
extension and an empty extension. Also note that for a path

plstem()+tp.extension() == p.filename ().—ena

Returns: pathname.empty ().

bool has root path() const

4

bool has root name ()

6

bool j

8

bool j

10

Returns: | root th

R

R

Returns: 'relative path () .empty ()

bool has parent path() const;

12

Returns: 'parent path () .empty ()

bool has filename () const;

© ISO/IEC 2015 — All rights reserved
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14 Returns: | filename () .empty ()

bool has stem() const;

16 Returns: !stem() .empty ()

bool has extension () const;

18 Returns: 'extension () .empty ()

bool 1s absolute() const;

20 Returns: true if pathname contains an absolute path (4.1), else false.

2l [Bxample: path("/") .is_absolute () is true for POSIX based of
false for Windows based operating systems. —end example]

bool 1s relative() const;

23 Returns: 'is absolute ().
8.5 path iterators [path.itr]
Path itprators iterate over the elements of the stored\pa

A path::iterator is a constapt iterator satisf
(C++1¢ §24.1.4 Bidirectional Hterater).

Calling any non-const me
that oject. @

The fopward traversal ord

required t0Bhsure texicographical comparison works correctly. —end note]
7 o Each staccessive fifename element, if present.
8 o Dot if one or more trailing non-root slash characters are present.

The b

iterator begin() const;

I Returns: An iterator for the first present element in the traversal list above. If no elements are
present, the end iterator.

iterator end() const;
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13

Returns: The end iterator.

8.6 path non-member functions [path.non-member]

void swap (pathé& lhs, pathé& rhs) noexcept;

2

Effects: 1hs.swap (rhs).

N4100

size t hash value (const pathé& p) noexcept;

4

bool ¢perator< (const pathé& lhs, const path& rhs) noexcept;

bool ¢perator<=(const path& lhs, const path& rhs) no

bool

10

bool

12

bool

14

15

16

17

18

Returns: A hash value for the path p. If for two paths, p1 == p2 then
hgsh value(pl) == hash value (p2).

Returns: return lhs.compare (rhs) < 0.

Réturns: | (rhs < 1lhs).

perator> (const pathé& lhs,

Réturns: rhs < lhs.

perator>=(const pathé& lhs,

Returns: ! (lhs < rh

h& rhs) noexcept;
R
[ alit ith equivalence have different semantics.
Equali d by'the path non-member operator==, which considers the two path's
le esentati . Thus path ("foo") == "bar" iS never true.

Equivatence is deterthined by the equivalent () non-member function, which determines if
twapaths resolve to the same file system entity. Thus equivalent ("foo", "bar") will be

true when both paths resolve to the same 11le.

Programmers wishing to determine if two paths are "the same" must decide if "the same"
means "the same representation” or "resolve to the same actual file", and choose the
appropriate function accordingly. —end note]

bool operator!=(const path& lhs, const path& rhs) noexcept;
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20 Returns: ! (lhs == rhs).

21 path operator/ (const path& lhs, const pathé& rhs);

22 Returns: path(lhs) /= rhs.

8.6.1 path inserter and extractor [path.io]

1 template <class charT, class traits>
basic|ostream<charT, traits>é&
operafor<<(basic ostream<charT, traits>& os, const path& p);

2 Effects: os << quoted (p.string<charT, traits>()).

3 [Note: The quoted function is described in C++14 §27.7.6. — end

4 Returns: os

5 templgte <class charT, class traits>
basic|istream<charT, traits>&
operator>>(basic istream<charT, traits>& is, paf (o))

6 Effects:

I basic_string<charT, traits>
is >> quoted(tmp) ;
p = tmp;

8  Returns: is

8.6.2 gath factory f@o

1 template <class Soyrce
path u8path (const\SoNree
template <clasg
path u8path X NAst, Inputlterator last);

2 Requires:
Scurceandlnpu

and [first,last) sequences are UTF-8 encoded. The value type of

rator 1S char.

3 Refurns:

4 e Ifvalue type is char and the current native narrow encoding (4.11) is
UTF-8, path (source) or path (first, last), else

>« ifvalue typeiswchar t and the native wide encoding is UTF-16, or if
value type S charl6 t orchar32 t, convertsource Or [first,last)to
a temporary, tmp, of type string type and return path (tmp), else
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9Cl

namesfy

}

The class filesystem error defines the type of objects thrown as exceptions to report file system

6« convert source or [first,last) to a temporary, tmp, of type u32string and
return path (tmp).

Remarks: Argument format conversion (8.2.1) applies to the arguments for these functions.
How Unicode encoding conversions are performed is unspecified.

[Example:

N4100

A string is to be read from a database that is encoded in UTF-8, and used to create a
directory using the native encoding for filenames:

10l  namespace fs = std::experimental::filesystem;
std::string utf8 string = read utf8 data();
fs::create directory(fs::u8path (utf8 string));

11 For POSIX based operating systems with the native narrow,

no encoding or type conversion occurs.

12

13

error code ec);

const path&/pl, const path& p2, error code ec);

¢onst pathé& pathl () const noexcept;

const pathé& path2 () const noexcept;
const char* what () const noexcept;
}i

} } // namespaces std::experimental::filesystem::vl

errors from functions described in this Technical Specification.
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9.1 filesystem error members [filesystem_error.members]

Constructors are provided that store zero, one, or two paths associated with an error.

filesystem error (const string& what arg, error code ec);

3 Postcondition:

Expression Value

runtime error::what() |what arg.c_str()
dode () ec

gathl () .empty () true

dath2 () .empty () true

filesystem error (const string& what arg, const pathé& P
5 Pgstcondition:

N
Expression Value < <

fquntime error::what() |what argiC str

T o W

dathl () N R\i&erzu{:\ei\ red
ath?2 () .emptw <&

filesystem error (cfns teihg& what/arg, const pathé& pl, const pathé& p2, error code fc);

T P )stcon?io\'
NS

[Xpression N\ \\/ Value

runtime_errorMat () |what arg.c str()

ze]

]

dade () ec

Reference to stored

thl
b 0 copy of p1

Reference to stored

h2
pathz() copy of p2
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8 const pathé& pathl () const noexcept;

9 Returns: Reference to copy of p1 stored by the constructor, or, if none, an empty path.

10 const path& path2 () const noexcept;

I Returns: Reference to copy of p2 stored by the constructor, or, if none, an empty path.

12 const |char* what () const noexcept;
13 Returns: A string containing runtime error::what (). The exact format is unspecified,
Implementations are encouraged but not required to include pathl.native_ stringi)if not

erupty, path2.native string()if not empty, and system error::wha rpgs in the
refurned string.

10 Enumerations [fs.enum]

10.1 Enum class file type [enum.file type]

I This epum class specifies constants used to identify file types:

O
Consfant |y, e Meaning > \\\_)

Name¢

0 The type of the file ha non Med or an error occurred while trying t
nene determirie thetype.

ot tounal -1 Pseuct);t.yp%% dich not found. [ Note: The file not being found {s
- /14(\)%>c0 sider erter whilg determining the type of a file. —end note]

regular 1 R/e\@l}\\ﬁ%\\/\\)

symlink 3\ %&bé&'\chhk}ﬂe

block 4 @Wial file

chargcter 'S \Sh\a}:écter special file

fifo 6 | FIFO or pipe file

O

socket 7 Socket file

The file does exist, but is of an operating system dependent type not covered by
unknown 8 | any of the other cases or the process does not have permission to query the file

type
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10.2 Enum class copy options [enum.copy_options]

The enum class type copy options is a bitmask type (C++14 §17.5.2.1.3) that specifies bitmask
constants used to control the semantics of copy operations. The constants are specified in option groups.
Constant none is shown in each option group for purposes of exposition; implementations shall provide
only a single definition. Calling a Filesystem library function with more than a single constant for an
Option osronracilicin ndafinad hahavziqge

STOUpPTUSOTTS T oaTTImo O OTIIa v IO,

Option group controlling copy_file function effects for existing target files

Constant Value | Meaning

none 0 | (Default) Error; file already exists. A
skip|existing 1 | Do not overwrite existing file, do not r@é\\{\aQ & S
overyrite existing| 2 |Overwrite the existing file. < >

update existing 4 | Overwrite the existing file if iék\l‘dé\r\%at\he\yplacement file.
Option group controlling copy functlpé e}t@w érectorles

Constant Value | Meaning

AN
none 0 (Default)ﬁ&g\\&gy é\@ d@s

recutsive 8 Recurswe{y co(p(s\uh\v\chﬁa}f@gles and their contents.

Option gro@}o{lt olli \c\ol}y@nct% effects for symbolic links

Constant Vﬁt\e/ﬁ\d\eam

none <\ k (Qh\\wymbohc links.

, bo%c links as symbolic links rather than copying the files
copy [symlinks < 6 \a hey oint to
skip|syml inks< &2\ \Ig%re symbolic links.

OMIMtMling copy function effects for choosing the form of copying

Constant %lue Meaning

none 0 | (Default) Copy content.

directories only 64 | Copy directory structure only, do not copy non-directory files.

Make symbolic links instead of copies of files. The source path shall
create symlinks 128 | be an absolute path unless the destination path is in the current
directory.

create hard links | 256 |Make hard links instead of copies of files.
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The enum class type perms is a bitmask type (C++14 §17.5.2.1.3) that specifies bitmask constants
used to identify file permissions.

Value | POSIX oo
Name Definition or notes
(octal) T macro
none 0 There are no permissions set for the file.
ownet read 0400 S_IRUSR | Read permission, owner
ownef write 0200 S IWUSR | Write permission, owner /\(
owne} exec 0100 s_TXUSR | Execute/search permission, g@%@{ \ \
Read, write, execute/seafc
owner all 0700 S IRWXU
- - owner read | own rlte
group read 040 s _IRGRP | Read permissyn,—g\lgup\\ \\)
group write 020 s IWGRP | Write permis<si0@r01>\\)
group exec 010 S _IXGRE @K Lgége P) mﬁ} q@roup
ad, Writg; execut ch by grou
group all 070 S IRWXG ’ Y group;
- - group-r oup_write | group exec

othets read 04 <\S\ F@Tﬁ\\f\}\@ms\yn others
others write 02 [\/\S\IWO® ite ission, others
others exec 0 i %&Q{H we/search permission, others

\R%ad, write, execute/search by others;
others all SN\IRWXO s

- - others read | others write | others exec
all < \%7\ \> owner all | group all | others all
set yid & W > S_1su1D | Set-user-ID on execution
set ¢id 02%0 S_1sGID | Set-group-ID on execution
sticky/bit 01000 S_1svTx | Operating system dependent.
mask 07777 all | set uid | set gid | sticky bit
The permissions are not known, such as when a

unknown OXFFFF file status object is created without specifying the

permissions
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permissions () shall bitwise or the perm argument's

add perms 0x10000 . . , .. .

- permission bits to the file's current permission bits.

permissions () shall bitwise and the complement of perm

remove perms 0x20000 argument's permission bits to the file's current permission
bits.

resolve symlinks | 0x40000 permissions () Shall r€solve Symlinks

10.4 Enum class directory options [enum.directory_options]

The efjum class type directory options is a bitmask type (C++14 §17.5.2.1.3) that specifies

bitmask constants used to identify directory traversal options. /\ &
Name Value | Meaning /\\\ \\/

(Default) Skip direct0®ws\{dmled is an
none 0
CI1or.

follgw directory symlink| 1 |Follow rathert ns{k‘})dlr ctorysymlinks.

, o , irectoxies }1/ 0@ therwise result in permission
skip|permission denied 2
T - de ied
11 Class £ile_status [clas t\Q

mespace filesystem { inline namespace vl [{

namesf

e type ft = file type::none,

rms prms = perms::unknown) noexcept;
fike sbs ile statusé&) noexcept = default;
tile % g (DL e atusé&&) noexcept = default;

~file{sta

£ile status& operator=(const file status&) noexcept = default;
flle status& operator=(file status&&) noexcept = default;

// observers
file type type() const noexcept;
perms permissions () const noexcept;

// modifiers
void type (file type ft) noexcept;
void permissions (perms prms) noexcept;
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An obj

’

} // namespaces std::experimental::filesystem::vl

ect of type file status stores information about the type and permissions of a file.

11.1 file status constructors [file_status.cons]

N4100

expli
2 P
expli
4 P
11.2 1
file {

2 R
cq

perms

4 R
to

11.3 1

void f
2 p
void {

4 P

12 C

1t file status() noexcept;

pstconditions: type () == file type::none, permissions() == perms::unknown(

it file status(file type ft, perms prms = perms::unknown) noexcept;

bstconditions: type () == ft, permissions() == prms.

file status observers [file status.obs]

ype type () const noexcept;

pturns.: The value of type () specified by the postcg 3¢ recent call to a

nstructor, operator=, Or type (file type) i

permissions () const noexcept;

bturns: The value of permissions ()
a constructor, operators, Or permi dnction.

'lass’directéry entry [class.directory_entry]

names

daCe SLAa { INIdlliespdce € peLiIILellLdJ_ 1 IIdlespdce J_J._J_ebybl.elﬂ 1 T Nnamespdce

class directory entry

{

public:

// constructors and destructor
directory entry() noexcept = default;

©
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directory entry(const directory entry&) = default;
directory entry(directory entryé&&) noexcept = default;

explicit directory entry(const pathé& p);
~directory entry();

// modifiers

directory entryé& operator=(const directory entryé&) = default;
directory entryé& operator=(directory entry&é&) noexcept = default;
void—assignteconstpathsE

vgpid replace filename (const pathé& p);

/1 observers

const path& path() const noexcept;

operator const pathé& () const noexcept;

fl1le status status() const;

fl1le status status(error code& ec) const noexcept;
flle status symlink status() const;

flle status symlink status(error code& ec) const

ol operator<
ol operator==

b const directory entryé&
b

bgol operator!=
b

b

const directory entryé&
const directory entryé&
const directory entryé&
const directory entryé&
const directory entryé&

ol operator<=
ol operator>
bgol operator>=
private:
path m path; // for expositio

A dirgctory entry object sto

12.1 clirectory_@:

expli¢it directory er
2 Effects: Constry

3 Postcon

12.2 qirectory e modifiers [directory entry.mods]

void assign (const path& p);

2 Postcondition: path () == p.

void replace filename (const pathé& p);

4 Postcondition: path () == x.parent path() / p where x is the value of path () before the
function is called.
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12.3 directory_entry observers [directory_entry.obs]
const pathé& path() const noexcept;
operator const pathé& () const noexcept;
2 Returns: m_path
file $Ttatus status() const;
file gtatus status(error code& ec) const noexcept;
4 Returns: status (path() [, ec]).
> Throws: As specified in Error reporting (7).
file gtatus symlink status() const;
file gtatus symlink status(error codeé& ec) const noexcept;
7 Returns: symlink status (path() [, ec]).
8 Throws: As specified in Error reporting (7).
bool ¢perator==(const directory entry& rhs)
10 Returns: m_path == rhs.m path.
bool ¢perator!=(const directory entrj except;
12 Returns: m_path =
bool gperator< (congt const noexcept;
14 Returns: m_path
bool gperator<=(co rhs) const noexcept;
16 Returns: pm
bool ¢perator> 1 rhs) const noexcept;
18 ReturnSrm_path > Trhs.m path.
bool perldaltor~=(COIIST Llile(.,[o]’.y_ell[]’.ytx T'Is) COIISU TNTOEXCEPL,
20 Returns: m_path >= rhs.m path.

38
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13 Class directory iterator [class.directory_iterator]

An object of type directory iterator provides an iterator for a sequence of directory entry
elements representing the files in a directory. [Note: For iteration into sub-directories, see class
recursive directory iterator (14). —end note]

namesgace Std { TaMESPpace eXPerimentar { Namespace [ LIeSYySTtem { 1nrine namespace vi |{

class directory iterator

{

public:
typedef directory entry value type;
typedef ptrdiff t difference type;

typedef const directory entry* pointer;
typedef const directory entryé& reference;
typedef input iterator tag iterator category;

// member functions

directory iterator () noexcept;
explicit directory iterator (const pathé& p);
directory iterator(const pathé& p,
directory iterator(const pathé& p,
directory iterator(const pathé& p,

directory iteratorg rhs) ;
directory iteratol i A noexcept;

const director
const dire Y\
directory

directory ite

direc

If an iterdtor of type directory iterator is advanced past the last directory element, that iterator ghall

b nnnnn l4atha anmd taeotase ol T A o - . - daforlt nnmctnt e ol nenotn o
ccom CtarotTnCCnaCratorvart—nC o rrectory reerator aliat it CofSstracto Sriar—Croate—ar

iterator equal to the end iterator value, and this shall be the only valid iterator for the end condition.

The result of operator* on an end iterator is undefined behavior. For any other iterator value a
const directory entrys is returned. The result of operator-> on an end iterator is undefined
behavior. For any other iterator value a const directory entry* is returned.
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Two end iterators are always equal. An end iterator shall not be equal to a non-end iterator.
The result of calling the path () member of the directory entry object obtained by dereferencing a
directory iterator is areference to a path object composed of the directory argument from which

the iterator was constructed with filename of the directory entry appended as if by operator/=.

Directory iteration shall not vyield directory entries for the current (dot) and parent (dot-dot) directories.

The order of directory entries obtained by dereferencing successive increments of a
direcfory iterator is unspecified.

10 [Note: Programs performing directory iteration may wish to test if the patlobtai
dgreferencing a directory iterator actually exists. It could be a symboli
file. Programs recursively walking directory trees for purposes of removi
erjtries may wish to avoid following symbolic links.

nedby

I Ifla file is removed from or added to a directory after the co
directory iterator for the directory, it is unspecified
incrementing the iterator will ever result in an iteratoyrefere

13.1 qirectory iterator membe

direcfory iterator() noexcept;

2 Ejfects: Constructs the end.iterator.

expli¢it directory i
directory iterato
directory iterator ng

directory iterator (cd
dirgctory optiong opt

_options options);
XK _code& ec) noexcept;

_Gbdeé& ec) noexcept;

4 Effects: For ' solves to, constructs an iterator for the first element in a
sgquencg’of dived¥ory entry elements representing the files in the directory, if any;
otherwise the.end ite

(pptions\§ dixectdry options::skip permissions denied) != directory optionst:none
and construction encéunters an error indicating that permission to access p is denied,

cqnstructs the end iterator and does not report an error.

> Throws: As specified in Error reporting (7).

[Note: To iterate over the current directory, use directory iterator (".") rather than
directory iterator ("").—end note]
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directory iterator(const directory iteratoré& rhs);
directory iterator(directory iterator&& rhs) noexcept;

8 Effects: Constructs an object of class directory iterator.

9 Postconditions: *this has the original value of rhs.

d' o e e L T B e o e o=\
1lreCory—TTceracory operacToE TCOITST OrrecCtorfy Trceracorw rirsS/y

direcfory iteratoré& operator=(directory iteratoré&& rhs) noexcept;
11 Effects: If *this and rhs are the same object, the member has no effect.
12 Ppstconditions: *this has the original value of rhs.

13 Réturns: *this.

directory iteratoré& operator++();
directory iteratoré& increment (error code& ec) noexcept;

15 Ejfects: As specified by C++14 §24.1.1 Input iterator

16 Returns: *this.
17 Throws: As specified in Error reporting\(7).
13.2 qirectory iterator non-memb ncti directory_iterator.nonmembers]

These ffunctions enable use ¢

directory_iterato§<§§§ii

3 Reéturns: iter.

range-based for statements.

iter) noexcept;

directory itera irectory iterator&) noexcept;

5 Returnsya: ; . 0.

14 (lass recu e directory iterator [class.rec.dir.itr]

An objectof type recursive directory iterator provides an iterator for a sequence of
directory entry elements representing the files in a directory and its sub-directories.

namespace std { namespace experimental { namespace filesystem { inline namespace vl {
class recursive directory iterator

{
public:
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typedef directory entry value type;
typedef ptrdiff t difference type;

typedef const directory entry* pointer;
typedef const directory entryé& reference;
typedef input iterator tag iterator category;

// constructors and destructor

recursive directory iterator() noexcept;
2 \

+ 2+ + L + <
TOry—tTce¥oTotr FST—pPocrhre—P7r7

plieit reeuraive—di
recursive directory iterator (const path& p, directory options options);
recursive directory iterator (const pathé& p,

directory options options, error code& ec) noexcept;
recursive directory iterator(const path& p, error code& ec) noexcepgty
recursive directory iterator (const recursive directory ite oré& sy ;
recursive directory iterator (recursive directory iteratord noexcept;
~recursive directory iterator();

// observers

directory options options () const;

int depth () const;

bool recursion pending() const;
const directory entryé& operator* () const;

const directory entry* operator->() cong

// modifiers
recursive directory iteratoh&

operator=(const recursive di
recursive directory iterator§

void pop () ;
void disa

The bghavior 0
otherwise specified.

[Note:|If-the directory structure being iterated over contains cycles then the end iterator may be

unreachable—end nuic]

14.1 recursive_directory_iterator members [rec.dir.itr.members]

recursive directory iterator() noexcept;

2 Effects: Constructs the end iterator.
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3 explicit recursive directory iterator (const paths p);
recursive directory iterator (const path& p, directory options options);
recursive directory iterator (const pathé& p,
directory options options, error code& ec) noexcept;
recursive directory iterator(const path& p, error code& ec) noexcept;

4 Effects: Constructs a iterator representing the first entry in the directory p resolves to, if any;
otherwise, the end iterator. However, if
(pptions & directory options::skip permissions denied) != directory optiofis}:none
anjd construction encounters an error indicating that permission to access p is denied,
cqgnstructs the end iterator and does not report an error.

> Postcondition: options () == options for the signatures with a direct tibns

argument, otherwise options () == directory options::none.

6 Throws: As specified in Error reporting (7).

7 [Note: To iterate over the current directory, use recursive

8 [Note: By default, recursive directory iter
follow directory symlinks, specify opt

directory options::follow direstor

° recurgive directory iterator (const récursiveddl
10 Effects: Constructs an obj

I Postconditions:

this->option his->depth () == rhs.depth()
&4 this->recur ) Y4 phs.recursion pending ().
12 recurgive directory itezy ve directory iterator&& rhs) noexcept;
13 Ejfects: Cans \Obj class recursive directory iterator.

14 Postcondition
return the'vdlues ?hs.options (), rhs.depth (), and rhs.recursion pending(),
regpectively, had before the function call.

—>ootions(),this—>depth(),andthis—>recursion7pending()

15 recursive directory iterator& operator=(const recursive directory iteratoré& rhs);

16 Effects: If *this and rhs are the same object, the member has no effect.

17 Postconditions:

this->options () == rhs.options () && this->depth() == rhs.depth()

&& this->recursion pending() == rhs.recursion pending().

© ISO/IEC 2015 — All rights reserved 43


https://standardsiso.com/api/?name=e1ee9fd578ebadfcee70c81d0e645b86

19

23

27

31

35

ISO/IEC TS 18822:2015(E)
© ISO/IEC

18

Returns: *this.

N4100

recursive directory iterator& operator=(recursive directory iterator&& rhs) noexcept;

20

21

22

directory options options() const;

24

25

26

int

28

29

30

32

33

34

Throws: Nothing.
bool lecursion_pend;n

Effects: If *this and rhs are the same object, the member has no effect.

Postconditions: this->options (), this->depth (), and this->recursion pending ()

refurn the values that rhs.options (), rhs.depth (), and rhs.recursion pending(),
regpectively, had before the function call.

Returns: *this.

Requires: *this != recursive directory iterator().

Returns: The value of the constructor options argument, if

directory options::none.

Throws. Nothing.

d¢pth () const;
Requires: *this != recursive direchory\i

Returns: The current dept
dgpth 0, its immediate subd

Requires: *this

Returns:
cqnstruct

Throws:Nething.

recurgive directory iterator& operator++();
recursive directory iterator& increment (error code& ec) noexcept;

36

37

Requh@s:*this != recursive directory iterator().

Effects: As specified by C++14 §24.2.3 Input iterators, except that:
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If there are no more entries at this depth, then if depth () != 0 iteration over the parent
directory resumes; otherwise *this = recursive directory iterator ().
Otherwise if recursion pending() && is directory(this->status())

&& (!is_symlink(this->symlink status())

|| (options() & directory options::follow directory symlink) !=
directory options::none) then either directory (*this)->path () is recursively
iterated into or, if

40 Returns: *this.

41 Throws: As specified in Error reporting (7).
void pop () ;

43 Requires: *this != recursive directory iter#f

44 Effects: If depth () == 0, set *this tQxecur
cgase iteration of the directory curren i
parent directory.

void dlisable recursion pending();

46 Ri
47 P

48 [ N
di

14.2 ;
[rec.d

These functions enable v

recurgive directory iterator begin (recursive directory iterator iter) noexcept;

(options () & directory options::skip permissions denied)

!= directory options::none and an error occurs indicating that permission,to
access directory (*this)->path () is denied, then directory (*this)->path() is
treated as an empty directory and no error is reported.

¢ of recursive directory iterator with range-based for statements.

Returns: iter.

recursive directory iterator end(const recursive directory iterator&) noexcept;

Returns: recursive directory iterator().
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15 Operational functions [fs.op.funcs]

Operational functions query or modify files, including directories, in external storage.

[Note: Because hardware failures, network failures, file system races, and many other kinds of errors
occur frequently in file system operations, users should be aware that any filesystem operational

functiqm, mo matter how apparently INNOCUOUS, May eNCOUNter an eIror. See LITOT TepoTting (/). —en
note]

~

15.1 Absolute [fs.op.absolute]

path gbsolute (const path& p, const pathé& base=current path());

2 Returns: An absolute path composed according to the following table

\ |® \{o\u/directory ()

p.has_root_directory() /

p root name ()
“ANabsolute (base) .root directlory ()
Pp-has root name() return p -
- - a olute (base) .relative path()

/ p.relative path()

re \_//

!p.has_root_name() absolute (b se

return

absolute (base) / p

3N () is true. —end note]

4 T

15.2 (

path = current path());

path R i

path i h&/p, const pathé& base, error code& ec);

2 Operview; Convertsy, which must exist, to an absolute path that has no symbolic link, ".", or
" | "elements.

3 Returns: A path that refers to the same file system object as absolute (p,base). For the
overload without a base argument, base is current path (). Signatures with argument ec
return path () if an error occurs.

4 Throws: As specified in Error reporting (7).
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Remarks: 'exists (p) 18 an error.

6 [Note: Canonical pathnames allow security checking of a path (e.g. does this path live in

/home/goodguy or /home/badguy?) —end note]

15.3 Copy [fs.op.copy]

void ¢opy(const pathé& from, const path& to);
void ¢opy (const pathé& from, const path& to, error code& ec) noexcept;

2 lﬁﬁ%ﬁ&‘copy(from, to, copy options::none/[, ec])

void ¢opy(const pathé& from, const path& to, copy options options
void ¢opy(const path& from, const path& to, copy options optio
err¢gr code& ec) noexcept;

4 Ptecondition: At most one constant from each option group (16 c \oppions.
> Effects:
Before the first use of £ and «t:

7 e If
(options & copy options:: != copy options::none
|| (options & copy optionssin: ( i != copy options::none,
then auto
auto t =

8 o Otherwisg omY and if needed auto t = status (to).

)
(@
Q
=
=
=
(0]
~
~J
N
—_
o)

s _other(t), Oor

&& 1s regular file(t).

14

toptions—&—copy optionsskip—symiinksr—t——copy optionstinons;
then return.
16 o« QOtherwise if 'exists (t)
&& (options & copy options::copy symlinks) != copy options::none,
thmlcopy_symlink(from, to, options).

17"« Otherwise report an error as specified in Error reporting (7).
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Otherwise if is regular file (f), then:
19 o If (options & copy options::directories only)

!= copy options::none, then return.
20 « QOtherwise if (options & copy options::create symlinks)

!= copy options::none, then create a symbolic link to the source file.

N4100

21 « Otherwise if (options & cop _options::create hard links)
!= copy options::none, then create a hard link to the source file.
22 o (ﬁheﬁNﬂeifis_directory(t),ﬂmn
copy file(from, to/from.filename (), options).
23 . (Nheﬁvme,copy_file(from, to, options).

CﬁheﬂNBeifis_directory(f) && ((options & copy optiox

!= copy options::none || options == copy optiong

25 If!exists(ththencreate_directory(to,
26 « Then, iterate over the files in from, as if by
for (directory entry& x : directg
each iteration
copy (x.path (), to/x.path().fa % copy options::un

Otherwise no effects.

ilesystem library functions called by the

implementation shall hav sument if applicable.

lling copy (7 "/dir3") would result in:

1ixT
filel

specified).

file2
dir2
file3

/dir3

©

filel
file2
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35

36

15.4 Copy file [fs.op.copy file]

bool ¢opy file(const pathé& from, const path& to);

Alternatively, calling copy ("/dirl", "/dir3", copy options::recursive) would result
in:

/dirl
filel
file2
dir2

file3

N4100

/dir3
filel
file2
dir2
file3

—end example]

bool ¢opy file(const path& from, const path& to, erro

bool ¢opy file(const pathé& from, con
bool ¢opy file(const pathé& from, con

RPnHWS:copy_file(from, to, copy options::

Throws: As specified in Error reportis

error codeé&

Precondition: At most

options. :

Effects:
as specified in Error reporting (7) if:

and*équivalent (from, to),or
d (options & (copy options::skip existing

==~C¢opy_ options::none.

10 Otherunc

copy\options::overwrite existing | copy options::update existihg))

ancthe cantonte and attreilhaitac ~Aftha f1la ¢ racalvoac ta tn tho f11a o+
O to—to TT—TO

=y ac Fa)
TTOTT VYV IOT Uy thT TUIT It oot ottr Toatoy TIICT1ITC T T Ot TOSUTV O TIIT 1T

resolves to if:

Il . lexists (to), Or
124 exists (to) and

(options & copy options::overwrite existing) != copy options::none,

or
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13 ¢ exists(to) and
(options & copy options::update existing) != copy options::none
and from is more recent than to, determined as if by use of the
last write time function.

14 QOtherwise no effects.

15 Returns: true if the from file was copied, otherwise false. The signature with argument ec
refurn false if an error occurs.

16 Throws: As specified in Error reporting (7).

17 Cpmplexity: At most one direct or indirect invocation of status (to).

15.5 Copy symlink [fs.op.copy_ symlink]

void ¢opy symlink(const pathé& existing symlink,
void ¢opy symlink(const path& existing symlink,
error code& ec) noexcept;

15.6 Create directories

bool ¢reate directorie
bool ¢reate directoiNes

2 Effects: Establishes ¢
thiat does not exist.

3 Postcondition; i

4 Returns: t

e¢ returnsdalsexf an eyror occurs.

> Thrnows: As specified in Error reporting (7).

Complexity: O(n+1) where n is the number of elements of p that do not exist.

15.7 Create directory [fs.op.create_directory]

bool create directory(const pathé& p);
bool create directory(const path& p, error code& ec) noexcept;
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