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Foreword

ISO

(the International Organization for Standardization) and IEC (the International

22:2015(E)

Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC

techpical-committees—collaberate-infields—of-mutual-nterest—Otherinternational-organizations—governmental
and jnon-governmental, in liaison with 1ISO and IEC, also take part in the work. In the fieldvof information
techpology, ISO and IEC have established a joint technical committee, ISO/IEC 4TC
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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 information technology systems that can access h1erarchlcal file systems such as those with operating

2 Conf

Conformar
conforman|

2.1 POSI

Some behavi
unspecified.

2 [Note:

or oth

Implementati

ormance [fs.conformance]

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

X conformance [fs.conform.9945]

This constitutes an "as if" rule a
er API's. —end note]

1C

ed is

itions
that do

not supporf exact POSIX behayia ovide behavior as close to POSIX behavuor as is

reasonable|given the |ifhitati ipn

cannot proyide any re 24) B 7.

4 [Note] This allo WS uSe 2|
an implementat

Implementatiqns stem.

¢ [Example'The scs
does notsupport hard links, symlinks, and many other features of more capable file systems| so
implementations are not required to support those features on the FAT file system. —end
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
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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 1t unreliable for a program to test for a precenflition
before calljng 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 referenged

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

2 « ISP/IEC 14882, Programming Latiguage <
3¢ IS

[Note: The
Standard. }
references

The operat|

This Techmi

exposition

Unless oth
included in

®  [footnotT5STX® is a registered trademark of The IEEE. MAC OS® s a registered trademark
of Apple Inc. Windows® is a registered trademark of Microsoft Corporation. This information
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]

4.3 directory [fs.def.directory]

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

other files,

4.4 file [fs.def file]

An object Wi

both. A fil¢
types of fil

4.5 file sy

4.6 file sy

The condit
modificati

4.7 filend

ISO/IEC TS 18822:2015(E)
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3 ing

out

N, Or

.[Other

The name of a file. Filenames dot and dot-dot have special meaning. The following characteristics of
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
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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]

N4100

A link (4.9) to an existing file. Some file systems support multiple hard links to a file. If the last hard
link to a file is removed, the file itself is removed.

2 [Note:

4.9 link [ffs.def.link]

A directory
link (4.19)

4.10 nati

For narrow
character s

4.11 nati
The operat|

4.12 NT(

encoded ch
the null ch

Acronym flor "null-te@a <
Jaracter typeMerinnate

4.13 oper

Behavior t

[fs.conform.

A hard link can be thought of as a shared-ownership smart pointer to a file. —end wo

r entry that associates a filename with a file. A link is either ad

ve encoding [fs.def.native.encode]

character strings, the operating system depend
frings, the implementation defined executigh\w

re]

bolic

or wide

3).

En

charT,

4.14 parent 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
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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 is operating system dependent.

4.16 pathname [fs.def.pathname]

A charactef string that represents the name of a path. Pathnames are formatted ac
pathname format grammar (8.1) or an operating system dependent native pathi

cording to'the generic

O

4.17 pathname resolution [fs.def.pathres]

Pathname tesolution is the operating system dependent mechanisn
particular file in a file hierarchy. There may be multiple pathna
[Example: [POSIX specifies the mechanism in section 4.11,P

4.18 relative path [fs.def.relative-path]
A path that is not absolute, and so only unambiguo sntifies the [ved

relative to
operating §

A type of fiile with tp fring
stored by the file is used 6 mod

2 [Note: alled symlinks. A symbolic link can be thought of as a raw
pointe &d to does not exist, the symbolic link is said to be a "danglipng"
symbgli

S Requi

Throughout this Technical Specification, char, wchar t, charlé6 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.
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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]

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

5.1 Namespaces and headers [fs.req.namespace]

The companents described in this technical specification are experimental and not part of the €+t
standard library. All components described in this technical specification are declared in namespace
std::expérimental::filesystem::v1 or a sub-namespace thereof unless q } . The
header desgribed in this technical specification shall import the contents of
std::expérimental::filesystem::v1 into std: :experimental::

2 namespace std {
nampspace experimental ({
npmespace filesystem ({
inline namespace vl {}
}
}
}

Unless othgrwise specified, references to oth 108 ibed is technical specification afe
assumed tq be qualified with std: :experifiental :(H£iY S : :v1::, and references to entities

5.2 Feature test macro

This macrag allows u
header <eyperimental/

Header <egxperimenta
3 f#defipe

[Note: The| valueo
and mm th¢ month when

e year

e version of the Technical Specification was completed. — end note]

6 Header <experimental/filesystem> Synopsis
[fs.filesystem.synopsis]

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

class path;

© ISO/IEC 2015 — All rights reserved
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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;
bool operator<=(const pathé& lhs, const path& rhs) noexcept;
bool operator> (const pathé& lhs, const path& rhs) noexcept;
bool operator>=(const pathé& lhs, const path& rhs) noexcept;

path pperator/ (const path& 1hs, const paths rns),;

templipte <class charT, class traits>
basic| ostream<charT, traits>&
operaltor<<(basic ostream<charT, traits>& os, const path& p);

templpte <class charT, class traits>
basic| istream<charT, traits>&
operaltor>> (basic istream<charT, traits>& is, path& p)

templipte <class Source>

path u8path (const Sourceé& source);
templipte <class InputlIterator>

path u8path (InputlIterator first, Inputltery

class| filesystem error;
class| directory entry;

class| directory iterator;

// en tements
direc er) noexcept;
direc i _iteratoré&) noexcept;

class

// en

recur

or range-based for statements
(recursive directory iterator iter) noexcept;
recur| i(const recursive directory iterator&) noexcept;
class

struc
{
uin
uinftmax t free;
uintmax t available;

}i

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


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

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

// operational functions

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

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

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

void copy (const pathé& from, const pathé& to);

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

error code& ec) noexcept;

bool copy file(const path& from, const pathé&
bool copy file(const path& from, const pathé& xcept;
bool copy file(const path& from, const pathé& 5
bool copy file(const path& from, const pathé&
error codeé& ec) noexcept;
void copy symlink (const pathé& existing s ink) ;
void copy symlink (const pathé& existing s Ink,
error_ codeé& ec)
bool create directories (const
bool create directories( & ec) noexcept;
bool create directory(con
bool create directory(co xror codeé& ec) noexcept;

bool st pathé& attributes) ;
bool onst pathé& attributes,
noexcept;
void sonst pathé& to, const pathé& new symlink);
void (const path& to, const path& new symlink,
error codeé& ec) noexcept;
void t 1 énst pathé& to, const pathé& new hard link);
void X ink (const path& to, const path& new hard link,
error codeé& ec) noexcept;
void % syplink (const path& to, const path& new symlink);
void 0¢ SYmlink (const pathé& to, const path& new symlink,
error codeé& ec) noexcept;
path current path();
path current path(error codeé& ec);
void current path (const pathé& p);
void current path(const pathé& p, error code& ec) noexcept;
bool exists (file status s) noexcept;
bool exists (const path& p);
bool exists(const pathé& p, error code& ec) noexcept;
bool equivalent (const path& pl, const pathé& p2);

© ISO/IEC 2015 — All rights reserved 8
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bool equivalent (const pathé& pl, const path& p2, error code& ec) noexcept;
uintmax t file size(const pathé& p);
uintmax t file size(const path& p, error code& ec) noexcept;
uintmax t hard link count (const pathé& p);
uintmax t hard link count (const path& p, error code& ec) noexcept;
bool is block file(file status s) noexcept;
bool is block file(const pathé& p);
bool 15 _DIOCK Ifile(const path& p, error code& ec) NOoexCept;
bool is character file(file status s) noexcept;
bool is character file(const path& p);
bool is character file(const path& p, error code& ec)
bool is directory(file status s) noexcept;
bool is directory(const path& p);
bool is directory(const path& p, error codeé&
bool is empty (const pathé& p);
bool is empty(const pathé& p, error code& es
bool is fifo(file status s) noexcept;
bool is fifo(const path& p);
bool is fifo(const pathé&
bool is_other(file status
bool is_other (const path§
bool
bool
bool
bool noexcept;
bool
bool
bool p, error code& ec) noexcept;
bool e status s) noexcept;
bool t pathé& p);
bool \k (const pathé& p, error code& ec) noexcept;
file [fime.Typ Write time (const pathé& p);
file [timetype t write time (const path& p, error code& ec) noexcept;
void lastYwrite time (const path& p, file time type new time) ;
void last write time(const path& p, file time type new time,
error codeé& 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

uintm
uintm

void
void

void
void

ax t
ax t

remove (const pathé& p, error code& ec)

remove all (const pathé& p);
remove all (const path& p,

const pathé&
const pathé&

rename (const pathé& from,
rename (const pathé& from,

resize file(const pathé& p, uintmax t
resize file(const pathé& p, uintmax t

error_ codeé& ec)

N4100

noexcept;

noexcept;

to);

to, error code& ec) noexcept;
size);

size, error code& ec) noexcept;

space
space

file |
file |

bool

file |
file |

path
path

path
path

trivial-(
(C++14 §2
should ens
dependent

7 Erro

Filesystem|li

system err

2 [Note:

| info
| info

status
status

status
status

space (const pathé& p);
space (const pathé& p, error codeé& ec)

status (const pathé& p);
status (const pathé& p, error code& ec)

status known (file status s) noexcept;

symlink status(const path& p);
symlink status(const path& p, error g

system complete (const pathé& p);
system complete (const path& p,

temp directory path

noexcept;

noexcept

S
itions

file

3« Uses where file system errors are truly exceptional and indicate a serious failure.
Throwing an exception is the most appropriate response. This is the preferred default
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
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> —end note]

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

7'« 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 argument
shflTbe passed to the f1ilesystem error CONSITUCIOr With a single path argument. For
fupctions with two path arguments, the first of these arguments shall be passed to the
fillesystem error constructor as the pathl argument, and the second shall be passed as the
path2 argument. The filesystem error constructor's error code 3 ent 1s set as
appropriate for the specific operating system dependent error.

§1[7.6.5.12.
9 « Dgstructors throw nothing.
Functions having an argument of type error codes e ' S pecified:
an

tons, the error codes argument is
nendent error. Otherwise, clear () is

11"« Tf & call by the implementation to ax
ertor that prevents the function from meeting'

set as appropriate for the specific o era@

Caledontheerror_coo

8 Class path [clas

An object ¢f class pat;r )

concerned
external st
particular fi

S
st in
- a

namespace vl |
clal
{
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 11
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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 () ;

// assignments

loc) ;

PETh& oOperator=(const pach& p).

pth& 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

o~

/ appends

bth& operator/=(const pathé& p);

emplate <class Source>

pathé& operator/=(const Sourceé& source) ;
template <class Source>

path& append(const Sourceé& source)
template <class Inputlteratoyp
path& append (InputlIterato i} ¢ ast) ;

t+ T

/ concatenation

bthé& operatort
emplate <clas
path& op

W’U’UB’U\

(s
(oF
3
®]
o
®
]
V)
o+
©]
]
+

Il

InputIterator last);

remove

()

path& replace filename (const pathé& replacement);
path& replace extension (const pathé& 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<Echarl>,
class Allocator = allocator<EcharT> >
basic string<EcharT, traits, Allocator>
generic string(const Allocator& a = Allocator()) const;
sltd: :string generic string() const;
sltd: :wstring generic wstring() const;
sltd: :string generic u8string() const;
sftd: :ul6string generic ulé6string() const;
sftd: :u32string generic u32string() const;
/// compare
iht compare (const path& p) const noexcept;
int compare (const string type& s) constj
int compare (const value type* s) const;
/// decomposition
ppth root name () const;
ppth root directory() const;
ppth root path() const;
ppth relative path() const;
ppth parent path () msonst;
ppth filename () c&
pth stem() const;
ppth extension
/V/ query
blpol empty
bjpol
bjpol g
blpol hg
bjpol
blool
blpo
bjpol
bpold \has e
bpol¥ is absoltlte () const;
bool 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

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

4 The value of preferred separator is the operating system dependent preferred-separator character
(8.1).

> [Example: For POSIX based operating systems, value type is char and
prefqrred separator is the slash character (/). For Windows based op¢ & Systems,
valug type iSwchar t and preferred separator is the backslash « —end
example]

8.1 path(generic pathname format grammar [path.gene

L' pathname:
roog-name root-directoryopy relative-pathopy
roqt-directory relative-pathopt
relative-path

2 root-name

An|operating system dependent name th@n i starting location for absolute patls.

Note: Many operz S W\ name\beginning with two directory-
s¢parator characte

w
—

lqcations. St@o . >SYS a single letter followed by a colon as a
drive specifi ¢ e identifing a specific device such as a disc drive. —end
npte|

4 root-directpry:
dirgctory-se

> relative-payh:
filehame

relative-path directorv-separator
yig g T

relative-path directory-separator filename

6 filename:
name
dot
dot-dot

© ISO/IEC 2015 — All rights reserved 14
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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:
ABCDEFGHIJKLMNOPQRSTUVWIXYZ
adbcde T ghi1jklImnopdgers¢TUuvVvwRIXxY Z
00123456789 . -
—tend note]
dot:
The filename consisting solely of a single period character (.)
dot-dot:
Th¢ filename consisting solely of two period charac
directory-separator:
slash
slash directory-separator
preferred-separator
preferred-separator directory-separfa
preferred-deparator:
An|operating systenmpdepen dixe ator character. May be a synonym for s/asj.
slash: Q
Thelslash characte
Multiple syccessive directs oat aracters are considered to be the same as one directory-
separator ¢harac
The filename dog 1S tga areference to the current directory. The filename dot-dot is treated as a

reference t

p the parent directory. What the filename dot-dot refers to relative to root-directory is

s,

implement

htion-defined>Specific filenames may have special meanings for a particular operating

A A

system.
8.2 path

8.2.1 path

conversions [path.cvt]

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
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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 grammar (8.1) or the native pathname format (4.11). If and only if such arguments are in the
generic forfmat and the generic format {5 Not acceptabic 10 the operating System as a native patiy,
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 e
format and generic format arguments. This is by design as it simplifies 4Se
systenps that do not require disambiguation. An implementation for ah\Operat ¢ re
disambiguation is required is permitted as an extension to distinguish betwe¢

—end|note]

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

ctories,
111 be

8.2.2 path|type and encoding conversions |path.

I Sequet epresenting paths and for membey
on erston is performed if the value type of|the

ype. Efwcoding and method of conversion for thg

For membg¢r function arguments that take chara
functions 1 :
argument g
argument g

2

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

~

[Note: This results in behavior identical to other C and C++ standard library functions
that perform file operations using narrow character strings to identify paths. Changing
this behavior would be surprising and error prone. —end note]

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

If the encofling being converted to has no representation for source characters, the resulting converted
characters,|if any, are unspecified.

8.3 path|requirements [path.req]

In addition

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

belan encoded character type. A function argume - > AN
effective range [source, end) where end is the firsti ; > equal
to[iterator traits<Source>::

4 A fharacter array that after array-to CTS.
The value type shall be an encoded
solurce shall have an effective rang with an

—

€lg

> [Note:
path:

Arguments
8.4 path

8.4.1 path

path () no

2 Effects: Constructs an object of class path.

3 Postconditions: empty ().

path (const pathé& p);
path (path&& p) noexcept;
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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).

template Kclass Source>

path (copst Sourceé& source, const locale& loc);
template Kclass InputlIterator>
path (InputIterator first, Inputlterator last, const locales&

9 Requifes: The value type of Source and InputIterator iS cha

10 Effecty: Constructs an object of class path, storing the effe X ce or the rang

[firsf,last) in pathname, after converting format if i 3 converting the

encodjng as follows:

11

14

15

If value typeiswchar t,conve
cpdecvt<wchar t, char, mbsta
performed using the codecvt<wchar

A string is t :
create a dire p

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

H Q3

1ptihl_facet fo convert ISO/IEC 8859-1 encoded 1atinl string to a wide

rc

p

character 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 path assignments [path.assign]

path& opefator=(const pathé& p):;

2 Effecty: If tnis and p are the same object, has no effect. Otherwise, mod sahhriame to

have the original value of p.pathname.
3 Returps: *this
path& opefrator=(path&& p) noexcept;

adifies pathname to
éd state. [Note: A valid

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

6  Returms: *this

template Kclass Source>
path& operator=(const So

template Kclass Source>
path& alssign (const Soixces

template Kclass InputI
path& alssign (In

8 Effect

converti

9 Returns:

8.4.3 path

The append operations use operator/= to denote their semantic etiect ot appending prejerred-
separator when needed.

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

Appends path::preferred separator to pathname unless:
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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.

8 Then appends p.native () to pathname.

9 Returfs: *this

template
path& o

template
pathé& &

template
pathé& g

I Effect}:

2 A
el

17 A

18 Returps: *this

8.4.4 path

path& ope
path& ope
path& ope
path& ope

class Source>

perator/=(const Sourceé& source) ;

class Source>

ppend (const Sourceé& source) ;

class Inputlterator>

ppend (InputlIterator first, Inputlterator last);

T

ppends path: :preferred separator to paty orthat and

hcoding if required (8.2.1), unless:

13 »
14 o
15 «
16 o

template

path& operator+=(const Sourceé& Xx);

template

<class EcharT>

path& operator+=(EcharT x);

template
path& c
template
path& c

<class Source>

oncat (const Source& x);

<class InputlIterator>

oncat (InputIterator first, Inputlterator last);

© ISO/IEC 2015 — All rights reserved
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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 . X.

7 1If the fvalue type ol effective-argument would not be path: :value type, the actual
argumlent or argument range is first converted (8.2.1) so that effective-argument has/vdlye
type path: :value type.

8  Returms: *this
8.4.5 path|modifiers [path.modifiers]
void cleajr () noexcept;

Postcondition: empty ()

2  pathé& make preferred();

3 Effecty: Each directory-separator is conve

4 Returns: *this
> [Example:
¢ path p("fo r'
sEd: :cout <X
plmake preferc¢ed
SE X
7 On an|opera 2 eferred-separator is the same as directory-separator, the

8  "Foo/ba
"Fod/bar"

On an operating system where preferred-separator is a backslash, the output is:

10 "foo/bar"
"foo\bar"

I —end example]

12 pathé& remove filename () ;
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13 Postcondition: 'has filename ().
14 Returns: *this.

15 [Example:

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

pathé& repllace filename (const pathé& replacement);

19 Effect:

20

=

emove filename () ;

berator/=(replacement) ;

[¢]

21 ReturRs: *this.

22 [Example:

23

0 0
T T
Q. O
Q Q
o O
e o
&t
ASEA
ANRAN
T 'O
[T
&t
oy
<l
H
~ O
- O
B =
O —
o]
=
(V)
Q
D
Hh
-
D
=)
of

24 —end|example]

pathé& repllace extension

26 Effectf:

27
28

29

30 Returns: *th

void swap|(pathé& rhs) Yoexcept;

// outputs "/bar"
// outputs "bar"

79

32 Effects: Swaps the contents of the two paths.

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;

Returns: pathname.

8 [Note| Conversion to string type is provided so that an object of class path ¢ i as
an argument to existing standard library file stream constructors and ogen ‘fupetions, This
provides basic interoperability without the need to modify existing
headers. —end note]

template Kclass EcharT, class traits = char traits<Eck
class Allocator = allocator<EcharT> >
basic strfing<EcharT, traits, Allocator>

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

10 Returps: pathname.

1T Rematks: All memory allocation, inclugis S valuge, shall be performed by a.
Convgrsion, if any, is specified by 8.2.

std::stripng string()

std::wstrling wstring()
std::stripng u8string()
std::ulésftring ul
std::u32sftring u32

13 Returs: pathnas

14 Rematks: Conversion
returneg

8.4.7 path|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> >
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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.

std::string generic string() const;

std::wstrfing generic wstring() const;
std::strihg generic u8string() const;
std::ulé6sftring generic ulé6string() const;
std::u32sftring generic u32string() const;

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

8 Rematks: Conversion, if any, is specified by 8.2. The encoding/6 \ ned'by

generic_u8string () is always UTF-8.

8.4.8 path|compare [path.compare]

int compajre (const path& p) const noexcept;

2 Returps: A value less than 0 if native e RENtS\Q Ais are lexicographically le
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,
otherv

3 Remark: a3 dete : qy Tteration over the half-open range [begin (),
end ()

int compa

Returi

int compa sllue type* s) const

Returns: dompaxe (pa%h(s)).

8.4.9 path 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 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 relative path() const;

9 Returps: A path composed from pathname, if !empty (), beginning with the first fileaame
after rpot-path. Otherwise, path ().

path parept path() const;

11 Returss: (empty() || begin() == --end()) ? path() as
if by %arting with an empty path and successively applying ope n
the rapge [begin (), --end ()).

path filephame () const;

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

14 [Example:

15 sgd::cout << path("/foo/bar.txt" outputs "bar.txt"
sgd::cout << path ) . LA Tenamex( outputs "/"
sgd::cout << outputs "."
sgd::cout << outputs ".."

16 —end|example] Q

path stem()

18 Returps: if £4 S a period but does not consist solely of one or two periods,
returnp the s ‘ () starting at its beginning and ending with the character
beforq th ise, returns filename ().

19 [Example:

20 std::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
2l —end example]
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path extension () const;

23 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.

24 Remarks: Implementations are permitted to define additional behavior for file systems which
append additional elements to extensions, such as alternate data streams or partitioned dataset

names:

25 [Example:

26 std::cout << path("/foo/bar.txt").extension(); // outputs ".txt"
27 —end|example]
28 [Note] The period is included in the return value so that it is poss

extendion and an empty extension. Also note that for a path
p.stgm() +tp.extension() == p.filename ().—ena

8.4.10 path query [path.query]
bool emptfy () const noexcept;

2 Returs: pathname.empty ().

bool has [root path() const

4 Returgs: !root path

bool has [Jroot name ()

6 Returss: !roo

bool has Jro

8 Returnps: |xon% .empty ()

10 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 ()

ISO/IEC TS 18822:2015(E)
N4100

bool is apsolute() const;
20 Returps: true if pathname contains an absolute path (4.1), else false.

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

bool is relative() const;

23 Returps: 'is_absolute ().
8.5 pathliterators [path.itr]

Path iteratq

A path::4
(C++14 §2

Calling an)
that object

The forwai

5 TH
6 « TH

1e(
7 o E4
8 e D

t;.ifone or mor'e trailing non-root slash characters are present.

hents of

The backward traversal order is the reverse of forward traversal.

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;

© ISO/IEC 2015 — All rights reserved
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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).

size t hagh—~vatuwe—teonstpothtprroexecepts

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

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

6 Returgs: return lhs.compare (rhs) < 0.
bool operptor<=(const path& lhs, const path& rhs) no
8  Returps: ! (rhs < 1lhs).

bool operptor> (const pathé& lhs,

10 Returms: rhs < 1lhs.

bool operptor>=(const pathé& lhs,

12 Returps: ' (1hs < rh

bool oper h& rhs) noexcept;

14 Returps: ! (

15 [Note: equivalence have different semantics.

16 Equal d by'the path non-member operator==, which considers the two patlj's
lexica asentati . Thus path ("foo") == "bar" iS never true.

17 Equivhlence is deterthined by the equivalent () non-member function, which determines iff
two paths resolve to the same file system entity. Thus equivalent ("foo", "bar") will be
true when both paths resolve to the same file.

18 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;

28
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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 RTIass charT, Crass Craits
basic ostream<charT, traits>é&
operator<K (basic ostream<charT, traits>& os, const path& p);

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

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

4 Returys: os

5 template Kclass charT, class traits>
basic istjream<charT, traits>&
operator>p (basic istream<charT, traits>& is, paf )

6 Effect}:

7  bpsic_string<charT, traits>
ip >> quoted(tmp) ;
pl= tmp;

8  Returns: is

8.6.2 path|factory f@o

1 template Kclass Soydrce
path u8path (const\SoMrde
template Kclasg
path u8path X NAst, Inputlterator last);

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

rator 1S char.

2 Requites:
Sourceandlnpu

3 Returns:

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

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

8 [Example:

FIOE

9 ArString isto be Tead from a database that s encoded im U TE-8; and used to create a
djrectory using the native encoding for filenames:

10

=

bmespace fs = std::experimental::filesystem;
Cd::string utf8 string = read utf8 data();
5::create directory(fs::u8path(utf8 string)):;

H 0

I Fpr POSIX based operating systems with the native narrow,
np encoding or type conversion occurs.

12

T¢
13 F

4 __end

9 Class

namespace vl

cla

cémst pathepl, const path& p2, error code ec);

const pathé& pathl () const noexcept;

const pathé& path2 () const noexcept;

const char* what () const noexcept;
}i

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

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

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

3 Postcondition:

Expression Value

runtfime error::what() |what arg.c_str()
codel() ec

pathfl () .empty () true

pathpP () .empty () true

4 filesystem error(const string& what arg, const path& b
5 Postcondition:

N
Expression Value < <

runtfime error::what() |what argiC str

o N

pathll () N R\i&erguéei\ red
pathp () .emptw <&

6 filesystem error (cfns LTihgé& what/arg, const pathé& pl, const pathé& p2, error c¢de ec);

7 Postcq nK
AN

Exprlession N\ \\/ Value

runtfime errorMat() what arg.c str()

code () 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_string (yif nof
empty} path2.native string()if not empty, and system error::wha rhgs’in the
returnpd string.

10 Enumerations [fs.enum]

10.1 Enum class file type [enum.file type]

I This enum|class specifies constants used to identify file types:

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

Name

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

Pseudo- mdicaging th Ms not found. [Note: The file not being foynd is
not found -1 . . ..
- /14(\)%>c0 sider erter whilg determining the type of a file. —end note]
regular 1 R/ﬁ:\é&\\ﬁ%\\/\\)
directody 2 E\lréc\}bqhe\\/
symlink 3\ %%S\\CMIG
1

block 4 Wial file
charactdrd, 5 \Sh\a}:écter special file
fifo 6 | FIFO or pipe file

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 group results in undefined behavior.

Option group controlling copy_file function effects for existing target files

Constant Value | Meaning

none 0 | (Default) Error; file already exists. A

skip exilsting 1 Do not overwrite existing file, do not r@é\\{\&{ kg S
overwritle existing| 2 | Overwrite the existing file. < >

update gxisting 4 | Overwrite the existing file if ié@l‘dc\\\t%at\he\yplacement filg.

Option group controlling copy functipé (?lifve&s\( b-@rectories

Constant Value | Meaning

AN D S
none 0 (Default)ﬁ&g\\&gy é\{) d@s

recursive 8 Recurswely CO(IZLXSU\%}%?}%’ICS and their contents.

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

Constant Vﬂt\e/ﬁ\d\eam

none <\ k (Q}Q\K\F\\P@\\)%ymbohc links.

. \ bo%c links as symbolic links rather than copying the files
copy symlinks 6
- < \1‘\a hey point to.

skip syn links< \\§2\ \Ig%re symbolic links.
()MMthﬂling copy function effects for choosing the form of copying

Constant %lue Meaning

none U (Defautty 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) | macro
none 0 There are no permissions set for the file.
owner rdad 0400 S_IRUSR | Read permission, owner
owner wyite 0200 S IWUSR | Write permission, owner /\(
owner exec 0100 s_TXUSR | Execute/search permission, g@%@{ \ \
Read, write, execute/seafc
owner all 0700 S IRWXU
- - owner read | own rlte
group rdad 040 s _IRGRP | Read permissyn,—g\lgup\\ \\)
group wiite 020 s IWGRP | Write permis<si0@r01}\\)
group exec 010 S _IXGRE @K Lgége P) mﬁ} q@roup
ad, write, execut ch by grou
group alll 070 S IRWXG ’ ’ y group,
- - group~%t oup_write | group exec
others fgead 04 <\S\ F@Tﬁ\\f\ﬁ\@ms\yn others
others Write 02 [\/\S\IWO@\ ite ission, others
others dxec 0 i %&Q{H we/search permission, others
\R%ad, write, execute/search by others;
others 411 SN\IRWXO s
- - others read | others write | others exec
all < \8&7\ \> owner all | group all | others all
set uid & W > S_1su1D | Set-user-ID on execution
set gid 02%0 S_1sGID | Set-group-ID on execution
sticky bit 01000 S_ISVTX | Operafing 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()ShaHreyﬂvesyHﬂﬁﬂﬁ

10.4 Enum class directory options [enum.directory_options]

The enum| class type directory options is a bitmask type (C++14 §17.5.2.1.3)that specifjes
bitmask constants used to identify directory traversal options. /\ &
Name Value | Meaning /\\\ \\/
(Default) Skip directO@ws\{dmled is|an
none 0
error.
follow directory symlink| 1 |Follow rather than s{k‘/p dirscto y links.
, o , irectoxies }1/ 0@ therwise result in permissipn
skip peymission denied 2
- - de ied
11 Class file status [clas t\lQ
std { namesp mespace filesystem { inline namespace|vl

namespace

cla

{
pub)

/

[0)

e type ft = file type::none,

rms prms = perms::unknown) noexcept;
ile statusé&) noexcept = default;
atus&&) noexcept = default;

st ati1c s

fiia

c+a+ncr> n

verator—{(const £i1
g \

file:status& operatorZ(file_statug&&) noexcept = default;
// observers
file type type()

perms permissions ()

const noexcept;
const noexcept;

// modifiers
void type(file type ft)
void permissions (perms prms)

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

An object of type file status stores information about the type and permissions

11.1 file status constructors [file_status.cons]

of a file.

explicit file status() noexcept;

2 Postconditions: type () == file type::none,permissions() == perms::unknown!
explicit [file status(file type ft, perms prms = perms::unknown) noexcept;

4 Postconditions: type () == ft,permissions() == prms.

11.2 file status observers [file_status.obs]

file type| type() const noexcept;

2 Returns: The value of type () specified by the postcd
constrjctor, operator=, Or type (file type) i

perms perfnissions () const noexcept;

4 Returns: The value of permissions ()

to a constructor, operators, Or permi dnction.

void type

2 Postcd

void perm

4 Postcd

12 Cla:

6ry entry [class.directory entry]

§¢ recent call to a

N4100

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

class directory entry

{
public:

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

© ISO/IEC 2015 — All rights reserved
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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 assign (const pathé& p);

void replace filename (const pathé& p);

// oblservers

const| path& path() const noexcept;

operalftor const pathé& () const noexcept;

file [status status() const;

file [status status(error code& ec) const noexcept;
file [status symlink status() const;

file |status symlink status(error code& ec) const

bool pperator<
bool pperator==
bool pperator!=
bool pperator<=
bool pperator>
bool pperator>=
privatel:
path | m path; // for expositio

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

explicit

2 Effect}:

3 Postcd

modifiers [directory entry.mods]

12.2 dirT_ctory_

void assign (const pathé& 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 status status() const;
file status status(error code& ec) const noexcept;

4 Returps: status (path() [, ec]).

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

file statps symlink status() const;
file statjps symlink status(error codeé& ec) const noexcept;

7 Returps: symlink status (path() [, ec]).

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

bool operjptor==(const directory entry& rhs)
10 Returps: m_path == rhs.m path.
bool operjptor!=(const directory entrj

12 Returpgs: m_path != rhs)

bool operptor< (congt d const noexcept;

14 Returps: m_path

bool operptor<=(co rhs) const noexcept;

16 Returns: m

bool operptor> 1 rhs) const noexcept;

18 Returms»i_path > Ths.m path.

bool operator>=(const directory entry& rhs) const noexcept;

20 Returns: m_path >= rhs.m path.
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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]

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

clafss directory iterator

{

pubflic:
tlypedef directory entry value type;
tiypedef ptrdiff t difference type;
tlypedef const directory entry* pointer;
typedef const directory entryé& reference;
tlypedef input iterator tag iterator category;

/ member functions

irectory iterator () noexcept;
xplicit directory iterator (const pathé& p);
irectory iterator (const pathé& p,
irectory iterator (const pathé& p,
irectory iterator (const pathé& p,

Q 0 O 0 O ~

O O
==
K
()
Q
o
O
=
|*<1
-
ps
(0]
Al
QL
pt
O
=
Q
O
)
0
pert
Q.
-

rhs) ;
noexcept;

O 0
=Ea=E
IR
® O
Q Q
IS
o O
ST
Ik<lk<
[SRRES
cf o
® O
nR]
ST}
o
o O

=t

onst director
onst dire Y\
irectory

irectory ite

Q0 0O Q

directory

If an iterator of type directory iterator 1s advanced past the last directory element, that iterator shall
become equal to the end iterator value. The directory iterator default constructor shall create an
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.

N4100

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 yield directory entries for the current (dot) and parent (dot-dot) directories.

The order

fdirectory entrics obtained by dereferencing SUCCesSive INcrements ot a

directory iterator is unspecified.

10 [Note:

Programs performing directory iteration may wish to test if the path obtained by

derefgrencing a directory iterator actually exists. It could be a symboli

file. P
entriey

diredq
incren
direct

directory

2 Effect|

explicit
directoryj]
directoryj]
directoryj]
directo

4 Effect}:

sequel

otherwi

(opti

y iterator () noexcept;

directory i}
| iterato
| iterator ng

| iterator (cd

_options options);
XK _code& ec) noexcept;

_Gbdeé& ec) noexcept;

and cd

V1se the.enq 1t
ons|_§ dixectdry options::skip permissions denied) != directory opti
nstruction encounters an error indicating that permission to access p is denied,

1t

pns::none

constructs the end iterator and does not report an error.

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

6 [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.

directory iteratoré& operator=(const directory iteratoré& rhs);
directory iteratoré& operator=(directory iteratoré&& rhs) noexcept;

I Effecty: If *this and rhs are the same object, the member has no effect.
12 Postconditions: *this has the original value of rhs.

13 Returps: *this.

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

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

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

These fungtions enable use ¢ range-based for statements.

directory_iterato§<§§§ii

3 Returns: iter.

iter) noexcept;

directory| itera irectory iterator&) noexcept;

14 Clasrs recursive directory iterator [class.rec.dir.itr]

An object of 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;

explicit recursive directory iterator (const pathé& p);
recursive directory iterator (const path& p, directory options options);
rEcursive directory 1terator (const path& p,

directory options options, error code& ec) noexcept;

recursive directory iterator (const path& p, error code& ec) noexcepty
recursive directory iterator (const recursive directory ite oré& xhs) ;
recursive directory iterator (recursive directory iteratord néexcept;
~recursive directory iterator();

/) observers

directory options options () const;

int depth () const;

blol recursion pending() const;
const directory entryé& operator* () const;
const directory entry* operator->() cong

/) modifiers

-

ecursive directory iteratokg
operator=(const recursive di
recursive directory iterator§

B B
O
Q Q
(o
5 B
n 0
(R
< <
Iml(D
0. 0
[y
IR
® O
Q Q
o
o O
et
|*<]
-
o
0)
o
O
et
&

<

pid pop () ;
vipid disa

The behavior 0 3 less
otherwise gpecified.

[Note: If the directory structure being iterated over contains cycles then the end iterator may be
unreachable. —end note]

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
(options & directory options::skip permissions denied) != directory options::none
and cdnsfruction encounters an error indicafing that permission to access p 1s denied,
constrjucts the end iterator and does not report an error.

> Postcndition: options () == options for the signatures with a direct tiléns

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

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

7 [Note] To iterate over the current directory, use recursive
raﬂwrthwlrecursive_directory_iterator(""L

8 [Note]By default, recursive directory iter [0

follow directory symlinks, specify opt

direqtory options::follow direstor

° recursive| directory iterator (const récursivéhdl
10 Effecty: Constructs an obj

1 Postconditions:

this>option his->depth () == rhs.depth()
&& this->recur ) Y4 phs.recursion pending ().
12 recursive| directory itegs ve directory iterator&& rhs) noexcept;
13 Effects: \Obj class recursive directory iterator.

14 Postcondition
return|the values ?hs.options (), rhs.depth (), and rhs.recursion pending(),

respedtivelyhad before the functioncall-

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

15 recursive directory iterator& operator=(const recursive directory iterator& 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().
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18 Returns: *this.

recursive directory iterator& operator=(recursive directory iterator&& rhs) noexcept;
20 Effects: If *this and rhs are the same object, the member has no effect.

2l Postconditions: this->options (), this->depth (), and this->recursion pending ()
return the values that rhs.options (), rhs.depth (), and rhs.recursion pending(),
respeqtively-had-before-the-funet

atinis Ao
lV\/l)’, 1IIAaU ULV1IVUILV UIV TUIIvUIvVIL vall.

22 ReturRs: *this.

directory| options options() const;

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

25 Returns: The value of the constructor options argument, if

direqtory options::none.

26 Throws: Nothing.

int depth|() const;
28 Requifes: *this != recursive direchory\it

29 Returps: The current dept 1i ing tra is
depth [0, its immediate subd ]

30 Throws: Nothing.
bool recursion_pend;n

32 Requifes: *this

33 Returns: x ior

construct

34 Throws:Nothing.

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

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

37 Effects: As specified by C++14 §24.2.3 Input iterators, except that:
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38 o If there are no more entries at this depth, then if depth () != 0 iteration over the parent
directory resumes; otherwise *this = recursive directory iterator ().

39« 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
(options () & directory options::skip permissions denied)

!= directory options::none and an error occurs indicating that permission tq

access directory (*this)->path () is denied, then directory (*this)->path), s
treated as an empty directory and no error is reported.

40 Returps: *this.

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

void pop () 5

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

44 Effecty: If depth () == 0, set *this tQxecur
cease |teration of the directory curren i
parenf directory.

void disaple recursion pending();

4 Requi
47 Postcq
48 [Note:

direct

14.2 recy
[rec.dir.i

These fundtions enable us€ of recursive directory iterator with range-based for statemerits.

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

3 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
function, no matter how apparently innocuous, may encounter an error. See Error reporting (7). —end
note]

15.1 Absplute [fs.op.absolute]

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

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

\\\'é:gi \ré\t/éirectory()

p.has_root_directory() /

p root name(()
/N\absolute (base) .root digectory()

p-h3s root name() return p )
- - a olute (base) .relative path()
/ p.relative path{)
D \/
return
'p.hps root name () | absolute (b se
- - absolute (base) / p
3 [Note: () is true. —end note]
4 Throws:
15.2 Canonical |
path canopi = current path());
path canopi X i
path canopi ) h&/p, const pathé& base, error code& ec);
2 Overview./Convertsyw, 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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5> Remarks: 'exists (p) is 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 copy(const pathé& from, const path& to);

3 L . ) Wed . ) . i e
void COPY[TOITST PatiTx L IoNT, CUITST pPaCtilx CO, C©Irror Ccoucx c©C/) nocXCTTpPty

2 <Eﬁkct:copy(from, to, copy options::none/[, ec]).

void copy|(const pathé& from, const path& to, copy options options
void copy|(const path& from, const path& to, copy options optio
error cpde& ec) noexcept;

4 Precopdition: At most one constant from each option group (16 . \oppions.

> Effect}:

6  Before the first use of f and t:

7 e If

(options & copy options:: != copy options::none
|| (options & copy optiong:ix ( i != copy options::ndne,
then auto
auto t =

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

s _other(t), Oor
&& 1s regular file(t).

14 If;

(options & copy options::skip symlinks) != copy options::none,
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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18 QOtherwise if is _regular file(f), then:

19 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.
21 « QOtherwise if (options & copy options::create hard links)

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

24 q

27 Q
28 Throw

29 Remal
implel

30 [Exam
31 /dirl

fil
fil

dir

22 e Qtherwise 1f is directory(t), then
copy file(from, to/from.filename (), options).
23 . Otherwise, copy file(from, to, options).

therwise ifis_directory(f) && ((options & copy optiox

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

25 o If lexists (t), then create directory(to,
26 « Then, iterate over the files in from, as if by

for (directory entry& x : directg , and for
each iteration
copy (x.path (), to/x.path().fz S copy options:

therwise no effects.

nt if applicable.

32 Calling cdpy( "/dir3") would result in:

ilesystem library functions called by thg

33 /dirl
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34 Alternatively, calling copy ("/dir1", "/dir3", copy options::recursive) would result

mn:

35 /dirl
filel
file2
dir2

file3
/dir3
filed
filp
dirp
file3

36 —end|example]

15.4 Copy file [fs.op.copy file]

bool copy| file(const pathé& from, const path& to);
bool copy| file(const path& from, const pathé& to, erro

2

3 Throws: As specified in Error reportis

bool copy| file(const pathé& from, con
bool copy| file(const pathé& from, con
error codeé&

5 Precohdition: At most [ in

optidns.

6 Effect}:

7 Reporta as specified in Error reporting (7) if:
and*équivalent (from, to),or

d (options & (copy options::skip existing
copy\options::overwrite existing | copy options::update exilsting))

==~C¢opy_ options::none.

10 Otherwise copy the contents and attributes of the file from resolves to to the file to

resolves to if:

Il . lexists (to), Or

12 ¢ 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

return{false 11 an €rror occurs.

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

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

15.5 Copy symlink [fs.op.copy_ symlink]

void copy| symlink (const pathé& existing symlink,
void copy| symlink (const pathé& existing symlink,
error code& ec) noexcept;

2 Effect]
where
3 Throw

15.6 Cre

bool crea
bool crea

2 Effect
that d

Postcd

Returi

8 It
ec retiirns(false

if an eyror occurs.

> Throws: 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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