17 Library introduction [lib.library]

This clause describes the contents ofGke Standard library how a well-formed & program makes usell
of the library, and how a conforming implementation may provide the entities in the library.

The G+ Standard library provides an extensible framework, and contains components for: languagée sup-
port, diagnostics, general utilities, strings, locales, containers, iterators, algorithms, numericg] and
input/output. The language support components are required by certain parts-6f dnegGage, such as
memory allocation (5.3.4, 5.3.5) and exception processiexgcépt.intro).

The general utilities include components used by other library elements, such as a predefined stordge allo-
cator for dynamic storage management (3.7.3). The diagnostics components provide a consistenflframe-
work for reporting errors in a#€ program, including predefined exception classes.

The strings components provide support for manipulating text represented as sequenceladrtypée]
sequences of typachar_t , or sequences of any other “character-like” type. The localization comigo-
nents extend Internationalization support for such text processing. a

The containers, iterators, and algorithms providetapgBogram with access to a subset of the most widély
used algorithms and data structures. a

Numeric algorithms and the complex number components extend support for numeric processingl The
valarray  components provide support farat-a-time processing, potentially implemented as parallél
operations on platforms that support such processing. a

Theiostreams components are the primary mechanism fer @rogram input/output. They can easily
be used with other elements of the library, particularly strings, locales, and iterators. a

This library also makes available the facilities of the Standard C library, suitably adjusted to ensurélstatic
type safety.

The following subclauses describe the definitions (17.1), and method of description (17.2) for the library.
Subclauses (17.3) and (18) through (27) specify the contents of the library, and library requirements and
constraints on both well-formedHCprograms and conforming implementations.

17.1 Definitions [lib.definitions]

— category: A logical collection of library entities. Subclauses 18 through 27 each describe a singleltate-
gory of entities within the library.

— comparison function: An operator function (13.4) for any of the equality (5.10) or relational (5:9)
operators.

— component: A group of library entities directly related as members, parameters, or return typesl For
example, the classstring and the non-member functions that operate on wide-character stringglcan
be considered thestring component

— default behavior: A description ofreplacement functioandhandler functiorsemantics. Any specific [
behavior provided by the implementation, within the scope afettpeired behaviar a

— handler function: A non-reserved functionvhose definition may be provided by a+Grogram. A O
C+ program may designate a handler function at various points in its execution, by supplying a pointer
to the function when calling any of the library functions that install handler functions (18).
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— modifier function: A class member function (9.4), other than constructors, assignment, or destrictor,
that alters the state of an object of the class. The state of an object can be obtained by using onér more
observer functions

— observer function: A class member function (9.4) that accesses the state of an object of the class$, but
does not alter that state. Observer functions are specifizhas member functions (9.4.2). g

— replacement function: A non-reserved functiomvhose definition is provided by aHCprogram. Only [0
one definition for such a function is in effect for the duration of the program’s execution, as the result of
creating the program (2.1) and resolving the definitions of all translation units (3.5).

— required behavior: A description ofreplacement functioandhandler functionrsemantics, applicablel]
to both the behavior provided by the implementation and the behavior that shall be provided by any
function definition in the program. If a function defined in & @rogram fails to meet the required
behavior when it executes, the behavior is undefined.

— reserved function: A function, specified as part of the#CStandard library, that must be defined by thé
implementation. If a € program provides a definition for any reserved function, the results are unde-
fined. Subclause 1.3 defines additional terms used elsewhere in this International Standard. O

17.2 Method of description (Informative) [lib.description]

This subclause describes the conventions used to describert¢a@dard library. It describes the strucdd

tures of the normative clauses 18 through 27 (17.2.1), conventions used to specify constraints on template
arguments(lib.template.constrainty, conventions to describe types defined by an implementation
(_lib.implementation.typeg, and other editorial conventiondib.res.and.convention}

17.2.1 Structure of each subclause [lib.structure]

Subclause 17.3.1 provides a summary of theSEandard library’s contents. Other Library clauses provide
detailed specifications for each of the components in the library, as shown in Table 10: O

Table 10—Library Categories

Clause Category

18 Language support

19 Diagnostics

20 General utilities

21 Strings

22 Localization

23 Containers

24 Iterators

25 Algorithms

26 Numerics

27 Input/output
Each Library clause contains the following elements, as appliﬁ@ble: O
— Summary
— Requirements O

— Detailed specifications
O

8%)To save space, items that do not apply to a clause are omitted. For example, if a clause does not specify any requiremeriis on tem-
plate arguments, there will be no “Requirements” subclause. |
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— References to the Standard C library O

17.2.1.1 Summar lib.structure.summar
y Yy

The Summary provides a synopsis of the category, and introduces the first-level subclauses. Eddh sub-
clause also provides a summary, listing the headers specified in the subclause and the library entities pro-
vided in each header. O

Paragraphs labelled “Note(s):” or “Example(s):” are informative, other paragraphs are normative. [

The summary and the detailed specifications are presented in the order: O

— Macros

— Values

— Types

— Classes

— Functions

— Objects O
17.2.1.2 Requirements {lib.structure.requirements]

The library can be extended by #@rogram. Each clause, as applicable, describes the requirement&lthat
such extensions must meet. Such extensions are generally one of the following: O

— Template arguments g

— Derived classes O

— Containers, iterators, and/or algorithms that meet an interface convention O

The string and iostreams components use an explicit representation of operations required of templdie argu-
ments. They use a template class nafK traits  to define these constraints. O
Interface convention requirements are stated as generally as possible. Instead of stating “class Xlhas to
define a member functiondperator++() , the interfce requires “for any objegtof classX, ++x is [
defined.” That is, whether the operator is a member or a global function is unspecified. O

Requirements are stated in terms of well-defined expressions, which define valid terms of the types that sat-
isfy the requirements. For every set of requirements there is a table that specifies an initial set of tfié valid

expressions and their semantics. Any generic algorithm that uses the requirements is described in feérms of
the valid expressions for its formal type parameters. O

In some cases the semantic requirements are presentetl @sd€. Such code is intended as a specifi¢a-
tion of equivalence of a construct to another construct, not necessarily as the way the construct must be

implemente08.5) O
17.2.1.3 Specifications (lib.structure.specifications]
The detailed specifications each contain the following elenfhts: O

— Name and brief description
— Synopsis (class definition or function prototype, as appropriate)
— Restrictions on template arguments, if any

— Decription of class invariants

zjb)Although in some cases the code given is unambiguously the optimum implementation.
The form of these specifications was designed to follow the conventions established by exidibrgr@ vendors.

[ |
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— Description of function semantics

Descriptions of class member functions follow the order (as approparpalte):

— Constructor(s) and destructor

— Copying & assignment functions

— Comparison functions

— Maodifier functions

— Observer functions

— Operators and other non-member functions

Descriptions of function semantics contain the following elements (as approﬁ??ate):

— Requires, the preconditions for calling the function

— Effects, the actions performed by the function

— Postconditions, the observable results established by the function

— Returns, a description of the value(s) returned by the function

— Throws, any exceptions thrown by the function, and the conditions that would cause the exception
Complexity, the time and/or space complexity of the function O

For non-reserved replacement and handler functions, this clause specifies two behaviors for the funcfions in
guestion: their required and default behavior. d@&tault behaviodescribes a function definition provided

by the implementation. Thequired behaviodescribes the semantics of a function definition provided by
either the implementation or a#Cprogram. Where no distinction is explicitly made in the description, the

behavior described is the required behavior. O

If an operation is required to be linear time, it means no worse than linear time, and a constant timeJopera-
tion satisfies the requirement. O
17.2.1.4 C Library (lib.structure.see.also]
Paragraphs labelled ‘& ALSO"” contain cross-references to the relevant portions of this Standard andithe
ISO C standard, which is incorporated into this Standard by reference. O
17.2.2 Other conventions (lib.conventions]

This subclause describes several editorial conventions used to describe the contentstofStaadard O
library. These conventions are for describing implementation-defined types (17.2.2.1), class and class tem-
plate member functions (17.2.2.2), private members (17.2.2.3), and convenient names (17.2.2.4).

ox 76 g
OSSUE: this subclause needs more discussion by the Library[WG. a
O
8)To save space, items that do not apply to a class are omitted. For example, if a class does not specify any comparisonfLinctions,
t8h8%re will be no “Comparison functions” subclause. O

To save space, items that do not apply to a function are omitted. For example, if a function does not specify any precdnditions,
there will be no “Requires” paragraph. |
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17.2.2.1 Type descriptions (lib.type.descriptions]

The Requirements subclauses describe names that are used to specify constraints on template afguments.
These names are used, instead of the keywalass |, to describe the types that may be supplied as argu-
ments by a & program when instantiating template components from the library.

Certain types defined in this clause are used to describe implementation-defined types. They are based on

other types, but with added constraints. O
17.2.2.1.1 Enumerated types [lib.enumerated.types]
Several types defined in Clause 27 amemerated typesEach enumerated type may be implemented agan
enumeration or as a synonym for an enumeration. O
The enumerated typsnumerated can be written: O

enum secret {
Vo, Vi, V2, V3 ...}
typedef  secret enumerated  ;

static const enumerated CO ( V0);
static const enumerated C1 ( V1);
static const enumerated C2 ( V2);
static const enumerated C3 ( V3);

Here, the name€0, C1, etc. represergnumerated elementsr this particular enumerated type. All suchl

elements have distinct values. O
17.2.2.1.2 Bitmask types (lib.bitmask.types]
Several types defined in Clause 27 hitenask types Each bitmask type can be implemented as an enu-
merated type that overloads certain operators. O
The bitmask typéitmask can be written: O

enum secret {
VO =1<<0, Vi =1<<1], V2 =1<<2, V3 =1<<3, ...}
typedef  secret bitmask ;

static const bitmask CO ( VO);
static const bitmask C1 ( V1),
static const bitmask C2 ( V2);
static const bitmask C3 ( V3);

bitmask & operator&=(  bitmask & X, bitmaskyY )
{X =( bitmask )( X & Y); return ( X); }

bitmask & operator|=( bitmask & X, bitmaskY )
{X =( bitmask )( X | Y);return( X); }

bitmask & operator’=(  bitmask & X, bitmaskyY )
{X =( bitmask )( X ™ Y); return ( X); }

bitmask operator&( bitmask X , bitmaskY )
{return (( bitmask )( X & Y));}

bitmask operator|(  bitmask X , bitmaskY )
{return (( bitmask )( X | Y);}

bitmask operator™(  bitmask X , bitmaskY )
{return (( bitmask )( X * Y));}

bitmask operator~(  bitmask X )
{return (( bitmask )~ X); }

Here, the name€0, C1, etc. represerthitmask elementfor this particular bitmask type. All such elef]
ments have distinct values such that, for any @aiandCj, Ci & Ci is nonzero and’i & Cj is zero.
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The following terms apply to objects and values of bitmask types:
— Toseta valueYin an objectXis to evaluate the expressign|= Y.
— Tocleara valueYin an objectXis to evaluate the expressign&= ~ Y.

— The valueYiis setin the objectXif the expressiotX & Yis nonzero.

17.2.2.1.3 Character sequences [(lib.character.seq]

The Standard C library makes widespread use of characters and character sequences that follow alfew uni-
form conventions:

— A letteris any of the 26 lowercase or 26 uppercase letters in the basic execution chardtter set. O

— The decimal-point characteis the (single-byte) character used by functions that convert betweéh a
(single-byte) character sequence and a value of one of the floating-point types. It is used in the charac-
ter sequence to denote the beginning of a fractional part. It is represented in this clause by alperiod,
", which is also its value in tH&" locale, but may change during program execution by a calllto
setlocale(int, const char*) , declared ir<clocale> (22.3). g

— A character sequends an array object (8.3.4that can be declared @sA[ Nl , whereT is any of the [
typeschar , unsigned char , orsigned char  (3.8.1), optionally qualified by any combinatiori]
of const orvolatile . The initial elements of the array have defined contents up to and including
an element determined by some predicate. A character sequence can be designated by a pashter value
that points to its first element. O

17.2.2.1.3.1 Byte strings (lib.byte.strings]

A null-terminated byte stringpr NTBS is a character sequence whose highest-addressed elementCwith
defined content has the value zero (dreninating nullcharacter?.o) O

Thelength of amTBsis the number of elements that precede the terminating null charactemgiyntes O
has a length of zero.

The value of anNTBsis the sequence of values of the elements up to and including the terminatingInull

character. O
A staticNTBSis anNTBS with static storage duratiot O
17.2.2.1.3.2 Multibyte strings (lib.multibyte.strings]

A null-terminated multibyte stringyr NTMBS is anNTBS that constitutes a sequence of valid multibyte chat-
acters, beginning and ending in the initial shift state.

A staticNTMBSIS anNTMBS with static storage duration. O

17.2.2.1.3.3 Wide-character sequences [lib.wide.characters]

A wide-character sequends an array object (8.3.44 that can be declared 8SA[ N, whereT is type O
wchar_t (_basic.fundmenta), optionally qualified by any combination obnst or volatile . The O
initial elements of the array have defined contents up to and including an element determined by some
predicate. A character sequence can be designated by a pointe$ tretielesignates its first element.

O
89) Note that this definition differs from the definition in ISO C subclause 7.1.1. O
90) Many of the objects manipulated by function signatures declaregbinng> (21.2) are character sequencestess. The size [
of some of these character sequences is limited by a length value, maintained separately from the character sequence.

A string literal, such aabc, is a stationTss. O
92) An nTBs that contains characters only from the basic execution character set is mis@anEach multibyte character then con-
sists of a single byte.
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A null-terminated wide-character stringr NTWCS is a wide-character sequence whose highest-addressed
element with defined content has the value 2&ko.

The length of annTwcsis the number of elements that precede the terminating null wide characterld An
emptyNTwcshas a length of zero.

Thevalue of anrnTwcsis the sequence of values of the elements up to and including the terminatinglnull

character. O
A staticNTWCSIS anNTWCS with static storage duratio!) O
17.2.2.2 Functions within classes [lib.functions.within.classes]

For the sake of exposition, Clauses 18 through 27 do not describe copy constructors, assignment operators,
or (non-virtual) destructors with the same apparent semantics as those that can be generated byl default

(12.1, 12.4, 12.8). O
It is unspecified whether the implementation provides explicit definitions for such member function gigna-
tures, or for virtual destructors that can be generated by default. O

For the sake of exposition, Clauses 18 through 27 repeat in derived class declarations any virtual mMember
functions inherited from a base class. All such declarations are enclosed in a comment that ends with
inherited, as in:

I virtual void do_raise(); inherited

If a virtual member function in the base class meets the semantic requirements of the derived class, it is
unspecified whether the derived class provides an overriding definition for the function signature. [0

17.2.2.3 Private members [lib.objects.within.classes]

Objects of certain classes are sometimes required by the external specifications of their classes to store data,
apparently in member objects. For the sake of exposition, this clause provides representative declarations,
and semantic requirements, for private member objects of classes that meet the external specifications of
the classes. The declarations for such member objects and the definitions of related member types in this
clause are enclosed in a comment that endsexftbsition only as in:

I streambuf* sb;  exposition only
Any alternate implementation that provides equivalent external behavior is equally acceptable. O

BBox 77 [

O
E’Editorial Proposal: Eliminate the “exposition only” implementation specification. Instead, describe mhem-
rber function pre- and post-conditions in terms of observer functions. Retained state, and side effedi&ito that
[state, will require careful wording. 0

17.2.2.4 Convenient names [lib.unreserved.names]

Certain types defined in C headers are sometimes needed to express declarations in other headers, where the
required type names are neither defined nor reserved. In such cases, the implementation provides a syn-
onym for the required type, using a name reserved to the implementation. Such cases are explicitly stated
in this clause, and indicated by writing the required type nanoerstant-width italic charac-

ters.

;Z) Many of the objects manipulated by function signatures declarethiohar> are wide-character sequencesioncss. O
)A wide string literal, such ds'abc" , is a statiovtwcs. O
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Certain names are sometimes convenient to supply for the sake of exposition, in the descriptions in this
clause, even though the names are neither defined nor reserved. In such cases, the implementation either
omits the name, where that is permitted, or provides a name reserved to the implementation. Such cases are
also indicated in this clause by writing the convenient narserstant-width italic characters.

For example:

The clasdilebuf |, defined in<fstream> , is described as containing the private member object: O
FILE* file ;

This notation indicates that the memligr is a pointer to the typEILE , defined in<cstdio> , butthe O
namesfile andFILE are neither defined nor reserved<fstream> . An implementation need not(]
implement classilebuf with an explicit member of typEILE* . If it does so, it can choose 1) tdl
replace the naméle with a name reserved to the implementation, and 2) to repldde with an
incomplete type whose name is reserved, such as in:

struct _Filet* _Fname;

If the program needs to have typLE defined, it must also includecstdio> , which completes the
definition of _Filet
17.3 Library-wide requirements [lib.requirements]

This subclause specifies requirements that apply to the entirBt@ndard library. Clauses 18 through 27
specify the requirements of individual entities within the library.

The following subclauses describe the library’s contents and organization (17.3.1), how well-fermed C
programs gain access to library entities (17.3.2), constraints on such programs (17.3.3), and constraints on
conforming implementations (17.3.4).

17.3.1 Library contents and organization [lib.organization]

This subclause provides a summary of the entities defined intth8t@ndard library. Subclause 17.3.1.1
provides an alphabetical listing of entities by type, while subclause 17.3.1.2 provides an alphabetical listing
of library headers.

17.3.1.1 Library contents [lib.contents]
The G+ Standard library provides definitions for the following types of entities: O
— Macros

— Values

— Types

— Templates

— Classes

— Functions

— Objects

All library entities shall be defined within the namespsice. O
The G+ Standard library provides 54 standard macros, as shown in Table 11. O

The header names (encloseckiand>) indicate that the macro may be defined in more than one hedder.
All such definitions shall be equivalent (3.2). O
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MmOoOdoooOooooood

Chssert LC_ALL NULL <cstring>  SIGILL va_arg
UFSIZ LC_COLLATE NULL <ctime> SIGINT va_end
CLOCKS_PER_SEC LC_CTYPE NULL <cwchar> SIGSEGV va_start
[EDOM LC_MONETARY offsetof SIGTERM WCHAR_MAX
[(EOF LC_NUMERIC RAND_MAX SIG_DFL WCHAR_MIN
LERANGE LC_TIME SEEK_CUR SIG_ERR WEOF <cwchar>
XIT_FAILURE L_tmpnam SEEK_END SIG_IGN WEOF <cwctype>
XIT_SUCCESS MB_CUR_MAX SEEK_SET stderr _IOFBF
[FILENAME_MAX NDEBUG setimp stdin _IOLBF
[FOPEN_MAX NULL <cstddef>  SIGABRT stdout _IONBF
E—lUGE_VAL NULL <cstdio> SIGFPE TMP_MAX
5 The G+ Standard library provides 46 standard values, as shown in Table 12:
Table 12—Standard Values
LCHAR_BIT FLT_DIG INT_MIN MB_LEN_MAX U
HAR_MAX FLT_EPSILON LDBL_DIG NPOS
DCHAR_MIN FLT_MANT_DIG LDBL_EPSILON SCHAR_MAX 0
PBL_DIG FLT_MAX LDBL_MANT_DIG SCHAR_MIN [J
[(DBL_EPSILON FLT_MAX_10 _EXP LDBL_MAX SHRT_MAX 0O
LbBL_MANT_DIG FLT_MAX_EXP LDBL_MAX_10 EXP SHRT MIN U
BL_MAX FLT_MIN LDBL_MAX_EXP UCHAR_MAX g
BL_MAX_10 EXP FLT_MIN_10_EXP LDBL_MIN UINT_MAX
[DBL_MAX_EXP FLT_MIN_DIG LDBL_MIN_10_EXP ULONG_MAX [
(DBL_MIN FLT_RADIX LDBL_MIN_DIG USHRT_MAX [
LbBL_MIN_10 EXP FLT_ROUNDS LONG_MAX U
BL_MIN_DIG INT_MAX LONG_MIN H
6 The G+ Standard library provides 51 standard types, as shown in Table 13:
Table 13—Standard Types
Eblock_t new_handler streamoff wint_t <stddef> 0
iv_t ofstream streampos wios B
ILE ostream string wios 0
filebuf ostringstream stringbuf wistream 0
(fpos_t ptrdiff_t <stddef> terminate_handler wistringstream 0
Lhvoid_t ptrdiff_t<cstddef> unexpected_handler ~wofstream U
fstream sig_atomic_t va_list wostream B
ros size_t <cstddef> wctrans_t wostringstream 0
[istream size_t <cstdio> wctype_t wstreambuf 0
Lstringstream  size_t <cstring> wfilebuf wstreampos 0
mp_buf size_t <ctime> wifstream wstring 0
div_t size_t <stddef> wint_t <cwchar> wstringbuf B
[Mmbstate_t streambuf wint_t <cwctype> 0

Oooooooogood

O

OooOooooooooagano

O

Ooooooooooogooo
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The G+ Standard library provides 68 standard template classes, as shown in Table 14:

Table 14—Standard Template classes

Chllocator mask_array U
uto_ptr messages B
ack_insert_iterator messages_byname 0

[hasic_convbuf moneypunct 0

[basic_filebuf moneypunct_byname 0

Ebasic_ifstream money_get 0
asic_ios money_put B
asic_istream multimap 0

[basic_istringstream multiset 0

[basic_ofstream numeric_limits O

Lhasic_ostream numpunct U
asic_ostringstream num_get B
asic_streambuf num_put 0

[hasic_string ostreambuf_iterator 0

[basic_stringbuf ostream_iterator 0

Ebinary_negate pointer_to_binary_function 0
inderlst pointer_to_unary_function B
inder2nd priority_queue 0

Lhits gqueue U

odecvt raw_storage_iterator B
Epodecvt_byname restrictor 0
[rollate reverse_bidirectional_iterator 0
Ltollate_byname reverse_iterator 0
|:bomplex set U

type slice_array B
Eptype_byname stack 0
[feque time_get 0
Cfront_insert_iterator  time_get_byname 0

slice_array time_put U

ndirect_array time_put_byname B
insert_iterator unary_negate 0
[istreambuf_iterator valarray 0
Listream_iterator vector 0
Uist U
Hnap H

The G+ Standard library provides 26 standard template structures, as shown in Table 15:

10 I oy

10 A I

O
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Table 15—Standard Template structs

Ebidirectional_iterator ios_conv_traits negate g 0

inary_function ios_traits not_equal_to E 0

[fonv_traits less pair 0 u

[divides less_equal plus 0 0

[kqual_to logical_and random_access_iterator ] 0

Gorward_iterator logical_not string_char_traits g 0

reater logical_or times E 0

Egreater_equal minus unary_function 0 0

Cinput_iterator modulus 0 u

9 The G+ Standard library provides 78 standard template operator functions, as shown in Table 16. O
10 Types shown (enclosed (nand) ) indicate that the given function is overloaded by that type. Numbérs

shown (enclosed ip and] ) indicate how many overloaded functions are overloaded by that type. a
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Table 16—Standard Template operators

Ebperator!: (basic_string) [5] operator< (vector)
perator!= (complex) [3] operator<< (complex)

(Pperator!= (istreambuf_iterator)  operator<< (valarray) [3]

[pperator!= (ostreambuf_iterator) operator<<=(valarray) [2]

11

[bperator!= (T)
Ebperator!: (valarray) [3]
perator% (valarray) [3]
(Pperator%= (valarray) [2]
[pperator& (valarray) [3]
[bperator&& (valarray) [3]
|:bperator&: (valarray) [2]
perator* (complex) [3]
(Pperator* (valarray) [3]
[pperator*= (complex)
[bperator*= (valarray) [2]
|:1c>perator+ (basic_string) [5]
perator+ (complex) [4]
(Pperator+ (reverse_iterator)
[Pperator+ (valarray) [3]
[bperator+= (complex)
|:1c>perator+= (valarray) [2]
perator- (complex) [4]
(Pperator- (reverse_iterator)
[pperator- (valarray) [3]
[bperator-= (complex)
Ebperator-: (valarray) [2]
perator/ (complex) [3]
Epperator/ (valarray) [3]
[pperator/= (complex)
[bperator/= (valarray) [2]
|:1c>perator< (deque)
perator< (list)
(Pperator< (map)
[pperator< (multimap)
[bperator< (multiset)
|:1c>perator< (pair)
perator< (restrictor)
(Pperator< (reverse_iterator)
[pperator< (set)
Fbperator< (valarray) [3]

operator<= (T)
operator<= (valarray) [3]
operator== (basic_string) [5]
operator== (complex) [3]
operator== (deque)
operator== (istreambuf_iterator)
operator== (istream_iterator)
operator== (list)
operator== (map)
operator== (multimap)
operator== (multiset)
operator== (ostreambuf_iterator)
operator== (pair)
operator== (queue)
operator== (restrictor)
operator== (reverse_bidir_iter)
operator== (reverse_iterator)
operator== (set)
operator== (stack)
operator== (valarray) [3]
operator== (vector)
operator> (T)
operator> (valarray) [3]
operator>= (T)
operator>= (valarray) [3]
operator>> (basic_string)
operator>> (complex)
operator>> (valarray) [3]
operator>>=(valarray) [2]
operator® (valarray) [3]
operator®= (valarray) [2]
operator| (valarray) [3]
operator|= (valarray) [2]
operator]|| (valarray) [3]

1 e e |

The G+ Standard library provides 135 standard template functions, as shown in Table 17:

I e A A I

O
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Table 17—Standard Template functions
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Lhbs (complex)

bs (valarray)
rpccumulate [2]
[acos (valarray)
Ladjacent_difference [2]
Lhdjacent_find [2]

dvance
Dallocate
rarg (complex)
Lasin (valarray)
Lhtan (valarray)

tan2(valarray) [3]

ack_inserter
[hinary_search [2]
[bind1st
Chind2nd

onj (complex)
rfonstruct
[Fopy
[topy_backward
Lkos (complex)

os (valarray)
Eposh (complex)
[rosh (valarray)
Ltount
|:&ount_if

eallocate
Eplestroy [2]
[distance
[Histance_type (istreambuf_iterator)
|:blistance_type [5]

qual [2]
rfqual_range [2]
[exp (complex)
Lexp (valarray)
il

il_n

ind
find_end [4]
find_first_of [2]
Uind_if

or_each

ront_inserter
[generate

make_heap [2]
make_pair
max [2]
max_element [2]
merge [2]
min [2]
min_element [2]
mismatch [2]
next_permutation [2]
norm (complex)
notl
not2
nth_element [2]
partial_sort [2]
partial_sort_copy [2]
partial_sum [2]
partition
polar(complex)
pop_heap [2]
pow (complex)
pow (valarray) [3]
prev_permutation [2]
ptr_fun [2]
push_heap [2]
random_shuffle [2]
real (complex)
remove
remove_copy
remove_copy_if
remove_if
replace
replace_copy
replace_copy_if
replace_if
reverse
reverse_copy
rotate
rotate_copy
search [4]
set_difference [2]
set_intersection [2]
set_symmetric_difference [2]
set_union [2]
sin  (complex)

o

I [ A A A I
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enerate_n
et_temporary_buffer
rimag (complex)
fincludes [2]
Unner_product [2]
Unplace_merge [2]
nserter
isalnum
[salpha
Uscntrl
Usdigit
Ssgraph
[islower
disprint
Lspunct
Usspace
supper
[isxdigit
[iterator_category [7]
Uexicographical_compare [2]
Uog (complex)
og (valarray)
oglO(valarray)
Cower_bound [2]

sin (valarray)
sinh (complex)
sinh (valarray)
sort [2]
sort_heap [2]
sgrt (complex)
sqrt (valarray)
stable_patrtition
stable_sort [2]
swap
swap_ranges
tan (valarray)
tanh (valarray)
tolower
toupper
transform [2]
uninitialized_copy
uninitialized_fill_n
unique [2]
unique_copy [2]
unititialized_fill
upper_bound [2]
value_type [7]

OOoooOoooooooooooooooooooooodg

12 The G+ Standard library provides 25 standard classes, as shown in Table 18.

13 Type names (enclosed nand> ) indicate that these are specific instances of templates.

Table 18—Standard Classes

|:bad_alloc exception
ad_cast gslice
ad_typeid

[romplex<double>
LCtomplex<float>
|]complex<|ong double> locale

ios_base

type<char> locale::facet vector<bool,allocator>
Eptype_byname<char> locale::id
[domain_error logic_error

length_error

out_of_range

overflow_error
invalid_argument range_error

runtime_error
slice
type_info

Oooooooooood

14 The G+ Standard library provides 21 standard structures, as shown in Table 19:

I [ I e A A

O

OooOoooooood
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Table 19—Standard Structs

Eloidirectional_iterator_tag money_base

odecvt_base money_base::pattern
rfonv_traits<wchar_t> output_iterator
[rttype_base output_iterator_tag
Lempty random_access_iterator_tag
Lorward_iterator_tag string_char_traits<char>
nput_iterator_tag string_char_traits<wchar_t>
mos4traits<wstreampos> time_base
[jos_traits<char> tm <ctime>
Uos_traits<wchar_t> tm <cwchar>

Hconv

MmOoOdooooooooodg

Table 20—Standard Operator functions

The G+ Standard library provides 18 standard operator functions, as shown in Table 20:

Ebperator delete operator<< (bits)
perator delete[] operator<< (locale)
rPperator new operator== (empty)
[pperator new (void*) operator== (vector<bool,allocator>)
Coperator new(] operator>> (bits)
Ebperator new([] (void*) operator>> (locale)
perator& (bits) operator™ (bits)
rPperator< (empty) operator| (bits)

[pperator< (vector<bool,allocator>)
foperator<< (basic_string)

The G+ Standard library provides 243 standard functions, as shown in Table 21:

Library introduction 1715

1 o s

O Oooooooogood
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Table 21—Standard Functions

Chbort
gabs
[fcos
[asctime
LAsin
Lhtan

tan2

D’;\texit
(atof
LAtoi

Chtol
search
towc

[ralloc

Lteil

Lelearerr

%Iock

[£0s

Crosh

[ttime

Lhec
ifftime

Epiv

rendl

[ends

Chxit
Xp
abs

[fclose

[feof

Uerror
lush
getc

fogetpos

[fgets

[i‘getwc
getws
ixed

floor

[flush

Umod
open

getenv oct strxfrm
getline perror swprintf
gets pow swscanf
getwc printf system
getwchar putc tan
gmtime puts tanh
hex putwc terminate
internal putwchar time
isalnum gsort tmpfile
isalpha raise tmpnam
iscntrl rand tolower
isdigit realloc toupper
isgraph remove towctrans
islower rename towlower
isprint resetiosflags towupper
ispunct rewind unexpected
isspace right ungetc
isupper scanf ungetwc
iswalnum scientific uppercase
iswalpha setbase viwprintf
iswentrl setbuf vprintf
iswctype setfill vprintf
iswdigit setiosflags vsprintf
iswgraph setlocale vswprintf
iswlower setprecision vwprintf
iswprint setvbuf wcrtomb
iswpunct setw wcscat
iswspace set_new_handler wcschr
iswupper set_terminate wesemp
iswxdigit set_unexpected wescoll
isxdigit showbase wcescpy
iterator_category = showpoint wcescespn
labs showpos wcsftime
Idexp signal wcslen
Idiv sin wcsncat
left sinh wesnemp
localeconv skipws wcesnepy
localtime sprintf wespbrk
log sqrt wcsrchr
log10 srand wcesrtombs
longjmp sscanf wcsspn
malloc strcat wcsstr

I e e e |
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O
Wprintt mblen strchr westod §
putc mbrlen strcmp wcstok E
puts mbrtowc strcoll wcstol 0
[fputwc mbsinit strcpy wcstombs 0
[fputws mbsrtowcs strcspn wcstoul 0
Hread mbstowcs strerror  wesxfrm U
ree mbtowc strftime  wctob E
reopen memchr strlen wctomb 0
[frexp memcmp strncat wctrans I
[fscanf memcpy strncmp wctype 0
Hseek memmove strncpy ~ wmemchr g
setpos memset stroul wmemcmp E
ell mktime strpbrk wmemcpy 0
(fwide modf strrchr ~ wmemmove O
Uwprintf  noshowbase strspn wmemset 0
Lhwrite noshowpoint  strstr wprintf g
scanf noshowpos strtod ws E
[vetc noskipws strtok wscanf 0
[getchar nouppercase  strtol 0
The G+ Standard library provides 9 standard objects, as shown in Table 22: a

Table 22—Standard Objects

E:err cin clog cout errno werr win wlog wout a

17.3.1.2 Headers [lib.headers]
The elements of thet€ Standard library are declared or defined (as appropriat@)s?hender
The G+ Standard library provides 33+ headersas shown in Table 23:

Table 23—C++ Library Headers

Lkalgorithm>  <functional>  <limits>  <ostream> <streambuf> U

bits> <iomanip> <list> <queue> <string> g
Efcomplex> <ios> <locale> <set> <typeinfo> 0
[Kcstream> <iosforward> <map> <sstream> <utility> 0
[kdeque> <iostream> <memory> <stack> <valarray> 0
Lkexception>  <istream> <new> <stddef> <vector> g

fstream> <iterator> <numeric> <stdexcept> E

The facilities of the Standard C Library are provided in 18 additional headers, as shown in Table 24: 0

I9) A header is not necessarily a source file, nor are the sequences delimitatidby in header names necessarily valid source filé
names (16.2).
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Table 24—C+ Headers for C Library Facilities

Lkcassert> <ciso646> <csetjmp> <cstdio> <cwchar>
0 cctype> <climits> <csignal> <cstdlib> <cwctype>
[rcerro> <clocale> <cstdarg> <cstring>

[rcfloat> <cmath> <cstddef> <ctime>

ooooo

%ox 78 B
OSSUE: Headerkciso646> is not needed: see 2.8, Table[4.

Except as noted in Clauses 18 through 27, the contents of each hewaeeshall be the same as that afl
the corresponding headaame.h , as specified in ISO C (Clause 4), or Amendment 1, (Clause 7), as
appropriate. In this& Standard library, however, the declarations and definitions are within namedpace

scope (3.3.4) of the namespate . a
Subclause C.4 describes the effects of usingainee.h (C header) form in a#€ program. a
17.3.1.3 Freestanding implementations [lib.compliance]

Two kinds of implementations are defindtbstedand freestanding(1.7). For a hosted implementation,]
this International Standard definesdescribes the set of available headers. a

A freestanding implementation is one in which execution may take place without the benefit of an operat-
ing system, and has an implementation-defined set of headers. This set shall include at least the following
8 headers:

%ox 79 B
OSSUE: TBS. Requires a definition of a freestanding environment. ad

— the headers<new>, <exception> , and <typeinfo> that provide @+ language support (as]
described in 18)

— the G+ headerscfloat> |, <climits> |, <cstdarg> , and<cstddef> a

— a version of the 6 header<cstdlib> that declares at least the functicmisort , atexit , and O
exit

17.3.2 Using the library [lib.using]

This subclause describes how-a @rogram gains access to the facilities of the &andard library. Sub-0O
clause 17.3.2.1 describes effects during translation phase 4, while subclause 17.3.2.2 describes effects dur-
ing phase 8 (2.1).

17.3.2.1 Headers [lib.using.headers]

The entities in the € Standard library are defined in headers, whose contents are made availablg to a
translation unit when it contains the appropriitelude  preprocessing directive (16.2). a

A translation unit may include library headers in any order (2). Each may be included more than once, with
no effect different from being included exactly once, except that the effect of including<eitissert> a
or<assert.h> depends each time on the lexically current definitioNDEBUG a

A translation unit shall include a header only outside of any external declaration or definition, and shall
include the header lexically before the first reference to any of the entities it declares or first defines in that
translation unit.
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17.3.2.2 Linkage [lib.using.linkage]
Entities in the @& Standard library have external linkage (3.5). Unless otherwise specified, object&l and
functions have the defaukkxtern "C  +"™ linkage (7.5). g
Objects and functions defined in the library and required by+ap@gram are included in the program
prior to program startupSEe ALSO replacement functions (17.3.3.4), run-time changes (17.3.3.5). O
17.3.3 Constraints on programs [lib.constraints]

This subclause describes restrictions e @rograms that use the facilities of therGtandard library. O

The following subclauses specify constraints on the program’s namespace (17.3.3.1), its use of headers
(17.3.3.2), classes derived from standard library classes (17.3.3.3), definitions of replacement functions
(17.3.3.4), and installation of handler functions during execution (17.3.3.5).

17.3.3.1 Reserved names [lib.reserved.names]
The G+ Standard library reserves the following kinds of names: O
17.3.4.1 Headers [lib.res.on.headers]

Certain types and macros are defined in more than one header. For such an entity, a second or subsequent
header that also defines it may be included after the header that provides its initial definition.

None of the C headers includes any of the other headers, except that each C header includes its correspond-
ing C+ header, as described above. None of theh@aders includes any of the C headers. However, any

of the G+ headers can include any of the other Geaders, and must include & @eader that contains

any needed definitioR”

17.3.4.2 Restrictions on macro definitions [lib.res.on.macro.definitions]

Only the names or global function signatures described in subclause 17.3.1.1 are reserved to the infglemen-
tation:

All object-like macros defined by theHCStandard library and described in this clause as expanding to inte-
gral constant expressions are also suitable for ug#d inpreprocessing directives, unless explicitly statéd
otherwise.

17.3.4.3 Global functions [lib.global.functions]

A call to a global function signature described in this clause behaves the same as if the implementation
declares no additional global function signatd]oé%.

IOt is not permissible to remove a library macro definition by usingttimelef directive. O
The list of such reserved names includeso , declared or defined icerrno> . |
The list of such reserved function signatures with external linkage incketgap(jmp_buf) , declared or defined in O

<csetjmp> , andva_end(va_list) , declared or defined icstdarg>

Including any one of the#€ headers can introduce all of the-@eaders into a translation unit, or just the one that is named inlthe
#include preprocessing directive.
100 A global function cannot be declared by the implementation as taking additional default arguments. Also, the use of masking
macros for function signatures declared in C headers is disallowed, notwithstanding the latitude granted in subclause 7.1.7 of the C
Standard. The use of a masking macro can often be replaced by defining the function sigmdituee as O
A valid C+ program always calls the expected library global function. An implementation may also define additional global
functions that would otherwise not be called by a validgogram.
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17.3.4.4 Member functions [lib.member.functions]
An implementation can declare additional non-virtual member function signatures within a class:

— by adding arguments with default values to a member function signature described in this clause;
Hence, taking the address of a member function has an unspecified type. The same latitnde does
extend to the implementation of virtual or global functions, however.

— by replacing a member function signature with default values by two or more member function signa-
tures with equivalent behavior;

— by adding a member function signature for a member function name described in this clause.

A call to a member function signature described in this clause behaves the same as if the implementation
declares no additional member function signatﬂl%)s.

17.3.4.5 Reentrancy [lib.reentrancy]
Which of the functions in the+€ Standard Library are noeentrant subroutiness implementation- [
defined. O
17.3.4.6 Protection within classes [lib.protection.within.classes]
It is unspecified whether a member described in this clause as private is private, protected, or public. It is
unspecified whether a member described as protected is protected or public. O

ox 82 B |
[Does this makanysense?] N

A member described as public is always public.

It is unspecified whether a function signature or class described in this clause is a friend of another class
described in this clause.

17.3.4.7 Derived classes [lib.derivation]

Certain classes defined in this clause are derived from other classes-in 8tar@ard library: g

— It is unspecified whether a class described in this clause as a base class is itself derived from other base
classes (with names reserved to the implementation). O

— It is unspecified whether a class described in this clause as derived from another class is derived from
that class directly, or through other classes (with names reserved to the implementation) that are derived
from the specified base class.

In any case:
— A base class described as virtual in this clause is always virtual;
— A base class described as non-virtual in this clause is never virtual,

— Unless explicitly stated otherwise, types with distinct names in this clause are distin&f)??/pes.

02) A valid G program always calls the expected library member function, or one with equivalent behavior. An implementation
riﬁoaés also define additional member functions that would otherwise not be called by avaidgam.
An implicit exception to this rule are types described as synonyms for basic integral types s&eth asandstreamoff . O
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Restrictions on exception handling
17.3.4.8 Restrictions on exception handling [lib.res.on.exception.handling]

Any of the functions defined in the-CStandard library can report a failure to allocate storage by throwihg
an exception of typbad_alloc , or a class derived frotrad_alloc

Otherwise, none of the functions defined in the Standard library throw an exception that must be caught
outside the function, unless explicitly stated otherwise.

ox 83 B
OSSUE: aren't these two statements conveyed by exception specifications? a







18 Language support library [lib.language.support]

This clause describes the function signatures that are called implicitly, and the types of objects generated
implicitly, during the execution of someHCprograms. It also describes the headers that declare these
function signatures and define any related types.

The following subclauses describe common type definitions used throughout the library, characterisiics of
the predefined types, functions supporting start and termination ef arG@gram, support for dynamicl
memory management, support for dynamic type identification, support for exception processing, and other
runtime support, as summarized in Table 25: a

Table 25—Language support library summary

U Subclause Header(s) S
= <stddef>
O

%8'1 Types <cstddef> 0

g <limits> g

%].8.2 Implementation properties <climits> E

0 <cfloat> 0

[18.3 Start and termination <cstdlib> O

';tL8.4 Dynamic memory management<new> H

E{l8.5 Type identification <typeinfo> 0

E18.6 Exception handling <exception> B

E <cstdarg> 0

O <csetjmp> 0

(118.7 Other runtime support <ctime> O

0 <csignal> u

H <cstdlib> H
18.1 Types [lib.support.types]
Common definitons.
Headerstddef> (Table 26): a

Table 26—Header <stddef> synopsis

0 Type Name(s)
E‘l’ypes:

[rapacity ptrdiff_t <stddef> wint_t <stddef>
Hvoid_t size_t <stddef>

mOoOood
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Headercstddef> (Table 27): g

Table 27—Header <cstddef> synopsis

U Type Name(s) S
H\/Iacros: NULL <cstddef> offsetof 0
drypes: ptrdiff_t<cstddef> size_t <cstddef> g 0

The headekstddef> defines a constant and several types used widely throughout-thBt&hdard O
library. Some are also redundantly defined in C headers. O

SEE ALSO subclauses 5.3.3 and 12.5.

18.1.1 Values [lib.stddef.values]
const size_t NPOS = (size_t)(-1);

which is the largest representable value of gipe t . ad
18.1.2 Types [lib.stddef.types]
typedef void fvoid_t();

The typefvoid_t  is a function type used to simplify the writing of several declarations in this clause.d

H?JOX 84 g
O0SSUE: This type is not used anywherg. a

typedef T ptrdiff_t;

The typeptrdiff_t is a synonym folT, the implementation-defined signed integral type of the resultbf
subtracting two pointers.

H?JOX 85 E
OSSUE: This introduces a needless redundancy witstddef> . [ a

typedef T size t;

The typesize_t is a synonym folT, the implementation-defined unsigned integral type of the resultlof

thesizeof operator. O
EBOX 86 B
JSSUE: This introduces a needless redundancy witliime>, <cstddef>, <cstdio> , and J
[(kcstring> . 0

typedef T wint t;
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The typewint_t is a synonym forT, the implementation-defined integral type, unchanged by intedral
promotions, that can hold any value of typehar t as well as at least one value that does not correspond

to the code for any member of the extended characttf4et. O
%ox 87 E |
OSSUE: This introduces a needless redundancy witlwchar> and<cwctype> . 0O N

SEE ALSO subclause 5.3.3, Sizeof, subclause 5.7, Additive operators, and ISO C subclause 7.1.6. [

18.2 Implementation properties [lib.support.limits]
Limits. O
18.2.1 Numeric limits (lib.limits]

Header<limits>  synopsis

namespace std {
template<class T> class numeric_limits;
enum float_rounds_style;

class numeric_limits<bool>;

class numeric_limits<char>;

class numeric_limits<short>;

class numeric_limits<int>;

class numeric_limits<long>;

class numeric_limits<float>;

class numeric_limits<double>;
class numeric_limits<long double>;

OOoOoooooogoooono

O

SEE ALSO subclause 3.8.1.

18.2.1.1 Template classumeric_limits ({lib.numeric.limits]

namespace std {
template<class T> class numeric_limits {
public:
static const bool is_specialized = false;
static T min();
static T max();

OoOoOooodg

static const int  digits = implementation-defined
static const int digits10 = implementation-defined
static const bool is_signed = implementation-defined
static const bool is_integer = implementation-defined
static const bool is_exact = implementation-defined
static const int radix = implementation-defined
static T epsilon();

static T round_error();

OoOoooOoogono

9% The extra value is denoted by the ma@r&OFdefined in<cwchar> . It is permissible foWWEORo be in the range of values
representable bychar_t .
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Template classnumeric_limits

static const int min_exponent = implementation-defined
static const int min_exponent10 = implementation-defined
static const int max_exponent = implementation-defined
static const int max_exponent10 = implementation-defined
static const bool has_infinity = implementation-defined
static const bool has_quiet_ NaN = implementation-defined
static const bool has_signaling_NaN = implementation-defined
static const bool has_denorm = implementation-defined

static T infinity();

static T quiet_NaN();
static T signaling_NaN();
static T denorm_min();

static const bool is_iec559 = implementation-defined
static const bool is_bounded = implementation-defined
static const bool is_modulo = implementation-defined

static const bool traps implementation-defined

I |

static const bool tinyness_before= implementation-defined
static const float_round_style round_style = implementation-defined
2
}
The membeis_specialized makes it possible to distinguish between scalar types, which have [Spe-

cializations, and non-scalar types, which do not.

The membersadix , epsilon() , andround_error() shall have meaningful values for all floating]
point type specializations.

For types withhas_denorm == false , the membedenorm_min()  shall return the same value a8l
the membemin() . O
The defaulhumeric_limits<T> template shall have all members, but with meaninglessfilser ) O
values. O
18.2.1.2 numeric_limits members ({lib.numeric.limits.members]

static T min();

Minimum finite value%o‘r’)

For floating types with denormalization, returns the minimum normalized \dgaerm_min()

Meaningful for all specializations in whichisrbounded == true , Is_bounded == false &&
is_signed == false

oo o o

static T max();

Maximum finite valuel.oe)

Meaningful for all specializations in whidgs_bounded == true

static const int  digits;

iUb)EquivaIent to CHARMIN, SHRT_MIN, FLT_MIN, DBL_MIN, etc.
06) Equivalent to CHARMAX, SHRT MAX, FLT_MAX, DBL_MAX, etc.
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Number ofradix digits which can be represented without change.
For built-in integer types, he number of non-sign bits in the representation.

For floating point types, the numberrafdix digits in the mantisst®”)
static const int  digits10;

Number of base 10 digits which can be represented without cﬁ?ﬁ]ge.

10

11
12

13
14

15

16

17
18
19

20
21

22

Meaningful for all specializations in whidgs _bounded == true
static const bool is_signed;

True if the type is signed.

Meaningful for all specializations.
static const bool is_integer;

True if the type is integer.

Meaningful for all specializations.

static const bool is_exact;

True if the type uses an exact representation. All integer types are exact, but not vice versa. For eXample,

rational and fixed-exponent representations are exact but not integer. O
Meaningful for all specializations. O
static const int radix;

For floating types, specifies the base or radix of the exponent representation (6??én 2). O
For integer types, specifies the base of the represen}é?l)on.

Meaningful for all specializations.

static T epsilon();

Machine epsilon: the difference between 1 and the least value greater than 1 that is reprgs]éntable. O
Meaningful only for floating point types.

static T round_error();

Measure of the maximum rounding ertof) O

static const int min_exponent;

W) Equivalent to FLTMANT _DIG, DBL_MANT _DIG, LDBL_MANT _DIG.
108) £ yuivalent to FLTDIG, DBL_DIG, LDBL_DIG.

109)Equivalent to FLTRADIX.

llO)Distinguishes types with bases other than 2 (e.g. BCD).
111) g quivalent to FLTEPSILON, DBL EPSILON, LDBL EPSILON.

112)This has a precise definition in the Language Independent Arithmetic (LIA-1) standard. Required by LIA-1.



23
24

25
26

27
28

29
30

31
32
33

34
35
36

37
38
39

40
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Minimum negative integer such thaidix raised to that power is in rang;gf)

Meaningful only for floating point types.
static const int min_exponent10;

Minimum negative integer such that 10 raised to that power is in ?’éf}?ge.

Meaningful only for floating point types.
static const int max_exponent;

Maximum positive integer such thatdix raised to that power is in ranﬂ;@

Meaningful only for floating point types.
static const int max_exponent10;

Maximum positive integer such that 10 raised to that power is in }&ﬁ)ge.

Meaningful only for floating point types.
static const bool has_infinity;

True if the type has a representation for positive infinity.
Meaningful only for floating point types.

Shall betrue for all specializations in whicis_iec559 == true
static const bool has_quiet_NaN;

True if the type has a representation for a quiet (hon-signaling) “Not a Nurb@r.”
Meaningful only for floating point types.

Shall betrue for all specializations in whicis_iec559 == true
static const bool has_signaling_NaN;

True if the type has a representation for a signaling “Not a Numb&.”
Meaningful only for floating point types.

Shall betrue for all specializations in whicis_iec559 == true
static const bool has_denorm,;

True if the type allows denormalized values (variable number of exponer?tlghs).

IS)Equivalent to FLTMIN_EXP, DBL MIN_EXP, LDBL_MIN_EXP.

114) Equivalent to FLTMIN_10 EXP, DBL MIN_10_EXP, LDBL_MIN_10 EXP.
115) quivalent to FLTMAX_EXP, DBL MAX_EXP, LDBL_MAX_EXP.

116) Equivalent to FLTMAX _10 EXP, DBL MAX 10 EXP, LDBL_MAX_10 EXP.
117)Required by LIA-1.

118) pequired by LIA-L.

119)Required by LIA-1.

members
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Meaningful only for flotaing point types. O
static T infinity();

Representation of positive infinity, if availapie?)

Meaningful only in specializations for which fShatinity == true. Required in specializations for 0O
which is_iec559 == true 1. O
static T quiet_NaN();

Representation of a quiet “Not a Number,” if availabfd) O
Meaningful only in specializations for whidtas_quiet_NaN == true . Required in specializations]
for whichis_iec559 == true . O
static T signaling_NaN();

Representation of a signaling “Not a Number,” if availatfe) O
Meaningful only in specializations for whittas_signaling_NaN == true . Required in specializa-O
tions for whichis_iec559 == true . O
static T denorm_min();

Minimum denormalized valut®®

Meaningful for all floating point types.

In specializations for whichas_denorm == false , returns the minimum normalized value. O

static const bool is_iec559;

True if and only if the type adheres to IEC 559 stand&h.

Meaningful only for floating point types.
static const bool is_bounded;

True if the set of values representable by the type is fifitleAll built-in types are bounded, this membel
would be false for arbitrary precision types. O

Meaningful for all specializations. O
static const bool is_modulo;

True if the type is modul?® A type is modulo if it is possible to add two positive humbers and have a
result which wraps around to a third number which is less. O

l‘U)Required by LIA-1.

12]')Required by LIA-1.

122) pequired by LIA-L.

123)Required by LIA-1.

124 International Electrotechnical Commission standard 559 is the same as IEEE 754.
5)Required by LIA-1.

126)Required by LIA-1.
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Generally, this idalse for floating typestrue for unsigned integers, andie for signed integers on[d
most machines. O

Meaningful for all specializations. O
static const bool traps;

true if trapping is implemented for the tyfj@

Meaningful for all specializations.
static const bool tinyness_before;

true if tinyness is detected before roundi]r?a?

Meaningful only for floating point types.

static const float_round_style round_style;

The rounding style for the tyr}é.g) O
Meaningful for all floating point types. Specializations for integer types shall refurn
round_toward_zero . O
18.2.1.3 Typdloat_round_style (lib.round.style]

namespace std {
enum float_round_style {
round_indeterminate =-1,

round_toward_zero = 0,

round_to_nearest = 1,

round_toward_infinity = 2,

round_toward_neg_infinity = 3

%

}
18.2.1.4 numeric_limits specializations [lib.numeric.special]
Specializations shall be provided for all scalar numeric types, both floating point and integer, including
bool . The member is_specialized shall be true for all such specializations of{J
numeric_limits . O
Non-scalar types such asmplex<T> shall not have specializations. g

All members shall be provided for all specializations. However, many values are only required to belthean-
ingful under certain conditions (for exampdpsilon() is only meaningful iis_integer isfalse ). O
Any value which is not “meaningful” must be set to Ofalse . O

For example, O

l“)Required by LIA-1.
gg)Refer to IEC 559. Required by LIA-1.
9)Equivalent to FLTROUNDS. Required by LIA-1.
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numeric_limits specializations

static const int
static const int
static const int
static const int

min_exponent =
min_exponent10 =
max_exponent =
max_exponent10 =

static const bool has_infinity =
static const bool has_quiet_NaN =
static const bool has_signaling_NaN =
static const bool has_denorm =

static T infinity();

static T quiet_NaN();
static T signaling_NaN();
static T denorm_min();

static const bool is_iec559
static const bool is_bounded
static const bool is_modulo

static const bool traps

static const bool tinyness_before=
static const float_round_style round_style =

namespace std {

class numeric_limits<float> {

public:

static const bool is_specialized = true;

implementation-defined
implementation-defined
implementation-defined
implementation-defined

implementation-defined
implementation-defined
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implementation-defined

implementation-defined

implementation-defined
implementation-defined
implementation-defined

implementation-defined
implementation-defined

implementation-defined

inline static float min() { return 1.17549435E-38F; }
inline static float max() { return 3.40282347E+38F; }

static const int digits = 24;
static const int digits10 = 6;

static const bool is_signed = true;
static const bool is_integer = false;
static const bool is_exact = false;

static const int radix = 2;

inline static float epsilon()

{return 1.19209290E-07F; }

inline static float round_error() { return 0.5F; }

18.2.2 C Library

Headerclimits>

(Table 28):

lib.c.limits]

O0oOOdoOoOoooooooooooooooooodg
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Table 28—Header <climits>  synopsis

0 Type Name(s) g
éJaIues: E
[CHAR BIT INT_MAX  LONG_MIN SCHAR_MIN UCHAR_MAX USHRT_MAX
[CHAR_MAX INT_MIN  MB_LEN_MAX SHRT MAX  UINT_MAX 0

FCHAR_MIN LONG_MAX SCHAR_MAX SHRT MIN  ULONG_MAX

The contents are the same as the Standard C library.

Headercfloat> (Table 29):

Table 29—Header<cfloat> synopsis

0 Type Name(s) S
E\/alues: 0
[PBL_DIG DBL_MIN_DIG FLT_MIN_10 EXP LDBL_MAX_10 EXP [
[DBL_EPSILON FLT DIG FLT_MIN_DIG LDBL_MAX_EXP 0
LbBL_MANT_DIG FLT_EPSILON FLT_RADIX LDBL_MIN g
BL_MAX FLT_MANT_DIG FLT_ROUNDS LDBL_MIN_lO_EXPg
BL_MAX_ 10 EXP FLT_MAX LDBL_DIG LDBL_MIN_DIG 0
[PBL_MAX_EXP FLT_MAX_10 EXP LDBL_EPSILON 0
(DBL_MIN FLT_MAX_EXP LDBL_MANT_DIG 0
FPBL_MIN_10 EXP FLT_MIN LDBL_MAX H
The contents are the same as the Standard C library. O
SEE ALSO ISO C subclause 7.1.5,5.2.4.2.2,5.2.4.2.1. O
18.3 Start and termination [lib.support.start.term]
Headercstdlib>  (partial), Table 30: g
Table 30—Header<cstdlib>  synopsis
0 Type Name(s) S
H\/Iacros: EXIT_FAILURE EXIT_SUCCESS
Frunctions:  abort atexit exit ]
The contents are the same as the Standard C library, with the following changes: O
18.3.1 atexit (lib.atexit]
atexit(void (* f)(void))
The functionatexit , has additional behavior in this International Standard: O

— For the execution of a function registered watexit , if control leaves the function because it praJ
vides no handler for a thrown exceptiterminate() is called (18.6.1.3). O
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18.3.2 exit lib.exit]
exit(int status )
The functionexit has additional behavior in this International Standard: a

— Firstl,s%ll functionsf registered by callingtexit( ), are called, in the reverse order of their registra-
tion.

— Next, all static objects are destroyed in the reverse order of their construction. (Automatic objeCts are
not destroyed as a result of callirl ])?exit

— Next, all open C streams (as mediated by the function signatures declagsddio> ) with unwrit- [0
ten buffered data are flushed, all open C streams are closed, and all files created byngdila{y O
are removed>?

— Finally, control is returned to the host environment.stitus is zero orEXIT_SUCCESS an [

implementation-defined form of the statsigccessful termination is returned. Ifstatus is 0O
EXIT_FAILURE, an implementation-defined form of the statumsuccessful termination is
returned. Otherwise the status returned is implementation-déﬁﬁ)ed.
The functionexit never returns to its caller. O
SEE ALSO subclauses 3.6, 3.6.3, ISO C subclause 7.10.4. O
18.4 Dynamic memory management [lib.support.dynamic]

The headeknew> defines several functions that manage the allocation of dynamic storage in a program.
It also defines components for reporting storage management errors. O

Header <new> synopsis

#include <cstdlib> // for size t a
#include <stdexcept> // for runtime_error a
namespace std { a
void* operator new(size_t size ); a
void operator delete(void* ptr ); a
void* operator new[](size_t size ); a
void operator delete[](void* ptr ); a
void* operator new (size_t size , void* ptr ); a
void* operator new[](size_t size , void* ptr ); a
class bad_alloc; a
typedef void (*new_handler)(); O
new_handler set_new_handler(new_handler new_p); a
} a
SEE ALSO subclauses 1.5, 3.7.3, 5.3.4, 5.3.5, 12.5, subclause 20.4, Memory. O
1397 A function is called for every time it is registered. The function signaatexit(void (*)()) , is declared in O
<c%d|ib>

3 Automatic objects are all destroyed in a program whose funoi&in contains no automatic objects and executes the calllio

xit . Control can be transferred directly to suchain by throwing an exception that is caughtiain .

32)Any C streams associated witlm , cout , etc (lib.header.iostream are flushed and closed when static objects are destroyedlin

th3e3§)revious phase. The function signatompfile() is declared irccstdio> . O
The macro£XIT_FAILURE andEXIT_SUCCESSare defined irccstdlib> . O

I
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Storage allocation and deallocation

18.4.1 Storage allocation and deallocation [lib.new.delete]
18.4.1.1 Single-object forms [lib.new.delete.single]
18.4.1.1.1operator new [lib.op.new]
void* operator new(size_t size );

Theallocation function(3.7.3.1) called by aew-expressiofb.3.4) to allocatesize bytes of storage suit-0

ably aligned to represent any object of that size. O
Notes: Replaceable: a#€ program may define a function with this function signature that displaces the
default version defined by theHCStandard library. O

Required behavior: Return a pointer to dynamically allocated storage (3.7.3). O

Default behavior: Executes a loop:

— Within the loop, the function first attempts to allocate the requested storage. Whether the ditempt
involves a call to the Standard C library functioalloc is unspecified. O

— Returns a pointer to the allocated storage if the attempt is successful. Otherwise, if the last argument to
set_new_handler() was a null pointer, the result is implementation-defi]rra’é%l.

— Otherwise, the function calls the curremw_handler (_lib.new.handler). If the called function
returns, the loop repeats.

— The loop terminates when an attempt to allocate the requested storage is successful or when a called
new_handler function does not return.

18.4.1.1.20perator delete [lib.op.delete]
void operator delete(void* ptr );

Thedeallocation functiorf3.7.3.2) called by delete-expressioto render the value gftr invalid. g
Notes: Replaceable: a#€ program may define a function with this function signature that displaces the
default version defined by theHCStandard library. O
Required behavior: accept a value optr that is null or that was returned by an earlier call fd

operator new(size_t) . O

Default behavior:
— For a null value optr , do nothing.

— Any other value ofptr shall be a value returned earlier by a call to the defjao’apbperator g

new(size_t) . For such a non-null value ptr , reclaims storage allocated by the earlier call to the
defaultoperator new(size_t) . O
It is unspecified under what conditions part or all of such reclaimed storage is allocated by a subsequent call
to operator new(size_t) or any ofcalloc , malloc , orrealloc , declared irccstdlib> . g
13%) A common extension whenew_handler is a null pointer is foloperator new(size_t) to return a null pointer, in O
?ggs)rdance with many earlier implementations-af C
The value must not have been invalidated by an intervening aalet@tor delete(size_t) , or it would be an invalid O

argument for a6 Standard library function call.
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18.4.1.2 Array forms [lib.new.delete.array]
18.4.1.3 operator new(] [lib.op.new.array]
void* operator new[](size_t size );

The allocation function(3.7.3.1) called by the array form ofreew-expressiorn5.3.4) to allocatesize O

bytes of storage suitably aligned to represent any array object of that size or Stnaller. O
Notes: Replaceable: a+#€ program can define a function with this function signature that displaces the
default version defined by theHCStandard library. O

Required behavior: Same as fooperator new(size_t) . O

Default behavior: Returnsoperator new(  size ).
18.4.1.4 operator delete][] [lib.op.delete.array]
void operator delete[](void* ptr );

The deallocation function3.7.3.2) called by the array form ofdalete-expressioto render the value of

ptr invalid. O
Notes: Replaceable: a+#€ program can define a function with this function signature that displaces the
default version defined by theHCStandard library. O
Required behavior: accept a value optr that is null or that was returned by an earlier call fd

operator new[](size_t) . O

Default behavior:
— For a null value optr , does nothing.

— Any other value ofptr shall be a value returned earlier by a call to the defjaoﬁpbperator g
new[](size_t) . For such a non-null value ptr , reclaims storage allocated by the earlier call b
the defaulbperator new[](size_t)

It is unspecified under what conditions part or all of such reclaimed storage is allocated by a subsequeént call
to operator new(size_t) or any ofcalloc , malloc , orrealloc , declared ir<cstdlib>
18.4.1.5 Placement forms [lib.new.delete.placement]

These functions are reserved,#& @rogram may not define functions that displace the versions in the Stan-
dard G+ library.

18.4.1.5.1 Placemeraperator new [lib.placement.op.new]
void* operator new(size_t size , void* ptr );
Returns: ptr . g
13%)1tis not the direct responsibility @perator new[](size_t) or operator delete[](void*) to note the repetition O
count or element size of the array. Those operations are performed elsewhere in thevaaagidelete expressions. The array
new expression, may, however, increasedfre argument twperator new[](size_t) to obtain space to store supplemental
infosmation.

The value must not have been invalidated by an intervening caefpamtor delete[](size_t) , or it would be an O

invalid argument for a-€€ Standard library function call.
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18.4.1.5.2 Placemeraperator new[] [lib.placement.op.new.array]
void* operator new[](size_t size , void* ptr );

Returns: ptr . g
18.4.2 Storage allocation errors [lib.alloc.errors]
18.4.2.1 Clasbad_alloc [lib.bad.alloc]

namespace std {
class bad_alloc : public runtime_error {
public:
bad_alloc();
virtual ~bad_alloc();
virtual string what() const;
private:
/I static string alloc_msg ; exposition only

h
}

OoOoooooooOooo

The clasdad_alloc  defines the type of objects thrown as exceptions by the implementation to report a
failure to allocate storage.

HBox 88

[(For the sake of exposition, the maintained data is presented here as:

O
[ static string alloc_ msg , an object of typestring  whose value is intended to brief

0 describe an allocation failure, initialized to an unspecified value.

O

D]]I:IE

HE-

18.4.2.1.1bad_alloc  constructor [lib.cons.bad.alloc]
bad_alloc();

Effects: Constructs an object of clagoc , initializing the base class witlaintime_error() . O
18.4.2.1.2bad_alloc::what [lib.bad.alloc::what]

virtual string what() const;

Returns: An implementation-defined valdg® O
18.4.2.2 Typenew_handler [lib.new.handler]
typedef void (*new_handler)();

The type of éhandler functiorto be called byperator new() or operator new[]() when they O
cannot satisfy a request for addtional storage. O
Required behavior: A new_handler shall perform one of the following:

— make more storage available for allocation and then return;
— throw an exception of typead_alloc  or a class derived frotmad_alloc ;

— call eitherabort()  orexit() ;

135)p possible return value &alloc_msg . O
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Default behavior: The implementation’s defaulinew_handler  throws an exception of typel
bad_alloc

18.4.2.3set_new_handler [lib.set.new.handler]
new_handler set_new_handler(new_handler new_p);
Effects: Establishes the function designatedriayy_p as the currentew_handler . O

Returns the previousew_handler

18.5 Type identification [lib.support.rtti]

The headextypeinfo>  defines two types associated with type information generated by the impleiien-
tation. It also defines two types for reporting dynamic type identification errors. O

Header<typeinfo>  synopsis

#include <stdexcept> // for logic_error a
namespace std { a
class type_info; O
class bad_cast; O
class bad_typeid; a
} g
SEE ALSO subclauses 5.2.6, 5.2.7.
18.5.1 Type information [lib.rtti]
18.5.1.1 Classype_info [lib.type.info]
namespace std { O
class type_info { O
public: ad
virtual ~type_info(); O
bool operator==(const type_info& rhs ) const; O
bool operator!=(const type_info& rhs ) const; O
bool before(const type_info& rhs ) const; ad
const char* name() const; O
private: g
type_info(const type_info& rhs); O
type_info& operator=(const type_info& rhs); ad
/I const char* name, exposition only O
I T desc ; exposition only O
h O
} O

The clasgype _info  describes type information generated by the implementation. Objects of this Class

effectively store a pointer to a name for the type, and an encoded value suitable for comparing two types for
equality or collating order. The names, encoding rule, and collating sequence for types are all unspecified
and may differ between programs.

HBox 89

EFor the sake of exposition, the stored objects are presented here as:

O

— const char* name, points at a statieTMBS;

]
+— T desc , an object of a typé that has distinct values for all the distinct types in the program, s
0 the value corresponding tmme.

res

= =
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18.5.1.1.1type_info  comparisons [lib.type.info.compare]

bool operator==(const type_info& rhs ) const;

Effects: Compares the value storeddasc with rhs.desc . O

Returns: true if the two values represent the same type. O
bool operator!=(const type_info& rhs ) const;

Returns: !(*this == rhs ).

18.5.1.1.2type_info::before [lib.type.info::before]

bool before(const type_info& rhs ) const;

Effects: Compares the value storeddasc with rhs.desc . O

Returns: true if *this precedeghs in the collation order.
18.5.1.1.3type_info::name [lib.type.info::name]

const char* name() const;

Returns: name. g
18.5.1.1.4 Copying and assignment [lib.cons.type.info]
type_info(const type_info& rhs);

Effects: Constructs an object of claggpe _info  and initializesname to rhs.name anddesc to [
rhs.desc 139 O
type_info& operator=(const type_info& rhs);

Effects: Assignsrhs.name to nameandrhs.desc to desc. O

Returns: *this
18.5.2 Type identification errors [lib.rtti.errors]

18.5.2.1 Clasbad_cast [lib.bad.cast]

namespace std {
class bad_cast : public logic_error {
public:
bad_cast(const string& what_arg );
virtual ~bad_cast();
/I virtual string what() const; inherited

h
}

OoOoooooogodg

The clasdad_cast defines the type of objects thrown as exceptions by the implementation to repolt the
execution of an invalidynamic-casexpression. g

39T since the copy constructor and assignment operatdyper info  are private to the class, objects of this type cannot be
copied, but objects of derived classes possibly can be.
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18.5.2.1.1bad_cast constructor

bad_cast(const string& what_arg );
Effects: Constructs an object of classbad_cast , initializing
logic_error( what_arg ) .

18.5.2.2 Clasbad_typeid

namespace std {
class bad_typeid : public logic_error {
public:
bad_typeid();
virtual ~bad_typeid();
2
}

The clasdad_typeid defines the type of objects thrown as exceptions by the implementation to report a

null pointerp in an expression of the fortypeid (*  p) .
18.5.2.2.1bad_typeid constructor

bad_typeid();

Effects: Constructs an object of clabad_typeid |, initializing the base cladegic_error

unspecified constructor.

18.6 Exception handling

The headekexception>  defines several types and functions related to the handling of exceptionddin a

C+ program.
Header<exception>  synopsis
namespace std {

class XUNEXPECTED,;
typedef void (*terminate_handler)();

terminate_handler set_terminate(terminate_handler f);

void terminate();

typedef void (*unexpected_handler)();
unexpected_handler set_unexpected(unexpected_handler
void unexpected();

SEE ALSO subclause 15.5.
18.6.1 Abnormal termination
18.6.1.1 Typderminate_handler

typedef void (*terminate_handler)();

),
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[lib.cons.bad.cast]

the base class withO

[lib.bad.typeid]

[lib.cons.bad.type.id]

[lib.support.exception]

[lib.exception.terminate]

[lib.terminate.handler]

The type of énandler functiorto be called byerminate() when terminating exception processing.

Required behavior: A terminate_handler shall terminate execution of the program without return-

ing to the caller.
Default behavior: The implementation’s defaulerminate_handler

callsabort()

O

ooooooo

O

with an 0O

O

O

O

OoOoOooOooooo

O

O

O
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18.6.1.2set_terminate [lib.set.terminate]
terminate_handler set_terminate(terminate_handler f); ad
Effects: Establishes the function designatedfbgs the current handler function for terminating exceptiah
processing. O
Requires: f shall not be a null pointer. O

Returns: The previougerminate handler
18.6.1.3terminate [lib.terminate]
void terminate(); O

Called by the implementation when exception handling must be abandoned for any of several fgasons

I(Elf?e.ié:).Calls the currenterminate_handler handler function (lib.terminate.handlej). .
18.6.2 Violating exception-specifications [lib.exception.unexpected]
18.6.2.1 ClasXUNEXPECTED [lib.xunexpected]

ox 90 B O
ro BE SPECIFIED0 M
18.6.2.2 Typeunexpected_handler [lib.unexpected.handler]
typedef void (*unexpected_handler)(); O

The type of ahandler functionto be called byunexpected() = when a function attempts to throw anfl
exception not listed in itsxception-specification g
Required behavior: an unexpected_handler shall either throw an exception or terminate execution
of the program without returning to the caller. Anexpected_handler may perform any of the O
following: O

— throw an exception that satisfies the exception specification;
— throw anXUNEXPECTED exception;

— callterminate() ;

o 0o o o

— call eitherabort()  orexit() ;
Default behavior: The implementation’s defaulinexpected handler callsterminate()

18.6.2.3set_unexpected [lib.set.unexpected]

unexpected_handler set_unexpected(unexpected_handler f);

Effects: Establishes the function designatedfbes the currenttnexpected _handler
Requires: f shall not be a null pointer.
Returns: The previousunexpected handler

OO
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18.6.2.4 unexpected [lib.unexpected]
void unexpected(); O
Called by the implementation when a function witheaeption-specificatiothrows an exception that is[]

not listed in theexception-specificatio(l5.5.2). O
Effects: Calls the currentinexpected _handler handler function (lib.unexpected.handley.

18.7 Other runtime support [lib.support.runtime]
Headers<cstdarg> (variable arguments):csetjimp> (nonlocal jumps),<ctime> (system clock [
clock(), time() ), <csignal> (signal handling), and<cstdlib> (runtime environment [
getenv(), system() ). O
Table 30—Header<cstdarg> synopsis O
0 Type Name(s) B
acros: va_arg va_end va_start 0
Orype: va_list |

Table 30—Header<csetjmp> synopsis

U Type Name(s) U
H\/Iacro: setimp 0
Type: jmp_buf O
H:unction: longjmp

Table 30—Header <ctime> synopsis

0 Type Name(s) U
Macros: CLOCKS_PER_SE

rypes: clock_t g
FFunctions:  clock H

Table 30—Header<csignal>  synopsis

0 Type Name(s) g
E’\A&CI’OSZ SIGABRT SIGILL SIGSEGV SIG_DFL B
[BIG_IGN SIGFPE SIGINT SIGTERM  SIG_ERR O
Crype: sig_atomic_t g
H:unctions: raise signal E




18-20 Language support library DRAFT: 1 February 1995 18.7 Other runtime support

Table 30—Header<cstdlib>  synopsis

0 Type Name(s)
H:unctions: getenv system  []

The contents are the same as the Standard C library, with the following changes: O

The function signatureongjmp((jmp_buf Jbuf | int val )) has more restricted behavior in thigl
International Standard. If any automatic objects would be destroyed by a thrown exception transferring
control to another (destination) point in the program, then a cedhtgmp( jbuf , val ) at the throw O
point that transfers control to the same (destination) point has undefined behavior.

SEE ALSO ISO C subclause 7.10.4, 7.8, 7.6, 7.12. a



19 Diagnostics library [lib.diagnostics]

This clause describes components thatfEograms may use to detect and report error conditions.

The following subclauses describe components for reporting several kinds of exceptional conditions[Idocu-
menting program assertions, and a global variable for error number codes, as summarized in Table 31:

Table 31—Diagnostics library summary

U Subclause Header(s) U
F;Lg.l Exception classes <stdexcept> %
[19.2 Assertions <cassert> g
Hl9.3 Error numbers <cerrno> H

19.1 Exception classes [lib.std.exceptions]

The Standard € library provides classes to be used to report errorstipfdgrams. In the error model
reflected in these classes, errors are divided into two broad catetpmiesrrors anduntimeerrors.

The distinguishing characteristic of logic errors is that they are due to errors in the internal logic of the pro-
gram. In theory, they are preventable.

By contrast, runtime errors are due to events beyond the scope of the program. They cannot be easily pre-
dicted in advance. The headatdexcept> defines several types of predefined exceptions for reportihng
errors in a € program. These exceptions are related via inheritance. O

O

Header<stdexcept> synopsis

#include <string>
namespace std {
class exception;
class logic_error;
class domain_error;
class invalid_argument;
class length_error;
class out_of_range;
class runtime_error;
class range_error;
class overflow_error;

o s

19.1.1 Classxception [lib.exception]
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namespace std { ad
class exception { O
public: O
exception(const string& what_arg ); O
virtual ~exception(); ad
virtual string what() const; O
protected: O
exception(); O
private: ad
/I const string* desc; exposition only O
/I bool alloced ; exposition only O
h O
} O
The clasexception  defines the base class for the types of objects thrown as exceptiofis Btadard O
library components, and certain expressions, to report errors detected during program execution. [
%ox 91 ED
[For the sake of exposition, the stored data is presented here as: g
]
[— const string* what , stores a null pointer or points to an object of tgpg  whose value isH]
O intended to briefly describe the general nature of the exception thrown; g

]
+— bool alloced |, stores a nonzero value if the string objettat has been allocated by the object%]

0 classexception . NN
19.1.1.1exception  constructors [lib.exception.cons]
exception(const string& what_arg ); ad
Effects: Constructs an object of clasgception and initializesdesc to &string( what arg ) and O
alloced to a nonzero value. O
exception(); ad
Effects: Constructs an object of clagxception and initializesdesc to an unspecified value and
alloced  to zero*? O
19.1.1.2exception  destructor [lib.exception.des]
virtual ~exception(); ad
Effects: Destroys an object of clagxception . If alloced is nonzero, the function frees any objeci

pointed to bywhat .
19.1.1.3 exception::what [lib.exception::what]

virtual string what() const; ad

Returns: string(  desc) if desc is not a null pointer. Otherwise, the value returned is implementafibn
defined. O

129) This protected default constructor tception  can, and should, avoid allocating any additional storage. O
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19.1.2 Classogic_error [lib.logic.error]

namespace std {
class logic_error : public exception {
public:
logic_error(const string& what_arg );
virtual ~logic_error();
/I virtual string what() const; inherited
2
}

OoOoooooogodg

The clasdogic_error defines the type of objects thrown as exceptions by the implementation to réport
errors presumably detectable before the program executes, such as violations of logical preconditions or

class invariants. O
19.1.2.1logic_error constructor [lib.logic.error.cons]
logic_error(const string& what_arg ); O
Effects: Constructs an object of clasdogic_error , initializing the base class with(
exception( what arg ). O
19.1.3 Classlomain_error [lib.domain.error]
namespace std { ad
class domain_error : public logic_error { O
public: O
domain_error(const string& what_arg ); O
virtual ~domain_error(); ad
/I virtual string what() const; inherited O
I3 0
} ad

The classdomain_error  defines the type of objects thrown as exceptions by the implementation to
report domain errors.

19.1.3.1domain_error  constructor [lib.domain.error.cons]

domain_error(const string& what_arg ); O

Effects: Constructs an object of classdomain, initializing the base class with(
logic_error( what_arg ) . O

19.1.4 Classnvalid_argument [lib.invalid.argument]

namespace std {
class invalid_argument : public logic_error {
public:
invalid_argument(const string& what_arg );
virtual ~invalid_argument();
/I virtual string what() const; inherited
2
}

OoOoooooogodg

The clasgnvalid_argument defines the base class for the types of all objects thrown as exceptibns,
by functions in the Standard-Clibrary, to report an invalid argument.
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invalid_argument constructor

19.1.4.1invalid_argument constructor [lib.invalid.argument.cons]
O
invalid_argument(const string& what_arg ); O
Effects: Constructs an object of clasmvalid_argument , initializing the base class with(]
logic_error( what_arg ) . O

19.1.5 Clasdength_error [lib.length.error]
namespace std { ad
class length_error : public logic_error { O
public: O
length_error(const string& what_arg ); O
virtual ~length_error(); ad
/I virtual string what() const; inherited O
I3 0
} ad

The clasdength_error defines the base class for the types of all objects thrown as exceptions, byfunc-
tions in the Standard+€ library, to report an attempt to produce an object whose length equals or exteeds
its maximum allowable size.

19.1.5.1length_error constructor [lib.length.error.cons]
length_error(const string& what_arg ); O
Effects: Constructs an object of classength_error , Initializing the base class with(
logic_error( what_arg ) . O
19.1.6 Clasout_of range [lib.out.of.range]
namespace std { ad
class out_of_range : public logic_error { O
public: O
out_of _range(const string& what_arg ); O
virtual ~out_of_range(); ad
/I virtual string what() const; inherited O
I3 0
} ad
The clas®out_of range  defines the base class for the types of all objects thrown as exceptions, byfunc-
tions in the Standard+Elibrary, to report an out-of-range argument. O
19.1.6.10ut_of range  constructor [lib.out.of.range.cons]
out_of range(const string& what_arg ); O
Effects: Constructs an object of classut of range , initializing the base class with(
logic_error( what_arg ) . O

19.1.7 Classuntime_error [lib.runtime.error]
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namespace std {
class runtime_error : public exception {
public:
runtime_error(const string& what_arg );
virtual ~runtime_error();
/I virtual string what(); inherited
protected:
runtime_error();
2
}

OOoooooooOooo

The classuntime_error defines the type of objects thrown as exceptions by the implementatidn to
report errors presumably detectable only when the program executes.

19.1.7.1runtime_error constructors [lib.runtime.error.cons]

runtime_error(const string& what_arg ); ad

Effects: Constructs an object of classruntime , initializing the base class with(
exception( what arg ). O
runtime_error(); ad

Effects: Constructs an object of clagmtime , initializing the base class withxception()

19.1.8 Classange_error [lib.range.error]

namespae std {
class range_error : public runtime_error {
public:
range_error(const string& what_arg );
virtual ~range_error();
/I virtual string what() const; inherited
I3
}

OoOoooooOoao

The clasgange_error  defines the type of objects thrown as exceptions by the implementation to réport
range errors. 0

19.1.8.1range_error  constructor [lib.range.error.cons]

range_error(const string& what_arg ); ad

Effects: Constructs an object of classange error , Iinitializing the base class with(
runtime_error( what _arg ) . O

19.1.9 Clasverflow_error [lib.overflow.error]

namespace std {
class overflow_error : public runtime_error {
public:
overflow_error(const string& what_arg );
virtual ~overflow_error();
/I virtual string what() const; inherited
I3
}

OoOoooooOoao

The classoverflow_error defines the base class for the types of all objects thrown as exceptions, by
functions in the Standard-Clibrary, to report an arithmetic overflow error.



19-6 Diagnostics library DRAFT: 1 February 1995 19.1.9.1overflow_error constructor

19.1.9.1 overflow_error constructor [lib.overflow.error.cons]
overflow_error(const string& what_arg ); O
Effects: Constructs an object of classverflow_error , initializing the base class withO
runtime_error( what_arg ) . O
19.2 Assertions [lib.assertions]

Provides macros for documentingtQorogram assertions, and for disabling the assertion checks.

Headercassert> (Table 32): g
Table 32—Header<cassert> synopsis O
0 Type Name(s) S

Macros: assert NDEBUG [

The contents are the same as the Standard C library. O
SEE ALSO ISO C subclause 7.2. O
19.3 Error numbers (lib.errno]

Headercerrno> (Table 33): g

Table 33—Header<cerrno> synopsis

U Type Name(s) U
Macros: EDOM  ERANG
fObject: errno i
The contents are the same as the Standard C library. O

SEE ALSO ISO C subclause 7.1.4, 7.2, Amendment 1 subclause 4.3. O



20 General utilities library [lib.utilities]

This clause describes components used by other elements of the Stand#rthy. These components
may also be used by-Cprograms.

The following subclauses describe alocator requirements, utility components, function objects, dynamic
memory management utilities, and date/time utilities, as summarized in Table 34: a

Table 34—General utilities library summary

U Subclause Header(s) U

- {1
F?O.l Allocator requirements 0
[R20.2 Utility components <utility> O
%20.3 Function objects <functional> g
E20.4 Memory <memory> O
F20.5 Date and time <ctime> H

20.1 Allocator requirements [(lib.allocator.requirements]

One of the common problems in portability is to be able to encapsulate the information about the niémory
model. This information includes the knowledge of pointer types, the type of their difference, the type of

the size of objects in this memory model, as well as the memory allocation and deallocation primitives for
it.

The library addresses this problem by providing a standard set of requiremeaitedators which are O
objects that encapsulate this information. All of the containers are parameterized in terms of alloCators.
That dramatically simplifies the task of dealing with multiple memory models.

In the following Table 35, we assurXds an allocator class for objects of typea is a value oiX, n is of [
type X::size_type , p is of typeX::pointer which was obtained from. O

All the operations on the allocators are expected to be amortized constant time. O
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Table 35—Allocator requirements

20.1 Allocator requirements

O
0 expression return type

assertion/note
pre/post-condition

[K::value_type T

LK::pointer pointer toT

the result obperator*  of
values ofX::pointer is
of value_type

::const_pointer pointer toconst T type

the result obperator*  of

values of

X::const_pointer is of
const value_type pitis

the same type of pointer as
X::pointer  , in particular,
sizeof(X::const_pointer)

sizeof(X::pointer)

::size_type unsigned integral type

the type that can represent
the size of the largest object
in the memory model.

::difference_type signed integral type

the type that can represent
the difference between any
two pointers in the memory
model.

Q[]DDD@[]DDQ:II:II:II:II:II:II:II:II:II:IQ:II:II:I

2

note: a destructor is assumed.

.allocate(n) X::pointer

ooOooOg

memory is allocated far
objects of typd but objects
are not constructedllo-

cate may raise an appropri-
ate exception.

%\.deallocate(p) result is not used

all the objects in the area
pointed byp should be
destroyed prior to the call of
the deallocate.

.init_page_size() X::size type

the returned value is the opti-
mal value for an initial buffer
size of the given type. Itis
assumed that K is returned
by init_page_size ,tis
the construction time for,
andu is the time that it takes
to doallocate(k) , then
k*t is much greater than
u.

.max_size() X::size_type

opoooooooooogHoono

the size of the largest buffer
that can be allocated

I e

[ |
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20.2 Utility components (lib.utility]

This subclause contains some basic template functions and classes that are used throughout the rést of the
library. O

Header <utility> synopsis

namespace std {

// subclause 20.2.1, operators:
template<class T> bool operator!=(const T&, const T&);
template<class T> bool operator> (const T&, const T&);
template<class T> bool operator<=(const T&, const T&);
template<class T> bool operator>=(const T&, const T&);

OoOooooo

// subclause 20.2.2, tuples:
struct empty;
bool operator==(const empty&, const empty&);
bool operator< (const empty&, const empty&);
template <class T1, class T2> struct pair;
template <class T1, class T2>
bool operator==(const pair<T1,T2>&, const pair<T1,T2>&);
template <class T1, class T2>
bool operator< (const pair<T1,T2>&, const pair<T1,T2>&);
template <class T1, class T2> pair<T1,T2> make_pair(const T1&, const T2&);

Ooooooooooao

// subclause 20.2.3, restrictor:
template <class T> class restrictor;
template <class T>
bool operator==(const restrictor<T>&, const restrictor<T>&);
template <class T>
bool operator< (const restrictor<T>&, const restrictor<T>&);

ooooooo

20.2.1 Operators [({lib.operators]

To avoid redundant definitions operator'= out ofoperator==  and operators, <=, and>= out of
operator< , the library provides the following:

OO

template <class T> bool operator!=(const T& x, const T& y); }
Returns: I(x ==y) . O
template <class T> bool operator>(const T& x, const T& y);

Returns: y<x . U

template <class T> bool operator<=(const T& X, const T& y);

Returns: (y <x) . U

template <class T> bool operator>=(const T& X, const T& y);

Returns: I(x <vy)

20.2.2 Tuples [lib.tuples]

The library includes templates for heterogeneous n-tuples for n equal to 0 and 2. For non-empty tuples the
library provides matching template functions to simplify their construcfioh.

14 Users and library venders can provide additionalples forn equal to 1 (singleton) andgreater than 2. For example, triples]
and quadruples may be defined.
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For example, instead of saying,

return pair<int, double>(5, 3.1415926); // explicit types
one may say

return make_pair(5, 3.1415926); // types are deduced
20.2.2.1 Empty [lib.empty]
The clasempty is used as a base class where enlyand< are needed. O
struct empty {};

bool operator==(const empty&, const empty&);

Returns: true . O

bool operator< (const empty&, const empty&);

Returns: false
20.2.2.2 Pair [lib.pair]

template <class T1, class T2>
struct pair {

T1 first;
T2 second,;
pair(const T1& X, const T2& ¥);
2
The constructor initializelrst ~ with x andsecond with y. ad

template <class T1, class T2>
bool operator==(const pair<T1, T2>& X, const pair<Tl, T2>& ¥);

Returns: x.first == y.first && x.second == y.second . O

template <class T1, class T2>

bool operator<(const pair<T1, T2>& X, const pair<Tl, T2>& ¥);
Returns: x.first < y.first || ({(y.first < x.first) && x.second < O
y.second) . O

template <class T1, class T2>
pair<T1, T2> make_pair(const T1& X, const T2& ¥);

Returns: pair<T1, T2>(X, Y)

20.2.3 Restrictor [lib.restrictor]

Restrictor is a template class that hides a value of any type and restricts the available operations to equality
and less than (if they are provided for the type).



20.2.3 Restrictor

namespace std {
template <class T>
class restrictor {
protected:
T value;
public:
restrictor(const T&

h

template <class T>

bool operator==(const restrictor<T>&
template <class T>

bool operator< (const restrictor<T>&

X) : value(x) {}

template <class T>
bool operator==(const restrictor<T>&

Returns: x.value ==y.value

template <class T>
bool operator<(const restrictor<T>&

Returns: x.value < y.value

20.3 Function objects

Header <functional> synopsis
namespace std {
// subclause 20.3.1, base:
template <class Arg, class Result>
struct unary_function;
template <class Argl, class Arg2, class Result>
struct binary_function;

// subclause 20.3.2, arithmetic operations:
template <class T> struct plus;
template <class T> struct minus;
template <class T> struct times;
template <class T> struct divides;
template <class T> struct modulus;
template <class T> struct negate;

// subclause 20.3.3, comparisons:
template <class T> struct equal_to;
template <class T> struct not_equal_to;
template <class T> struct greater;
template <class T> struct less;
template <class T> struct greater_equal;
template <class T> struct less_equal;

// subclause 20.3.4, logical operations:
template <class T> struct logical_and;
template <class T> struct logical_or;
template <class T> struct logical_not;

DRAFT: 1 February 1995

General utilities library

X, const restrictor<T>& )i
X, const restrictor<T>& )
X, const restrictor<T>& ¥);
X, const restrictor<T>& ¥);

26-5

[(lib.function.objects]

OOooooooooooooo

oooooo

ooooooo

OooOoo OoOoOoogood
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// subclause 20.3.5, negators:
template <class Predicate> struct unary_negate;
template <class Predicate>
unary_negate<Predicate> notl(const Predicate&);
template <class Predicate> struct binary_negate;
template <class Predicate>
binary_negate<Predicate> not2(const Predicate&);

OoOoOooooo

// subclause 20.3.6, binders:
template <class Operation> struct binderlst;
template <class Operation, class T>
binderlst<Operation> bind1st(const Operation&, const T&);
template <class Operation> class binder2nd;
template <class Operation, class T>
binder2nd<Operation> bind2nd(const Operation&, const T&);

// subclause 20.3.7, adaptors:
template <class Arg, class Result> class pointer_to_unary_function;
template <class Arg, class Result>
pointer_to_unary_function<Arg,Result> ptr_fun(Result (*)(Arg));
template <class Argl, class Arg2, class Result>
class pointer_to_binary_function;
template <class Argl, class Arg2, class Result>
pointer_to_binary_function<Arg1,Arg2,Result> ptr_fun(Result (*)(Argl,Arg2));
}

I o o o Y i OoOoOoogood

Function objects are objects with aperator() defined. They are important for the effective use of the
library. In the places where one would expect to pass a pointer to a function to an algorithmic template, the
interface is specified to accept an object withoparator() defined. This not only makes algorithmic¢]
templates work with pointers to functions, but also enables them to work with arbitrary function objects.
Using function objects together with function templates increases the expressive power of the library as
well as making the resulting code much more efficient. For example, if we want to have a by-element addi-
tion of two vectorsa andb containingdouble and put the result inta we can do: O

transform(a.begin(), a.end(), b.begin(), b.end(), a.begin(), plus<double>());

If we want to negate every elementaofve can do: O

transform(a.begin(), a.end(), a.begin(), negate<double>());

The corresponding functions will inline the addition and the negation.

To enable adaptors and other components to manipulate function objects that take one or two arguments it
is required that they correspondingly provide typedefgment type andresult_type for func- O

tion objects that take one argument dimst_argument_type , second_argument_type , and O
result_type for function objects that take two arguments.

20.3.1 Base [lib.base]

The following classes are provided to simplify the typedefs of the argument and result types:

template <class Arg, class Result>

struct unary_function : empty {
typedef Arg argument_type;
typedef Result result_type;

2

OoOoooo
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template <class Argl, class Arg2, class Result> ad
struct binary_function : empty { O
typedef Argl  first_argument_type; O
typedef Arg2  second_argument_type; O
typedef Result result_type; ad
; ]
20.3.2 Arithmetic operations [lib.arithmetic.operations]
The library provides basic function object classes for all of the arithmetic operators in the language. O
template <class T> struct plus : binary_function<T,T,T>{
T operator()(const T& X, const T& y) const;
2
operator() returnsx +y . O
template <class T> struct minus : binary_function<T,T,T> {
T operator()(const T& X, const T& y) const;
2
operator() returnsx -y . ad
template <class T> struct times : binary_function<T,T,T>{
T operator()(const T& X, const T& y) const;
2
operator() returnsx *y . O
template <class T> struct divides : binary_function<T,T,T> {
T operator()(const T& X, const T& y) const;
2
operator() returnsx/y . ad
template <class T> struct modulus : binary_function<T,T,T> {
T operator()(const T& X, const T& y) const;
2
operator() returnsx %y . O
template <class T> struct negate : unary_function<T,T> {
T operator()(const T& X) const;
2
operator() returns-x . O
20.3.3 Comparisons [lib.comparisons]

The library provides basic function object classes for all of the comparison operators in the languagell

template <class T> struct equal_to : binary_function<T,T,bool> {
bool operator()(const T& X, const T& y) const;

I3
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operator() returnsx ==y

template <class T> struct not_equal_to : binary_function<T,T,bool> {
bool operator()(const T& X, const T& y) const;

I3
operator() returnsx I=y

template <class T> struct greater : binary_function<T,T,bool> {
bool operator()(const T& X, const T& y) const;

¥
operator() returnsx >y

template <class T> struct less : binary_function<T,T,bool> {
bool operator()(const T& X, const T& y) const;

¥
operator() returnsx <y

template <class T> struct greater_equal : binary_function<T,T,bool> {
bool operator()(const T& X, const T& y) const;

¥
operator() returnsx >=y

template <class T> struct less_equal : binary_function<T,T,bool> {
bool operator()(const T& X, const T& y) const;

¥
operator() returnsx <=y
20.3.4 Logical operations

template <class T> struct logical_and : binary_function<T,T,bool> {
bool operator()(const T& X, const T& y) const;

¥
operator() returnsx && vy .

template <class T> struct logical_or : binary_function<T,T,bool> {
bool operator()(const T& X, const T& y) const;

|3
operator() returnsx || y

template <class T> struct logical_not : unary_function<T,bool> {
bool operator()(const T& X) const;

h

operator() returnsix .

20.3.3 Comparisons

[lib.logical.operations]
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20.3.5 Negators [lib.negators]

Negatorsotl andnot2 take a unary and a binary predicate, respectively, and return their complemeints.

template <class Predicate>
class unary_negate : public unary_function<Predicate::argument_type,bool>,
restrictor<Predicate> {
public:
unary_negate(const Predicate& X);
bool operator()(const argument_type& X) const;

h

Returns: lvalue(x) . O

template <class Predicate>
unary_negate<Predicate> notl(const Predicate& pred );

Returns: unary_negate<Predicate>(pred) . g

template <class Predicate>
class binary _negate
: public binary_function<Predicate::first_argument_type,
Predicate::second_argument_type, bool>,
restrictor<Predicate> {

public:
binary_negate(const Predicate& X);
bool operator()(const first_argument_type& X,
const second_argument_type& y) const;
¥
operator() returnsivalue(x, y) . O
template <class Predicate>
binary_negate<Predicate> not2(const Predicate& pred );

Returns: binary_negate<Predicate>(pred)

20.3.6 Binders [lib.binders]

Bindersbind1lst andbind2nd take a function objedt of two arguments and a valxeand return a [
function object of one argument constructed out afith the first or second argument correspondingly
bound tox.

20.3.6.1 Template claskinderlst [lib.binder.1st]

template <class Operation>

class binderlst d
: public unary_function<Operation::second_argument_type, O
Operation::result_type> { O
protected:
Operation op; ad
argument_type  value ;
public:
binderlst(const Operation& X, const Operation::first_argument_type& ) ad
result_type operator()(const argument_type& X) const; O
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The constructor initializegp with x andvalue with y.

operator() returnsop(value,x)
20.3.6.2bind1st [lib.bind.1st]

template <class Operation, class T>
binderlst<Operation> bind1st(const Operation& op, const T& X);

Returns: binderlst<Operation>(op, Operation::first_argument_type(x))

20.3.6.3 Template claskinder2nd [lib.binder.2nd]

template <class Operation>
class binder2nd
: public unary_function<Operation::first_argument_type,
Operation::result_type> {
protected:
Operation  op;
argument_type  value ;

public:
binder2nd(const Operation& X, const Operation::second_argument_type& )
result_type operator()(const argument_type& X) const;

2

The constructor initializegp with x andvalue with y.
operator() returnsop(x,value)
20.3.6.4bind2nd [lib.bind.2nd]
template <class Operation, class T>
binder2nd<Operation> bind2nd(const Operation& op, const T& X);
Returns: binder2nd<Operation>(op, Operation::second_argument_type(x))
For example,
find(v.begin(), v.end(), bind2nd(greater<int>(), 5));
finds the first integer in vectar greater than 5;
find(v.begin(), v.end(), bind1st(greater<int>(), 5));

finds the first integer in not greater than 5.

20.3.7 Adaptors for pointers to functions [lib.function.pointer.adaptors]

To allow pointers to (unary and binary) functions to work with function adaptors the library provides:

template <class Arg, class Result>
class pointer_to_unary_function

: public unary_function<Arg, Result>, restrictor<Result (*)(Arg)> {
public:

pointer_to_unary_function(Result (* X)(Arg));

Result operator()(const Arg& X) const;

h

operator() returnsvalue(x)

oOooo

oOooooog

O
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template <class Arg, class Result>
pointer_to_unary_function<Arg, Result> ptr_fun(Result (*

Returns: pointer_to_unary_function<Arg, Result>(x)

template <class Argl, class Arg2, class Result>
class pointer_to_binary_function
: public binary_function<Arg1,Arg2,Result>, restrictor<Result (*)(Argl, Arg2)> {

public:
pointer_to_binary_function(Result (* X)(Argl, Arg2));
Result operator()(const Argl& X, const Arg2& y) const;
2

operator() returnsvalue(x, y)

template <class Argl, class Arg2, class Result>
pointer_to_binary_function<Arg1,Arg2,Result>
ptr_fun(Result (* X)(Argl, Arg2));

Returns: pointer_to_binary_function<Argl,Arg2,Result>(x)
For example,

replace_if(v.begin(), v.end(), notl(bind2nd(ptr_fun(strcmp), "C"), "C

replaces eact with G+ in sequencs.mz)

20.4 Memory

Header <memory> synopsis

#include <cstddef> // for size_t, ptrdiff t
#include <iterator> // for output_iterator
#include <utility> // for restrictor

namespace std {

// subclause 20.4.1, the default allocator:
class allocator;
class allocator::types<void>;
void* operator new(size_t N, allocator& a);

// subclause 20.4.2, raw storage iterator:
template <class Outputlterator, class T>
class raw_storage_iterator;

// subclause 20.4.3, memory handling primitives:

template <class T> T*  allocate(ptrdiff_t n, T*);
template <class T> void deallocate(T* buffer );
template <class T1, class T2> void construct(T1* p, const T2&
template <class T> void destroy(T* pointer );
template <class Forwardlterator>

void destroy(Forwardlterator first , Forwardlterator last );
template <class T>

pair<T*,ptrdiff_t> get_temporary_buffer(ptrdiff_t n, T%);

l“Z)Compilation systems that have multiple pointer to function types have to provide adgitiofuat

X)(Arg));

++");

)

[lib.memory]

value );

template functions.

oooao OO

O

OooOoo OoOoOooOoogano O

OoOoOooOooooo
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// subclause 20.4.4, specialized algorithms:
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template <class Inputlterator, class Forwardlterator>

ForwardlIterator
uninitialized_copy(Inputlterator

Forwardlterator
template <class Forwardlterator, class T>

first , Inputlterator
result );

void uninitialized_fill(Forwardlterator first , Forwardlterator
const T&  Xx);
template <class Forwardlterator, class Size, class T>
void uninitialized_fill_n(ForwardIterator first , Size
// subclause 20.4.5, pointers:
template<class X> class auto_ptr;
}
Headercstdlib>  (Table 36):
Table 36—Header<cstdlib>  synopsis
0 Type Name(s) S
H:unctions: calloc malloc 0
O free realloc 0
Headercstdlib>  (Table 37):
Table 37—Header<cstring>  synopsis
U Type Name(s) S
acro: NULL <cstring> 0
[MType: size_t <cstring> 0
unctions:  memchr memcmp g
memcpy memmove memset ]

The contents are the same as the Standard C library.

SEE ALSO ISO C subclause 7.11.2.

20.4.1 The default allocator

namespace std {
class allocator {
public:
typedef size_t size_type;
typedef ptrdiff_t difference_type;
template <class T> class types {

typedef T* pointer;
typedef const T* const_pointer;
typedef T& reference;
typedef const T& const_reference;
typedef T value_type;

2

allocator();

~allocator();

last

20.4 Memory

last ,

n, const T& X);

[lib.default.allocator]

OOoOoooooogoooono

O

oooooo

|
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template<class T> types<T>::pointer t

address(types<T>::reference X) const; O

template<class T> types<T>::const_pointer O

address(types<T>::const_reference X) const; g

template<class T, class U> O

types<T>::pointer allocate(size_type, types<U>:.const_pointer hint ); 0

template<class T> void deallocate(types<T>::pointer p); a

size_type max_size() const; a

I3 0
The membersillocate() anddeallocate() are parameterized to allow them to be specialized for

particular types in user allocators: O

It is assumed that any pointer types have a (possibly lossy) conversioid*o, yielding a pointer suffi- [
cient for use as the this value in a constructor or destructor, and conversions to
A::types<void>::pointer (for appropriated) as well, for use byA::deallocate() . O

20.4.1.1 allocator members [lib.allocator.members]

template<class T> types<T>::pointer

ddress(types<T>::reference X) const;

Returns: &x. 0
template<class T> types<T>::const_pointer
ddress(types<T>::const_reference X) const;

Returns: &x. 0

template<class T, class U>
types<T>::pointer

ocate(size_type n, types<U>::const_pointer hint );
Effects: Allocates storage, optionally usirfignt to O
ox 92 E 0
OrBS: To Be Specified[] N
Returns: new T ,ifn ==1 . Returnmew T[ n],ifn >1. O
H?JOX 93 B O
OSSUE: Is this right? How doedeallocate() know which form ofdelete to use?[] N
template<class T> void deallocate(types<T>::pointer p);
Requires: p shall be a pointer value obtained fraftocate() . O
Effects: Deallocates the storage referencegby O

size_type max_size() const;

123)1n addition toallocator the library vendors are expected to provide allocators for all supported memory models. O
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Returns: g
HBox 94 E O
aBS 0O ™
20.4.1.2 allocator placementnew [(lib.allocator.placement]
void* operator new(size_t N allocator& a);

Returns: a.allocate<char,void>( NO) . g
20.4.1.3 Examplallocator [lib.allocator.example]

For example, here is an allocator that allows objects in main memory, shared memory, or privatelheaps.
Notably, with this allocator such objects stored under different disciplines have the same type; thidis not
necessarily the case for other allocators.

#include <memory> // for allocator
class runtime_allocator : public std::allocator {
class impl {
impl();

virtual ~impl();

virtual void* allocate(size_t) =0;
virtual void deallocate(void*) =0;
friend class runtime_allocator

/I ... etc. (including a reference count)

2
impl* impl_; // the actual storage manager;

protected:
runtime_allocator(runtime_allocator::impl* i);
~runtime_allocator();

public:
void* allocate(size_t n) { return impl_->allocate(n); }
template<class T>
void deallocate(T* p) { impl_->deallocate(p); }

k

inline void* operator new(size_t N, runtime_allocator& a)
{ return a.allocate(N); }

ODOoooooooooooooooooooooooono

class shared_allocator : public runtime_allocator {

class shared_impl : runtime_allocator::impl {
shared_impl(void* region);
virtual ~shared_impl();
virtual void* allocate(size_t);
virtual void deallocate(void*);

h

shared_allocator(void* region)
: runtime_allocator(new shared_impl(region)) {}
~shared_allocator() {}

h

OOooooooooooodg
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class heap : public runtime_allocator {

class heap_impl : runtime_allocator::impl {
heap_impl();
virtual ~heap_impl();
virtual void* allocate(size_t);
virtual void deallocate(void®);

h

heap_allocator() : runtime_allocator(new heap_impl) {}
~heap_allocator() {}

%

OooooooooooQo

20.4.2 Raw storage iterator [lib.storage.iterator]

raw_storage_iterator is provided to enable algorithms to store the results into uninitialized mem-
ory. The formal template paramet@utputiterator is required to have iteperator*  return an O
object for whichoperator& is defined and returns a pointerTio

namespace std {
template <class Outputlterator, class T>
class raw_storage_iterator
: public output_iterator, restrictor<Qutputlterator> {
public:
raw_storage_iterator(Outputlterator X);
raw_storage_iterator<OQutputlterator,T>& operator*();

ooooooo

raw_storage_iterator<Outputlterator,T>& operator=(const T& element );
raw_storage_iterator<Outputlterator,T>& operator++();
raw_storage_iterator<Qutputlterator,T> operator++(int);

OoOoood

20.4.2.1raw_storage_iterator members [lib.storage.members]

raw_storage_iterator(Outputlterator X);

Effects: Initializes the iterator to point to the same value to whigwints. O

raw_storage_iterator<Outputlterator, T>& operator*();

Returns: A reference to the value to which the iterator points. O

raw_storage_iterator<Outputlterator, T>& operator=(const T& element );
Effects: Constructs a value fromlement at the location to which the iterator points. O
Returns: A reference to the iterator. O
raw_storage_iterator<Outputlterator, T>& operator++();

Effects: Pre-increment: advances the iterator and returns a reference to the updated iterator. O

raw_storage_iterator<Outputlterator,T> operator++(int);

Effects: Post-increment: advances the iterator and returns the old value of the iterator.
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20.4.3 Memory handling primitives [lib.memory.primitives]

20.4.3.1allocate [lib.allocate]

To obtain a typed pointer to an uninitialized memory buffer of a given size the following function is

defined: O

template <class T> T* allocate(ptrdiff_t n, T);

Requires: n shall be>= 0. O
144)

Effects: The size (in bytes) of the allocated buffer is no less mfisizeof(T)

20.4.3.2deallocate [lib.deallocate]

Also, the following functions are provided: O

template <class T> void deallocate(T* buffer );

O

HBOX 95 E
[TBS [ O

20.4.3.3construct [lib.construct]

template <class T1, class T2> void construct(T1* p, const T2& value );

Effects: Initializes the location to whicp points withvalue . O
20.4.3.4destroy [lib.destroy]

template <class T> void destroy(T* pointer );
Effects: Invokes the destructor for the value to whighinter  points. O
template <class Forwardlterator>
void destroy(Forwardlterator first , ForwardlIterator last );

Effects: Destroys all the values in the rar[§jest,last)
20.4.3.5get_temporary_buffer [lib.get.temporary.buffer]

template <class T>
pair<T*, ptrdiff_t> get_temporary_buffer(ptrdiff_t n, T);

Effects: Finds the largest buffer not greater timgizeof(T) O
Returns: A pair containing the buffer’'s address and capacity (in the ungizedf(T) ).145)

2% Eor every memory model there is a correspondilarate  template function defined with the first argument type being the
distance type of the pointers in the memory model. For example, if a compilation system sdupgerointers with the distance O
type beindong long , the following template function is provided:

template <class T> T huge* allocate(long long n, T); 0

For every memory model there are correspondieallocate , construct  anddestroy template functions defined with thel
first argument type being the pointer type of the memory model.

For every memory model that an implementation supports, there is a corresmmtdiegiporary_buffer template func- O
tion defined which is overloaded on the corresponding signed integral type. For example, if a system rsuggpagrtinters and O
their difference is of typong long , the following function has to be provided:

template <class T>
pair<T huge *, long long> get_temporary_buffer(long long n, T*); O
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20.4.4 Specialized algorithms [lib.specialized.algorithms]

All the iterators that are used as formal template parameters in the following algorithms are required to
have theioperator*  return an object for whicbperator& is defined and returns a pointerTto

20.4.4.1 uninitialized_copy [lib.uninitialized.copy]

template <class Inputlterator, class Forwardlterator>
Forwardlterator

uninitialized_copy(Inputlterator first , Inputlterator last ,
Forwardlterator result ),
Effects: while (first != last) construct(&*result++, *first++); O

Returns: result
20.4.4.2 uninitialized_fill [lib.uninitialized.fill]
template <class Forwardlterator, class T>

void uninitialized_fill(ForwardlIterator first , Forwardlterator last ,
const T&  Xx);

Effects: while (first != last) construct(&*first++, x); O
20.4.4.3uninitialized_fill [lib.uninitialized.fill.n]
template <class Forwardlterator, class Size, class T>

void uninitialized_fill_n(Forwardlterator first , Size  n,const T& X);
Effects: while (n--) construct(&*first++, x); O
20.4.5 Pointers (lib.pointers]
20.4.5.1 Template clasauto_ptr (lib.auto.ptr]

Templateauto_ptr  holds onto a pointer obtained viaw and deletes it when it goes out of scope. O

namespace std { ad

template<class X> class auto_ptr { O

auto_ptr(auto_ptr&,void); O

void operator=(auto_ptr&); O

public: ad

auto_ptr(X* p =0); O

~auto_ptr(); O

X& operator*() const; O

X* operator->() const; t

X* get() const; O

X* release(); O

X* reset(X* =0); g

J3 O

} O
20.4.5.2auto_ptr members [(lib.auto.ptr.members]

20.4.5.2.1auto_ptr  constructor [lib.auto.ptr::ctor]

auto_ptr(X* p =0);
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Requires: p points to an object of clagéor a class derived froid for which delete p  is defined and O

accessible, or elgeis a null pointer. O
Postcondition: a.get() == p O
20.4.5.2.2auto_ptr  destructor [lib.auto.ptr::dtor]
~auto_ptr();

Effects: delete get() O
20.4.5.2.30perator* (lib.auto.ptr::op*]

X& operator*() const;

Requires: get() =0 O
Returns: *get() O
20.4.5.2.4operator-> (lib.auto.ptr::op- >]

X* operator->() const;

Returns: get()->m O
20.4.5.2.5release (lib.auto.ptr::release]

X* release();

Postcondition: get() == O
20.4.5.2.6reset (lib.auto.ptr::reset]

X* reset(X* p =0);

Requires: p points to an object of clagéor a class derived froid for which delete p  is defined and O
accessible, or elgeis a null pointer O

Postcondition: get() == p

20.4.6 C library changes [lib.c.malloc]

The contents ofcstdlib>  are the same as the Standard C library, with the following changes: g

The functionscalloc  , malloc , andrealloc  do not attempt to allocate storage by callopgerator O

new.

The functionfree does not attempt to deallocate storage by catlperator delete . SEEALSOISO [O

C subclause 7.11.2.

20.5 Date and time [lib.date.time]
Headerctime> (Table 38): g



2

20.5 Date and time

The contents are the same as the Standard C lib&agyaLso ISO C subclause 7.12, Amendment 1 subt

clause 4.6.4.

DRAFT: 1 February 1995

Table 38—Header<ctime> synopsis

General utilities library 2619

0 Type Name(s) g
Macros:  NULL <ctime> .
rypes: size_t <ctime> d
|;‘,Struct: tm <ctime> H
EFunctions: 0
[hsctime difftime localtime  strftime 0
Frtime gmtime mktime time H

O






21 Strings library [lib.strings]

This clause describes components for manipulating sequences of “characters,” where characters may be of
typechar ,wchar_t , or of a type defined in af€Eprogram.

The following subclauses describe string classes, and null-terminated sequence utilities, as summariized in
Table 39: O

Table 39—Strings library summary

g Subclause Header(s)
—21.1 String classes <string>

0 <cctype>

u <cwctype>
321.2 Null-terminated sequence utilities <cstring>

0 <cwchar>

0 <cstdlib>

1m]

OooooooOodo
I o o o |

21.1 String classes (lib.string.classes]

Header<string>  synopsis

#include <memory> // for allocator
namespace std {
// subclause 21.1.1, basic_string:
template<class charT> struct string_char_traits;
template<class charT, class Allocator = allocator,
class traits = string_char_traits<charT> >
class basic_string;

OoOoOooooo

template<class charT, class Allocator, class traits>
basic_string<charT,Allocator,traits>
operator+(const basic_string<charT,Allocator,traits>& lhs,
const basic_string<charT,Allocator,traits>& rhs);
template<class charT, class Allocator, class traits>
basic_string<charT,Allocator,traits>
operator+(const_pointer lhs,
const basic_string<charT,Allocator,traits>& rhs);
template<class charT, class Allocator, class traits>
basic_string<charT,Allocator,traits>
operator+(charT lhs, const basic_string<charT,Allocator,traits>& rhs);
template<class charT, class Allocator, class traits>
basic_string<charT,Allocator,traits>
operator+(const basic_string<charT,Allocator,traits>& lhs,
const_pointer rhs);
template<class charT, class Allocator, class traits>
basic_string<charT,Allocator,traits>
operator+(const basic_string<charT,Allocator,traits>& lhs, charT rhs);

OOo0ooOOoDoOooooooooogood
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template<class charT, class Allocator, class traits>
bool operator==(const basic_string<charT,Allocator,traits>& lhs,
const basic_string<charT,Allocator,traits>& rhs);
template<class charT, class Allocator, class traits>
bool operator==(const charT* Ihs,
const basic_string<charT,Allocator,traits>& rhs);
template<class charT, class Allocator, class traits>
bool operator==(const basic_string<charT,Allocator,traits>& lhs,
const charT* rhs);
template<class charT, class Allocator, class traits>
bool operator!=(const basic_string<charT,Allocator,traits>& Ihs,
const basic_string<charT,Allocator,traits>& rhs);
template<class charT, class Allocator, class traits>
bool operator!=(const charT* |hs,
const basic_string<charT,Allocator,traits>& rhs);
template<class charT, class Allocator, class traits>
bool operator!=(const basic_string<charT,Allocator,traits>& Ihs,
const charT* rhs);

template<class charT, class Allocator, class traits>
bool operator< (const basic_string<charT,Allocator,traits>& Ihs,
const basic_string<charT,Allocator,traits>& rhs);
template<class charT, class Allocator, class traits>
bool operator< (const basic_string<charT,Allocator,traits>& Ihs,
const charT* rhs);
template<class charT, class Allocator, class traits>
bool operator< (const charT* |hs,
const basic_string<charT,Allocator,traits>& rhs);
template<class charT, class Allocator, class traits>
bool operator> (const basic_string<charT,Allocator,traits>& Ihs,
const basic_string<charT,Allocator,traits>& rhs);
template<class charT, class Allocator, class traits>
bool operator> (const basic_string<charT,Allocator,traits>& Ihs,
const charT* rhs);
template<class charT, class Allocator, class traits>
bool operator> (const charT* |hs,
const basic_string<charT,Allocator,traits>& rhs);

template<class charT, class Allocator, class traits>
bool operator<=(const basic_string<charT,Allocator,traits>& lhs,
const basic_string<charT,Allocator,traits>& rhs);
template<class charT, class Allocator, class traits>
bool operator<=(const basic_string<charT,Allocator,traits>& lhs,
const charT* rhs);
template<class charT, class Allocator, class traits>
bool operator<=(const charT* Ihs,
const basic_string<charT,Allocator,traits>& rhs);
template<class charT, class Allocator, class traits>
bool operator>=(const basic_string<charT,Allocator,traits>& lhs,
const basic_string<charT,Allocator,traits>& rhs);
template<class charT, class Allocator, class traits>
bool operator>=(const basic_string<charT,Allocator,traits>& lhs,
const charT* rhs);
template<class charT, class Allocator, class traits>
bool operator>=(const charT* Ihs,
const basic_string<charT,Allocator,traits>& rhs);

21.1 String classes

OOOdoOoOooOoooooooooood I Y |

I Y |
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template<class charT, class Allocator, class traits>
basic_istream<charT>&
operator>>(basic_istream<charT>& is,
basic_string<charT,Allocator,traits>& a);
template<class charT, class Allocator, class traits>
basic_ostream<charT>&
operator<<(basic_ostream<charT>& os,
const basic_string<charT,Allocator,traits>& a);

OoOoOooOoogano

// subclause 21.1.2, string:
struct string_char_traits<char>;
typedef basic_string<char> string;

// subclause 21.1.4, wstring:
struct string_char_traits<wchar_t>;
typedef basic_string<wchar_t> wstring;

}

OoOoOooooo

In this subclause, we call the basic character types “char-like” types, and also call the objects of char-like
types “char-like” objects or simply “character”s.

The headekstring>  defines a basic string class template and its traits that can handle all “char-like”
template arguments with several function signatures for manipulating varying-length sequences of “char-
like” objects.

The headexstring>  also defines two specific template classegmg andwstring and their special O
traits.

21.1.1 Template clasbasic_string [lib.template.string]
21.1.1.1 Template classtring_char_traits (lib.string.char.traits]
namespace std { O
template<class charT> struct string_char_traits { |
typedef charT char_type; // for users to acquire the basic character type ad
// constraints O
static void assign(char_type& c1, const char_type& c2)
static bool eq(const char_type& c1, const char_type& c2) ad
static bool ne(const char_type& c1, const char_type& c2) O
static bool It(const char_type& cl1, const char_type& c2) ad
static char_type eos(); // the null character O
static basic_istream<charT>&
char_in(basic_istream<charT>& is ,charT& a); g
static basic_ostream<charT>&
char_out(basic_ostream<charT>& os, charT  a); g
static bool is_del(charT a); ad
// characteristic function for delimiters of charT ad
// speed-up functions O
static int compare(const char_type* s1, const char_type* s2, O
size_t n); O
static size_t length(const char_type* s); ad
static char_type* copy(char_type* s1, const char_type* s2, size_t ny; ad
I3 O
} d
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string_char_traits members

21.1.1.2 string_char_traits members (lib.string.char.traits.members]

Default definitions.

21.1.1.2.1assign ({lib.char.traits::assign]

static void assign(char_type& c1, const char_type& c2)

Effects: Assignsc2 to c1.
21.1.1.2.2eq (lib.char.traits::eq]

static bool eq(const char_type& c1, const char_type& c2)

Returns cl == c2
21.1.1.2.3ne (lib.char.traits::ne]

static bool ne(const char_type& c1, const char_type& c2)

Returns: !(cl == c2)
21.1.1.2.41t (lib.char.traits::It]

static bool It(const char_type& c1, const char_type& c2)

Returns: cl <c2
21.1.1.2.5e0s ({lib.char.traits::eos]

static char_type eos();
Returns The null charactechar_type()
21.1.1.2.6char_in ({lib.char.traits::char.in]
static basic_istream<charT>&
char_in(basic_istream<charT>& is ,charT& a);
Effects: Extracts acharT object.
Returns: is >>a
21.1.1.2.7char_out [{lib.char.traits::char.out]
static basic_ostream<charT>&
char_out(basic_ostream<charT>& os, charT  a);
Effects: Inserts acharT object.
Returns: os << a

21.1.1.2.8is_del (lib.char.traits::is.del]

static bool is_del(charT a);

Effects: Characteristic function for delimiters ofiarT .
Returns: isspace(a)
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21.1.1.2.9compare (lib.char.traits::compare]
static int compare(const char_type* s1, const char_type* s2,

size t n);
Effects:

for (size_ti=0;i<n; ++i, ++s1, ++s2)
if (ne(*s1, *s2)) {
return lt(*s1, *s2) ? -1: 1;
}

return O;

21.1.1.2.10length (lib.char.traits::length]

static size_t length(const char_type* S);
Effects:

size_t1=0;
while (ne(*s++, €0s()) ++I;
return [;

21.1.1.2.11copy (lib.char.traits::copy]

static char_type* copy(char_type* s1, const char_type* s2, size_t ny;

Effects:

char_type* s = s1;
for (size_ti=0;i < n; ++i) assign(*++s1, *++s2);
return s;

21.1.1.3 Template clasbasic_string

namespace std {
template<class charT, class Allocator = allocator,
class traits = string_char_traits<charT> >
class basic_string {

public:

// typedefs:
typedef traits traits_type;
typedef traits::char_type value_type;
typedef value_type* iterator;
typedef value_type* const const_iterator;
typedef allocator::size_type size_type;

typedef allocator::difference_type difference_type;
/I Added to make the typedefs work:
typedef allocator::types<charT> alloc_type;

typedef alloc_type::reference reference;
typedef alloc_type::const_reference const_reference;
typedef alloc_type::pointer pointer;

typedef alloc_type::const_pointer  pointer;

[lib.basic.string]

I o I |

O
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basic_string();

basic_string(const basic_string& str , size_type pos =0,
size_type  n = NPOS);

basic_string(const_pointer s, size_type ny;

basic_string(const_pointer s);

basic_string(size_type n, charT  ¢);

~basic_string();

basic_string& operator=(const basic_string& str );

basic_string& operator=(const_pointer s);

basic_string& operator=(charT c);

basic_string& operator+=(const basic_string& rhs);

basic_string& operator+=(const_pointer s);

basic_string& operator+=(charT c);

basic_string& append(const basic_string& str , size_type pos =0,
size_type  n =NPOS);

basic_string& append(const_pointer s, size_type ny;

basic_string& append(const_pointer s);

basic_string& append(size_type pos, size_type n, const charT ¢ =charT());

basic_string& assign(const basic_string& str , size_type pos =0,
size_type n =NPOS);

basic_string& assign(const_pointer s, size_type ny;

basic_string& assign(const_pointer s);

basic_string& assign(size_type pos, size_type n, const charT ¢ =charT());

basic_string& insert(size_type pos1, const basic_string& str
size_type  pos2 =0, size_type n =NPOS);

basic_string& insert(size_type pos, const_pointer s, size_type ny;

basic_string& insert(size_type pos, const_pointer s);

basic_string& insert(size_type pos, size_type n, const charT

basic_string& remove(size_type pos =0, size_type n =NPOS);

basic_string& replace(size_type posl, size_type nl, const basic_string&

size_type  pos2 =0, size_type n2 = NPOS);
basic_string& replace(size_type pos, size_type nl, const_pointer s,
size_type n2),

basic_string& replace(size_type pos, size_type nl, const_pointer s );

basic_string& replace(size_type pos, size_type n,charT ¢ =charT();

charT operator[](size_type pos) const;

reference operator[](size_type pos);

const_reference at(size_type n) const;

reference at(size_type n);

const_pointer c_str() const;

const_pointer data() const;

size_type size() const;

size_type max_size() const;

void resize(size_type n,charT  ¢);

void resize(size_type ny;

size_type capacity() const;

void reserve(size_type res_arg );

bool empty() const;

size_type copy(pointer s, size_type n, size_type pos =0);

DRAFT: 1 February 1995

void swap(basic_string<charT,Allocator,traits>&);

21.1.1.3 Template cladsasic_string

¢ =charT());
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size_type find(const basic_string& str , size_type pos = 0) const; ad
size_type find(const_pointer s, size_type pos, size_type n) const; O
size_type find(const_pointer S, size_type pos = 0) const; ad
size_type find(charT c, size_type pos = 0) const; O
size_type rfind(const basic_string& str , size_type pos = NPOS) const; ad
size_type rfind(const_pointer s, size_type pos, size_type n) const; O
size_type rfind(const_pointer S, size_type pos = NPOS) const; ad
size_type rfind(charT c, size_type pos = NPOS) const; O
size_type find_first_of(const basic_string& str , size_type pos = 0) const; ad
size_type find_first_of(const_pointer s, size_type pos, size_type n) const; O
size_type find_first_of(const_pointer S, size_type pos = 0) const; ad
size_type find_first_of(charT c, size_type pos = 0) const; O
size_type find_last_of (const basic_string& str , size_type pos = NPOS) const; ad
size_type find_last_of (const_pointer s, size_type pos, size_type n) const; O
size_type find_last_of (const_pointer s, size_type pos = NPQOS) const; O
size_type find_last_of (charT c, size_type pos =NPOS) const; O
size_type find_first_not_of(const basic_string& str , size_type pos = 0) const; 0
size_type find_first_not_of(const_pointer s, size_type pos, a
size_type  n) const; a
size_type find_first_not_of(const_pointer s, size_type pos = 0) const; a
size_type find_first_not_of(charT c, size_type pos = 0) const; a
size_type find_last_not_of (const basic_string& str , size_type pos =NPOS) const; [0
size_type find_last_not_of (const_pointer s, size_type pos, a
size_type  n) const; a
size_type find_last_not_of (const_pointer s, size_type pos = NPOS) const; a
size_type find_last_not_of (charT c, size_type pos = NPOS) const; a
For a char-like typecharT , the template clasbasic_string describes objects that can store @

sequence consisting of a varying number of arbitrary char-like objects. The first element of the sequence is
at position zero. Such a sequence is also called a “string” if the given char-like type is clear from context.
In the rest of this clauseharT denotes a such given char-like type. Storage for the string is allocatedJand
freed as necessary by the member functions of bksis_string . O

In all casessize() <= capacity() . O

The functions described in this clause can report two kinds of errors, each associated with a distinctexcep-
tion:

— alengtherror is associated with exceptions of tygmgth_error ;
— anout-of-rangeerror is associated with exceptions of type ofitrange .
21.1.1.4basic_string member functions [lib.string.members]

21.1.1.4.1basic_string constructors [lib.string.cons]

basic_string();

Effects: Constructs an object of clabasic_string . The postconditions of this function are indicated
in Table 40: O
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Table 40—basic_string() effects
U Element Value S
fata() an unspecified valuey 0
size() 0 0 a
Eeapacity() an unspecified valugg a
basic_string(const basic_string<charT,Allocator,traits>& str
size type  pos =0, size_type n =NPOS);
Requires: pos <= size() g
Throws: out_of range if pos > str .size() g
Effects: Constructs an object of clabasic_string and determines the effective lengten of the O
initial string value as the smaller nfandstr .size() - pos, as indicated in Table 41: O
Table 41—basic_string(basic_string,size_type,size_type) effects
U Element Value S
Eﬂata() points at the first element of afn ad
0 allocated copy oflen elements of{{] a
a the string controlled bgtr begin- [ a
U ning at positiorpos g 0
ize() rlen E a
[rapacity() a value at least as largelas 0 a
basic_string(const_pointer s, size_type n =NPOS);
Requires: s shall not be a null pointer. O
Effects: Constructs an object of clabasic_string and determines its initial string value from thél
array ofcharT of lengthn whose first element is designated byas indicated in Table 42: O
Table 42—basic_string(const_pointer,size_type) effects
U Element Value S
Eﬂata() points at the first element of an ad
0 allocated copy of the array whose a
a first element is pointed at by a a
Usize() n g 0
Epapacity( ) a value at least as largelas E a
basic_string(const_pointer s);
Requires: s shall not be a null pointer. O
Effects: Constructs an object of clabssic_string and determines its initial string value from thél
array ofcharT of lengthtraits::length(s) whose first element is designated byas indicated [

in Table 43: a
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Table 43—basic_string(const_pointer) effects
U Element Value S
Eﬂata() points at the first element of an ad
0 allocated copy of the array whose a
a first element is pointed at by a a
Usize() traits::length(s) g 0
Epapacity( ) a value at least as largelas E a
Notes: Usestraits::length() O
basic_string(size_type n,charT  c¢);
Requires: n < NPOS g
Throws: length_error if n ==NPOS. O
Effects: Constructs an object of clalkasic_string and determines its initial string value by repeating
the char-like object for all n elements, as indicated in Table 44: O
Table 44—basic_string(charT,size_type) effects
U Element Value S
Eﬂata() points at the first element of afn ad
0 allocated array ofi elements, each{] a
a storing the initial value a a
Usize() n g 0
Epapacity( ) a value at least as largelas E a
21.1.1.4.2basic_string::operator= [lib.string::op=]
basic_string<charT,Allocator ,traits>&
operator=(const basic_string<charT,Allocator,traits>& str);
Returns: *this = basic_string<charT,Allocator,traits>(str) . g
basic_string<charT,Allocator ,traits>&
operator=(const_pointer S);
Returns: *this = basic_string<charT,Allocator,traits>(s) . g
Notes: Usestraits::length() . O
basic_string<charT,Allocator,traits>& operator=(charT c);
Returns: *this = basic_string<charT,Allocator,traits>(c)
21.1.1.4.3basic_string::operator+= [lib.string::op+=]
basic_string<charT,Allocator ,traits>&
operator+=(const basic_string<charT,Allocator,traits>& rhs);
Returns: append(rhs) . O

basic_string<charT,Allocator,traits>& operator+=(const_pointer s);
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Returns: *this += basic_string<charT,Allocator,traits>(s)
Notes: Usestraits::length()

basic_string<charT,Allocator,traits>& operator+=(charT c);

Returns: *this += basic_string<charT,Allocator,traits>(c)
21.1.1.4.4basic_string::append

basic_string<charT,Allocator ,traits>&
append(const basic_string<charT traits>& str,
size_type pos = 0, size_type n = NPOS);

Requires: pos <= size()
Throws: out_of range if pos > str .size()

21.1.1.4.3
basic_string::operator+=

[lib.string::append]

Effects: Determines the effective lengttlen of the string to append as the smallerrmofind str
.size() - pos. The function then throwlength_error if size() >= NPOS - rlen .
Otherwise, the function replaces the string controlledthis  with a string of lengttsize() +

rlen whose firstlen elements are a copy of the original string controlled*thys
remaining elements are a copy of the initial elements of the string controlld blyeginning at posi-

tion pos.
Returns: *this

basic_string<charT,Allocator traits>&
append(const_pointer s, size_type n);

Returns: append(basic_string<charT,Allocator,traits>(s,n))

basic_string<charT,Allocator,traits>& append(const_pointer s);
Returns: append(basic_string<charT,Allocator,traits>(s))
Notes: Usestraits::length()
basic_string<charT,Allocator ,traits>&
append(size_type pos, size_type n, const charT

Returns: append(basic_string<charT,Allocator,traits>(c,n),pos)
21.1.1.4.5basic_string::assign

basic_string<charT,Allocator,traits>&
assign(const basic_string<charT traits>& str,
size_type pos = 0, size_type n = NPOS);

Requires: pos <= size()
Throws: out_of range if pos > str .size()

¢ =charT());

[lib.string::assign]

Effects: Determines the effective lengttlen of the string to assign as the smaller mfand str

.size() - pos.

The function then replaces the string controlledthis  with a string of lengthrlen whose elements

are a copy of the string controlled by beginning at positiopos .
Returns: *this

basic_string<charT,Allocator ,traits>&
assign(const_pointer s, size_type n);

and whose

Oooono

OO
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Returns: assign(basic_string<charT,Allocator,traits>(s,n))

basic_string<charT,Allocator,traits>& assign(const_pointer s);
Returns: assign(basic_string(s))
Notes: Usestraits::length()
basic_string<charT,Allocator ,traits>&
assign(size_type pos, size_type n, const charT

Returns: assign(basic_string<charT,Allocator,traits>(c,n),pos)
21.1.1.4.6basic_string::insert

basic_string<charT,Allocator ,traits>&
insert(size_type posl,
const basic_string<charT,Allocator,traits>& str,
size_type pos2 = 0, size_type n = NPOS);

Requires pos1l <= size()

Throws: out_of range if posl >size() orpos2 > str .size()

Effects: Determines the effective lengtfen of the string to insert as the smallerroédndstr .len -
pos2. Then throwdength_error if size() >= NPOS - rlen .
Otherwise, the function replaces the string controlledthis  with a string of lengttsize() +

Strings library 21-11

a
a
a
¢ =charT());
[lib.string::insert]
a
a
a
a
a

rlen whose firstpos1 elements are a copy of the initial elements of the original string controlledlby
*this , whose nextlen elements are a copy of the elements of the string controllesdrbybegin-
ning at positiorpos2, and whose remaining elements are a copy of the remaining elements of thelorigi-

nal string controlled bythis O
Returns: *this O
basic_string<charT,Allocator ,traits>&
insert(size_type pos, const_pointer s, size_type n);
Returns: insert(  pos,basic_string<charT,Allocator,traits>(s,n)) g
basic_string<charT,Allocator ,traits>&
insert(size_type pos, const_pointer s);
Returns: insert(  pos,basic_string(s)) O
Notes: Usestraits::length() O
basic_string<charT,Allocator ,traits>&
insert(size_type pos, size_type n, const charT ¢ =charT());
Returns: insert(  pos,basic_string<charT,Allocator,traits>(c,n))
21.1.1.4.7basic_string::remove [lib.string::remove]
basic_string<charT,Allocator ,traits>&
remove(size_type pos = 0, size_type n = NPOS);
Requires: pos <= size() g
Throws: out_of range if pos > size() g
Effects: Determines the effective lengtklen of the string to be removed as the smallernoand 0O
size() - pos. O
The function then replaces the string controlledttys  with a string of lengttsize() - xlen O
whose firstpos elements are a copy of the initial elements of the original string controll&thiby , O
and whose remaining elements are a copy of the elements of the original string contrétted by O
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beginning at positiopos + xlen . O
Returns: *this

21.1.1.4.8basic_string::replace [lib.string::replace]

basic_string<charT,Allocator ,traits>&
replace(size_type posl, size type nl,
const basic_string<charT,Allocator,traits>& str,
size_type pos2 = 0, size_type n2 = NPOS);

Requires: posl <=size() && pos2 <=size() . g
Throws: out_of range if posl >size() orpos2 > str .size() . g
Effects: Determines the effective lengttlen of the string to be removed as the smallerndfand 0O
size() - &posl. It also determines the effective lengtan of the string to be inserted as thél
smaller ofn2 andstr .size() - pos2. Then throwdength_error if size() - xlen O
>=NPOS - rlen . g
Otherwise, the function replaces the string controlledtbys  with a string of length size() - O
xlen whose first pos1 elements are a copy of the initial elements of O
the original string controlled by *this , whose next rlen elements are O

a copy of the initial elements of the string controlled by str begin-

ning at position pos2, and whose remaining elements are a copy of the O
elements of the original string controlled by *this beginning at O
position pos1 + xlen. O
Returns: *this O
basic_string<charT,Allocator traits>&
replace(size_type pos, size_type nl, const_pointer s, size_type n2);
Returns: replace( pos, ni,basic_string<charT,Allocator,traits>(s,n2)) . g
basic_string<charT,Allocator ,traits>&
replace(size_type pos, size_type nl, const_pointer s);
Returns: replace( pos, nl,basic_string<charT,Allocator,traits>(s)) . g
Notes: Usestraits::length() . O
basic_string<charT,Allocator ,traits>&
replace(size_type pos, size_type n, charT ¢ = charT());
Returns: replace( pos, n,basic_string<charT,Allocator,traits>(c,n)) . g
21.1.1.4.9basic_string::operator]] [lib.string::op.array]
charT operator[](size_type pos) const;
reference operator[](size_type pos);
Returns: If pos <size() ,returnsdata()) pos ]. Otherwise, ifpos ==size() ,theconst [
version returngraits::eos() . Otherwise, the behavior is undefined. O
Notes: The reference returned by the norenst version is invalid after any subsequent call d
c_str() ,data() ,orany nonconst member function for the object. O

21.1.1.4.10basic_string::at [lib.string::at]

const_reference at(size_type n) const;
reference at(size_type n);
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Requires: pos < size()
Throws: out_of range if pos >=size()
Returns: operator[]( pos ).

BBox 96

abrevious definition oput_at() : Otherwise, ifpos == len , the function replaces the string controlled
rby *this  with a string of lengthlen + 1 whose firstlen elements are a copy of the original string ardl
Owvhose remaining element is initializeddo Otherwise, the function assigogo ptr/jpos] . &

DE OooOo

21.1.1.4.11basic_string::c_str [lib.string::c.str]

const charT* c_str() const;

Returns: A pointer to the initial element of an array of lengihe() + 1 whose firstsize() ele- 0O
ments equal the corresponding elements of the string controllgtiby and whose last element is &l
null character specified lyaits::eos() . O

Requires: The program shall not alter any of the values stored in the array. Nor shall the program treat the
returned value as a valid pointer value after any subsequent call to a hon-const member function of the
classbasic_string that designates the same objecdthés . O

Notes: Usestraits::eos()

21.1.1.4.12basic_string::data [lib.string::data]

const charT* data() const;

Returns: c_str()  if nonzerosize() is O

Requires: The program shall not alter any of the values stored in the character array. Nor shall the pro-
gram treat the returned value as a valid pointer value after any subsequent call tcomstormember [
function ofbasic_string that designates the same objecthés . O

21.1.1.4.13basic_string::size [lib.string::size]

size_type size() const:

Returns: a count of the number of char-like objects currently in the string. O
Notes: Usestraits::length() . O
21.1.1.4.14basic_string::max_size (lib.string::max.size]

size_type max_size() const:

Returns: The maximum size of the string.
21.1.1.4.15basic_string::resize [lib.string::resize]

void resize(size_type n, charT c);

Requires: n = NPOS
Throws: length_error if n ==NPOS.
Effects: Alters the length of the string designatedthys as follows:

— If n <=size() , the function replaces the string designatedtthis  with a string of lengtm
whose elements are a copy of the initial elements of the original string design&tieid by

OO ogoo

— If n >size() , the function replaces the string designatetitlmg  with a string of lengtm whose [0
first size() elements are a copy of the original string designatettthy , and whose remaining
elements are all initialized . O
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void resize(size_type n);

Returns: resize(n, eos()) . O
Notes: Usestraits::eos()

21.1.1.4.16basic_string::reserve [lib.string::reserve]

size_type capacity() const;

Returns: the size of the allocated storage in the string. O

void reserve(size_type res_arg);

The member functioneserve()  is a directive that informs laasic_string of a planned change in]
size, so that it can manage the storage allocation accordingly. O
Effects: After reserve() , capacity() is greater or equal to the argumentederve if realloca- O
tion happens; and equal to the previous valw=apécity() otherwise. O
Reallocation happens at this point if and only if the current capacity is less than the argument of
reserve() . O
Complexity: It does not change the size of the sequence and takes at most linear time in the sizélof the
sequence. g

Notes: Reallocation invalidates all the references, pointers, and iterators referring to the elementsin the
sequence. It is guaranteed that no reallocation takes place during the insertions that happéh after
reserve() takes place till the time when the size of the string reaches the size specifiéd by
reserve() . O

21.1.1.4.17basic_string::empty (lib.string::empty]

bool empty() const;

Returns: size() ==
21.1.1.4.18basic_string::copy [lib.string::copy]

size_type copy(pointer s, size_type n, size_type pos = 0);

Requires: pos <= size()

Throws: out_of range if pos > size()

Effects: Determines the effective lengtfen of the string to copy as the smaller mfndsize() -
pos. s shall designate an array of at ledstr elements.
The function then replaces the string designatesl with a string of lengthlen whose elements are a

Oooono

copy of the string controlled byhis  beginning at positiopos . O
Returns: rlen . O
21.1.1.4.19basic_string::swap (lib.string::swap]
void swap(basic_string<charT,Allocator,traits>& s);

Effects: Swaps the contents of the two strings. O
Postcondition: *this  contains the characters that weresins contains the characters that were in
*this . O

1%%)The function does not append a null object to the string.
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Complexity: Constant time.
21.1.1.4.20basic_string::find [lib.string::find]
size_type find(const basic_string<charT,Allocator,traits>& str,

size_type pos = 0) const;

Effects: Determines the lowest positiotpos , if possible, such that both of the following conditiors
obtain:

— pos <=xpos andxpos + str .size() <= size() ;

— traits::eq(at( xpos +1), str .at( 1)) forall elementd of the string controlled bgtr . O

Returns: xpos if the function can determine such a valuexXpos . Otherwise, returnslPOS O
size_type find(const_pointer s, size_type pos, size_type n) const;

Returns: find(basic_string<charT,Allocator,tratis>( S, n) pos) . O
size_type find(const_pointer s, size_type pos = 0) const;

Returns: find(basic_string<charT,Allocator,traits>( S), pos) . O

Notes: Usestraits::length() . O

size_type find(charT c, size_type pos = 0) const;
Returns: find(basic_string<charT,Allocator,traits>( c), pos) .
21.1.1.4.21basic_string::rfind [lib.rfind]
size_type rfind(const basic_string<charT,Allocator,traits>& str,
size_type pos = NPOS) const;

Effects: Determines the highest positioqos , if possible, such that both of the following conditiors
obtain:

— Xpos <=pos andxpos + &str .size() <=size() ;

— traits::eq(at( xpos +1), str .at( 1)) forall elementd of the string controlled bgtr . O

Returns: xpos if the function can determine such a valuexpos . Otherwise, returnslPOS O
size_type rfind(const_pointer s, size_type pos, size_type n) const;

Returns: rfind(basic_string<charT,Allocator,traits>( s, n), pos). O
size_type rfind(const_pointer s, size_type pos = NPOS) const;

Returns: rfind(basic_string<charT,Allocator,traits>( S), pos) . O

Notes: Usestraits::length() . O

size_type rfind(charT c, size_type pos = NPOS) const;

Returns: rfind(basic_string<charT,Allocator,traits>( c, n), pos) .
21.1.1.4.22basic_string::find_first_of [lib.string::find.first.of]
size_type

find_first_of(const basic_string<charT,Allocator,traits>& str,
size_type pos = 0) const;
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Effects: Determines the lowest positiotpos , if possible, such that both of the following conditiors
obtain:

— pos <=xpos andxpos <size() ;

— traits::eq(at(xpos), str.at(l)) for some element of the string controlled bgtr . O
Returns: xpos if the function can determine such a valuexpos . Otherwise, returnslPOS O
size_type
find_first_of(const_pointer s, size_type pos, size_type n) const;
Returns: find_first_of(basic_string<charT,Allocator,tratis>( s, n), pos). g
size_type find_first_of(const_pointer s, size_type pos = 0) const;
Returns: find_first_of(basic_string<charT,Allocator,tratis>( S), pos) . g
Notes: Usestraits::length() . O

size_type find_first_of(charT c, size_type pos = 0) const;

Returns: find_first_of(basic_string<charT,Allocator,tratis>( c), pos) .
21.1.1.4.23basic_string::find_last_of [lib.string::find.last.of]
size_type

find_last_of(const basic_string<charT,Allocator,traits>& str,
size_type pos = NPOS) const;

Effects: Determines the highest positioqos , if possible, such that both of the following conditiors
obtain:

— Xpos <=pos andpos <size() ;

— traits::eq(at( xpos), str .at( 1)) for some element of the string controlled bgtr . O

Returns: xpos if the function can determine such a valuexpos . Otherwise, returnslPOS O
size_type find_last_of(const_pointer s, size type pos, size_type n) const;

Returns: find_last_of(basic_string<charT,Allocator,tratis>( s, n), pos). O
size_type find_last_of(const_pointer s, size_type pos = NPOS) const;

Returns: find_last_of(basic_string<charT,Allocator,tratis>( S), pos) . O

Notes: Usestraits::length() O

size_type find_last_of(charT c, size_type pos = NPOS) const;

Returns: find_last_of(basic_string<charT,Allocator,traits>( c), pos) .
21.1.1.4.24basic_string::find_first_not_of [lib.string::find.first.not.of]
size_type

find_first_not_of(const basic_string<charT,Allocator,traits>& str,
size_type pos = 0) const;

Effects: Determines the lowest positiotpos , if possible, such that both of the following conditiors
obtain:

— pos <=xpos andxpos <size() ; O
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basic_string::find_first_not_of

— traits::eq(at(xpos), str.at(l)) for no element of the string controlled bgtr . O
Returns: xpos if the function can determine such a valuexpos . Otherwise, returnslPOS O
size_type

find_first_not_of(const_pointer s, size_type pos, size_type n) const;

Returns: find_first_not_of(basic_string<charT,Allocator,traits>( s, n), pos). O

size_type find_first_not_of(const_pointer s, size_type pos = 0) const;

Returns: find_first_not_of(basic_string<charT,Allocator,traits>( S), pos) . g
Notes: Usestraits::length() . O

size_type find_first_not_of(charT, size_type pos = 0) const;

Returns: find_first_not_of(basic_string<charT,Allocator,tratis>( c), pos) .
21.1.1.4.25basic_string::find_last_not_of [lib.string::find.last.not.of]
size_type

find_last_not_of(const basic_string<charT,Allocator,traits>& str,
size_type pos = NPOS) const;

Effects: Determines the highest positioqos , if possible, such that both of the following conditiors
obtain:

— Xpos <=pos andpos <size() ;

— traits::eq(at(xpos), str.at(l)) for no element of the string controlled bgtr . O
Returns: xpos if the function can determine such a valuexpos . Otherwise, returnslPOS O
size_type find_last_not_of(const_pointer s, size_type pos, size_type n) const;
Returns: find_last_not_of(basic_string<charT,Allocator,traits>( s, n), pos). g
size_type find_last_not_of(const_pointer s, size_type pos = NPOS) const;
Returns: find_last_not_of(basic_string<charT,Allocator,traits>( S), pos) . g
Notes: Usestraits::length() . O
size_type find_last_not_of(charT c, size_type pos = NPOS) const;
Returns: find_last_not_of(basic_string<charT,Allocator,traits>( c), pos) .
21.1.1.4.26basic_string::substr [lib.string::substr]
basic_string<charT,Allocator,traits>
substr(size_type pos = 0, size_type n = NPOS) const;
Requires: pos <= size() g
Throws: out_of range if pos > size() g
Effects: Determines the effective lengtfen of the string to copy as the smaller mfandsize() - O
pos. g

Returns: basic_string<charT,Allocator,traits>(data()+ pos, rlen ) .
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21.1.1.4.27basic_string::compare [lib.string::compare]
int compare(const basic_string<charT,Allocator,traits>& str
size type  pos =0, size_type n =NPOS)
Requires: pos <= size() g
Throws: out_of range if pos >size() . g
Effects: Determines the effective lengtfen of the strings to compare as the smallest,cfize() - O
pos, and str .size() . The function then compares the two strings by calling
traits::compare(data()+ pos, str .data(), rlen ). O
Returns: the nonzero result if the result of the comparison is nonzero. Otherwise, returns a value as indi-
cated in Table 45: O

Table 45—compare() results

0 Condition Return Value U
size() - pos < str .size() avalue<0 0
rsize() - pos == str .size() 0 0 a
bize() - pos > str.size() avalue>0 g a
Usestraits::compare() . O
int compare(const_pointer s, size_type pos, size_type n) const;
Returns: compare(basic_string<charT,Allocator,traits>(s, n), pos) . O
Notes: Usestraits::compare() . O
int compare(const_pointer s, size_type pos = 0) const;
Returns: compare(basic_string<charT,Allocator,traits>(s), pos) . O
Notes: Usestraits::length() andtraits::compare()
21.1.1.5basic_string non-member functions [lib.string.nonmembers]
21.1.1.5.10perator+ [lib.string::op+]
template<class charT, class Allocator, class traits>
basic_string<charT,Allocator,traits>
operator+(const basic_string<charT,Allocator,traits>& lhs,
const basic_string<charT,Allocator,traits>& rhs);
Returns: basic_string<charT,Allocator,traits>(lhs).append(rhs) . O
template<class charT, class Allocator, class traits>
basic_string<charT,Allocator,traits>
operator+(const_pointer lhs,
const basic_string<charT,Allocator,traits>& rhs);
Returns: basic_string<charT,Allocator, traits>(lhs) + rhs . g
Notes: Usestraits::length() . O

template<class charT, class Allocator, class traits>
basic_string<charT,Allocator,traits>
operator+(charT lhs,
const basic_string<charT,Allocator,traits>& rhs);
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Returns: basic_string<charT,Allocator,traits>( Ihs )+ rhs .

template<class charT, class Allocator, class traits>
basic_string<charT,Allocator,traits>
operator+(const basic_string<charT,Allocator,traits>& lhs,
const_pointer rhs);

Returns: basic_string<charT,Allocator,tratis>(
basic_string<charT,Allocator,tratis>( rhs ).
Notes: Usestraits::length()

template<class charT, class Allocator, class traits>
basic_string<charT,Allocator,traits>
operator+(const basic_string<charT,Allocator,traits>& lhs,
charT rhs);

Returns: lhs + basic_string<charT,Allocator,traits>( rhs).
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lhs ) +

21.1.1.5.20perator== [lib.string::operator==

template<class charT, class Allocator, class traits>
bool operator==(const basic_string<charT,Allocator,traits>& lhs,
const basic_string<charT,Allocator,traits>& rhs);

Returns: lhs .compare( rhs) ==

template<class charT, class Allocator, class traits>
bool operator==(const charT* lhs,
const basic_string<charT,Allocator,traits>& rhs);

Returns: basic_string<charT,Allocator,tratis>( lhs Y==rhs .

template<class charT, class Allocator, class traits>
bool operator==(const basic_string<charT,Allocator,traits>& lhs,
const charT* rhs);

Returns: lhs == basic_string<charT,Allocator,traits>( rhs).
Notes: Usestraits::length()

21.1.1.5.30perator!=

template<class charT, class Allocator, class traits>
bool operator!=(const basic_string<charT,Allocator,traits>& lhs,
const basic_string<charT,Allocator,traits>& rhs);

template<class charT, class Allocator, class traits>
bool operator!=(const charT* |hs,
const basic_string<charT,Allocator,traits>& rhs);

template<class charT, class Allocator, class traits>
bool operator!=(const basic_string<charT,Allocator,traits>& lhs,
const charT* rhs);

Returns: basic_string<charT,Allocator,traits>( Ihs ).compare(
Notes: Usestraits::length()

[lib.string::op!=]

rhs )!1=0

OooOo
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21.1.1.5.40perator< lib.string::op <]

template<class charT, class Allocator, class traits>
bool operator< (const basic_string<charT,Allocator,traits>& lhs,
const basic_string<charT,Allocator,traits>& rhs);

template<class charT, class Allocator, class traits>
bool operator< (const basic_string<charT,Allocator,traits>& lhs,
const charT* rhs);

template<class charT, class Allocator, class traits>
bool operator< (const charT* Ihs,
const basic_string<charT,Allocator,traits>& rhs);

Returns: basic_string<charT,Allocator,traits>(f6lhs ).comparefhs ) <O.
21.1.1.5.50perator> lib.string::op >]

template<class charT, class Allocator, class traits>
bool operator> (const basic_string<charT,Allocator,traits>& lhs,
const basic_string<charT,Allocator,traits>& rhs);

template<class charT, class Allocator, class traits>
bool operator> (const basic_string<charT,Allocator,traits>& lhs,
const charT* rhs);

template<class charT, class Allocator, class traits>
bool operator> (const charT* |hs,
const basic_string<charT,Allocator,traits>& rhs);

Returns: basic_string<charT,Allocator,traits>(f6lhs ).comparefhs ) > 0.
21.1.1.5.60perator<= lib.string::op <=]

template<class charT, class Allocator, class traits>
bool operator<=(const basic_string<charT,Allocator,traits>& lhs,
const basic_string<charT,Allocator,traits>& rhs);

template<class charT, class Allocator, class traits>
bool operator<=(const basic_string<charT,Allocator,traits>& lhs,
const charT* rhs);

template<class charT, class Allocator, class traits>
bool operator<=(const charT* lhs,
const basic_string<charT,Allocator,traits>& rhs);

Returns: basic_string<charT,Allocator,traits>(f6lhs ).comparefhs ) <= 0.
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21.1.1.5.70perator>= lib.string::op >=]

template<class charT, class Allocator, class traits>
bool operator>=(const basic_string<charT,Allocator,traits>& lhs,
const basic_string<charT,Allocator,traits>& rhs);

template<class charT, class Allocator, class traits>
bool operator>=(const basic_string<charT,Allocator,traits>& lhs,
const charT* rhs);

template<class charT, class Allocator, class traits>
bool operator>=(const charT* lhs,
const basic_string<charT,Allocator,traits>& rhs);

Returns: basic_string<charT,Allocator,traits>(f6lhs ).comparefhs ) >= 0.

21.1.1.5.8 Inserters and extractors
Notes: Usestraits::char_in andis_del()
template<class charT, class Allocator, class traits>
basic_ostream<charT>&

operator<<(basic_ostream<charT>& os,
const basic_string<charT,Allocator,traits>& a);

Notes: Usestraits::char_out()

21.1.2 Classtring [lib.string]

namespace std {
struct string_char_traits<char> {
typedef char char_type;

static void assign(char_type& c1, const char_type& c2);

static bool eq(const char_type& c1, const char_type& c2);
static bool ne(const char_type& c1, const char_type& c2);
static bool It(const char_type& cl1, const char_type& c2);

static char_type eos();

static int compare(const char_type* s1, const char_type* s2,
size_type ny;

static size_type length(const char_type* s);
static char_type* copy(char_type* s1, const char_type* s2, size_type n;
I3
typedef basic_string<char> string;
}
21.1.3 string_char_traits<char> members (lib.string.traits.members]
21.1.3.1assign (lib.string.traits::assign]

static void assign(char_type& c1, const char_type& c2);

O

OooOooOono

OO

OooOooao

[ |
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Effects: ¢l =c2
21.1.3.2eq (lib.string.traits::eq]

static bool eq(const char_type& c1, const char_type& c2);

Returns: cl ==c2
21.1.3.3ne (lib.string.traits::ne]

static bool ne(const char_type& c1, const char_type& c2);

Returns: cl!=c2
21.1.3.41t (lib.string.traits::It]

static bool It(const char_type& c1, const char_type& c2);

Returns: cl <c2
21.1.3.5e0s (lib.string.traits::eos]

static char_type eos();

Returns: 0
21.1.3.6compare [lib.string.traits::compare]
static int compare(const char_type* s1, const char_type* s2,

size_type ny;

Returns: memcmp(sl1,s2,n)
21.1.3.7length [(lib.string.traits::length]

static size_type length(const char_type* S);

Returns: strlen(s)
21.1.3.8copy (lib.string.traits::copy]

static char_type* copy(char_type* s1, const char_type* s2, size_type ny;

Returns: memcpy(sl1,s2,n)

21.1.4 Classwstring [lib.wstring]

namespace std {
struct string_char_traits<wchar_t> {
typedef wchar_t char_type;

static void assign(char_type& c1, const char_type& c2);

static bool eq(const char_type& c1, const char_type& c2);
static bool ne(const char_type& c1, const char_type& c2);
static bool It(const char_type& c1, const char_type& c2);

static char_type eos();

static int compare(const char_type* s1, const char_type* s2, size_type ny;
static size_type length(const char_type* s);

OO

OooOooao OO

OO
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static char_type* copy(char_type*
2

typedef basic_string<wchar_t> wstring;

}

21.1.5 string_char_traits<wchar_t>
21.1.5.1assign

static void assign(char_type&

Effects: c1 =c2
21.1.5.2eq

static bool eq(const char_type&

Returns: ¢l ==c2
21.1.5.3ne

static bool ne(const char_type&

Returns: cl !=c2
21.1.5.41t

static bool It(const char_type&

Returns: cl <c2
21.1.5.5e0s

static char_type eos();

Returns: 0
21.1.5.6compare

static int compare(const char_type*
size_type ny;

Returns: wmemcmp(sl,s2,n)
21.1.5.7length

static size_type length(const char_type*

Returns: wcslen(s)
21.1.5.8copy

static char_type* copy(char_type*
size_type

DRAFT: 1 February 1995

s1, const char_type*

members

c1, const char_type&

c1, const char_type&

c1, const char_type&

c1, const char_type&

s1, const char_type*

s1, const char_type*
ny;
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s2, size_type ny;

[lib.wstring.members]

[(lib.wstring::assign]

c2);
[lib.wstring::eq]
c2);
[lib.wstring::ne]
c2);
(lib.wstring::It]
c2);

(lib.wstring::eos]

[lib.wstring::compare]

s2,

(lib.wstring::length]

lib.wstring::copy]

s2,

OO
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Returns: wmemcpy(s1,s2,n)

21.2 Null-terminated sequence utilities

Headers<cctype> , <cwctype> , <cstring>
<Cis0646>

DRAFT: 1 February 1995

, <cwchar> , <cstdlib>

21.1.5.8copy

[lib.c.strings]

( multibyte conversions), and
O

Table 45—Header <cctype> synopsis O

U Type

Name(s)

H:unctions:
Osalnum isdigit
Lsalpha isgraph
Hscntrl  islower

isprint
ispunct
isspace

tolower
toupper

isupper
isxdigit

mOooooo

Table 45—Header <cwctype> synopsis

0 Type

Name(s)

FMacro: WEOF <cwctype>

rypes: wctrans_t  wctype_t

wint_t <cwctype>

unctions:
Uswalnum
Ciswalpha
Oswentrl

iswlower
iswprint
iswpunct

iswctype
iswdigit
iswgraph

iswspace
iswupper
iswxdigit

towctrans
towlower
towupper

wctrans
wctype

mOoOoOodoooo

Table 45—Header <cstring>

synopsis

U Type

Name(s)

acro:

NULL <cstring>

[(MMype:

size_type <cstring>

unctions:
Eﬁtrcoll
[Btrcat
Cstrchr

Estrcmp

strcpy
strcspn
strerror

strlen
strncat
strncmp
strncpy

strtok
strxfrm

strpbrk
strrchr
strspn
strstr

MOoooodgooo
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Table 45—Header<cwchar> synopsis

0 Type Name(s) S
H\/Iacros: NULL <cwchar> WCHAR_MAX WCHAR_MIN WEOF <cwchar> 0
rypes: mbstate_t wint_t <cwchar> d
|;‘,Struct: tm <cwchar> 5
Functions: 0
[btowc getwchar ungetwc wcscpy wcsrtombs  wmemchr 0
Ei‘getwc mbrlen viwprintf  wcscspn wcesspn wmemcmp U
getws mbrtowc vswprintf  wcsftime WCSStr wmemcpy g
putwc mbsinit vwprintf wcslen wcstod wmemmove 0
fputws mbsrtowcs wcrtomb wcesncat wcstok wmemset 0
(fwide putwc wcscat wesnemp wcstol wprintf 0
Uwprintf  putwchar weschr wesncpy westoul wscanf U
scanf swprintf wesemp wcespbrk wesxfrm g
[petwc swscanf wcscoll wesrchr wctob 0
Table 45—Header<cstdlib>  synopsis
0 Type Name(s) S
Macros: MB_CUR_MAX 0
[Functions: O
Chtol mblen strtod  wctomb U
tof mbstowcs strtol  wcstombs E
[patoi mbtowc stroul 0
The contents are the same as the Standard C library, with the following modifications:
None of the headers shall define the twohar_t (2.8).
The function signaturstrchr(const char*, int) is replaced by the two declarations:
const char* strchr(const char* s, int c);
char* strchr( char* s, int c);
both of which have the same behavior as the original declaration.
The function signaturstrpbrk(const char*, const char*) is replaced by the two declarat]
tions: 0
const char* strpbrk(const char* s1, const char* s2);
char* strpbrk( char* s1, const char* s2);
both of which have the same behavior as the original declaration.
The function signaturstrrchr(const char*, int) is replaced by the two declarations: O

const char* strrchr(const char* s, int c);
char* strrchr( char* s, int c);
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both of which have the same behavior as the original declaration.

The function signaturstrstr(const char*, const char*) is replaced by the two declarations:]
const char* strstr(const char* s1, const char* s2);
char* strstr( char* s1, const char* s2);

both of which have the same behavior as the original declaration.

The function signaturmmemchr(const void*, int, size_type) is replaced by the two declarat]
tions: O
const void* memchr(const void* s, int c, size_type ny;

void* memchr( void* s, int c, size_type ny;

both of which have the same behavior as the original declaréinaLso 1SO C subclauses 7.3, 7.10.7]
7.10.8, and 7.11. Amendment 1 subclauses 4.4, 4.5, and 4.6.



22 Localization library [lib.localization]

This clause describes components thatfEograms may use to encapsulate (and therefore be largely inde-
pendent of) cultural differences. The locale facility includes internationalization support for characteficlas-
sification and collation, numeric and currency punctuation, date and time formatting, and message retrieval.

The following subclauses describe components for locales, standard facets, and facilities from the(1SO C

library, as summarized in Table 46: a
Table 46—Localization library summary O

g Subclause Header(s) U

22.1 Locales g

' <locale> O

[22.2 Standartbcale facets

F22.3 C library locales <clocale> H 0

22.1 Locales (lib.locales]

Header<locale> synopsis

#include <limits> ad
#include <string> ad
#include <iosfwd> ad
namespace std { ad
// subclause 22.1.1, locale: O
class locale; O
template <class charT> O
basic_ostream<charT>& operator<<(basic_ostream<charT>& s, const locale& loc); O
template <class charT> ad
basic_istream<charT>& operator>>(basic_istream<charT>& s, locale& loc ); ad
// subclause 22.1.2, convenience interfaces: ad
template <class charT> bool isspace (charT ¢, const locale& loc ) const; a
template <class charT> bool isprint (charT ¢, const locale& loc ) const; a
template <class charT> bool iscntrl (charT c, const locale& loc ) const; ad
template <class charT> bool isupper (charT c, const locale& loc ) const; ad
template <class charT> bool islower (charT ¢, const locale& loc ) const; a
template <class charT> bool isalpha (charT ¢, const locale& loc ) const; a
template <class charT> bool isdigit (charT c, const locale& loc ) const; ad
template <class charT> bool ispunct (charT c, const locale& loc ) const; ad
template <class charT> bool isxdigit(charT ¢, const locale& loc ) const; a
template <class charT> bool isalnum (charT ¢, const locale& loc ) const; a
template <class charT> bool isgraph (charT c, const locale& loc ) const; ad
template <class charT> charT toupper(charT c, const locale& loc ) const; ad
template <class charT> charT tolower(charT ¢, const locale& loc ) const; a
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// subclauses 22.2.1 and 22.2.2, ctype: ad
class ctype_base; O
template <class charT> class ctype; O

class ctype<char>; /I specialization g
template <class charT> class ctype_byname; t
class ctype_byname<char>; // specialization O

// subclauses 22.2.4 and 22.2.5, numeric: O
template <class charT, class Inputlterator> class num_get; a
template <class charT, class Outputlterator> class num_put; t
template <class charT> class numpunct; O
template <class charT> class numpunct_byname; O

// subclause 22.2.6, collation: O
template <class charT> class collate; O
template <class charT> class collate_byname; O

// subclause 22.2.7, codeset conversion: O
class codecvt_base; O
template <class fromT, class toT, class stateT> class codecvt; O
template <class fromT, class toT, class stateT> class codecvt_byname; O

// subclause 22.2.8, date and time: O
class time_base; O
template <class charT, class Inputlterator> class time_get; a
template <class charT, class Inputlterator> class time_get_byname; ad
template <class charT, class Outputlterator> class time_put; O
template <class charT, class Outputlterator> class time_put_byname; g

// subclauses 22.2.9 and 22.2.10, money: O
class money_base; O
template <class charT, class Inputlterator> class money_get; O
template <class charT, class Outputlterator> class money_put;
template <class charT> class moneypunct;
template <class charT> class moneypunct_byname;

/I subclause 22.2.11, message retrieval: O
template <class charT> class messages; g
template <class charT> class messages_byname; t

} d

The headexlocale> defines classes and declares functions that encapsulate and manipulate the informa-

tion peculiar to a local&*” O

22.1.1 Clasdocale [(lib.locale]

namespace std { O
class locale { O
public: ad

class facet; ad
class id; O
typedef unsigned category; ad
static const category O
collate = 0x010, ctype = 0x020, O
monetary = 0x040, numeric = 0x080, 0
time = 0x100, messages = 0x200, all = 0x3f0; O

1201n this subclause, the type nasteuct tm is an incomplete type that is defined<ictime> .
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locale(); ad
locale(const locale& other ); O
locale(const char* std_name ); O
locale(const locale& other , const char* std_name , category); O
template <class Facet> ad
locale(const locale& other , Facet* f); O
template <class Facet> O
locale(const locale& other , const locale& one); O
locale(const locale& other , const locale& one, category); ad
~locale(); // non-virtual O
const locale& operator=(const locale& other ); O
template <class Facet> const Facet& use() const; g
template <class Facet> bool has() const; t
const basic_string<char>& name() const; O
bool operator==(const locale& other ) const; O
bool operator!=(const locale& other ) const; O
template <class charT> O
bool operator()(const basic_string<charT>& s1, O
const basic_string<charT>& s2) const; O

static locale global(const locale&); O
static const locale& classic(); ad
static const locale transparent() O
J5 O
} O

A locale constructed from a name string (such as "), or from parts of two named locales, or read fiom a
stream, has a name; all others do not. Named locales may be compared for equality; an unnamed locale is
equal only to (copies of) itself. For an unnamed lodatale::name() returns the string. g

A facet has a dual role: in one sense, it's just a class interface; at the same time, it's an index into a locale’s
set of facets. Access to the facets of lacale is via two member function templates]]
locale::use<facet>() andlocale::has<facet>()

For example, the standard iostreaperator<< might be implemented as: g

ostream& operator<<(ostreamé& s, double f)

locale loc = s.rdloc(); O

if (s.0pfx() {
loc.use< num_put<char> >().put(s, s, loc, f); t
s.osfx();

}

return s;

}
In the call tol.use<...>() , the type argument chooses a facet, making available all members dfl the

named type. If the named facet is not present in a locale (or, failing that, in the global locale), it throlws the
standard exceptiobad_cast . You can check if a locale implements a particular facet with the meniber

has<..>() . User-defined facets may be bestowed on a locale, and used the same way as standard
facets.

All locale semantics are accessed wse<>() andhas<>() , with one exception: a member templaté
function operator()(basic_string<T>&, basic_string<T>&) is provided so that a localel

may be used as a predicate argument to the standard collections, to order strings. In addition, cofvenient
global interfaces are provided for traditional ctype functions sudbdagt() andisspace() ,so O

that given a locale obje@tc you can saysspace(c,loc) . These are provided to ease the conversion

of existing extractors. a
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A locale which does not implement a facet delegates to the global locale. O
The effect of imbuing on a stream, or installing as the global locale, the result of static mémber
locale::transparent() (or any locale with similar behavior) is undefined. O
22.1.1.1locale types (lib.locale.types]
22.1.1.1.1 Typdocale::category (lib.locale.category]

typedef unsigned category;

Notes: Uses values as defined<clocale> ,e.g.LC_CTYPE g

22.1.1.1.2 Clastocale:facet [lib.locale.facet]

namespace std {
class locale::facet {
facet(const facet&); /I not defined
void operator=(const facet&); // not defined
void operator&() {} // not usable

oOoOooo

protected:
facet(size_t refs = 0);
virtual ~facet();

h

oOoooo

}

Base class for locale feature sets. Any class deriving from facet must destitieraember:

O

static std::locale::id id; ]

For some standard facets there is abyname” class derived from it that implements POSIX localg
semantics; they are specified by name in the standard to allow users to derive from them. If there i$ no
_byname” version, the base class implements POSIX semantics itself, sometimes with the help of another

facet. O
22.1.1.1.3 Clasfocale::id (lib.locale.ctype.id]
namespace std { O
class locale::id { ad
void operator=(const id&); // not defined O
id(const id&); // not defined O
void operator&() {} // not usable O
public: ad
id(); O
I3 0
} ad
Identification of a locale facet interface, used as an index for lookup. O
22.1.1.2locale constructors [lib.locale.cons]
locale();
Default constructor: the current global locale. O
Effects: : imp_(global_ ? global_ : init()) { imp_->add_ref(); } g

locale(const locale& other );
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Effects: { imp_ = other.imp_; imp_->add_ref(); } g
const locale& operator=(const locale& other ) const;

Effects:

if (imp_ != other.imp_) { ad
imp_->rem_ref(); imp_ = other.imp_; imp_->add_ref(); O
} O

Returns: *this U
explicit locale(const char* std_name );

Effects: Constructs a locale using standard C locale names, e.g. "POSIX". O
locale(const locale& other , const char* std_name , category);

Effects: Makes a locale composed ofdyname” facets, and assigns a hame. O
Copies its first argument except for a specified component, which is constructed on the gffwtr If 0
has a name, the new locale does also. O
template <class Facet>
locale(const locale& other , Facet* f);

To accrete or replace facet ad

Effects: Copies all facets but one from the first argument, installs the other argument as the renidining
facet. The resulting locale has no name.

1 imp_(new imp(*other.imp_, 1))
f->add_ref();

install(f, Facet::id, "*");

}

OooOooao

template <class Facet>
locale(const locale& other , const locale& one);

To replace a facet O
Effects: Copies all facets but one from the first argument, and the remaining facet from the secondlargu-
ment. The resulting locale has a no name.

1 imp_(new imp(*other.imp_, 1))

{
facet* f = (Facet*) one.imp_->vec[Facet::id]; // check derivation
install(f, Facet::id, merge_names(Facet::id, one.imp_->name_));

}

oOoOooo

locale(const locale& other , const locale& one, categories);

Effects: Copies all facets from the first argument except those that implement the specified categbries,
which are copied from the second argument. The resulting locale has a name only if both localé&l argu-
ments have names. O
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22.1.1.3locale members [(lib.locale.members]
22.1.1.3.1locale::use (lib.locale.use]

template <class Facet> const Facet& use() const;
Effects:

inti = (const id&) Facet::id; I verify is a locale::id.
facet* f = (Facet*) 0; /I verify derived from facet.
return static_cast<const Facet&>(

(i <imp_->vec_.size() && (f = imp_->vec_[i])) ? *f : delegate(i));

oOooo O

Returns: A reference to a facet. If the facet requested is not present in *this, it returns the facet fran the
current global locale, if present there, or throws an exception. O
Its result is guaranteed by locale’s value semantics to last at least as long as the locale it came frém.
22.1.1.3.2locale::has (lib.locale.has]

template <class Facet> bool has() const;

Effects: Reports whether a locale implements a particular facet. O
facet* null = (Facet*) O; /I verify derived from facet. ad
size_tix = (const id&) Facet::id; // verify is a locale::id. O

Returns: (ix <imp_->vec_.size()) && imp_->vec_|[ix]; O

If (loc.has<facet>() || locale().has<facet>()) is false,loc.use<facet>() would 0O

throw an exception. O

22.1.1.3.3locale::name [(lib.locale.name]

const basic_string<char>& name() const;

Effects: O

{return imp_->name_; }

22.1.1.4locale operators ({lib.locale.operators]

22.1.1.4.1locale::operator== [(lib.locale.op==

bool operator==(const locale& other ) const;

Returns:

(imp_ == other.imp_) || g

(name() !="*" && name() == other.name()) O
22.1.1.4.2locale::operator!= [(lib.locale.op!=]
bool operator!=(const locale& other ) const;

eturns: !(*this == other) O
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22.1.1.4.3locale::operator()

template <class charT>
bool operator()(const basic_string<charT>& s1,

lib.locale.op()]

const basic_string<charT>& s2) const;

This template function satisfies requirements for a comparator predicate template argument (25). O

22.1.1.4.40perator<<

template <class charT>
basic_ostream<charT>&

(lib.locale.op<<]

operator<<(basic_ostream<charT>& s, const locale& loc )

Returns: s << loc.name() << end| O
22.1.1.4.50perator>> (lib.locale.op>>]
template <class charT>

basic_ostream<charT>& operator>>(basic_ostream<charT>& s, locale& loc )
Effects: Read a line, construct a locale, throw exception if cannot. O
22.1.1.5locale static members [lib.locale.statics]
22.1.1.5.1locale::global [lib.locale.global]
static locale global(const locale&);
Replaces:setlocale(...) O
22.1.1.5.2locale::classic (lib.locale.classic]
static const locale& classic();
The locale. O
22.1.1.5.3locale::transparent (lib.locale.transparent]
static const locale transparent();
Continuously updated global locale. O
Returns: locale(hew imp(1, O, true)) O
22.1.2 Convenience interfaces [(lib.locale.convenience]
22.1.2.1 Character classification [(lib.classification]
22.1.2.1.1isspace (lib.locale.isspace]
template <class charT> bool isspace(charT c, const locale& loc ) const;
Returns: loc.use<ctype<charT> >().is(ctype<charT>::space, c) . g
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22.1.2.1.2isprint

template <class charT> bool isprint(charT

Returns: loc.use<ctype<charT> >().is(ctype<charT>::

22.1.2.1.3iscntrl

template <class charT> bool iscntrl(charT

Returns: loc.use<ctype<charT> >().is(ctype<charT>::

22.1.2.1.4isupper

template <class charT> bool isupper(charT

Returns: loc.use<ctype<charT> >().is(ctype<charT>::

22.1.2.1.5islower

template <class charT> bool islower(charT

Returns: loc.use<ctype<charT> >().is(ctype<charT>::

22.1.2.1.6isalpha

template <class charT> bool isalpha(charT

Returns: loc.use<ctype<charT> >().is(ctype<charT>::

22.1.2.1.7isdigit

template <class charT> bool isdigit(charT

Returns: loc.use<ctype<charT> >().is(ctype<charT>::

22.1.2.1.8ispunct

template <class charT> bool ispunct(charT

Returns: loc.use<ctype<charT> >().is(ctype<charT>::

22.1.2.1.9isxdigit

template <class charT> bool isxdigit(charT

Returns: loc.use<ctype<charT> >().is(ctype<charT>::

22.1.2.1.10isalnum

template <class charT> bool isalnum(charT

Returns: loc.use<ctype<charT> >().is(ctype<charT>::

DRAFT: 1 February 1995

¢, const locale&

print, c)

¢, const locale&

cntrl, c)

¢, const locale&

upper, c)

¢, const locale&

lower, c)

¢, const locale&

alpha, c)

¢, const locale&

digit, c)

¢, const locale&

punct, c)

¢, const locale&

xdigit, ¢)

¢, const locale&

alnum, c)

22.1.2.1.2isprint

[lib.locale.isprint]

loc ) const;

[lib.locale.iscntrl]

loc ) const;

[(lib.locale.isupper]

loc ) const;

(lib.locale.islower]

loc ) const;

(lib.locale.isalpha]

loc ) const;

[lib.locale.isdigit]

loc ) const;

(lib.locale.ispunct]

loc ) const;

(lib.locale.isxdigit]

loc ) const;

(lib.locale.isalnum]

loc ) const;
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22.1.2.1.11isgraph

template <class charT> bool isgraph(charT

¢, const locale&

Returns: loc.use<ctype<charT> >().is(ctype<charT>::graph, c)

22.1.2.2 Character conversiona
22.1.2.2.1toupper

template <class charT> charT toupper(charT

Returns: loc.use<ctype<charT> >().toupper(c)
22.1.2.2.2tolower

template <class charT> charT tolower(charT

Returns: loc.use<ctype<charT> >().tolower(c)
22.2 Standardlocale facets

22.2.1 Thectype facet

namespace std {
struct ctype_base {
enum ctype_mask {

¢, const locale&

¢, const locale&

space=1<<0, print=1<<1, cntrl=1<<2, upper=1<<3, lower=1<<4,

alpha=1<<5, digit=1<<6, punct=1<<7, xdigit=1<<8,
alnum=(1<<5)|(1<<6), graph=(1<<7)|(1<<6)|(1<<5)

ox 97

ctype_base::ctype_mask

O
a
OSSUE: should this be in the global namespace?

operator|(ctype_base::ctype_mask a, ctype_base::ctype_mask b);
{ return (ctype_base::ctype_mask)(unsigned(a)|unsigned(b)); }

template <class charT> class ctype;
template <class charT> class ctype_byname

}

22.2.1.1 Template classtype

template <class charT>

class ctype : public locale::facet, public ctype_base {

public:
typedef charT char_type;

Localization library 22-9

[(lib.locale.isgraph]

loc ) const;

[lib.conversions]
[lib.locale.toupper]

loc ) const;

[(lib.locale.tolower]

loc ) const;

(lib.std.facets]

[(lib.facet.ctype]

[(lib.locale.ctype]

Oooooooogodg

H o

OoOooooo

OoOooo
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22.2.1.1 Template classtype

protected: ad
virtual bool do_is(ctype_mask mask, charT  ¢) const; O
virtual const charT* do_is(const charT* low , O
const charT* high , ctype_mask* vec) const; O

virtual const char* do_scan_is(ctype_mask mask, ad
const charT* low , const charT* high ) const; O

virtual const char* do_scan_not(ctype_mask mask, O
const charT* low , const charT* high ) const; O

virtual charT do_toupper(charT) const; ad
virtual const charT* do_toupper(charT* low , const charT* high ) const; O
virtual charT do_tolower(charT) const; O
virtual const charT* do_tolower(charT* low , const charT* high ) const; O
virtual charT do_widen(char) const; ad
virtual const char* do_widen(const char* lo, O
const char* hi , charT* dest ) const; O

virtual char do_narrow(charT, char dfault ) const; O
virtual const charT* do_narrow(const charT* lo , const charT* hi , O
char dfault , char* dest ) const; O

public: O
bool is(ctype_mask mask, charT  ¢) const; O
const charT* is(const charT* low , const charT* high , ctype_mask* vec) const; ad
const charT* scan_is(ctype_mask mask, const charT* low , O
const charT* high ) const; O

const charT* scan_not(ctype_mask mask, const charT* low , O
const charT* high ) const; ad

charT toupper(charT) const; O
const charT* toupper(charT* low , const charT* high ) const; O
charT tolower(charT c) const; O
const charT* tolower(charT* low , const charT* high ) const; ad
charT widen(char c) const; O
const char* widen(const char* lo , const char* hi , charT* to ) const; ad
char narrow(charT ¢, char dfault ) const; O
const charT* narrow(const charT* lo , const charT*, O
char dfault , char* to ) const; O

static locale::id id,; O
ctype(size_t refs =0); O
protected: ad
~ctype(); u
; O

Classctype encapsulates the C librascctype> features. istream

ctype<> for character classing.

22.2.1.2ctype members

Most of these functions are

H?JOX 98 E
[(OTo Be Specified

members are required to usél
0

[(lib.locale.ctype.members]

O



22.2.1.2.1do_is

22.2.1.2.1do_is
virtual bool do_is(ctype_mask

virtual const charT* do_is(const charT*
const charT*

22.2.1.2.2do_scan_is
virtual const char*

do_scan_is(ctype_mask mask,
const charT* low , const charT*

22.2.1.2.3do_scan_not
virtual const char*

do_scan_not(ctype_mask mask,
const charT* low, const charT*

22.2.1.2.4do_toupper

virtual charT do_toupper(charT) const;
virtual const charT* do_toupper(charT*

22.2.1.2.5do_tolower

virtual charT do_tolower(charT) const;
virtual const charT* do_tolower(charT*

22.2.1.2.6do_widen
virtual charT do_widen(char) const;

virtual const char* do_widen(const char*
const char*

22.2.1.2.7do_narrow

virtual char do_narrow(charT, char

virtual const charT* do_narrow(const charT*
char dfault , char*

22.2.1.2.8is

bool is(ctype_mask mask, charT

const charT* is(const charT*

DRAFT: 1 February 1995

mask, charT

high , ctype_mask*

hi , charT*

low , const charT*
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[(lib.locale.ctype::do.is]

C) const;
low ,
vec) const;

(lib.locale.ctype::do.scan.is]

high ) const;

[(lib.locale.ctype::do.scan.not]

high ) const;

(lib.locale.ctype::do.toupper]

low, const charT* high ) const;

(lib.locale.ctype::do.tolower]

low, const charT* high ) const;

(lib.locale.ctype::do.widen]

lo,
dest ) const;

[lib.locale.ctype::do.narrow]

dfault ) const;
lo , const charT* hi ,

dest ) const;

(lib.locale.ctype::is]

C) const;
high , ctype_mask* vec) const;

Returns: do_is( mask, c¢) ordo_is( low, high , vec)
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22.2.1.2.9scan_is [lib.locale.ctype::scan.is]

const charT* scan_is(ctype_mask mask, const charT* low,
const charT* high ) const;

Returns: do_scan_is( masklow , high )

22.2.1.2.10scan_not [lib.locale.ctype::scan.not]
const charT* scan_not(ctype_mask mask, const charT* low,
const charT* high ) const;

Returns: do_scan_not( mask, low, high )

22.2.1.2.11toupper [lib.locale.ctype::toupper]
charT toupper(charT) const;
const charT* toupper(charT* low, const charT* high ) const;

Returns: do_toupper( c¢) ordo_toupper( low, high )

22.2.1.2.12tolower [(lib.locale.ctype::tolower]
charT tolower(charT C) const;
const charT* tolower(charT* low, const charT* high ) const;

Returns: do_tolower( ¢) ordo_tolower( low, high )

22.2.1.2.13widen [(lib.locale.ctype::widen]
charT widen(char C) const;
const char* widen(const char* lo , const char* hi , charT* to ) const;

Returns: do_widen( c¢) ordo_widen( /o, hi, to)

22.2.1.2.14narrow [(lib.locale.ctype::narrow]
char narrow(charT c,char  dfault ) const;
const charT* narrow(const charT* lo , const charT*,

char dfault , char* to ) const;

Returns: do_narrow( c, dfault ) ordo_narrow( lo, hi, dfault , to)
22.2.1.2.15ctype constructor [lib.locale.ctype::cons]

ctype(size_t refs  =0);
Effects:

. locale::facet(refs) {}

22.2.1.3 Template classtype _byname (lib.locale.ctype.byname]
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template <class charT>
class ctype_byname : public ctype<charT> {
// this class is specialized by vendors for char and wchar _t.

protected:
virtual char do_toupper(char) const;
virtual const char* do_toupper(char* low , const char*
virtual char do_tolower(char) const;
virtual const char* do_tolower(char* low , const char*
public:
ctype_byname(const char*, size_t refs =0);
protected:

~ctype_byname();
I3

22.2.2 ctype specializations

namespace std {
class ctype<char> : public locale::facet, public ctype_base {
public:
typedef char char_type;

protected:
const ctype_mask* const table_;
static const ctype_mask
classic_table_[numeric_limits<unsigned char>::max()+1];

virtual char do_toupper(char) const;
virtual const char* do_toupper(char* low, const char*
virtual char do_tolower(char) const;
virtual const char* do_tolower(char* low , const char*
public:
bool is(ctype_mask mask, char ) const;
const char* is(const char* lo , const char* hi ,
ctype_mask*  vec) const;
const char* scan_is(ctype_mask mask, const char* low ,
const char* high ) const;
const char* scan_not(ctype_mask mask, const char* low ,

const char* high ) const;

char toupper(char c) const;

const char* toupper(char* low , const char* high ) const;

char tolower(char ) const;

const char* tolower(char* low , const char* high ) const;

char widen(char c) const;

const char* widen(const char* lo , const char* hi ,
char* to) const;

char  narrow(char ¢, char /*dfault*/) const;

const char* narrow(const char* lo , const char* hi,

char /*dfault*/, char* to ) const;
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high ) const;

high ) const;

[lib.facet.ctype.special]

high ) const;

high ) const;

ODoOoooooooooQo
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static locale::id id;
ctype(const ctype_mask* tab =0, bool del =false,
size t refs =0);
protected:
}~ctype();

}

oooooooQo

A specializationctype<char> is provided, so that the member functions on tyjpar may be imple- O
mented inline. Definitions of these functions have been provided for exposition. Omlyahe and not [0

the unsigned char andsigned char  forms, has been provided. The specialization is specifieddin
the standard (and not left as an implementation detail) because it affects the derivation interfate for
ctype<char> . 0

22.2.3 ctype<char> members (lib.facet.ctype.char.members]
22.2.3.1is (lib.ctype.char::is]

bool is(ctype_mask mask, char  ¢) const;
Returns: table_[(unsigned char)c] & mask O
const char* is(const char* lo , const char* hi ,
ctype_mask*  vec) const;
Effects: while (lo != hi) *vec++ = table_[(unsigned char)*lo++]; return O
lo; O
22.2.3.2scan_is (lib.ctype.char::scan.is]
const char* scan_is(ctype_mask mask, const char* low,
onst char* high ) const;
Effects:

while (low != high && !(table_[(unsigned char) *low] & mask)) { ++low; } g
return low; O

22.2.3.3scan_not [(lib.ctype.char::scan.not]
const char* scan_not(ctype_mask mask, const char* low,

const char* high ) const;

Effects:

while (low != high && (table_[(unsigned char)*low] & mask)) { ++low; } O
return low; 0

22.2.3.4toupper (lib.ctype.char::toupper]

char toupper(char C) const;
const char* toupper(char* low, const char* high ) const;

Returns: do_toupper( ¢) ordo_toupper( low, high ) O
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22.2.3.5tolower

char tolower(char C) const;

const char* tolower(char* low, const char* high ) const;

Returns: do_tolower( ¢) ordo_tolower( low, high )

22.2.3.6widen
char widen(char C) const;
const char* widen(const char* lo , const char* hi,

char* to) const;

Returns: or memcpy(to, lo, hi-lo); return hi

22.2.3.7 narrow

char  narrow(char ¢, char /*dfault*/) const;
const char* narrow(const char* lo , const char* hi,
char /*dfault*/, char* to ) const;

Returns: ¢ or memcpy(to, lo, hi-lo); return hi;
22.2.3.8 ctype<char>

ctype(const ctype_mask* tab =0, bool del =false,
size t refs =0);

Effects:

: locale::facet(refs), table_(tab ? tab : classic_table ),
delete_it_(tab ? del : false) {}

22.2.3.9ctype<char> destructor

~ctype();
Effects: if (delete_it ) delete table_;

22.2.4 The numeric facet

22.2.4.1 Template classum_get

namespace std {
template <class charT, class Inputlterator = istreambuf_iterator<charT> >
class num_get : public locale::facet {
public:
typedef charT char_type;
typedef Inputlterator iter_type;
typedef basic_ios<charT> ios;
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(lib.ctype.char::tolower]

(lib.ctype.char::widen)]

(lib.ctype.char::narrow]

[lib.ctype.char::ctor]

[(lib.ctype.char::dtor]

[lib.facet.numeric]

[lib.locale.num.get]
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protected: ad
virtual iter_type do_get(iter_type, ios&, const locale&, O
bool& V) const; O
virtual iter_type do_get(iter_type, ios&, const locale&, O
long& V) const; ad
virtual iter_type do_get(iter_type, ios&, const locale&, O
unsigned long& V) const; O
/I virtual iter_type do_get(iter_type, ios&, const locale&,

I long long& V) const; ad
virtual iter_type do_get(iter_type, ios&, const locale&, O
double& v) const; O
virtual iter_type do_get(iter_type, ios&, const locale&, O
long double& V) const; ad
public: O
iter_type get(iter_type s,i0s&  f, const locale&, bool& V) const; O
iter_type get(iter_type s,i0s&  f, const locale&, long& V) const; O
iter_type get(iter_type s,i0s&  f, constlocale&, unsigned long& V) const; ad

I/l iter_type get(iter_type s,i0s&  f, constlocale&, long long& v) const;
iter_type get(iter_type s,i0s&  f, constlocale&, double& V) const; O
iter_type get(iter_type s,i0s&  f, const locale&, long double& v) const; O
static locale::id id; O
num_get(size_t refs =0); O
protected: O
~num_get(); O
h O
} O

The classesum_get<> andnum_put<> handle numeric formatting and parsing. Virtual functions dre
provided for several numeric types; implementations are allowed to delegate conversion of smaller types to
extractors for larger ones, but are not required to. The functions fakala argument because theif]
base class implementation refersntampunct features, which identify preferred numeric punctuation.
Extractors and inserters for the standard iostreams are required moircaljet and num_put member [0
functions. Thaos& argument is used both for format control and to report errors. O

Members ofnum_get take alocale argument because they may need to refer to the locale’s numpnct
facet.

22.2.4.2 Template classum_put [lib.locale.num.put]
namespace std { O
template <class charT, class Outputlterator = ostreambuf_iterator<charT> > O
class num_put : public locale::facet { ad
public: O
typedef charT char_type; O
typedef Outputlterator  iter_type; O
typedef basic_ios<charT> ios; g
protected: ad
virtual iter_type do_put(iter_type, ios&, const locale&, bool V) const; O
virtual iter_type do_put(iter_type, ios&, const locale&, long V) const; O
virtual iter_type do_put(iter_type, ios&, const locale&, unsigned long) const; O
[Ivirtual iter_type do_put(iter_type, ios&, const locale&, long long V) const;
virtual iter_type do_put(iter_type, ios&, const locale&, double V) const; O
virtual iter_type do_put(iter_type, ios&, const locale&, long double v)const;, 0O
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public:
iter_type put(iter_type s,i0s&  f, constlocale& loc ,
bool v
5) const;
iter_type pult(iter_type s ,i0s&  f, const locale& loc ,
long v) const;
iter_type put(iter_type s,i0s&  f, constlocale& loc
unsigned long V) const;
/I iter_type put(iter_type s,i0s&  f, const locale& loc ,
long long V) const;
iter_type put(iter_type s,i0s&  f, constlocale& loc
double v) const;
iter_type put(iter_type s,i0s&  f, const locale& loc ,

long double V) const;
static locale::id id;
num_put(size_t refs =0);
protected:
~num_put();
2
}

Members of numput take a locale argument because they may need to refer to the locabgsnct
facet. Thdos& argument is used for formatting reference only and error reporting.

22.2.5 The numeric punctuation facet [lib.facet.numpunct]

22.2.5.1 Template classumpunct [lib.locale.numpunct]

namespace std {
template <class charT>
class numpunct : public locale::facet {

public:
typedef charT char_type;
typedef basic_string<charT> string;
protected:
virtual string do_decimal_point() const;
virtual string do_thousands_sep() const;
virtual vector<char> do_grouping() const;
virtual string do_truename() const; // for bool
virtual string do_falsename() const; // for bool
public:

string decimal_point()  const { return do_decimal_point(); }
string thousands_sep()  const { return do_thousands_sep(); }
vector<char> grouping() const { return do_grouping(); }

string truename() const { return do_truename(); }
string falsename() const { return do_falsename(); }
static locale::id id;
numpunct(size_t refs =0);
protected:
~numpunct();

I3
}

numpunct<> specifies numeric punctuation. The base class provides classiwric formats,
while the _byname version supports general POSIX numeric formatting
semantics.

ODOooooooooooooooooooo
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22.2.5.2 Template classumpunct_byname [lib.locale.numpunct.byname]

namespace std {
template <class charT>
class numpunct_byname : public numpunct<charT> {
/I this class is specialized by vendors for char and wchar _t.
protected:
virtual string do_decimal_point() const;
virtual string do_thousands_sep() const;
virtual vector<char> do_grouping() const;
virtual string do_truename() const; // for bool
virtual string do_falsename() const; // for bool
public:
numpunct_byname(const char*, size_t refs  =0);
protected:
~numpunct_byname();
2
}

ODooooooooooQo oOod

O

numpunct is used bynum_get andnum_put facets.
22.2.6 The collation facet [lib.facet.collate]

22.2.6.1 Template classollate [lib.locale.collate]

namespace std {

template <class charT>

class collate : public locale::facet {

public:
typedef charT char_type;
typedef basic_string<charT> string;

protected:
virtual int do_compare(const char* low1 , const char* highl ,

const char* low2 , const char* high2 ) const;

virtual string do_transform(const char* low , const char* high ) const;
virtual long  do_hash( const char* low , const char* high ) const;

OoooooooooOooo

public:
int compare(const char* lowl , const char* highl ,
const char* low2 , const char* high2 ) const;
{ return do_compare(lowl, hightl, low2, high2); }
string transform(const char* low , const char* high ) const;
{ return do_transform(low, high); }
long hash(const char* low , const char* high ) const;
{ return do_hash(low, high); }
static locale::id id;
collate(size_t refs =0);
protected:
~collate();
I3
}

ODOooooooooooooao

The clas<ollate<charT> provides features for use in the collation of strings. A locale member fuic-
tion templatepperator() , uses the collate facet to allow a locale to act directly as the predicate argu-
ment for algorithms. The base class uses lexicographic ordering. a

locale.use<collate>() is used for string comparisons. ad
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22.2.6.2collate  members

22.2.6.2.1compare

int compare(const char* lowl , const char* high1 |
const char* low2 , const char* high2 ) const;
Returns: do_compare(lowl, hightl, low2, high2) O
22.2.6.2.2transform (lib.collate::transform]
string transform(const char* low, const char* high ) const;
Returns: do_transform(low, high) O
22.2.6.2.3hash [lib.collate::hash]
long hash(const char* low, const char* high ) const;
Returns: do_hash(low, high)
22.2.6.3 Template claseollate_byname [lib.locale.collate.byname]
namespace std { ad
template <class charT> O
class collate_byname : public collate<charT> { O
/I this class is specialized by vendors for char and wchar _t. O
protected: ad
virtual int do_compare(const char* lowl , const char* highl , O
const char* low2 , const char* high2 ') const; ad
virtual string do_transform(const char* low , const char* high ) const; O
virtual long  do_hash( const char* low , const char* high ) const; ad
public: O
collate_byname(const char*); O
protected: O
~collate_byname(); ad
; O
/I this template function satisfies requirements for a
/I comparator predicate template argument:
template <class charT> ad
bool locale::operator()(const basic_string<charT>& s1, O
const basic_string<charT>& s2); O
}
22.2.6.4collate_byname  members [lib.locale.collate.byname.members]
22.2.6.4.10perator() [lib.collate::op.paren]
bool locale::operator()(const basic_string<charT>& s1,
const basic_string<charT>& s2);
Returns: g
use< collate<charT> >().compare(sl.begin(), sl.end(), a
s2.begin(), s2.end()) < 0; O

Localization library 22-19
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[lib.collate::compare]
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22.2.7 The codeset conversion facet [lib.facet.codecvt]

22.2.7.1 Template classodecvt [lib.locale.codecvt]

namespace std {
struct codecvt_base {
enum result { ok, partial, error };
3
template <class fromT, class toT, class stateT>
class codecvt : public locale::facet, public codecvt_base {
public:
typedef fromT from_type;
typedef toT to_type;
typedef stateT state_type;
protected:
virtual result do_convert(stateT& state ,
const fromT* from , const fromT* from_end , const fromT*& from_next ,
toT* to, toT* to_limit toT*& to_next ) const;

OOooooooooooooo

public:
result convert(stateT& state
const fromT* from , const fromT* from_end , const fromT*& from_next
toT* to, toT* to_limit toT*&  to_next ) const;
static locale::id id;
codecvt(size_t refs =0)
protected:
~codecvt() {}

OoooooooooOoag

}

The classcodecvt<fromT,toT,stateT> is for use when converting from one codeset to anotHher,
such as from wide characters to multibyte characters, or between wide character sets such as Uni€bde and
EUC. Instances of this facet are typically used in pairs.

Its only member functiongonvert() , returns an enumeration value which indicates whether it cain-
pleted the conversionak), ran out of space in the destinatigpeftial ), or encountered faom_type O
character it could not convere(ror ).

In all cases it leaves thfeom_next andto_next pointers pointing one beyond the last character sic-
cessfully converted.

ThestateT argument selects the pair of codesets being mapped between. Base class members @re pure
virtual.

Implementations are obliged to provide specializations <€ohar,wchar_t,mbstate_t> and 0O
<wchar_t,char,mbstate _t> . O
22.2.7.2codecvt members [lib.locale.codecvt.members]
22.2.7.2.1convert [({lib.codecvt::convert]
result convert(stateT& state

const fromT* from , const fromT* from_end

const fromT*& from_next

toT* to, toT* to_limit

toT*& to_next ) const;

Returns: O
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do_convert(state, from, from_end, from_next,
to, to_limit, to_next);

oo

22.2.7.3 Template classodecvt_byname [lib.locale.codecvt.byname]

namespace std {
template <class fromT, class toT, class stateT>
class codecvt_byname : public codecvt<fromT, toT, stateT> {
protected:
virtual result do_convert(stateT& state ,
const fromT* from , const fromT* from_end , const fromT*& from_next ,
toT* to, toT* to limit toT*& to_next ) const;
public:
codecvt_byname(const char*, size_t refs =0);
protected:
~codecvt_byname();

I3

Ooooooooooooodg

22.2.8 The date and time facet [lib.facet.date.time]

The classesime_get<charT> andtime_put<charT> provide date and time formatting and parsi
ing. The time formatting functioput() takes an extra format argument to accommodate the POSIX
strftime() extensions. Th®s& argument is used for format control and to report errors. O

22.2.8.1 Template classme_get [lib.locale.time.get]

namespace std {
struct time_base {
enum dateorder { no_order, dmy, mdy, ymd, ydm };
I3
template <class charT, class Inputlterator = istreambuf_iterator<charT> >
class time_get : public locale::facet, public time_base {
public:
typedef charT char_type;
typedef Inputlterator iter_type;
typedef basic_ios<charT> ios;

ODooooooooao

protected:

virtual dateorder do_date_order() const;

virtual iter_type do_get_time(iter_type S, i0s&, const locale&, tm* t) const;

virtual iter_type do_get_date(iter_type s, i0s&, const locale&, tm* t) const;

virtual iter_type do_get_weekday(iter_type s, i0s&, const locale&, tm* t)
const;

virtual iter_type do_get_monthname(iter_type s, ios&, const locale&, tm* t)
const;

virtual iter_type do_get_year(iter_type s, i0s&, const locale&, tm* t) const;

OoOoooo

O

O

22.2.8.2 Template classme_get byname [lib.locale.time.get.byname]
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namespace std { ad

template <class charT, class Inputlterator = istreambuf_iterator<charT> > O

class time_get_byname : public time_get<charT, Inputlterator> { O

protected: O

virtual dateorder do_date_order() const; ad

virtual iter_type do_get_time(iter_type s, i0s&, const locale&, tm* t) const; O

virtual iter_type do_get_date(iter_type s, i0s&, const locale&, tm* t) const; O

virtual iter_type do_get_weekday(iter_type s, ios&, const locale&, tm* t) const;

virtual iter_type do_get_monthname(iter_type s, ios&, const locale&, tm* t) const;

virtual iter_type do_get_year(iter_type s, i0s&, const locale&, tm* t) const; O

public: O

time_get_byname(const char*, size_t refs = 0); O

protected: ad

~time_get_byname(); O

2 O

} O
22.2.8.3 Template classme_put [lib.locale.time.put]

namespace std { ad

template <class charT, class Outputlterator = ostreambuf_iterator<charT> > O

class time_put : public locale::facet { O

public: O

typedef charT char_type; ad

typedef Outputlterator  iter_type; O

typedef basic_ios<charT> ios; O

protected: ad

virtual iter_type do_put(iter_type s, ios&, const locale&, const tm* t, ad

char format ,char  modifier ) const; O

public: O

/I the following is implemented in terms of other member functions. O

iter_type put(iter_type s,i0s&  f, struct tm const* tmb, ad

const charT* pattern , const charT* pat_end ) const; O

iter_type put(iter_type s,i0s&  f, constlocale& loc , struct tm const* O

Pt, O

char format , char modifier ="") const; O

static locale::id id; ad

time_put(size_t refs  =0); O

protected: O

~time_put(); ad

; O

} O
22.2.8.4 Template classme_put_byname [lib.locale.time.put.byname]

namespace std { O

template <class charT, class Outputlterator = ostreambuf_iterator<charT> > ad

class time_put_byname : public time_put<charT, Outputlterator> O

{ O

protected: O

virtual iter_type do_put(iter_type s, ios&, const locale&, const tm* t, ad

char format ,char  modifier ) const; O

public: O

time_put_byname(const char*, size_t refs  =0); O

protected: ad

~time_put_byname(); O

J5 O

} O

O

O
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22.2.9 The money facet [lib.facet.money]

These handle money formats. A template parameter indicates whether local or international monetary for-
mats are to be usednoney_get<> andmoney_put<> usemoneypunct<> features if appropriate.[]
moneypunct<> provides basic format information for money processing. i0hk& argument is used

for format control and to report errors.

22.2.9.1 Template classioney_get [lib.locale.money.get]
namespace std { ad
template <class charT, bool Intl = false, O
class Inputlterator = istreambuf_iterator<charT> > O
class money_get : public locale::facet { O
typedef charT char_type; ad
typedef Inputlterator iter_type; O
typedef basic_string<charT> string; O
typedef basic_ios<charT> ios; O
protected: ad
virtual iter_type do_get(iter_type, ios&, const locale&, double& units )const; 0O

virtual iter_type do_get(iter_type, ios&, const locale&, string& digits )const; O

public: O
iter_type get(iter_type s,i0s&  f, const locale& loc , double&  units ad
) const; O
iter_type get(iter_type s,i0s&  f, constlocale& loc , string& digit O
S) const; O
static const bool intl = Intl; O
static locale::id id; ad
money_get(size_t refs = 0); O
protected: O
~money_get(); ad
; O
} O

22.2.9.2 Template classioney_put [lib.locale.money.put]
namespce std { O
template <class charT, bool Intl = false, O
class Outputlterator = ostreambuf_iterator<charT> > O
class money_put : public locale::facet { O
public: O
typedef charT char_type; ad
typedef Outputlterator iter_type; ad
typedef basic_string<charT> string; O
typedef basic_ios<charT> ios; ad
protected: ad
virtual iter_type O
do_put(iter_type, ios&, const locale&, double units ) const; O
virtual iter_type O
do_put(iter_type, ios&, const locale&, const string& digits ) const; ad
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public:
iter_type put(iter_type s,i0s&  f, constlocale& loc , double units& ) const;
iter_type put(iter_type s,i0s&  f, constlocale& loc , const string&

6dgts) const;
static const bool intl = Intl;
static locale::id id;
money_put(size_t refs = 0);
protected:
~money_put();

22.2.10 The money punctuation facet

22.2.10.1 Template classioneypunct

namespace std {
struct money_base {
enum part { symbol="$’, sign="=", space="", value="v’, none=0 };
struct pattern { char field[4]; };
3
template <class charT, bool International = false>
class moneypunct : public locale::facet, public money_base {
public:
typedef charT char_type;
static const bool intl = International;
typedef basic_string<charT> string;

protected:
virtual charT do_decimal_point() const;
virtual charT do_thousands_sep() const;
virtual vector<char> do_grouping() const;
virtual string do_curr_symbol() const;
virtual string do_positive_sign() const;
virtual string do_negative_sign() const;
virtual int do_frac_digits()  const;
virtual pattern do_pos_format() const;
virtual pattern do_neg_format() const;

public:
charT decimal_point() const { return do_decimal_point(); }
charT thousands_sep() const { return do_thousands_sep(); }
vector<char> grouping() const { return do_grouping(); }
string curr_symbol()  const { return do_curr_symbol(); };
string positive_sign() const { return do_positive_sign; }
string negative_sign() const { return do_negative_sign; }
int frac_digits()  const { return do_frac_digits(); }
pattern pos_format() const { return do_pos_format(); }
pattern neg_format() const { return do_neg_format(); }

static locale::id id;
moneypunct(size_t refs = 0);
protected:
~moneypunct() {}

}

This provides money punctuation, similar to numpunct above.

[lib.facet.moneypunct]

[lib.locale.moneypunct]

oooooooooOooo
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22.2.10.2 Template classioneypunct_byname

namespace std {
template <class charT, bool Intl = false>
class moneypunct_byname : public moneypunct<charT, Intl> {

protected:
virtual charT do_decimal_point() const;
virtual charT do_thousands_sep() const;
virtual vector<char> do_grouping() const;
virtual string do_curr_symbol()  const;
virtual string do_positive_sign() const;
virtual string do_negative_sign() const;
virtual int do_frac_digits()  const;
virtual pattern do_pos_format() const;
virtual pattern do_neg_format() const;
public:
moneypunct_byname(const char*, size_t refs  =0);
protected:

~moneypunct_byname();
2
}

22.2.11 The message retrieval facet

Class messagesharT> implements POSIX message retrietV&)

22.2.11.1 Template classiessages

namespace std {
template <class charT>
class messages : public locale::facet {
public:
typedef charT char_type;
typedefint  catalog;
typedef basic_string<charT> string;

protected:
virtual catalog do_open(const string&, const locale&) const;
virtual string do_get(catalog, int set , int msgid ,

const string& dfault ) const;
virtual void do_close(catalog) const;

public:
catalog open(const string& fn, const locale& l) const
{ return do_open(fn, I); }
string get(catalog c, int set, int msgid, const string& dfault) const;
void close(catalog c) const;

static locale::id id;
messages(size_t refs  =0);
protected:
~messages();

¥
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[lib.locale.moneypunct.byname]

Ooooooooooooooooooogodg

[lib.facet.messages]
0

[(lib.locale.messages]

ooOooao I o o | OoOoooood

OoOooooo

1251t should be flexible enough to retrieve messages from X, MS Windows, or Macintosh resource files as well. |
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22.2.11.2 Tessages members [lib.locale.messages.members]

22.2.11.3 Template classiessages_byname [lib.locale.messages.byname]

namespace std {
template <class charT>
class messages_byname : public messages<charT> {
protected:
virtual catalog do_open(const string&, const locale&) const;
virtual string do_get(catalog, int set ,int msgid ,
const string& dfault ) const;
virtual void do_close(catalog) const;
public:
messages_byname(const char*, size_t refs  =0);
protected:
~messages_byname();

¥

OOooooooooooooo

22.2.12 User-defined facets [lib.facets.examples]

A user-defined facet may be added to a locale and used identically as the built-in facets. To creatéla new
facet interface users simply derive, frémeale::facet , a class containing a static membstatic O
locale::id id; . (The locale member function templates verify its type and storage class.)

For those curious about the mechanics: this initialization/identification system depends only on the initial-
ization to O of static objects, before static constructors are called. When an instance of a facet is installed in
a locale, the locale checks whether an id has been assigned, and if not, assigns one. Before this occurs, any
attempted use of its interface causeshdie cast exception to be thrown. O

Here is a program that just calls C functions:
In other words, C library localization is unaffected. ]

Traditional global localization is still easy:

#include <iostream>
#include <locale>

int main(int argc, char** argv) ad
{
using namespace std;
locale::global(locale("™)); // set the global locale O
cin.imbue(locale()); // imbue it on the std streams ad

cout.imbue(locale());

cerr.imbue(locale());

return MyObject(argc, argv).doit();
}

Greater flexibility is possible:

#include <iostream>
#include <locale>

int main() O
{
using namespace std;
cin.imbue(locale(")); // the user’s preferred locale ad
cout.imbue(locale::classic());
double f; 0O

while (cin >> f) cout << f << end|;
return (cin.fail() != 0);
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7 In a European locale, with inp8t456,78 , output is3456.78 . This can be important even for simplél
programs, which may need to write a data file in a fixed format, regardless of a user’s preference.

8 For example:

// file: Date.h 0
#include <locale>

class Date {

public:
Date(unsigned day, unsigned month, unsigned year);
std::string asString(const std::locale& = std::locale());
3
istream& operator>>(istreamé& s, Date& d); ad
ostreamé& operator<<(ostreamé& s, Date d);

9 This example illustrates two architectural uses of clasale . The first is as a default argument ifl
Date::asString() , where the default is the global (presumably user-preferred) locale. The secand is
in the operators< and>>, where a locale “hitchhikes” on another object, in this case a stream, to the
point where it is needed.

// file: Date.C 0
#include <Date>
#include <stringstream>
std::string Date::asString(const std::locale& I) O
{

using namespace std;

stringstream s; s.imbue(l);

s << *this; return s.data();

}

std::istream& operator>>(std::istreamé& s, Date& d)
{

using namespace std;

if (Is.ipfx(0)) return s;

locale loc = s.rdloc();

struct tm t;
loc.use<time_get<char> >().get_date(s, s, loc, &t); O
if (s) d = Date(t.tm_day, t.tm_mon + 1, t.tm_year + 1900);
s.isfx();
return s;
}
10 A locale object may be extended with a new facet simply by constructing it with an instance of alclass
derived fromlocale::facet . The only member you must define is the static merntbemhich iden-

tifies your class interface as a new facet. For example, imagine we want to classify Japanese characters:
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// file: jetype.h ad
#include <locale>
namespace My {

using namespace std;

class JCtype : public locale::facet { ad
public: O
static locale::id id; // required for use as a new locale facet O
bool is_kanji(wchar_t c);
JCtype() {} O
protected: ad
~JCtype() {} O
}
Il file: filt.C
#include <iostream>
#include <locale>
#include <jctype> // above t
std::locale::id JCtype::id; // the static JCtype member declared above. O
int main()
{
using namespace std;
typedef ctype<wchar_t> ctype; g
locale loc(locale("™), // the user’s preferred locale ... O
new My::JCType); // and a new feature ... O
wchar_t ¢ = loc.use<ctype>().widen('!");
if (loc.use<My::JCType>().is_kanji(c))
cout << "no it isn't!" << endl;
return O;
}
11 The new facet is used exactly like the built-in facets.
12 Replacing an existing facet is even easier. Here we do not define a méntierause we are reusing thél
numpunct<charT> facet interface:
// my_bool.C O
#include <iostream>
#include <locale>
#include <string>
namespace My { O
using namespace std;
typedef numpunct_byname<char> numpunct; g

class BoolNames : public numpunct {
typedef basic_string<char> string;

protected: O
string do_truename() { return "Oui Oui!"; }
string do_falsename() { return "Mais Non!"; }

~BoolNames() {} O

public: O

BoolNames(const char* name) : numpunct(name) {}

h
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int main(int argc, char** argv)

{

using namespace std;
/I make the user’s preferred locale, except for...

cout.imbue(loc);
cout << "Any arguments today? " << (argc > 1) << end|;
return O;

22.3 C Library Locales

Headerclocale> (Table 47):

Table 47—Header<clocale> synopsis

0 Type Name(s) U
EMB.CYOSZ B
O LC_MONETARY LC_NUMERIC LC_TIME]
EStruct: Iconv U
ﬁ:unctions: localeconv setlocale %

The contents are the same as the Standard C litBaeyaLso ISO C subclause 7.10.4.

[lib.c.locales]






23 Containers library [lib.containers]

This clause describes components thatfEograms may use to organize collections of information.

The following subclauses describe container requirements, and components for sequences and asSociative
containers, as summarized in Table 48: O

Table 48—Containers library summary

U Subclause Header(s) U

- ]
23.1 Requirements 0
O <bits> O O
0 <deque> U 0
O <list> O 0
[R3.2 Sequences 0
0 <queue> 0
0 <stack> 0 a
0 <vector> [J |
U L . <map> U g
[23.3 Associative containers g
0 <set> 0 0

23.1 Container requirements [(lib.container.requirements]

Containers are objects that store other objects. They control allocation and deallocation of these [0bjects
through constructors, destructors, insert and erase operations. O

In the following Table 49, we assur{ds a container class containing objects of typa andb are values O
of X, u is an identifier and is a value oX& O
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Table 43—Container requirements

23.1 Container requirements

. expression return type assertion/note complexit .
Q P yp pre/post-condition plexity %
[X::value_type T compile time ]
Eﬁ(::iterator iterator type pointing td  any iterator category except ~ compile time B
= . . _ outp_ut iterator. R
[X::const_ iterator iterator type pointing to  any iterator category except ~ compile time
0 const T output iterator. 0
Eb(::difference_type signed integral type is identical to the distance type compile time U
g of X::iterator and 0
E X::const_iterator g
ﬁ(:: size_type unsigned integral type size type can represent any compile time ]
0 non-negative value of O
0 difference_type 0
';}( u; post:u.size() == constant H
X0 X().size() ==0 constant 0
Q((a) a==X(a) linear g
E}( u(a); postu==a . linear 0
Xu=a; Equivalent toX u; u = a; 0
0 0
H&a)o result is not used posi:size() == 0 linear H
0 ~X0 note: the destructor is applied 0
O to every element dd, all the O
O memory is returned. O
Lh.begin() iterator : constant U
g const_iterator g
0 for constana 0
Ch.end() iterator ; constant 0
U const_iterator U
E for constanaa g
Ea ==h convertible tabool == s an equivalence relation. linear O
t a.size()==b.size() u
U && equal(a.begin(), U
E a.end(), b.begin()) g
m'=b convertible tabool Equivalent toi(a == b) linear 0

MIODOODOMODODOODOOODMODOO OO DO OOODOOOO OO OO mmomdgOod
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O
Dex ression return type operational assertion/note complexit . J
Q P yp semantics pre/post-condition P y% g
T=a X& if (&r = &a) { pbbtr==a . linear 0 a
0 (&r)->X::~X(); 0 0 0
u new (&r) X(a); t 0 u
0 returnr; } O O |
2 .size() size_type a.end() - a.begin() constant S |
[A.max_ size_type size() of the larg- cahstant [] O
0 est possible con- a 0 0
0 tainer. O O O
Csize() S B
Iﬁa.empty() convertible tdbool a.size() == constant |
Ch<b convertible tdbool lexicographical_ pté: < is defined for lihéar O a
U compare (a.begin(), values ofT. <isa a U a
O a.end(), tdthl ordering rela- O O O
g b.begin(), tiah. 0 g 0
n b.end()) O 0 &
a>b convertible tabool b < a linear O |
Eg <=b convertible tadbool !(a > b) linear E |
'ﬁa >=b convertible tabool !(a < b) linear O g
Notes:equal andlexicographical_compare are defined in Clause (25). O
The member functiorize()  returns the number of elements in the container. Its semantics is definéd by
the rules of constructors, inserts, and erases. O
begin() returns an iterator referring to the first element in the contaieed() returns an iterator [
which is the past-the-end value. O
23.1.1 Sequences [lib.sequence.regmts]

A sequence is a kind of container that organizes a finite set of objects, all of the same type, into alStrictly
linear arrangement. The library provides three basic kinds of sequence contsntos: | list |, and O
deque . It also provides container adaptors that make it easy to construct abstract data types, Such as
stack s orqueue s, out of the basic sequence kinds (or out of other kinds of sequences that the user
might define). O

In the following Table 50X is a sequence classjs value ofX, i andj satisfy input iterator requirements[]
[i, ) is a valid rangen is a value oiX::size_type , p is a valid iterator t@, g, g1, g2 are valid O
dereferenceable iteratorsag[ql, q2) is a valid range, is a value oiX::value_type . O

The complexities of the expressions are sequence dependent. O
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Table 50—Sequence requirements (in addition to container)

N . assertion/note O
E expression return type ore/post-condition %
X(n,t) post:size() == n 0
X a(n, v); constructs a sequence witlcopies oft . O
@, J) post:size() == distance betweer and;j . B O
a(i, j); constructs a sequence equal to the rginge o U
Ch.insert(p, 1) iterator inserts a copy df beforep. O B
Euf\.insert(p, n, t) result is not used  inserts n copieg dfeforep. H g
ra.insert(p, i, j) result is not used  inserts copies of elemenfs jh beforep. O g
E!a.erase(q) result is not used  erases the element pointed ¢p by U 7
ﬁa.erase(ql, g2) result is not used  erases the elements in the fgfhigg2) % a

list ,vector , anddeque offer the programmer different complexity trade-offs and should be uSed
accordingly. vector is the type of sequence that should be used by defasilt. should be used whenO
there are frequent insertions and deletions from the middle of the sequeqce is the data structure of(]
choice when most insertions and deletions take place at the beginning or at the end of the sequencel]

iterator andconst_iterator types for sequences have to be at least of the forward iterator ¢ate-
gory. g
Table 51: O
Table 51—Optional sequence operations O
E expression return type operatiopal container B
= semantics 0
a.front() T&; const T& fora.begin() vector, list, 0
0 constanta deque O
%.back() T&; const T& for*a.end() vector, list, B O
O constant deque [ g0
CA.push_front(x) void a.insert(a.begin(),x) list, deque O |
%l.push_back(x) void a.insert(a.end(),x) vector, list, H O
0 deque 0 |
[A.pop_front() void a.erase(a.begin()) list, deque O i
%a.pop_back() void a.erase(--a.end()) vector, list, B O
o deque 0 |
an] T&; const T& for *(a.begin() + n) vector, deque O a
g constant g O

All the operations in the above table are provided only for the containers for which they take constanttime.

23.1.2 Associative containers [{lib.associative.reqmts]

Associative containers provide an ability for fast retrieval of data based on keys. The library provides four
basic kinds of associative containesst , multiset , mapandmultimap . a

All of them are parameterized é&fey and an ordering relatioBompare that induces a total ordering ortl
elements oKey. In additionmapandmultimap associate an arbitrary tyJewith theKey. The object O
of typeCompare is called thecomparison objeabdf a container. a
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In this section when we talk about equality of keys we mean the equivalence relation imposed by the com-
parison andot theoperator== on keys. That is, two keysl andk2 are considered to be equal if fofl
the comparison objecomp, comp(kl, k2) == false && comp(k2, k1) == false . O

An associative container suppousique keysf it may contain at most one element for each key. Othér-
wise, it supportequal keys set and map support unique keysmultiset  andmultimap support
equal keys.

Forset andmultiset the value type is the same as the key type.nfagrandmultimap it is equal to
pair<const Key, T>

iterator of an associative container is of the bidirectional iterator category.

In the following Table 52X is an associative container claasis a value ofX, a_uniq is a value oiX
when X supports unique keys, ared eq is a value ofX whenX supports multiple keys, andj satisfy
input iterator requirements and refer to elementgatie type i, j) is a valid rangep is a valid
iterator toa, g, q1, g2 are valid dereferenceable iteratoratdql, g2) is a valid ranget is a value of
X:value_type andk is a value oiX::key_type

Oooooo o oo oo

Table 52—Associative container requirements (in addition to container) 0
u
0 expression return type assertion/note complexit 50
E P yp pre/post-condition plexity % g
[X:key_type Key compile time OO
(] ad
LX:: key_compare Compare defaults tdess<key_type> . compile time 0o
O O
g
%(:: a binary predicate typés the same dsey_compare for set compile time B O
[value_compare andmultiset ; is an ordering relation 0o
0O on pairs induced by the first component 0o
O (i.e.Key) for mapandmultimap . 0
(c) constructs an empty container; constant B a
a(c); usesc as a comparison object. 0 |
X() constructs an empty container; constant OO
X a; usesCompare() as a comparison object. 0g
(@i,j,c); constructs an empty container and insefdlogN in general N = O
a(i,j,c); elements from the randg j) into it; is the distance from 0O O
0 usesc as a comparison object. i toj); linearif[i, 0O B
O j) issortedwith OO
E value_comp() g g
EX(L ) same as above, but usgsmpare() as a same as 0O
X a(i, j); comparison object. above OB
Eli.key_comp() X:: key_compare returns the comparison object out of ~ constant 0o
= which a was constructed. E B
Ea.value_comp() X returns an object ofalue_compare constant 0o
O value_compare constructed out of the comparison object. 08
E]la_uniq.insert(t) pair<iterator, insertst if and only if there is no logarithmic 0o
0 bool> element in the container with key B O
0 equal to the key df. Thebool compo- 0 O
0 nent of the returned pair indicates whether noU
0 the insertion takes place and itera- 0o
0 tor component of the pair points to the od
O element with key equal to the keytaf o
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23.1.2 Associative containers

expression

nod

return type

assertion/note

pre/post-condition complexity

[a_eg.insert(t)

iterator

insertst and returns the iterator ldgarithmic
pointing to the newly inserted ele- [
ment. 0

.insert(p, t)

iterator

insertst if and only if there is no ldgarithmic in gen-
element with key equal to the keyekal, but amortized
of t in containers with unique  cBhstant ift is
keys; always inserts in contain- WQerted right aftep.
ers with equal keys. always

returns the iterator pointing to the D

element with key equal to the key [J

of t . iteratorp is a hint pointing [

to where the insert should start to [

search. 0

[y

.insert(i, j)

result is not used

inserts the elements from the
rangei,

NIbg(size()+N)

J) into the container. (lNlis the distance
fromi toj)in gen-
eral; linear if[i,

j) is sorted accord-
ing to o 00
value_comp() oog

OOooooDooooooooogooooogoooog

Ooogood
e Y

.erase(k)

hoOoooO0ooogpooooooooogHoo

size_type

erases all the elements in the cotdg(size()) + Upog
tainer with key equal tk. returns count(k) = DD
the number of erased elements. [l E |

[a.erase(q)

result is not used

erases the element pointed tp @mortized constant 0 g

Ela.erase(ql, g2)

1O

result is not used

erases all the elements in the rargg(size())+ N Ono
[al, q2). wHhereNis the dis- 0O
tance fronqgl to g2.

O
[imi}

Ch.find (k)

pnOoOoo

iterator
const_iterator
for constant

Oreturns an iterator pointing to an Idgarithmic
Uelement with the key equal kg t
Oora.end() if such an elementis [

not found. 0

a.count(k)

O

size_type

returns the number of elements ldg(size())+
with key equal tck cbunt(k)

Ood

%\.Iower_bound(k)

i

iterator ;
const_iterator
for constant

Oreturns an iterator pointing to theldgarithmic
LIfirst element with key not less 0
[thank. 0

[a.upper_bound(k)

iterator ;

Oreturns an iterator pointing to theldgarithmic

g const_iterator [Ifirst element with key greater than[l
for constant, Ok. 0
Ea.equal_range(k) pair< Oequivalent tanake_pair( Idgarithmic
0 iterator,iterator> ;0 a.lower_bound(k), 0
0 pair< u a.upper_bound(k)) . t
[l const_iterator, O
0 const_iterator> a
=| for constant O

0 o
OO0 OO0 mOoOomoOo moOooOod

The fundamental property of iterators of associative containers is that they iterate through the containers in
the non-descending order of keys where non-descending is defined by the comparison that was used to con-

struct them. For any two dereferenceable iterat@sdj such that distance fromtoj is positive, O

value_comp(*}, *i) == false

O
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For associative containers with unique keys the stronger condition holds,

value_comp(*i, *j) == true.

23.2 Sequences
Headersbits> , <deque>, <list> , <queue>, <stack> , and<vector>

Header<bits> synopsis

#include <cstddef> // for size_t

#include <string>

#include <stdexcept> // for invalid_argument, out_of_range, overflow_error
#include <iosfwd> // for istream, ostream

namespace std {
template<size_t N> class bits;
template <size_t N>

istream& operator>>(istream& is , bits<N>& X);
template <size_t N>
ostreamé& operator<<(ostream& 0s, const bits<N>& X);

}
Header <deque> synopsis

#include <memory> // for allocator
namespace std {
template <class T, class Allocator = allocator> class deque;
template <class T, class Allocator>
bool operator==(const deque<T,Allocator>& X, const deque<T,Allocator>& y);
template <class T, class Allocator>
bool operator< (const deque<T,Allocator>& x, const deque<T,Allocator>& y);

}
Header<list>  synopsis

#include <memory> // for allocator
namespace std {
template <class T, class Allocator = allocator> class list;
template <class T, class Allocator>
bool operator==(const list<T,Allocator>& x, const list<T,Allocator>& y);
template <class T, class Allocator>
bool operator< (const list<T,Allocator>& x, const list<T,Allocator>& y);

}
Header<queue> synopsis

#include <functional> // for less
namespace std {
template <class Container> class queue;
template <class Container>
bool operator==(const queue<Container>& x, const queue<Container>& y);
template <class Container, class Compare = less<Container::value_type> >
class priority_queue;

}

Header<stack> synopsis

Containers library 23

[lib.sequences]

OoOoOooOoogano OoOoOooOoogano I o o o e o

OoOoOooOoogano
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namespace std {
template <class Container> class stack;
template <class Container>
bool operator==(const stack<Container>& x, const stack<Container>& y);

OooOood

}
Header<vector> synopsis

#include <memory> // for allocator
namespace std {
template <class T, class Allocator = allocator> class vector;
template <class T, class Allocator>
bool operator==(const vector<T,Allocator>& x, const vector<T,Allocator>& y);
template <class T, class Allocator>
bool operator< (const vector<T,Allocator>& x, const vector<T,Allocator>& y);

class vector<bool,allocator>;
bool operator==(const vector<bool,allocator>& x,
const vector<bool,allocator>& y);
bool operator< (const vector<bool,allocator>& x,
const vector<bool,allocator>& y);

OoOOooOoOoooogooooo

23.2.1 Template clasbits [lib.template.bits]

The headekbits> defines a template class and several related functions for representing and manipulat-
ing fixed-size sequences of bits.

namespace std { O
template<size_t N> class bits { t
public: O

bits();

bits(unsigned long val );

bits(const string& str , size_t pos =0, size_t n =NPOS);
bits<N>& operator&=(const bits<N>& rhs);
bits<N>& operator|=(const bits<N>& rhs);
bits<N>& operator*=(const bits<N>& rhs);
bits<N>& operator<<=(size_t pos);
bits<N>& operator>>=(size_t pos);
bits<N>& set();

bits<N>& set(size_t pos, int val =1),
bits<N>& reset();

bits<N>& reset(size_t pos);

bits<N> operator~() const;
bits<N>& toggle();
bits<N>& toggle(size_t pos);
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unsigned short to_ushort() const;
unsigned long to_ulong() const;
string to_string() const;

size_t count() const;

size_t length() const;

bool operator==(const bits<N>& rhs ) const;
bool operator!=(const bits<N>& rhs ) const;
bool test(size_t pos) const;

bool any() const;
bool none() const;

bits<N> operator<<(size_t pos) const;
bits<N> operator>>(size_t pos) const;
private: ad
/I char array [N]; exposition only
2 O
} O

The template cladsits<N> describes an object that can store a sequence consisting of a fixed numbler of
bits, N

Each bit represents either the value zero (reset) or one (setpgdlea bit is to change the value zero t@
one, or the value one to zero. Each bit has a non-negative pgzitlon\When converting between ari]
object of clasbits<N> and a value of some integral type, bit positims corresponds to thieit valuel [O

<< pos. The integral value corresponding to two or more bits is the sum of their bit values. g

HBox 99 E 0

EFor the sake of exposition, the maintained data is presented here as: O
O— char array [N] , the sequence of bits, stored one bit per eleﬁné’hﬁ M

The functions described in this subclause can report three kinds of errors, each associated with a distinct
exception:

— aninvalid-argumentrror is associated with exceptions of typealid_argument ;
— anout-of-rangeerror is associated with exceptions of typ# of range ;

— anoverflowerror is associated with exceptions of typyerflow_error

23.2.1.1bits constructors [lib.cons.bits]

bits();

Effects: Constructs an object of clalsgs<N> , initializing all bits to zero. g
bits(unsigned long val ); O

Effects: Constructs an object of clabgs<N> , initializing the firstMbit positions to the corresponding

bit values inval . Mis the smaller ofN and the valueCHAR_BIT * sizeof (unsigned O
150)

long) . O

If M < N remaining bit positions are initialized to zero. g

bits(const string& str , size t pos =0, size_t n =NPOS); O

O

i‘“’)An implementation is free to store the bit sequence more efficiently. O
50)The macradCHAR_BITis defined in<climits>  (18.2). |
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Requires: str.size(pos <= O

Throws: out_of range if pos > str.len g

Effects: Determines the effective lengtfen of the initializing string as the smaller ofand str.len O
- pos . g
The function then throwvalid_argument if any of therlen characters irstr beginning at
positionpos is other thar® or 1. O

Otherwise, the function constructs an object of chatss<N> | initializing the firstMbit positions to [
values determined from the corresponding characters in the stringMis the smaller oNandrlen .

An element of the constructed string has value zero if the corresponding charagter, ipeginning at
positionpos, is 0. Otherwise, the element has the value one. Character pgsitson M - 1 corre- [
sponds to bit position zero. Subsequent decreasing character positions correspond to increasing bit posi-
tions.

If M <N, remaining bit positions are initialized to zero. g
23.2.1.2bits::operator&= [lib.bits::op&=.bt]
bits<N>& operator&=(const bits<N>& rhs); g

Effects: Clears each bit ifthis  for which the corresponding bit ihis is clear, and leaves all other bit§]
unchanged. O
Returns: *this

23.2.1.3bits::operator|= [lib.bits::op C.bt]

bits<N>& operator|=(const bits<N>& rhs); g

Effects: Sets each bit irithis  for which the corresponding bit irhs is set, and leaves all other bit§]
unchanged. O
Returns: *this

23.2.1.4bits::operator’= [lib.bits::op”=.bt]

bits<N>& operator*=(const bits<N>& rhs); g

Effects: Toggles each bit ifithis  for which the corresponding bit ifis is set, and leaves all other bit§]
unchanged. O
Returns: *this

23.2.1.5bits::operator<<= [lib.bits::op.Ish=]

bits<N>& operator<<=(size_t pos);
Effects: Replaces each bit at positibrin *this  with a value determined as follows:

— If I<pos ,the new value is zero;

O o o o

— If I>=pos , the new value is the previous value of the bit at positiqros
Returns: *this

23.2.1.6bits::operator>>= [lib.bits::op.rsh=]

bits<N>& operator>>=(size_t pos);
Effects: Replaces each bit at positibrin *this  with a value determined as follows:

— If pos>=N-1 , the new value is zero;

O o o o

— If pos<N -1 , the new value is the previous value of the bit at positiopos
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Returns: *this
23.2.1.7 bits::set

bits<N>& set();
Effects: Sets all bits irfthis
Returns: *this
bits<N>& set(size_t pos, int val =1);

Requires: pos is valid
Throws: out_of range if pos does not correspond to a valid bit position.

Containers library 23-11

[lib.bits::set]

OO

O

g
g

Effects: Stores a new value in the bit at positjpms in *this . If val is nonzero, the stored value is

one, otherwise it is zero.
Returns: *this

23.2.1.8bits::reset

bits<N>& reset();
Effects: Resets all bits ifithis
Returns: *this
bits<N>& reset(size_t pos);

Requires: pos is valid

Throws: out_of range if pos does not correspond to a valid bit position.
Effects: Resets the bit at positigros in *this

Returns: *this

23.2.1.9bits::operator~

bits<N> operator~() const;

Effects: Constructs an objeat of classbits<N> and initializes it with*this
Returns: x.toggle()

23.2.1.10bits::toggle

bits<N>& toggle();
Effects: Toggles all bits irfthis
Returns: *this
bits<N>& toggle(size_t pos);

Requires: pos is valid

Throws: out_of range if pos does not correspond to a valid bit position.
Effects: Toggles the bit at positiopos in *this

Returns: *this

23.2.1.11bits::to_ushort

unsigned short to_ushort() const;

Throws: overflow_error if the integral valuex corresponding to the bits
sented as typensigned short

[lib.bits::reset]

[lib.bits::0p7]

[lib.bits::toggle]

[lib.bits::to.ushort]

O

OO

OooOoogo d

OO

OooOoogo d

O

fthis  cannot be repre-[

O
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Returns: x.

23.2.1.12bits::to_ulong [lib.bits::to.ulong]

unsigned long to_ulong() const; O

Throws: overflow_error if the integral valuex corresponding to the bits fithis  cannot be repre-
sented as typensigned long . O

Returns: x.

23.2.1.13bits::to_string [lib.bits::to.string]

string to_string() const; O

Effects: Constructs an object of tymtring  and initializes it to a string of lengtN characters. Each(l
character is determined by the value of its corresponding bit posititthisn . Character positioN
-1 corresponds to bit position zero. Subsequent decreasing character positions correspond to increas-
ing bit positions. Bit value zero becomes the char#ktbit value one becomes the charadter g
Returns: The created object.

23.2.1.14bits::count [lib.bits::count]

size_t count() const;

Returns: A count of the number of bits setfthis
23.2.1.15bits::length [lib.bits::length]

size_t length() const;

Returns: N.
23.2.1.16bits::operator== [lib.bits::op==.bt]
bool operator==(const bits<N>& rhs ) const; g

Returns: A nonzero value if the value of each bit*this equals the value of the corresponding bit
rhs .

23.2.1.17bits::operator!= [lib.bits::op!=.bt]
bool operator!=(const bits<N>& rhs ) const;

Returns: A nonzero value if(*this == rhs ).

23.2.1.18bits::test [lib.bits::test]
bool test(size_t pos) const;

Requires: pos is valid
Throws: out_of range if pos does not correspond to a valid bit position.
Returns: true if the bit at positionpos in *this  has the value one.

OO



23.2.1.19bits::any DRAFT: 1 February 1995 Containers library 23-13

23.2.1.19bits::any [lib.bits::any]

bool any() const;

Returns: true if any bit in*this is one.
23.2.1.20bits::none [lib.bits::none]

bool none() const;

Returns: true if no bitin*this is one.

23.2.1.21bits::operator<< [lib.bits::0p.Ish]
bits<N> operator<<(size_t pos) const;

Returns: bits<N>(*this) <<= pos.

23.2.1.22bits::operator>> [lib.bits::op.rsh]
bits<N> operator>>(size_t pos) const;

Returns: bits<N>(*this) >>= pos.

23.2.1.230perator& [lib.bits::0p&]
bits<N> operator&(const bits<N>& Ihs , const bits<N>& rhs);

Returns: bits<N>( Ihs ) &= pos.

23.2.1.240perator| (lib.bits::op O
bits<N> operator|(const bits<N>& Ihs , const bits<N>& rhs);

Returns: bits<N>( Ihs )|= pos.

23.2.1.250perator” [lib.bits::0p7]
bits<N> operator®(const bits<N>& Ihs |, const bits<N>& rhs);

Returns: bits<N>( |hs )*= pos.

23.2.1.26 0perator>> (lib.bits::ext]
template <size_t N> O
istream& operator>>(istreamé& is , bits<N>& X); g
A formatted input function. O
Effects: Extracts up taV (single-byte) characters froie . Stores these characters in a temporary object
str of typestring , then evaluates the expressior bits<N>(str) . Characters are extracted

and stored until any of the following occurs:
— Ncharacters have been extracted and stored,;
— end-of-file occurs on the input sequence;

— the next input character is neitleor 1 (in which case the input character is not extracted). O
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If no characters are storedstr , callsis .setstate(ios::failbit) . O
Returns: is . O
23.2.1.27 operator<< (lib.bits::ins]

template <size_t N>
ostream& operator<<(ostreamé& 0s, const bits<N>& X);

OO

Returns: 0os << x.to_string()

23.2.2 Template clasdeque (lib.deque]

A deque is a kind of sequence that, likevactor (23.2.8), supports random access iterators. In addition,

it supports constant time insert and erase operations at the beginning or the end; insert and erase in‘the mid-
dle take linear time. That is, a deque is especially optimized for pushing and popping elementsat the
beginning and end. As with vectors, storage management is handled automatically.

namespace std {

template <class T, class Allocator = allocator>

class deque {

public:

// types:
typedef Allocator::types<T>::pointer iterator;
typedef Allocator::types<T>::const_pointer const_iterator;
typedef Allocator::size_type size_type;
typedef Allocator::difference_type difference_type;
typedef T value_type;

OoooooooOooo

// construct/copy/destroy:
deque();
deque(size_type n, const T& value = T());
deque(const deque<T,Allocator>& x);
template <class Inputlterator>
deque(Inputlterator first, Inputlterator last);
~deque();
deque<T,Allocator>& operator=(const deque<T,Allocator>& x);
template <class Inputlterator>
void assign(Inputlterator first, Inputlterator last);
template <class Size, class T>
void assign(Size n, const T& t = T());

OOooooooooood

// observers:
iterator begin();
const_iterator begin() const;
iterator end();
const_iterator end() const;
size_type size() const;
size_type max_size() const;
void resize(size_type sz, T ¢ = T());
bool empty() const;
T& operator[](size_type n);
const T& operator[](size_type n) const;
const T& at(size_type n) const;
T& at(size_type n);
T& front();
const T& front() const;
T& back();
const T& back() const;

OOoooooooooooooood
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// modifiers:
void push_front(const T& x);
void push_back(const T& x);
iterator insert(iterator position, const T& x = T());
void insert(iterator position, size_type n, const T& x = T());
template <class Inputlterator>
void insert (iterator position, Inputlterator first, Inputlterator last);
void pop_front();
void pop_back();
void erase(iterator position);
void erase(iterator first, iterator last);

h

OooooooooooQo

template <class T, class Allocator>

bool operator==(const deque<T,Allocator>& x, const deque<T,Allocator>& y);
template <class T, class Allocator>

bool operator< (const deque<T,Allocator>& x, const deque<T,Allocator>& y);

ooOooao

23.2.2.1deque members [({lib.deque.members]

23.2.2.1.1assign [lib.deque.assign]

template <class Inputlterator> ad
void assign(Inputlterator first, Inputlterator last); ad

Effects:

erase(begin(), end());
insert(begin(), first, last);

OO

template <class Size, class T>
void assign(Size n, const T& t = T());

Effects:

erase(begin(), end());
insert(begin(), n, t);

oo o oo

23.2.2.1.2insert [({lib.deque.insert]

iterator insert(iterator position, const T& x = T());
void insert(iterator position, size_type n, const T& x = T());
template <class Inputlterator>
void insert(iterator position,
Inputlterator first, Inputlterator last);

o s |

Effects: Invalidates all the iterators and references to the deque if the insertion pointer is not at eithér end.
Insertion at either end does not affect iterators and references. O

Complexity: In the worst case, inserting a single element into a deque takes time linear in the minindm of
the distance from the insertion point to the beginning of the deque and the distance from the inSertion
point to the end of the deque. Inserting a single element either at the beginning or end of aldeque
always takes constant time and causes a single call to the copy constriictor of a
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23.2.2.1.3erase [lib.deque.erase]
void erase(iterator position); O
void erase(iterator first, iterator last); O

Effects: Invalidates all the iterators and references to the deque if the erasing point is not at eithét end.
Erasing at either end does not affect iterators and references. The number of calls to the destfiictor is
the same as the number of elements erased, but the number of the calls to the assignment opérator is
equal to the minimum of the number of elements before the erased elements and the number of @lement

after the erased elements. O
23.2.2.1.4resize (lib.deque.resize]
void resize(size_type sz, T ¢ = T()); O
Effects:

if (sz > size())
s.insert(s.end(), s.size()-sz, v);
else if (sz < size())
s.erase(s.begin()+sz, s.end());

else
?2?7?

OoOooooo

23.2.3 Template clasfst (lib.list]

A list is a kind of sequence that supports bidirectional iterators and allows constant time insert and erase

operations anywhere within the sequence, with storage management handled automatically. Unlikellectors

(23.2.8) and deques (23.2.2), fast random access to list elements is not supported, but many algorithiins only
need sequential access anyway.

namespace std { O
template <class T, class Allocator = allocator> O
class list { 0
public: O
// types: ]

typedef Allocator::types<T>::pointer iterator; O
typedef Allocator::types<T>::const_pointer const_iterator; O
typedef Allocator::size_type size_type; O
typedef Allocator::difference_type difference_type; 0
typedef T value_type; 0
// construct/copy/destroy: ad
list(); 0
list(size_type n, const T& value =T()); O
template <class Inputlterator> O
list(Inputlterator first , Inputlterator last ); ad
list(const list<T,Allocator>& X); O
~list(); ad
list<T,Allocator>& operator=(const list<T,Allocator>& X); O
template <class Inputlterator> ad
void assign(Inputlterator first, Inputlterator last); O
template <class Size, class T> O
void assign(Size n, const T& t = T()); O
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// observers: ad
iterator begin(); O
const_iterator begin() const; O
iterator end(); O
const_iterator end() const; ad
bool empty() const; O
size_type size() const; O
size_type max_size() const; g
void resize(size_type sz, T ¢ = T()); ad
T& front(); O
const T& front() const; O
T& back(); O
const T& back() const; ad

// modifiers: ad
void push_front(const T& X); O
void pop_front(); O
void push_back(const T& X); ad
void pop_back(); O
iterator insert(iterator position , const T& x =T0); ad
void insert(iterator position , size_type n, const T& x =T(); O
template <class Inputlterator> ad

void insert(iterator position , Inputlterator first O
Inputlterator last ); O

void erase(iterator position ); O
void erase(iterator position , iterator last ); ad

// special mutative operations on list: O
void splice(iterator position , list<T,Allocator>& X); O
void splice(iterator position , list<T,Allocator>& X, iterator i); O
void splice(iterator position , list<T,Allocator>& X, iterator first O

iterator last ); O
void remove(const T& value ); O
template <class Predicate> void remove_if(Predicate pred); g
void  unique(); ad
template <class BinaryPredicate> void unique(BinaryPredicate binary_pred ); O
void merge(list<T,Allocator>& X); O
template <class Compare> void merge(list<T,Allocator>& X, Compare comp); g
void  sort(); ad
template <class Compare> void sort(Compare comp); O
void reverse(); O

h O

template <class T, class Allocator> O
bool operator==(const list<T,Allocator>& X, const list<T,Allocator>& ) g

template <class T, class Allocator> O
bool operator< (const list<T,Allocator>& X, const list<T,Allocator>& ) O

} O
23.2.3.1list  members (lib.list. members]

Since lists allow fast insertion and erasing from the middle of a list, certain operations are provided specifi-
cally for them.

list provides three splice operations that destructively move elements from one list to another. a
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23.2.3.1.1assign (lib.list.assign]
template <class Inputlterator> O

void assign(Inputlterator first, Inputlterator last); O
Effects:

erase(begin(), end());
insert(begin(), first, last);

OO

template <class Size, class T>
void assign(Size n, const T& t = T());

Effects:

erase(begin(), end());
insert(begin(), n, t);

oo o aog

23.2.3.1.2insert (lib.list.insert]

iterator insert(iterator position , const T& X =T();
void insert(iterator position , size_type n, const T& X =T();
template <class Inputlterator>
void insert(iterator position , Inputlterator first
Inputlterator last );

o o |

Notes:

Does not affect the validity of iterators and references. O

Complexity: Insertion of a single element into a list takes constant time and exactly one call to the'copy
constructor ofT. Insertion of multiple elements into a list is linear in the number of elements insefrted,
and the number of calls to the copy constructdr isfexactly equal to the number of elements inserted.

23.2.3.1.3erase (lib.list.erase]

void erase(iterator position); O
void erase(iterator first, iterator last); O
Effects: Invalidates only the iterators and references to the erased elements. O

Complexity: Erasing a single element is a constant time operation with a single call to the destruictorlof
Erasing a range in a list is linear time in the size of the range and the number of calls to the destrictor of

typeT is exactly equal to the size of the range. O
23.2.3.1.4resize (lib.list.resize]
void resize(size_type sz, T ¢ = T()); O
Effects:

if (sz > size())
s.insert(s.end(), s.size()-sz, v);
else if (sz < size())
s.erase(s.begin()+sz, s.end());

else
?2?7?

OoOooooo
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23.2.3.1.5splice {lib.list.splice]
void splice(iterator position , list<T,Allocator>& X);
Effects: Inserts the contents afbeforeposition  andx becomes empty. O
Complexity: Constant time. O
void splice(iterator position , list<T,Allocator>& X, iterator i); g
Effects: Inserts an element pointed toibyrom listx before position and removes the element from [
Requires: i is a valid iterator ok. O
Complexity: Constant time. O
void splice(iterator position , list<T,Allocator>& X, iterator first g
iterator last ); O
Effects: Inserts elements in the ranffest, last) beforeposition  and removes the element§!
from x. O
Requires: [first, last) is a valid range ix. O
Complexity: Linear time. O
23.2.3.1.6remove (lib.list.remove]
void remove(const T& value ); O
template <class Predicate> void remove_if(Predicate pred ); g
Effects: Erases all the elements in the list referred by the list iterator which the following conditions O
hold: *i == value, pred(*i) == true . O
Notes: Stable: the relative order of the elements that are not removed is the same as their relative arder in
the original list. O
Complexity: Exactlysize() applications of the corresponding predicate. O
23.2.3.1.7unique (lib.list.unique]
void  unique(); O
template <class BinaryPredicate> g
void unique(BinaryPredicate binary pred ); O
Effects: Erases all but the first element from every consecutive group of equal elements in the list. O
Complexity: Exactlysize() - 1 applications of the corresponding binary predicate. O
23.2.3.1.8merge (lib.list.merge]
void merge(list<T,Allocator>& X); g
template <class Compare> void merge(list<T,Allocator>& X, Compare comp); O
Effects: Merges the argument list into the list (both are assumed to be sorted). O
Notes: Stable: for equal elements in the two lists, the elements from the list always precede the elements
from the argument listx is empty after the merge. O
Complexity: At mostsize() + x.size() - 1 comparisons. O
23.2.3.1.9reverse (lib.list.reverse]

void reverse();

Effects: Reverses the order of the elements in the list.
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Complexity: Linear time.
23.2.3.1.10sort (lib.list.sort]
void  sort();

template <class Compare> void sort(Compare comp);

Effects: Sorts the list according to tloperator< or acompare function object.
Notes: Stable: the relative order of the equal elements is preserved.
Complexity: ApproximatelyNlogN comparisons, wherd == size()

23.2.4 Template clasgueue (lib.queue]

Any sequence supporting operatidngnt() , back() , push_back() and pop_front() can be
used to instantiatgueue . In particularlist (23.2.3) andleque (23.2.2) can be used.

nmespace std {

template <class Container>

class queue {

public:
typedef Container::value_type value_type;
typedef Container::size_type size_type;

protected:
Container c;

public:
bool empty() const {return c.empty(); }
size_type size() const {return c.size(); }
value_type& front() {return c.front(); }
const value_type& front() const {return c.front(); }
value_type& back() { return c.back(); }
const value_type& back() const { return c.back(); }
void push(const value_type& x) { c.push_back(x); }
void pop() { c.pop_front(); }

2

template <class Container>
bool operator==(const queue<Container>& X, const queue<Container>& y);
}

operator==
Returns: x.c ==y.c

23.2.5 Template clasgriority_queue (lib.priority.queue]

Any sequence with random access iterator and supporting operfbotd , push_back() and
pop_back() can be used to instantiajgriority queue . In particular, vector (23.2.8) and
deque (23.2.2) can be used.

namespace std {
template <class Container, class Compare = less<Container::value_type> >
class priority_queue {
public:
typedef Container::value_type value_type;
typedef Container::size_type size_type;
protected:
Container c;
Compare comp;

OooOooOo oo

Oooooooogodg

Ood OO Oooo ODooooooogoogoo

OoOoooooooo
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Template classpriority _queue

public:
priority_queue(const Compare& x = Compare());
template <class Inputlterator>
priority_queue(Inputlterator first, Inputlterator last,
const Compare& x = Compare());

bool empty() const {return c.empty(); }
size_type size() const {return c.size(); }
const value_type& top() const { return c.front(); }

void push(const value_type& x);

void pop();
/} no equality is provided
}
23.2.6 priority_queue members
23.2.6.1 priority_queue constructors

priority _queue(const Compare& x = Compare());
Effects:

= ¢(), comp(x) {}

template <class Inputlterator>
priority_queue(Inputlterator first, Inputlterator last,
const Compare& x = Compare());

Effects:

: c(first, last), comp(x) {
make_heap(c.begin(), c.end(), comp);

23.2.6.2push

void push(const value_type& Xx);
Effects:

c.push_back(x);
push_heap(c.begin(), c.end(), comp);

23.2.6.3pop

void pop();
Effects:

pop_heap(c.begin(), c.end(), comp);
c.pop_back();

Containers library 2321

[(lib.priority.queue.members]

(lib.priqueue.cons]

(lib.priqueue.push]

(lib.priqueue.pop]

oOooo oOoOooo

[ o o

Oo0Oo O

[ |
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23.2.7 Template classtack lib.stack]

Any sequence supporting operatidreck() , push_back() andpop_back() can be used to instanti-(]
atestack . In particularyvector (23.2.8)Jlist (23.2.3) andleque (23.2.2) can be used.

For example, stack<vector<int> > is an integer stack made out ofector , and O
stack<deque<char> > is a character stack made outefjue .
namespace std { ad
template <class Container> O
class stack { O
public: O
typedef Container::value_type value_type; ad
typedef Container::size_type size_type; O
protected: O
Container c; O
public: ad
bool empty() const { return c.empty(); } O
size_type size() const {return c.size(); } O
value_type& top() { return c.back(); } O
const value_type& top() const { return c.back(); } O
void push(const value_type& x) { c.push_back(x); } O
void pop() { c.pop_back(); } O
J5 O
template <class Container> ad
bool operator==(const stack<Container>& x, const stack<Container>& y); g
} O
operator== O

Returns: x.c ==y.c

23.2.8 Template classector [lib.vector]

A vector s a kind of sequence supports random access iterators. In addition, it supports (amortized) con-
stant time insert and erase operations at the end; insert and erase in the middle take linear time. Storage
management is handled automatically, though hints can be given to improve efficiency.

namespace std { O
template <class T, class Allocator = allocator> O
class vector { O
public: ]
// types: 0

typedef Allocator::types<T>::pointer iterator; O
typedef Allocator::types<T>::const_pointer const_iterator; 0
typedef Allocator::size_type size_type; 0
typedef Allocator::difference_type difference_type; 0
typedef T value_type;
// construct/copy/destroy: O
vector();
vector(size_type n, const T& value = T());
vector(const vector<T,Allocator>& x); O
template <class Inputlterator>
vector(Inputlterator first, Inputlterator last);
~vector();
vector<T,Allocator>& operator=(const vector<T,Allocator>& x); O
template <class Inputlterator> O
void assign(Inputlterator first, Inputlterator last); O
template <class Size, class T> void assign(Size n, const T& t = T()); O

void reserve(size_type n);
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// observers: ad
iterator begin();
const_iterator begin() const;
iterator end();

const_iterator end() const;
size_type size() const;
size_type max_size() const;

void resize(size_type sz, T ¢ = T()); g
size_type capacity() const;

bool empty() const; O
T& operator[](size_type n);

const T& operator[](size_type n) const;

const T& at(size_type n) const; ad
T& at(size_type n); O
T& front();

const T& front() const;

T& back();

const T& back() const;

// modifiers: O
void push_back(const T& x);
void pop_back();
iterator insert(iterator position, const T& x = T());
void insert(iterator position, size_type n, const T& x = T());
template <class Inputlterator>
void insert(iterator position, Inputlterator first, Inputlterator last);
void erase(iterator position);
void erase(iterator first, iterator last);

O

h

template <class T, class Allocator>

bool operator==(const vector<T,Allocator>& x, const vector<T,Allocator>& y);
template <class T, class Allocator>

bool operator< (const vector<T,Allocator>& x, const vector<T,Allocator>& y);

ooOooao

23.2.8.1vector members [({lib.vector.members]
23.2.8.1.1vector constructor [(lib.vector.cons]

vector();

vector(size_type n, const T& value = T());

vector(const vector<T,Allocator>& x);

template <class Inputlterator>
vector(Inputlterator first, Inputlterator last);

o s |

Complexity: The constructotemplate <class Inputlterator> vector(Inputlterator a
first, Inputlterator last) makes onlyN calls to the copy constructor @f(whereNis the O
distance betweefirst  andlast ) and no reallocations if iterators first and last are of forward, bidi-
rectional, or random access categories. It does at2hbsdlls to the copy constructor ®fandlogN O
reallocations if they are just input iterators, since it is impossible to determine the distance befween
first andlast and then do copying. a
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23.2.8.1.2assign (lib.vector.assign]

template <class Inputlterator>
void assign(Inputlterator first, Inputlterator last);

Effects:

erase(begin(), end());
insert(begin(), first, last);

oo o oo

template <class Size, class T> void assign(Size n, const T& t = T());
Effects:

erase(begin(), end());
insert(begin(), n, t);

oo o 4

23.2.8.1.3capacity [(lib.vector.capacity]

size_type capacity() const;

Returns: The size of the allocated storage in the vector.
23.2.8.1.4reserve [(lib.vector.reserve]

void reserve(size_type n); O

Effects: A directive that informsrector of a planned change in size, so that it can manage the starage
allocation accordingly. It does not change the size of the sequence and takes at most linear time in the
size of the sequence. Reallocation happens at this point if and only if the current capacity is less than
the argument ofeserve . O
After reserve , capacity is greater or equal to the argumentegerve if reallocation happens;
and equal to the previous value a#pacity otherwise. Reallocation invalidates all the references,
pointers, and iterators referring to the elements in the sequence. It is guaranteed that no realldcation
takes place during the insertions that happen edsarve takes place till the time when the size dfl
the vector reaches the size specifieddserve . O

23.2.8.1.5resize (lib.vector.resize]

void resize(size_type sz, T ¢ = T());
Effects:

if (sz > size())
s.insert(s.end(), s.size()-sz, v);
else if (sz < size())
s.erase(s.begin()+sz, s.end());

else
?2?7?

Ooooooo o 4

23.2.8.1.6insert [(lib.vector.insert]

iterator insert(iterator position, const T& x = T());
void insert(iterator position, size_type n, const T& x = T());
template <class Inputlterator>

void insert(iterator position, Inputlterator first, Inputlterator last);

oooo
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Notes: Causes reallocation if the new size is greater than the old capacity. If no reallocation happens, all

the iterators and references before the insertion point remain valid. O
Complexity: Inserting a single element into a vector is linear in the distance from the insertion point to the
end of the vector. O

The amortized complexity over the lifetime of a vector of inserting a single element at its end is con-
stant. Insertion of multiple elements into a vector with a single call of the insert member function is lin-

ear in the sum of the number of elements plus the distance to the end of th&N&ctor. O
23.2.8.1.7erase (lib.vector.erase]
void erase(iterator position); O
void erase(iterator first, iterator last); O

Effects: Invalidates all the iterators and references after the point of the erase. The destiiaratied [0
the number of times equal to the number of the elements erased, but the assignment opgeratof]of
called the number of times equal to the number of elements in the vector after the erased elements.

23.2.9 Claswector<bool> [lib.vector.bool]
To optimize space allocation, a specializationbioo! is provided].'52) O
namespace std { ad
class vector<bool,allocator> { g
public: O
// bit reference:
class reference {
public:
~reference();
operator bool() const;
reference& operator=(const bool x);
void flip(); I/ flips the bit
2
// types: O
typedef Allocator::types<T>::pointer iterator; t
typedef Allocator::types<T>::const_pointer const_iterator; O
typedef Allocator::size_type size_type; O
typedef Allocator::difference_type difference_type; O
typedef bool value_type;
// construct/copy/destroy: O
vector();
vector(size_type n, const bool& value = bool());
vector(const vector<bool,allocator>& x); O
template <class Inputlterator>
vector(Inputlterator first, Inputlterator last);
~vector();
vector<bool,allocator>& operator=(const vector<bool,allocator>& x); O
void reserve(size_type n);
0

)10 other words, it is much faster to insert many elements into the middle of a vector at once than to do the insertion one &t a time.
The insert template member function preallocates enough storage for the insertion if the ftesatorandlast are of forward, O
bidirectional or random access category. Otherwise, it does insert elements one by one and should not be used for insertirig into the
middle of vectors. O

Every implementation is expected to provide specializatiomeabr<bool>  for all supported memory models. O



23-26 Containers library DRAFT: 1 February 1995

// observers:
iterator begin();
const_iterator begin() const;
iterator end();

const_iterator end() const;

size_type size() const;

size_type max_size() const;

size_type capacity() const;

bool empty() const;

reference operator[](size_type n);
const reference operator[](size_type n) const;
const reference at(size_type n) const;

reference at(size_type n);
reference front();

const reference front() const;
reference back();

const reference back() const;

// modifiers:
void push_back(const bool& x);
void pop_back();
iterator insert(iterator position, const bool& x = bool());

void insert (iterator position, size_type n, const bool& x = bool());

template <class Inputlterator>

void insert (iterator position, Inputlterator first, Inputlterator last);

void erase(iterator position);
void erase(iterator first, iterator last);

h

bool operator==(const vector<bool,allocator>& x,
const vector<bool,allocator>& y);
bool operator< (const vector<bool,allocator>& x,
const vector<bool,allocator>& y);

}

23.2.9 Classector<bool>

reference s a class that simulates the behavior of references of a singlevéatan<bool>

23.3 Associative containers
Headersmap>and<set> :

Header <map> synopsis

#include <memory> // for allocator
#include <utility> // for pair
#include <functional> // for less

namespace std {
template <class Key, class T, class Compare = less<Key>,
class Allocator = allocator>
class map;
template <class Key, class T, class Compare, class Allocator>
bool operator==(const map<Key,T,Compare,Allocator>& x,
const map<Key, T,Compare,Allocator>& y);
template <class Key, class T, class Compare, class Allocator>
bool operator< (const map<Key, T,Compare,Allocator>& X,
const map<Key, T,Compare,Allocator>& y);

[lib.associative]

ooooao O

O

O

ODOooooooooooogodg
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template <class Key, class T, class Compare = less<Key>,
class Allocator = allocator>
class multimap;
template <class Key, class T, class Compare, class Allocator>
bool operator==(const multimap<Key,T,Compare,Allocator>& x,
const multimap<Key,T,Compare,Allocator>& y);
template <class Key, class T, class Compare, class Allocator>
bool operator< (const multimap<Key,T,Compare,Allocator>& X,
const multimap<Key,T,Compare,Allocator>& y);

OOoooooooOooo

}

O

Header<set> synopsis

#include <memory> // for allocator
#include <utility> // for pair
#include <functional> // for less
namespace std {
template <class Key, class Compare = less<Key>, class Allocator = allocator>
class set;
template <class Key, class Compare, class Allocator>
bool operator==(const set<Key,Compare,Allocator>& x,
const set<Key,Compare,Allocator>& y);
template <class Key, class Compare, class Allocator>
bool operator< (const set<Key,Compare,Allocator>& X,
const set<Key,Compare,Allocator>& y);

OOooooooooood

template <class Key, class Compare = less<Key>, class Allocator = allocator>
class multiset;
template <class Key, class Compare, class Allocator>
bool operator==(const multiset<Key,Compare,Allocator>& x,
const multiset<Key,Compare,Allocator>& y);
template <class Key, class Compare, class Allocator>
bool operator< (const multiset<Key,Compare,Allocator>& X,
const multiset<Key,Compare,Allocator>& y);

Oooooooooo

23.3.1 Template classap (lib.map]

A mapis a kind of associative container that supports unique keys (contains at most one of each keylvalue)
and provides for fast retrieval of values of another fiypased on the keys.

typedef pair<const Key, T> value_type;
typedef Compare key_compare;

namespace std { O
template <class Key, class T, class Compare = less<Key>, ad
class Allocator = allocator> O

class map { O
public: O

// types: ad
typedef Key key_type; O

O

O
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ISS

class value_compare
: public binary_function<value_type,value_type,bool> {
friend class map;
protected:
Compare comp;
value_compare(Compare c) : comp(c) {}
public:
bool operator()(const value_type& X, const value_type& ) {
return comp(x.first, y.first);
}
2
UE Are these typedefs correct?
typedef Allocator::types<T>::pointer iterator;
typedef Allocator::types<T>::const_pointer const_iterator;

typedef Allocator::size_type size_type;
typedef Allocator::difference_type difference_type;

// construct/copy/destroy:

map(const Compare& comp = Compare());
template <class Inputlterator>

map(Inputlterator first, Inputlterator last,

const Compare& comp = Compare());
map(const map<Key,T,Compare,Allocator>& x);
~map();

map<Key,T,Compare,Allocator>&

operator=(const map<Key,T,Compare,Allocator>& x);

// observers:

key _compare key_comp() const;
value_compare value_comp() const;
iterator begin();
const_iterator begin() const;

iterator end();

const_iterator end() const;

bool empty() const;

size_type size() const;

size_type max_size() const;

T& operator[](const key_type& x);

// modifiers:

pair<iterator, bool> insert(const value_type& x);
iterator insert(iterator position, const value_type& x);
template <class Inputlterator>

void insert(Inputlterator first, Inputlterator last);

void erase(iterator position);
size_type erase(const key_type& Xx);
void erase(iterator first, iterator last);

// map operations:

iterator find(const key_type& x);

const_iterator find(const key_type& x) const;

size_type count(const key_type& x) const;

iterator lower_bound(const key_type& x);

const_iterator lower_bound(const key_type& x) const;

iterator upper_bound(const key_type& x);

const_iterator upper_bound(const key_type& x) const;
pair<iterator,iterator> equal_range(const key_type& x);
pair<const_iterator,const_iterator> equal_range(const key_type& x) const;

23.3.1 Template clagnap

Ooooo0o O ooooooooooQo
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template <class Key, class T, class Compare, class Allocator>
bool operator==(const map<Key,T,Compare,Allocator>& x,
const map<Key, T,Compare,Allocator>& y);
template <class Key, class T, class Compare, class Allocator>
bool operator< (const map<Key,T,Compare,Allocator>& x,
const map<Key, T,Compare,Allocator>& y);

OoOooooo

23.3.1.1 mapmembers ({lib.map.members]

BBox 100 E
[To Be Specifiedd N

O

23.3.1.1.10perator(] lib.map::subscript O

T& operator[](const key_type& X);
Effects: (*((m.insert(make_pair(k, T()))).first)).second

23.3.2 Template classmultimap (lib.multimap]

A multimap is a kind of associative container that supports equal keys (possibly contains multiple ¢bpies
of the same key value) and provides for fast retrieval of values of anothdrigsed on the keys.

namespace std {
template <class Key, class T, class Compare = less<Key>,
class Allocator = allocator>
class multimap {
public:
// types:
typedef Key key_type;
typedef pair<const Key, T> value_type;
typedef Compare key_compare;

OoOoooooooao

class value_compare
: public binary_function<value_type,value_type,bool> {
friend class multimap;
protected:
Compare comp;
value_compare(Compare c) : comp(c) {}
public:
bool operator()(const value_type& X, const value_type& ) {
return comp(x.first, y.first);
}
2
ISSUE Are these typedefs correct?
typedef Allocator::types<T>::pointer iterator;
typedef Allocator::types<T>::const_pointer const_iterator;

typedef Allocator::size_type size_type;
typedef Allocator::difference_type difference_type;

OO0 O ooooooogoooQo
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// construct/copy/destroy: ad
multimap(const Compare& comp = Compare()); O
template <class Inputlterator> O

multimap(Inputlterator first, Inputlterator last, O
const Compare& comp = Compare()); ad

multimap(const multimap<Key, T,Compare,Allocator>& x); g
~multimap(); g
multimap<Key, T,Compare,Allocator>& 0
operator=(const multimap<Key,T,Compare,Allocator>& x); t

// observers: O
key_compare key_comp() const; O
value_compare value_comp() const; O
iterator begin(); ad
const_iterator begin() const; O
iterator end(); O
const_iterator end() const; ad
bool empty() const; ad
size_type size() const; O
size_type max_size() const; O

// modifiers: O
iterator insert(const value_type& x); ad
iterator insert(iterator position, const value_type& x); O
template <class Inputlterator> O

void insert(Inputlterator first, Inputlterator last); O
void erase(iterator position); ad
size_type erase(const key_type& Xx); a
void erase(iterator first, iterator last); ad

// multimap operations: O
iterator find(const key_type& x); ad
const_iterator find(const key_type& x) const; O
size_type count(const key_type& x) const; O
iterator lower_bound(const key_type& x); O
const_iterator lower_bound(const key_type& x) const; ad
iterator upper_bound(const key_type& x); a
const_iterator upper_bound(const key_type& x) const; ad
pair<iterator,iterator> equal_range(const key_type& x); g
pair<const_iterator,const_iterator> equal_range(const key_type& x) const; t

h O

template <class Key, class T, class Compare, class Allocator> a
bool operator==(const multimap<Key,T,Compare,Allocator>& x, a

const multimap<Key,T,Compare,Allocator>& y); a

template <class Key, class T, class Compare, class Allocator> a

bool operator< (const multimap<Key,T,Compare,Allocator>& x, a

const multimap<Key,T,Compare,Allocator>& y); a

} a
23.3.3 Template classet [lib.set]

A set is a kind of associative container that supports unique keys (contains at most one of each keylvalue)
and provides for fast retrieval of the keys themselves.



23.3.3 Template classet

namespace std {
template <class Key, class Compare = less<Key>, class Allocator = allocator>

class set {
public:
// types:
typedef Key key_type;
typedef Key value_type;
typedef Compare key_compare;
typedef Compare value_compare;
typedef Allocator::types<T>::pointer iterator;

typedef Allocator::types<T>::const_pointer const_iterator;

typedef Allocator::size_type size_type;
typedef Allocator::difference_type difference_type;

// construct/copy/destroy:
set(const Compare& comp = Compare());
template <class Inputlterator>
set(Inputlterator first, Inputlterator last,
const Compare& comp = Compare());
set(const set<Key,Compare,Allocator>& x);
~set();

DRAFT: 1 February 1995
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set<Key,Compare,Allocator>& operator=(const set<Key,Compare,Allocator>& Xx);

// observers:
key _compare key_comp() const;
value_compare value_comp() const;

iterator begin() const;

iterator end() const;

bool empty() const;

size_type size() const;

size_type max_size() const;
// modifiers:

pair<iterator,bool> insert(const value_type& x);

iterator insert(iterator position, const value_type& x);

template <class Inputlterator>
void insert(Inputlterator first, Inputlterator last);
void erase(iterator position);
size_type erase(const key_type& x);
void erase(iterator first, iterator last);

// set operations:
iterator find(const key_type& x) const;
size_type count(const key_type& x) const;
iterator lower_bound(const key_type& x) const;
iterator upper_bound(const key_type& x) const;

pair<iterator,iterator> equal_range(const key_type& x) const;

h

template <class Key, class Compare, class Allocator>

bool operator==(const set<Key,Compare,Allocator>& x,
const set<Key,Compare,Allocator>& y);

template <class Key, class Compare, class Allocator>
bool operator< (const set<Key,Compare,Allocator>& X,

const set<Key,Compare,Allocator>& y);

23-31
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23.3.4 Template clasmultiset [lib.multiset]

A multiset  is a kind of associative container that supports equal keys (possibly contains multiple ¢bpies
of the same key value) and provides for fast retrieval of the keys themselves.

namespace std {
template <class Key, class Compare = less<Key>, class Allocator = allocator>
class multiset {
public:
// types:
typedef Key key_type;
typedef Key value_type;
typedef Compare key_compare;
typedef Compare value_compare;
typedef Allocator::types<T>::pointer iterator;
typedef Allocator::types<T>::const_pointer const_iterator;
typedef Allocator::size_type size_type;
typedef Allocator::difference_type difference_type;

oOod

OoOoooooooo

// construct/copy/destroy:

multiset(const Compare& comp = Compare());
template <class Inputlterator>

multiset(Inputlterator first, Inputlterator last,

const Compare& comp = Compare());
multiset(const multiset<Key,Compare,Allocator>& x);
~multiset();
multiset<Key,Compare,Allocator>&
operator=(const multiset<Key,Compare,Allocator>& x);

OoOooooooOooo

// observers:
key compare key_comp() const;
value_compare value_comp() const;
iterator begin() const;
iterator end() const;
bool empty() const;
size_type size() const;
size_type max_size() const;

OoOoooogoOoao

// modifiers:
iterator insert(const value_type& x);
iterator insert(iterator position, const value_type& x);
template <class Inputlterator>
void insert(Inputlterator first, Inputlterator last);
void erase(iterator position);
size_type erase(const key_type& x);
void erase(iterator first, iterator last);

oooo

OoOoo

// multiset operations:
iterator find(const key_type& x) const;
size_type count(const key_type& x) const;
iterator lower_bound(const key_type& x) const;
iterator upper_bound(const key_type& x) const;
pair<iterator,iterator> equal_range(const key_type& x) const;

oooooo
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template <class Key, class Compare, class Allocator>
bool operator==(const multiset<Key,Compare,Allocator>& x,
const multiset<Key,Compare,Allocator>& y);
template <class Key, class Compare, class Allocator>
bool operator< (const multiset<Key,Compare,Allocator>& X,
const multiset<Key,Compare,Allocator>& y);

Containers library
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24 lterators library [lib.iterators]

This clause describes components theat @ograms may use to perform iterations over containers (23),
streams (lib.default.iostreamg, and stream buffers (27.5).

The following subclauses describe iterator requirements, and components for iterator tags, predefinéd itera-

tors, and stream iterators, as summarized in Table 53: O
Table 53—Iterators library summary O

a

g Subclause Header(s) U |

—24.1 Requirements % g

[P4.2 Iterator tags 0 a

(b4.3 Predefined iterators <iterator> g 0

BZ4.4 Stream iterators E g8

Header <iterator> sSynopsis a
#include <cstddef> // for ptrdiff _t a
#include <utility> // for empty a
#include <iosfwd> // for istream, ostream O
#include <ios> // for ios_traits a
#include <streambuf> // for streambuf a
namespace std { a
// subclause 24.2.2, primitives: O
struct input_iterator_tag; a
struct output_iterator_tag; a
struct forward_iterator_tag; a
struct bidirectional_iterator_tag; a
struct random_access_iterator_tag; a
template <class T, class Distance = ptrdiff_t> a
struct input_iterator; a
struct output_iterator; a
template <class T, class Distance = ptrdiff_t> a
struct forward_iterator; O
template <class T, class Distance = ptrdiff_t> a
struct bidirectional_iterator; O
template <class T, class Distance = ptrdiff_t> a
struct random_access_iterator; a
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template <class T, class Distance>
input_iterator_tag
iterator_category(const input_iterator<T,Distance>&);
output_iterator_tag iterator_category(const output_iterator&);
template <class T, class Distance>
forward_iterator_tag
iterator_category(const forward_iterator<T,Distance>&);
template <class T, class Distance>
bidirectional_iterator_tag
iterator_category(const bidirectional_iterator<T,Distance>&);
template <class T, class Distance>
random_access_iterator_tag
iterator_category(const random_access_iterator<T,Distance>&);
template <class T>
random_access_iterator_tag iterator_category(const T*);

template <class T, class Distance>

T* value_type(const input_iterator<T,Distance>&);
template <class T, class Distance>

T* value_type(const forward_iterator<T,Distance>&);
template <class T, class Distance>

T* value_type(const bidirectional_iterator<T,Distance>&);
template <class T, class Distance>

T* value_type(const random_access_iterator<T,Distance>&);
template <class T>

T* value_type(const T*);

template <class T, class Distance>

Distance* distance_type(const input_iterator<T,Distance>&);
template <class T, class Distance>

Distance* distance_type(const forward_iterator<T,Distance>&);
template <class T, class Distance>

Distance* distance_type(const bidirectional_iterator<T,Distance>&);
template <class T, class Distance>

Distance* distance_type(const random_access_iterator<T,Distance>&);
template <class T> ptrdiff_t* distance_type(const T*);
template <class Inputlterator, class Distance>

void advance(Inputlterator& i, Distance n);

template <class Inputlterator, class Distance>
void distance(Inputlterator first, Inputlterator last, Distance& n);

// subclause 24.2.3, iterator operations:

template <class Inputlterator, class Distance>
void advance(Inputlterator& i, Distance n);

template <class Inputlterator, class Distance>
void distance(Inputlterator first, Inputlterator last, Distance& n);

24
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// subclause 24.3, predefined iterators:
template <class Bidirectionallterator, class T, class Distance = ptrdiff_t>
class reverse_bidirectional_iterator;
template <class Bidirectionallterator, class T, class Distance>
bool operator==
const reverse_bidirectional_iterator<Bidirectionallterator, T,Distance>& x,
const reverse_bidirectional_iterator<Bidirectionallterator,T,Distance>& y);
template <class RandomAccesslterator, class T, class Distance = ptrdiff_t>
class reverse_iterator : public random_access_iterator<T,Distance>;
template <class RandomAccessiterator, class T, class Distance>
bool operator==
const reverse_iterator<RandomAccesslterator,T,Distance>& X,
const reverse_iterator<RandomAccesslterator,T,Distance>& y);
template <class RandomAccessiterator, class T, class Distance>
bool operator<(
const reverse_iterator<RandomAccesslterator,T,Distance>& X,
const reverse_iterator<RandomAccesslterator,T,Distance>& y);
template <class RandomAccessiterator, class T, class Distance>
Distance operator-(
const reverse_iterator<RandomAccesslterator,T,Distance>& X,
const reverse_iterator<RandomAccesslterator,T,Distance>& y);
template <class RandomAccessiterator, class T, class Distance>
reverse_iterator<RandomAccesslterator,T,Distance> operator+(
Distance n,
const reverse_iterator<RandomAccesslterator,T,Distance>& Xx);
template <class Container> class back_insert_iterator;
template <class Container>
back_insert_iterator<Container> back_inserter(Container& x);
template <class Container> class front_insert_iterator;
template <class Container>
front_insert_iterator<Container> front_inserter(Container& x);
template <class Container> class insert_iterator;
template <class Container, class Iterator>
insert_iterator<Container> inserter(Container& x, lterator i);

// subclauses 24.4, stream iterators:
template <class T, class Distance = ptrdiff_t>
class istream_iterator;
template <class T, class Distance>
bool operator==(const istream_iterator<T,Distance>& x,
const istream_iterator<T,Distance>& y);
template <class T> class ostream_iterator;
template<class charT, class traits = ios_traits<charT> >
class istreambuf_iterator;
template <class charT, class traits = ios_traits<charT> >

bool operator==(istreambuf_iterator<charT traits>& a,
istreambuf_iterator<charT traits>& b);

template <class charT, class traits = ios_traits<charT> >
bool operator!=(istreambuf_iterator<charT traits>& a,
istreambuf_iterator<charT,traits>& b);

template <class charT, class traits = ios_char_traits<charT> >
class ostreambuf_iterator;
output_iterator iterator_category (const ostreambuf_iterator&);
template<class charT, class traits = ios_char_traits<charT> >
bool operator==(ostreambuf_iterator<charT traits>& a,
ostreambuf_iterator<charT,traits>& b);
template<class charT, class traits = ios_char_traits<charT> >
bool operator!=(ostreambuf_iterator<charT traits>& a,
ostreambuf_iterator<charT,traits>& b);

Iterators library

24 -3

I o o | o o  w  w



24-4 lterators library DRAFT: 1 February 1995 24.1 Iterator requirements

24.1 lterator requirements (lib.iterator.requirements]

Iterators are a generalization of pointers that allow+apgtogram to work with different data structure
(containers) in a uniform manner. To be able to construct template algorithms that work correctly and effi-
ciently on different types of data structures, we need to formalize not just the interfaces but also the [Seman-
tics and complexity assumptions of iterators. lterators are objects thabperetor*  returning a value O

of some class or built-in typecalled avalue typeof the iterator. For every iterator typeor which equal- [

ity is defined, there is a corresponding signed integral type calleisthace typef the iterator.

Since iterators are a generalization of pointers, their semantics is a generalization of the semantics af point-
ers in G+. This assures that every template function that takes iterators works with regular pointers.
Depending on the operations defined on them, there are five categories of itemptdrgerators output [
iterators, forward iterators bidirectional iteratorsandrandom access iteratoras shown in Table 54. g

Table 54—Relations among iterator categories 0

[Random access - Bidirectional ~ Forward - Input U
- Output

Forward iterators satisfy all the requirements of the input and output iterators and can be used whenever
either kind is specified. Bidirectional iterators satisfy all the requirements of the forward iterators arid can
be used whenever a forward iterator is specified. Random access iterators satisfy all the requirerients of
bidirectional iterators and can be used whenever a bidirectional iterator is specified. There is an additional
attribute that forward, bidirectional and random access iterators might have, that is, theyntaakbeor O
constantdepending on whether the result of tperator*  behaves as a reference or as a reference {0 a
constant. Constant iterators do not satisfy the requirements for output iterators. a

Just as a regular pointer to an array guarantees that there is a pointer value pointing past the last el@ment of
the array, so for any iterator type there is an iterator value that points past the last element of a corrgspond-
ing container. These values are callpdst-the-endvalues. Values of the iterator for which thél
operator* s defined are calledereferenceableThe library never assumes that past-the-end valueslare
dereferenceable. Iterators might also have singular values that are not associated with any contaifer. For
example, after the declaration of an uninitialized pointdas withint* x; ), X should alwa ys be [
assumed to have a singular value of a pointer. Results of most expressions are undefined for singtlar val-
ues. The only exception is an assignment of a non-singular value to an iterator that holds a singuldr value.
In this case the singular value is overwritten the same way as any other value. Dereferenceable aid past-
the-end values are always non-singular. a

An iteratorj is calledreachablefrom an iteratori if there is a finite sequence of application s af
operator++ toi thatmakes==] . Ifj isreachable from, they refer to the same container. a

Most of the library’s algorithmic templates that operate on data structures have interfaces that useldanges.
A rangeis a pair of iterators that designate the beginning and end of the computation. f,idnge is 0O

an empty range; in general, a rafgg) refers to the elements in the data structure starting with the
one pointed to by and up to but not including the one pointed to byRangdi, j) is valid if and O

only if j is reachable from. The result of the application of the algorithms in the library to invalid ranges

is undefined. O

All the categories of iterators require only those functions that are realizable for a given category il con-
stant time (amortized). Therefore, requirement tables for the iterators do not have a complexity colufan.

In the following sections, we assuma&:and b are values ofX, n is a value of the dist ance typél
u,Distance ,tmp, andmare identifiersr is a value oX&, t is a value of value typeT. a
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24.1.1 Input iterators (lib.input.iterators]
A class or a built-in typ& satisfies the requirements of an input iterator for the valueTypthe fo llow- 0O
ing expressions are valid, as shown in Table 55: O
Table 55—Input iterator requirements O
U «ression return tvoe operational assertion/note g
EB P yp semantics pre/post-condition %
[X(a) a == X(a) 0
O note: a destructor is assumed!
u(a); u 0
. O
u=a; post:iu == a 0 g
Ch==b convertible tabool == is an equivalence relation(] O
# I=b convertible tdoool I(a==Dh) E O
ﬁa convertible torT pre:a is dereferenceable. [ O
O a== implies*fa==*b . 0O O
E++r X& pre:r is dereferenceable. E O
0 post:r is dereferenceable or ad
0 r is past-the-end. 0 O
g &r == &++r O u
H++ X {Xtmp=r; E a
++r; O
g ’ 0
0 return tmp; } O u

NOTE: For input iteratorsa == b does not imply+a == ++b . (Equality does not guarantee the suht
stitution property or referential transparency.) Algorithms on input iterators should never attempt tal pass
through the same iterator twice. They shouldibgle pasalgorithms. Value type T is not required to bé]
an lvalue type.These algorithms can be used with istreams as the source of the input data through the
istream_iterator class. a

24.1.2 Output iterators [({lib.output.iterators]

A class or a built-in type& satisfies the requirements of an output iterator if the following expressiongiare
valid, as shown in Table 56: O
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Table 56—Output iterator requirements

U <oression return tvoe operational assertion/note g
EB P yp semantics pre/post-condition %
X() a=t isequivalentto 0
O X(@) =t O
U note: a destructor is assume%l.
§< u(a); 0
Xu=a 0
Da=t result is not used pracis dereferenceable. U
5++r X& pre:r is dereferenceable. E
0 post:r is dereferenceable orj
a r is past-the-end. O
U &a==&++a . 0
H'++ X {Xtmp=r; S
0O ++r; 0
0 return tmp; } 0

NOTE: The only valid use of aoperator* is on the left side of the assignment statemésisignment [
through the same value of the iterator happens only oAdgorithms on output iterators should never
attempt to pass through the same iterator twice. They shousihgle passalgorithms. Equality and O
inequality might not be defined. Algorithms that take output iterators can be used with ostreams as the des-

tination for placing data through tlestream_iterator class as well as with insert iterators and inséit
pointers. O
24.1.3 Forward iterators (lib.forward.iterators]

A class or a built-in typ& satisfies the requirements of a forward iterator if the following expressions are
valid, as shown in Table 57: O
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Table 57—Forward iterator requirements

g <oression return tvoe operational assertion/note U
';.a P yp semantics pre/post-condition %
Xu; note:u might have a singular 3
O value. O
O note: a destructor is assumed. U
H(() note:X() might be singular. E|
[(X(a) a == X(a) 0
gi u(a); Xu,u=a; post:u==a . E
u=a, 0
Ch== convertible tdbool == is an equivalence relation. 0O
Shl=b convertible tdhool  !(a == b) H
Er =a X& post: r == a. O
Ua convertible toT pre:a is dereferenceable. U
g a== implies*a ==*b B
O If Xis mutablefa =t is valid.
O+r X& pre:r is dereferenceable. O
U post:r is dereferenceable oris U
E past-the-end. B
0 r==s andr is dereference-
0 able impliest+r == ++r O
O &a==&++a . d
H++ X {Xtmp=r; U
+4r; U
0 ’ a
0 return tmp; } 0
NOTE: The condition thad == implies++a == ++b  (which is not true for input and output iteratorg)l
and the removal of the restrictions on the number of the assignments through the iterator (which applies to
output iterators) allows the use of multi-pass one-directional algorithms with forward iterators. a
24.1.4 Bidirectional iterators [({lib.bidirectional.iterators]

A class or a built-in typ&X satisfies the requirements of a bidirectional iterator if to the table that spedifies
forward iterators we add the following lines, as shown in Table 58: a
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Table 58—Bidirectional iterator requirements (in addition to forward iterator)

g oression  return tvpe operational assertion/note g
';.a P yp semantics pre/post-condition %
3-r X& pre: there exists such [
O thatr == ++s d
U post:s is dereferenceablée!
O (++1) == O
O o L O
0 -f == -t impliesr
|:| == s . D
U &r == &--r U
— . U
H-- X { X_T.wp = O
E return tmp; } E
NOTE: Bidirectional iterators allow algorithms to move iterators backward as well as forward. O
24.1.5 Random access iterators (lib.random.access.iterators]

A class or a built-in typ&X satisfies the requirements of a random access iterator if to the table that spétifies
bidirectional iterators we add the following lines, as shown in Table 59: O
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Table 58—Random access iterator requirements (in addition to bidirectional iterator)

g <oression return tvoe operational assertion/note g
,;le P yp semantics pre/post-condition %
T+=n X& { Distance m = 0
O n; O
0 if (m >= 0) a
O while (m--) O
O ++ O
g else g
0 . while (m++) 0
a ’ a
0 returnr; } 0
(A+n {Xtmp =a; 0
0 = 0
o X n-}|~returntmp+ a+n==n+a o

’ 0
fi+a 0
[T-=n X& return r +=-n; 0
Lh-n X {Xtmp =a; U
O return tmp -= O
O ) O
= n:} 0
b-a Distance {Xtmp = a; pre: there exists avalue
O Distance m = of Distance suchthat O
E 0; +Nn== .b==a+ E

while (tmp != -
a b) (b-2) a
g ++tmp, ++m; g
E return m; } g
aln] convertible toT *(a + n) 0
Ca<b convertible tool  b-a>0 < is a total ordering relatiofy
'ﬁa >b convertible to bool b<a > is a total ordering relatior
0 opposite te<. 0
th>=b convertible to bool  !(a < b) S
a<=b convertible to bool  !(a>b) 0O
24.2 lterator tags [lib.iterator.tags]

To implement algorithms only in terms of iterators, it is often necessary to infer both of the value type and
the distance type from the iterator. To enable this task it is required that for an itechtany category O

other than output iterator, the expressieaue_type(i) returns (T*)(0) and the expression[]
distance_type(i) returns (Distance*)(0) . For output iterators, these expressions are not
required.

24.2.1 Examples of using iterator tags [lib.examples]

For all the regular pointer types we can defiakie_type anddistance_type with the help of: O

template <class T>

inline T* value_type(const T*) { return (T*)(0); }

template <class T> O
inline ptrdiff_t* distance_type(const T*) { return (ptrdiff_t*)(0); }
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Then, if we want to implement a genemdwerse function, we do the following: O

template <class Bidirectionallterator>
inline void reverse(Bidirectionallterator first, Bidirectionallterator last) {
__reverse(first, last, value_type(first), distance_type(first));

}

where__reverse is defined as: O

template <class Bidirectionallterator, class T, class Distance>

void __reverse(Bidirectionallterator first, Bidirectionallterator last, T*,
Distance*)

{

Distance n;
distance(first, last, n); // see lterator operations section
--n;
while (n > 0) {
T tmp = *first;
*first++ = *--last;
*last = tmp;
n-=2;
}
}

If there is an additional pointer tyfar such that the difference of two far pointers is of the tgpg , O
we define:

template <class T>

inline T* value_type(const T far *) { return (T*)(0); }

template <class T> ad
inline long* distance_type(const T far *) { return (long*)(0); }

It is often desirable for a template function to find out what is the most specific category of its iterator argu-
ment, so that the function can select the most efficient algorithm at compile time. To facilitate thig, the
library introducescategory tagclasses which are used as compile time tags for algorithm selection. They

are: input_iterator_tag , output_iterator_tag , forward_iterator_tag , O
bidirectional_iterator_tag andrandom_access_iterator_tag . Every iteratori must O
have an expressidterator_category(i) defined on it that returns the most specific category tag

that describes its behavior. For example, we define that all the pointer types are in the random access itera-
tor category by:
template <class T>

inline random_access_iterator_tag iterator_category(T*) {
return random_access_iterator_tag();

}

For a user-defined iterat&inaryTreelterator , it can be included into the bidirectional iterator caté-
gory by saying:

template <class T>

inline bidirectional_iterator_tag iterator_category(
const BinaryTreelterator<T>&) {
return bidirectional_iterator_tag();

}

If a template functiorvolve is well defined for bidirectional iterators, but can be implemented more éffi-
ciently for random access iterators, then the implementation is like:
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template <class Bidirectionallterator>

inline void evolve(Bidirectionallterator first, Bidirectionallterator last) {

evolve(first, last, iterator_category(first));

}

template <class Bidirectionallterator>

void evolve(Bidirectionallterator first, Bidirectionallterator last,
bidirectional_iterator_tag) {

// ... more generic, but less efficient algorithm

}

template <class RandomAccesslterator>

void evolve(RandomAccesslterator first, RandomAccesslterator last,

random_access_iterator_tag) {
// ... more efficient, but less generic algorithm

}
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If a user wants to define a bidirectional iterator for some data structure contioniple and such that it O

works on a large memory model of his computer, he can do it with:

class Mylterator : public bidirectional_iterator<double, long> {
// code implementing ++, etc.

h

Then there is no need to defiiterator_category , value_type

Mylterator

24.2.2 Library defined primitives

, and distance_type on O

[lib.library.primitives]

To simplify the task of defining thieerator_category , value_type anddistance_type for O
user def inable iterators, the library provides the following predefined classes and functions:

24.2.2.1 Standard iterator tags

namespace std {
struct input_iterator_tag : empty {};
struct output_iterator_tag : empty {};
struct forward_iterator_tag : empty {};
struct bidirectional_iterator_tag : empty {};
struct random_access_iterator_tag : empty {};

24.2.2.2 Basic iterators

namespace std {
template <class T, class Distance = ptrdiff_t>
struct input_iterator : empty{};
struct output_iterator : empty{};
template <class T, class Distance = ptrdiff_t>
struct forward_iterator : empty{};
template <class T, class Distance = ptrdiff_t>
struct bidirectional_iterator : empty {};
template <class T, class Distance = ptrdiff_t>
struct random_access_iterator : empty {};
}

output_iterator is not a template because output iterators do

type defined.

[lib.std.iterator.tags]

oooooog

[lib.basic.iterators]

oooooooooOooo

not have either value type or di§lance
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24.2.2 3iterator_category

template <class T, class Distance>
input_iterator_tag
iterator_category(const input_iterator<T,Distance>&);

Returns: input_iterator_tag()

output_iterator_tag iterator_category(const output_iterator&);
Returns: output_iterator_tag()
template <class T, class Distance>

forward_iterator_tag
iterator_category(const forward_iterator<T,Distance>&);

Returns: forward_iterator_tag()

template <class T, class Distance>
bidirectional_iterator_tag

iterator_category(const bidirectional_iterator<T,Distance>&);

Returns: bidirectional_iterator_tag()

template <class T, class Distance>
random_access_iterator_tag

24.2.2 3iterator_category

[lib.iterator.category]

iterator_category(const random_access_iterator<T,Distance>&);

Returns: random_access_iterator_tag()
template <class T>
random_access_iterator_tag iterator_category(const T*);
Returns: random_access_iterator_tag()
24.2.2.4value_type
template <class T, class Distance>
T* value_type(const input_iterator<T,Distance>&);
Returns: (T*)(0)
template <class T, class Distance>
T* value_type(const forward_iterator<T,Distance>&);
Returns: (T*)(0)
template <class T, class Distance>
T* value_type(const bidirectional_iterator<T,Distance>&);
Returns: (T*)(0)
template <class T, class Distance>
T* value_type(const random_access_iterator<T,Distance>&);
Returns: (T*)(0)

template <class T>
T* value_type(const T*);

[lib.value.type]

O Oood

O d

O Oood O Oood O Oood

OO

OO OO OO

OO
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Returns: (T*)(0)
24.2.2.5distance_type [lib.distance.type]

template <class T, class Distance>
Distance* distance_type(const input_iterator<T,Distance>&);

OO

Returns: (Distance*)(0)

template <class T, class Distance>
Distance* distance_type(const forward_iterator<T,Distance>&);

OO

Returns: (Distance*)(0)

template <class T, class Distance>
Distance* distance_type(const bidirectional_iterator<T,Distance>&);

OO

Returns: (Distance*)(0)

template <class T, class Distance>
Distance* distance_type(const random_access_iterator<T,Distance>&);

OO

Returns: (Distance*)(0)

template <class T> ptrdiff_t* distance_type(const T*); g

Returns: (ptrdiff_t*)(0)

24.2.3 lIterator operations [lib.iterator.operations]

Since only random access iterators providend- operators, the library provides two template functions
advance anddistance . These functions use and- for random access iterators (and are, therefole,
constant time for them); for input, forward and bidirectional iterators they-tde provide linear time
implementations. O

template <class Inputlterator, class Distance>
void advance(Inputlterator& i, Distance n);

Requires: n may be negative only for random access and bidirectional iterators.
Effects: Increments (or decrements for negatiyaterator reference by n.

OO Ood

template <class Inputlterator, class Distance>
void distance(Inputlterator first, Inputlterator last, Distance& n);
0 153)

OO

Effects: Increments by the number of times it takes to get fréimt  t ast

24.3 Predefined iterators [lib.predef.iterators]

24.3.1 Reverse iterators [lib.reverse.iterators]

Bidirectional and random access iterators have corresponding reverse iterator adaptors that iterate through
the data structure in the opposite direction. They have the same signatures as the corresponding lferators.
The fundamental relation between a reverse iterator and its corresponding iteggstablished by the

identity

O
159) distance  must be a three argument function storing the result into a reference instead of returning the result becausdthe dis-
tance type cannot be deduced from built-in iterator types sunttas |
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&*(reverse_iterator(i)) == &*(i - 1).

This mapping is dictated by the fact that while there is always a pointer past the end of an array, there might
not be a valid pointer before the beginning of an array.

The formal class parametef of reverse iterators should be instantiated with the type that
Iterator::operator* returns, which is usually a reference type. For example, to obtain a reverse
iterator forint* , one should declareeverse_iterator<int*, int&> . To obtain a constant[
reverse iterator font* , one should declam@verse_iterator<const int*, const int&> .

The interface thus allows one to use reverse iterators with those iterator types foropdrator* a
returns something other than a reference type.

24.3.1.1 Template classeverse_bidirectional_iterator [lib.reverse.bidir.iter]

namespace std {
template <class Bidirectionallterator, class T, class Distance = ptrdiff_t>
class reverse_bidirectional_iterator
: public bidirectional_iterator<T,Distance> {
protected:
Bidirectionallterator current;
public:
reverse_bidirectional_iterator();
reverse_bidirectional_iterator(Bidirectionallterator x);
operator Bidirectionallterator();
T operator*();
reverse_bidirectional_iterator<Bidirectionallterator,T,Distance>&
operator++();
reverse_bidirectional_iterator<Bidirectionallterator,T,Distance>
operator++(int);
reverse_bidirectional_iterator<Bidirectionallterator,T,Distance>&
operator--();
reverse_bidirectional_iterator<Bidirectionallterator, T,Distance>
operator--(int);

ODOoooooooooooooooogooo

h

template <class Bidirectionallterator, class T, class Distance>
bool operator==
const reverse_bidirectional_iterator<Bidirectionallterator, T,Distance>& x,
const reverse_bidirectional_iterator<Bidirectionallterator, T,Distance>& y);

oOoOooo

24.3.1.2reverse_bidirectional_iterator operations [(lib.reverse.bidir.iter.ops]
24.3.1.2.1reverse_bidirectional_iterator constructor (lib.reverse.bidir.iter.cons]

reverse_bidirectional_iterator(Bidirectionallterator x);

Effects: : current(x) {}
24.3.1.2.2 Conversion [(lib.reverse.bidir.iter.conv]

operator Bidirectionallterator();

Returns: current
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24.3.1.2.30perator*

T operator*();
Effects:

Bidirectionallterator tmp = current;
return *--tmp;

24.3.1.2.4operator++

reverse_bidirectional_iterator<Bidirectionallterator,T,Distance>&
operator++();

Effects: --current;
Returns: *this

reverse_bidirectional_iterator<Bidirectionallterator,T,Distance>
operator++(int);

Effects:

reverse_bidirectional_iterator<Bidirectionallterator,T,Distance>
tmp = *this;
--current;
return tmp;

24.3.1.2.50perator--

reverse_bidirectional_iterator<Bidirectionallterator,T,Distance>&
operator--();

Effects: ++current
Returns:

reverse_bidirectional_iterator<Bidirectionallterator,T,Distance>
operator--(int);

Effects:

reverse_bidirectional_iterator<Bidirectionallterator,T,Distance>
tmp = *this;

++current;

return tmp;

24.3.1.2.60perator==

template <class Bidirectionallterator, class T, class Distance>
bool operator==
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[(lib.reverse.bidir.iter.op.star]

(lib.reverse.bidir.iter.op++]

(lib.reverse.bidir.iter.op--]

(lib.reverse.bidir.iter.op==

const reverse_bidirectional_iterator<Bidirectionallterator, T,Distance>& x,
const reverse_bidirectional_iterator<Bidirectionallterator,T,Distance>& y);

Returns: Bidirectionallterator(x) == Bidirectionallterator(y)

24.3.1.3 Template classeverse_iterator

[lib.reverse.iterator]

OO oo odg

OoOooo

OO oo odg

OoOooo

|
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namespace std {
template <class RandomAccessiterator, class T, class Distance = ptrdiff_t>
class reverse_iterator : public random_access_iterator<T,Distance> {
protected:
RandomAccesslterator current;
public:
reverse_iterator();
reverse_iterator(RandomAccesslterator x);

oooooogodg

operator RandomAccessilterator();
T operator*();

o

reverse_iterator<RandomAccesslterator,T,Distance>& operator++();
reverse_iterator<RandomAccesslterator, T,Distance> operator++(int);
reverse_iterator<RandomAccesslterator, T,Distance>& operator--();
reverse_iterator<RandomAccesslterator, T,Distance> operator--(int);

OoOooo

reverse_iterator<RandomAccesslterator, T,Distance>
operator+(Distance n) const;

reverse_iterator<cRandomAccesslterator,T,Distance>&
operator+=(Distance n) const;

reverse_iterator<RandomAccesslterator, T,Distance>
operator-(Distance n) const;

reverse_iterator<cRandomAccesslterator,T,Distance>
operator-(Distance n) const;

T operator[](Distance n);

Oooooooooo

template <class RandomAccessilterator, class T, class Distance>
bool operator==
const reverse_iterator<RandomAccesslterator,T,Distance>& X,
const reverse_iterator<RandomAccesslterator,T,Distance>& y);

oOooo

template <class RandomAccessilterator, class T, class Distance>
bool operator<(
const reverse_iterator<RandomAccesslterator,T,Distance>& X,
const reverse_iterator<RandomAccesslterator,T,Distance>& y);

oOooo

template <class RandomAccessilterator, class T, class Distance>
Distance operator-(
const reverse_iterator<RandomAccesslterator,T,Distance>& X,
const reverse_iterator<RandomAccesslterator,T,Distance>& y);

oOooo

template <class RandomAccessilterator, class T, class Distance>
reverse_iterator<RandomAccesslterator, T,Distance> operator+(
Distance n,
const reverse_iterator<RandomAccesslterator,T,Distance>& x);

I s o |

h
}

There is no way a default fdr can be expressed in termsRiflirectionallterator because the O
value type cannot be deduced from built-in iterators sudfit’as. Otherwise, we would have written

template <class Bidirectionallterator,
class T = Bidirectionallterator::reference_type,
class Distance = Bidirectionallterator::difference_type>
class reverse_bidirectional_iterator: bidirectional_iterator<T,Distance> {
Va4
I3

oooooo
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reverse_iterator operations
24.3.1.4reverse_iterator operations
24.3.1.4.1reverse_iterator constructor

reverse_iterator(RandomAccesslterator x);

Effects: : current(x) {}
24.3.1.4.2 Conversion

operator RandomAccesslterator();

Returns: current
24.3.1.4.30perator*

T operator*();
Effects:

RandomAccesslterator tmp = current;
return *--tmp;

24.3.1.4.4operator++

reverse_iterator<RandomAccesslterator,T,Distance>&
operator++();

Effects: --current;
Returns: *this

reverse_iterator<RandomAccesslterator,T,Distance>
operator++(int);

Effects:

reverse_iterator<RandomAccesslterator,T,Distance>
tmp = *this;
--current;
return tmp;

24.3.1.4.50perator--

reverse_iterator<RandomAccesslterator,T,Distance>&
operator--();

Effects: ++current
Returns:

reverse_iterator<RandomAccesslterator,T,Distance>
operator--(int);

Effects:

reverse_iterator<RandomAccesslterator,T,Distance>
tmp = *this;

++current;

return tmp;
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(lib.reverse.iter.ops]

[lib.reverse.iter.cons]

(lib.reverse.iter.conv]

(lib.reverse.iter.op.star]

(lib.reverse.iter.op++]

(lib.reverse.iter.op--]

O

OO oo odg

OoOooo

oo odg

OO

OoOooo
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24.3.1.4.60perator== [lib.reverse.iter.op==

template <class RandomAccesslterator, class T, class Distance>
bool operator==
const reverse_iterator<RandomAccesslterator, T,Distance>& X,
const reverse_iterator<RandomAccesslterator, T,Distance>& y);

Iy |

Returns: x.current == y.current

24.3.2 Insert iterators [lib.insert.iterators]

To make it possible to deal with insertion in the same way as writing into an array, a special kind of iférator
adaptors, callethsert iterators are provided in the library. With regular iterator classes, O

while (first I= last) *result++ = *first++; g

causes a rangfirst, last) to be copied into a range starting with result. The same code With
result being an insert iterator will insert corresponding elements into the container. This device allows
all of the copying algorithms in the library to work in timsert modeinstead of the regular overwrite]
mode.

An insert iterator is constructed from a container and possibly one of its iterators pointing to where inser-
tion takes place if it is neither at the beginning nor at the end of the container. Insert iterators satisfy the
requirements of output iteratorsoperator* returns the insert iterator itself. The assignmelnt

operator=(const T& x) is defined on insert iterators to allow writing into them, it inserts x rightBe
fore where the insert iterator is pointing. In other words, an insert iterator is like a cursor pointing into the
container where the insertion takes plaback_insert_iterator inserts elements at the end of
container, front_insert_iterator inserts elements at the beginning of a container, and
insert_iterator inserts elements where the iterator points to in a contaimeck inserter ,
front_inserter , andinserter  are three functions making the insert iterators out of a container.
24.3.2.1 Template clasback_insert_iterator [lib.back.insert.iterator]
namespace std { ad
template <class Container> O
class back_insert_iterator : public output_iterator { O
protected: O
Container& container; O
public: O
back_insert_iterator(Container& x); O
back_insert_iterator<Container>& g
operator=(const Container::value_type& value); ad
back_insert_iterator<Container>& operator*(); O
back_insert_iterator<Container>& operator++(); O
back_insert_iterator<Container> operator++(int); O
I3 O
template <class Container> ad
back_insert_iterator<Container> back_inserter(Container& x); O

24.3.2.2back_insert_iterator operations (lib.back.insert.iter.ops]
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back_insert_iterator constructor
24.3.2.2.1back_insert_iterator constructor

back_insert_iterator(Container& x);

Effects: : container(x) {}

24.3.2.2.2back_insert_iterator::operator=

back_insert_iterator<Container>&
operator=(const Container::value_type& value);

Effects: container.push_back(value);

Returns: *this

24.3.2.2.3back_insert_iterator::operator*

back_insert_iterator<Container>& operator*();

Returns: *this
24.3.2.2.4back_insert_iterator::operator++

back_insert_iterator<Container>& operator++();
back_insert_iterator<Container> operator++(int);

Returns: *this
24.3.2.2.5back_inserter

template <class Container>
back_insert_iterator<Container> back_inserter(Container& x);

Returns: back_insert_iterator<Container>(x)

24.3.2.3 Template clasBont_insert_iterator

namespace std {
template <class Container>
class front_insert_iterator : public output_iterator {
protected:
Container& container;

public:
front_insert_iterator(Container& x);
front_insert_iterator<Container>&
operator=(const Container::value_type& value);

front_insert_iterator<Container>& operator*();
front_insert_iterator<Container>& operator++();
front_insert_iterator<Container> operator++(int);

h

template <class Container>
front_insert_iterator<Container> front_inserter(Container& x);
}

Returns: front_insert_iterator<Container>(x)
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[lib.back.insert.iter.cons]

(lib.back.insert.iter.op=]

[(lib.back.insert.iter.op*]

(lib.back.insert.iter.op++]

[lib.back.inserter]

[lib.front.insert.iterator]

OO Ood

OO

oOooo oOoOooo

oOooo

OO
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front_insert_iterator operations

24.3.2.4front_insert_iterator operations (lib.front.insert.iter.ops]

24.3.2.4.1front_insert_iterator constructor (lib.front.insert.iter.cons]

front_insert_iterator(Container& x);
Effects: : container(x) {}
24.3.2.4.2front_insert_iterator::operator= (lib.front.insert.iter.op=]
front_insert_iterator<Container>&
operator=(const Container::value_type& value);
Effects: container.push_front(value);
Returns: *this

24.3.2.4.3front_insert_iterator::operator* (lib.front.insert.iter.op*]

front_insert_iterator<Container>& operator*();

Returns: *this
24.3.2.4.4front_insert_iterator::operator++ (lib.front.insert.iter.op++]

front_insert_iterator<Container>& operator++();
front_insert_iterator<Container> operator++(int);

Returns: *this
24.3.2.4.5front_inserter (lib.front.inserter]

template <class Container>
front_insert_iterator<Container> front_inserter(Container& x);

Returns: front_insert_iterator<Container>(x)

24.3.2.5 Template clasmsert_iterator [lib.insert.iterator]

namespace std {
template <class Container>
class insert_iterator : public output_iterator {
protected:
Container& container;
Container::iterator iter;

public:
insert_iterator(Container& x, Container::iterator i);
insert_iterator<Container>& operator=(const Container::value_type& value);

insert_iterator<Container>& operator*();
insert_iterator<Container>& operator++();
insert_iterator<Container> operator++(int);

h

template <class Container, class Iterator>
insert_iterator<Container> inserter(Container& x, lterator i);

OO Ood

OO

oOooo oo OoOooooo

oOod



24.3.2.6insert_iterator operations DRAFT: 1 February 1995 Iterators library 24-21

24.3.2.6insert_iterator operations (lib.insert.iter.ops]
24.3.2.6.1insert_iterator constructor (lib.insert.iter.cons]

insert_iterator(Container& x);

Effects: : container(x), iter(i) {}

24.3.2.6.2insert_iterator::operator= (lib.insert.iter.op=]

insert_iterator<Container>& a
operator=(const Container::value_type& value); O

Effects:

iter = container.insert(iter, value);
++iter;

OO

Returns: *this
24.3.2.6.3insert_iterator::operator* (lib.insert.iter.op*]

insert_iterator<Container>& operator*();

Returns: *this
24.3.2.6.4insert_iterator::operator++ (lib.insert.iter.op++]

insert_iterator<Container>& operator++();
insert_iterator<Container> operator++(int);

OO

Returns: *this
24.3.2.6.5inserter (lib.inserter]

template <class Container> ad
insert_iterator<Container> inserter(Container& x); ad

Returns: insert_iterator<Container>(x,Container::iterator(i))

24.4 Stream iterators [lib.stream.iterators]

To make it possible for algorithmic templates to work directly with input/output streams, appropriate
iterator-like template classes are provided. For example,

partial_sum_copy(istream_iterator<double>(cin), istream_iterator<double>(),
ostream_iterator<double>(cout, "n"));

reads a file containing floating point numbers from cin, and prints the partial sums onto cout.

24.4.1 Template clasgstream_iterator [lib.istream.iterator]

istream_iterator<T> reads (usingperator>> ) successive elements from the input stream fdr
which it was constructed. After it is constructed, and every tités used, the iterator reads and stored’a
value ofT. If the end of stream is reachedperator void*() on the stream returriglse ), the iter- O
ator becomes equal to thend-of-streamiterator value. The constructor with no argumenis
istream_iterator() always constructs an end of stream input iterator object, which is the only legiti-
mate iterator to be used for the end condition. The resulipefator* on an end of stream is not]
defined. For any other iterator value@nst T& is returned. It is impossible to store things into istream
iterators. The main peculiarity of the istream iterators is the fact+thabperators are not equalityl]
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Template clasgstream_iterator

preserving, that i9,==j  does not guarantee at all thati == ++j . Every time++ is used a new [J
value is read.

The practical consequence of this fact is that istream iterators can be used only for one-pass algorithms,
which actually makes perfect sense, since for multi-pass algorithms it is always more appropriate to use in-
memory data structures. Two end-of-stream iterators are always equal. An end-of-stream iterator is not
equal to a non-end-of-stream iterator. Two non-end-of-stream iterators are equal when they are constructed
from the same stream.

namespace std {

template <class T, class Distance = ptrdiff_t>

class istream_iterator : input_iterator<T,Distance> {

public:
istream_iterator();
istream_iterator(istream& s);
istream_iterator(const istream_iterator<T,Distance>& Xx);

~istream_iterator();

Oooooooogodg

const T& operator*() const;
istream_iterator<T,Distance>& operator++();
istream_iterator<T,Distance> operator++(int);

h

oOooo

template <class T, class Distance>
bool operator==(const istream_iterator<T,Distance>& x,
const istream_iterator<T,Distance>& y);

oOooo

24.4.2 Template classstream_iterator [lib.ostream.iterator]

ostream_iterator<T> writes (usingoperator<< ) successive elements onto the output stream fram
which it was constructed. If it was constructed vatar* as a constructor argument, this string, calleda
delimiter string is written to the stream after everyis written. It is not possible to get a value out of the
output iterator. Its only use is as an output iterator in situations like O
O

O

while (first I= last) *result++ = *first++;

ostream_iterator is defined as:

namespace std {

template <class T>

class ostream_iterator : public output_iterator {

public:
ostream_iterator(ostreamé& s);
ostream_iterator(const char* delimiter);
ostream_iterator(ostream& s, const char* delimiter);
ostream_iterator(const ostream_iterator<T>& X);

~ostream_iterator();

ostream_iterator<T>& operator=(const T& value);

OoOooooooooo O

ostream_iterator<T>& operator*();
ostream_iterator<T>& operator++();
ostream_iterator<T> operator++(int);

h

OooOoo
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24.4.3 Template clasgstreambuf_iterator [lib.istreambuf.iterator]
namespace std { a
template<class charT, class traits = ios_traits<charT> > a
class istreambuf_iterator { a
public: a
typedef charT char_type; a
typedef traits traits_type; a
typedef traits::int_type int_type; a
typedef basic_streambuf<charT traits> streambuf; a
typedef basic_istream<charT,traits> istream; O
class proxy; a
public: O
istreambuf_iterator(); a
istreambuf_iterator(istream& s); a
istreambuf_iterator(streambuf* s); a
istreambuf_iterator(const proxy& pP); a
charT operator*(); a
istreambuf_iterator<charT,traits>& operator++(); a
proxy operator++(int); a
bool equal(istreambuf_iterator& b); a
private: a
streambuf*  sbuf_; exposition only a
h 0
} O
The template clasistreambuf _iterator reads successiweharactersfrom the streambuf for which O
it was constructed. 0
After it is constructed, and every tineperator++ is used, the iterator reads and stores a valuelbof
character If the end of stream is reached (streambuf::sgetc() reteaits::eof() ), the iterator O
becomes equal to thend of streaniterator value. The default constructstreambuf_iterator() O
and the constructoistreambuf_iterator(0) always construct an end of stream iterator objett,
which is the only legitimate iterator to be used for the end condition. O
The result ofoperator*() on an end of stream is undefined. For any other iterator vabomst O
char_type& s returned. It is impossible to store things into input iterators. O
Note that in the input iterators;+ operators are naquality preservingthat is,j ==  does not guaran-0
tee at all that+i == ++] . Every time++ is used a new value is used. O
The practical consequence of this fact is thatstneambuf_iterator object can be used only forl

one-pass algorithmavhich actually makes perfect sense, since for multi-pass algorithms it is always tore
appropriate to use in-memory data structures. Two end of stream iterators are always equal. AnCend of
stream iterator is not equal to a non-end of stream iterator. Two non-end of stream iterators are equal when
they are constructed from the same stream. O

24.4.3.1 Template classtreambuf _iterator::proxy (lib.istreambuf.iterator::proxy]
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namespace std { ad
template <class charT, class traits = ios_traits<charT> > O
class istream_iterator::proxy { O
charT keep_; O
streambuf* sbuf_; O
proxy(charT ¢, streambuf* sbuf ); O

: keep_(c), sbuf_(sbuf) {} O
public: O
charT operator*() { return keep_; } ad
friend class istreambuf_iterator; O

I3 0

} ad

Classistream_iterator<charT,traits>::proxy provides a temporal placeholder as the returh

value of the post-increment operatoofderator++ ). It keeps the character pointed to by the previolis

value of the iterator for some possible future access to get the character. O

24.4.3.2istreambuf_iterator constructors [(lib.istreambuf.iterator.cons]

O
istreambuf_iterator();

Effects: Constructs the end-of-stream iterator.
istreambuf_iterator(basic_istream<charT ,traits>& S);

Effects: Constructs the istream_iterator pointing to the basic_streambuf object 0O
*(s.rdbuf()) O
istreambuf_iterator(const proxy& p);

Effects: Constructs théstreambuf_iterator pointing to thebasic_streambuf object related to [
theproxy objectp. O

24.4.3.3istreambuf_iterator::operator* [(lib.istreambuf.iterator::op*]

charT operator*() O

Extract one character pointed to by sieambuf *  sbuf_ . g

24.4.3.4istreambuf_iterator::operator++ (lib.istreambuf.iterator::op++]

istreambuf_iterator<charT traits>& a

istreambuf_iterator<charT traits>::operator++(); g

Effects: Advances the iterator and returns the result
proxy istreambuf_iterator<charT ,traits>::operator++(int); g

Effects: Advances the iterator and returns fitexy object keeping the character pointed to by the preli-
ous iterator. O

24.4.3.5istreambuf_iterator::equal [lib.istreambuf.iterator::equal]

bool equal(istreambuf_iterator<charT traits>& b);

Returns: true if the iterators are equal. Equality is defined as follows:

— If both a andb are end-of-stream iteratos==b
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istreambuf_iterator::equal

— If eithera or b is an end-of-stream iterator, if the other points end-ofdilez b , otherwisea /= b

O

— If both a and b are not end-of-stream, the twetreambuf pointed to by the both iterators are contd

pared.
24.4 3.6iterator_category (lib.iterator.category.i]
input_iterator iterator_category(const istreambuf_iterator& S);

Returns: the category of the iteratet
24.4.3.7 operator== (lib.istreambuf.iterator::op==

namespace std {
template <class charT, class traits = ios_traits<charT> >
bool operator==(istreambuf_iterator<charT,traits>& a,
istreambuf_iterator<charT traits>& b);

}

Returns: a.equal(b)
24.4.3.8 operator!= (lib.istreambuf.iterator::op!=]

namespace std {
template <class charT, class traits = ios_traits<charT> >
bool operator!=(istreambuf_iterator<charT traits>& a,
istreambuf_iterator<charT ,traits>& b);

}

Returns: ! a.equal( b).

24.4.4 Template classstreambuf_iterator (lib.ostreambuf.iterator]

namespace std {
template <class charT, class traits = ios_char_traits<charT> >
class ostreambuf_iterator {

public:
typedef charT char_type;
typedef traits traits_type;

typedef basic_streambuf<charT,traits> streambuf;
typedef basic_ostream<charT,traits> ostream;

public:
ostreambuf_iterator();
ostreambuf_iterator(ostream& s);
ostreambuf_iterator(streambuf* s);
ostreambuf_iterator& operator=(charT c);

ostreambuf_iterator& operator*();
ostreambuf_iterator& operator++();
ostreambuf_iterator& operator++(int);

bool equal(ostreambuf_iterator& b);
private:
streambuf*  sbuf_ ; exposition only

O

O Oooooo O Oooooo
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}

The template classstreambuf _iterator

output_iterator iterator_category (const ostreambuf_iterator&);

template<class charT, class traits = ios_char_traits<charT> >

bool operator==(ostreambuf_iterator<charT ,traits>& a,

ostreambuf_iterator<charT traits>& b);
template<class charT, class traits = ios_char_traits<charT> >

bool operator!=(ostreambuf_iterator<charT traits>& a,

ostreambuf_iterator<charT traits>& b);

DRAFT: 1 February 1995

24.4.4
Template classostreambuf_iterator

which it was constructed. It is not possible to get a value out of the output iterator.

Two output iterators are equal if they are constructed with the same output streambuf.

24.4.4.1 ostreambuf_iterator operations

24.4.4.1.1ostreambuf_iterator constructors

ostreambuf_iterator();
Effects: : sbuf (0) {}

ostreambuf_iterator(ostreamé& S);

Effects: : sbuf _(s.rdbuf()) {}

ostreambuf_iterator(streambuf* S);

Effects: : sbuf _(s) {}

24.4.4.1.2ostreambuf_iterator::operator=

ostreambuf_iterator<Container>&

operator=(const Container::value_type& value);

Effects:

sbuf_->sputc(traits::to_int_type(c));

Returns: *this

24.4.4.1.3ostreambuf_iterator::operator*

ostreambuf_iterator<Container>& operator*();

Returns: *this

24.4.4.1.4ostreambuf _iterator::operator++

ostreambuf_iterator<Container>& operator++();
ostreambuf_iterator<Container> operator++(int);

Returns: *this

[({lib.ostreambuf.iter.ops]

[({lib.ostreambuf.iter.cons]

[({lib.ostreambuf.iter.op=]

[lib.ostreambuf.iter.op*]

[([lib.ostreambuf.iter.op++]

Oooooooogo 4

writes successiveharactersonto the output stream fromQ

g
g

O oo oo

OO
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24.4.4.1.50streambuf_iterator::equal

bool equal(ostreambuf_iterator& b);

Returns: sbuf == b.sbuf
24.4.4.1.6iterator_category

output_iterator iterator_category (const ostreambuf_iterator&);

Returns: output_iterator()
24.4.4.1.7o0streambuf_iterator operator==

template<class charT, class traits = ios_char_traits<charT> >
bool operator==(ostreambuf_iterator<charT traits>& a,
ostreambuf_iterator<charT,traits>& b);

Returns: a.equal( b) .
24.4.4.1.8ostreambuf_iterator operator!=

template<class charT, class traits = ios_char_traits<charT> >
bool operator!=(ostreambuf_iterator<charT,traits>& a,
ostreambuf_iterator<charT traits>& b);

Returns: !a.equal(b)

Iterators library 24-27

[lib.ostreambuf.iter.equal]

[(lib.ostreambuf.iterator.category]

[lib.ostreambuf.iterator.op==

[lib.ostreambuf.iterator.op!=]

O Oood
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25 Algorithms library [lib.algorithms]

This clause describes components thatfEograms may use to perform algorithmic operations on contain-
ers (23) and other sequences.

The following subclauses describe components for non-mutating sequence operation, mutating séguence
operations, sorting and related operations, and algorithms from the ISO C library, as summarized iil Table

60: 0
Table 60—Algorithms library summary O
U Subclause Header(s) U =i

E?S.l Non-mutating sequence operations S

25.2 Mutating sequence operations  <algorithm> 0

[P25.3 Sorting and related operations O
H25.4 C library algorithms <cstdlib> H a

Header<algorithm>  synopsis

namespace std { a
/I subclause 25.1, non-mutating sequence operations: a
template<class Inputlterator, class Function> a
void for_each(Inputlterator first , Inputlterator last , Function f); a
template<class Inputlterator, class T> a
Inputlterator find(Inputlterator first , Inputlterator last , a
const T& value ); a
template<class Inputlterator, class Predicate> a
Inputlterator find_if(Inputlterator first , Inputlterator last a
Predicate  pred ); a
template<class Forwardlteratorl, class Forwardlterator2> a
Forwardlteratorl a
find_end(Forwardlteratorl first1 , Forwardlteratorl lastl O
Forwardlterator2 first2 , Forwardlterator2 last2 ); a
template<class Forwardlteratorl, class Forwardlterator2, a
class BinaryPredicate> a
Forwardlteratorl a
find_end(Forwardlteratorl first1 , Forwardlteratorl lastl a
Forwardlterator2 first2 , Forwardlterator2 last2 | O
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template<class Forwardlteratorl, class Forwardlterator2>
Forwardlteratorl
find_first_of(Forwardlteratorl first1 , Forwardlteratorl lastl ,
Forwardlterator2 first2 , Forwardlterator2 last2 ),
BinaryPredicate pred);
template<class Forwardlteratorl, class Forwardlterator2,
class BinaryPredicate>
Forwardlteratorl
find_first_of(ForwardIteratorl first1 , Forwardlteratorl lastl
Forwardlterator2 first2 , Forwardlterator2 last2
BinaryPredicate pred );

template<class Inputlterator>

Inputlterator adjacent_find(Inputlterator first , Inputlterator last );
template<class Inputlterator, class BinaryPredicate>
Inputlterator adjacent_find(Inputlterator first , Inputlterator last ,

BinaryPredicate pred );
template<class Inputlterator, class T, class Size>

void count(Inputlterator first , Inputlterator last , const T& value ,
Size& n);
template<class Inputlterator, class Predicate, class Size>
void count_if(Inputlterator first , Inputlterator last , Predicate pred,
Size& n);

template<class Inputlteratorl, class Inputlterator2>
pair<inputlteratorl, Inputlterator2>
mismatch(Inputlteratorl first1 , Inputlteratorl lastl
Inputlterator2 first2 ),
template<class Inputlteratorl, class Inputlterator2, class BinaryPredicate>
pair<inputlteratorl, Inputlterator2>

mismatch(Inputlteratorl first1 , Inputlteratorl lastl
Inputlterator2 first2 , BinaryPredicate pred );
template<class Inputlteratorl, class Inputlterator2>
bool equal(lnputlteratorl first1 , Inputlteratorl lastl
Inputlterator2 first2 ),
template<class Inputlteratorl, class Inputlterator2, class BinaryPredicate>
bool equal(lnputlteratorl first1 , Inputlteratorl lastl
Inputlterator2 first2 , BinaryPredicate pred );

template<class Forwardlteratorl, class Forwardlterator2>
Forwardlteratorl search(Forwardlteratorl firstl1 , Forwardlteratorl lastl
Forwardlterator2 first2 , Forwardlterator2 last2 );
template<class Forwardlteratorl, class Forwardlterator2,
class BinaryPredicate>
Forwardlteratorl search(Forwardlteratorl firstl1 , Forwardlteratorl lastl
Forwardlterator2 first2 , Forwardlterator2 last2
BinaryPredicate pred );
template<class Forwardlterator, class Size, class T>
Forwardlterator search(ForwardIterator first , Forwardlterator last ,
Size count , const T& value );
template<class Forwardlterator, class Size, class T, class BinaryPredicate>
Forwardliteratorl search(Forwardlterator first , Forwardlterator last
Size count , T value ,
BinaryPredicate pred );

OoOOooOooooooo

I
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/I subclause 25.2, mutating sequence operations:
/1 25.2.1, copy:
template<class Inputlterator, class Outputlterator>
Outputlterator copy(Inputlterator first

Bidirectionallterator2

Algorithms library 25-3

, Inputlterator last
Outputlterator result );
template<class Bidirectionallteratorl, class Bidirectionallterator2>

copy_backward(Bidirectionallteratorl first
Bidirectionallteratorl last
Bidirectionallterator2 result );
/1 25.2.2, swap:
template<class T>
void swap(T& a, T& b);
template<class Forwardlteratorl, class Forwardlterator2>
Forwardlterator2 swap_ranges(Forwardlteratorl first1
Forwardlteratorl lastl
Forwardlterator2 first2 ),

template<class Inputlterator, class Outputlterator, class UnaryOperation>

Outputlterator transform(Inputlterator
Outputlterator

class BinaryOperation>
Outputlterator transform(Inputlteratorl
Inputlterator2
BinaryOperation
template<class Forwardlterator, class T>

first , Inputlterator

last ,

result , UnaryOperation op);
template<class Inputlteratorl, class Inputlterator2, class Outputlterator,

first1 , Inputlteratorl

last1

first2 , Outputlterator result

binary op );

void replace(Forwardlterator first , Forwardlterator last

const T& old_value ,constT&

new_value );

template<class Forwardlterator, class Predicate, class T>

void replace_if(Forwardlterator first , Forwardlterator

Predicate pred, const T&

new_value );

template<class Inputlterator, class Outputlterator, class T>

Outputlterator replace_copy(Inputlterator
Outputlterator
const T& old_

Outputlterator replace_copy_if(Iterator

Predicate
template<class Forwardlterator, class T>

first , Inputlterator
result

last ,

last

value , const T& new_ value );
template<class Iterator, class Outputlterator, class Predicate, class T>
first , lterator last
Outputlterator result

pred , const T& new_

value );

void fill(Forwardlterator first , Forwardlterator last , const T& value );

template<class Outputlterator, class Size, class T>

void fill_n(Outputlterator first , Size n, const T& value );

template<class Forwardlterator, class Generator>

void generate(Forwardlterator first , Forwardlterator last
template<class Outputlterator, class Size, class Generator>

void generate_n(Outputlterator first , Size n, Generator

, Generator gen);

gen),

OooOoOoogood OOooooogoogano
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template<class Forwardlterator, class T>
Forwardlterator remove(Forwardlterator first , Forwardlterator last ,
const T& value );
template<class Forwardlterator, class Predicate>
Forwardliterator remove_if(Forwardlterator first , Forwardlterator last
Predicate  pred );
template<class Inputlterator, class Outputlterator, class T>

Outputlterator remove_copy(Inputlterator first , Inputlterator last |
Outputlterator result , const T& value );
template<class Inputlterator, class Outputlterator, class Predicate>
Outputlterator remove_copy_if(Inputlterator first , Inputlterator last
Outputlterator result , Predicate pred);

template<class Forwardlterator>

Forwardlterator unique(Forwardlterator first , Forwardlterator last );
template<class Forwardlterator, class BinaryPredicate>
Forwardlterator unique(Forwardlterator first , Forwardlterator last

BinaryPredicate pred);
template<class Inputlterator, class Outputlterator>

Outputlterator unique_copy(Inputlterator first , Inputlterator last ,
Outputlterator result ),
template<class Inputlterator, class Outputlterator, class BinaryPredicate>
Outputlterator unique_copy(Inputlterator first , Inputlterator last ,
Outputlterator result , BinaryPredicate pred );
template<class Bidirectionallterator>
void reverse(Bidirectionallterator first , Bidirectionallterator last );
template<class Bidirectionallterator, class Outputlterator>
Outputlterator reverse_copy(Bidirectionallterator first
Bidirectionallterator last
Outputlterator result );
template<class Bidirectionallterator>
void rotate(Bidirectionallterator first , Bidirectionallterator middle ,
Bidirectionallterator last );
template<class Forwardlterator, class Outputlterator>
Outputlterator rotate_copy(Forwardlterator first , Forwardlterator middle ,
Forwardlterator last , Outputlterator result );
template<class RandomAccesslterator>
void random_shuffle(RandomAccesslterator first , RandomAccesslterator last );
template<class RandomAccesslterator, class RandomNumberGenerator>
void random_shuffle(RandomAccesslterator first , RandomAccesslterator last ,

RandomNumberGenerator& rand);

/l 25.2.12, partitions:
template<class Bidirectionallterator, class Predicate>
Bidirectionallterator partition(Bidirectionallterator first
Bidirectionallterator last
Predicate pred);
template<class Bidirectionallterator, class Predicate>
Forwardlterator stable_partition(Bidirectionallterator first
Bidirectionallterator last
Predicate pred);

OoOOooOoooooood
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OoOoOooooooo



25 Algorithms library DRAFT: 1 February 1995 Algorithms library 25-5

I/l subclause 25.3, sorting and related operations:
// 25.3.1, sorting:
template<class RandomAccesslterator>

void sort(RandomAccesslterator first , RandomAccesslterator last );
template<class RandomAccesslterator, class Compare>
void sort(RandomAccesslterator first , RandomAccesslterator last

Compare comp);
template<class RandomAccesslterator>

void stable_sort(RandomAccesslterator first , RandomAccesslterator
template<class RandomAccesslterator, class Compare>
void stable_sort(RandomAccesslterator first , RandomAccesslterator

Compare comp);

template<class RandomAccesslterator>

last );

last

void partial_sort(RandomAccesslterator first , RandomAccesslterator middle,
RandomAccesslterator last );
template<class RandomAccesslterator, class Compare>
void partial_sort(RandomAccesslterator first , RandomAccesslterator middle,
RandomAccesslterator last , Compare comp);

template<class Inputlterator, class RandomAccesslterator>
RandomAccesslterator

partial_sort_copy(Inputlterator first , Inputlterator last
RandomAccesslterator result_ first
RandomAccesslterator result_ last );

template<class Inputlterator, class RandomAccesslterator, class Compare>
RandomAccesslterator

partial_sort_copy(Inputlterator first , Inputlterator last
RandomAccesslterator result_ first
RandomAccesslterator result_ last

Compare comp);

template<class RandomAccesslterator>

void nth_element(RandomAccessiterator first , RandomAccesslterator nth,
RandomAccesslterator last );
template<class RandomAccesslterator, class Compare>
void nth_element(RandomAccesslterator first , RandomAccesslterator nth,
RandomAccesslterator last , Compare comp);

// 25.3.3, binary search:
template<class Forwardlterator, class T>
Forwardlterator lower_bound(Forwardlterator first , Forwardlterator
const T& value );
template<class Forwardlterator, class T, class Compare>
Forwardlterator lower_bound(Forwardlterator first , Forwardlterator
const T& value ,Compare comp);
template<class Forwardlterator, class T>
Forwardlterator upper_bound(Forwardlterator first , Forwardlterator
const T& value );
template<class Forwardlterator, class T, class Compare>
Forwardlterator upper_bound(Forwardlterator first , Forwardlterator
const T& value ,Compare comp);
template<class Forwardlterator, class T>
pair<Forwardlterator, Forwardlterator>
equal_range(Forwardlterator first , Forwardlterator last , const T&

last

last

last

last

value );

OoOOooOoooooood
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template<class Forwardlterator, class T, class Compare>
pair<Forwardlterator, Forwardlterator>

equal_range(Forwardlterator first , Forwardlterator last , const T& value ,

Compare comp);
template<class Forwardlterator, class T>
bool binary_search(ForwardIterator first , Forwardlterator last ,
const T& value );
template<class Forwardlterator, class T, class Compare>
bool binary_search(Forwardlterator first , Forwardlterator last
const T& value ,Compare comp);

/1 25.3.4, merge:
template<class Inputlteratorl, class Inputlterator2, class Outputlterator>

Outputlterator merge(Inputlteratorl first1 , Inputlteratorl lastl
Inputlterator2 first2 , Inputlterator2 last2
Outputlterator result );

template<class Inputlteratorl, class Inputlterator2, class Outputlterator,
class Compare>

Outputlterator merge(Inputlteratorl first1 , Inputlteratorl lastl
Inputlterator2 first2 , Inputlterator2 last2 ,
Outputlterator result , Compare comp);
template<class Bidirectionallterator>
void inplace_merge(Bidirectionallterator first
Bidirectionallterator middle,
Bidirectionallterator last );
template<class Bidirectionallterator, class Compare>
void inplace_merge(Bidirectionallterator first
Bidirectionallterator middle,
Bidirectionallterator last , Compare comp);

// 25.3.5, set operations:
template<class Inputlteratorl, class Inputlterator2>

bool includes(Inputlteratorl firstl , Inputlteratorl lastl
Inputlterator2 first2 , Inputlterator2 last2 );
template<class Inputlteratorl, class Inputlterator2, class Compare>
bool includes(Inputlteratorl firstl , Inputlteratorl lastl
Inputlterator2 first2 , Inputlterator2 last2 , Compare comp);
template<class Inputlteratorl, class Inputlterator2, class Outputlterator>
Outputlterator set_union(Inputlteratorl firstl , Inputlteratorl lastl
Inputlterator2 first2 , Inputlterator2 last2
Outputlterator result );

template<class Inputlteratorl, class Inputlterator2, class Outputlterator,
class Compare>
Outputlterator set_union(Inputlteratorl first1 , Inputlteratorl lastl
Inputlterator2 first2 , Inputlterator2 last2 ,
Outputlterator result , Compare comp);

OOOdoOoOooOoooooooooood OOooooogoogano
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template<class Inputlteratorl, class Inputlterator2, class Outputlterator>

Outputlterator set_intersection(Inputlteratorl firstl , Inputlteratorl lastl
Inputlterator2 first2 , Inputlterator2 last2 ,
Outputlterator result );

template<class Inputlteratorl, class Inputlterator2, class Outputlterator,
class Compare>

Outputlterator set_intersection(Inputlteratorl first1 , Inputlteratorl lastl
Inputlterator2 first2 , Inputlterator2 last?
Outputlterator result , Compare comp);
template<class Inputlteratorl, class Inputlterator2, class Outputlterator>
Outputlterator set_difference(Inputlteratorl first1 , Inputlteratorl lastl
Inputlterator2 first2 , Inputlterator2 last?
Outputlterator result );

template<class Inputlteratorl, class Inputlterator2, class Outputlterator,
class Compare>

Outputlterator set_difference(Inputlteratorl first1 , Inputlteratorl lastl
Inputlterator2 first2 , Inputlterator2 last?
Outputlterator result , Compare comp);

template<class Inputlteratorl, class Inputlterator2, class Outputlterator>
Outputlterator

set_symmetric_difference(Inputlteratorl firstl , Inputlteratorl lastl
Inputlterator2 first2 , Inputlterator2 last2
Outputlterator result );

template<class Inputlteratorl, class Inputlterator2, class Outputlterator,
class Compare>
Outputlterator

set_symmetric_difference(Inputlteratorl first1 , Inputlteratorl lastl
Inputlterator2 first2 , Inputlterator2 last?
Outputlterator result , Compare comp);

// 25.3.6, heap operations:
template<class RandomAccesslterator>

void push_heap(RandomAccesslterator first , RandomAccesslterator last );
template<class RandomAccesslterator, class Compare>
void push_heap(RandomAccesslterator first , RandomAccesslterator last ,

Compare comp);
template<class RandomAccesslterator>

void pop_heap(RandomAccesslterator first , RandomAccesslterator last );
template<class RandomAccesslterator, class Compare>
void pop_heap(RandomAccesslterator first , RandomAccesslterator last ,

Compare comp);
template<class RandomAccesslterator>

void make_heap(RandomAccesslterator first , RandomAccesslterator last );
template<class RandomAccessilterator, class Compare>
void make_heap(RandomAccesslterator first , RandomAccesslterator last |

Compare comp);
template<class RandomAccesslterator>

void sort_heap(RandomAccesslterator first , RandomAccesslterator last );
template<class RandomAccesslterator, class Compare>
void sort_heap(RandomAccesslterator first , RandomAccesslterator last

Compare comp);

o

I
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/1 25.3.7, minimum and maximum:
template<class T>
T min(const T& a, const T& b);
template<class T, class Compare>
T min(const T& a, const T& b, Compare comp);
template<class T>
T max(const T& a, const T& b);
template<class T, class Compare>
T max(const T& a, const T& b, Compare comp);
template<class Inputlterator>
Inputlterator max_element(Inputlterator first , Inputlterator last );
template<class Inputlterator, class Compare>
Inputlterator max_element(Inputlterator first , Inputlterator last
Compare comp);
template<class Inputlterator>
Inputlterator min_element(Inputlterator first , Inputlterator last );
template<class Inputlterator, class Compare>
Inputlterator min_element(Inputlterator first , Inputlterator last
Compare comp);

OOOooOOoooooooooooooan

template<class Inputlteratorl, class Inputlterator2>

bool lexicographical_compare(Inputlteratorl firstl , Inputlteratorl lastl
Inputlterator2 first2 , Inputlterator2 last2 );

template<class Inputlteratorl, class Inputlterator2, class Compare>
bool lexicographical_compare(Inputlteratorl first1 , Inputlteratorl lastl
Inputlterator2 first2 , Inputlterator2 last?

Compare comp);

// 25.3.9, permutations
template<class Bidirectionallterator>

bool next_permutation(Bidirectionallterator first
Bidirectionallterator last );

template<class Bidirectionallterator, class Compare>
bool next_permutation(Bidirectionallterator first
Bidirectionallterator last

Compare comp);
template<class Bidirectionallterator>

bool prev_permutation(Bidirectionallterator first
Bidirectionallterator last );

template<class Bidirectionallterator, class Compare>
bool prev_permutation(Bidirectionallterator first
Bidirectionallterator last

Compare comp);

OOo0ooooooooooooon OoOoOoogood

}

All of the algorithms are separated from the particular implementations of data structures and are parame-
terized by iterator types. Because of this, they can work with program-defined data structures, as long as
these data structures have iterator types satisfying the assumptions on the algorithms.

Both in-place and copying versions are provided for certain algorﬁ?ﬁhWhen such a version is pro{]
vided foralgorithm it is calledalgorithm _copy . Algorithms that take predicates end with the suft
fix _if (which follows the suffix_copy ).

The Predicate  class is used whenever an algorithm expects a function object that when applied b the
result of dereferencing the corresponding iterator returns a value testahle asIn other words, if an
algorithm takedredicate pred as its argument anfitst  as its iterator argument, it should workl

O
% The decision whether to include a copying version was usually based on complexity considerations. When the cost of doing the
operation dominates the cost of copy, the copying version is not included. For exartpleppy is not included since the cost of0]
sorting is much more significant, and users might as wetbgy followed bysort . |
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correctly in the construdf (pred(*first)){...} . The function objecpred is assumed not to[d
apply any non-constant function through the dereferenced iterator.

TheBinaryPredicate class is used whenever an algorithm expects a function object that when applied
to the result of dereferencing two corresponding iterators or to dereferencing an iterator ahavihgre [

Tis part of the signature returns a value testabldras . In other words, if an algorithm taked]
BinaryPredicate binary pred as its argument anfirstl and first2  as its iterator argu- [
ments, it should work correctly in the construdt ( pred (*first, *first2)){...} .0
BinaryPredicate always takes the first iterator type as its first argument, that is, in those caseb wihien
value is part of the signature, it should work correctly in the contexif f pred (*first, O
value ){...} . Itis expected thdiinary_pred  will not apply any non-constant function through the
dereferenced iterators.

In the description of the algorithms operaterand- are used for some of the iterator categories for which

they do not have to be defined. In these cases the semaraias i3fthe same is that of O
{Xtmp =a;
advance(tmp, n);
return tmp;
}
and that ofa-b is the same as of O
{ Distance n;
distance(a, b, n);
return n;
}
HBox 101 B
LFor the following  algorithms: reverse , rotate , partition Jandom_shuffle |, J
table_partition , sort , stable_sort andinplace_merge the iterator requirement can hél
felaxed toForwardlterator . These algorithms could then be dispatched upon the iterator catégory

[tags to use the most efficient implementation for each iterator category. We have not included the relax-
Cation at this stage since it is not yet fully implemented.

25.1 Non-mutating sequence operations [lib.alg.nonmutating]
25.1.1 For each [lib.alg.foreach]
template<class Inputlterator, class Function>
void for_each(Inputlterator first , Inputlterator last , Function f);
Effects: Appliesf to the result of dereferencing every iterator in the rérfget , Jast ). g
Requires: f shall not apply any non-constant function through the dereferenced iterator. O
Complexity: Appliesf exactlylast - first times. O
Notes: If f returns aresult , the result is ignored.
25.1.2 Find [lib.alg.find]
template<class Inputlterator, class T> g
Inputlterator find(Inputlterator first , Inputlterator last , O
const T&  value ); O
template<class Inputlterator, class Predicate> O
Inputlterator find_if(Inputlterator first , Inputlterator last , O
Predicate  pred); O
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Returns: The first iteratoii in the rangdg first , last ) for which the following corresponding condi{]
tions hold*i ==  value , pred (*i) == true . Returndast if no such iterator is found. O
Complexity: At mostlast - first applications of the corresponding predicate. O
25.1.3 Find End [lib.alg.find.end]
template<class Forwardlteratorl, class Forwardlterator2> O
Forwardlteratorl O
find_end(Forwardlteratorl first1 , Forwardlteratorl last1l | O
Forwardlterator2 first2 , Forwardlterator2 last? ); O
template<class Forwardlteratorl, class Forwardlterator2, g
class BinaryPredicate> O
Forwardlteratorl O
find_end(Forwardlteratorl first1 , Forwardlteratorl last1l | O
Forwardlterator2 first2 , Forwardlterator2 last2 O
BinaryPredicate pred ); O
Effects: Finds a subsequence of equal values in a sequence. O
Returns: The last iterator in the rangd firstl + (last2-first2) , lastl ) such that for any O
non-negative integar < (last2-first2) , the following corresponding conditions hot@i:n) g
== *(last2-n) , pred (*(i-n),*(last2-n)) == true . Returndastl if no such itera- O
tor is found. O
Complexity: At mostlastl - firstl applications of the corresponding predicate. O
25.1.4 Find First (lib.alg.find.first.of]
template<class Forwardlteratorl, class Forwardlterator2> O
Forwardlteratorl O
find_first_of(Forwardlteratorl first1 , Forwardlteratorl lastl , ad
Forwardlterator2 first2 , Forwardlterator2 last? ); O
template<class Forwardlteratorl, class Forwardlterator2, g
class BinaryPredicate> O
Forwardlteratorl O
find_first_of(Forwardlteratorl first1 , Forwardlteratorl lastl , ad
Forwardlterator2 first2 , Forwardlterator2 last2 O
BinaryPredicate pred ); O
Effects: Finds a subsequence of equal values in a sequence. O
Returns: The first iteratori in the rangq firstl , lastl-(last2-first2) ) such that for any O
non-negative integen < (last2-first2) , the following corresponding conditions hotd== g
*(first2+n) , pred (ifirst2+n) == true . Returndastl if no such iterator is found. [
Complexity: Exactly find_first_of(first1,last1,first2+n) applications of the corre-O
sponding predicate.
25.1.5 Adjacent find [lib.alg.adjacent.find]
template<class Inputlterator> g
Inputlterator adjacent_find(Inputlterator first , Inputlterator last ); O
template<class Inputlterator, class BinaryPredicate> O
Inputlterator adjacent_find(Inputlterator first , Inputlterator last , O

BinaryPredicate pred ); O
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Returns: The first iteratori such that bothh andi + 1 are in the ranggfirst , Jlast ) for which 0O
the following corresponding conditions hold:== *(i + 1), pred (*i, *(i + 1)) == O
true . Returndast if no such iterator is found. O

Complexity: At mostmax((last - first) - 1, 0) applications of the corresponding predicate.

25.1.6 Count [lib.alg.count]

template<class Inputlterator, class T, class Size> O
void count(Inputlterator first , Inputlterator last , const T& value O

Size& n); O

template<class Inputlterator, class Predicate, class Size> O

void count_if(Inputlterator first , Inputlterator last , Predicate pred, O
Size& n); O

Effects: Adds ton the number of iteratoris in the rangd first , last ) for which the following cor- O
responding conditions holéi ==  value , pred(*i) == true O

Complexity: Exactlylast - first applications of the corresponding predicate. O

Notes: count must store the result into a reference argument instead of returning the result becalse the
size type cannot be deduced from built-in iterator types suiclt*as.

25.1.7 Mismatch [lib.mismatch]
template<class Inputlteratorl, class Inputlterator2> a
pair<inputlteratorl, Inputlterator2> a
mismatch(Inputlteratorl first1 | Inputlteratorl last1l | O
Inputlterator2 first2 ); O
template<class Inputlteratorl, class Inputlterator?2, g
class BinaryPredicate> O
pair<inputlteratorl, Inputlterator2> a
mismatch(Inputlteratorl first1 | Inputlteratorl last1l | O
Inputlterator2 first2 |, BinaryPredicate pred ); O
Returns: A pair of iteratord andj such thaj == first2 + (i - first1) andi is the first iter- O
ator in the ranggfirst1 | lastl) for which the following corresponding conditions hold: O
1(*i == *(first2 + (i - first1))), pred (*i, *(first2 + (i - firstl))) == false g
Returns the paiastl andfirst2 + (lastl - firstl) if such an iterator is not found. a
Complexity: At mostlastl - firstl applications of the corresponding predicate.
25.1.8 Equal [lib.alg.equal]
template<class Inputlteratorl, class Inputlterator2> ad
bool equal(Inputlteratorl first1 , Inputlteratorl lastl ad
Inputlterator2 first2 ); ad
template<class Inputlteratorl, class Inputlterator2, ad
class BinaryPredicate> ad
bool equal(Inputlteratorl first1 , Inputlteratorl lastl ad
Inputlterator2 first2 , BinaryPredicate pred ); ad
Returns: true if for every iteratoii in the rangg firstl , lastl) the following corresponding con-C
ditions hold:*i == *(first2 + (i - firstl)), pred (*i, *(first2 + (i - a
firstl))) == true . Otherwise, returnfalse a
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Complexity: At mostlastl - firstl applications of the corresponding predicate.
25.1.9 Search [lib.alg.search]
template<class Forwardlteratorl, class Forwardlterator2> O
Forwardlteratorl O
search(Forwardlteratorl first1 , Forwardlteratorl last1l | O
Forwardlterator2 first2 , Forwardlterator2 last? ); O
template<class Forwardlteratorl, class Forwardlterator2, g
class BinaryPredicate> O
Forwardlteratorl O
search(Forwardlteratorl first1 , Forwardlteratorl last1l | O
Forwardlterator2 first2 , Forwardlterator2 last2 O
BinaryPredicate pred ); O
Effects: Finds a subsequence of equal values in a sequence. O
Returns: The first iteratoii in the rangd first1 , lastl - (last2 - first2)) such that for O
any non-negative integerless tharast2 - first2 the following corresponding conditions holdt]
*(i + n) == *(first2 + n), pred (*(i + n), *(first2 + n)) == true
Returndastl if no such iterator is fount?™ O
template<class Forwardlterator, class Size, class T> O
Forwardlterator O
search(Forwardlterator first , Forwardlterator last , O
Size count , const T& value ); O
template<class Forwardlterator, class Size, class T, g
class BinaryPredicate> O
Forwardlteratorl O
search(Forwardlterator first , Forwardlterator last , O
Size count , T value , O
BinaryPredicate pred ); O
Effects: Finds a subsequence of equal values in a sequence. O
Returns: The first iteratori in the rangd first , last - count) such that for any non-negative]
integern less thancount the following corresponding conditions holdi + n) == value, O
pred (*(i + n),value) == true . Returndast if no such iterator is found.
25.2 Mutating sequence operations [lib.alg.mutating.operations]
25.2.1 Copy [lib.alg.copy]
O

199) The Knuth-Morris-Pratt algorithm is not used here. While the KMP algorithm guarantees linear time, it tends to be sldwer in
most practical cases than the naive algorithm with worst-case quadratic behavior. The worst case is extremely unlikely. We expect

that most implementations will provide a specialization: O
char* search(char* first1 , char* lastl , O
char* first2 , char* last2 ); O

that will use a variation of the Boyer-Moore algorithm for fast string searching.
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25.2.1.1 copy [lib.copy]
template<class Inputlterator, class Outputlterator>
Outputlterator copy(Inputlterator first , Inputlterator last ,
Outputlterator result ),
Effects: Copies elements. For each non-negative integex (last - first) , performs
*(result + n) = *(first + n) .
Returns: result + (last - first) .
Requires: result  shall not be in the randgefirst , last ).
Complexity: Exactlylast - first assignments.
25.2.1.2 copy_backward [lib.copy.backward]
template<class Bidirectionallteratorl, class Bidirectionallterator2>
Bidirectionallterator2
copy_backward(Bidirectionallteratorl first
Bidirectionallteratorl last
Bidirectionallterator2 result ),
Effects: Copies elements in theange [ first , last ) into the rangdresult - (last -
first), result ) starting fromlast - 1 and proceeding to~ first . For each positive inte-
gern <= (last - first) , Performst(result - n) = *(last - n)
Requires: result  shall not be in the randgefirst , last ).
Returns: result - (last - first) .
Complexity: Exactlylast - first assignments.
25.2.2 Swap [lib.alg.swap]
25.2.2.1swap [lib.swap]
template<class T>
void swap(T& a, T& b);
Effects: Exchanges values stored in two locations.
25.2.2.2swap_ranges [lib.swap.ranges]
template<class Forwardlteratorl, class Forwardlterator2>
Forwardlterator2
swap_ranges(Forwardlteratorl first1 |
Forwardlteratorl lastl
Forwardlterator2 first2 );
Effects: For each non-negative integer< (lastl - firstl) performs:swap(*(firstl +
n), *(first2 + n)) .
Requires: The two range§ first1 , lastl) and|[ first2 , first2 + (lastl - firstl))
shall not overlap.
Returns: first2 + (lastl - first1)

Complexity: Exactlylastl - firstl swaps.

1906) copy_backward (25.2.1.2) should be used instead of copy wlash is in the rangdresult - (last - first),
result ).

OoDOoo0oo ooogano OooOoOoO0o ood

OO

OoDOoo0oo ooogano
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25.2.3 Transform [lib.alg.transform]

template<class Inputlterator, class Outputliterator,
class UnaryOperation>
Outputlterator
transform(Inputlterator first , Inputlterator last ,
Outputlterator result , UnaryOperation op);

template<class Inputlteratorl, class Inputlterator?2,
class Outputlterator, class BinaryOperation>
Outputlterator
transform(Inputlteratorl firstl1 | Inputlteratorl last1l |
Inputlterator2 first2 , Outputlterator result
BinaryOperation binary op );
Effects: Assigns through every iteratorin the rangd result , result + (lastl - first1))
a new corresponding value equal top(*(ffirst1 + (i - result )) or
binary op (*(firstl + (i - result ), *(first2 + (i - result )))

Requires: op andbinary_op shall not have any side effects.

Returns: result + (lastl - first1) .

Complexity: Exactlylastl - firstl applications obp or binary_op

Notes: result may be equal tfirst  in case of unary transform, orfiesstl  orfirst2  in case of
binary transform.

25.2.4 Replace [lib.alg.replace]
25.2.4.1replace [lib.replace]

template<class Forwardlterator, class T>
void replace(Forwardlterator first , ForwardlIterator last ,
const T& old value ,constT& new_value );

template<class Forwardlterator, class Predicate, class T>
void replace_if(Forwardlterator first , ForwardlIterator last ,
Predicate pred, const T& new_ value );

Effects: Substitutes elements referred by the iterator the rangd first , last ) with new_value ,
when the following corresponding conditions hdid== old_ value , pred(*i) == true
Complexity: Exactlylast - first applications of the corresponding predicate.

25.2.4.2replace_copy [lib.replace.copy]

template<class Inputlterator, class Outputlterator, class T>
Outputlterator
replace_copy(Inputlterator first , Inputlterator last ,
Outputlterator result
const T& old value ,constT& new_ value );

template<class Iterator, class Outputlterator, class Predicate, class T>
Outputlterator
replace_copy_if(lterator first , Iterator last ,
Outputlterator result
Predicate  pred , const T& new_value );

I o OoOo OooOooooo oDoooagao o o |

o o |

o o |
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Effects: Assigns to every iteratar in the rangq result , result + (last - first)) either 0O
new_value or *(first + (i - result )) depending on whether the following corresponding
conditions hold: O

*(first + (i - result ))== old_value g
pred (*(first + (i - result ))) == true 0

Returns: result + (last - first) . O

Complexity: Exactlylast - first applications of the corresponding predicate.

25.2.5 Fill [lib.alg.fill]

template<class Forwardlterator, class T> ad
void fill(Forwardlterator first , Forwardlterator last , const T& value ); 0O

template<class Outputlterator, class Size, class T> ad
void fill_n(Outputlterator first , Size n, const T& value ); ad

Effects: Assigns value through all the iterators in the rahfiest , Jast )or|[ first , first + O
n). O

Complexity: Exactlylast - first (orn) assignments.

25.2.6 Generate [lib.alg.generate]

template<class Forwardlterator, class Generator> ad
void generate(Forwardlterator first , Forwardlterator last , ad
Generator  gen); ad

template<class Outputlterator, class Size, class Generator> ad
void generate_n(Outputlterator first , Size n, Generator gen); ad
Effects: Invokes the function object gen and assigns the return valgerothough all the iterators in thell
range[ first , last ) or[ first ,first +n) . O
Requires: gen takes no arguments. O
Complexity: Exactlylast - first (orn) invocations ofgen and assignments.
25.2.7 Remove [lib.alg.remove]
25.2.7.1remove [lib.remove]
template<class Forwardlterator, class T> ad
Forwardlterator remove(ForwardIterator first , Forwardlterator last , ad
const T& value ); ad
template<class Forwardlterator, class Predicate> ad
Forwardlterator remove_if(Forwardlterator first , Forwardlterator last , O
Predicate  pred); ad
Effects: Eliminates all the elements referred to by iteratam the rangd first , last ) for which the O
following corresponding conditions hofd:==  value , pred(*i) == true O
Returns: The end of the resulting range. O

Notes: Stable: the relative order of the elements that are not removed is the same as their relative order in
the original range. O
Complexity: Exactlylast - first applications of the corresponding predicate.
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25.2.7.2remove_copy [lib.remove.copy]
template<class Inputlterator, class Outputlterator, class T> O
Outputlterator a
remove_copy(Inputlterator first , Inputlterator last , O
Outputlterator result ,const T& value ); O
template<class Inputlterator, class Outputlterator, class Predicate> O
Outputlterator a
remove_copy_if(Inputlterator first , Inputlterator last , O
Outputlterator result , Predicate pred ); O
Effects: Copies all the elements referred to by the iteriator the rangd first , last ) for which the O
following corresponding conditions do not hotd==  value , pred(*i) == true O
Returns: The end of the resulting range. O
Complexity: Exactlylast - first applications of the corresponding predicate. O

Notes: Stable: the relative order of the elements in the resulting range is the same as their relative order in
the original range.

25.2.8 Unique [lib.alg.unique]
25.2.8.1unique [lib.unique]
template<class Forwardlterator> g
Forwardlterator unique(Forwardlterator first , ForwardlIterator last ); O
template<class Forwardlterator, class BinaryPredicate> O
Forwardlterator unique(Forwardlterator first , ForwardlIterator last , O
BinaryPredicate pred ); O
Effects: Eliminates all but the first element from every consecutive group of equal elements referredto by
the iteratori in the rangdq first , last ) for which the following corresponding conditions hold
M==*3i-1) or pred (*i, *(i - 1)) == true O
Returns: The end of the resulting range. O
Complexity: Exactly(last - first) - 1 applications of the corresponding predicate.
25.2.8.2 unique_copy [lib.unique.copy]
template<class Inputlterator, class Outputlterator> a
Outputlterator a
unique_copy(Inputlterator first , Inputlterator last , O
Outputlterator result ); O
template<class Inputlterator, class Outputlterator, g
class BinaryPredicate> O
Outputlterator a
unique_copy(Inputlterator first , Inputlterator last , O
Outputlterator result , BinaryPredicate pred ); O
Effects: Copies only the first element from every consecutive group of equal elements referred to by the
iteratori in the rangq first , last ) for which the following corresponding conditions hotd: 0O
==*i-1) or pred (*i, *(i - 1)) == true O
Returns: The end of the resulting range. O

Complexity: Exactlylast - first applications of the corresponding predicate.
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25.2.9 Reverse [lib.alg.reverse]
25.2.9.1reverse [lib.reverse]
template<class Bidirectionallterator>

void reverse(Bidirectionallterator first , Bidirectionallterator last );

Effects: For each non-negative integex= ( last - first )/2 , appliesswap to all pairs of itera-
torsfirst + i, (last-i) - 1 .
Complexity: Exactly(last - first)/2 swaps.

OO Ood

25.2.9.2reverse_copy [lib.reverse.copy]

template<class Bidirectionallterator, class Outputlterator>
Outputlterator
reverse_copy(Bidirectionallterator first
Bidirectionallterator last , Outputlterator result ),

Effects: Copies the rangd first , last ) to the range[ result , result + (last -
first)) such that for any non-negative integer (last - first) the following assignment
takes place:

OooOOo oood

*(result + (last - first) - i) = *(first + i)

Requires: The range$ first , last ) and[ result , result + (last - first)) shall not
overlap.

Returns: result + (last - first) .

Complexity: Exactlylast - first assignments.

OooOoogo d

25.2.10 Rotate [lib.alg.rotate]
25.2.10.1rotate [lib.rotate]

template<class Bidirectionallterator> O
void rotate(Bidirectionallterator first , Bidirectionallterator middle , 0O
Bidirectionallterator last ); O

For each non-negative integertatei < (last - first) , places the element from the positionl
first + i into positionfirst + (i + (middle - first)) % (last - first) . O
Complexity: At mostlast - first swaps.

25.2.10.2rotate_copy [lib.rotate.copy]

template<class Forwardlterator, class Outputlterator>
Outputlterator
rotate_copy(Forwardlterator first , ForwardlIterator middle
Forwardlterator last , Outputlterator result );

Effects: Copies the rangd first , last ) to the range[ result , result + (last -
first)) such that for each non-negative integer(last - first) the following assignment
takes place:

*(first +i) = *(result + (i + (middle - first)) % (last - first))

g
g
g
g
g
g

0
Returns: result + (last - first) . a
Requires The range$ first , last ) and[ result , result + (last - first)) shall not O

overlap. a
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Complexity: Exactlylast - first assignments.
25.2.11 Random shuffle [lib.alg.random.shuffle]

template<class RandomAccesslterator> g
void random_shuffle(RandomAccesslterator first O
RandomAccesslterator last ); O

template<class RandomAccesslterator, class RandomNumberGenerator> g
void random_shuffle(RandomAccesslterator first O
RandomAccesslterator last O
RandomNumberGenerator& rand ); O

O

O

O

Effects: Shuffles the elements in the rariglrst  , Jast ) with uniform distribution.

Complexity: Exactly(last - first) - 1 swaps.

Notes: random_shuffle can take a particular random number generating function ofgjedt such
thatrand returns a randomly chosdouble in the intervalO, 1)

25.2.12 Partitions [lib.alg.partitions]
25.2.12.1 partition [lib.partition]
template<class Bidirectionallterator, class Predicate> O
Bidirectionallterator O
partition(Bidirectionallterator first O
Bidirectionallterator last , Predicate pred); O
Effects: Places all the elements in the rafdigst , Jast ) that satisfypred before all the elements[]
that do not satisfy it. O
Returns: An iteratori such that for any iteratgr in the rangq first , i), pred(*j) == true , O
and for any iteratok in the rangdi, last ), pred(*j) == false . O
Complexity: At most(last - first)/2 swaps. Exactlyast - first applications of the predi-[
cate is done.
25.2.12.2stable_partition [lib.stable.partition]
template<class Bidirectionallterator, class Predicate> O
Forwardlterator O
stable_partition(Bidirectionallterator first O
Bidirectionallterator last , Predicate pred); O
Effects: Places all the elements in the rard#st , last ) that satisfy pred before all the elements
that do not satisfy it. O
Returns: An iteratori such that for any iteratgr in the rangd first , i) , pred(*j) == true , O
and for any iteratok in the rangdi, last ), pred(*j) == false . The relative order of the
elements in both groups is preserved. O
Complexity: At most(last - first) * log(last - first) swaps, but only linear number of]
swaps if there is enough extra memory. Exdety - first applications of the predicate.
25.3 Sorting and related operations [lib.alg.sorting]

All the operations in this section have two versions: one that takes a function object @biypare and [
one that uses asperator<

Compare is used as a function object which retume if the first argument is less than the second, and
false otherwise.Compare comp is used throughout for algorithms assuming an ordering relation. [fis
assumed thatomp will not apply any non-constant function through the dereferenced iterator. Fod all
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algorithms that tak€Compare, there is a version that useperator< instead. That iscomp(*i, g
*) == true defaults to*i < *j == true . For the algorithms to work correctlgpmp has to [0
induce a total ordering on the values.

A sequence isorted with respect to a comparatoomp if for any iteratori pointing to the sequence and!
any non-negative integer such thati + n is a valid iterator pointing to an element of the sequenck,
comp(*(i + n), *i) == false

In the descriptions of the functions that deal with ordering relationships we frequently use a notion of
equality to describe concepts such as stability. The equality to which we refer is not necessarily an
operator==_, but an equality relation induced by the total ordering. That is, two elemantib are [
considered equal if and onlyl{a < b) && (b < a)

25.3.1 Sorting [lib.alg.sort]
25.3.1.1sort [lib.sort]

template<class RandomAccesslterator>
void sort(RandomAccesslterator first , RandomAccesslterator last );

OO

template<class RandomAccesslterator, class Compare>
void sort(RandomAccesslterator first , RandomAccesslterator last ,
Compare comp);

O Oood

Effects: Sorts the elements in the rariglrst , last ).
Complexity: ApproximatelyNlogN (whereN == last - first ) comparisons on the avera]geg.)

25.3.1.2stable_sort [lib.stable.sort]
template<class RandomAccesslterator>

void stable_sort(RandomAccesslterator first
RandomAccesslterator last );

OoOo

template<class RandomAccesslterator, class Compare>
void stable_sort(RandomAccesslterator first
RandomAccesslterator last
Compare comp);

O Ooogo

Effects: Sorts the elements in the rariglrst , last ).
Complexity: It does at mosNlog2N (whereN == last - first ) comparisons; if enough extral

memory is available, it isllogN . O
Notes: Stable: the relative order of the equal elements is preserved.

25.3.1.3partial_sort [lib.partial.sort]

13701t the worst case behavior is importatable_sort  (_lib.stable.sort) or partial_sort (25.3.1.3) should be used. O
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template<class RandomAccesslterator> g
void partial_sort(RandomAccesslterator first O
RandomAccesslterator middle, O
RandomAccesslterator last ); O
template<class RandomAccesslterator, class Compare> g
void partial_sort(RandomAccesslterator first O
RandomAccesslterator middle, O
RandomAccesslterator last , Compare comp); O
Effects: Places the firsmiddle - first sorted elements from the ranpérst , last ) into the 0O
range[ first , middle) . The rest of the elements in the ratfigéddle, last ) are placed in O
an undefined order. O
Complexity: It takes approximatelflast - first) * log(middle - first) comparisons.
25.3.1.4 partial_sort_copy [lib.partial.sort.copy]
template<class Inputlterator, class RandomAccesslterator> O
RandomAccesslterator g
partial_sort_copy(Inputlterator first , Inputlterator last , O
RandomAccesslterator result_ first ad
RandomAccesslterator result_ last ); O
template<class Inputlterator, class RandomAccesslterator, g
class Compare> O
RandomAccesslterator g
partial_sort_copy(Inputlterator first , Inputlterator last , O
RandomAccesslterator result_ first ad
RandomAccesslterator result_ last ad
Compare comp); O
Effects: Places the firsmin(last - first , result_last - result_first) sorted ele- [
ments into the rangdresult_  first , result_first + min(last - first , O
result_last - result_first)) . O
Returns: The smaller ofresult_last orresult_first + (last - first) O
Complexity: Approximately (last - first) * log(min(last - first , result_last O
- result_first)) comparisons.
25.3.2 Nth element [lib.alg.nth.element]
template<class RandomAccesslterator> g
void nth_element(RandomAccesslterator first O
RandomAccesslterator nth, O
RandomAccesslterator last ); O
template<class RandomAccesslterator, class Compare> g
void nth_element(RandomAccesslterator first O
RandomAccesslterator nth, O
RandomAccesslterator last , Compare comp); O

After nth_element the element in the position pointed to iy is the element that would be in thafl
position if the whole range were sorted. Also for any iteratiorthe rangg first , nth)  and any iter- 0
atorj inthe rangdgnth, Jast ) it holds thatl(*i > *j) or comp(*i, ¥j) == false . g
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Complexity: Linear on average.

25.3.3 Binary search [lib.alg.binary.search]

All of the algorithms in this section are versions of binary search. They work on non-random acces§litera-
tors minimizing the number of comparisons, which will be logarithmic for all types of iterators. They are
especially appropriate for random access iterators, since these algorithms do a logarithmic number of steps
through the data structure. For non-random access iterators they execute a linear number of steps.

25.3.3.1lower_bound [lib.lower.bound]
template<class Forwardlterator, class T> O
Forwardlterator O
lower_bound(Forwardlterator first , ForwardlIterator last , O
const T&  value ); O
template<class Forwardlterator, class T, class Compare> O
Forwardlterator O
lower_bound(Forwardlterator first , Forwardlterator last , O
const T& value , Compare comp); O
Effects: Finds the first position into which value can be inserted without violating the ordering. O
Returns: The furthermost iterator in the rangq first , last ) such that for any iteratgr in the 0O
range| first , i)  the following corresponding conditions holf: < value or comp(*j, g
value ) ==true O

Complexity: At mostlog(last - first) + 1 comparisons.

25.3.3.2upper_bound [lib.upper.bound]
template<class Forwardlterator, class T> O
Forwardlterator O
upper_bound(Forwardlterator first , ForwardlIterator last , O
const T&  value ); O
template<class Forwardlterator, class T, class Compare> O
Forwardlterator O
upper_bound(Forwardlterator first , ForwardlIterator last , O
const T& value , Compare comp); O

Effects: Finds the furthermost position into which value can be inserted without violating the ordering.]

Returns: The furthermost iterator in the rangq first , last ) such that for any iteratgr in the 0O
range [ first , i) the following corresponding conditions hold(value < *)) or O
comp( value , *j) == false O

Complexity: At mostlog(last - first) + 1 comparisons.

25.3.3.3equal_range [lib.equal.range]
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template<class Forwardlterator, class T> O
pair<Forwardlterator, Forwardlterator> O
equal_range(Forwardlterator first O
Forwardlterator last , const T& value ); O
template<class Forwardlterator, class T, class Compare> O
pair<Forwardlterator, Forwardlterator> O
equal_range(Forwardlterator first O
Forwardlterator last , const T& value , O
Compare comp); O
Effects: Finds the largest subranfiej) such that the value can be inserted at any itekatorit. k O
satisfies the corresponding conditiom@k < value ) && !(value < *k) or comp(*k, 0O
value ) == false && comp( value , *k) == false O
Complexity: At most2 * log(last - first) comparisons.
25.3.3.4binary_search [lib.binary.search]
template<class Forwardlterator, class T> O
bool binary_search(ForwardlIterator first , ForwardlIterator last , O
const T&  value ); O
template<class Forwardlterator, class T, class Compare> O
bool binary_search(Forwardlterator first , ForwardlIterator last , O
const T& value , Compare comp); O
Returns: true if there is an iteratar in the rangdfirst last ) that satisfies the corresponding corid
ditions: !(*i < value ) && !(value < *i) or comp(*i, value ) == false && g
comp( value , *i) == false O
Complexity: At mostlog(last - first) + 1 comparisons.
25.3.4 Merge [lib.alg.merge]
25.3.4.1merge [lib.merge]
template<class Inputlteratorl, class Inputlterator?2, g
class Outputlterator> O
Outputlterator a
merge(Inputlteratorl first1 | Inputlteratorl last1l | O
Inputlterator2 first2 | Inputlterator2 last? | O
Outputlterator result ), O
template<class Inputlteratorl, class Inputlterator?2, g
class Outputlterator, class Compare> O
Outputlterator a
merge(Inputlteratorl first1 | Inputlteratorl last1l | O
Inputlterator2 first2 | Inputlterator2 last? | O
Outputlterator result , Compare comp); O
Effects: Merges two sorted rangdsfirstl , lastl) and [ first2 , last? ) into the range O
[ result ,result + (lastl - firstl) + (last2 - first2)) .
The resulting range shall not overlap with either of the original ranges. O
Returns: result + (lastl - firstl) + (last2 - first2) O
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Complexity: At most(lastl - firstl) + (last2 - first2) - 1 comparisons. O
Notes: Stable: for equal elements in the two ranges, the elements from the first range always precede the
elements from the second.

25.3.4.2inplace_merge [lib.inplace.merge]
template<class Bidirectionallterator> O
void inplace_merge(Bidirectionallterator first O
Bidirectionallterator middle, O
Bidirectionallterator last ); O
template<class Bidirectionallterator, class Compare> O
void inplace_merge(Bidirectionallterator first O
Bidirectionallterator middle, O
Bidirectionallterator last , Compare comp); O
Effects: Merges two sorted consecutive ranfeégst , middle) and [middle, last ), putting O
the result of the merge into the rajggst , last ). O
Complexity: At mostlast - first comparisons. If no additional memory is available, the number of
assignments can be equaNlmgN whereNis equal tdast - first . O

Notes: Stable: for equal elements in the two ranges, the elements from the first range always precede the
elements from the second.

25.3.5 Set operations on sorted structures [lib.alg.set.operations]

This section defines all the basic set operations on sorted structures. They even waorlliiggt s O
containing multiple copies of equal elements. The semantics of the set operations is generalized to multi-
sets in a standard way by defining union to contain the maximum number of occurrences of every element,
intersection to contain the minimum, and so on.

25.3.5.1includes [lib.includes]
template<class Inputlteratorl, class Inputlterator2> a
bool includes(Inputlteratorl first1 | Inputlteratorl last1l | O
Inputlterator2 first2 | Inputlterator2 last? ); O
template<class Inputlteratorl, class Inputlterator2, class Compare> O
bool includes(Inputlteratorl first1 | Inputlteratorl last1l | O
Inputlterator2 first2 | Inputlterator2 last? | O
Compare comp); O
Returns: true if every element in the randefirst2 , last? ) is contained in the rangdfirst1 , O
lastl) . Returndalse otherwise. O

Complexity: At most((lastl - firstl) + (last2 - first2)) * 2 - 1 comparisons.

25.3.5.2set_union [lib.set.union]
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template<class Inputlteratorl, class Inputlterator?2,
class Outputlterator>

Outputlterator

set_union(Inputlteratorl first1 | Inputlteratorl last1l |
Inputlterator2 first2 | Inputlterator2 last? |
Outputlterator result ),

template<class Inputlteratorl, class Inputlterator?2,
class Outputlterator, class Compare>

Outputlterator

set_union(Inputlteratorl firstl1 | Inputlteratorl last1l |
Inputlterator2 first2 | Inputlterator2 last? |
Outputlterator result , Compare comp);

Effects: Constructs a sorted union of the elements from the two ranges.

Requires: The resulting range shall not overlap with either of the original ranges.

Returns: The end of the constructed range.

Complexity: At most((lastl - firstl) + (last2 - first2)) * 2 - 1 comparisons.
Notes: Stable: if an element is present in both ranges, the one from the first range is copied.

25.3.5.3set_intersection [lib.set.intersection]

template<class Inputlteratorl, class Inputlterator2,
class Outputlterator>

Outputlterator
set_intersection(Inputlteratorl first1 | Inputlteratorl last1l |
Inputlterator2 first2 | Inputlterator2 last? |
Outputlterator result ),

template<class Inputlteratorl, class Inputlterator?2,
class Outputlterator, class Compare>

Outputlterator
set_intersection(Inputlteratorl first1 | Inputlteratorl last1l |
Inputlterator2 first2 | Inputlterator2 last? |
Outputlterator result , Compare comp);

Effects: Constructs a sorted intersection of the elements from the two ranges.

Requires: The resulting range shall not overlap with either of the original ranges.

Returns: The end of the constructed range.

Complexity: At most((lastl - firstl) + (last2 - first2)) * 2 - 1 comparisons.

Notes: Stable, that is, if an element is present in both ranges, the one from the first range is copied.

25.3.5.4 set_difference [lib.set.difference]

Ooooood
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template<class Inputlteratorl, class Inputlterator?2,
class Outputlterator>
Outputlterator
set_difference(Inputlteratorl first1 | Inputlteratorl last1l |
Inputlterator2 first2 | Inputlterator2 last? |
Outputlterator result ),

Ooooood

template<class Inputlteratorl, class Inputlterator?2,
class Outputlterator, class Compare>
Outputlterator
set_difference(Inputlteratorl first1 | Inputlteratorl last1l |
Inputlterator2 first2 | Inputlterator2 last? |
Outputlterator result , Compare comp);

Effects: Constructs a sorted difference of the elements from the two ranges.

Requires: The resulting range shall not overlap with either of the original ranges.

Returns: The end of the constructed range.

Complexity: At most((lastl - firstl) + (last2 - first2)) * 2 - 1 comparisons.

Oo0OO0O ooogooo

25.3.5.5set_symmetric_difference [lib.set.symmetric.difference]

template<class Inputlteratorl, class Inputlterator2,
class Outputlterator>
Outputlterator
set_symmetric_difference(Inputiteratorl first1 | Inputlteratorl last1l |
Inputlterator2 first2 | Inputlterator2 last2
Outputlterator result ),

Ooooood

template<class Inputlteratorl, class Inputlterator?2,
class Outputlterator, class Compare>
Outputlterator
set_symmetric_difference(Inputiteratorl first1 , Inputlteratorl last1l |
Inputlterator2 first2 | Inputlterator2 last2
Outputlterator result , Compare comp);

Effects: Constructs a sorted symmetric difference of the elements from the two ranges.
Requires: The resulting range shall not overlap with either of the original ranges.

Returns: The end of the constructed range.

Complexity: At most((lastl - firstl) + (last2 - first2)) * 2 - 1 comparisons.

Oo0OO0O ooogooo

25.3.6 Heap operations [lib.alg.heap.operations]

A heap is a particular organization of elements in a range between two random access[detgtors [
Its two key properties are: (¥p is the largest element in the range and*@)may be removed by [
pop_heap , or a new element added push_heap , in O(logN) time. These properties make heaps
useful as priority queuegnake_heap converts a range into a heap awit_heap turns a heap into all
sorted sequence.

25.3.6.1push_heap [lib.push.heap]
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template<class RandomAccesslterator>
void push_heap(RandomAccesslterator first , RandomAccesslterator last );
template<class RandomAccesslterator, class Compare>
void push_heap(RandomAccesslterator first , RandomAccesslterator last ,
Compare comp);
Requires: The rangd first , last - 1) shall be a valid heap.
Effects: Places the value in the locatitast - 1 into the resulting heapfirst , last ).
Complexity: At mostlog(last - first) comparisons.
25.3.6.2pop_heap [lib.pop.heap]
template<class RandomAccesslterator>
void pop_heap(RandomAccesslterator first , RandomAccesslterator last );
template<class RandomAccesslterator, class Compare>
void pop_heap(RandomAccesslterator first , RandomAccesslterator last ,
Compare comp);
Requires: The rangd first , last ) shall be a valid heap.
Effects: Swaps the value in the locatidinst  with the value in the locatiolast - 1 and makes
[ first | last-1) into a heap.
Complexity: At most2 * log(last - first) comparisons.
25.3.6.3make_heap [lib.make.heap]
template<class RandomAccesslterator>
void make_heap(RandomAccesslterator first , RandomAccesslterator last );
template<class RandomAccesslterator, class Compare>
void make_heap(RandomAccesslterator first , RandomAccesslterator last ,
Compare comp);
Effects: Constructs a heap out of the rafidest , last ).
Complexity: At most3*(last - first) comparisons.
25.3.6.4sort_heap [lib.sort.heap]
template<class RandomAccesslterator>
void sort_heap(RandomAccesslterator first , RandomAccesslterator last );
template<class RandomAccesslterator, class Compare>
void sort_heap(RandomAccesslterator first , RandomAccesslterator last ,
Compare comp);
Effects: Sorts elements in the hepfirst , last ).
Complexity: At mostNIogN comparisons, whend == last - first

Notes: Not stable.

25.3.7 Minimum and maximum

[lib.alg.min.max]

OO

I o

OO

OooOoOo ooo

OO

O Oood

OO

I o



25.3.7.1min DRAFT: 1 February 1995 Algorithms library 25-27

25.3.7.1min [lib.min]
template<class T> O
T min(const T& a, const T& b); O
template<class T, class Compare> O
T min(const T& a, const T& b, Compare comp); O
Returns: The smaller value.
Notes: Returns the first argument when their arguments are equal.
25.3.7.2max [lib.max]
template<class T> O
T max(const T& a, const T& b); O
template<class T, class Compare> O
T max(const T& a, const T& b, Compare comp); O
Returns: The larger value.
Notes: Returns the first argument when their arguments are equal.
25.3.7.3max_element [lib.max.element]
template<class Inputlterator> O
Inputlterator max_element(Inputlterator first , Inputlterator last ); O
template<class Inputlterator, class Compare> g
Inputlterator max_element(Inputlterator first , Inputlterator last , O
Compare comp); O
Returns: The first iteratori in the rang€ first , Jast ) such that for any iteratdr in the range O
[ first , last ) the following corresponding conditions hol@i < *j) or comp(*i, *j) O
== false O
Complexity: Exactly max((last - first) - 1, 0) applications of the corresponding compafd
isons.
25.3.7.4min_element [lib.min.element]
template<class Inputlterator> O
Inputlterator min_element(Inputlterator first , Inputlterator last ); O
template<class Inputlterator, class Compare> g
Inputlterator min_element(Inputlterator first , Inputlterator last , O
Compare comp); O
Returns: The first iteratori in the rang€ first , Jast ) such that for any iteratdr in the range O
[ first , last ) the following corresponding conditions holdj < *i) or comp(*j, *i) O
== false O
Complexity: Exactly max((last - first) - 1, 0) applications of the corresponding compaf

isons.
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25.3.8 Lexicographical comparison [lib.alg.lex.comparison]
template<class Inputlteratorl, class Inputlterator2> a
bool lexicographical_compare(Inputlteratorl first1 | O
Inputlteratorl lastl O
Inputlterator2 first2 | O
Inputlterator2 last? ); O
template<class Inputlteratorl, class Inputlterator2, class Compare> O
bool lexicographical_compare(Inputlteratorl first1 | O
Inputlteratorl lastl O
Inputlterator2 first2 | O
Inputlterator2 last2 O
Compare comp); O

Returns: true if the sequence of elements defined by the rgnfistl | lastl) is lexicographi- O

cally less than the sequence of elements defined by the[rdrgtf@ , last? ). O
Returnsfalse otherwise. O
Complexity: At mostmin((lastl - firstl), (last2 - first2)) applications of the corre-[]

sponding comparison.

25.3.9 Permutation generators [lib.alg.permutation.generators]
25.3.9.1next_permutation [lib.next.permutation]
template<class Bidirectionallterator> O
bool next_permutation(Bidirectionallterator first O
Bidirectionallterator last ); O
template<class Bidirectionallterator, class Compare> O
bool next_permutation(Bidirectionallterator first O
Bidirectionallterator last O
Compare comp); O
Effects: Takes a sequence defined by the rdnfyst , Jast ) and transforms it into the next permut]

tation. The next permutation is found by assuming that the set of all permutations is lexicographically
sorted with respect toperator<  or comp. If such a permutation exists, it retutnge . Otherwise,
it transforms the sequence into the smallest permutation, that is, the ascendingly sorted one, andlreturns

false . O
Complexity: At most(last - first)/2 swaps.
25.3.9.2 prev_permutation [lib.prev.permutation]
template<class Bidirectionallterator> O
bool prev_permutation(Bidirectionallterator first O
Bidirectionallterator last ); O
template<class Bidirectionallterator, class Compare> O
bool prev_permutation(Bidirectionallterator first O
Bidirectionallterator last O
Compare comp); O
Effects: Takes a sequence defined by the rgnfyest , /ast ) and transforms it into the previous perftl

mutation. The previous permutation is found by assuming that the set of all permutations is lexico-
graphically sorted with respectdperator<  orcomp. O
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Returns: true if such a permutation exists. Otherwise, it transforms the sequence into the largest permu-

tation, that is, the descendingly sorted one, and refaise . O
Complexity: At most(last - first)/2 swaps. O
25.4 C library algorithms (lib.alg.c.library]
Headercstdlib>  (partial, Table 61): g

Table 61—Header<cstdlib>  synopsis 0

O

0 Type Name(s) 8

H:unctions: bsearch  gsort 0 g8

The contents are the same as the Standard C lifBaeyaLso ISO C subclause 7.10.5. O






26 Numerics library [lib.numerics]

This clause describes components thatfEograms may use to perform seminumerical operations.

The following subclauses describe components for complex number types, numeateattime) arrays, O
generalized numeric algorithms, and facilities included from the ISO C library, as summarized in Table 62:

Table 62—Numerics library summary O
g Subclause Header(s) 5 =i
—26.1 Complex numbers <complex>
[26.2 Numeric arrays <valarray> a a
%26.3 Generalized numeric operations<numeric> g O
0 . <cmath> 0 O
.4 C librar :

%6 C library <cstdlib> g O

26.1 Complex numbers [(lib.complex.numbers]
Header<complex> synopsis a
namespace std { U
template<class T> class complex; O
class complex<float>; O
class complex<double>; 0
class complex<long double>; O
template<class T> O
complex<T> operator+(const complex<T>&, const complex<T>&); g
template<class T> ad
complex<T> operator+(const complex<T>&, const T&); O
template<class T> O
complex<T> operator+(const T&, const complex<T>&); g
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template<class T>

complex<T> operator-(const complex<T>&, const complex<T>&);
template<class T>

complex<T> operator-(const complex<T>&, const T&);
template<class T>

complex<T> operator-(const T&, const complex<T>&);
template<class T>

complex<T> operator*(const complex<T>&, const complex<T>&);
template<class T>

complex<T> operator*(const complex<T>&, const T&);
template<class T>

complex<T> operator*(const T&, const complex<T>&);
template<class T>

complex<T> operator/(const complex<T>&, const complex<T>&);
template<class T>

complex<T> operator/(const complex<T>&, const T>&);
template<class T>

complex<T> operator/(const T&, const complex<T>&);
template<class T>

complex<T> operator+(const complex<T>&);
template<class T>

complex<T> operator-(const complex<T>&);

template<class T>

complex<T> operator==(const complex<T>&, const complex<T>&);

template<class T>

complex<T> operator==(const complex<T>&, const T&);
template<class T>

complex<T> operator==(const T&, const complex<T>&);
template<class T>

complex<T> operator!=(const complex<T>&, const complex<T>&);
template<class T>

complex<T> operator!=(const complex<T>&, const T&);
template<class T>

complex<T> operator!=(const T&, const complex<T>&);

template<class T>

istream& operator>>(istreamé&, complex<T>&);
template<class T>

ostream& operator<<(ostreamé&, const complex<T>&);

template<class T>

T abs(const complex<T>&);
template<class T>

T norm(const complex<T>&);
template<class T>

T arg(const complex<T>&);
template<class T>

T real(const complex<T>&);
template<class T>

T imag(const complex<T>&);

26.1 Complex numbers
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template<class T> ad
complex<T> conj(const complex<T>&); O
template<class T> O
complex<T> cos(const complex<T>&); g
template<class T> ad
complex<T> cosh(const complex<T>&); O
template<class T> O
complex<T> exp(const complex<T>&); g
template<class T> ad
complex<T> log(const complex<T>&); ad
template<class T> O
complex<T> sin(const complex<T>&); g
template<class T> ad
complex<T> sinh(const complex<T>&); g
template<class T> O
complex<T> sgrt(const complex<T>&); ad
template<class T> ad
complex<T> pow(const complex<T>&, int); g
template<class T> O
complex<T> pow(const complex<T>&, const T&); O
template<class T> ad
complex<T> pow(const complex<T>&, const complex<T>&); t
template<class T> g
complex<T> pow(const T&, const complex<T>&); O
template<class T> O
complex<T> polar(const T&, const T&); t
} O
The headercomplex> defines a three types, and numerous functions for representing and manipulating
complex humbers. O
26.1.1 Complex numbers types (lib.complex.types]
26.1.1.1 Template classomplex (lib.complex]
namespace std { O
template<class T> ad
class complex { O
public: O
complex(); O
complex(const T& re); ad
complex(const T& re, const T& im); O
T real() const; O
T imag() const; ad
template<class X> complex(const complex<X>&); g
template<class X> complex<T>& operator= (const complex<X>&); O
template<class X> complex<T>& operator+=(const complex<X>&); g
template<class X> complex<T>& operator-=(const complex<X>&); t
template<class X> complex<T>& operator*=(const complex<X>&); g
template<class X> complex<T>& operator/=(const complex<X>&); O
I3 O
class complex<float> { ad
public: O
complex(float re = 0.0f, float im = 0.0f); O
explicit complex(const complex<double>&); O
explicit complex(const complex<long double>&); t
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float real() const;

float imag() const;

template<class X> complex(const complex<X>&);

template<class X> complex<float>& operator= (const complex<X>&);
template<class X> complex<float>& operator+=(const complex<X>&);
template<class X> complex<float>& operator-=(const complex<X>&);
template<class X> complex<float>& operator*=(const complex<X>&);
template<class X> complex<float>& operator/=(const complex<X>&);

h

class complex<double> {

public:
complex(double re = 0.0, double im = 0.0);
complex(const complex<float>&);
explicit complex(const complex<long double>&);

double real() const;

double imag() const;

template<class X> complex(const complex<X>&);

template<class X> complex<double>& operator= (const complex<X>&);
template<class X> complex<double>& operator+=(const complex<X>&);
template<class X> complex<double>& operator-=(const complex<X>&);
template<class X> complex<double>& operator*=(const complex<X>&);
template<class X> complex<double>& operator/=(const complex<X>&);

b

class complex<long double> {

public:
complex(long double re = 0.0L, long double im = 0.0L);
complex(const complex<float>&);
complex(const complex<double>&);

long double real() const;

long double imag() const;

template<class X> complex(const complex<X>&);

template<class X> complex<long double>& operator= (const complex<X>&);
template<class X> complex<long double>& operator+=(const complex<X>&);
template<class X> complex<long double>& operator-=(const complex<X>&);
template<class X> complex<long double>& operator*=(const complex<X>&);
template<class X> complex<long double>& operator/=(const complex<X>&);

h

template<class T>

complex<T> operator+(const complex<T>&, const complex<T>&);
template<class T>

complex<T> operator+(const complex<T>&, const T&);
template<class T>

complex<T> operator+(const T&, const complex<T>&);

template<class T>

complex<T> operator-(const complex<T>&, const complex<T>&);
template<class T>

complex<T> operator-(const complex<T>&, const T&);
template<class T>

complex<T> operator-(const T&, const complex<T>&);

Oooooooooao I o o | OoOoooooooo oOoooo OoOoooooooo
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template<class T>

complex<T> operator*(const complex<T>&, const complex<T>&);
template<class T>

complex<T> operator*(const complex<T>&, const T&);
template<class T>

complex<T> operator*(const T&, const complex<T>&);

template<class T>

complex<T> operator/(const complex<T>&, const complex<T>&);
template<class T>

complex<T> operator/(const complex<T>&, const T>&);
template<class T>

complex<T> operator/(const T&, const complex<T>&);
template<class T>

complex<T> operator+(const complex<T>&);
template<class T>

complex<T> operator-(const complex<T>&);

template<class T>

complex<T> operator==(const complex<T>&, const complex<T>&);

template<class T>

complex<T> operator==(const complex<T>&, const T&);
template<class T>

complex<T> operator==(const T&, const complex<T>&);

template<class T>

complex<T> operator!=(const complex<T>&, const complex<T>&);
template<class T>

complex<T> operator!=(const complex<T>&, const T&);
template<class T>

complex<T> operator!=(const T&, const complex<T>&);

template<class T>

istream& operator>>(istreamé&, complex<T>&);
template<class T>

ostreamé& operator<<(ostreamé&, const complex<T>&);

template<class T>

T abs(const complex<T>&);
template<class T>

T norm(const complex<T>&);
template<class T>

T arg(const complex<T>&);
template<class T>

T real(const complex<T>&);
template<class T>

T imag(const complex<T>&);

Numerics library
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template<class T> ad
complex<T> conj(const complex<T>&); O
template<class T> O
complex<T> cos(const complex<T>&); g
template<class T> ad
complex<T> cosh(const complex<T>&); O
template<class T> O
complex<T> exp(const complex<T>&); g
template<class T> ad
complex<T> log(const complex<T>&); O
template<class T> O
complex<T> sin(const complex<T>&); g
template<class T> ad
complex<T> sinh(const complex<T>&); g
template<class T> O
complex<T> sqrt(const complex<T>&); O
template<class T> ad
complex<T> pow(const complex<T>&, int); g
template<class T> O
complex<T> pow(const complex<T>&, const T&); O
template<class T> ad
complex<T> pow(const complex<T>&, const complex<T>&); t
template<class T> O
complex<T> pow(const T&, const complex<T>&); O
template<class T> O
complex<T> polar(const T&, const T&); t
} O
The classomplex describes an object that can store the Cartesian compameanfs, andimag() ,of 0O
a complex number. O
26.1.1.1.2complex constructor [(lib.complex.cons]
template<class T> ad
complex(const T& re =T(), const T& im =T(); O
Effects: Constructs an object of classmplex .
Postconditionreal() == re &&imag() == im. O
26.1.1.1.20perator+= ({lib.complex.op+=]
template<class T> ad
complex<T>& operator+=(const complex<T>& rhs ); ad
Effects: Adds the complex valugis to the complex valu&his and stores the sum tthis O
Returns: *this U
26.1.1.1.3operator-= (lib.complex.op-=]
template<class T> ad
complex<T>& operator-=(const complex<T>& rhs); ad

Effects: Subtracts the complex valuds from the complex valuéthis and stores the difference il
*this . O



26.1.1.1.30perator-=

Returns: *this
26.1.1.1.4operator*=

template<class T>
complex<T>& operator*=(const complex<T>&

Effects: Multiplies the complex valueghs by the complex valughis

Returns: *this
26.1.1.1.50perator/=

template<class T>
complex<T>& operator/=(const complex<T>&

Effects: Divides the complex valugis into the complex valughis

Returns: *this
26.1.1.2complex operations
26.1.1.2.1operator+
template<class T>

complex<T> operator+(const complex<T>&
Returns: complex<T>( Ihs ).

template<class T>

complex<T> operator+(const complex<T>&
template<class T>

complex<T> operator+(const complex<T>&
template<class T>

DRAFT: 1 February 1995

rhs);

rhs);

Ihs );

Numerics library 26-7

(lib.complex.op*=]

[lib.complex.op/=]

[lib.complex.ops]

and stores the productithis

and stores the quotientithis

(lib.op+.fc.fc]

Ihs , const complex<T>& rhs);

Ihs , const T&

complex<T> operator+(const T& Ihs , const complex<T>&

Returns: complex<T>( lhs )+= rhs .
26.1.1.2.20perator-

template<class T>
complex<T> operator-(const complex<T>&

Returns: complex<T>(- Ihs .real(),- Ihs .imag())

template<class T>

complex<T> operator-(const complex<T>&
template<class T>

complex<T> operator-(const complex<T>&
template<class T>

complex<T> operator-(const T&

Returns: complex<T>( /hs )-= rhs .

26.1.1.2.30perator*

Ihs );

rhs);

rhs);

(lib.op-.fc.fc]

Ihs , const complex<T>& rhs);

Ihs , const T&

Ihs , const complex<T>&

rhs);

rhs);

(lib.op*.fc.fc]

OO Ood OO Ood
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template<class T>

complex<T> operator*(const complex<T>&
template<class T>

complex<T> operator*(const complex<T>&
template<class T>

complex<T> operator*(const T&

Returns: complex<T>( lhs )*= rhs .
26.1.1.2.4operator/

template<class T>

complex<T> operator/(const complex<T>&
template<class T>

complex<T> operator/(const complex<T>&
template<class T>

complex<T> operator/(const T&

Returns: complex<T>( Ilhs )/= rhs.
26.1.1.2.50perator==

template<class T>

bool operator==(const complex<T>&
template<class T>

bool operator==(const complex<T>&
template<class T>

bool operator==(const T&

DRAFT: 1 February 1995

Ihs , const complex<T>&

Ihs , const t7

Ihs , const complex<T>&

Ihs , const complex<T>&

Ihs , const T&

Ihs |, const complex<T>& >rhs);

Ihs , const T&

Ihs , const complex<T>&

Returns: lhs .real() == rhs .real() && Ihs .imag() ==
26.1.1.2.60perator!=
template<class T>

bool operator!=(complex Ihs , complex  rhs);
template<class T>

bool operator!=(complex Ihs , float rhs);
template<class T>

bool operator!=(float Ihs , complex  rhs);
Returns: lhs .real() != rhs .real() || Ihs .imag() !=

26.1.1.2.7operator>>
template<class T>
istream& operator>>(istreamé&
Effects: Evaluates the expression:
is >>ch&&ch=="(

&& is >> re >>ch&&ch=="
&& is >> im >>ch&&ch==");

igg)The imaginary part is assumed to be T(), or 0.0, for the const T& arguments.
)The imaginary part is assumed to be T(), or 0.0, for the const T& arguments.

is , complex<T>&

Ihs |, const complex<T>&

rhs);

rhs);

26.1.1.2.3operator*

rhs);

rhs);

rhs);

rhs);

rhs .imag().

rhs .imag().

rhs);

[(lib.op/.fc.fc]

rhs);
(lib.op==.fc.fc]
158)
(lib.op!=.fc.fc]
159)
lib.ext.fc]

O OooOoood O OooOoood O OooOoood

O OooOoood
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wherech is an object of typehar andre andim are objects of typ#oat

function assignsomplex( re, im) tox.
Returns: is .

26.1.1.2.80operator<<

template<class T>

ostream& operator<<(ostreamé& 0s, complex  Xx);
Returns: 0os <<'(’ << x.real() <<’ << x.imag() <<y’
26.1.1.2.9exp

template<class T>
complex<T> exp(const complex<T>& X);

Returns: the exponential ok.
26.1.1.3imag

template<class T>
T imag(const complex<T>& X);

Returns: x .imag()
26.1.1.41og

template<class T>
complex<T> log(const complex<T>& X);

Returns: the logarithm ofx.
26.1.1.5norm

template<class T>
T norm(const complex<T>& X);

Returns: the squared magnitude »f
26.1.1.6 polar

template<class T>
complex<T> polar(const T& rho , const t& theta );

Returns: the complex value corresponding to a complex number whose magnitudeisand whose

phase angle igeta .
26.1.1.7 pow

template<class T>

complex<T> pow(const complex<T>& X, const complex<T>&

template<class T>

complex<T> pow(const complex<T>& X, const t& )
template<class T>

complex<T> pow(const complex<T>& X, int )
template<class T>

complex<T> pow(const T& X, const complex<T>& )

Numerics library 26-9

[lib.ins.fc]

[lib.complex.exp]

[lib.complex.imag]

[lib.complex.log]

[lib.complex.norm]

[lib.complex.polar]

y);

[lib.complex.pow]

. If the result is nonzero, the

g
g
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Returns: x raised to the power.
26.1.1.8real
template<class T>

T real(const complex<T>& X);

Returns: x .real()
26.1.1.9sin
template<class T>

complex<T> sin(const complex<T>&

Returns: the sine ofix.
26.1.1.10sinh

template<class T>
complex<T> sinh(const complex<T>&

Returns: the hyperbolic sine of.
26.1.1.11sqrt

template<class T>
complex<T> sgrt(const complex<T>&

Returns: the square root of.

26.2 Numeric arrays

Header<valarray>  synopsis
namespace std {
template<class T> class valarray;
class slice;
template<class T> class slice_array;
class gslice;
template<class T> class gslice_array;
template<class T> class mask_array;
template<class T> class indirect_array;

DRAFT: 1 February 1995

26.1.1.7pow

(lib.complex.real]

[lib.complex.sin]

(lib.complex.sinh]

X);

(lib.sqrt]

[lib.numarray]

// An array of type T
// a BLAS-like slice out of an array

// a generalized slice out of an array

// a masked array
// an indirected array

OO OO OO OO

O
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template<class T> const valarray<T> operator* (const valarray<T>&, const T&);
template<class T> const valarray<T> operator* (const T&, const valarray<T>&);
template<class T> const valarray<T> operator/ (const valarray<T>&, const T&);
template<class T> const valarray<T> operator/ (const T&, const valarray<T>&);
template<class T> const valarray<T> operator% (const valarray<T>&, const T&);
template<class T> const valarray<T> operator% (const T&, const valarray<T>&);
template<class T> const valarray<T> operator+ (const valarray<T>&, const T&);
template<class T> const valarray<T> operator+ (const T&, const valarray<T>&);
template<class T> const valarray<T> operator- (const valarray<T>&, const T&);
template<class T> const valarray<T> operator- (const T&, const valarray<T>&);
template<class T> const valarray<T> operator® (const valarray<T>&, const T&);
template<class T> const valarray<T> operator® (const T&, const valarray<T>&);
template<class T> const valarray<T> operator& (const valarray<T>&, const T&);
template<class T> const valarray<T> operator& (const T&, const valarray<T>&);
template<class T> const valarray<T> operator| (const valarray<T>&, const T&);
template<class T> const valarray<T> operator| (const T&, const valarray<T>&);
template<class T> const valarray<T> operator<<(const valarray<T>&, const T&);
template<class T> const valarray<T> operator<<(const T&, const valarray<T>&);
template<class T> const valarray<T> operator>>(const valarray<T>&, const T&);
template<class T> const valarray<T> operator>>(const T&, const valarray<T>&);
template<class T> const valarray<T> operator&&(const valarray<T>&, const T&);
template<class T> const valarray<T> operator&&(const T&, const valarray<T>&);
template<class T> const valarray<T> operator||(const valarray<T>&, const T&);
template<class T> const valarray<T> operator||(const T&, const valarray<T>&);

template<class T> const valarray<T> operator* (const valarray<T>&, const valarray<T>&);
template<class T> const valarray<T> operator/ (const valarray<T>&, const valarray<T>&);
template<class T> const valarray<T> operator% (const valarray<T>&, const valarray<T>&);
template<class T> const valarray<T> operator+ (const valarray<T>&, const valarray<T>&);
template<class T> const valarray<T> operator- (const valarray<T>&, const valarray<T>&);
template<class T> const valarray<T> operator” (const valarray<T>&, const valarray<T>&);
template<class T> const valarray<T> operator| (const valarray<T>&, const valarray<T>&);
template<class T> const valarray<T> operator& (const valarray<T>&, const valarray<T>&);
template<class T> const valarray<T> operator<<(const valarray<T>&, const valarray<T>&);
template<class T> const valarray<T> operator>>(const valarray<T>&, const valarray<T>&);
template<class T> const valarray<T> operator&&(const valarray<T>&, const valarray<T>&);
template<class T> const valarray<T> operator||(const valarray<T>&, const valarray<T>&);

template<class T> const valarray<bool> operator==(const valarray<T>&, const T&);
template<class T> const valarray<bool> operator==(const T&, const valarray<T>&);
template<class T> const valarray<bool> operator==(const valarray<T>&, const valarray<T>&);
template<class T> const valarray<bool> operator!=(const valarray<T>&, const T&);
template<class T> const valarray<bool> operator!=(const T&, const valarray<T>&);
template<class T> const valarray<bool> operator!=(const valarray<T>&, const valarray<T>&);
template<class T> const valarray<bool> operator< (const T&, const valarray<T>&);
template<class T> const valarray<bool> operator< (const T&, const valarray<T>&);
template<class T> const valarray<bool> operator< (const valarray<T>&, const valarray<T>&);
template<class T> const valarray<bool> operator> (const valarray<T>&, const T&);
template<class T> const valarray<bool> operator> (const T&, const valarray<T>&);
template<class T> const valarray<bool> operator> (const valarray<T>&, const valarray<T>&);
template<class T> const valarray<bool> operator<=(const valarray<T>&, const T&);
template<class T> const valarray<bool> operator<=(const T&, const valarray<T>&);
template<class T> const valarray<bool> operator<=(const valarray<T>&, const valarray<T>&);
template<class T> const valarray<bool> operator>=(const valarray<T>&, const T&);
template<class T> const valarray<bool> operator>=(const valarray<T>&, const T&);
template<class T> const valarray<bool> operator>=(const T&, const valarray<T>&);
template<class T> const valarray<bool> operator>=(const valarray<T>&, const valarray<T>&);

2611
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template<class T> const valarray<T> abs (const valarray<T>&);
template<class T> const valarray<T> acos (const valarray<T>&);
template<class T> const valarray<T> asin (const valarray<T>&);
template<class T> const valarray<T> atan (const valarray<T>&);
template<class T> const valarray<T> atan2(const valarray<T>&, const valarray<T>&); O
template<class T> const valarray<T> atan2(const valarray<T>&, const T&);
template<class T> const valarray<T> atan2(const T&, const valarray<T>&);
template<class T> const valarray<T> cos (const valarray<T>&);
template<class T> const valarray<T> cosh (const valarray<T>&);
template<class T> const valarray<T> exp (const valarray<T>&);
template<class T> const valarray<T> log (const valarray<T>&);
template<class T> const valarray<T> log10(const valarray<T>&);
template<class T> const valarray<T> pow (const valarray<T>&, const valarray<T>&); O

oOooo

oooooog

template<class T> const valarray<T> pow (const valarray<T>&, const T&); ad
template<class T> const valarray<T> pow (const T&, const valarray<T>&); O
template<class T> const valarray<T> sin (const valarray<T>&); O
template<class T> const valarray<T> sinh (const valarray<T>&); g
template<class T> const valarray<T> sqrt (const valarray<T>&); g
template<class T> const valarray<T> tan (const valarray<T>&); O
template<class T> const valarray<T> tanh (const valarray<T>&); O
} O
The headexvalarray>  defines five template classesdlarray |, slice_array |, gslice_array , O
mask_array , andindirect_array ), two classes glice ancé?slice ), and a series of related func-
tion signatures for representing and manipulating arrays of es.

Thevalarray array classes are defined to be free of certain forms of aliasing, thus allowing operations
on these classes to be optimized.

These library functions are permitted to throw lzed_alloc  exception if there are not sufficient]
resources available to carry out the operation. Note that the exception is not mandated.

[Box 102 0
0

O
[The descriptions ofalarray = and the associated classes which follow lack any discussion of possible
Cexceptions. O

26.2.1 Template classalarray< 7> [lib.template.valarray]

namespace std {

template<class T> class valarray {

public:
valarray();
valarray(enum Uninitialized, size_t);
valarray(const T&, size_t);
valarray(const T*, size_t);
valarray(const valarray&);
valarray(const slice_array<T>&);
valarray(const gslice_array<T>&);
valarray(const mask_array<T>&);
valarray(const indirect_array<T>&);

~valarray();

OOooooooooooOodg

100) ¢ any of the namesalarray , slice_array , gslice_array , mask_array , indirect_array , slice orgslice O
are introduced into a translation unit by any means other than inclusion <¥aleeray> header file, the resulting behavior is]]
undefined.



26.2.1 Template classalarray< 7> DRAFT: 1 February 1995

valarray& operator=(const valarray&);
valarray& operator=(const slice_array<T>&);
valarray& operator=(const gslice_array<T>&);
valarray& operator=(const mask_array<T>&);
valarray& operator=(const indirect_array<T>&);

size_t length() const;
operator T*();
operator const T*() const;

constT operator[](size_t);

T& operator[J(size_t);

const valarray operator[](slice) const;
slice_array<T> operatorf](slice);

const valarray operator[](const gslice&) const;
gslice_array<T>  operator[](const gslice&);

const valarray operator[](const valarray<bool>&) const;
mask_array<T> operator[](const valarray<bool>&);
const valarray operator[](const valarray<int>&) const;

indirect_array<T> operator[](const valarray<int>&);

const valarray operator+() const;
const valarray operator-() const;
const valarray operator~() const;
const valarray operator!() const;

valarray<T>& operator*= (const T&);
valarray<T>& operator/= (const T&);
valarray<T>& operator%= (const T&);
valarray<T>& operator+= (const T&);
valarray<T>& operator-= (const T&);
valarray<T>& operator*= (const T&);
valarray<T>& operator&= (const T&);
valarray<T>& operator|= (const T&);
valarray<T>& operator<<=(const T&);
valarray<T>& operator>>=(const T&);

valarray<T>& operator*= (const valarray<T>& ab);
valarray<T>& operator/= (const valarray<T>& ab);
valarray<T>& operator%= (const valarray<T>& ab);
valarray<T>& operator+= (const valarray<T>& ab);
valarray<T>& operator-= (const valarray<T>& ab);
valarray<T>& operator*= (const valarray<T>&);
valarray<T>& operator|= (const valarray<T>&);
valarray<T>& operator&= (const valarray<T>&);
valarray<T>& operator<<=(const valarray<T>&);
valarray<T>& operator>>=(const valarray<T>&);

const T sum() const;
void fill(const T&);
const T min() const;
const T max() const;

const valarray<T> shift(int) const;

const valarray<T> apply(T func(T)) const;

const valarray<T> apply(T func(const T&)) const;
void free();
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The template clasgalarray< T> is a one-dimensional smart array, with elements numbered sequentfially
from zero. It is a representation of the mathematical concept of an ordered set of values. The illusion of
higher dimensionality may be produced by the familiar idiom of computed indices, together with the pow-
erful subsetting capabilities provided by the generalized subscript opelrﬁéeors.

An implementation is permitted to qualify any of the functions declaredatarray> asinline . g

A specialization of/alarrag for a typeT has well-defined behavior if and only if the typgesatisfies the [
following requirement%.ﬁ

— Tis not an abstract class (it has no pure virtual member functions);

— Tis not a reference type;

— Tis not cv-qualified;

— If Tis a class, it has a public default constructor;

— If Tis a class, it has a public copy constructor with the signadtuféconst T&)
— If Tis a class, it has a public destructor;

— If Tis a class, it has a public assignment operator whose signature is either O

T& T::operator=(const T&)

or
T& T::operator=(T) O

— If Tis a class, its assignment operator, copy and default constructors, and destructor must correspond to
each other in the following sense: Initialization of raw storage using the default constructor, followed by
assignment, is semantically equivalent to initialization of raw storage using the copy constructor.
Destruction of an object, followed by initialization of its raw storage using the copy constructor, is
semantically equivalent to assignment to the original object. This rule states that there must not be any
subtle differences in the semantics of initialization versus assignment. This gives an implementation
considerable flexibility in how arrays are initialized. For example, an implementation is allowed t@lini-
tialize avalarray by allocating storage using timew operator (which implies a call to the default
constructor for each element) and then assigning each element its value. Or the implementation can
allocate raw storage and use the copy constructor to initialize each element. If the distinction between
initialization and assignment is important for a class, or if it fails to satisfy any of the other conditions
listed above, the programmer should dgearray instead ofvalarray  for that class; g

— If Tis aclass, it does not overload unapgrator& . g

In addition, many member arfdend functions ofvalarray< 7> can be successfully instantiated and
will exhibit well-defined behavior if and only ifT satisfies additional requirements specified for each such
member ofriend function.

For example, it is legitimate to instantiat@array< complex >, but operator will not be successfully [
instantiated fowvalarray< complex > operands, sinceomplex does not have any ordering operators[]

o The intent is to specify an array template that has the minimum functionality necessary to address aliasing ambiguities and the
proliferation of temporaries. Thus, thealarray  template is neither a matrix class nor a field class. However, it is a very uséful
?g%?ing block for designing such classes.

In other wordsyalarray< 7> should only be instantiated for value types. These include built-in arithmetic types, pointer§] the
library classcomplex , and instantiations ofalarray  for value types.
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26.2.1.1valarray  constructors [lib.valarray.cons]

valarray(); O

Effects: Constructs an object of clagalarray< 7>, 163) which has zero length until it is passed into@

library function as a modifiable Ivalue or through a non-congtasit pointer. This default construc-{J

tor is essential, since arrays wdlarray  are likely to prove useful. There must also be a waylio
change the size of an array after initialization; this is supplied by the semantics of the assignment opera-
tor. g

valarray(enum Uninitialized, size _t); O

The array created by this constructor has a length equal to the value of the second argument. The first argu-
ment is not used. The elements of the array are constructed using the default constructor for the instantiat-
ing type T. The extra argument is needed to prevent this constructor from being used by the compiler to
silently convert integers tealarray  objects. O

valarray(const T&, size_t); O

The array created by this constructor has a length equal to the second argument. The elements of the array
are initialized with the value of the first argument. O

valarray(const T*, size_t); O

The array created by this constructor has a length equal to the second amgurfikatvalues of the ele-O0

ments of the array are initialized with the firsvalues pointed to by the first argument. If the value of the
second argument is greater than the number of values pointed to by the first argument, the behavior is unde-
fined. This constructor is the preferred method for converting a C arraxatareay  object. O

valarray(const valarray&); O
The array created by this constructor has the same length as the argument array. The elements are initial-

ized with the values of the corresponding elements of the argument array. This copy constructor creates a
distinct array rather than an alias. Implementations in which arrays share storage are permitted, but they

must implement a copy-on-reference mechanism to ensure that arrays are conceptually distinct. O
valarray(const slice_array<T>&); g
valarray(const gslice_array<T>&); g
valarray(const mask_array<T>&); g
valarray(const indirect_array<T>&); g
These conversion constructors convert one of the four reference templavetatossy g
26.2.1.2valarray  destructor [lib.valarray.des]

~valarray(); O

103 For convenience, such objects are referred to as “arrays” throughout the remainder of subclause 26.2.
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26.2.1.3valarray  assignment [lib.valarray.op=]
valarray& operator=(const valarray&); O

The assignment operator modifies the length ofthis  array to be equal to that of the argument array.
Each element of ththis array is then assigned the value of the corresponding element of the argument
array. Assignment is the usual way to change the length of an array after initialization. Assignment results
in a distinct array rather than an alias. O

valarray& operator=(const slice_array<T>&);
valarray& operator=(const gslice_array<T>&);
valarray& operator=(const mask_array<T>&);
valarray& operator=(const indirect_array<T>&);

Iy |

These operators allow the results of a generalized subscripting operation to be assigned direcfly to a

valarray . O
26.2.1.4valarray length access (lib.valarray.length]

size_t length() const; O
This function returns the number of elements inttie array. O
26.2.1.5valarray  pointer conversion [lib.valarray.ptr]

operator T*(); O
operator const T*() const; O

A non-constant array may be converted to a pointer to the instantiating type. A constant array may be con-

verted to a pointer to the instantiating type, qualifieddyst . O
It is guaranteed that O
&a[0] == (T*)a O
for any non-constantalarray<T>a . The pointer returned for a non-constant array (whether or nat it
points to a type qualified bgonst ) is valid for the same duration as a reference returned Isizhet

subscript operator. The pointer returned for a constant array is valid for the lifetime of the rray.

26.2.1.6valarray element access [lib.valarray.access]
const T operator[](size_t) const; O
T& operator[](size_t); O

When applied to a constant array, the subscript operator returns the value of the corresponding elément of
the array. When applied to a non-constant array, the subscript operator returns a reference to the corre-
sponding element of the array.

Thus, the expression O
(@il =q, al]) ==q O
evaluates as true for any non-constalarray<T>a , anyT q, and for anysize_t i such that the O

19%)This form of access is essential for reusability and cross-language programming.
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value ofi is less than the length af

The expression O
&ali+j] == &ali] + ] O
evaluates as true for adize_t i andsize_t j such thati+j is less than the length of the nont
constant arrag.

Likewise, the expression O
&ali] I= &b[j] O
evaluates as true for any two non-constant areagadb and for anysize t i andsize tj such 0O

thati is less than the length afand]j is less than the length bf This property indicates an absence of
aliasing and may be used to advantage by optimizing compilers.

The reference returned by the subscript operator for a non-constant array is guaranteed to be valid until the
array to whose data it refers is passed into any library function as a modifiable Ivalue or through a non-
constthis pointer. O

Computed assigns [such ealarray& operator+=(const valarray&) ] do not by themselves[
invalidate references to array data. If the subscript operator is invoked wiith @ argument whose [
value is not less than the length of the array, the behavior is undefined.

26.2.1.7valarray  subset operations [lib.valarray.sub]

const valarray operator[](slice) const;

slice_array<T> operator[](slice);

const valarray operator[](const gslice&) const;
gslice_array<T>  operator[J(const gslice&);

const valarray operator[](const valarray<bool>&) const;
mask_array<T> operator[](const valarray<bool>&);
const valarray operator[](const valarray<int>&) const;
indirect_array<T> operator[](const valarray<int>&);

OooDOooogooo

Each of these operations returns a subset othike array. Theconst- qualified versions return this(
subset as a newalarray . The non-<const versions return a class template object which has reference
semantics to the original array.

26.2.1.8valarray  unary operators [lib.valarray.unary]

const valarray operator+() const;
const valarray operator-() const;
const valarray operator~() const;
const valarray operator!() const;

Iy |

Each of these operators may only be instantiated for aftypevhich the indicated operator can be appliéd
and for which the indicated operator returns a value which is of typper&hich may be unambiguously
converted to typ§.

Each of these operators returns an array whose length is equal to the lengtthisf tregray. Each ele- O
ment of the returned array is initialized with the result of applying the indicated operator to the correspond-
ing element of théhis  array. g

10%) Compilers may take advantage of inlining, constant propagation, loop fusion, tracking of pointers obtaingpkefetor O
new, and other technigues to generate efficietiarray — s.
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26.2.1.9valarray  binary operators with scalars [lib.valarray.binary.scal]

O

const valarray operator* (const valarray&, const T&);
const valarray operator/ (const valarray&, const T&);
const valarray operator% (const valarray&, const T&);
const valarray operator+ (const valarray&, const T&);
const valarray operator- (const valarray&, const T&);
const valarray operator” (const valarray&, const T&);
const valarray operator& (const valarray&, const T&);
const valarray operator| (const valarray&, const T&);
const valarray operator<<(const valarray&, const T&);
const valarray operator>>(const valarray&, const T&);
const valarray operator&&(const valarray&, const T&);
const valarray operator||(const valarray&, const T&);

OooOoooOoooooagano

const valarray operator* (const T&, const valarray&);
const valarray operator/ (const T&, const valarray&);
const valarray operator% (const T&, const valarray&);
const valarray operator+ (const T&, const valarray&);
const valarray operator- (const T&, const valarray&);
const valarray operator” (const T&, const valarray&);
const valarray operator& (const T&, const valarray&);
const valarray operator| (const T&, const valarray&);
const valarray operator<<(const T&, const valarray&);
const valarray operator>>(const T&, const valarray&);
const valarray operator&&(const T&, const valarray&);
const valarray operator||(const T&, const valarray&);

OooOoooOoooooagano

Each of these operators may only be instantiated for aftypevhich the indicated operator can be appliéd
and for which the indicated operator returns a value which is offigpevhich can be unambiguously con-
verted to typer.

Each of these operators returns an array whose length is equal to the length of the array argument. Each
element of the returned array is initialized with the result of applying the indicated operator to the corre-
sponding element of the array argument and the scalar argument.

26.2.1.10valarray = computed assigns with scalars [lib.valarray.cassign.scal]

valarray& operator*= (const T&);
valarray& operator/= (const T&);
valarray& operator%= (const T&);
valarray& operator+= (const T&);
valarray& operator-= (const T&);
valarray& operator®= (const T&);
valarray& operator&= (const T&);
valarray& operator|= (const T&);
valarray& operator<<=(const T&);
valarray& operator>>=(const T&);

OoOOoooooooo

Each of these operators may only be instantiated for a Tyfe which the indicated operator can bg
applied.
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valarray  computed assigns with scalars

Each of these operators applies the indicated operation to each elementhaf tharray and the scalard
argument.

Thethis array is then returned by reference. O
The appearance of an array on the left hand side of a computed assignmerit doeslidate references

or pointers to the elements of the array.

26.2.1.11valarray  binary operations with other arrays [lib.valarray.bin.array]

O

const valarray operator* (const valarray&, const valarray&);
const valarray operator/ (const valarray&, const valarray&);
const valarray operator% (const valarray&, const valarray&);
const valarray operator+ (const valarray&, const valarray&);
const valarray operator- (const valarray&, const valarray&);
const valarray operator” (const valarray&, const valarray&);
const valarray operator& (const valarray&, const valarray&);
const valarray operator| (const valarray&, const valarray&);
const valarray operator<<(const valarray&, const valarray&);
const valarray operator>>(const valarray&, const valarray&);
const valarray operator&&(const valarray&, const valarray&);
const valarray operator||(const valarray&, const valarray&);

OooOoooOoooooagano

Each of these operators may only be instantiated for aftypevhich the indicated operator can be appliéd
and for which the indicated operator returns a value which is offigpevhich can be unambiguously con-
verted to typer.

Each of these operators returns an array whose length is equal to the lengths of the argument arrays. Each
element of the returned array is initialized with the result of applying the indicated operator to the corre-
sponding elements of the argument arrays.

If the argument arrays do not have the same length, the behavior is undefined.
26.2.1.12valarray = computed assignments with other arrays [lib.valarray.assign.array]

valarray& operator*= (const valarray&);
valarray& operator/= (const valarray&);
valarray& operator%= (const valarray&);
valarray& operator+= (const valarray&);
valarray& operator-= (const valarray&);
valarray& operator®= (const valarray&);
valarray& operator&= (const valarray&);
valarray& operator|= (const valarray&);
valarray& operator<<=(const valarray&);
valarray& operator>>=(const valarray&);

OoOOoooooooo

Each of these operators may only be instantiated for a Tyfe which the indicated operator can bg
applied. Each of these operators performs the indicated operation on each of its elements and the corre-
sponding element of the argument array.

Thethis array is then returned by reference. O

If the this array and the argument array do not have the same length, the behavior is undefinedl The
appearance of an array on the left hand side of a computed assignmenvdaoegalidate references or
pointers.
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26.2.1.13valarray = comparison operators with scalars [lib.valarray.comp.scal]

O

const valarray<bool> operator==(const valarray&, const T&);
const valarray<bool> operator!=(const valarray&, const T&);
const valarray<bool> operator< (const valarray&, const T&);
const valarray<bool> operator> (const valarray&, const T&);
const valarray<bool> operator<=(const valarray&, const T&);
const valarray<bool> operator>=(const valarray&, const T&);
const valarray<bool> operator==(const T&, const valarray&);
const valarray<bool> operator!=(const T&, const valarray&);
const valarray<bool> operator< (const T&, const valarray&);
const valarray<bool> operator> (const T&, const valarray&);
const valarray<bool> operator<=(const T&, const valarray&);
const valarray<bool> operator>=(const T&, const valarray&);

OooOoooOoooooagano

Each of these operators may only be instantiated for aftypevhich the indicated operator can be appliéd
and for which the indicated operator returns a value which is oftlgpe or which can be unambiguously
converted to typ®ool .

Each of these operators return®@o/ array whose length is equal to the length of the array argument.
Each element of the returned array is initialized with the result of applying the indicated operator to tfé cor-
responding element of thkis array and the scalar argument.

26.2.1.14valarray  comparison operators with other arrays [lib.valarray.comp.array]

const valarray<bool> operator==(const valarray&, const valarray&);
const valarray<bool> operator!=(const valarray&, const valarray&);
const valarray<bool> operator< (const valarray&, const valarray&);
const valarray<bool> operator> (const valarray&, const valarray&);
const valarray<bool> operator<=(const valarray&, const valarray&);
const valarray<bool> operator>=(const valarray&, const valarray&);

Ooooood

Each of these operators may only be instantiated for aftypevhich the indicated operator can be appliéd
and for which the indicated operator returns a value which is oftlgpe or which can be unambiguously
converted to typ®ool .

Each of these operators returngao/ array whose length is equal to the length of the array arguments.
Each element of the returned array is initialized with the result of applying the indicated operator to the cor-
responding elements of the argument arrays.

If the two array arguments do not have the same length, the behavior is undefined.
26.2.1.15valarray = sum function [lib.valarray.sum]

const T sum() const; O

This function may only be instantiated for a typ& whichoperator+=  can be applied. This functiond
returns the sum of all the elements of the array.

If the array has length 0, the behavior is undefined. If the array has lersgytin teturns the value of ele-[0
ment 0. Otherwise, the returned value is calculated by appbypietator+=  to a copy of an element of(]
the array and all other elements of the array in an unspecified order.
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26.2.1.16valarray fill function [lib.valarray.fill]

void fill(const T&); O

This function assigns the value of the argument to all the elements thfighearray. The length of thed
array is not changed, nor are any pointers or references to the elements of the array invalidated.

26.2.1.17valarray  transcendentals [lib.valarray.transcend]

const valarray abs (const valarray&);

const valarray acos (const valarray&);

const valarray asin (const valarray&);

const valarray atan (const valarray&);

const valarray atan2(const valarray&, const valarray&);
const valarray atan2(const valarray&, const T&);

const valarray atan2(const T&, const valarray&);

const valarray cos (const valarray&);

const valarray cosh (const valarray&);

const valarray exp (const valarray&);

const valarray log (const valarray&);

const valarray log10(const valarray&);

const valarray pow (const valarray&, const valarray&);
const valarray pow (const valarray&, const T&);
const valarray pow (const T&, const valarray&);
const valarray sin (const valarray&);

const valarray sinh (const valarray&);

const valarray sqrt (const valarray&);

const valarray tan (const valarray&);

const valarray tanh (const valarray&);

e

Each of these functions may only be instantiated for a Tyjgewhich a unique function with the indicated]
name can be applied. This function must return a value which is offtgpghich can be unambiguously
converted to typ§.

26.2.1.18valarray = min and max functions [lib.valarray.minmax]
const T min(const valarray&); O
const T max(const valarray&); O

These functions may only be instantiated for a typ® which operator> andoperator< may be O
applied and for whicloperator> andoperator< return a value which is of typleoo/ or which can O
be unambiguously converted to tybeo/ .

These functions return the minimum or maximum value found in the argument array.

The value returned for an array of length 0 is undefined. For an array of length 1, the value of element 0 is
returned. For all other array lengths, the determination is made afséngtor> andoperator< ,ina [O
manner analogous to the applicatioropérator+=  for thesum function.

26.2.1.19valarray shift function [lib.valarray.shift]

const valarray shift(int) const; O

This function returns an array whose length is identical tdhise array, but whose element values afé
shifted the number of places indicated by the argument.
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For example, if the argument has the value 2, the first two elements of the result will be constructed using
the default constructor; the third element of the result will be assigned the value of the first element of the
argument; etc.

%ox 103 B
[Bhould a cshift (circular shift) function also be defined? This is a common operation in Fortran.

26.2.1.20valarray = mapping functions [lib.valarray.map]
const valarray apply(T func(T)) const; O
const valarray apply(T func(const T&)) const; O

These functions return an array whose length is equal tthihe array. Each element of the returned
array is assigned the value returned by applying the argument function to the corresponding elemeit of the
this array.

26.2.1.21valarray free function [lib.valarray.free]
void free(); O
This function sets the length of an array to 78R, O

26.2.2 Classlice [lib.class.slice]

namespace std {
class slice {
public:
slice();
slice(int, int, int);

int start() const;
int length() const;
int stride() const;

kh

oooooooooOooo

}

Theslice class r(z%resents a BLAS-like slice from an array. Such a slice is specified by a starting ihdex,
a length, and a stri

26.2.2.1slice constructors [lib.cons.slice]

slice(); ad
slice(int start, int length, int stride); ad
slice(const slice&); ad

The default constructor fadlice creates alice  which specifies no elements. A default constructorlis
provided only to permit the declaration of arrays of slices. The constructor with arguments for a slice takes
a start, length, and stride parameter.

For example, 0

ig;’)An implementation may reclaim the storage used by the array when this function is called.
)C++ programs may instantiate this class.
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slice(3, 8, 2)

constructs a slice which selects elements 3, 5, 7, ... 17 from an array.
26.2.2.2slice  access functions

int start() const;
int length() const;
int stride() const;

These functions return the start, length, or stride specifiecksligea object.

26.2.3 Template classlice_array

namespace std {

template <class T> class slice_array {

public:
void operator=(const valarray<T>&) const;
void operator*= (const valarray<T>&) const;
void operator/= (const valarray<T>&) const;
void operator%= (const valarray<T>&) const;
void operator+= (const valarray<T>&) const;
void operator-= (const valarray<T>&) const;
void operator’= (const valarray<T>&) const;
void operator&= (const valarray<T>&) const;
void operator|= (const valarray<T>&) const;
void operator<<=(const valarray<T>&) const;
void operator>>=(const valarray<T>&) const;

void fill(const T&);

private:
slice_array();
slice_array(const slice_array&);
slice_array& operator=(const slice_array&);
I remainder implementation defined

I3

}
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(lib.slice.access]

[lib.template.slice.array]

Theslice_array template is a helper template used bydiee  subscript operator

slice_array<T> valarray<T>::operatorf[](slice);
It has reference semantics to a subset of an array specifiesliby a object.

For example, the expression

a[slice(1, 5, 3)] = b;

OoOo

OOooooooooooooo

OoOoooo

OO

O

has the effect of assigning the elementd &b a slice of the elements &n For the slice shown, the ele-

ments selected from be 1, 4, ..., 13.

O

Note that programmers may not instantisiee_array , since all its constructors are private. It i§

intended purely as a helper class and should be transparent to the user.
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26.2.3.1slice_array constructors [lib.cons.slice.arr]
slice_array(); O
slice_array(const slice_array&); O

Note that theslice_array template has no public constructors. These constructors are declaredio be
private. These constructors need not be defined.

26.2.3.2slice_array assignment [lib.slice.arr.assign]
void operator=(const valarray<T>&) const; g
slice_array& operator=(const slice_array&); O

The second of these two assignment operators is declared private and need not be defined. The firsilhas ref-
erence semantics, assigning the values of the argument array elements to selected element8l of the
valarray<T>  object to which thelice_array object refers.

26.2.3.3slice_array computed assignment [lib.slice.arr.comp.assign]

void operator*= (const valarray<T>&) const;
void operator/= (const valarray<T>&) const;
void operator%= (const valarray<T>&) const;
void operator+= (const valarray<T>&) const;
void operator-= (const valarray<T>&) const;
void operator*= (const valarray<T>&) const;
void operator&= (const valarray<T>&) const;
void operator|= (const valarray<T>&) const;
void operator<<=(const valarray<T>&) const;
void operator>>=(const valarray<T>&) const;

OoOOoooooooo

These computed assignments have reference semantics, applying the indicated operation to the eldments of
the argument array and selected elements ofvéi@ray<T>  object to which theslice_array O
object refers.

26.2.3.4slice_array fill function [lib.slice.arr fill]
void fill(const T&); O

This function has reference semantics, assigning the value of its argument to the elements[bf the
valarray<T>  object to which thelice_array object refers.

26.2.4 Thegslice class [lib.class.gslice]

namespace std {
class gslice {
public:
gslice();
gslice(int s, const valarray<int>& |, const valarray<int>& d);

int start() const;
valarray<int> length() const;
valarray<int> stride() const;

oooooooooOooo
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This class represents a generalized slice out of an arrgglick is defined by a starting offset), a set O
of lengths (j), and a set of strideslj(). The number of lengths must equal the number of strides.

A gslice represents a mapping from a set of indigeg,(equal in number to the number of strides, tofa
single indexk. It is useful for building multidimensional array classes usingvillarray  template, O
which is one-dimensional. The set of one-dimensional index values specifigtligea are O

k =s +sum13j(i j dj) O

where the multidimensional indicéjs range in value from O tbl.j -1.

O

For example, thgslice  specification

start =3
length = {2, 4, 3}
stride = {19, 4, 1}

O Oood

yields the sequence of one-dimensional indices

k=3+(0,1)x19=(0,1,2,3) x4+ (0,1,2) x 1

O

which are ordered as shown in the following table:

(/0,/ ol z'k )=

NNRP B R PR PO
WNNOUOWNRTT
LiZagelE
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AN AN A A AN AN AN A A

ODOooooooooooooooo

ki, 3,2, 36)
That is, the highest-ordered index turns fastest.
It is possible to have degenerate generalized slices in which an address is repeated.
For example, if the stride parameters in the previous example are changed to {1, 1, 1}, the first few ele-
ments of the resulting sequence of indices will be

0,0,0,3),
0,0,1,4),
0,0,2,5),

, ),
o, ),
© )

1,0,4
1,1,5
,1,2,6

) 1

oooooog

O

If a degenerate slice is used as the argument to the comst version of operator[](const
gslice&) , the resulting behavior is undefined.
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26.2.4.1 gslice constructors [lib.gslice.cons]

gslice(); O
gslice(int start, const valarray<int>& lengths, const valarray<int>& strides); g
gslice(const gslice&); O

The default constructor creategslice  which specifies no elements. The constructor with arguments
builds agslice  based on a specification of start, lengths, and strides, as explained in the previous sEction.

26.2.4.2gslice  access functions [(lib.gslice.access]

int start() const;
valarray<int> length() const;
valarray<int> stride() const;

These access functions return the representation of the start, lengths, or strides specifigdlice the

26.2.5 Template clasgslice_array [lib.template.gslice.array]

namespace std {

template <class T> class gslice_array {

public:
void operator=(const valarray<T>&) const;
void operator*= (const valarray<T>&) const;
void operator/= (const valarray<T>&) const;
void operator%= (const valarray<T>&) const;
void operator+= (const valarray<T>&) const;
void operator-= (const valarray<T>&) const;
void operator’= (const valarray<T>&) const;
void operator&= (const valarray<T>&) const;
void operator|= (const valarray<T>&) const;
void operator<<=(const valarray<T>&) const;
void operator>>=(const valarray<T>&) const;

OOooooooooooooo

void fill(const T&);
private:
gslice_array();
gslice_array(const gslice_array&);
gslice_array& operator=(const gslice_array&);
/I remainder implementation defined
I3
}

OoOoooo

OO

O

This template is a helper template used bystite  subscript operator

gslice_array<T> valarray<T>:.operator[](const gslice&);
It has reference semantics to a subset of an array specifiegsbgea object.

Thus, the expression

a[gslice(1, length, stride)] = b ad
has the effect of assigning the elements tf a generalized slice of the elementa.in

Note that programmers may not instantigdice_array , since all its constructors are private. It ig
intended purely as a helper class and should be transparent to the user.
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26.2.5.1gslice_array constructors [lib.gslice.array.cons]
gslice_array(); O
gslice_array(const gslice_array&); O

Thegslice_array template has no public constructors. It declares the above constructors to be private.
These constructors need not be defined.

26.2.5.2gslice_array assignment [lib.gslice.array.assign]
void operator=(const valarray<T>&) const; g
gslice_array& operator=(const gslice_array&); O

The second of these two assignment operators is declared private and need not be defined. The firsilhas ref-
erence semantics, assigning the values of the argument array elements to selected element8l of the
valarray<T>  object to which thegslice_array refers.

26.2.5.3gslice_array computed assignment [lib.gslice.array.comp.assign]

void operator*= (const valarray<T>&) const;
void operator/= (const valarray<T>&) const;
void operator%= (const valarray<T>&) const;
void operator+= (const valarray<T>&) const;
void operator-= (const valarray<T>&) const;
void operator*= (const valarray<T>&) const;
void operator&= (const valarray<T>&) const;
void operator|= (const valarray<T>&) const;
void operator<<=(const valarray<T>&) const;
void operator>>=(const valarray<T>&) const;

OoOOoooooooo

These computed assignments have reference semantics, applying the indicated operation to the eldments of
the argument array and selected elements ovaéterray<T>  object to which thegslice_array g

object refers.

26.2.5.4gslice_array fill function [lib.gslice.array.fill]

void fill(const T&); O

This function has reference semantics, assigning the value of its argument to the elements[bf the
valarray<T>  object to which thegslice_array object refers.

26.2.6 Template clasmask_array [lib.template.mask.array]
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namespace std {

template <class T> class mask_array {

public:
void operator=(const valarray<T>&) const;
void operator*= (const valarray<T>&) const;
void operator/= (const valarray<T>&) const;
void operator%= (const valarray<T>&) const;
void operator+= (const valarray<T>&) const;
void operator-= (const valarray<T>&) const;
void operator’= (const valarray<T>&) const;
void operator&= (const valarray<T>&) const;
void operator|= (const valarray<T>&) const;
void operator<<=(const valarray<T>&) const;
void operator>>=(const valarray<T>&) const;

OOooooooooooooo

void fill(const T&);
private:
mask_array();
mask_array(const mask_array&);
mask_array& operator=(const mask_array&);
/I remainder implementation defined
I3
}

OoOoooo

OO

This template is a helper template used by the mask subscript operator

O

mask_array<T> valarray<T>:.operator[](const valarray<bool>&); ad

It has reference semantics to a subset of an array specified by a boolean mask. Thus, the expression

a[mask] = b; ad

has the effect of assigning the elementb td the masked elements an(those for which the correspondt]
ing element irmask is true .

Note that €+ programs may not declare instancesnask array , since all its constructors are private.l
It is intended purely as a helper class, and should be transparent to the user.

26.2.6.1mask_array constructors [lib.mask.array.cons]
mask_array(); ad
mask_array(const mask_array&); ad

The mask_array template has no public constructors. It declares the above constructors to be private.
These constructors need not be defined.

26.2.6.2mask_array assignment [lib.mask.array.assign]
void operator=(const valarray<T>&) const; ad
mask_array& operator=(const mask_array&); ad

The second of these two assignment operators is declared private and need not be defined. The firsilhas ref-
erence semantics, assigning the values of the argument array elements to selected elementsl of the
valarray<T>  object to which it refers.
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mask_array computed assignment

26.2.6.3mask_array computed assignment [lib.mask.array.comp.assign]

O

void operator*= (const valarray<T>&) const;
void operator/= (const valarray<T>&) const;
void operator%= (const valarray<T>&) const;
void operator+= (const valarray<T>&) const;
void operator-= (const valarray<T>&) const;
void operator*= (const valarray<T>&) const;
void operator&= (const valarray<T>&) const;
void operator|= (const valarray<T>&) const;
void operator<<=(const valarray<T>&) const;
void operator>>=(const valarray<T>&) const;

OoOOoooooooo

These computed assignments have reference semantics, applying the indicated operation to the eldments of
the argument array and selected elements ofdlagray<T>  object to which the mask object refers. [

26.2.6.4mask_array fill function [lib.mask.array.fill]

void fill(const T&); O

This function has reference semantics, assigning the value of its argument to the elements[of the
valarray<T>  object to which thenask_array object refers.

26.2.7 Template clastdirect_array [lib.template.indirect.array]

namespace std {

template <class T> class indirect_array {

public:
void operator=(const valarray<T>&) const;
void operator*= (const valarray<T>&) const;
void operator/= (const valarray<T>&) const;
void operator%= (const valarray<T>&) const;
void operator+= (const valarray<T>&) const;
void operator-= (const valarray<T>&) const;
void operator®= (const valarray<T>&) const;
void operator&= (const valarray<T>&) const;
void operator|= (const valarray<T>&) const;
void operator<<=(const valarray<T>&) const;
void operator>>=(const valarray<T>&) const;

OOooooooooooooo

void fill(const T&);
private:
indirect_array();
indirect_array(const indirect_array&);
indirect_array& operator=(const indirect_array&);
/I remainder implementation defined
I3
}

OoOoooo

OO

O

This template is a helper template used by the indirect subscript operator

indirect_array<T> valarray<T>::operator[](const valarray<int>&); ad
It has reference semantics to a subset of an array specifiedriirant_array . Thus the expression[]
alindirect] = b; ad

has the effect of assigning the elements tf the elements ia whose indices appear iimdirect
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Note that @ programs may not declare instancesdifrect_array , since all its constructors are prit]
vate. Itis intended purely as a helper class, and should be transparent to the user.

26.2.7.1indirect_array constructors [lib.indirect.array.cons]

O
indirect_array(); O
indirect_array(const indirect_array&); O
The indirect_array template has no public constructors. The constructors listed above are private.
These constructors need not be defined.
26.2.7.2indirect_array assignment [lib.indirect.array.assign]
void operator=(const valarray<T>&) const; g
indirect_array& operator=(const indirect_array&); O

The second of these two assignment operators is declared private and need not be defined. The firsilhas ref-
erence semantics, assigning the values of the argument array elements to selected element8l of the
valarray<T>  object to which it refers.

If the indirect_array specifies an element in tivalarray<T>  object to which it refers more tharC]
once, the behavior is undefined.

O

For example,

int addr ={2, 3, 1, 4, 4};
valarray<int> indirect(addr, 5);
valarray<double> a(0., 10), b(1., 5);
array[indirect] = b;

Iy |

results in undefined behavior since element 4 is specified twice in the indirection.
26.2.7.3indirect_array computed assignment [lib.indirect.array.comp.assign]

void operator*= (const valarray<T>&) const;
void operator/= (const valarray<T>&) const;
void operator%= (const valarray<T>&) const;
void operator+= (const valarray<T>&) const;
void operator-= (const valarray<T>&) const;
void operator*= (const valarray<T>&) const;
void operator&= (const valarray<T>&) const;
void operator|= (const valarray<T>&) const;
void operator<<=(const valarray<T>&) const;
void operator>>=(const valarray<T>&) const;

OoOOoooooooo

These computed assignments have reference semantics, applying the indicated operation to the eldments of
the argument array and selected elements ofdleray<T>  object to which théndirect_array g
object refers.

If the indirect_array specifies an element in tivalarray<T>  object to which it refers more tharC]
once, the behavior is undefined.
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26.2.7.4indirect_array fill function [lib.indirect.array.fill]
void fill(const T&); O
This function has reference semantics, assigning the value of its argument to the elements[of the
valarray<T>  object to which théndirect_array object refers.
26.3 Generalized numeric operations [lib.numeric.ops]
Header<numeric> synopsis g
namspace std { ad

template <class Inputlterator, class T> O

T accumulate(Inputlterator first, Inputlterator last, T init);
template <class Inputlterator, class T, class BinaryOperation> O

T accumulate(Inputlterator first, Inputlterator last, T init,
BinaryOperation binary_op);
template <class Inputlteratorl, class Inputlterator2, class T>
T inner_product(Inputiteratorl firstl, Inputlteratorl last1,
Inputlterator? first2, T init);
template <class Inputlteratorl, class Inputlterator2, class T,
class BinaryOperationl, class BinaryOperation2>
T inner_product(Inputiteratorl firstl, Inputlteratorl last1,
Inputlterator? first2, T init,
BinaryOperationl binary_op1, BinaryOperation2 binary_op2);
template <class Inputlterator, class Outputlterator>
Outputlterator partial_sum(Inputlterator first, Inputlterator last,
Outputlterator result);
template <class Inputlterator, class Outputlterator, class BinaryOperation>
Outputlterator partial_sum(Inputlterator first, Inputlterator last,
Outputlterator result, BinaryOperation binary_op);
template <class Inputlterator, class Outputlterator>
Outputlterator adjacent_difference(Inputlterator first, Inputlterator last,
Outputlterator result);
template <class Inputlterator, class Outputlterator, class BinaryOperation>
Outputlterator adjacent_difference(Inputlterator first, Inputlterator last,
Outputlterator result, BinaryOperation binary_op);

Oooooooooooooooooog

-
O

26.3.1 Accumulate [lib.accumulate]

template <class Inputlterator, class T>
T accumulate(Inputlterator first, Inputlterator last, T init);
template <class Inputlterator, class T, class BinaryOperation>
T accumulate(Inputlterator first, Inputlterator last, T init,
BinaryOperation binary_op);

Effects: Initializes the accumulatcgicc with the initial valueinit — and then modifies it witlacc =
acc +*i _oracc = binary_op(acc, *i) for every iteratoi in the rangdfirst, last)
in order.168)binary_op is assumed not to cause side effects.

OO0 oooogoo

108)accumulate s similar to the APL reduction operator and Common Lisp reduce function, but it avoids the difficulty of defining
the result of reduction on an empty sequence by always requiring an initial value.



26-32 Numerics library DRAFT: 1 February 1995 26.3.2 Inner product

26.3.2 Inner product [lib.inner.product]

template <class Inputlteratorl, class Inputlterator2, class T>
T inner_product(Inputlteratorl firstl, Inputlteratorl last1,
Inputlterator2 first2, T init);
template <class Inputlteratorl, class Inputlterator2, class T,
class BinaryOperationl, class BinaryOperation2>
T inner_product(Inputlteratorl firstl, Inputlteratorl last1,
Inputlterator?2 first2, T init,
BinaryOperationl binary_op1, BinaryOperation2 binary_op?2);

Effects: Computes its result by initializing the accumulagoc with the initial valuenit  and then mod-
ifying it with

acc = acc + (*i1) * (*i2)

or

acc = binary_opl(acc, binary_op2(*i1, *i2))

for every iteratorl in the rangdfirst, last) and iteratoii2 in the rangdfirst2, first2
+ (last - first)) in order.
Requires: binary_opl andbinary_op2 shall not cause side effects.

26.3.3 Partial sum [lib.partial.sum]

template <class Inputlterator, class Outputlterator>
Outputlterator partial_sum(Inputlterator first, Inputlterator last,
Outputlterator result);
template <class Inputlterator, class Outputlterator, class BinaryOperation>
Outputlterator partial_sum(Inputlterator first, Inputlterator last,
Outputlterator result, BinaryOperation binary_op);

Effects: Assigns to every iteratar in the rangdresult, result + (last - first)) a value
correspondingly equal to

((...(*first + *(first + 1)) + ...) + *(first + (i - result)))

or

binary_op(binary_op(..., binary_op(*first, *(first + 1)),...), *(first + (i - result)

Returns: result + (last - first) .

Complexity: Exactly(last - first) - 1 applications obinary_op
Requires: binary_op is expected not to have any side effects.
Notes: result  may be equal térst

26.3.4 Adjacent difference [lib.adjacent.difference]

template <class Inputlterator, class Outputlterator>
Outputlterator adjacent_difference(Inputliterator first, Inputlterator last,
Outputlterator result);
template <class Inputlterator, class Outputlterator, class BinaryOperation>
Outputlterator adjacent_difference(Inputliterator first, Inputlterator last,
Outputlterator result, BinaryOperation binary_op);

Iy

OO

OO

OoOo

OooOo
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Effects: Assigns to every element referred to by iteratan the rangdresult + 1, result +
(last - first)) a value correspondingly equal to

*(first + (i - result)) - *(first + (i - result) - 1)

or

binary_op(*(first + (i - result)), *(first + (i - result) - 1))
result gets the value offirst
Requires: binary_op shall not have any side effects.
Notes: result  may be equal térst
Returns: result + (last - first) .
Complexity: Exactly(last - first) - 1 applications obinary_op
26.4 C Library [lib.c.math]
Headersxcmath> and<cstdlib>  (abs() ,div() ,rand() ,srand() ).
Table 62—Header <cmath> synopsis
U Type Name(s) S
Macro:  HUGE_VAL O
[Functions: O
Lhcos cell fabs ldexp pow U
sin cos floor log sin B
rftan cosh fmod logl0 sinh 0
[ptan2 exp frexp  modf sqrt 0

Table 62—Header<cstdlib>  synopsis

U Type Name(s) g
Macros:  RAND_MAX 0
rypes: div_t Idiv_t ad
unctions: U

O

rfbs labs srand 0
[div Idiv rand 0

The contents are the same as the Standard C library.

SEE ALSO ISO C subclauses 7.5, 7.10.2, 7.10.6.

O

Ooooo O






27 Input/output library [lib.input.output]

This clause describes components thatEograms may use to perform input/output operations.

The following subclauses describe requirements for stream parameters, and components for forward decla-
rations of iostreams, predefined iostreams objects, base iostreams classes, stream buffering, strearl format-
ting and manipulators, string streams, and file streams, as summarized in Table 63: a

Table 63—Input/output library summary

U Subclause Header(s) 5
—27.1 Requirements 0
[R7.2 Forward declarations <iosfwd> O O
#7.3 Standard iostream objects  <iostream> g O
E27.4 lostreams base classes <ios> 0O O
[p7.5 Stream buffers <streambuf> g 0
E <istream> 0 0
[R7.6 Formatting and manipulators <ostream> 0 a
O <iomanip> O O
U . <sstream> U O
%27.7 String streams <cstdlib> H g
a <cstream> 0 a
O O
[R7.8 File streams <fstre.am> 0 .
0 <cstdio> 0 O
0 <cwchar> 0 O
27.1 lostreams requirements lib.iostreams.requirements
q q
27.1.1 Definitions [(lib.iostreams.definitions]

Additional definitions:

— character In this clause, the term “character” means the generalized element of text data. Eadh text
data consist of a sequence of character. So the term does not only medas thgpe object, and the [
wchar_t type object, but also any sort of classes which provides the definitions specified in (21.1.1.1).

— character container typeCharacter container type is a class or a type which represeidsagter It [
is used for one of the template parameter of the template iostream classes.

— template iostream classe$he template iostream classes are the template classes which takes twaltem-

plate parametergharT andtraits . The classcharT , represents the character container class and
the class, traits, represents the traits structure which provides the definition of the functionality neces-
sary to implement the template iostream classes. O

— narrow-oriented iostream classesThe narrow-oriented iostream classes are the versions of the fém-
plate iostream classes specialized with the character containerctiass, The traditional iostream O
classes are regarded as the narrow-oriented iostream classes (27.3.1).
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— wide-oriented iostream classe¥he wide-oriented iostream classes are the versions of the templatélios-
tream classes specialized with the character containerwigss;,_t (27.3.2). O

— repositional streams and arbitrary-positional streamsThere are two types of stream: repositional
and arbitrary-positional.

%ox 104 E
rhere are also non-positional streams in which no seeking is podsible. a

With a repositional streamwe can seek to only the position where we previously encountered. Omlthe
other hand, with aarbitrary-positionaktream, we can seek to any integral position within the length oflihe
stream.

For a stream buffer which is corresponding to a repositional stream (but not an arbitrary-positional stifeam),
all we can do is either to fetch the current position of the stream buffer or to specify the previous pasition
which we have already fetched from the stream buffer.

Every arbitrary-positional stream is repositional. O

If a repositional stream returns ROS T object, and some arithmetic operationogerator+= , [
operator- , operator+= , operator-= ) are applied, the behavior of the stream after restoring fhe
position with the modifiedPOS T object is undefined. It means thaP®S T object whose parent streantl
is repositional shall not apply any arithmetic operations. O

It is not ensured that in case the validity of a cel®@S T object is broken, the error shall be informed]
Or there is no way to check the validity of a cerfa@®S T object. O

— Invalid POST value The stream operations whose return type ROST may return O
POS T((OFF_T)(-1)) as signal to some error occurs. This return value is calleihtbkd POS T 0O
value The conversiolPOS T((OFF_T)(-1)) constructs the invali®OS T value, which is available O
only for comparing to the return value of such member functions. O

27.1.2 Type requirements (lib.iostreams.type.regmts]

There are several types and functions needed for implementing the template iostream classes. Some of
these types and functions depend on the definition of the character container type. The collection of these
functions describes the behavior which the implementation of the template iostream class expect§lto the
character container class. O

27.1.2.1 TypeCHAR_T [lib.iostreams.char.t]

Those who provide a character container type as the template parameter have to provide all of theSe func-
tions as well as the container class itself. The collection of these functions can be regarded as the collection

of the common definitions for the implementation of the character container class. O
No special definition/declaration is provided here. The base class (or s$triof), char_traits O
provides the definitions common between the template string classes and the template iostream classes.
Convertible to type@NT _T. O
27.1.2.2 TypedNT_T [(lib.iostreams.int.t]

Anothercharacter container typerhich can also hold an end-of-file value. It is used as the return typg of
some of the iostream class member functionsCHAR T is eitherchar orwchar t , INT_T shall be 0O
int orwint_t , respectively. O
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27.1.2.3 TypeOFF_T [lib.iostreams.off.t]

A type that can represent offsets to positional informafighit is used to represent: O
— a signed displacement, measured in characters, from a specified position within a sequence.

— an absolute position within a sequence. O
The valueOFF_T(-1) can be used as an error indicator. O

If an OFF_T object has a value other than the parent stream returns (for example, assigned an arbitrary
integer), the value may not apply to any streams.

Convertible to typ@OS_T.”O) But no validity of the resultin@OS T value is ensured, whether or not the
OFF_T value is valid. O
27.1.2.4 TypePOS T [(lib.iostreams.pos.t]

An implementation-defined type for seek operations which describes an object that can store all thélinfor-
mation necessary to reposition to the position.

The typePOS T describes an object that can store all the information necessary to restore an arfitrary
sequence to a previogeam positiomndconversion statd’!

A class or built-in typé® satisfies the requirements of a position type, and a class or built-i®ggesfies [
the requirements of an offset type if the following expressions are valid, as shown in Table 64.

In the following table,

— Prefers to typd”,OS T,

— p andq refer to an values of tydeOS T,
— Orefers to typeOFF_T,

— o refers to a value of typ@FF_T, and

O o o o o O

— i refers to a value of typat

109)11ig usually a synonym for one if the signed basic integral types whose representation at least as many litsgs type

170) Ap implementation may use the same type for @ff#fr_T andPOS T.

171)The conversion state is used for sequences that translate between wide-character and generalized multibyte encoding, as described
in Amendment 1 to the C Standard.
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27.1.2.4 TypePOS T

Table 64—Position type requirements

U . operational assertion/note U
Eexpressmn retumn type semantics pre/post-condition %
CP() p == P(i) O
a note: a destructor is assumed.
EP p(): _ .

Pp=i post:p == P(i) 0
[P(o) POS T converts from offset O
Eb(p) OFF T converts to offset H
Ep ==q convertible to bool == is an equivalence relatiom
(pi=q convertible tobool  !(p==q) g
‘Eg =p+o POS_ T + offset g-0==p B
[p+=0 O
Lh=p-o POS_ T - offset gq+to==p g
$=o 0
M=p-q OFF_T distance gqto==p 0

27.2 Forward declarations

Header<iosfwd> synopsis

namespace std {

}

The template classbasic_ios<charT,traits>
basic_istream<charT traits>

The classos is an instance of the template classic_ios

The classwios is a version of the template cldsssic_ios

typedef basic_ios<char>
typedef basic_ios<wchar_t> wios;

typedef basic_istream<char>
typedef basic_istream<wchar_t> wistream;

typedef basic_ostream<char>
typedef basic_ostream<wchar_t> wostream;

template<class charT> class basic_ios;
template<class charT> class basic_istream;
template<class charT> class basic_ostream;

ios;

istream;

ostream;

andbasic_ostream<charT traits>

27.3 Standard iostream objects

Header <iostream>

synopsis

(lib.iostream.forward]

serves as a base class for

, specialized by the typshar .
specialized by the typechar_t .

OoOooo

OO

oOog

the classés

[lib.iostream.objects]
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O

#include <fstream>

namespace std {
extern ifstream cin;
extern ofstream cout;
extern ofstream cerr;
extern ofstream clog;

I o o |

extern wifstream win;

extern wofstream woult;
extern wofstream werr;
extern wofstream wlog;

}

oOoOooo

The headexiostream> declares objects that associate objects with the standard C streams providad for
by the functions declared #tstdio> (27.8.3).

Mixing operations on corresponding wide- and narrow-character streams follows the same semaintics as

mixing such operations dfILE s , as specified in Amendment 1 of the ISO C standard. a

EBox 105 ED
0SSUE: These objects need to be constructed and associations established before dynamic initialization of
[file scope variables is begun. ™

The objects are constructed, and the associations are established, the first time an object af class

basic_ios<charT,traits>::Init is constructed. The objects aret destroyed during programC
execution:’? O
27.3.1 Narrow stream objects [({lib.narrow.stream.objects]
27.3.1.1 Objectin (lib.cin]
ifstream cin;

The objectcin controls input from an unbuffered stream buffer associated with the dlighnat , O
declared irccstdio>

After the objectin is initialized,cin.tie() returnscout . a
27.3.1.2 Objectcout (lib.cout]

ofstream cout;

The objectcout controls output to an unbuffered stream buffer associated with the cijiect , O
declared irccstdio>  (27.8.3). a
27.3.1.3 Objectcerr (lib.cerr]
ofstream cerr;

The objectcerr controls output to an unbuffered stream buffer associated with the cijiect , O

declared irccstdio>  (27.8.3).

L72) Constructors and destructors for static objects can access these objects to read irgidinfroror write output tostdout or
stderr
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After the objecterr is initialized,cerr.flags() & unitbuf is nonzero.
27.3.1.4 Objectclog
ofstream clog;

The objectclog controls output to a stream buffer associated with the olsjeletrr
<cstdio> (27.8.3).

%ox 106

O
0
OSSUE: The destination aflog ought to be implementation defined.

lib.clog]

, declared in

27.3.2 Wide stream objects [lib.wide.stream.objects]

27.3.2.1 Objectwin

wifstream win;

lib.win]

The objectwin controls input from an unbuffered stream buffer associated with the dlipat |

declared in<cstdio>

After the objectwin is initialized,win.tie() returnswout .
27.3.2.2 Objectwout

wofstream wout;

(lib.wout]

The objectwout controls output to an unbuffered stream buffer associated with the clhjectt |,

declared irccstdio>  (27.8.3).
27.3.2.3 Objectwerr

wofstream werr;

(lib.werr]

The objectwerr controls output to an unbuffered stream buffer associated with the clject |

declared irccstdio>  (27.8.3).

After the objectverr is initialized,werr.flags() & unitbuf is nonzero.
27.3.2.4 Objectwlog
wofstream wlog;

The objectwlog controls output to a stream buffer associated with the olsjeletrr
<cstdio> (27.8.3).

%ox 107

O
0
OSSUE: The destination ofvlog ought to be implementation defined.

[lib.wlog]

, declared in

OO

O

O

OO

OO

O
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27.4 lostreams base classes

Header<ios> synopsis

namespace std {
typedef OFF_T streamoff;
typedef OFF_T wstreamoff;
typedef INT_T streamsize;

DRAFT: 1 February 1995

template <class charT> struct ios_traits<charT>;

struct ios_traits<char>;
struct ios_traits<wchar_t>;

class ios_base;

template<class charT, class traits = ios_traits<charT> >

class basic_ios;
typedef basic_ios<char> ios;
typedef basic_ios<wchar_t> wios;

Input/output library 27

[(lib.iostreams.base]

oOooo

OoOooooooOooo

/I 27.4.5, manipulators: O
ios_base& boolalpha (ios_base& str ); O
ios_base& noboolalpha(ios_base& str ); ad
ios_base& showbase (ios_base& str ); O
ios_base& noshowbase (ios_base& str ); O
ios_base& showpoint (ios_base& str ); O
ios_base& noshowpoint(ios_base& str ); ad
ios_base& showpos (ios_base& str ); O
ios_base& noshowpos (ios_base& str ); O
ios_base& skipws (ios_base& str ); O
ios_base& noskipws  (ios_base& str ); ad
ios_base& uppercase (ios_base& str ); O
ios_base& nouppercase(ios_base& str ); O

/Il adjustfield: O
ios_base& internal  (ios_base& str ); ad
ios_base& left (ios_base& str ); O
ios_base& right (ios_base& str ); O

I/l basefield: O
ios_base& dec (ios_base& str ); ad
ios_base& hex (ios_base& str ); O
ios_base& oct (ios_base& str ); O

/I floatfield: O
ios_base& fixed (ios_base& str ); ad
ios_baseé& scientific (ios_base& str ); O

} O

27.4.1 Types (lib.stream.types]

27.4.1.1 Typestreamoff

typedef OFF_T streamoff;

[lib.streamoff]

The type streamoff is an implementation-defined type that satisfies the requirements of fype
OFF_T(_lib.iostreams.off.t). O
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27.4.1.2 Typewstreamoff [lib.wstreamoff]
typedef OFF_T wstreamoff;

The type wstreamoff is an implementation-defined type that satisfies the requirements of fype
OFF_T(_lib.iostreams.off.t). O

27.4.1.3 Typestreampos (lib.streampos]
typedef POS T streampos;

The type streampos is an implementation-defined type that satisfies the requirements of fype
POS T(_lib.iostreams.pos.). O

27.4.1.4 Typewnstreampos [lib.wstreampos]
typedef POS T wstreampos;

The type streampos is an implementation-defined type that satisfies the requirements of fype
POS T(_lib.iostreams.pos.).

27.4.1.5 Typestreamsize [lib.streamsize]
typedef INT_T streamsize;

The typestreamsize is a synonym for one of the signed basic integral types. It is used to represeiit the
number of characters transferred in an I/O operation, or the size of I/O Bifers. O

27.4.2 Template structios_traits [(lib.ios.traits]

namespace std {
template <class charT> struct ios_traits<charT> {
typedef charT char_type;
typedef INT_T int_type;
typedef POST pos_type;
typedef OFF_T off_type;
typedef INT_T state_type;

ooooooo

static char_type to_char_type(int_type);

static int_type  to_int_type (char_type);

static bool eg_char_type(char_type, char_type);
static bool eq_int_type (int_type, int_type);
static int_type  eof();

static int_type  not_eof(char_type c);

static bool is_eof (int_type);

OoOoooood

173) streamsize  is used in most places where ISO C wouldsise t . Most of the uses aftreamsize  could usesize_t , O
except for thestrstreambuf constructors, which require negative values. It should probably be the signed type corresponding to
size_t (which is what Posix.2 calssize_t ).
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static char_type newline();

static bool is_whitespace(ctype<char_type> ctype, char_type c);
static char_type eos();

static size_t length(const char_type* s);

static char_type* copy(char_type* dst, const char_type* src, size_tn) ;

k

ooooooo

}

The template strudgbs_traits<charT> is a traits class which maintains the definitions of the tyges
and functions necessary to implement the template iostream classes. The template pdrarmetepre- O
sents theharacter container typand each specialized version provides the default definitions correspand-
ing to the specialized character container type.

An implementation may provide the following two specialization®®ftraits : O

struct ios_traits<char>
struct ios_traits<wchar_t>;

27.4.2.1 Member functions [(lib.ios.traits.members]

27.4.2.1.1ios_traits::to_char_type [(lib.ios.char.traits::to.char.type]

char_type to_char_type(int_type c);

Effects: Converts a valid character value represented imthg/pe  to the correspondinghar_type
value. Ifc is the end-of-file value, the return value is unspecified. O

27.4.2.1.2ios_traits::to_int_type [(lib.ios.char.traits::to.int.type]

int_type to_int_type(char_type c);

Effects: Converts a valid character value represented ichihe type to the correspondinigt_type O
value. O

27.4.2.1.3i0s_traits::eq_char_type (lib.ios.char.traits::eq.char.type]

bool eq_char_type(char_type c1, char_type c2);

Returns: true if c1 andc2 represent the same character. O

27.4.2.1.4i0s_traits::eq_int_type (lib.ios.char.traits::eq.int.type]

bool eq_int_type(int_type cl,int_type c2);

Returns: true if c1 andc2 represent the same character. O

27.4.2.1.5i0s_traits::eof (lib.ios.char.traits::eof]

int_type eof();

Returns: anint_type  value which represents the end-of-file. It is returned by several functions to ifdi-
cate end-of-file state (no more input from an input sequence or no more output permitted to anloutput
sequence), or to indicate an invalid return value. O
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27.4.2.1.6i0s_traits::not_eof [lib.ios.char.traits::not.eof]

int_type not_eof(char_type c);

%ox 108 E
[Bhould the argument type g type ? O

H o

Returns: a value other than the end-of-file, evensfeof()
Notes: It is used irbasic_streambuf<charT traits>::overflow()
Returns: int_type( c¢) if c'=eof()

OooOo

27.4.2.1.7i0s_traits::is_eof [(lib.ios.char.traits::is.eof]

bool is_eof(int_type c);

Returns: true if ¢ represents the end-of-file. O
27.4.2.1.8ios_traits::newline (lib.ios.char.traits::newline]

char_type newline();
Returns: a character value which represent the newline character of the basic character set. O
Notes: It appears as the default parametebadic_istream<charT traits>::getline() . g

27.4.2.1.9ios_traits::is_whitespace [(lib.ios.char.traits::is.whitespace]

bool is_whitespace(char_type c, ctype<char_type> ctype );

Returns: true if ¢ represents one of the white space characters. The default definition is as if it réfurns
ctype .isspace(c)

An implementation of the template iostream classes may use all of the above static member funcfibns in
addition to the following three functions provided from the base  strict
string_char_traits<CHAR_T> . g

27.4.2.1.10ios_traits::eos [(lib.ios.char.traits::e0s]

char_type eos();

Returns: The null character which is used for the terminator of null terminated character strings.0The

default constructor for the character container type provides the value. O
27.4.2.1.11ios_traits::length [lib.ios.char.traits::length]
size_t length(const char_type* S);

Effects: Determines the length of a null terminated character string pointedsto by O
27.4.2.1.12ios_traits::copy [(lib.ios.char.traits::copy]
char_type* copy(char_type* dest , const char_type* src , size t ny;

Effects: Copiesn characters from the object pointed to $r¢ into the object pointed to bglest . If O
copying takes place between objects that overlap, the behavior is undefined. O
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27.4.3 Classos_base [lib.ios.base]

namespace std {
class ios_base {

class failure;
typedef T1 fmtflags;
static const fmtflags boolalpha;
static const fmtflags dec;
static const fmtflags fixed;
static const fmtflags hex;
static const fmtflags internal;
static const fmtflags left;
static const fmtflags oct;
static const fmtflags right;
static const fmtflags scientific;
static const fmtflags showbase;
static const fmtflags showpoint;
static const fmtflags showpos;
static const fmtflags skipws;
static const fmtflags unitbuf;
static const fmtflags uppercase;
static const fmtflags adjustfield;
static const fmtflags basefield,;
static const fmtflags floatfield;

typedef T2 iostate;
static const iostate badbit;
static const iostate eofbit;
static const iostate failbit;
static const iostate goodbit;

typedef T3 openmode;
static const openmode app;
static const openmode ate;
static const openmode binary;
static const openmode in;
static const openmode out;
static const openmode trunc;

typedef T4 seekdir;

static const seekdir beg;
static const seekdir cur;
static const seekdir end;

class Init;

operator bool() const
bool operator!() const
ios_type& copyfmt(const ios_type& rhs);

iostate rdstate() const;

void clear(iostate state = goodbit);
void setstate(iostate state );

bool good() const;

bool eof() const;

bool fail() const;

bool bad() const;

oOooo

oogd
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iostate exceptions() const;
void exceptions(iostate except ); O
fmtflags flags() const;

fmtflags flags(fmtflags fmtfl );

fmtflags setf(fmtflags fmtfl );

fmtflags setf(fmtflags fmtfl , fmtflags mask);
void unsetf(fmtflags mask);

oooao

int_type fill() const;

int_type fill(int_type ch);
int precision() const;

int precision(int prec ); 0
int width() const;

int width(int wide ); ad

|

locale imbue(const locale& loc ); O
locale getloc() const;

static int xalloc();

long& iword(int index );
void*& pword(int index );

OO

protected: N2
ios_base();

private:
/I static int index ; exposition only
//int* iarray; exposition only
// void** parray; exposition only

}Y.
}

OoOoooooOoag

[Box 109 0
O

O
JSSUE: fill can’t work in the non-template base class. Specifying fill character. It is represented as
fint type . O

ios_base defines several member types:
— aclasdailure  derived fromexception ;
— aclasdnit ;

— three bitmask type$mtflags , iostate , andopenmode;

o 0o o o o

— an enumerated typseekdir
It maintains several kinds of data:
— state information that reflects the integrity of the stream buffer; O

— control information that influences how to interpret (format) input sequences and how to generate (for-
mat) output sequences;

— additional information that is stored by the program for its private use. O
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%ox 110

[For the sake of exposition, the maintained data is presented here as:

O
[— Sstatic int index , specifies the next available unique index for the integer or pointer arrays main-

0 tained for the private use of the program, initialized to an unspecified value;

IID%P IIDDE

O
+— int*  jarray , points to the first element of an arbitrary-length integer array maintained for th%:pri-

O vate use of the program; g
O
+— void**  parray , points to the first element of an arbitrary-length pointer array maintained fc%jhe
00 private use of the program. mn|
27.4.3.1 Types (lib.ios.types]
27.4.3.1.1 Clas®s_base::failure (lib.ios::failure]
namespace std { O
class ios_base::failure : public exception { O
public: O
failure(const string& what = messagg O
virtual ~failure(); O
/I virtual string what() const; inherited O
h 0
} O
The clasdailure  defines the base class for the types of all objects thrown as exceptions, by functidhs in
the iostreams library, to report errors detected during stream buffer operations. O
27.4.3.1.1.1ios_base::failure constructor [lib.ios.base::failure.cons]
failure(const string& what = messagg O
Effects: Constructs an object of claslure , initializing the base class widxception(  what) .
The stringmessagés an implementation-defined default value. O
27.4.3.1.2 Typeos_base::fmtflags (lib.ios::fmtflags]
typedef T1 fmtflags; O

The typefmtflags  is a bitmask type (17.2.2.1.2). Setting its elements has the effects indicated in Table
65: O
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27.4.3.1.2
Type ios_base::fmtflags

DRAFT: 1 February 1995

Table 65—fmtflags  effects O
U Element Effect(s) if set U
E boolalpha insert and extradiool type in alphabetic format S
] dec converts integer input or generates integer output in decimal base
0 fixed generate floating-point output in fixed-point notation; O
U hex converts integer input or generates integer output in hexadecimal bage;
g internal adds fill characters at a designated internal point in certain genera%d
0 output; 0
0 left adds fill characters on the left (initial positions) of certain generatgd
0 output; 0
U oct converts integer input or generates integer output in octal base; g
g right adds fill characters on the right (final positions) of certain generat%i
0 output; 0
[] scientific generates floating-point output in scientific notation; 0
O showbase generates a prefix indicating the numeric base of generated integer dut-
g put; g
g showpoint generates a decimal-point character unconditionally in generat%d
0 floating-point output; 0
] showpos generates & sign in non-negative generated numeric output; 0
O skipws skips leading white space before certain input operations; O
U unitbuf flushes output after each output operation; g
g uppercase replaces certain lowercase letters with their uppercase equivalent%in
0 generated output. 0
Typefmtflags  also defines the constants indicated in Table 66: O
Table 66—fmtflags  constants

U Constant Allowable values u

Eadjustfield left | right | internal S

basefield dec | oct | hex 0

Hloatfield scientific | fixed g

27.4.3.1.3 Typeos_base::iostate [(lib.ios::iostate]

typedef T2 iostate;

The typelostate  is a bitmask type (17.2.2.1.2) that contains the elements indicated in Table 67: O

Table 67—iostate  effects
U  Element Effect(s) if set U
E badbit indicates a loss of integrity in an input or output sequence (such as %p
0 irrecoverable read error from a file); 0
O eofhit indicates that an input operation reached the end of an input sequencé]
U failbit indicates that an input operation failed to read the expected characteks,
H or that an output operation failed to generate the desired characters.
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Typeiostate  also defines the constant:

— goodbit , the value zero.
27.4.3.1.4 Typeos_base::openmode [(lib.ios::openmode]
typedef T3 openmode;

The typeopenmode is a bitmask type (17.2.2.1.2). It contains the elements indicated in Table 68: O

Table 68—openmode effects

U Element Effect(s) if set U
E app seek to end-of-file before each write to the file S
] ate open a file and seek to end-of-file immediately after opening the file
O binary perform input and output in binary mode (as opposed to text mode) [
U in open a file for input g
O out open a file for output O
O o N O
0 trunc truncate an existing file when opening it 0
27.4.3.1.5 Typeos_base::seekdir [(lib.ios::seekdir]

typedef T4 seekdir;

The typeseekdir is an enumerated type (17.2.2.1.1) that contains the elements indicated in Table 69:

Table 69—seekdir effects

U  Element Meaning U
E beg request a seek (positioning for subsequent input or output within a S
0 sequence) relative to the beginning of the stream 0
O cur request a seek relative to the current position within the sequence O
H end request a seek relative to the current end of the sequence H
27.4.3.1.6 Clasfos_base::Init [lib.ios::Init]
namespace std { O
class ios_base::Init { O
public: O
Init(); O
~Init(); O
private: O
/I static int init_cnt ; exposition only O
k O
} O

The classinit  describes an object whose construction ensures the construction of the four objects
declared irciostream> that associate file stream buffers with the standard C streams provided for hy the
functions declared incstdio> (27.8.3). O
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HBox 111 El]
[For the sake of exposition, the maintained data is presented here as: g
O

[— static int init_cnt , counts the number of constructor and destructor calls for Idliass, ini- a]
O tialized to zero. [
27.4.3.1.6.1ios_base::Init constructor [(lib.ios.base::init.cons]
Init(); O
Effects: Constructs an object of clalst . If init_cnt is zero, the function stores the value one in

init_cnt , then constructs and initializes the objecta (27.3.1.1),cout (27.3.1.2),cerr O

(27.3.1.3),clog (27.3.1.4),win (27.3.2.1),wout (27.3.2.2),werr (27.3.2.3), andvlog (27.3.2.4).

In any case, the function then adds one to the value stoigid ont . O
27.4.3.1.6.2ios_base::Init destructor [(lib.ios.base::init.des]
~Init(); O
Effects: Destroys an object of clagsit . The function subtracts one from the value stored in

init_cnt and, if the resulting stored value is one, calisit.flush() , cerr.flush() ,and O

clog.flush() . O
27.4.3.2 Member functions (lib.ios.members]
27.4.3.2.1ios_base::operator bool [(lib.ios::operator.bool]
operator bool() const
Returns: fail() | bad()
27.4.3.2.2i0s_base::operator! [(lib.ios::operator!]
bool operator!() const
Returns: if fail() | bad()
27.4.3.2.3ios_base::copyfmt [lib.ios::copyfmt]
ios_base<charT,traits>& copyfmt(const ios_base<charT,traits>& rhs); g
Effects: Assigns to the member objects*tiis the corresponding member objectsfd , except that:

— sb andrdstate() are left unchanged,
— exceptions() is altered last by callingxception(  rhs.except ).
— The contents of arrays pointed atgword andiword are copied not the pointers themselVER. O

If any newly stored pointer values itthis point at objects stored outside the objets , and those
objects are destroyed whehs is destroyed, the newly stored pointer values are altered to point at newly
constructed copies of the objects. O
Returns: *this . O

L% This suggests an infinite amount of copying, but the implementation can keep track of the maximum element of the arrays that is
non-zero.
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27.4.3.2.4i0s_base::rdstate

iostate rdstate() const;

Returns: The control state of the stream buffer.

27.4.3.2.5i0s_base::clear(iostate)
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[lib.ios::rdstate]

[(lib.ios::clear.basic.ios]

void clear(iostate state = goodbit);

Postcondition: state == rdstate()

Effects: If sb is a null pointer, the function setsadbit in rdstate() . If rdstate() &
exceptions() is zero, returns. Otherwise, the function throws an olfgktt of classfailure

constructed with argument values that are implementation-defined.

27.4.3.2.6i0s_base::setstate(iostate)

void setstate(iostate state );

Effects: Callsclear(rdstate() | state ).
27.4.3.2.7i0s_base::good

bool good() const;

Returns: rdstate() ==
27.4.3.2.8ios_base::eof

bool eof() const;

Returns: true if eofbit is set inrdstate()
27.4.3.2.9i0s_base::fail

bool fail() const;

Returns: true if failbit orbadbit is set inrdstate() 179

27.4.3.2.10ios_base::bad

bool bad() const;

Returns: true if badbit is set inrdstate()
27.4.3.2.11ios_base::exceptions

iostate exceptions() const;

Returns: A mask that determines what elements sedlétate()

void exceptions(iostate except );

Postcondition: except == exceptions()

l”’)Checkingbadbit also forfail() is historical practice.

[lib.ios::setstate.basic.ios]

(lib.ios::good]

(lib.ios::eof]

(lib.ios::fail]

[(lib.ios::bad]

[lib.ios::exceptions]

cause exceptions to be thrown.

OO

O
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Effects: Callsclear(rdstate()) . O
27.4.3.2.12i0os_base::flags (lib.ios::flags]

fmtflags flags() const;

Returns: The format control information for both input and output.

fmtflags flags(fmtflags fmtfl );

Postcondition: fmtfl == flags()
Returns: The previous value dfags()

OO

27.4.3.2.13ios_base::setf(fmtflags) [lib.ios::setf]

fmtflags setf(fmtflags fmtfl );

Effects: Setsfmtfl in flags()
Returns: The previous value dfags()

OO

fmtflags setf(fmtflags fmtfl , fmtflags mask);

Effects: Clearsmaskin flags() , setsfmtfl & maskin flags()
Returns: The previous value dfags()

OO

27.4.3.2.14ios_base::unsetf(fmtflags) (lib.ios::unsetf]

void unsetf(fmtflags mask); O

Effects: Clearsmaskin flags()
27.4.3.2.15basic_ios:fill [lib.ios:fill]

int_type fill() const;

Returns: The character to use to pad (fill) an output conversion to the specified field width. O

int_type fill(int_type fillch );

Postcondition: fillch ==fill()
Returns: The previous value diil()

OO

27.4.3.2.16i0s_base::precision [lib.ios::precision]

int precision() const; O
Returns: The precision (number of digits after the decimal point) to generate on certain output canver-
sions. O

int precision(int prec );

Postcondition: prec == precision()
Returns: The previous value gdfrecision()

OO
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27.4.3.2.17i0s_base::width [lib.ios::width]

int width() const;

Returns: The field width (number of characters) to generate on certain output conversions.

int width(int wide );
Postcondition: wide == width() O
Returns: The previous value ofidth() O
27.4.3.2.18ios_base::imbue (lib.ios::imbue]
locale imbue(const locale loc ); O
Postcondition: loc == getloc() O
Notes: In case the member pointsb of the basic_streambuf<charT,traits> has already ini- O

tialized, the function also imbues the object pointed tstny g
Returns: The previous value afetloc() O
27.4.3.2.19i0s_base::getloc [lib.ios::getloc]
locale getloc() const; O
Returns: The classicC locale if no locale has been imbued. Otherwise, returns the locale in which taper-

form locale-dependent input and output operations. O
27.4.3.2.20i0s_base::xalloc [lib.ios::xalloc]

static int xalloc();

Returns: index ++.
27.4.3.2.21ios_base::iword [lib.ios::iword]

long& iword(int idx ); O

Effects: If iarray is a null pointer, allocates an arrayiof of unspecified size and stores a pointer o
its first element inarray . The function then extends the array pointed akbyy as necessary to
include the elemeriarray [ idx ] . Each newly allocated element of the array is initialized to zero[d

Returns: jarray [idx ]. O

Notes: After a subsequent call tavord(int) for the same object, the earlier return value may no longer
be valid!"® 0

27.4.3.2.22ios_base::pword (lib.ios::pword]

void* & pword(int idx ); O

Effects: If parray is a null pointer, allocates an array of pointerga@ of unspecified size and stores a
pointer to its first element iparray . The function then extends the array pointed apéyay as
necessary to include the elemgatray [ idx ] . Each newly allocated element of the array is initidlt
ized to a null pointer. O

Returns: parray [ idx ]. O

L0 an implementation is free to implement both the integer array pointediaty  and the pointer array pointed at pgrray
as sparse data structures, possibly with a one-element cache for each.
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Notes: After a subsequent call fword(int)  for the same object, the earlier return value may no longer

be valid. O
27.4.3.2.23i0s_base constructor [(lib.ios.base.cons]
ios_base(); O
Effects: Constructs an object of clags_base , assigning initial values to its member objects by calling

init(0) . O
27.4.3.2.24i0s_base::init [lib.ios.base::init]
void init(basic_streambuf<charT traits>* sb);

Effects: The postconditions of this function are indicated in Table 70:

Table 70—init  effects 0
U  Element Value U
Hdstate() goodbit if sb is not a null pointer, otherwidmadbit %] ad
rexceptions() goodbit 0 a
(flags() skipws | dec a a
Lvidth() zero o o
recision() 6 E a
ill() the space character 0 a
rgetloc() newlocale() , which means the default value is the current glgbal O
O locale} O O
Undex ?27? g o
array a null pointer E a
[parray a null pointer 0 a
(Box 112
O

oy
O
Note: the default locale value shallggebal but not transparent because the locality of the stream biffer
COwill be unchanged between its lifetime. a

27.4.4 Template clasbasic_ios (lib.ios]

typedef traits::int_type int_type;

typedef traits::pos_type pos_type;

typedef traits::off_type off_type;

int_type eof() { return traits::eof(); }
char_type newline() { return traits::newline(); }

namespace std { ad
template<class charT, class traits = ios_traits<charT> > O
class basic_ios : public ios_base { O
typedef basic_ios<charT ,traits> ios_type; g
public: ad

/l Added for consistency: ad
typedef INT_T streamsize; O
typedef charT char_type; g

O

d

O

O

O

L ’)Usually,classic() . O
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basic_ios(basic_streambuf<charT traits>* sb); O
virtual ~basic_ios(); O
basic_ostream<charT,traits>* tie() const; O
basic_ostream<charT,traits>* tie(basic_ostream<charT ,traits>* tiestr ); g
basic_streambuf<charT,traits>* rdbuf() const; O
basic_streambuf<charT,traits>* rdbuf(basic_streambuf<charT traits>* sb); O
protected: O
basic_ios(); O
void init(basic_streambuf<charT ,traits>* sb); O
h O
} O
HBox 113 ED
ote: template parameter coupling betwdasic_ios  andbasic_streambuf : Both basic_ios {]
nd basic_streambuf corresponding to it should take the same template parareter
[KcharT,traits> . We need not allow to make a couple bésic_ios<wchar_t> and [[J

[basic streambuf<char>

27.4.4.1basic_ios constructors [(lib.basic.ios.sb.cons]

basic_ios(basic_streambuf<charT,traits>* sb);

Effects: Constructs an object of clabasic_ios , assigning initial values to its member objects by call-
inginit(  sb) . O
basic_ios();

Effects: Constructs an object of clakasic_ios , O

Haox 114 E 0

(TBS O ™

void init(basic_streambuf<charT traits>* sb);

HBox 115 E 0

(TBS O ™

27.4.4.2 Member functions [(lib.basic.ios.members]

27.4.4.2.1basic_ios::tie (lib.ios::tie]

basic_ostream<charT traits>* tie() const;
Returns: An output sequence that ied to (synchronized with) an input sequence controlled by the
stream buffer. 0

basic_ostream<charT traits>*
tie(basic_ostream<charT traits>* tiestr );
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Postcondition: tiestr == tie()
Returns: The previous value dfe()

27.4.4.2.2basic_ios::rdbuf

basic_streambuf<charT,traits>* rdbuf() const;
Returns: Thestreambuf associated with the stream.
basic_streambuf<charT,traits>*
rdbuf(basic_streambuf<charT ,traits>* sb);

Postcondition: sb == rdbuf()
Effects: Callsclear()

27.4.4.2.1 basic_ios::tie

[lib.ios::rdbuf]

[(Box 116
0

Note: need to modify so as to describe the occurence of imbgeilog()::codecvt

Cment stream buffer.

into the argu-

O
O
in
O
H
M

Returns: The previous value afibuf()
27.4.5i0s_base manipulators
27.4.5.1fmtflags  manipulators

ios_base& boolalpha(ios_base& str );
Effects: Callsstr .setf(ios_base::boolalpha)
Returns: str .

ios_base& noboolalpha(ios_base& str );
Effects: Callsstr .unsetf(ios_base::boolalpha)
Returns: str .

ios_base& showbase(ios_base& str );
Effects: Callsstr .setf(ios_base::showbase)
Returns: str .

ios_base& noshowbase(ios_base& str );
Effects: Callsstr .unsetf(ios_base::showbase)
Returns: str .

ios_base& showpoint(ios_base& str);
Effects: Callsstr .setf(ios_base::showpoint)
Returns: str .

ios_baseé& noshowpoint(ios_base& str);
Effects: Callsstr .unsetf(ios_base::showpoint)

Returns: str .

ios_base& showpos(ios_base& str );

{lib.std.ios.manip]

{lib.fmtflags.manip]

O
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Effects: Callsstr .setf(ios_base::showpos)
Returns: str .

ios_base& noshowpos(ios_base& str );
Effects: Callsstr .unsetf(ios_base::showpos)
Returns: str .

ios_base& skipws(ios_base& str);
Effects: Callsstr .setf(ios_base::skipws)
Returns: str .

ios_base& noskipws(ios_base& str );
Effects: Callsstr .unsetf(ios_base::skipws)
Returns: str .

ios_base& uppercase(ios_base& str );
Effects: Callsstr .setf(ios_base::uppercase)
Returns: str .

ios_base& nouppercase(ios_base& str );

Effects: Callsstr .unsetf(ios_base::uppercase)
Returns: str .

27.4.5.2 adjustfield manipulators [(lib.adjustfield.manip]
ios_baseé& internal(ios_base& str );
Effects: Calls str .setf(ios_base::internal, ios_base::adjustfield)

Returns: str .

ios_baseé& left(ios_base& str );
Effects: Calls str .setf(ios_base::left, ios_base::adjustfield)
Returns: str .

ios_baseé& right(ios_base& str );

Effects: Calls str .setf(ios_base::right, ios_base::adjustfield)
Returns: str .

27.4.5.3basefield  manipulators [(lib.basefield.manip]
ios_base& dec(ios_base& str );
Effects: Calls str .setf(ios_base::dec, ios_base::basefield)

Returns: str .

ios_base& hex(ios_base& str );
175) The function signature dec(ios_base&) can be called by the function signaturbasic_ostream&
stream::operator<<(basic_ostream& (*)(basic_ostream&)) to permit expressions of the forrout << dec  to

change the format flags storedciout .
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Effects: Calls str .setf(ios_base::hex, ios_base::basefield)
Returns: str .

ios_base& oct(ios_base& str );

Effects: Calls str .setf(ios_base::oct, ios_base::basefield)
Returns: str .

27.4.5.4floatfield manipulators

ios_baseé& fixed(ios_base& str );

Effects: Calls str .setf(ios_base::fixed, ios_base::floatfield)
Returns: str .

ios_baseé& scientific(ios_base& str );

Effects: Calls str .setf(ios_base::scientific, ios_base::floatfield)

Returns: str .

27.5 Stream buffers

Header <streambuf>  synopsis

namespace std {
template<class charT, class traits = ios_traits<charT> >
class basic_streambuf;
typedef basic_streambuf<char> streambuf;
typedef basic_streambuf<wchar_t> wstreambuf;

}

{lib.floatfield.manip]

[(lib.stream.buffers]

The headexstreambuf>  defines types that control input from and outputharactersequences.

27.5.1 Stream buffer requirements

27.5.2 Template clasbasic_streambuf<charT,traits>

namespace std {
template<class charT, class traits = ios_traits<charT> >
class basic_streambuf {
public:
typedef charT char_type;
typedef traits::int_type int_type;
typedef traits::pos_type pos_type;
typedef traits::off_type off_type;

/I In order to simplify descriptions and as a convenience for programmers:
typedef basic_ios<char> ios;

int_type eof() { return traits::eof(); }
char_type newline() { return traits::newline(); }

[(lib.streambuf.reqts]

(lib.streambuf]

manipulators

OoOooooo

O

OoOoooooOoag

O
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Template classhasic_streambuf<charT traits>

public:

virtual ~basic_streambuf();
pos_type pubseekoff(off_type off ,

basic_ios<charT,traits>::seekdir
basic_ios<charT,traits>::openmode
= basic_ios<charT,traits>::in
| basic_ios<charT traits>::out);
pos_type pubseekpos(pos_type sp,
basic_ios<charT,traits>::openmode
= basic_ios<charT,traits>::in
| basic_ios<charT traits>::out);
basic_streambuf<char_type,traits>*
pubsetbuf(char_type* s, streamsize ny;
int in_avail();
int pubsync();
int_type sbumpc();
int_type sgetc();
int sgetn(char_type* s, streamsize ny;
int_type snextc();
int_type sputbackc(char_type c);
int sungetc();
int sputc(int c);
int_type sputn(const char_type* s, streamsize n);
protected:
basic_streambuf();
char_type* eback() const;
char_type* gptr() const;
char_type* egptr() const;
void gbump(int ny;
void setg(char_type* gbeg,
char_type* gnext ,
char_type*  gend);
char_type* pbase() const;
char_type* pptr() const;
char_type* epptr() const;
void pbump(int n;
void setp(char_type* pbeg,
char_type*  pend);
virtual int_type overflow (int_type ¢ =eof();
virtual int_type pbackfail(int_type c =eof());
virtual int showmany();
virtual int_type underflow();
virtual int_type uflow();
virtual streamsize xsgetn(char_type* S, streamsize n;
virtual streamsize xsputn(const char_type* S, streamsize
virtual pos_type seekoff(off_type off ,

basic_ios<charT traits>::seekdir
basic_ios<charT,traits>::openmode
virtual pos_type seekpos(pos_type sp,
basic_ios<charT,traits>::openmode
virtual basic_streambuf<char_type,traits>*
setbuf(char_type* s, streamsize ny;
virtual int sync();

Input/output library 27-25
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Template classhasic_streambuf<charT traits>

The class templateasic_streambuf<charT,traits> serves as an abstract base class for deriviig
variousstream buffersvhose objects each control twbaracter sequences

— a charactemput sequence O
— a characteoutput sequence O

The classstreambuf is an instantiation of the template cldsssic_streambuf specialized by the O
typechar .

The classvstreambuf is an instantiation of the template cldmssic_streambuf specialized by the O
typewchar_t .

Stream buffers can impose various constraints on the sequences they control. Some constraints are:
— The controlled input sequence can be not readable.
— The controlled output sequence can be not writable.

— The controlled sequences can be associated with the contents of other representations for character
sequences, such as external files.

— The controlled sequences can support operatiivastlyto or from associated sequences. g

— The controlled sequences can impose limitations on how the program can read characters from a
sequence, write characters to a sequence, put characters back into an input sequence, or alter the stream
position.

Each sequence is characterized by three pointers which, if non-null, all point into thehsaimearray O

object. The array object represents, at any moment, a (sub)sequence of characters from the sequence.
Operations performed on a sequence alter the values stored in these pointers, perform reads and writes
directly to or from associated sequences, and alter “the stream position” and conversion state as néeded to
maintain this subsequence relationship. The three pointers are:

— thebeginning pointeror lowest element address in the array (catleely here); O

— the next pointer,or next element address that is a current candidate for reading or writing (called
xnext here);

— theend pointerpr first element address beyond the end of the array (cadied here). g

The following semantic constraints shall always apply for any set of three pointers for a sequence, using the
pointer names given immediately above:

— If xnext is not a null pointer, thewbeg and xend shall also be non-null pointers into the same
charT array, as described above.

— If xnext is not a null pointer anadnext < xend for an output sequence, therwate positionis [
available. In this casé,xnext shall be assignable as the next element to write (to put, or to store a
character value, into the sequence).

— If xnext is not a null pointer andbeg < xnext for an input sequence, therpatback positioris [
available. In this casexnext [-1] shall have a defined value and is the next
(preceding) element to store a character that is put back into the
input sequence.

— If xnext is not a null pointer angnext < xend for an input sequence, themead positionis avail- [
able. In this case; xnext shall have a defined value and is the next element to read (to get, or to
obtain a character value, from the sequence). O
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basic_streambuf constructors

27.5.2.1basic_streambuf constructors (lib.basic.streambuf.cons]

basic_streambuf();
Effects: Constructs an object of clalsasic_streambuf<charT traits> and initializest’®
— all its pointer member objects to null pointers, O

— thegetloc() = member object to the return valueghbbal() . O
Notes: Once thegetloc() = member is initialized its locale-dependent behavior does not change untillithe
next imbueing of the locale. O

27.5.2.2 Member functions [lib.streambuf.members]
27.5.2.2.1basic_streambuf::pubseekoff [lib.streambuf::pubseekoff]

pos_type pubseekoff(off_type off |
basic_ios<charT,traits>::seekdir way,
basic_ios<charT,traits>::openmode which
= basic_ios<charT,traits>::in | basic_ios<charT,traits>::out);

Returns: seekoff( off , way, which ) . O
27.5.2.2.2basic_streambuf::pubseekpos [lib.streambuf::pubseekpos]

pos_type pubseekpos(pos_type sp,
basic_ios<charT,traits>::openmode which
= basic_ios<charT,traits>::in | basic_ios<charT,traits>::out);

Returns: seekpos( sp, which ) . O
27.5.2.2.3basic_streambuf::pubsetbuf [lib.streambuf::pubsetbuf]

basic_streambuf<char_type,traits>*
setbuf(char_type* s, streamsize ny;

Returns: setbuf( s, n). O
27.5.2.2.4basic_streambuf::in_avalil [lib.streambuf::in.avail]

int in_avail();

Returns: If the input sequence read position is not available, regowmany() . Otherwise, returns [
egptr() - gptr()

27.5.2.2.5basic_streambuf::pubsync [lib.streambuf::pubsync]

int pubsync();
Returns: sync() . O

L79)The default constructor is protected for clhasic_streambuf to assure that only objects for classes derived from this class
may be constructed.
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basic_streambuf::sbumpc

27.5.2.2.6basic_streambuf::sbumpc [lib.streambuf::sbumpc]

int_type sbumpc();
Returns: If the input sequence read position is not available, retufiosv() . Otherwise, returnsO
char_type(*gptr()) and increments the next pointer for the input sequence.

27.5.2.2.7basic_streambuf::sgetc [lib.streambuf::sgetc]

int_type sgetc();

Returns: If the input sequence read position is not available, rewmdsrflow() . Otherwise, returns O
char_type(*gptr())

27.5.2.2.8basic_streambuf::sgetn [lib.streambuf::sgetn]

int sgetn(char_type* s, streamsize ny;

Returns: xsgetn( s, n). O
27.5.2.2.9basic_streambuf::snextc [lib.streambuf::snextc]

int_type snextc();

Effects: Calls sbumpc() and, if that function returngof() , returnseof() . Otherwise, returns(
sgetc() . O
Notes: Usestraits::eof()

27.5.2.2.10basic_streambuf::sputbackc [lib.streambuf::sputbackc]

int_type sputbackc(char_type c);

Returns: If the input sequence putback position is not available, aor ifl= gptr()[-1] , returns O
pbackfail( c¢). Otherwise, decrements the next pointer for the input sequence and réiurns
*gptr() . O

27.5.2.2.11basic_streambuf::sungetc [lib.streambuf::sungetc]

int sungetc();

Returns: If the input sequence putback position is not available, retobaskfail() . Otherwise, O
decrements the next pointer for the input sequence and régping . O

27.5.2.2.12basic_streambuf::sputc [lib.streambuf::sputc]

int sputc(int c);

Returns If the output sequence write position is not available, retowasflow( c¢) . Otherwise, storesO
¢ at the next pointer for the output sequence, increments the pointer, and*gbtni)s

27.5.2.2.13basic_streambuf::sputn [lib.streambuf::sputn]

int_type sputn(const char_type* s, streamsize ny;

Returns: xsputn( s, n). O
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basic_streambuf::eback

27.5.2.2.14basic_streambuf::eback [lib.streambuf::eback]

char_type* eback() const;

Returns: The beginning pointer for the input sequence.
27.5.2.2.15basic_streambuf::gptr [lib.streambuf::gptr]

char_type* gptr() const;

Returns: The next pointer for the input sequence.
27.5.2.2.16basic_streambuf::egptr [lib.streambuf::egptr]

char_type* egptr() const;

Returns: The end pointer for the output sequence.
27.5.2.2.17basic_streambuf::gbump [lib.streambuf::gbump]

void gbump(int ny;

Effects: Advances the next pointer for the input sequence. by

27.5.2.2.18basic_streambuf::setg [lib.streambuf::setg]
void setg(char_type* gbeg,

char_type* gnext ,
char_type* gend);

Postconditions: gbeg ==eback() ,gnext ==gptr() ,andgend == egptr()
27.5.2.2.19basic_streambuf::pbase [lib.streambuf::pbase]

char_type* pbase() const;

Returns: The beginning pointer for the output sequence.
27.5.2.2.20basic_streambuf::pptr [lib.streambuf::pptr]

char_type* pptr() const;

Returns: The next pointer for the output sequence.
27.5.2.2.21basic_streambuf::epptr [lib.streambuf::epptr]

char_type* epptr() const;

Returns: The end pointer for the output sequence.
27.5.2.2.22basic_streambuf::pbump [lib.streambuf::pbump]

void pbump(int ny;

Effects: Advances the next pointer for the output sequenae by
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27.5.2.2.23basic_streambuf::setp [lib.streambuf::setp]
void setp(char_type* pbeg, char_type* pend);

Postconditions: pbeg ==pbase() ,pbeg ==pptr() ,andpend ==epptr() . O
27.5.2.2.24basic_streambuf::overflow [lib.streambuf::overflow]
virtual int_type overflow(int_type c =eof();

Effects: Consumes some initial subsequence of the characters getiding sequenceThe pending O
sequence is defined as the concatenation of

a) ifpbase() isNULLthen the empty sequence otherwizatr() - pbase() characters beginning
atpbase()
b) if c ==eof() then the empty sequence otherwise, the sequence consisting of O

Notes: The member functionsputc() andsputn() call this function in case that no room can be
found in the put buffer enough to accomodate the argument character sequence.

Every overriding definition of this virtual function shall obey the following constraints: O
1) The effect of consuming a character on the associated output sequence is Jsgp%cified

2) Letr be the number of characters in the pending sequence not consumeds ifon-zero then [
pbase() andpptr() must be set so thatptr() - pbase() == r and ther characters start-[J
ing atpbase() are the associated output stream. In casis zero (all characters of the pending
sequence have been consumed) then gitbase() is set toNULL, or pbase() andpptr() are O
both set to the same nadULLvalue.

3) The function may fail if either appending some character to the associated output stream fails oflif it is

unable to establispbase() andpptr() according to the above rules. O
Returns: eof() or throws an exception if the function fails. O
Otherwise, returns some value other thaf() to indicate succesd? g

Default behavior: Returnseof()

27.5.2.2.25basic_streambuf::pbackfail [lib.streambuf::pbackfail]
virtual int_type pbackfail(int c =eof();

The public functions of basic_streambuf call this virtual only when gptr() is null, O
gptr()==eback() , or*gptr()!=c . Other calls shall also satisfy that constraint.

Thepending sequends defined as founderflow (in 27.5.2.2.27) with the modifications that O

— If c==eof() then the input sequence is backed up one character before the pending sequence IS deter-
mined.

— If cl=eof()  thenc is prepended. Whether the input sequence is backed up or modified in any[dther
way is unspecified.

On return, the constraints gfptr() , eback() , andpptr() are the same as famderflow (in O

27.5.2.2.27) O

Returns: eof() to indicate failure. Failure may occur because the input sequence could not be Hacked
up, or if for some other reason the pointers could not be set consistent with the consitraints.

pbackfail s called only when put back has really failed. O

O

89 That is, for each class derived from an instandeasfc_streambuf in this clause, a specification of how consume a chardg-
tlegrl%ffects the associated output sequence is given. There is no requirement on a program-defined class. O

Typically, overflow returnsc to indicate success. O
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basic_streambuf::pbackfail

Returns some value other theof() to indicate success. g
Default behavior: Returnseof() . O

182) [lib.streambuf::showmany]

27.5.2.2.26basic_streambuf::showmany
virtual int showmany();

Returns: a count of the guaranteed number of characters that can be read from the input sequence BGefore a
call touflow() or underflow() returnseof() . A positive return value of indicates that the next
such call will not returreof() . 83) O
Default behavior: Returns zero.

27.5.2.2.27basic_streambuf::underflow [lib.streambuf::underflow]
virtual int_type underflow();

The public members dfasic_streambuf call this virtual only ifgptr()  is null or gptr() >= O

egptr() O
Returns: the firstcharacterof thepending sequencd possible, without moving the input sequence posi-
tion past it. If the pending sequence is null then the function fails.

The pending sequence of characters is defined as the concatenation of:

a) Ifgptr() is non-NULL, then theegptr() - gptr() characters starting agptr() , otherwise O
the empty sequence.

b) Some sequence (possibly empty) of characters read from the input sequence.
Theresult characteis O
a) If the pending sequence is non-empty, the first character of the sequence.

b) If the pending sequence empty then the next character that would be read from the input sequence.

Thebackup sequends defined as the concatenation of: O
a) Ifeback() is null then empty, O
b) Otherwise thgptr() - eback() characters beginning aback() . g
The function sets up thgptr() andegptr()  satisfying one of: O
a) If the pending sequence is non-emmgptr()  is non-null andegptr() - gptr() characters [0

starting agptr()  are the characters in the pending sequence

b) If the pending sequence is empty, eittpatr()  is null orgptr() andegptr()  are set to the samel
non-NULL pointer.

If eback() andgptr() are non-null then the function is not constrained as to their contents, buflthe
“usual backup condition” is that either:

a) If the backup sequence contains at legntt() - eback() characters, then thgptr() - O
eback() characters starting aback() agree with the lagiptr() - eback() characters of the [
backup sequence.

b) Or then characters starting gptr() - n agree with the backup sequence (wheis the length of O
the backup sequence)

O

d

igg) The morphemes ahowmany are "es-how-manyS, not "show-many". 0
)The next such call might fail by throwing an exception. The intention is that the next call will return “immediately.”
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basic_streambuf::underflow

Returns: eof() to indicate failure. O
Default behavior: Returnseof()

27.5.2.2.28basic_streambuf::uflow [lib.streambuf::uflow]

virtual int_type uflow();

The constraints are the same asuioderflow  (27.5.2.2.27) except that the result character is transfdred
from the pending sequence to the backup sequence, and the pending sequence may not be empty before the

transfer. O

Default behavior: Callsunderflow(eof()) . If underflow returnseof() ,returnseof() . Other- 0O
wise, doegbump(-1) and returnggptr() . O

Returns: not_eof(c)

27.5.2.2.29basic_streambuf::xsgetn [lib.streambuf::xsgetn]

virtual streamsize xsgetn(char_type* s, streamsize ny;

Effects: Assigns up ta? characters to successive elements of the array whose first element is desighated
by s. The characters assigned are read from the input sequence as if by repeatedlmatpeg) . O
Assigning stops when either characters have been assigned or a cadibtanpc() would return O
eof() . O

Returns: The number of characters assigljig@.

27.5.2.2.30basic_streambuf::xsputn [lib.streambuf::xsputn]
virtual streamsize xsputn(const char_type* s, streamsize ny;

Writes up ton characters to the output sequence as if by repeated cslattf c¢) . The characters writ- [
ten are obtained from successive elements of the array whose first element is desigsatétiriiyng

stops when either characters have been written or a caigatc( ¢) would returneof() . g
Returns: The number of characters written.

27.5.2.2.31basic_streambuf::seekoff [lib.streambuf::seekoff]
virtual pos_type seekoff(off_type off |

ic_ios<charT,traits>::seekdir way,

ic_ios<charT,traits>::openmode which

= basic_ios<charT,traits>::in | basic_ios<charT,traits>::out);

Effects: Alters the stream positions within one or more of the controlled sequences in a way that is défined
separately for each class derived frbasic_streambuf in this clause (27.7.1.2.5,27.8.2.3.8). O
Default behavior: Returns an object of clapss_type that stores amvalid stream positiof27.1.1).

27.5.2.2.32basic_streambuf::seekpos [lib.streambuf::seekpos]
virtual pos_type seekpos(pos_type sp,
ic_ios<charT,traits>::openmode which =in | out);

Effects: Alters the stream positions within one or more of the controlled sequences in a way that is défined
separately for each class derived froasic_streambuf in this clause (27.7.1.2.6, 27.8.2.3.9). O

1%%) Classes derived froMpasic_streambuf can provide more efficient ways to implemesgetn andxsputn by overriding O
these definitions in the base class.
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basic_streambuf::seekpos

Default behavior: Returns an object of clapss_type that stores amvalid stream position

27.5.2.2.33basic_streambuf::setbuf [lib.streambuf::setbuf]

virtual basic_streambuf*

buf(char_type* s, streamsize ny;
Effects: Performs an operation that is defined separately for each class derivdzhfionstreambuf O
in this clause (27.7.1.2.7, 27.8.2.3.10). O

Default behavior: Returnshis
27.5.2.2.34basic_streambuf::sync [lib.streambuf::sync]

virtual int sync();

Effects: Synchronizes the controlled sequences with the arrays. Thaplgsé() is non-null the char- O
acters betweepbase() andpptr() are written to the controlled sequence, angpifr() is non- 0O
null, the characters betwegptr() andegptr() are restored to the input sequence. The pointers

may then be reset as appropriate. O
Returns: -1 on failure. What constitutes failure is determined by each derived class (27.8.2.3.11). O
Default behavior: Returns zero. O
27.6 Formatting and manipulators (lib.iostream.format]

Header<istream> synopsis

namespace std { ad
template <class charT, class traits = ios_traits<charT> > O
class basic_istream; O
typedef basic_istream<char> istream; g
typedef basic_istream<wchar_t> wistream; t
template<class charT, class traits> O
basic_istream<charT,traits>& ws(basic_istream<charT traits>& is); g
} O
Header<ostream> synopsis
namespace std {
template <class charT, class traits = ioc_traits<charT> >
class basic_ostream;
typedef basic_ostream<char> ostream;
typedef basic_ostream<wchar_t> wostream;
template<class charT, class traits> O
basic_ostream<charT ,traits>& endl(basic_ostream<charT traits>& 0s); O
template<class charT, class traits> ad
basic_ostream<charT traits>& ends(basic_ostream<charT traits>& 0s); ad
template<class charT, class traits> O
basic_ostream<charT,traits>& flush(basic_ostream<charT,traits>& 0s); O
} ad

Header<iomanip> synopsis
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#include <istream>
#include <ostream>

OO

namespace std {
typedef  ? smanip;

smanip resetiosflags(ios_base::fmtflags mask);
smanip setiosflags (ios_base::fmtflags mask);
smanip setbase(int base);

smanip setfill(int c);

smanip setprecision(int ny;

smanip setw(int ny;

ODOoOoooooooao

}

The headexiomanip> defines three template classes and several related functions that use these témplate
classes to provide extractors and inserters that alter information maintained bip<lasse and its O
derived classes. It also defines several instantiations of these template classes and functions.

27.6.1 Input streams [lib.input.streams]

The headexistream> defines a type and a function signature that control input from a stream buffef]

27.6.1.1 Template clasbasic_istream [lib.istream]

namespace std {

template <class charT, class traits = ios_traits<charT> >
class basic_istream : virtual public basic_ios<charT,traits> {
public:

typedef charT char_type;

typedef traits::int_type int_type;

typedef traits::pos_type pos_type;

typedef traits::off_type off_type;

int_type eof() { return traits::eof(); }

char_type newline() { return traits::newline(); }

OOoooooooOooo

O

private:
/I for abbreviation:
typedef basic_istream<char_type,traits> istream_type; ad
typedef basic_ios<charT ,traits> ios_type; O

public: O
basic_istream(basic_streambuf<charT traits>* sb); O
virtual ~basic_istream();
bool ipfx(bool noskipws = 0); O
void isfx();

istream_type& operator>>(istream_type& (* pf )(istream_type&))
istream_type& operator>>(ios_type& (* pf)(ios_type&))
istream_type& operator>>(char_type* s);

istream_type& operator>>(char_type& c);

oOooo
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Template classhasic_istream

istream_type& operator>>(bool& ny; t
istream_type& operator>>(short& ny; O
istream_type& operator>>(unsigned short& n; O
istream_type& operator>>(int& ny; g
istream_type& operator>>(unsigned int& ny; t
istream_type& operator>>(long& ny; O
istream_type& operator>>(unsigned long& ny; O
istream_type& operator>>(float& f); g
istream_type& operator>>(double& f); t
istream_type& operator>>(long double& f); O
istream_type& operator>>(void*& p); O
istream_type& operator>>(basic_streambuf<char_type,traits>& sb); g
int_type get(); ad
istream_type& get(char_type* s, streamsize n, O
char_type delim = newline()); O
istream_type& get(char_type& c); O
istream_type& get(basic_streambuf<char_type,traits>& sb, t
char_type delim = newline()); O
istream_type& getline(char_type* s, streamsize n, O
char_type delim = newline()); O
istream_type& ignore(streamsize n =1,int_type delim = eof()); ad
istream_type& read(char_type* s, streamsize ny; O
int readsome(char_type* s, int ny; O
int peek();
istream_type& putback(char_type c); ad
istream_type& unget();
streamsize gcount() const;
int sync();
h O
} d

The classhasic_istream defines a number of member function signatures that assist in readingJand
interpreting input from sequences controlled by a stream buffer. O

Two groups of member function signatures share common propertiefrhatted input functiongor O
extractorg and theunformatted input functionsBoth groups of input functions are described as if they
obtain (orextrac) input charactersby calling sb.sbumpc() or sb.sgetc(). They may use

other public members of istream  except that they do not invoke any vir- O

tual members of sb except uflow()

If sb.sbumpc() or sb.sgetc() returns eof() , then the input function, except O

as explicitly noted otherwise, completes its actions and does O
setstate(eofbit) before returning.

If one of these called functions throws an exception, then unless explicitly noted otherwise the inpuflfunc-
tion calls setstate(badbit) and if badbit is on insb.exception() rethrows the exceptionl]
without completing its actions. O
27.6.1.2basic_istream constructors [(lib.basic.istream.cons]
basic_istream(basic_streambuf<charT traits>* sb);

Effects: Constructs an object of clabasic_istream , assigning initial values to the base class by cdll-
ing basic_ios::init( sb) . O
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Postcondition: gcount() == O

virtual ~basic_istream();

Effects: Destroys an object of clabssic_istream . g
Notes: Does not perform any operationsrdbuf() . g
27.6.1.3 Member functions (lib.istream.members]
27.6.1.3.1basic_istream::ipfx [lib.istream::ipfx]
bool ipfx(bool noskipws = 0);

Effects: If good() istrue , prepares for formatted or unformatted input. Firstie) is not a null O
pointer, the function callge()->flush() to synchronize the output sequence with any associdied
external C strearft® If noskipws is zero andflags() & skipws is nonzero, the function
extracts and discards each character as long as the next available input chasacighitespace char-
acter. g

Notes: The function basic_istream<charT,traits>::ipfx() uses the functionbool [
traits::is_whitespace(charT, const locale*) in thetraits  structure to determine[d

whether the next input character is whitespace or not.

To decide if the characteris a whitespace character, the function performs as if it executes the following
code fragment:

ctype<charT> ctype = getloc().use<ctype<charT> >(); O
if (traits::is_whitespace (c, ctype)!=0) O
/I ¢ is a whitespace character.

Returns: If, after any preparation is completggbod() is true , returnstrue . Otherwise, it calls O

setstate(failbit) and returndalse ! O
A typical implementation of thipfx()  function may be as follows: O
template <class charT, class traits = ios_traits<charT> > O
int basic_istream<charT,traits>::ipfx() { t
// skipping whitespace according to a constraint function, O
// Is_whitespace O
intT c;
typedef ctype<charT> ctype_type; O
ctype_type& ctype = getloc().use<ctype_type>();
while ((c = rdbuf()->snextc()) != eof()) {
if (Mtraits::is_whitespace (c,ctype)==0) { ad
rdbuf()->sputbackc (c); a
break; O
} O
}
]
}
In case we us®s_traits<char> orios_traits<wchar_t> , the behavior of the constraint functl
tion traits::is_whitespace() is as if it invokes: O
ctype<charT>& ctype = getloc().use<ctype<charT> >(); O
ctype.is(ctype<charT>::SPACE, c); t
otherwise, the behavior of the functiaits::is_whitespace() is unspecified. a
189)1he calltie()->flush() does not necessarily occur if the function can determine that no synchronization is necessary.[]

The functiongpfx(int) andisfx()  can also perform additional implementation-dependent operations. O
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Those who want to use locale-independent whitespace predicate can specify their definitidn of
is_whitespace in their newios_traits as follows:

struct my_traits : public ios_traits<char> { ad
typedef my_char_traits char_traits; O

I3

struct my_char_traits : public ios_traits<char> { O
static bool is_whitespace (char c, const ctype<charT>& ctype) { t
....(my own implementation)...
}

I8

27.6.1.3.2basic_istream::isfx [lib.istream::isfx]

void isfx();

Effects: O

HBox 117 E O

arBS O ™

27.6.1.3.3basic_istream::sync [lib.istream::sync]

int sync();

Effects: If rdbuf() is a null pointer, returneof() . Otherwise, callsdbuf()->pubsync() and, if O
that function returnsof() , calls setstate(badbit) and returnseof() . Otherwise, returns
zero.

27.6.1.4 Formatted input functions [lib.istream.formatted]

27.6.1.4.1 Common requirements [lib.istream.formatted.reqmts]

Each formatted input function begins execution by calipfg() . If that function returndrue , the 0O

function endeavors to obtain the requested input. In any case, the formatted input function ends bytalling
isfx() , then returngthis

Some formatted input functions endeavor to obtain the requested input by parsing characters extracted from
the input sequence, converting the result to a value of some scalar data type, and storing the converted value

in an object of that scalar data type. O
The numeric conversion behaviors of the following extractors are locale-dependent. O
operator>>(short& val );

operator>>(unsigned short& val );

operator>>(int& val );

operator>>(unsigned int& val );

operator>>(long& val );

operator>>(unsigned long& val );

operator>>(float& val );

operator>>(double& val );

operator>>(long double& val );

As in the case of the inserters, these extractors depend on the Inoate'get<> (22.2.4.1) object to per-O
form parsing the input stream data. The conversion occurs as if it performed the following code fragment:
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HOLDTYPE tmp;

num_get<charT>& fmt = loc.use< num_get<charT> >(); O
fmt.get (iter, *this, loc, tmp);

if ((val = (TYPE)tmp) !=tmp)

/I set fail bit...

In the above fragmenikpc stands for the private member of thasic ios  class, TYPEstands for the O
type of the argument of the extractor, @LDTYPEs as follows;

— forshort ,int andlong ,HOLDTYPEHslong ;

— for unsigned short , unsigned int and unsigned long , HOLDTYPEis unsigned a
long .

— forfloat ,double ,HOLDTYPEs double . O

— forlong double , HOLDTYPES long double . a

The first argument provides an object of isteeam_iterator class which is an iterator pointed to afl

input stream. It bypasses istreams and uses streambufs directly.loCtss relies on this type as itsl]
interface to istream, since the flexibility it has been abstracted away from direct dependence on istream.

In case the converting result is a value of either an integral tgber{ , unsigned short ,int , 0O
unsigned int , long , unsigned long ) or a float type float , double , long double ), per- O
forming to parse and convert the result depend on the imlogate  object. So the behavior of the
above type extractors are locale-dependent. The imbuedale object uses an(O
istreambuf_iterator to access the input character sequence.

The behavior of such functions is described in terms of the conversion specification for an equivalent call to
the functionfscanf() 187) operating with the global locale setgetloc() , with the following alter- O
ations:

— The formflstgd input function extracts characters from a stream buffer, rather than reading them from an
input file.

— If flags() & skipws is zero, the function does not skip any leading white space. In that case, if
the next input character is white space, the scan fails.

— If the converted data value cannot be represented as a value of the specified scalar data type, a scan fail-
ure occurs.

%ox 118 g

[Can the currentum_put/num get facet handldasefield  specification? Needs more discussian. [

If the scan fails for any reason, the formatted input function setittate(failbit) . a

For conversion to an integral type other than a character type, the function determines the integral conver-
sion specifier as indicated in Table 71: a
igégThe signaturdscanf(FILE*, const char*, ...) is declared irccstdio>  (27.8.3) O

The stream buffer can, of course, be associated with an input file, but it need not be.
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Table 71—Integer conversions

0 State stdio equivalent S
r{flags() & basefield) == oct %0 0
[flags() & basefield) == hex %X O
Hflags() & uppercase) != 0 %X g
Hflags() & basefield) == %i 5 0
[Otherwise, O
#igned integral type %d g
runsigned  integral type %u 0
%ox 119 .
Os this table clear with regards%xvs. %X [1 O
27.6.1.4.2basic_istream::operator>> [lib.istream::extractors]
istream_type& operator>>(istream_type& (* pf)(istream_type&))
Returns: pf (*this) 189) a
istream_type& operator>>(ios_type& (* pf)(ios_type&))
Effects: Callspf (*this) , then returnsthis 190) a

istream_type& operator>>(char_type* s);

Effects: Extracts characters and stores them into successive locations of an array whose first element is
: 191) : . : i
designated bys. If width() is greater than zero, the maximum number of characters stased]
width() ; otherwise it immumeric_limits<int>::max() (18.2.1).

Characters are extracted and stored until any of the following occurs:
— n -1 characters are stored,; O

— end-of-file occurs on the input sequence;

— traits::is_whitespace( c,ctype ) is nonzero for the next available input charactedn the 0O
above code fragment, the argumetype is acquired byetloc().use<ctype<charT> >() .0

If the function stores no characters, it calidstate(failbit) . In any case, it then stores a null char?

acter into the next successive location of the array andvadtis(0) . a

Returns: *this . O
istream_type& operator>>(char_type& c);

Effects: Extracts a character, if one is available, and stores it.inOtherwise, the function callsC
setstate(failbit) . a

Returns: *this . O

J'gz)See, for example, the function signatwmgbasic_istream&) (27.6.1.6).
i 1)See, for example, the function signatde(basic_ios<charT traits>&) (Ulib.basefiled.manip).
9 )Note that this function is not overloaded on tygigmed char  andunsigned char . O

(|
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istream_type& operator>>(bool& ny;

Effects: Converts a signed short integer, if one is available, and stores. it in
Returns: *this
Notes: Behaves as if:

if (flags() & ios::boolalpha) {
getloc().extract(*this, n);
}else {
int x;
*this >> x;
if (x==0)
n = false;
else if (x == 1)
n = true;
else
; /l indicate failure
}

return *this;

Locale extraction ¢etloc().extract() ) of the string is something like:
istream i;
string bool_false = ...; // locale dependent
string bool_true = ...;
string s;
i>>s;
if (s == bool_false)
n = false;
else if (s == bool_true)
n = true;
else

. //indicate failure
The strings for the default locale dadése andtrue .

istream_type& operator>>(short& ny;
Effects: Converts a signed short integer, if one is available, and stores. it in
Returns: *this

istream_type& operator>>(unsigned short& ny;
Effects: Converts an unsigned short integer, if one is available, and stores it in
Returns: *this

istream_type& operator>>(int& ny;
Effects: Converts a signed integer, if one is available, and storeg.it in
Returns: *this

istream_type& operator>>(unsigned int& ny;
Effects: Converts an unsigned integer, if one is available, and stores.it in
Returns: *this

istream_type& operator>>(long& ny;

Effects: Converts a signed long integer, if one is available, and stores.it in



27.6.1.4.2 DRAFT: 1 February 1995 Input/output library 2741
basic_istream::operator>>

Returns: *this . O
istream_typeé& operator>>(unsigned long& ny;

Effects: Converts an unsigned long integer, if one is available, and stores it in O

Returns: *this . O
istream_type& operator>>(float& f);

Effects: Converts dloat , if one is available, and stores itfin O

Returns: *this . O
istream_type& operator>>(double& f);

Effects: Converts alouble , if one is available, and stores itfin O

Returns: *this . O
istream_type& operator>>(long double& f);

Effects: Converts dong double , if one is available, and stores itfin O

Returns: *this . O
istream_type& operator>>(void*& p);

Effects: Converts a pointer teoid , if one is available, and stores itan O

Returns: *this . O
istream_type& operator>>(basic_streambuf<charT traits>& sb);

Effects: Extracts characters frotthis and inserts them in the output sequence controllediiyf() . O

Characters are extracted and inserted until any of the following occurs:
— end-of-file occurs on the input sequence;

— inserting in the output sequence fails (in which case the character to be inserted is not extracted);

— an exception occurs (in which case the exception is cauggtgtate(badbit) is not called O
If the function inserts no characters, it calitstate(failbit) . If failure was due to catching arC]
exception thrown while extracting characters frabuf()  and failbit is on inexceptions() O
(27.4.3.2.11), then the caught exception is rethrown. O
Returns: *this

27.6.1.5 Unformatted input functions [lib.istream.unformatted]
Each unformatted input function begins execution by calfpfig(1) . If that function returns nonzero,]

the function endeavors to extract the requested input. It also counts the number of characters extracted. In
any case, the unformatted input function ends by storing the count in a member object andfgdlling [
then returning the value specified for the unformatted input function.

27.6.1.5.1basic_istream::get [lib.istream::get]

int get();

Effects: Extracts a character, if one is available. The function then retuussigned char) c. O
Otherwise, the function calietstate(failbit) and then returnsof() . g
istream_type& get(char_type* s, streamsize n,

char_type delim = newline());
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Effects: Extracts characters and stores them into successive locations of an array whose first element is

designated bys.lgz)Characters are extracted and stored until any of the following occurs: O
— n -1 characters are stored; O
— end-of-file occurs on the input sequence (in which case the functioseisliate(eofbit) ); g
— ¢ ==delim for the next available input characte(in which cases is not extracted). g
If the function stores no characters, it cak$state(failbit) . In any case, it then stores a null char?
acter into the next successive location of the array. O
Returns: *this . O
istream_typeé& get(char_type& c);
Effects: Extracts a character, if one is available, and assigns it Otherwise, the function callsd
setstate(failbit) . O
Returns: *this . O
istream_type& get(basic_streambuf<char_type,traits>& sb,

char_type delim = newline());

Effects: Extracts characters and inserts them in the output sequence controttizuffy . Characters O
are extracted and inserted until any of the following occurs:

— end-of-file occurs on the input sequence;
— inserting in the output sequence fails (in which case the character to be inserted is not extracted);
— c==delim for the next available input characte(in which case is not extracted); g
— an exception occurs (in which case, the exception is caught but not rethrown).
If the function inserts no characters, it caklgstate(failbit) . O
Returns: *this
27.6.1.5.2basic_istream::getline [lib.istream::getline]
istream_type& getline(char_type* s, streamsize n,

char_type delim = newline());

Effects: Extracts characters and stores them into successive locations of an array whose first elemhent is
designated bys.lg4)Characters are extracted and stored until one of the following occurs: O

1) end-of-file occurs on the input sequence (in which case the functiosetaliste(eofbit) ); O

2) ¢ ==delim for the next available input charact(in which case the input character is extracted hut
not stored)l,gs)

3) n -1 characters are stored (in which case the function setiisate (failbit) ). O
These conditions are tested in the order shoWh.

If the function extracts no characters, it caktéstate(failbit) 197 g

192)Note that this function is not overloaded on typgned char  andunsigned char
193)Note that this function is not overloaded on typigsed char  andunsigned char
194)Note that this function is not overloaded on typigsed char  andunsigned char
195)Since the final input character is “extracted,” it is counted ingb@unt() , even though it is not stored. O
This allows an input line which exactly fills the buffer, without setfaitpit . This is different behavior than the historicall
AT&T implementation.
This implies an empty input line will not causdbit to be set. O
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In any case, it then stores a null character into the next successive location of the array. O
Returns: *this
Example: O
#include <iostream>
using namespace std; O
const int line_buffer_size = 100;
int main() O

char buffer[line_buffer_size];
int line_number = 0;
while (cin.getline(buffer, line_buffer_size) || cin.gcount()) { g
int count = cin.gcount();
if (cin.eof())
cout << "Partial final line";  // cin.fail() is false
else if (cin.fail()) {
cout << "Partial long line";
cin.clear(cin.rdstate() & ~ios::failbit);
}else {
count--; /I Don’t include '\n’ in count
cout << "Line " << ++line_number;

cout << " (" << count << " chars): " << buffer << endl;

}
}
27.6.1.5.3basic_istream::ignore [lib.istream::ignore]
istream_type& ignore(int n =1,int_type delim = eof());

Effects: Extracts characters and discards them. Characters are extracted until any of the following occurs:

— if n = numeric_limits<int>::max() (18.2.1),n characters are extracted a
— end-of-file occurs on the input sequence (in which case the functiosetsiate(eofbit) ); a
— c==delim for the next available input characte(in which case is extracted). a
The last condition will never occurdfelim == eof() a

Returns: *this
27.6.1.5.4basic_istream::read [lib.istream::read]

istream_type& read(char_type* S, streamsize n;

Effects: Extracts characters and stores them into successive locations of an array whose first elebhent is
designated bys.lgs)Characters are extracted and stored until either of the following occurs: a

— n characters are stored;

— end-of-file occurs on the input sequence (in which case the functiosetsiate(failbit) ).
Returns: *this

OO

195)Note that this function is not overloaded on typgned char  andunsigned char
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27.6.1.5.5basic_istream::readsome [lib.istream::readsome]

int readsome(char_type* s, int ny;

Effects: Extracts characters and stores them into successive locations of an array whose first elemhent is
designated by. The function first determinegavail , the value returned by callirg_avail() .0
If navail is1, the function callsetstate(eofbit) and returns zero.

Otherwise, the function determines the number of characters to exmadhe smaller ofi and navail

and returngead( s, n). O

27.6.1.5.6basic_istream::peek [lib.istream::peek]

int peek();

Returns: eof() if good() is false. Otherwise, returmgbuf()->sgetc() . g

27.6.1.5.7basic_istream::putback [lib.istream::putback]

istream_typeé& putback(char_type c);

Effects: Callsrdbuf->sputbackc( ¢) . If that function returnsof() , callssetstate(badbit) .0

Returns: *this
27.6.1.5.8basic_istream::unget [lib.istream::unget]

istream_type& unget();

Effects: Callsrdbuf->sungetc() . If that function returnsof() , callssetstate(badbit) . g
Returns: *this

27.6.1.5.9basic_istream::gcount [lib.istream::gcount]

streamsize gcount() const;

Returns: The number of characters extracted by the last unformatted input member function called for the
object.

27.6.1.6 Standardbasic_istream manipulators [lib.basic.istream.manip]

namespace std {
template<class charT, class traits>

basic_istream<charT traits>& ws(basic_istream<charT,traits>& is);

}

Effects: Saves a copy ofs.fmtflags , then clearsis .skipws in is .flags() . Then O
calls is .ipfxég and is  .isfx() , and restores is flags() to its O
saved value. 1% O

Returns: is . O

99 The effect ofcin >>ws  is to skip any white space in the input sequence controllethby O
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27.6.2 Output streams [lib.output.streams]

The headerkostream> defines a type and several function signatures that control output to a stream
buffer.

27.6.2.1 Template clasbasic_ostream [lib.ostream]

namespace std {
template <class charT, class traits = ioc_traits<charT> >
class basic_ostream : virtual public basic_ios<charT,traits> {
public:
typedef charT char_type;
typedef traits::int_type int_type;
typedef traits::pos_type pos_type;
typedef traits::off_type off_type;
int_type eof() { return traits::eof(); }
char_type newline() { return traits::newline(); }
private:
typedef basic_ostream<charT,traits> ostream_type;
public:
basic_ostream(basic_streambuf<char_type,traits>* sb);
virtual ~basic_ostream();
bool opfx();
void osfx();

OOooooooooooooo

ostream_type& operator<<(ostream_type& (*
ostream_type& operator<<(ios_type& (*

pf )(ostream_type&));
pf )(ios_type&));

ostream_type& operator<<(const char_type* s);

ostream_type& operator<<(char_type

ostream_type& operator<<(bool
ostream_type& operator<<(short
ostream_type& operator<<(unsigned
ostream_type& operator<<(int
ostream_type& operator<<(unsigned
ostream_type& operator<<(long
ostream_type& operator<<(unsigned
ostream_type& operator<<(float
ostream_type& operator<<(double

c);

ny;
ny;
short ny;
ny;
int ny;
n;
long n;
f);
)

ostream_type& operator<<(long double f);

ostream_type& operator<<(void*

ostream_type& operator<<(basic_streambuf<char_type,traits>&

int put(char_type c);

ostream_type& write(const char_type*

ostream_type& flush();
I8
}

The clasdasic_ostream

writing output to output sequences controlled by a stream buffer.

p);

S, streamsize

oOooo

ODOoooooooooodg

sb);

OO

ny;

g
t
t

defines a number of member function signatures that assist in formatting_and

O

Two groups of member function signatures share common propertiefaritingtted output functionfor 0O
inserterg and theunformatted output function®Both groups of output functions generateifser) output [0
charactershy actions equivalent to callinglbuf().sputc(int)

. They may use other public mem-

bers of basic_ostream except that they do not invoke any tuals membergdbfif()  except O
overflow . If the called function throws an exception, the output function safistate(badbit) O
and ifbadbit is on inexceptions() rethrows the exception. O
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27.6.2.2basic_ostream  constructors [(lib.basic.ostream.sb.cons]

basic_ostream(basic_streambuf<charT,traits>* sb);

Effects: Constructs an object of clabasic_ostream , assigning initial values to the base class by cdll-
ing basic_ios<charT traits>::init( sb) . g

virtual ~basic_ostream();

Effects: Destroys an object of clabssic_ostream . g
Notes: Does not perform any operationsroibuf() . O
27.6.2.3 Member functions [(lib.basic.ostream.members]
27.6.2.3.1basic_ostream::opfx [lib.ostream::opfx]
bool opfx();

If good() is nonzero, prepares for formatted or unformatted outpute()f is not a null pointer, calls O
tie()->flush() 200)

HBox 120 E

[Note: Need to append ti@cale dependency on appropriate extractdrs. a
Returns: good() 200 O
27.6.2.3.2basic_ostream::osfx [lib.ostream::osfx]

void osfx();

If flags() & unitbuf is nonzero, calllush() . O
27.6.2.3.3basic_ostream::flush [lib.ostream::flush]

basic_ostream& flush();

If rdbuf() is not a null pointer, callsdbuf()->pubsync() . If that function returngof() , calls O
setstate(badbit) . O
Returns: *this

27.6.2.4 Formatted output functions [lib.ostream.formatted]

27.6.2.4.1 Common requirements [lib.ostream.formatted.regmts]

Each formatted output function begins execution by catipix() . If that function returns nonzero, thel
function endeavors to generate the requested output. In any case, the formatted output function Ends by
callingosfx() , then returning the value specified for the formatted output function. O

The numeric conversion behaviors of the following inserters are locale-dependent: O

20 the calltie()->flush() does not necessarily occur if the function can determine that no synchronization is necessary.ll

The function signaturespfx() andosfx() can also perform additional implementation-dependent operations. O
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operator<<(short val );
operator<<(unsigned short val );
operator<<(int val );
operator<<(unsigned int val );
operator<<(long val );
operator<<(unsigned long val );
operator<<(float val );
operator<<(double val );
operator<<(long double val );

OOoooooooo

The classesaum_get<> andnum_put<> handle locale-dependent numeric formatting and parsing. The
above inserter functions refers the imblmzhle value to utilize these numeric formatting functionality
The formatting conversion occurs as if it performed the following code fragment:

num_put<charT>& fmt = loc.use< num_put<charT> >(); O
fmt.put (ostreambuf_iterator(*this), *this, loc, val);

In the above fragmenkpc stands for the private member of thasic_ios  class which maintains thell
imbuedlocale object. The first argument provides an object of dsegeambuf _iterator class O
which is an iterator for ostream class. It bypasses ostreams and uses streambufs directigca®ass [
relies on these types as its interface to iostreams, since for flexibility it has been abstracted away from

%gect dependence-onrostrearm: O
ox 120 a

[Note: Need to append thecale dependency on appropriate extractorsl a

Some formatted output functions endeavor to generate the requested output by converting a value from
some scalar auTBS type to text form and inserting the converted text in the output sequence.

%ox 121 g
[Needs work: NTBS.

The behavior of such functions is described in terms of the conversion specification for an equivalentzall to
the functionfprintf ,202) operating with the global locale setgetloc() , with the following alter- O
ations:

— The forznagtted output function insedbaractersin a stream buffer, rather than writing them to an out-
put file.

— The formatted output function uses the fill character returneélify as the padding charactef]
(rather than the space character for left or right paddir@farinternal padding).

If the operation fails for any reason, the formatted output functionseitate (badbit) . O
For conversion from an integral type other than a character type, the function determines the integral con-
version specifier as indicated in Table 72: O
ggggThe signaturdprintf(FILE*, const char_type*, ...) is declared irccstdio>  (27.8.3). O

The stream buffer can, of course, be associated with an output file, but it need not be.
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Table 72—Integer conversions

O State stdio  equivalent
r{flags() & basefield) == oct %0

[flags() & basefield) == hex %X

flags() & uppercase) !=0 %X

—Otherwise,

[bigned integral type %d
HJnsigned integral type %u

[

MoOooooooo
O

%ox 122 E
(s this table clear with regards%axvs. %X O

For conversion from a floating-point type, the function determines the floating-point conversion specifier as
indicated in Table 73:

%ox 123 g
anm.

[Can the curremium put/num get facet handldasefield  specification? Needs more discussi a
Table 73—Floating-point conversions
U State stdio equivalent S
F{flags() & floatfield) == fixed %f 0
[flags() & floatfield) == scientific %e O
Hflags() & uppercase) != 0 %E S 0
Otherwise, 0
0 %g 0
Hflags() & uppercase) != 0 %G H
Haox 124 E O
(s this table clear with regards%eevs. %2 [ a

The conversion specifier has the following additional qualifiers prepended as indicated in Table 74: O

Table 74—Floating-point conversions

O
U Type(s) State stdio equivalent S |
'ﬁan integral type other than (flags() & showpos) =0 + 0 O
A character type [(flags() & showbase) !=0 # 0 O
g . . (flags() & showpos) !=0 + U |
F floating-point type (flags() & showpoint) 1= 0 4 H

— For any conversion, ifvidth()  is nonzero, then a field width is specified in the conversion specifica-
tion. The value isvidth() . a

— For conversion from a floating-point type fifigs() & fixed is nonzero or iprecision() is O
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greater than zero, then a precision is specified in the conversion specification. The valle is
precision()

Moreover, for any conversion, padding with the fill character returndidi()y = behaves as follows: O

— If (flags() & adjustfield) == right , ho flag is prepended to the conversion specificatian,
indicating right justification (any padding occurs before the converted text). A fill character oéturs
wherevefrfprintf generates a space character as padding.

— If (flags() & adjustfield) == internal , the flag0 is prepended to the conversion spedi
fication, indicating internal justification (any paddinz% occurs within the converted text). A fill charddter
occurs wherevefprintf generates @ as paddin(f.O

Otherwise, the flag is prepended to the conversion specification, indicating left justification (any padding
occurs after the converted text). A fill character occurs wherfgvitf() would generate a spacé]
character as padding.

Unless explicitly stated otherwise for a particular inserter, each formatted output functiomndiki{e) g
after determining the field width.

27.6.2.4.2basic_ostream::operator<< [lib.ostream.inserters]

ostream_type& operator<<(ostream_type& (* pf )(ostream_type&))

Returns: pf (*this) 209 O

ostream_type& operator<<(ios_type& (* pf)(ios_type&))
Effects: Calls(*(basic_ios<charT,traits>*) pf)(*this) . g
Returns: *this 2% O
ostream_type& operator<<(const char_type* s);
Effects: Converts theiTBS s with the conversion specifiar. O
Returns: *this . O
ostream_type& operator<<(char_type c);

Effects: Converts thechar_type ¢ with the conversion specifier and a field width of zer®?”) The
stored field width pasic_ios<charT,traits>::width() ) isnotset to zero.
Returns: *this

OooOo

ostream_type& operator<<(bool ny;

Behaves as if: a

if (flags() & ios::boolalpha) {
getloc().insert(*this, n);
}else {
*this << int(n);

“9%)The conversion specificatigfo generates a leadifywhich isnota padding character. O
205)See, for example, the function signatarell(basic_ostream&) (27.6.2.6) .
206)See, for example, the function signatdee(ios_base&) (27.4.5.3).

207)Note that this function is not overloaded on typigsed char  andunsigned char

(|
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basic_ostream::operator<<

Returns: *this

ostream_type& operator<<(short ny;
Effects: Converts the signed short integewith the integral conversion specifier precededhby
Returns: *this
ostream_type& operator<<(unsigned short ny;
Effects: Converts the unsigned short integiewith the integral conversion specifier precededhby
Returns: *this
ostream_type& operator<<(int ny;
Effects: Converts the signed integemwith the integral conversion specifier.
Returns: *this
ostream_type& operator<<(unsigned int n);
Effects: Converts the unsigned integewith the integral conversion specifier.
Returns: *this
ostream_type& operator<<(long ny;
Effects: Converts the signed long integewith the integral conversion specifier preceded by
Returns: *this
ostream_type& operator<<(unsigned long n);
Effects: Converts the unsigned long integewith the integral conversion specifier preceded by
Returns: *this
ostream_type& operator<<(float f);
Effects: Converts thdloat f with the floating-point conversion specifier.
Returns: *this
ostream_type& operator<<(double f);
Effects: Converts thelouble f with the floating-point conversion specifier.
Returns: *this
ostream_type& operator<<(long double f);
Effects: Converts thédong double  f with the floating-point conversion specifier preceded by
Returns: *this
ostream_type& operator<<(void* p);
Effects: Converts the pointer teoid p with the conversion specifiegr.
Returns: *this
ostream_type& operator<<(basic_streambuf<charT,traits>& sb);
Gets characters fromdbuf() and inserts them irithis . Characters are read frordbuf() and
inserted until any of the following occurs:

— end-of-file occurs on the input sequence;

OO

OO

OO
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basic_ostream::operator<<

— inserting in the output sequence fails (in which case the character to be inserted is not extracted)] LI an
exception occurs while getting a character fralouf()  (in which case, the exception is rethrown).

If the function inserts no characters or if it stopped because an exception was thrown while extralcting a
character, it callsetstate(failbit) . If an exception was thrown while extracting a character dnd
failbit is on inexceptions() the caught exception is rethrown. O
Returns: *this

27.6.2.5 Unformatted output functions [lib.ostream.unformatted]

Each unformatted output function begins execution by cadipfg() . If that function returns nonzero,]
the function endeavors to generate the requested output. In any case, the unformatted output functibn ends
by callingosfx() , then returning the value specified for the unformatted output function.

27.6.2.5.1basic_ostream::put [lib.ostream::put]
int put(char_type c);

Effects: Inserts the character, if possible?OS)Then returngunsigned char) c.

Otherwise, callsetstate(badbit) and returng0of()

27.6.2.5.2basic_ostream::write (lib.ostream::write]
basic_ostream& write(const char_type* s, streamsize ny;

Effects: Obtains characters to insert from successive locations of an array whose first element is[tesig-
nated bys.zog)Characters are inserted until either of the following occurs: O

— n characters are inserted,;

— inserting in the output sequence fails (in which case the functiorsetdiste(badbit) ). g
Returns: *this

27.6.2.6 Standardbasic_ostream  manipulators [lib.basic.ostream.manip]
27.6.2.6.1endl [lib.endl]

namespace std {
template<class charT, class traits>

basic_ostream<charT,traits>& endl(basic_ostream<charT traits>& 0S);
}
Effects: Callsos .put(traits::newline()) , thenos .flush() . O
Returns: os.
27.6.2.6.2ends [lib.ends]

2US)Note that this function is not overloaded on typgned char  andunsigned char

209) Note that this function is not overloaded on typigeed char  andunsigned char

210)The effect of executingout << endl is to insert a newline character in the output sequence controllesuby, then syn- 0
chronize it with any external file with which it might be associated.
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namespce std {
template<class charT, class traits>

basic_ostream<charT,traits>& ends(basic_ostream<charT ,traits>& 0S);
}
Effects: Callsos .put(traits::eos()). O
Returns: os.
27.6.2.6.3flush [lib.flush]

namespace std {
template<class charT, class traits>

basic_ostream<charT ,traits>& flush(basic_ostream<charT traits>& 0S);
}
Effects: Callsos .flush() . O
Returns: os. g
27.6.3 Standard manipulators (lib.std.manip]
27.6.3.1 Typesmanip [lib.smanip]

The typesmanipis an implementation-defined function type (8.3.5) returned by the standard manipuldibrs.

27.6.3.2resetiosflags (lib.resetiosflags]
smanip resetiosflags(ios_base::fmtflags mask);
Returns: smaniff, mask), where f can be defined as: 212)
template<class charT, class traits> O
ios_base& f(ios_base& str , O
ios_base::fmtflags mask) O
{ // reset specified flags O
str .setf(ios_base::fmtflags(0), mask); ad
return  str ; g
}
27.6.3.3setiosflags [(lib.setiosflags]
smanip setiosflags(ios_base::fmtflags mask);
Returns: smaniff ,mask), where f can be defined as: O
ios_base& f(ios_base& str , O
ios_base::fmtflags mask) ad
{ // set specified flags O
str .setf(  mask); O
return str ; O
}
I The effect of executingstr << ends is to insert a null character in the output sequence controlledtby. If ostr isan O
ggjz%ct of clasdasic_strstreambuf , the null character can terminatenams constructed in an array object. O
The expressionin >> resetiosflags(ios_base::skipws) clearsios_base::skipws in the format flags stored [
in the istream object cin (the same ascin >> noskipws ), and the expressioncout << O
resetiosflags(ios_base::showbase) clearsios_base::showbase in the format flags stored in thestream object O

cout (the same asout << noshowbase ).
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27.6.3.4setbase

smanip setbase(int base);

Returns: smaniff, base), where f can be defined as:

ios_base& f(ios_base& str ,int base)
{ // set basefield
str .setf(n == 8 ? ios_base::oct :

n==10 ? ios_base::dec :
n==16 ? ios_base::hex:

ios_base::fmtflags(0),
ios_base::basefield);

return str ;
}
27.6.3.5 setfill
smanip setfill(int c);

Returns: smaniff, c), where f can be defined as:

ios_base& f(ios_base& str ,int c)
{ // setfill character

str fill(c);

return  str ;

}

27.6.3.6 setprecision

smanip setprecision(int n;
Returns: smaniff, n), where f can be defined as:

ios_base& f(ios_base& str ,int n)
{ // set precision

str .precision(n);

return  str ;

}

27.6.3.7 setw

smanip setw(int ny;
Returns: smanigf, n), where f can be defined as:

ios_base& f(ios_base& str ,int n
{ //set width

str .width(n);

return  str ;

}

27.7 String-based streams

Header <sstream> synopsis

Input/output library 27-53

(lib.setbase]

[lib.setfill]

[lib.setprecision]

(lib.setw]

[lib.string.streams]

OoOooo oOooo OoOoooooogodg

[ o |
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#include <streambuf>
#include <istream>
#include <ostream>

namespace std {
template <class charT, class traits = int_charT_traits<charT> >
class basic_stringbuf;
typedef basic_stringbuf<char> stringbuf;
typedef basic_stringbuf<wchar_t> wstringbuf;

template <class charT, class traits = ios_traits<charT> >
class basic_istringstream;

typedef basic_istringstream<char> istringstream;

typedef basic_istringstream<wchar_t> wistringstream;

template <class charT, class traits = ios_traits<charT> >
class basic_ostringstream;

typedef basic_ostringstream<char> ostringstream;

typedef basic_ostringstream<wchar_t> wostringstream;

Table 74—Header<cstdlib>  synopsis

Crype Name(s) 0
H:unctions: g
0 atoi  strtod 0
A atol  strtol |

SEE ALSO ISO C subclause 7.10.1.

27.7 String-based streams

The headexsstream> defines three types that associate stream buffers with objects oftciags , as

described in clause 21.1.2.

27.7.1 Template clasbasic_stringbuf

namespace std {

template <class charT, class traits = int_charT_traits<charT> >
class basic_stringbuf : public basic_streambuf<charT traits> {
public:

typedef charT char_type;

typedef traits::int_type int_type;

typedef traits::pos_type pos_type;

typedef traits::off_type off_type;

int_type eof() { return traits::eof(); }

char_type newline() { return traits::newline(); }

public:
basic_stringbuf(ios_base::openmode which
=ios_base::in
| ios_base::out);
basic_stringbuf(const basic_string<char_type>& str
ios_base::openmode which
=ios_base::in

| ios_base::out);
virtual ~basic_stringbuf();
basic_string<char_type> str() const;
void str(const basic_string<char_type>& S);

[lib.stringbuf]

OooOoooOoo oooo goooogo gooo

OOoooooooOooo I e B

OoOoooooOod



2771 DRAFT: 1 February 1995 Input/output library 27-55
Template classhasic_stringbuf

protected: ad
/I virtual int_type  overflow (int_type c =eof()); inherited O
// virtual int_type  pbackfail(int_type c = eof()); inherited ad
// virtual int showmany/(); inherited O
/I virtual int_type underflow(); inherited O
/I virtual int_type uflow(); inherited O
/I virtual streamsize xsgetn(chatype* s, streamsizen); inherited O
// virtual streamsize xsputn(const char_type* s, streamsize n); inherited O
/I virtual pos_type  seekoff(off_type off , ad
I ios_base::seekdir way, O
I ios_base::openmode which O
I =ios_base::in O
I | ios_base::out); inherited ad
// virtual pos_type  seekpos(pos_type sp, O
/7 ios_base::openmode which O
// = jos_base::in O
/7 | ios_base::out); inherited ad
// virtual basic_streambuf<char_type,traits>* O
/ setbuf(char_type* s, streamsize n); inherited O
//virtual int sync(); inherited O

private: ad

/I ios_base::openmodenode exposition only O

¥ O
} O
%ox 125 E
[Note: sameharT type string can be fed.] O
The classbasic_stringbuf is derived frombasic_streambuf to associate possibly the inpufl
sequence and possibly the output sequence with a sequence of acbitwraigters The sequence can be
initialized from, or made available as, an object of diessc_string O
HBox 126 %
EFor the sake of exposition, the maintained data is presented here as: J
— ios_base::openmode mode, hasin set if the input sequence can be read,artd set if the out-a]
g put sequence can be written. g
[For the sake of exposition, the stored character sequence is described here as an array object. H]
HBox 127 (g

O
Crhe descriptions of the virtuals in this class need to be brought into agreement with the new descripfions of

he generic protocols. As part of that we have ™
0 g
0 O
01 :
%/ string data ; exposition only E
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basic_stringbuf constructors

27.7.1.1basic_stringbuf constructors [(lib.basic.stringbuf.cons]

basic_stringbuf(ios_base::openmode which =ios_base:in
ios_base::out);

Effects: Constructs an object of clasbasic_stringbuf , initializing the base class withO

basic_streambuf() , and initializingmode with which . The function allocates no array object. [
basic_stringbuf(const basic_string<char_type>& str
ios_base::openmode which =ios_base::in

ios_base::out);

Effects: Constructs an object of clasbasic_stringbuf
basic_streambuf() , and initializingmode with which .
Notes: If str .length() is nonzero, the function allocates an array ohjeethose lengthn is str
Jdength() and whose elementq /] are initialized tostr [ /] . If which & basic_ios::in
is nonzero, the function executsstg( x, x, x+n);
If which & basic_ios::out is nonzero, the function executssip( X, x+n);

, initializing the base class with[]

Oooooo

27.7.1.2 Member functions [(lib.stringbuf.members]
27.7.1.2.1basic_stringbuf::str [lib.stringbuf::str]
basic_string<char_type> str() const;

Returns: The return value of this function are indicated in Table 75: a

Table 75—str return values

U Condition Return Value
E{ mode & basic_ios::in) basic_string<char_type>(eback(),egptr() - eback())
=0 and (gptr() '=0) a

mode & basic_ios::out) hasic_string<char_type>(pbase(),pptr - pbase())
0= 0 and (pptr() =0 O
Otherwise basic_string<char_type>()

I

void str(const basic_string<char_type>& s);
Effects: If s.length() is zero, executes:

setg(0, 0, 0); O
setp(0, 0);

and frees storage for any associated array object. Otherwise, the function allocates an arrayvbbget [
length n is str .length() and whose elementg[ /] are initialized tostr [/]. If which & O
ios_base:in =0 , the function executesetg( x, x, x+n);

setg(0, 0, 0); O
setp(0, 0);

If which & ios_base::out!=0 , the function executesetp( x, x+n); O



27.7.1.2.2 DRAFT: 1 February 1995 Input/output library 2757
basic_stringbuf::overflow

27.7.1.2.2basic_stringbuf::overflow [lib.stringbuf::overflow]

/I virtual int_type overflow(int_type c =eof(); inherited
Effects: Appends the character designatecchip the output sequence, if possible, in one of two ways: [

— If ¢ =eof() and if either the output sequence has a write position available or the function mdkes a
write position available (as described below), the function splisc( c¢) . g
Signals success by returning

— If ¢ ==eof() ,thereis no character to append. O
Signals success by returning a value other &wdf) g

Notes: The function can alter the number of write positions available as a result of any call. O

Returns: eof() to indicate failure.

The function can make a write position available onlyrifode & ios_base::out) = 0 . Tomake 0O

a write position available, the function reallocates (or initially allocates) an array object with a sufficient
number of elements to hold the current array object (if any), plus one additional write positienodé [

& ios_base::in) I= 0 , the function alters the read end poirggptr()  to point just past the new(
write position (as does the write end poirgpptr() ).

27.7.1.2.3basic_stringbuf::pbackfail [lib.stringbuf::pbackfail]
/I virtual int_type pbackfail(int_type c =eof(); inherited
HBox 128 O 0

0
[Check vs. 27.5.2.2.25 and 27.8.2.315

Effects: Puts back the character designated Ity the input sequence, if possible, in one of three ways:[1

— If ¢ =eof() , if the input sequence has a putback position available, amdiftype( c¢)== [O
char_type(gptr()[-1]) , assigngptr() - 1 togptr() . O
Returns:c.

— If ¢ = eof() , if the input sequence has a putback position available, andode & [
ios_base::out is honzero, assignsto *--gptr() . O
Returnschar_type( c).

— If ¢ == eof() and if the input sequence has a putback position available, agpigf)s- 1 to O
gptr() . O
Returnschar_type( c). O

Returns: eof() to indicate failure. O

Notes: If the function can succeed in more than one of these ways, it is unspecified which way is chdsen.

27.7.1.2.4basic_stringbuf::underflow [lib.stringbuf::underflow]

/[ virtual int_type underflow(); inherited

Returns: If the input sequence has a read position available, rethamstype(*gptr()) . O
Otherwise, returneof() . g

27.7.1.2.5basic_stringbuf::seekoff [lib.stringbuf::seekoff]

/I virtual pos_type seekoff(off_type off ,ios_base::seekdir way,

I ios_base::openmode which

I = ios_base::in | ios_base::out); inherited
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%ox 129 E 0
[Check vs. 27.8.2.3.9] O

Effects: Alters the stream position within one of the controlled sequences, if possible, as indicated in(Table
76: O

Table 76—seekoff positioning

U Conditions Result U
H (which & basic_ios::in) !1=0 positions the input sequence %
O (which & basic_ios::out) I=0 positions the output sequence O
U Otherwise, H
0 (which & (basic_ios::in | positions both the input and the output sequencgs
] basic_ios::out)) == a
O (basic_ios:in | O
U basic_ios::out)) U
and way == either E
] basic_ios::beg or O
O basic_ios::end 0
H Otherwise, the positioning operation fails. H

For a sequence to be positioned, if its next pointer is a null pointer, the positioning operation fails. Qther-
wise, the function determinewoff as indicated in Table 77: O

Table 77—newoff values O

u

U Condition newoff Value U =

way == basic_ios::beg 0 0 g

Cway == basic_ios::cur the next pointer minus the begin} O

0 ning pointer gknext - xbeg). U O =i

Eyvay == basic_ios::end the end pointer minus the begirg ad

O ning pointer kend - xbeg) o O |

Uf (newoff + off )<0, the positioning operation fails U 0

r (xend - xbeg)<( new- g ad

[pff + off ) O =

Otherwise, the function assigrbeg + newoff + off to the next pointexnext . g
Returns: pos_type( newoff ), constructed from the resultant offsewoff (of typeoff type ), O

that stores the resultant stream position, if possible. If the positioning operation fails, or if the con-
structed object cannot represent the resultant stream position, the object stores an invalid stream posi-
tion.

27.7.1.2.6basic_stringbuf::seekpos [lib.stringbuf::seekpos]

/I virtual pos_type seekpos(pos_type sp, O
I ios_base::openmode which O
/1 = ios_base::in ad
I | ios_base::out); inherited O
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%ox 130 E 0
[Check vs. 27.8.2.3.9] O

Effects: Alters the stream position within one of the controlled sequences, if possible, to correspondio the
stream position stored sp (as described below).

— If (which & basic_ios::in) =0 , positions the input sequence.
— If (which & basic_ios::out) 1= 0 , positions the output sequence.
— If the function positions neither sequence, the positioning operation fails.

For a sequence to be positioned, if its next pointer is a null pointer, the positioning operation fails. Qther-
wise, the function determinegwoff from sp.offset()

— If newoff is aninvalid stream positionhas a negative value, or has a value greater therd (- [0
xbeg), the positioning operation fails.

— Otherwise, the function addsewoff to the beginning pointexbeg and stores the result in the next
pointerxnext . O
Returns: pos_type( newoff ), constructed from the resultant offsewoff (of typeoff type ), O
that stores the resultant stream position, if possible. If the positioning operation fails, or if the con-
structed object cannot represent the resultant stream position, the object stores an invalid stream posi-
tion.

27.7.1.2.7basic_stringbuf::setbuf [lib.stringbuf::setbuf]
O
/I virtual basic_streambuf<charT,traits>* ad
I setbuf(char_type* s, streamsize ny; inherited O
Effects: Performs an operation that is defined separately for each class derived [from
basic_stringbuf<charT traits> . O
Default behavior: The same as for basic_streambuf<charT,traits>:: g
setbuf(char_type*,streamsize) . O
27.7.2 Template clasbasic_istringstream (lib.istringstream]

namespace std {
template <class charT, class traits = ios_traits<charT> >
class basic_istringstream : public basic_istream<charT,traits> {
public:
typedef charT char_type;

typedef traits::int_type int_type;

typedef traits::pos_type pos_type;

typedef traits::off_type off_type;

int_type eof() { return traits::eof(); }
char_type newline() { return traits::newline(); }

OOoooooooOooo
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public: ad
basic_istringstream(ios_base::openmode which O
= jos_base::in); O
basic_istringstream(const basic_string<charT>& str g
ios_base::openmode which ad
= ios_base::in); O
virtual ~basic_istringstream();
basic_stringbuf<charT traits>* rdbuf() const; g
basic_string<charT> str() const;
void str(const basic_string<charT>& s); O
2 O
} O
The class basic_istringstream<charT ,traits> is a derivative of O
basic_istream<charT ,traits> that assists in the reading of objects of class
basic_stringbuf<charT traits> . It supplies @asic_stringbuf object to control the asso-]
ciated array object. O
27.7.2.1basic_istringstream constructors [(lib.basic.istringstream.m.cons]
O
basic_istringstream(ios_base::openmode which O
= ios_base::in); O
Effects: Constructs an object of clagmsic_istringstream<charT ,traits> , initializing the 0O
base class withasic_istream<charT,traits>(& sb) . g
basic_istringstream(const basic_string<charT>& str a
ios_base::openmode which =ios_base::in); O
Effects: Constructs an object of clagmsic_istringstream<charT ,traits> , initializing the 0O
base class withasic_istream<charT,traits>(& sb) . g
27.7.2.2 Member functions (lib.istringstream.members]
27.7.2.2.1basic_istringstream::rdbuf [lib.istringstream::rdbuf]
basic_stringbuf<charT traits>* rdbuf() const;
Returns: dynamic_cast<basic_stringbuf<charT traits>*>
(basic_istream<harT ,traits>::rdbuf())
27.7.2.2.2basic_istringstream::str [lib.istringstream::str]
basic_string<charT> str() const;
Returns: rdbuf().str()
void str(const basic_string<charT>& S); g

Effects: Callsrdbuf().str( s).

27.7.2.3 Clas®asic_ostringstream [lib.ostringstream]
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namespace std { ad
template <class charT, class traits = ios_traits<charT> > O
class basic_ostringstream : public basic_ostream<charT,traits> { O
public: O
typedef charT char_type; ad
typedef traits::int_type int_type; O
typedef traits::pos_type pos_type; O
typedef traits::off_type off_type; g
int_type eof() { return traits::eof(); } ad
char_type newline() { return traits::newline(); } O
public: O
basic_ostringstream(ios_base::openmode which O
= ios_base::out); 0O
basic_ostringstream(const basic_string<charT>& str O
ios_base::openmode which O
= ios_base::out); O
virtual ~basic_ostringstream();
basic_stringbuf<charT,traits>* rdbuf() const; O
basic_string<charT> str() const;
void str(const basic_string<charT>& s); g
h O
} ad
The class basic_ostringstream<charT,traits> is a derivative of O
basic_ostream<charT ,traits> that assists in the writing of objects of clads
basic_stringbuf<charT traits> . It supplies @asic_stringbuf object to control the asso-]
ciated array object. O
27.7.2.4basic_ostringstream constructors [lib.basic.ostringstream.cons]
O
basic_ostringstream(ios_base::openmode which ad
= ios_base::out); ad
Effects: Constructs an object of cladsasic_ostringstream , initializing the base class with(
basic_ostream(& sb) . O
basic_ostringstream(const basic_string<charT>& str ad
ios_base::openmode which =ios_base::out); ad
Effects: Constructs an object of clasmsic_ostringstream<charT,traits> , initializing the 0O
base class withasic_ostream<charT traits>(& sh) . O
27.7.2.5 Member functions [lib.ostringstream.members]
27.7.2.5.1basic_ostringstream::rdbuf [lib.ostringstream::rdbuf]

basic_stringbuf<charT traits>* rdbuf() const;

Returns: dynamic_cast<basic_stringbuf<charT tratis>*>
(basic_ostream<charT traits>::rdbuf())
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27.7.2.5.2basic_ostringstream::str [lib.ostringstream::str]
O
basic_string<charT> str() const;
Returns: rdbuf().str()
void str(const basic_string<charT>& S); g
Effects: Callsrdbuf().str( s).
27.8 File-based streams [lib.file.streams]
Headers<cstream> and<fstream> (Table 78): O
HBox 131 B O
C0SSUE: Disposition of<cstream> andconvbuf (next 10.5 pages) TBDL] N
Table 78—Header <cstream> synopsis 0
0 Type Name(s) S
Hl'emplate class: basic_convbuf 0
[(Template structs:  conv_traits ios_conv_traits 0 0
HStructs: conv_traits<wchar_t>  ios4traits<wstreampos> H u
27.8.1 Multi-byte conversions [lib.conv.fstreams]

The headekcstream> defines one typehasic_convbuf  that associates its internal stream buffefs
holding a sequence characterswith the external source/sink stream representing a sequence of another
type of characters.

— Conversion There is a bidirectional conversion between the external source/sink streamaaacter [
sequences held in thasic_convbuf  class object.

— uchar_type: underlaid character container typeThe external source/sink stream can be regarded as a
sequence of eharacter container typavhich may be different toharT . The character container typél
on the external source/sink stream is calledutigerlaid character container typer uchar type a

— Encoding rule Performing the conversion fromuechar typecharacter sequences to the corresponding
charactersequence, theasic_convbuf  may parse the uchaype sequence to extract the corre-
sponding character represented on the utyye sequence. The rule how a certain character is to be
represented on a sequence of uctyge characters is called thacoding rule Thebasic_convbuf a
can be regarded as having a (virtual) conversion machine which obeys the encoding rule to parse
uchar type sequences.

— Conversion stateThe conversion machine has its internal state corresponding to a certain position of
the external source/sink stream. If thasic_convbuf  stops the conversion to resume later, it hasl(io
save its internal state, so a class or a type is prepared for saving the state onto it so that an udér of the
basic_convbuf  class object can handle it. The class (or the type) is callembtiversion state a
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ultibyte character 1/0 support The basic_convbuf  can support multibyte character file 1/O opeqmﬁ
ions. Provided that the code conversion functions between multibyte characters and wide charadters are
[prepared, we may specify the conversion state, and the conversion functiongosdtiets so that L[
Thebasic convbuf  can handle this multibyte characters.

27.8.1.1 Template classonv_traits (lib.conv.traits]

template <class charT> struct conv_traits {}

struct conv_traits<wchar_t> { O
typedef ios_traits<wchar_t>  char_traits; g
typedef ios_traits<wstreampos> pos_traits; g
typedef ios4traits<state t> conv_traits; g

h O

The template struatonv_traits<charT> is atraits classvhich maintains the definitions of the typesl

and functions necessary to implement the template tlask_convbuf . The template parametef’

charT reprsents the character container type and each specialized versimv diaits provides the [
default definitions corresponding to the specialized character container type.

The conv_traits<charT> declaration has three membeliss_traits , 10s_traits , and O
ios4traits

Although the former two of them are same as in tbs_traits<charT> , the last traits, O
ios4traits<charT> provides all the definitions about types and functions necessary to perform con-
version. O
27.8.1.2 Template clas®s4traits (lib.ios.conv.traits]
template <class stateT> struct ios4traits {}; g
As is the other traits structs, there is no definition in the declaration of the templateicdricajts .0
All of the definitions related to the conversion and necessary to impldyasiat convbuf  class shall O
be provided in a template versioms4traits<STATE_T> specialized for a conversion statél
STATE_T. O
27.8.1.2.1 Strucios4traits<STATE_T> (lib.ios.conv.traits.state.t]
struct ios4traits<STATE_T> { ad

typedef CHAR_T char_type;

typedef STATE_T conv_state;
typedef UPOS_T conv_upos;
typedef UCHAR_T uchar_type;

typedef POS_T  pos_type;
typedef OFF_T  off_type;

typedef codecnv<uchar_type,char_type,conv_state> codecvt_in; g
typedef codecnv<char_type,uchar_type,conv_state> codecvt_out; g
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result convin(codecvt_in*, conv_state&,
const uchar_type*, const uchar_type*, const uchar_type*&,
char_type*, char_typeT*, char_type*&);

result convout(codecvt_out*, conv_state&,
const char_type*, const char_type*, const char_type*&,
uchar_type*, uchar_type*, uchar_type*&);

OoOooooo

pos_type get_pos(conv_state&, conv_upos&);
off_type get off(conv_state&, conv_upos&);

conv_state get_posstate pos_type&);

conv_state get_offstate(off_type&);

conv_upos get_posupos (pos_type&);

conv_upos get_offupos (off_type&);
b

A specialized version of the structios4traits<STATE_T> is necessary to use thel
basic_convbuf class. In order to construct a specialized version of the struct, the following set of types
and functions shall be provided.

— CHAR_T: is thecharacter container typ#hich shall be same as the template parameter of the class,
conv_traits

— STATE_T: is theconversion state typehich also the template parameter type of this traits. It is fhe
parsing/tracing state which the function, convin and convout are taken.

— Every type of conversion states have a state, callgdl state which corresponds to the state begini
ning to parse a new sequence. The construct@TATE T::STATE_T() or O
STATE_T::STATE_T(0) constructs the initial state.

— UCHAR_T is theunderlaid character container tyder the external source/sink stream handled by the
basic_convbuf

— UPOS_T: is therepositional information typéor the external source/sink stream. It is used to implé-
ment theseekpos /seekoff member functions in thigasic_convbuf

— POS_T: is therepositional informatiorwhich thebasic_convbuf  supports for the client of theld

object. It shall be the same as the template parameter type of theiagruits in the same O
conv_traits
— OFF_T : is an integral type which is used as the repositional information which he
basic_convbuf  supports. a
27.8.1.2.1.1convin [lib.ios.conv.traits.state.t::convin]
O
result O
vin(codecvt_in* cevt , conv_state& stat , ad
const uchar_type* from , const uchar_type* from_end , ad
const uchar_type*& from_next a
char_type* to , char_typeT* to_limit , char_type*& to_next ); ad

The conversion state designateddisit represents the parsing state on the underlaid source sequence.
According to the conversion state designatedstat , it begins to parse the source character sequence
whose begining and end position designatedrdwyn andfrom_end to convert them. It stores the result
sequence (if any) into the successive location of an array pointedtto dgdto limit . The conver-

sion stops when either of the following occurs:

1) parses all of the underlaid character sequences and stores tharasterinto the destination array. [0
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2) fills all of the destination array and no more room to store.
3) encounters an invalid underlaid character in the source sequence.
In case (1), it returns ok. In case (2), it returns partial. In case (3), it returns error.

In all cases it leaves thfeom_next andto_next pointers pointing one beyond the last character suc-
cessfully converted and leaves the conversion state ontetéite for the next time conversion. If case (3}
occurs, the conversion state on #tet becomes undefined value. No more conversion with the value is
available.

If the locale-dependent conversion functions are needed, the nconversion function wiiodeihvd [

facet objectcenv provides is available as the following invokation: O
cenv .convert(  stat, from, from_end, from_next, to, to_limit, to_next ); ad
The default conversion function depends on ldeale codecvt facets. Users can customize the
encoding scheme by specifying their own conversion functions in @orw traits class. O
27.8.1.2.1.2convout [lib.ios.conv.traits.state.t::convout]

result convout(codecvt_out* ccvt, conv_state&,
const char_type from*, const char_type* from_end,
const char_type*& from_next.,
uchar_type*, uchar_type*, uchar_type*&);

Iy |

The conversion state designated ®#at represents the parsing state on the underlaid destination
sequence. It begins to convert the source character sequence whose begining and end position designated
by from andfrom_end . According to the conversion state designatedthy , it stores the result desti-

nation underlaid chracter sequence (if any) into the successive location of an array pointéa tandy

to_limit . The conversion stops when either of the following occurs:

1) consumes all of the source character sequences and stores the last widedaidrinto the destina- O
tion array.

2) fills all of the destination array and no more room to store.
3) encounters an invalid character in the source sequence.
In case (1), it returns ok. In case (2), it returns partial. In case (3), it returns error.

In all cases it leaves thfeom_next andto_next pointers pointing one beyond the last character sic-
cessfully converted and leaves the conversion state ongiahefor the next time conversion. If case (3)
occurs, the conversion state on #tet becomes undefined value. No more conversion with the value is
available.

If the locale-dependent conversion functions are needed, the conversion function whatethe facet 0O
object,ccnv provides is available as the following invocation; O

cenv .convert(  stat, from, from_end, from_next, to, to_limit, to_next ); ad

The default conversion function is depends onltivale_codecvt facets. Users can customize the

encoding scheme by specifying their own conversion functions in @ow traits class. O
27.8.1.2.1.3get_pos and get_off [lib.ios.conv.traits.state.t::get.pos]
pos_type get_pos(conv_state& Stat , conv_upos& upos); a

off_type get_off(conv_state&, conv_upos&); O



27-66 Input/output library DRAFT: 1 February 1995 27.8.1.2.1.3get_pos and get_off

Effects: Constructs th@os_type object oroff_type  object from the conversion statgat and the
repositional information for the underlaid streampos and returns it. These are used to make the

return value of théasic_convbuf::seekpos/seekoff protected member function. O
27.8.1.2.1.4get_posstate  and get_offstate (lib.ios.conv.traits.state.t::get.pos.state]
conv_state get_posstate(pos_type& pos); O
conv_state get_offstate(off_type& off ); O

Extract the conversion state held by the repositional informaties,or off . These are used to reset the

conversion  state  maintained in  thebasic_convbuf class object when thel
basic_convbuf::seetpos/seekoff functions are performed. O
27.8.1.2.1.5i084traits<STATE_T>::get_posupos [lib.ios.conv.traits.state.t::get.pos.upos]
and get_offupos O

conv_upos get_posupos(pos_type&); O
conv_upos get_offupos(off_type&); O
Extract the repositioning information for the underlaid stream from the repositioning information onl the
basic_convbuf  stream. These are used in thesic_convbuf::seekpos/seekoff protected [
member functions to reposition the external source/sink stream. O
27.8.1.2.2 Strucios4traits<wstreampos> (lib.ios.conv.traits.wstreampos]
struct ios4traits<wstreampos> { ad

typedef wchar_t char_type;
typedef STATE_T conv_state;
typedef UPOS_T conv_upos;
typedef char uchar_type;
typedef wstreampos pos_type;
typedef wstreamoff off_type;

typedef codecnv<char,wchar_t,STATE_T> codecnv_in; g
typedef codecnv<wchar_t,char,STATE_T> codecnv_oult; 0

result convin(codecvt_in* ccvt, conv_state& stat, O
const char *from, const char* from_end, const char*& from_next,
wchar_t* to, wchar_t* to_limit, wchar_t*& to_next) {

return ccvt->convert (stat, from, from_end, from_next,
to, to_limit, to_next);
}

result convout(codecvt_out* ccvt, conv_state& stat,
const wchar_t* from, const wchar_t* from_end, const wchar_t*& from_next, a
char* to, char* to_limit, char* to_next) {

return ccvt->convert (stat, from, from_end, from_next,
to, to_limit, to_next);

o o o |

oOooo

}
pos_type  get_pos(conv_state&, conv_upos&);
off type get off(conv_state&, conv_upos&);

conv_state get_posstate(pos_type&);
conv_state get_offstate(off_type&);
conv_upos get_posupos (pos_type&);
conv_upos get_offupos (off_type&);
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The specialized version of the strudgs4traits<wstreampos> supports the wide-oriented
basic_convbuf class and the conversion between wide characters and multibyte characters as the
underlaid character sequence. The ty@dATE_TandUPOS_Tare implementation-defined types. Thél
behavior of the conversion functions depend on those ddtaée  object. O

The encoding rule of the multibyte characters is implementation-defined.

27.8.1.3 Template clasbasic_convbuf [lib.basic.convbuf]

template <class charT, class traits = conv_traits<charT> >
class basic_convbuf : public basic_streambuf<charT,traits> {
public:

typedef charT char_type;

typedef traits::int_type int_type;

typedef traits::pos_type pos_type;

typedef traits::off_type off_type;

int_type eof() { return traits::eof(); }

char_type newline() { return traits::newline(); }
private:

typedef traits::conv_traits::conv_state state_type;

typedef traits::conv_traits::conv_upos upos_type ;
public:

basic_convbuf();

virtual ~basic_convbuf(); O

oOooooo OO

OO

protected:

/I virtual int_type overflow (int_type c =eof()); inherited

// virtual int_type pbackfail(int_type ¢ = eof()); inherited

// virtual int_type underflow(); inherited
/I virtual int_type uflow(); inherited
/I virtual streamsize xsgetn(charTs, streamsizen); inherited

// virtual streamsize xsputn(const charT* s, streamsize n); inherited
// virtual pos_type seekoff(off_type, ios_base::seekdir way,

// ios_base::openmode which

/ =jos_base::in

/ | ios_base::out); inherited

// virtual pos_type seekpos(pos_type sp, ios_base::openmode which

// = jos_base::in

/7 | ios_base::out); inherited

// virtual basic_streambuf<charT,traits>*

/ setbuf(charT* s, streamsize n); inherited

// virtual int sync(); inherited

private:

/| state typestate ; exposition only

}'.

OoooooooooooogoOooo

O

The template class basic_convbuf<charT,traits> is derived from O
basic_streambuf<charT traits> to associate theharactersequences and the underlaid charac-
ter sequences. It performs the conversion between these two types of chracter sequences.

For the sake of exposition, tihasic_convbuf  maintains the conversion state to restart the converdibn
to read/write the character sequence from/to the underlaid stream.

27.8.1.3.1basic_convbuf constructor [lib.basic.convbuf.cons]

0
basic_convbuf(); O
Effects: Constructs an object of template cldsssic_convbuf<charT traits> , initializing the 0O

base class withasic_streambuf<charT,traits>() , and initializing;
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— state with state_type(0) as to specify initial state. O

27.8.1.3.2basic_convbuf destructor [lib.basic.convbuf.des]

virtual ~basic_convbuf();

Effects: Destroys an object of clabasic_convbuf<charT,traits>

27.8.1.3.3basic_convbuf::overflow [lib.basic.convbuf.overflow]
virtual int_type overflow(int_type c =eof(); O
Effects: Behaves the same &ssic_streambuf<charT,traits>::overflow( c), except that O

the behavior of “consuming a character” is as follows:

— (1) Converting the characters to be consumed into the underlaid character sequence with the finction
traits::conv_traits::convout()

— (2) The result underlaid character sequence is appended to the associated output stream.
27.8.1.3.4basic_convbuf::pbackfail [lib.basic.convbuf::pbackfail]

virtual int_type pbackfail(int_type c); O

Effects: Puts back the character designatea Iy the input sequence, if possible, in one of three ways:[1

HBox 133 U

ecause the parsing on the underlaid character sequence generally can only go advance or most gf parsing

achined cannot go back, some of Hasic_convbuf  implementations cannot “put back charactéfs
rdirectly to the associated input sequence.” So the behaviors related to putting back the associatéd input
[stream are removed.

— If ¢ '=eof() , if either the input sequence has a putback position available or the function makes a
putback position available, and(dharT) ¢ == (charT)gptr()[-1] , assigngptr() - 1 to O
gptr) . ReturngcharT) c.

— If ¢ '=eof() , if either the input sequence has a putback position available or the function makes a
putback position available, and if the function is permitted to assign to the putback position, @s<igns
to *--gptr() . ReturngcharT) c.

— If c==eof() and if either the input sequence has a putback position available or the function riakes

a putback posotion available, assigpsr() - 1 togptr() . ReturngcharT) c. O
Returns: eof() to signal the failure. O
Notes:

The function does not put back a character directly to the input sequence. O

If the function can succeed in more than one of these ways, it is unspecified which way is chosen. The
function can alter the number of putback positions available as a result of any call.

Default behavior: returnsaits::eof() . O
27.8.1.3.5basic_convbuf::underflow [lib.basic.convbuf::underflow]

/I virtual int_type underflow(); inherited O
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Returns: the firstcharacterof the pending sequencd possible, without moving the stream position past
it. If the pending sequence is null then the function fails.
Thepending sequenad characters is defined as the concatenation of: O

a) If gptr() is non-NULL, then theegptr() - gptr() characters starting agptr() , otherwise O
the empty sequence.

b) Some sequence (possibly empty) of characters read from the input stream.

— These underlaid character  sequence  shall be converted by the  furidtion
traits::conv_traits::convin() before concatinating to construct the pending sequence. In
case that there remains some underlaid characters which cannot be converted to aimaracters [
we treat it empty as the subsequence (b).

Theresult characteiis the first character of theending sequencé any. Thebackup sequends defined O
as the concatenation of:

a) If eback() is non-NULLthen empty, otherwise thgptr() - eback() characters beginning at]
eback()

b) the result character.

The function sets ugptr() andegptr()  satisfying: O

a) In case the pending sequence has more than one charaetgpttie- gptr() characters start- [

ing atgptr()  are the characters in the pending sequence after the result character.

b) If the pending sequence has exactly one charactergthigh andegptr() may beNULLor may [
both be set to the same ndJLL pointer.

If eback() andgptr() are nonNULLthen the function is not constrained as to their contents, butlhe
“unusual backup condition” is that either:

a) If the backup sequence contains at legntt() - eback() characters, then thgptr() - O
eback() characters starting aback() agree with the lagiptr() - eback() characters of the [
backup sequence.

b) Or the n characters startingatr() - n agree with the backup sequence (wheie the length of O
the backup sequence) O
Returns: eof() to indicate failure.

Default behavior: returnsaits::eof() . O
27.8.1.3.6basic_convbuf::seekoff [lib.convbuf::seekoff]

O
/I virtual pos_type seekoff(off_type off ,ios_base::seekdir way, O
I ios_base::openmode which O
I = ios_base::in | ios_base::out); inherited O
Effects: Behaves the same ag]

basic_streambuf<charT,traits>::seekoff( off way,which ), except that the behav-

ior “alters the stream position” means that:

— (a) altering the underlaid character stream position which they get with the return value af the
traits::conv_traits::get_posupos(off_type&) ; and,

— (b) restoring the current conversion state by resetting the mesihtr, with the return value of theld
traits::conv_traits::get_offstate(off_type&)
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27.8.1.3.7basic_convbuf::seekpos [lib.convbuf::seekpos]
O
/I virtual pos_type seekpos(pos_type sp, O
I ios_base::openmode which O
I = ios_base::in | ios_base::out); inherited O
At first dosync() to clear up the get buffer, and alters the stream position, as follows: O
— (a) altering the underlaid character stream position by which the function,
traits::conv_traits::get_posupos( pos) , returns. and,
— (b) restoring the member, state with the return value of the
traits::conv_traits::get_posstate( pos) . O

Returns: pos_type , newpos, constructed from the resultampos andstate if both (a) and (b) are
successfully terminated.

If either or both (a) or/and (b) fail(s), or if the constructed object cannot represent the resultant stream posi-
tion, the object stores an invalid stream position.

Whichever value is specified in thehich parameters, thbasic_convbuf  handles only one externall
source/sink stream.

If (a) succeeds, returns a newly constructedtreampos object returned by [O
traits::conv_traits::get_pos( state, upos ) whereupos is aUPOS_Ttype object which [
represent the current position of the underlaid stream.

Otherwise, the object stores an invalid stream position.

27.8.1.3.8basic_convbuf::setbuf [lib.convbuf::setbuf]
/I virtual basic_streambuf<charT,traits>* ad
I setbuf(char_type* s, streamsize ny; inherited O

Makes the array aft (charT type) characters, whose first element is designates] byailable for use asld
a buffer area for the controlled sequences, if possible.

EBox 134 B
[The basic_convbuf does not fix the buffer management strategy. It remains alternatives forJthe
[derived class designers. a
27.8.1.3.9basic_convbuf::sync (lib.convbuf::sync]

/[ virtual int sync(); inherited O

Reflects the pending sequence to the external sink sequence and reset the get/put buffer pointers. [t means
that if there are some unread sequence on the get buffer and the external source sequense is not seekable,
the unread sequence is perfectly lost.

The detailed behavior is as follows:

a) Consumes all of the pending sequence of characterpe(aing sequencand “consumes the [
sequence,” see the description in thasic_streambuf<charT,traits>::overflow() g
27.5.2.2.24) In case that consuming means appending characters to the associated output stridam, the
character sequense shall be converted to the corresponding underlaid character sequence [by the
traits::conv_traits::convout()

b) Clears all of the following pointerpbase() , pptr() , epptr() , eback() , gptr() , and O
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egptr()

Returns: -1 if (a) fails, otherwise 0.

27.8.1.4 Examples of trait specialization

class fstate_t{... }; /I Implementation-defined conversion state

/I object which is for file 1/0.

class wfstate_t{... };

template <class charT> struct file_traits {};

struct file_traits<char> {

h

typedef ios_traits<char> char_traits;
typedef ios_traits<streampos> char_pos;
typedef ios4traits<fstate_t> conv_pos;

struct file_traits<wchar_t>{

h

typedef ios_traits<char> char_traits;
typedef ios_traits<wstreampos> char_pos;
typedef ios4traits<wfstate_t> conv_pos;

template <class stateT> struct ios_file_traits {};

1

/I Specialized for the single-byte filebuf

1

struct ios4traits<fstate_t> {
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typedef char char_type; /I char/wchar _t...

typedef fstate_t  conv_state; /I key parameter(mainly depend on uchar_type)
typedef streamoff conv_upos; /I Physical file offset

typedef char uchar_type; I/l Physical file I/O

typedef streampos pos_type; /l Enough to large

typedef streamoff off_type; // Enough to large

typedef codecnv<char,wchar_t,fstate_t> codecnv_in;
typedef codecnv<wchar_t,char,fstate_t> codecnv_out;

result convin(codecvt_in* ccvt, conv_state& stat,
const char *from, const char* from_end,
const char*& from_next,
char* to, char* to_limit, char*& to_next) {
return ccvt->convert (stat, from, from_end, from_next,
to, to_limit, to_next);
}
result convout(codecvt_out* ccvt, conv_state& stat,
const char* from, const char* from_end,
const char*& from_next,
char* to, char* to_limit, char* to_next) {
return ccvt->convert (stat, from, from_end, from_next,
to, to_limit, to_next);
}
pos_type get_pos(conv_state&, conv_upos&);
off_type get_off(conv_state&, conv_upos&);

O

oOooo

o Iy o
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conv_state get_posstate(pos_type&);
conv_state get_offstate(off_type&);
conv_upos get_posupos (pos_type&);
conv_upos get_offupos (off_type&);

/I Specialized for the wfilebuf

1

struct ios4traits<wfstate_t> {

typedef wchar_t char_type; I/l char/wchar _t...

typedef wfstate_t conv_state; /Il key parameter(mainly depend on uchar_type)
typedef streamoff conv_upos; /I Physical file offset

typedef char uchar_type; I/l Physical file I/O

typedef wstreampos pos_type; /l Enough to large

typedef wstreamoff off_type; /I Enough to large

typedef codecnv<char,wchar_t,fstate_t> codecnv_in;
typedef codecnv<wchar_t,char,fstate_t> codecnv_out;

result convin (codecvt_in* ccvt, conv_state& stat,
const char *from, const char* from_end, const char*& from_next,
wchar_t* to, wchar_t* to_limit, wchar_t*& to_next) {
return ccvt->convert (stat, from, from_end, from_next,
to, to_limit, to_next);
}
result convout (codecvt_out* ccvt, conv_state& stat,
const wchar_t* from, const wchar_t* from_end,
const wchar_t*& from_next,
char* to, char* to_limit, char* to_next) {
return ccvt->convert (stat, from, from_end, from_next,
to, to_limit, to_next);

}

pos_type get_pos (conv_state&, conv_upos&);

/l wstreampos get_pos (wfstate_t&, streampos);
off_type get_off (conv_state&, conv_upos&);

/I wstreamoff get_off (wfstate_t&, streampos);
conv_state get_posstate (pos_type&);

/l wfstate_t get_posstate (wstreampos&);
conv_state get_offstate (off_type&);

/l wfstate_t get_offstate (wstreamoff&);
conv_upos get_posupos (pos_type&);

I
conv_upos get_offupos (off_type&);

27.8.2 File streams

Header<fstream> synopsis

DRAFT: 1 February 1995 27.8.1.4 Examples of trait specialization

[lib.fstreams]

| oOooOooo o

oOoogd
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#include <cstream> // for conv_traits, basic_convbuf
#include <streambuf>

#include <istream>

#include <ostream>

namespace std {
template <class charT, class traits = conv_traits<charT> >
class basic_filebuf;
typedef basic_filebuf<char> filebuf;
typedef basic_filebuf<wchar_t> wfilebuf;

template <class charT, class traits = file_traits<charT> >
class basic_ifstream;

typedef basic_ifstream<char> ifstream;

typedef basic_ifstream<wchar_t> wifstream;

template <class charT, class traits = file_traits<charT> >
class basic_ofstream;

typedef basic_ofstream<char> ofstream;

typedef basic_ofstream<wchar_t> wofstream;

}

OooOoOooo oooo oooogo googno

The headekfstream> defines six types that associate stream buffers with files and assist reading and
writing files.

(Box 135 B
[basic_filebuf<charT,traits> should be specified so that it treats a file as a sequerataof . {]
[(Except forfilebuf __andwfilebuf  that implies it treats the file as binary. O
In this subclause, the type naf.E is a synonym for the typelLE 213) ad
— File A File provides an external source/sink stream whmskerlaid character type char (byte). a
— Multibyte characters and Files Classbasic_filebuf is derived frombasic_convbuf  to sup- O

port multibyte character 1/0. A File is a sequence of multibyte characters. In order to provide thélcon-
tents as a wide character sequenddebuf  should convert between wide character sequences and
multibyte character sequences.

— basic filebuf Derived frombasic_convbuf . Even the single byte character version because single
byte code conversion may be necessary.basic_filebuf provide... file 1/0,char/wchar_t a
parity. fstate_t . ios4traits

— Customize Mechanism Change name (conv_traits -> file_traits ), customize O
ios4traits<fstate_t> . Modify the definition ofios4traits

— Multibyte character and Files A File provides byte sequences. So the streambuf (or its derived
classes) treats a file as the external source/sink byte sequence. In a large character set environment,
multibyte character sequences are held in files. In order to provide the contents of a file as wide charac-
ter sequences, wide-oriented filebuf, namely wfilebuf should convert wide character sequences.
Because of necessity of the conversion between the external source/sink streams and wide character
sequences.

“IS)EILE is defined in<cstdio>  (27.8.3). O
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27.8.2.1 Template clasbasic_filebuf [lib.filebuf]

namespace std {

template <class charT, class traits = conv_traits<charT> >
class basic_filebuf : public basic_convbuf<charT,traits> {
public:

typedef charT char_type;

typedef traits::int_type int_type;

typedef traits::pos_type pos_type;

typedef traits::off_type off_type;

int_type eof() { return traits::eof(); }

char_type newline() { return traits::newline(); }

OOoooooooOooo

public:

basic_filebuf();

virtual ~basic_filebuf();

bool is_open() const;

basic_filebuf<charT,traits>*

open(const char* S, ios_base::openmode mode);

basic_filebuf<charT traits>* open(const char* S, ios::open_mode mode);

basic_filebuf<charT,traits>* close();
protected:
/I virtual int_type overflow (int_type ¢ =eof()); inherited
// virtual int_type pbackfail(int_type c = eof()); inherited

O

=
oOooooog

/I virtual int showmany(); inherited
// virtual int_type underflow(); inherited
/I virtual int_type uflow(); inherited
/I virtual streamsize xsgetn(chatype* s streamsizen); inherited
// virtual streamsize xsputn(const char_type* s, streamsize n); inherited
// virtual pos_type seekoff(off_type off,
// ios_base::seekdir way,
/7 ios_base::openmode which
/ = jos_base::in
/7 | ios_base::out); inherited
// virtual pos_type seekpos(pos_type sp,
/7 ios_base::openmode which
/ = jos_base::in
/7 | ios_base::out); inherited
// virtual basic_streambuf<charT,traits>*
/7 setbuf(char_type* s, streamsize n); inherited
// virtual int sync(); inherited

private:
Il FILE* file exposition only

}Y.

}

OOoooooooooooooooooooo

The class basic_filebuf<charT,traits> is derived from O
basic_streambuf<charT traits> to associate both the input sequence and the output sequénce
with an object of typ&ILE . O

HBox 136 El]

[(For the sake of exposition, the maintained data is presented here as:

B
U : : . . .
+— FILE* file , points to the FILE associated with the object of cIa%
0 basic filebuf<charT traits> NN

The restrictions on reading and writing a sequence controlled by an object of [dlass
basic_filebuf<charT ,traits> are the same as for reading and writing its associated file. In par-
ticular:
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— If the file is not open for reading or for update, the input sequence cannot be read.

— If the file is not open for writing or for update, the output sequence cannot be written.

— A joint file position is maintained for both the input sequence and the output sequence.

In order to support file I/O and multibyte/wide character conversion, the following arrangement is applied
to the traits structures:

— Specifychar as the underlaid character typehar typedefined in thaos4traits<> . g

— Definestate_t , the template parameter of tlus4traits<> , SO that it can apply to the convert]
sion function. In case the conversion function provided bygdldecvt facet uses, we adopt a speciald
ized template parametestateT for the locale-oriented conversion function suitable for the
multibyte/wide character conversion. Now we assume the name of the conversion state olject is
fstate_t

— Definestreamoff  (or streampos ) as the repositional information for the underlaid byte sequentcke.

— Definestreamoff , wstreampos for the wide-orientedtreambuf s (orfilebuf s) so that some [
composite function in thims4traits() , for example:

wstreampos get_pos(fstate_t fs, streampos s);
wstreamoff get_off(fstate_t fs, streampos s);

27.8.2.2basic_filebuf constructors [(lib.basic.filebuf.cons]

O
basic_filebuf(); ad
Effects: Constructs an object of clabssic_filebuf<charT,traits> , initializing the base classl]

with basic_streambuf<charT traits>() , and initializingfile  to a null pointer. O
virtual ~basic_filebuf();
Effects: Destroys an object of clabasic_filebuf<charT,traits> . Callsclose()
27.8.2.3 Member functions (lib.filebuf.members]
27.8.2.3.1basic_filebuf::is_open [lib.filebuf::is.open]
bool is_open() const;
Returns: true if file is not a null pointer.
27.8.2.3.2basic_filebuf::open [lib.filebuf::open]
basic_filebuf<charT,traits>* open(const char* s, ad
ios_base::openmode mode); ad
Effects: If file is not a null pointer, returns a null pointer. Otherwise, calls
basic_streambuf<charT,traits>::basic_streambuf() . It then opens a file, if possi-

ble, whose name is thass s, “as if” by calling fopen( s, modstr ) and assigning the return valuél
to file

TheNTBS modstr is determined fronmode & ~ios_base::ate as indicated in Table 79: O
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Table 79—File open modes O
u
. los_base stdio equivalent 0 H
Q Value(s) ; %
0n T 0
Cout | trunc "W O
Lout | app "a" g
n | out 4 O
. o O
dn | binary rb 0
[out | trunc | binary "wb" 0
Cout | app | binary "ab" O
Un | out T+ g
n | out | trunc "W g
n | out | app "a+" 0
Cin | out | binary "r+b" 0
Cin | out | trunc | binary "w+b" O
Hn | out | app | binary "a+b" H
If the resulting file is not a null pointer andmode & ios base:ate != 0 , calls O
fseek( file ,0,SEEK_END) .2*¥
If fseek returns a null pointer, calidose() and returns a null pointer. Otherwise, retuis . g
basic_filebuf<charT traits>* open(const char* s, ios::open_mode mode);
Returns: open( s, ios_base::openmode( mode)) .
27.8.2.3.3basic_filebuf::close [lib.filebuf::close]

basic_filebuf* close();

Effects: If file is a null pointer, returns a null pointer. Otherwise, if the fcddlse( file ) returns 0O
zero, the function stores a null pointerfile  and returnghis 219 Otherwise, returns a null pointer. [

27.8.2.3.4basic_filebuf::overflow [lib.filebuf::overflow]
/[ virtual int_type overflow(int_type c =eof(); inherited
Effects: Behaves the same &ssic_streambuf<charT,traits>::overflow( c), except that O

the behavior of “consuming a character” is as follows:

— (1) Converting the characters to be consumed into the underlaid character sequence with the finction
traits::conv_traits::convout() . During the conversiorgonvout maintains the conver-[1
sion state in the membedstate() . At the end of execution of the conversion, the conversion state
is saved on it.

— (2) The result underlaid character sequence is written to the file specifféel by At the consumption O
of the pending characters, none of them are discarded. All of the characters are converted to be writted

to the file. O
“The macrdSEEK_ENDs defined, and the function signatufepen(const char_type*, const char_type*) and O
fzslee)k(FILE*, long, int) are declared, ircstdio> (27.8.3).

° The function signaturelose(FILE*) is declared, irccstdio>  (27.8.3). O
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Returns: eof() toindicate failure. Ifile is a null pointer, the function always fails.

27.8.2.3.5basic_filebuf::pbackfail [lib.filebuf::pbackfail]

/I virtual int_type pbackfail(int_type c =eof(); inherited

HBox 137 E 0
[Check vs. 27.5.2.2.2581] O

Effects: Puts back the character designated Ity the input sequence, if possible, in one of four ways: [0

HBox 138 U

ecause the parsing on the underlaid character sequence generally can only go advance or most gf parsing

achined cannot go back, some of Hasic_convbuf  implementations cannot “put back charactéfs
rdirectly to the associated input sequence.” So the behaviors related to putting back the associatéd input
Cstream are removed.

— If ¢ = eof() and if the function makes a putback position available antaf_type( ¢)== O
char_type(gptr()[-1]) , assigngptr() - 1 to gptr()

— If ¢ = eof() and if the function makes a putback position available and if the function is permitted
to assign to the putback position, assigre *--gptr() . g

— If ¢ ==eof() and if either the input sequence has a putback position available or the function riakes
a putback position available, assigr() - 1 togptr() . O

Returns: eof() to indicate failure, otherwise. O

Notes: If file is a null pointer, the function always fails. O
The function does not put back a character directly to the input sequence. O
If the function can succeed in more than one of these ways, it is unspecified which way is chosen. The
function can alter the number of putback positions available as a result of any call. O

Default behavior: Returngraits::eof()

HBox 139 B

[(Shall we impose Library uses onto performgymc() ... make gbuffer/pbuffer empty every time they ty

Eto write after read or vice versa, as in the current MSE? N
O

B\Io. On systems where this is necessanptsic_filebuf virtuals should keep track of the last ope

(tion performed on th€ILE and do whatever is neccessary (equivalent déeek ?) in order to reverse,

Cthe direction. J

27.8.2.3.6basic_filebuf::showmany [lib.filebuf::showmany]

/I virtual int showmany(); inherited

Effects: Behaves the same basic_streambuf::showmany() . g

Notes: An implementation might well provide an overriding definition for this function signature if it can
determine that more characters can be read from the input sequence. O
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27.8.2.3.7basic_filebuf::underflow [lib.filebuf::underflow]
/I virtual int_type underflow(); inherited
Effects: Behaves the same basic_convbuf<charT,traits>::underflow() , except that the O

underlaid input character sequence is the byte sequence in the file specifled by

%ox 140 E
[Describing the behavior about maintaining the conversion state is ndeded.

27.8.2.3.8basic_filebuf::seekoff [lib.filebuf::seekoff]

/I virtual pos_type seekoff(off_type off ,ios_base::seekdir way,

I ios_base::openmode which

/1 = ios_base::in

I | ios_base::out); inherited

HBox 141 E O
[Check vs. 27.7.1.2.9] ™

Effects: Alters the stream position within the controlled sequences, if possible, as described below. [

Returns: a newly constructegos_type object that stores the resultant stream position, if possible. If
the positioning operation fails, or if the object cannot represent the resultant stream position, the object
stores an invalid stream position.

If file is a null pointer, the positioning operation fails. Otherwise, the function determines one of three
values for the argumemthence, of typeint , as indicated in Table 80: O

Table 80—seekoff effects

U wayValue stdio Equivalent U
rbasic_ios::beg SEEK_SET S
rbasic_ios::cur SEEK_CUR 0
fhasic_ios::end SEEK_END g

The function then calltseek( file , off , whence) and, if that function returns nonzero, the position}
ing operation failé®)

The function extracts the conversion state froffi by means ofget_offstate() to reset the O
rdstate() member.

27.8.2.3.9basic_filebuf::seekpos [lib.filebuf::seekpos]

/I virtual pos_type seekpos(pos_type sp,

I ios_base::openmode which

/1 = ios_base::in

I | ios_base::out); inherited

210)The macroSEEK_SET SEEK_CURandSEEK_ENDare defined, and the function signattseek(FILE*, long, int) |

is declared, irccstdio>  (27.8.3).
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(Box 142 B

HTo Be Filled] -
0
5.

O
[Check vs. 27.5.2.2.32 and 27.7.1.2

27.8.2.3.10basic_filebuf::setbuf

/I virtual basic_streambuf* setbuf(char_type*

[Box 143 B

HTo Be Filled] -
0
.

O
[Check vs. 27.5.2.2.33 and 27.7.1.2

27.8.2.3.11basic_filebuf::sync

/I virtual int sync(); inherited

BBox 144 E
HTo Be Filled] 5
0 0
[Check vs. 27.5.2.2.34]

27.8.2.4 Template clasbasic_ifstream

namespace std {

template <class charT, class traits = file_traits<charT> >
class basic_ifstream : public basic_istream<charT,traits> {
public:

typedef charT char_type;

typedef traits::int_type int_type;

typedef traits::pos_type pos_type;

typedef traits::off_type off_type;

int_type eof() { return traits::eof(); }

char_type newline() { return traits::newline(); }

public:
basic_ifstream();
basic_ifstream(const char* s, openmode mode = in);
virtual ~basic_ifstream();
basic_filebuf<charT,traits>* rdbuf() const;
bool is_open();

void open(const char* s, openmode mode =in);
/I void open(const char* s,open_mode mode =in);
void close();
private:
// basic_filebuf<charT,traits> fb; exposition only

},.
}

s, int

optional

Input/output library 2779

[lib.filebuf::setbuf]

inherited

[lib.filebuf::sync]

[lib.ifstream]

O OOoooooooOooo

OO

oooo
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The class basic_ifstream<charT ,traits> is a derivative of O
basic_istream<charT ,traits> that assists in the reading of named files. It suppliesda
basic_filebuf<charT,traits> object to control the associated sequence. g
HBox 145 E 0
EFor the sake of exposition, the maintained data is presented here as: 0 O
O— basic filebuf<charT,traits> fb , thebasic filebuf object. H N
27.8.2.5basic_ifstream constructors [lib.basic.ifstream.cons]

basic_ifstream();

Effects: Constructs an object of clabasic_ifstream<charT,traits> , initializing the base class[
with basic_istream<charT,traits>(& fb). g
basic_ifstream(const char* s, openmode mode = in);

Effects: Constructs an object of clasbasic_ifstream , initializing the base class with(
basic_istream<charT traits>(& fb) , then callopen( s, mode) . g

27.8.2.6 Member functions [lib.ifstream.members]

27.8.2.6.1basic_ifstream::rdbuf [lib.ifstream::rdbuf]

basic_filebuf<charT,traits>* rdbuf() const;

Returns: dynamic_cast<basic_filebuf<charT traits>*> g
(basic_istream<charT,traits>::rdbuf())

27.8.2.6.2basic_ifstream::is_open [lib.ifstream::is.open]

bool is_open();

Returns: rdbuf().is_open() . O
27.8.2.6.3basic_ifstream::open [lib.ifstream::open]
void open(const char* s, openmode mode = in);

Effects: Callsrdbuf().open( s, mode) . If is_open() returns zero, callsetstate(failbit) . O
27.8.2.6.4basic_ifstream::close [lib.ifstream::close]
void close();

Effects: Callsrdbuf().close() and, if that function returns zero, cadlststate(failbit) . O

27.8.2.7 Template clasbasic_ofstream [lib.ofstream]
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namespace std { ad
template <class charT, class traits = file_traits<charT> > O
class basic_ofstream : public basic_ostream<charT,traits> { O
public: O
typedef charT char_type; ad
typedef traits::int_type int_type; O
typedef traits::pos_type pos_type; O
typedef traits::off_type off_type; g
int_type eof() { return traits::eof(); } ad
char_type newline() { return traits::newline(); } O
public: O
basic_ofstream();
basic_ofstream(const char* s, openmode mode = out); ad
virtual ~basic_ofstream();
basic_filebuf<charT,traits>* rdbuf() const; O
bool is_open();
void open(const char* s, openmode mode = out | trunc); ad
/I void open(const char* s,open_mode mode = out | trunc); optional O
void close();
I 0

} ad

The class basic_ofstream<charT,traits> is a derivative of O

basic_ostream<charT traits> that assists in the writing of named files. It supplies (a

basic_filebuf<charT traits> object to control the associated sequence. a

27.8.2.8basic_ofstream constructors [lib.basic.ofstream.cons]

basic_ofstream();

Effects: Constructs an object of clabasic_ofstream<charT,traits> , initializing the base class(
with basic_ostream<charT,traits>(& o). a
basic_ofstream(const char* s, openmode mode = out);

Effects: Constructs an object of clabasic_ofstream<charT,traits> , initializing the base class(
with basic_ostream<charT,traits>(& fb) , then callopen( s, mode) . a

27.8.2.9 Member functions [lib.ofstream.members]

27.8.2.9.1basic_ofstream::rdbuf [lib.ofstream::rdbuf]
basic_filebuf<charT,traits>* rdbuf() const;

Returns: (basic_filebuf<charT traits>*)& fb . a

27.8.2.9.2basic_ofstream::is_open [lib.ofstream::is.open]

bool is_open();

Returns: rdbuf().is_open() . a
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27.8.2.9.3basic_ofstream::open

void open(const char*

Effects:  Calls rdbuf().open(
setstate(failbit)

Sl

27.8.2.9.4basic_ofstream::close

void close();

Effects: Callsrdbuf().close()

DRAFT: 1 February 1995

openmode mode = out);

s, mode) . If

is_open()

27.8.2.9.3 basic_ofstream::open

[lib.ofstream::open]

is then false , calls

[lib.ofstream::close]

and, if that function returns zero, cadlststate(failbit)

27.8.3 C Library files (lib.c.files]
Headers<cstdio> , and<cwchar> .
Table 80—Header<cstdio> synopsis
0 Type Name(s) O
H\/Iacros: B
[BUFSIZ L_tmpnam SEEK_SET TMP_MAX 0
[EOF NULL <cstdio>  stderr _IOFBF 0
LFILENAME_MAX SEEK_CUR stdin _IOLBF O
OPEN_MAX SEEK_END stdout _IONBF g
ETypes: FILE fpos_t size_t <cstdio> 0
LFunctions: 0
learerr fgets fscanf gets rewind tmpfile E
close fopen fseek perror scanf tmpnam 0
[feof fprintf fsetpos printf setbuf ungetc 0
[ferror fputc ftell putc setvbuf  vprintf t
Utlush fputs fwrite puts sprintf  vprintf g
getc fread getc remove sscanf vsprintf E
getpos freopen getchar rename tmpfile 0
Table 80—Header <cwchar> synopsis
0 Type Name(s) g
acros: NULL <cwchar> WCHAR_MAX WCHAR_MIN  WEOF <cwchar> E
(TTypes: mbstate_t wint_t <cwchar> 0
,\:ﬁtruct: tm <cwchar> S
EFunctions: 0
[btowc getwchar ungetwc wcscpy wcsrtombs  wmemchr t
|:i‘getwc mbrlen viwprintf  wecscspn wcsspn wmemcmp g
getws mbrtowc vswprintf  wcsftime wcsstr wmemcpy E
putwc mbsinit vwprintf wcslen wcstod wmemmove 0
[fputws mbsrtowcs wcrtomb wcesncat wcstok wmemset 0
(fwide putwc wcscat wesnemp wcstol wprintf t
Uwprintf  putwchar wcschr wcsnepy wcstoul wscanf g
scanf swprintf wcscmp wcespbrk wcesxfrm E
[petwc swscanf wcscoll wcsrchr wctob 0
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The contents are the same as the Standard C library, except that none of the heademsctiefines O
SEE ALSO g

ISO C subclause 7.9, Amendment 1 subclause 4.6.2. a






Annex A (informative)
Grammar summary [gram]

This summary of & syntax is intended to be an aid to comprehension. It is not an exact statement of the
language. In particular, the grammar described here accepts a superset otvalichsfructs. Disam-
biguation rules (6.8, 7.1class.ambig) must be applied to distinguish expressions from declarations. Fur-
ther, access control, ambiguity, and type rules must be used to weed out syntactically valid but meaningless
constructs.

A.1 Keywords [gram.key]

New context-dependent keywords are introduced into a progragpesglef  (7.1.3), namespace (7.3.1),
class (9), enumeration (7.2), atednplate  (14) declarations.

typedef-name:
identifier

namespace-name:
original-namespace-name
namespace-alias

original-namespace-name:
identifier

namespace-alias:
identifier

class-name:
identifier
template-class-id

enum-name:
identifier

template-name:
identifier

Note that aypedef-nameaming a class is alscclass-namé9.1).

A.2 Lexical conventions [gram.lex]

preprocessing-token:
header-name
identifier
pp-number
character-constant
string-literal
preprocessing-op-or-punc O
each non-white-space character that cannot be one of the above
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token:
identifier
keyword
literal
operator
punctuator

identifier:
nondigit
identifier nondigit
identifier digit

nondigit one of
_abcdefghijklm
nopgrstuvwxyz
ABCDEFGHIJKLM
NOPQRSTUVWXYZ

digit: one of
0123456789

preprocessing-op-or-punc one of

{ } [ ] # #it = ( ) :
< > <% %> %: %:%: ; :

new delete new[] delete[] ?

+ - * / % A & [ ~

| = < > += -= *= 1= %=

A= &= |= << >> >>= <<= == 1=

<= >= && Il ++ -- , ->* ->

and bitand bitor compl new<%%:> delete<%%>

not or xor and_eq not_eq or_eq Xxor_eq

literal:

integer-literal
character-literal
floating-literal
string-literal
boolean-literal

integer-literal:
decimal-literal integer-suffix,
octal-literal integer-suffix,
hexadecimal-literal integer-suffjy

decimal-literal:
nonzero-digit
decimal-literal digit

octal-literal:
0
octal-literal octal-digit

hexadecimal-literal:
0x hexadecimal-digit
0X hexadecimal-digit
hexadecimal-literal hexadecimal-digit

OoooooooOoono
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nonzero-digit: one of
12345673829

octal-digit: one of
012 3 4586 7

hexadecimal-digit: one of
01234567829
abocdef

A B CDEF

integer-suffix:
unsigned-suffix long-suffjx
long-suffix unsigned-suffjx

unsigned-suffix:one of
u u

long-suffix: one of
I L

character-literal:
' c-char-sequence
L’ c-char-sequence

c-char-sequence:
c-char
c-char-sequence c-char

c-char:
any member of the source character set except
the single-quoté, backslash , or new-line character
escape-sequence

escape-sequence:
simple-escape-sequence
octal-escape-sequence
hexadecimal-escape-sequence

simple-escape-sequencene of
LS S VAR
\a b \ff \n \r \t \v

octal-escape-sequence:
\ octal-digit
octal-escape-sequence octal-digit

hexadecimal-escape-sequence:
\x hexadecimal-digit
hexadecimal-escape-sequence hexadecimal-digit

floating-constant:
fractional-constant exponent-pggtfloating-suffix,,
digit-sequence exponent-part floating-siffix

fractional-constant:
digit-sequencg, . digit-sequence
digit-sequence.
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exponent-part:
e sign,, digit-sequence
E sign,, digit-sequence

sign: one of
+ -

digit-sequence:
digit
digit-sequence digit

floating-suffix: one of
fl FL

string-literal:
" s-char-sequengg’
L" s-char-sequengg

s-char-sequence:
s-char
s-char-sequence s-char

s-char:
any member of the source character set except
the double-quoté, backslash , or new-line character
escape-sequence

boolean-literal:
false
true

A.3 Basic concepts

translation unit:
declaration-segj,

A.4 Expressions

primary-expression:

literal

this
identifier
operator-function-id
qualified-id

( expression)

id-expression

id-expression:
unqualified-id
qualified-id

unqualified-id:
identifier
operator-function-id
conversion-function-id
~ class-name

qualified-id:
nested-name-specifier unqualified-id

A.2 Lexical conventions

[gram.basic]

[gram.expr]
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postfix-expression:
primary-expression
postfix-expressior] expression]
postfix-expression( expression-ligf, )
simple-type-specifie  expression-ligf; )
postfix-expression id-expression
postfix-expression> id-expression
postfix-expressiont++
postfix-expression-
dynamic_cast <
static_cast <

type-id > (
type-id > (

expression)
expression)

reinterpret_cast < type-id > ( expression)
const_cast < type-id > (  expression)

typeid ( expression)

typeid ( type-id )

expression-list:
assignment-expression
expression-list, assignment-expression

unary-expression:

postfix-expression

++ unary-expression
unary-expression
unary-operator cast-expression
sizeof  unary-expression
sizeof ( type-id )
new-expression
delete-expression

unary-operator: one of
* & + - | ~
new-expression:
I opt NEW new-placemegy; new-type-id new-initializgy,
T opt NEW new-placemegy, ( type-id ) new-initializeg,

new-placement:
( expression-list)

new-type-id:
type-specifier-seq new-declaraigr

new-declarator:
* cv-qualifier-segy, new-dt_ac_:larato(;pt 3
Ioopt nested-name-specifief cv-qualifier-seg,, new-declaratog,,
direct-new-declarator

direct-new-declarator:
[ expression]
direct-new-declarator[ constant-expression

new-initializer:
( expression-ligf, )

delete-expression:
i oopt delete
i opt delete []

cast-expression
cast-expression

Grammar summary A5
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cast-expression:
unary-expression
( type-id ) cast-expression

pm-expression:
cast-expression
pm-expression.* cast-expression
pm-expression->* cast-expression

multiplicative-expression:
pm-expression
multiplicative-expressiort pm-expression
multiplicative-expression’  pm-expression
multiplicative-expressior? pm-expression

additive-expression:
multiplicative-expression
additive-expression+ multiplicative-expression
additive-expression multiplicative-expression

shift-expression:
additive-expression
shift-expression<< additive-expression
shift-expression>> additive-expression

relational-expression:
shift-expression
relational-expression< shift-expression
relational-expression> shift-expression
relational-expression<=shift-expression
relational-expression>=shift-expression

equality-expression:
relational-expression
equality-expression==relational-expression
equality-expression=relational-expression

and-expression:
equality-expression
and-expression& equality-expression

exclusive-or-expression:
and-expression
exclusive-or-expressiort and-expression

inclusive-or-expression:
exclusive-or-expression
inclusive-or-expressior] exclusive-or-expression

logical-and-expression:
inclusive-or-expression
logical-and-expression&& inclusive-or-expression

logical-or-expression:
logical-and-expression
logical-or-expression|| logical-and-expression
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conditional-expression:
logical-or-expression
logical-or-expression? expression: assignment-expression

assignment-expression:
conditional-expression
unary-expression assignment-operator assignment-expression
throw-expression

assignment-operatorone of
= *= [= Op= += = >>= <<= &= N= |=

expression:
assignment-expression
expression, assignment-expression

constant-expression:
conditional-expression

A.5 Statements [gram.stmt.stmt]

statement:
labeled-statement
expression-statement
compound-statement
selection-statement
iteration-statement
jump-statement
declaration-statement
try-block

labeled-statement:
identifier : statement
case constant-expression statement
default : statement

expression-statement:
expressiog},t ;

compound-statement:
{ statement-seg }

statement-seq:
statement
statement-seq statement

selection-statement:
if ( condition ) statement
if ( condition ) statementelse statement
switch ( condition ) statement

condition:
expression
type-specifier-seq declarator assignment-expression

iteration-statement:
while ( condition ) statement
do statement while ( expression) ;
for ( for-init-statement conditiq, ; expressiog, ) statement
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for-init-statement:
expression-statement
declaration-statement

jump-statement:
break ;
continue ;
return  expressiog ;
goto identifier ;

declaration-statement:
declaration

A.6 Declarations [gram.dcl.dcl]

declaration:
decl-specifier-seg; init-declarator-list,,; ;
function-definition
template-declaration
asm-definition
linkage-specification
namespace-definition
namespace-alias-definition
using-declaration
using-directive

decl-specifier-seg; init-declarator-list,; ;

decl-specifier:
storage-class-specifier
type-specifier
function-specifier
friend
typedef

decl-specifier-seq:
decl-specifier-segj; decl-specifier

storage-class-specifier:
auto
register
static
extern
mutable

function-specifier:
inline
virtual
explicit

typedef-name:
identifier

type-specifier:
simple-type-specifier
class-specifier
enum-specifier
elaborated-type-specifier
cv-qualifier
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simple-type-specifier:
it opt Nested-name-specifigrtype-name
char
wchar_t
bool
short
int
long
signed
unsigned
float
double
void

type-name:
class-name
enum-name
typedef-name

elaborated-type-specifier:
class-key:: o, nested-name-specifigyidentifier
enum ::,, nested-name-specifigyidentifier

class-key:
class
struct
union

enum-name:
identifier

enum-specifier:
enum identifier,,, { enumerator-lisj, }

enumerator-list:
enumerator-definition
enumerator-list, enumerator-definition

enumerator-definition:
enumerator
enumerator= constant-expression

enumerator:
identifier

Grammar summary A9
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original-namespace-name:
identifier

namespace-definition:
named-namespace-definition
unnamed-namespace-definition

named-namespace-definition:
original-namespace-definition
extension-namespace-definition

original-namespace-definition:
namespace identifier{ namespace-body

extension-namespace-definition:
namespace original-namespace-namg namespace-body

unnamed-namespace-definition:
namespace { namespace-body

namespace-body:
declaration-seg,

id-expression:
unqualified-id
qualified-id

nested-name-specifier:
class-or-namespace-name nested-name-specifigy

class-or-namespace-name:
class-name
namespace-name

namespace-name:
original-namespace-name
namespace-alias

namespace-alias:
identifier

namespace-alias-definition:
namespace identifier = qualified-namespace-specifier ;

qualified-namespace-specifier:
2 opt NESted-name-specifigy class-or-namespace-name

using-declaration:
using :: o, nested-name-specifier unqualifiedsid
using :: unqualified-id;

using-directive:
using namespace : opt Nested-name-specifigrnamespace-name ;

asm-definition:
asm ( string-literal ) ;

linkage-specification:
extern  string-literal { declaration-seg, }
extern  string-literal declaration
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declaration-seq:
declaration
declaration-seq declaration

A.7 Declarators [gram.dcl.decl]

init-declarator-list:
init-declarator
init-declarator-list , init-declarator

init-declarator:
declarator initializeg,,

declarator:
direct-declarator
ptr-operator declarator

direct-declarator:
declarator-id
direct-declarator ( parameter-declaration-claus¢ cv-qualifier-seg, exception-specificatiop,
direct-declarator [ constant-expressigp ]
( declarator )

ptr-operator:
* cv-qualifier-segy,
&
B optnested-name-specifie’r cv-qualifier-segpt

cv-qualifier-seq:
cv-qualifier cv-qualifier-seg

cv-qualifier:
const
volatile

declarator-id:
id-expression
nested-name-specifigftype-name

type-id:
type-specifier-seq abstract-declaraggr

type-specifier-seq:
type-specifier type-specifier-sgg

abstract-declarator:
ptr-operator abstract-declaratgy
direct-abstract-declarator

direct-abstract-declarator:
direct-abstract-declaratq, ( parameter-declaration-claus¢ cv-qualifier-seg, exception-specificatiqp
direct-abstract-declaratqg, [ constant-expressigp ]
( abstract-declarator)

parameter-declaration-clause:
parameter-declaration-ligt; ... op
parameter-declaration-list, ...
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parameter-declaration-list:
parameter-declaration
parameter-declaration-list, parameter-declaration

parameter-declaration:
decl-specifier-seq declarator
decl-specifier-seq declarator assignment-expression
decl-specifier-seq abstract-declaraggr
decl-specifier-seq abstract-declarajgr = assignment-expression

function-definition:
decl-specifier-seg, declarator ctor-initializeg,, function-body

function-body:
compound-statement

initializer:
= initializer-clause
( expression-list)

initializer-clause:
assignment-expression
{ initializer-list , o }

{}

initializer-list:
initializer-clause
initializer-list , initializer-clause

A.8 Classes [gram.class]

class-name:
identifier
template-id

class-specifier:
class-head{ member-specificatiqp, }

class-head:
class-key identifigy, base-clausg,
class-key nested-name-specifier identifier base-clguse

class-key:
class
struct
union

member-specification:
member-declaration member-specificatjgn
access-specifier  member-specificatiqp,

member-declaration:
decl-specifier-seg, member-declarator-ligf; ;
function-definition
qualified-id ;
using-declaration

7 opt



A.8 Classes DRAFT: 1 February 1995 Grammar summary Al3

member-declarator-list:
member-declarator
member-declarator-list, member-declarator

member-declarator:
declarator pure-specifigy,
declarator constant-initializey,
identifier,, : constant-expression

pure-specifier:
=0

constant-initializer:
= constant-expression

A.9 Derived classes [gram.class.derived]

base-clause:
base-specifier-list

base-specifier-list:
base-specifier
base-specifier-list, base-specifier

base-specifier:
't opt NESted-name-specifigyclass-name
virtual access-specifigy; :: o, Nested-name-specifigyclass-name
access-specifier virtug} :: , nested-name-specifigy class-name

access-specifier:
private
protected
public

A.10 Special member functions [gram.special]

class-name( expression-ligf; )

conversion-function-id:
operator  conversion-type-id

conversion-type-id:
type-specifier-seq conversion-declarafpr

conversion-declarator:
ptr-operator conversion-declaratgy

ctor-initializer:
mem-initializer-list

mem-initializer-list:
meme-initializer
mem-initializer, mem-initializer-list

mem-initializer:
it optNested-name-specifigrclass-name(  expression-ligf; )
identifier ( expression-ligf, )
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A.11 Overloading [gram.over]

operator-function-id:
operator  operator

operator: one of

new delete new(] delete[]
+ - * / % n & | ~
| = < > += = *= /= %=
A= &= = << >>  >>= <<= == I=
<= >= && || ++ - S>F >
0 0
A.12 Templates [gram.temp]

template-declaration:
template < template-parameter-list- declaration

template-parameter-list:
template-parameter
template-parameter-list template-parameter

template-id:
template-name< template-argument-list-

template-name:
identifier

template-argument-list:
template-argument
template-argument-list template-argument

template-argument:
assignment-expression
type-id
template-name

elaborated-type-specifier:
typename ::  , nested-name-specifier identifier full-template-argumengslist

full-template-argument-list:
< template-argument-list>

explicit-instantiation:
template inst ;

inst:
class-key template-id
type-specifier-seq template-ifl parameter-declaration-clausé

specialization:
declaration

template-parameter:
type-parameter
parameter-declaration

oOod
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type-parameter:
class identifier,,
class identifier,, = type-id
typename identifier,,
typename identifier,, = type-id
template < template-parameter-list- class identifier,,
template < template-parameter-list> class identifier,,, = template-name

A.13 Exception handling [gram.except]

try-block:
try compound-statement handler-seq

handler-seq:
handler handler-seg,

handler:
catch ( exception-declaration) compound-statement

exception-declaration:
type-specifier-seq declarator
type-specifier-seq abstract-declarator
type-specifier-seq

throw-expression:
throw  assignment-expressigp

exception-specification:
throw ( type-id-lis, )

type-id-list:
type-id
type-id-list , type-id






Annex B (informative)
Implementation quantities [limits]

Because computers are finitettGmplementations are inevitably limited in the size of the programs they
can successfully process. Every implementation shall

EBox 146 B
[This clause is non-normative, which means that this sentence must be restated in elsewhere as anormative
[requirement on implementations. O

document those limitations where known. This documentation may cite fixed limits where they exist, say
how to compute variable limits as a function of available resources, or say that fixed limits do not exist or
are unknown.

The limits may constrain quantities that include those described below or others. The bracketed number
following each quantity is recommended as the minimum for that quantity. However, these quantities are
only guidelines and do not determine compliance.

— Nesting levels of compound statements, iteration control structures, and selection control structures
[256].

— Nesting levels of conditional inclusion [256].

— Pointer, array, and function declarators (in any combination) modifying an arithmetic, structure, union,
or incomplete type in a declaration [256].

— Nesting levels of parenthesized expressions within a full expression [256].
— Number of initial characters in an internal identifier or macro name [1 024].
— Number of initial characters in an external identifier [1 024].

— External identifiers in one translation unit [65 536].

— Identifiers with block scope declared in one block [1 024].

— Macro identifiers simultaneously defined in one transation unit [65 536].
— Parameters in one function definition [256].

— Arguments in one function call [256].

— Parameters in one macro definition [256].

— Arguments in one macro invocation [256].

— Characters in one logical source line [65 536].

— Characters in a character string literal or wide string literal (after concatenation) [65 536].
— Size of an object [262 144].
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%ox 147 E
(rhis is trivial for some implementations to meet and very hard for others.

— Nesting levels fo#include files [256].

— Case labels for switch  statement (excluding those for any nesteiich statements) [16 384].
— Data members in a single class, structure, or union [16 384].

— Enumeration constants in a single enumeration [4 096].

— Levels of nested class, structure, or union definitions in a sstigiet-declaration-lis{256].

— Functions registered atexit()  [32].

— Direct and indirect base classes [16 384].

— Direct base classes for a single class [1 024].

— Members declared in a single class [4 096].

— Final overriding virtual functions in a class, accessible or not [16 384].

%ox 148 E
0’m not quite sure what this means, but it was passed in Munich in this férm.

— Direct and indirect virtual bases of a class [1 024].

— Static members of a class [1 024].

— Friend declarations in a class [4 096].

— Access control declarations in a class [4 096].

— Member initializers in a constructor definition [6 144].
— Scope qualifications of one identifier [256].

— Nested external specifications [1 024].

— Template arguments in a template declaration [1 024].
— Recursively nested template instantiations [17].

— Handlers petry block [256].

— Throw specifications on a single function declaration [256].
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Annex C (informative)
Compatibility [diff]

This Annex summarizes the evolution oftGince the first edition ofhe G+ Programming Language

and explains in detail the differences between &d C. Because the C language as described by this
International Standard differs from the dialects of Classic C used up till now, we discuss the differences
between & and ISO C as well as the differences betweera@d Classic C.

CH+ is based on C (K&R78) and adopts most of the changes specified by the ISO C standard. Converting
programs among+E, K&R C, and ISO C may be subject to vicissitudes of expression evaluation. All dif-
ferences betweent€and ISO C can be diagnosed by a compiler. With the exceptions listed in this Annex,
programs that are bothHand ISO C have the same meaning in both languages.

C.1 Extensions [diff.c]

This subclause summarizes the major extensions to C provided by C

C.1.1 G+ features available in 1985 [diff.early]
This subclause summarizes the extensions to C provideti-biy e 1985 version of its manual:

The types of function parameters can be specified (8.3.5) and will be checked (5.2.2). Type conversions
will be performed (5.2.2). Thisis also in ISO C.

Single-precision floating point arithmetic may be usedfifiat  expressions; 3.8.1 and 4.8. This is also
in ISO C.

Function names can be overloaded; 13.

Operators can be overloaded; 13.4.

Functions can be inline substituted; 7.1.2.

Data objects can bmnst ; 7.1.5. This is also in ISO C.

Objects of reference type can be declared; 8.3.2 and 8.5.3.

A free store is provided by thmew anddelete operators; 5.3.4, 5.3.5.

Classes can provide data hiding (11), guaranteed initialization (12.1), user-defined conversions (12.3), and
dynamic typing through use of virtual functions (10.3).

The name of a class or enumeration is a type name; 9.

A pointer to any norconst and nonvolatile object type can be assigned toad* ; 4.10. This is
also in ISO C.

A pointer to function can be assigned teoéd* ; 4.10.
A declaration within a block is a statement; 6.7.

Anonymous unions can be declared; 9.6.
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C-2 Compatibility DRAFT: 1 February 1995 C.1.2 G+ features added since 1985

C.1.2 G+ features added since 1985 [diff.c++]
This subclause summarizes the major extensionstodi@ice the 1985 version of this manual:

A class can have more than one direct base class (multiple inheritance); 10.1.

Class members can peotected ; 11.

Pointers to class members can be declared and used; 8.3.3, 5.5.

Operatorsiew anddelete can be overloaded and declared for a class; 5.3.4, 5.3.5, 12.5. This allows the
“assignment tohis " technique for class specific storage management to be removed to the anachronism
subclause; C.3.3.

Objects can be explicitly destroyed; 12.4.

Assignment and initialization are defined as memberwise assignment and initialization; 12.8.
Theoverload keyword was made redundant and moved to the anachronism subclause; C.3.
General expressions are allowed as initializers for static objects; 8.5.

Data objects can belatile  ; 7.1.5. Also in ISO C.

Initializers are allowed fostatic  class members; 9.5.

Member functions can Istatic ; 9.5.

Member functions can eonst andvolatile  ; 9.4.2.

Linkage to non-& program fragments can be explicitly declared; 7.5.

Operators> , ->* | and, can be overloaded; 13.4.

Classes can be abstract; 10.4.

Prefix and postfix application af+ and-- on a user-defined type can be distinguished.
Templates; 14.

Exception handling; 15.

Thebool type (3.8.1).

C.2 CHandISOC [diff.is0]

The subclauses of this subclause list the differences betweean@ ISO C, by the chapters of this docu-
ment.

C.2.1 Clause 2: lexical conventions [diff.lex]

Subclause 2.2

Change: G+ style commentd/( ) are added

A pair of slashes now introduce a one-line comment.

Rationale: This style of comments is a useful addition to the language.

Effect on original feature: Change to semantics of well-defined feature. A valid ISO C expression con-
taining a division operator followed immediately by a C-style comment will now be treated+astyl€
comment. For example:

{
inta=4;
int b = 8 //* divide by a*/ a;
+a;
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Difficulty of converting: Syntactic transformation. Just add white space after the division operator.
How widely used:The token sequend¢® probably occurs very seldom.

Subclause 2.8

Change:New Keywords

New keywords are added ta+Csee 2.8.

Rationale: These keywords were added in order to implement the new semantigs of C

Effect on original feature: Change to semantics of well-defined feature. Any ISO C programs that used
any of these keywords as identifiers are not vatilftograms.

Difficulty of converting: Syntactic transformation. Converting one specific program is easy. Converting a
large collection of related programs takes more work.

How widely used:Common.

Subclause 2.9.2

Change: Type of character literal is changed framh to char
Rationale: This is needed for improved overloaded function argument type matching. For example:

int function( int i );
int function( char ¢);

function( ’x’);

It is preferable that this call match the second version of function rather than the first.
Effect on original feature: Change to semantics of well-defined feature. ISO C programs which depend
on

sizeof(’x’) == sizeof(int)

will not work the same as+€ programs.
Difficulty of converting: Simple.
How widely used:Programs which depend upsizeof(’x’) are probably rare.

C.2.2 Clause 3: basic concepts [diff.basic]

Subclause 3.1

Change: G+ does not havé&tentative definitionsas in C
E.g., at file scope,
inti;
inti;
is valid in C, invalid in €. This makes it impossible to define mutually referential file-local static objects,
if initializers are restricted to the syntactic forms of C. For example,

struct X { int i; struct X *next; };

static struct X a;
static struct X b={0, &a };
static struct Xa={1, &b };

Rationale: This avoids having different initialization rules for built-in types and user-defined types.
Effect on original feature: Deletion of semantically well-defined feature.

Difficulty of converting: Semantic transformation. In+€ the initializer for one of a set of mutually-
referential file-local static objects must invoke a function call to achieve the initialization.

How widely used:Seldom.
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Subclause 3.3

Change:A struct is a scope in€, notin C

Rationale: Class scope is crucial ta+; and a struct is a class.

Effect on original feature: Change to semantics of well-defined feature.

Difficulty of converting: Semantic transformation.

How widely used:C programs usstruct  extremely frequently, but the change is only noticeable when
struct , enumeration, or enumerator names are referred to outsicdéraice . The latter is probably
rare.

Subclause 3.5 [also 7.1.5]

Change: A name of file scope that is explicitly declareshst , and not explicitly declareeixtern , has
internal linkage, while in C it would have external linkage

Rationale: Becauseonst objects can be used as compile-time valuesHn is feature urges program-
mers to provide explicit initializer values for eacbnst . This feature allows the user to prdnst
objects in header files that are included in many compilation units.

Effect on original feature: Change to semantics of well-defined feature.

Difficulty of converting: Semantic transformation

How widely used:Seldom

Subclause 3.6

Change:Main cannot be called recursively and cannot have its address taken
Rationale: The main function may require special actions.

Effect on original feature: Deletion of semantically well-defined feature

Difficulty of converting: Trivial: create an intermediary function such egymain(argc, argv)
How widely used:Seldom

Subclause 3.8

Change:C allows"compatible typéesin several places# does not

For example, otherwise-identicgttuct  types with different tag names dmompatiblé in C but are dis-

tinctly different types in &-.

Rationale: Stricter type checking is essential farC

Effect on original feature: Deletion of semantically well-defined feature.

Difficulty of converting: Semantic transformation THeypesafe linkagemechanism will find many, but

not all, of such problems. Those problems not found by typesafe linkage will continue to function properly,
according to thélayout compatibility rulesof this International Standard.

How widely used:Common.

Subclause 4.10

Change: Convertingvoid*  to a pointer-to-object type requires casting

char a[10];
void *b=a;
void foo() {
char *c=b;

}

ISO C will accept this usage of pointer to void being assigned to a pointer to objectypsl Qot.
Rationale: G+ tries harder than C to enforce compile-time type safety.
Effect on original feature: Deletion of semantically well-defined feature.
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Difficulty of converting: Could be automated. Violations will be diagnosed by thetanslator. The fix
is to add a cast. For example:

char *c = (char *) b;

How widely used: This is fairly widely used but it is good programming practice to add the cast when
assigning pointer-to-void to pointer-to-object. Some ISO C translators will give a warning if the cast is not
used.

Subclause 4.10

Change:Only pointers to non-const and non-volatile objects may be implicitly convertedto

Rationale: This improves type safety.

Effect on original feature: Deletion of semantically well-defined feature.

Difficulty of converting: Could be automated. A C program containing such an implicit conversion from
(e.g.) pointer-to-const-object to void* will receive a diagnostic message. The correction is to add an
explicit cast.

How widely used:Seldom.

C.2.3 Clause 5: expressions [diff.expr]

Subclause 5.2.2

Change:Implicit declaration of functions is not allowed

Rationale: The type-safe nature of-€

Effect on original feature: Deletion of semantically well-defined feature. Note: the original feature was
labeled agobsolescefitin ISO C.

Difficulty of converting: Syntactic transformation. Facilities for producing explicit function declarations
are fairly widespread commercially.

How widely used:Common.

Subclause 5.3.3, 5.4

Change: Types must be declared in declarations, not in expressions
In C, a sizeof expression or cast expression may create a new type. For example,

p = (void*)(struct x {int i;} *)0;

declares a new type, struct x .

Rationale: This prohibition helps to clarify the location of declarations in the source code.
Effect on original feature: Deletion of a semantically well-defined feature.

Difficulty of converting: Syntactic transformation.

How widely used:Seldom.

C.2.4 Clause 6: statements [diff.stat]

Subclause 6.4.2, 6.6.4\itch and goto statements)

Change: It is now invalid to jump past a declaration with explicit or implicit initializer (except across
entire block not entered)

Rationale: Constructors used in initializers may allocate resources which need to be de-allocated upon
leaving the block. Allowing jump past initializers would require complicated run-time determination of
allocation. Furthermore, any use of the uninitialized object could be a disaster. With this simple compile-
time rule, G+ assures that if an initialized variable is in scope, then it has assuredly been initialized.

Effect on original feature: Deletion of semantically well-defined feature.
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Difficulty of converting: Semantic transformation.
How widely used:Seldom.

Subclause 6.6.3

Change: It is now invalid to return (explicitly or implicitly) from a function which is declared to return a
value without actually returning a value

Rationale: The caller and callee may assume fairly elaborate return-value mechanisms for the return of
class objects. If some flow paths execute a return without specifying any value, the compiler must embody
many more complications. Besides, promising to return a value of a given type, and then not returning such
a value, has always been recognized to be a questionable practice, tolerated only because very-old C had no
distinction between void functions and int functions.

Effect on original feature: Deletion of semantically well-defined feature.

Difficulty of converting: Semantic transformation. Add an appropriate return value to the source code,
e.g. zero.

How widely used:Seldom. For several years, many existing C compilers have produced warnings in this
case.

C.2.5 Clause 7: declarations [diff.dcl]

Subclause 7.1.1

Change:In G+, thestatic  orextern specifiers can only be applied to names of objects or functions
Using these specifiers with type declarations is illegatih @ C, these specifiers are ignored when used
on type declarations. Example:

static struct S { // valid C, invalid in C +
inti;
...
5

Rationale: Storage class specifiers don’t have any meaning when associated with a type, dfass
members can be defined with thatic  storage class specifier. Allowing storage class specifiers on
type declarations could render the code confusing for users.

Effect on original feature: Deletion of semantically well-defined feature.

Difficulty of converting: Syntactic transformation.

How widely used:Seldom.

Subclause 7.1.3

Change: A G+ typedef name must be different from any class type name declared in the same scope
(except if the typedef is a synonym of the class nhame with the same name). In C, a typedef name and a
struct tag name declared in the same scope can have the same name (because they have different name

spaces)

Example:
typedef struct namel { /*...*/ } namel; // valid C and C +
struct name { /*...*/ };
typedef int name; // valid C, invalid C +

Rationale: For ease of use,+€ doesn't require that a type name be prefixed with the keywdads ,
struct orunion when used in object declarations or type casts. Example:

class name { /*..*/ };
name i; Il i has type 'class name’

Effect on original feature: Deletion of semantically well-defined feature.
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Difficulty of converting: Semantic transformation. One of the 2 types has to be renamed.
How widely used:Seldom.

Subclause 7.1.5 [see also 3.5]

Change:const objects must be initialized irtCbut can be left uninitialized in C

Rationale: A const object cannot be assigned to so it must be initialized to hold a useful value.
Effect on original feature: Deletion of semantically well-defined feature.

Difficulty of converting: Semantic transformation.

How widely used:Seldom.

Subclause 7.2

Change: G+ objects of enumeration type can only be assigned values of the same enumeration type. In C,
objects of enumeration type can be assigned values of any integral type
Example:

enum color { red, blue, green };
colorc=1; //validC,invalidC +

Rationale: The type-safe nature of€

Effect on original feature: Deletion of semantically well-defined feature.

Difficulty of converting: Syntactic transformation. (The type error produced by the assignment can be
automatically corrected by applying an explicit cast.)

How widely used:Common.

Subclause 7.2

Change:In C+, the type of an enumerator is its enumeration. In C, the type of an enumeirdtor is
Example:

enume{A};
sizeof(A) == sizeof(int) //inC
sizeof(A) == sizeof(e) /lin C +

/* and sizeof(int) is not necessary equal to sizeof(e) */

Rationale: In CH, an enumeration is a distinct type.

Effect on original feature: Change to semantics of well-defined feature.

Difficulty of converting: Semantic transformation.

How widely used:Seldom. The only time this affects existing C code is when the size of an enumerator is
taken. Taking the size of an enumerator is not a common C coding practice.

C.2.6 Clause 8: declarators [diff.decl]

Subclause 8.3.5

Change:In C+, a function declared with an empty parameter list takes no arguments.
In C, an empty parameter list means that the number and type of the function arguments are unknown"
Example:

intf(); // means int f(void) inC +
I int flunknown) inC

Rationale: This is to avoid erroneous function calls (i.e. function calls with the wrong number or type of
arguments).
Effect on original feature: Change to semantics of well-defined feature. This feature was marked as
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“obsolesceritin C.

Difficulty of converting: Syntactic transformation. The function declarations using C incomplete declara-
tion style must be completed to become full prototype declarations. A program may need to be updated
further if different calls to the same (non-prototype) function have different numbers of arguments or if the
type of corresponding arguments differed.

How widely used:Common.

Subclause 8.3.5 [see 5.3.3]

Change: In CH, types may not be defined in return or parameter types. In C, these type definitions are
allowed
Example:

void f( struct S{inta; } arg) {} /l valid C, invalid C +
enumE{A,B,C}f(){} I valid C, invalid C +

Rationale: When comparing types in different compilation unitst €lies on name equivalence when C

relies on structural equivalence. Regarding parameter types: since the type defined in an parameter list
would be in the scope of the function, the only legal callsHw®uld be from within the function itself.

Effect on original feature: Deletion of semantically well-defined feature.

Difficulty of converting: Semantic transformation. The type definitions must be moved to file scope, or in
header files.

How widely used:Seldom. This style of type definitions is seen as poor coding style.

Subclause 8.4

Change: In C+, the syntax for function definition excludes thad-style’ C function. In C,“old-styl€’
syntax is allowed, but deprecated absolescerit.

Rationale: Prototypes are essential to type safety.

Effect on original feature: Deletion of semantically well-defined feature.

Difficulty of converting: Syntactic transformation.

How widely used:Common in old programs, but already known to be obsolescent.

Subclause 8.5.2

Change:In CH, when initializing an array of character with a string, the number of characters in the string
(including the terminatind0’ ) must not exceed the number of elements in the array. In C, an array can
be initialized with a string even if the array is not large enough to contain the string termiifating

Example:

char array[4] = "abcd"; // valid C, invalid C +

Rationale: When these non-terminated arrays are manipulated by standard string routines, there is potential
for major catastrophe.

Effect on original feature: Deletion of semantically well-defined feature.

Difficulty of converting: Semantic transformation. The arrays must be declared one element bigger to
contain the string terminatiri’

How widely used:Seldom. This style of array initialization is seen as poor coding style.

C.2.7 Clause 9: classes [diff.class]

Subclause 9.1 [see also 7.1.3]
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Change:In CH, a class declaration introduces the class name into the scope where it is declared and hides
any object, function or other declaration of that name in an enclosing scope. In C, an inner scope declara-
tion of a struct tag name never hides the name of an object or function in an outer scope

Example:

int x[99];
void f()
{
struct x {int a; };
sizeof(x); /* size of the array in C */
/* size of the structin C + ¥
}

Rationale: This is one of the few incompatibilities between C amdt@at can be attributed to the newC

name space definition where a name can be declared as a type and as a nontype in a single scope causing
the nontype name to hide the type name and requiring that the keyelasds, struct , union or

enum be used to refer to the type name. This nhew name space definition provides important notational
conveniences to+#€ programmers and helps making the use of the user-defined types as similar as possible
to the use of built-in types. The advantages of the new name space definition were judged to outweigh by
far the incompatibility with C described above.

Effect on original feature: Change to semantics of well-defined feature.

Difficulty of converting: Semantic transformation. If the hidden name that needs to be accessed is at glo-
bal scope, the: CH operator can be used. If the hidden name is at block scope, either the type or the
struct tag has to be renamed.

How widely used:Seldom.

Subclause 9.8

Change:In G+, the name of a nested class is local to its enclosing class. In C the name of the nested class
belongs to the same scope as the name of the outermost enclosing class

Example:
struct X {
struct Y {/* ... */ }vy;
2
struct Y yy; /[ valid C, invalid C +

Rationale: CH classes have member functions which require that classes establish scopes. The C rule
would leave classes as an incomplete scope mechanism which would preverdggtammers from main-

taining locality within a class. A coherent set of scope rules forb@sed on the C rule would be very
complicated and€ programmers would be unable to predict reliably the meanings of nontrivial examples
involving nested or local functions.

Effect on original feature: Change of semantics of well-defined feature.

Difficulty of converting: Semantic transformation. To make the struct type name visible in the scope of
the enclosing struct, the struct tag could be declared in the scope of the enclosing struct, before the enclos-
ing struct is defined. Example:

struct Y; // struct Y and struct X are at the same scope
struct X {
struct Y {/*...*/ }vy;

b
All the definitions of C struct types enclosed in other struct definitions and accessed outside the scope of
the enclosing struct could be exported to the scope of the enclosing struct. Note: this is a consequence of
the difference in scope rules, which is documented at subclause 3.3 above.
How widely used:Seldom.

Subclause 9.10
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Change:In G+, a typedef name may not be redefined in a class declaration after being used in the declara-
tion
Example:

typedef int [;
struct S {

li;

intl; // valid C, invalid C +
h

Rationale: When classes become complicated, allowing such a redefinition after the type has been used can
create confusion for#€ programmers as to what the meaning of 'I' really is.

Effect on original feature: Deletion of semantically well-defined feature.

Difficulty of converting: Semantic transformation. Either the type or the struct member has to be
renamed.

How widely used:Seldom.

C.2.8 Clause 16: preprocessing directives [diff.cpp]

Subclause 16.8 (predefined names)

Change:Whether_STDC__ is defined and if so, what its value is, are implementation-defined

Rationale: G+ is not identical to ISO C. Mandating thatSTDC _ be defined would require that transla-

tors make an incorrect claim. Each implementation must choose the behavior that will be most useful to its
marketplace.

Effect on original feature: Change to semantics of well-defined feature.

Difficulty of converting: Semantic transformation.

How widely used:Programs and headers that referencBTDC _ are quite common.

C.3 Anachronisms [diff.anac]

The extensions presented here may be provided by an implementation to ease the use of C programs as C
programs or to provide continuity from earlierGmplementations. Note that each of these features has
undesirable aspects. An implementation providing them should also provide a way for the user to ensure
that they do not occur in a source file. A-@mplementation is not obliged to provide these features.

The wordoverload may be used asdecl-specifiel(7) in a function declaration or a function definition.
When used as@ecl-specifieroverload is a reserved word and cannot also be used as an identifier.

The definition of a static data member of a class for which initialization by default to all zeros applies (8.5,
9.5) may be omitted.

An old style (that is, pre-ISO C) C preprocessor may be used.
Anint may be assigned to an object of enumeration type.

The number of elements in an array may be specified when deleting an array of a type for which there is no
destructor; 5.3.5.

A single functionoperator++() may be used to overload both prefix and postfixand a single func-
tion operator--() may be used to overload both prefix and postfix 13.4.6.

C.3.1 Old style function definitions [diff.fct.def]

The C function definition syntax

old-function-definition:
decl-specifiers, old-function-declarator declaration-sgg function-body
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old-function-declarator:
declarator ( parameter-lisf, )

parameter-list:
identifier
parameter-list, identifier

For example,
max(a,b) int b; { return (a<b) ? b : a; }

may be used. If a function defined like this has not been previously declared its parameter type will be
taken to be...) , thatis, unchecked. If it has been declared its type must agree with that of the declara-
tion.

Class member functions may not be defined with this syntax.

C.3.2 Old style base class initializer [diff.base.init]

In amem-initialize(12.6.2), theclass-namaaming a base class may be left out provided there is exactly
one immediate base class. For example,

class B {
...
public:
B (int);
2

class D : public B {
...
D(inti): (i) {/*...*/}

causes th8 constructor to be called with the argumient

C.3.3 Assignment tahis [diff.this]

Memory management for objects of a specific class can be controlled by the user by suitable assignments to
thethis pointer. By assigning to theis pointer before any use of a member, a constructor can imple-
ment its own storage allocation. By assigning the null pointthigo , a destructor can avoid the standard
deallocation operation for objects of its class. Assigning the null pointhisto in a destructor also sup-
pressed the implicit calls of destructors for bases and members. For example,

class Z {
int z[10];
Z() {this = my_allocator( sizeof(Z) ); }
~Z() { my_deallocator( this ); this = 0; }
I3

On entry into a constructaihis is nonnull if allocation has already taken place (as it will havaiito ,
static , and member objects) and null otherwise.

Calls to constructors for a base class and for member objects will take place (only) after an assignment to
this . If a base class’s constructor assignthi® , the new value will also be used by the derived class’s
constructor (if any).

Note that if this anachronism exists either the type ofttise pointer cannot be ‘&onst or the enforce-
ment of the rules for assignment to a constant pointer must be subvertedtics theointer.
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C.3.4 Cast of bound pointer [diff.bound]

A pointer to member function for a particular object may be cast into a pointer to function, for example,
@int(*)())p->f . The result is a pointer to the function that would have been called using that member
function for that particular object. Any use of the resulting pointerds ever undefined.

C.3.5 Nonnested classes [diff.class.nonnested]

Where a class is declared within another class and no other class of that name is declared in the program
that class can be used as if it was declared outside its enclosing class (exactstast Q. For exam-
ple,
struct S {
struct T {
int a;
I3
int b;
I3

struct T x; /l meaning ‘S::T x;’

C.4 Standard C library [diff.library]

This subclause summarizes the explicit changes in definitions, declarations, or behavior within the Standard
C library when it is part of the Standaret-Gibrary. (Subclauselib.introduction imposes someénplicit
changes in the behavior of the Standard C library.)

C.4.1 Modifications to headers [diff. mods.to.headers]

For compatibility with the Standard C library, the Standaeli®rary provides the 18 headersas shown
in Table 81:

Table 81—C Headers

<assert.h> <iso646.h> <setjmp.h> <stdio.h>  <wchar.h>
<ctype.h>  <limits.h> <signal.h> <stdlib.h> <wctype.h>
<errno.h>  <locale.h> <stdarg.h> <string.h>

<float.h>  <math.h> <stddef.h> <time.h>

Each C header, whose name has the foameh , includes its correspondingHCheaderc name, fol-
lowed by an explicit using-declaration (7.3.3) for each name placed in the standard library namespace by
the header_ﬂib.namespacg.21

C.4.2 Modifications to definitions [diff. mods.to.definitions]
C.4.2.1 Typewchar_t [diff.wchar.t]
wchar_t is a keyword in this International Standardek.key ). It does not appear as a type name
defined in any of <cstddef> , <stddef.h> , <cstdlib> , <stdlib.h> , <cwchar>, or
<wchar.h> .

= example, the headetcstdlib> provides its declarations and definitions within the namespéte The header
<stdlib.h> , makes these available in the global name space, much as in the C Standard.
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C.4.2.2 Headeris0646.h> [diff.header.is0646.h]

The tokensand, and_eq, bitand , bitor , compl , not_eq , not , or ,or_eq , xor , andxor_eq are
keywords in this International Standard (2.8). They do not appear as macro names defined in
<is0646.h>

C.4.2.3 MacroNULL [diff.null]

The macrdNULL, defined in any okclocale> |, <locale.h> | <cstddef> , <stddef.h> , <cst-
dio> , <stdio.h> , <cstdlib> , <stdlib.h> |, <cstring> , <string.h> , <ctime> |,
<time.h> , <cwchar> , or <wchar.h> | is an implementation-defined=Cnull-pointer constant in this
International Standardt®)

C.4.3 Modifications to declarations [diff.mods.to.declarations]
Headerstring.h>  : The following functions have different declarations:

— strchr

— strpbrk

— strrchr

— strstr

— memchr

Subclause (21.2) describes the changes.

C.4.4 Modifications to behavior [diff. mods.to.behavior]
Headerstdlib.h>  : The following functions have different behaviatexit
— exit

Subclause (18.3) describes the changes.

Headerxsetjmp.h> : The following functions have different behavitmmgjmp

Subclause (18.7) describes the changes.

C.4.4.1 Macrooffsetof( type , member-designator ) <stddef.h> [diff.offsetof]
The macrmffsetof , defined in<stddef.h> , accepts a restricted settgbe arguments in this Inter-
national Standardtype shall be a POD structure or a POD union.

C.4.5 Names with external linkage [diff.extern.c.names]

— Each name declared with external linkage in a C header is reserved to the implementation for use as a
name withextern "C"  linkage.

— Each function signature declared with external linkage in a C header is reserved to the implementation
for use as a function signature with bettiern "C"  andextern "C++" Iinkage?lg)

215)possible definitions include andoL, but not(void*)0
The function signatures declared<owchar> and<cwctype> are always reserved, notwithstanding the restrictions imposed
in subclause 4.5.1 of Amendment 1 to the C Standard for these headers.
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It is unspecified whether a name declared with external linkage in a C header hasxéittmetC" or
extern "C++" Iinkage.zzo)

240) The only reliable way to declare an object or function signature from the Standard C library is by including the header that
declares it, notwithstanding the latitude granted in subclause 7.1.7 of the C Standard.



Annex D (informative)
Future directions [future.directions]
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