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Introduction

This reference manual describes the contents of the C++ standard li-
brary and what Metrowerks’ library provides for its users. The C++
Standard library provides an extensible framework, and contains
components for: language support, diagnostics, general utilities,
strings, locales, containers, iterators, algorithms, numerics, and
input/output.

CodeWarrior Year 2000 Compliance

The Products provided by Metrowerks under the License agree-
ment process dates only to the extent that the Products use date data
provided by the host or target operating system for date representa-
tions used in internal processes, such as file modifications. Any Year
2000 Compliance issues resulting from the operation of the Products
are therefore necessarily subject to the Year 2000 Compliance of the
relevant host or target operating system. Metrowerks directs you to
the relevant statements of Microsoft Corporation, Sun Microsys-
tems, Inc., Apple Computer, Inc., and other host or target operating
systems relating to the Year 2000 Compliance of their operating sys-
tems. Except as expressly described above, the Products, in them-
selves, do not process date data and therefore do not implicate Year
2000 Compliance issues.

For additional information, visit: http://mww.metrowerks.com/about/y2k.html

About the MSL C++ Library Reference Manual

This section describes each chapter in this manual.

“Overview of the MSL C++ Reference” on page 43, of this manual
describes the language support library that provides components
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that are required by certain parts of the C++ language, such as
memory allocation and exception processing.

“Overview of Language Support Libraries” on page 57, discusses
the ANSI/ISO language support library.

“Overview of Diagnostics LIbrary” on page 73, elaborates on the di-
agnostics library that provides a consistent framework for reporting
errors in a C++ program, including predefined exception classes.

“Overview of General Utilities Libraries” on page 81, discusses the
general utilities library, which includes components used by other
library elements, such as predefined storage allocator for dynamic
storage management.

“Overview of Strings Classes” on page 105, discusses the strings
components provided for manipulating text represented as se-

quences of type char , sequences of type wchar_t , or sequences of
any other “character-like” type.

“Overview of the Localization Library” on page 147, covers the lo-
calization components extend internationalization support for char-
acter classification, numeric, monetary, and date/time formatting
and parsing among other things.

“Overview of the Containers Library” on page 187, discusses con-
tainer classes: lists, vectors, stacks, and so forth. These classes pro-
vide a C++ program with access to a subset of the most widely used
algorithms and data structures.

“Overview of Iterators” on page 283.discusses iterator classes.

“Overview of the Algorithms Library” on page 315, discusses the al-
gorithms library. This library provides sequence, sorting, and gen-
eral numerics algorithms.

“Overview of the Numerics Library” on page 373, discusses the nu-
merics library. It describes the components for complex number
types, numeric arrays, generalized numeric algorithms and facilities
included from the ISO C library.
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“Overview of the Complex Class Library” on page 419 discusses the
template class complex, for complex number storage and manipula-
tion.

“Overview of Input and Output Library” on page 439, overviews
the input and output class libraries.

“Overview of Input and Output Streams Forward Declarations.” on
page 443, discusses the input and output streams forward declara-
tions.

“Overview of Standard Input and Output Stream Objects.” on page
445, discusses the initialized input and output objects.

“Overview of Input and Output Stream Base Classes” on page 449,
discusses the iostream_base class.

“Overview of Stream Buffers” on page 493, discusses the stream
buffer classes.

“Overview of Formatting and Manipulators” on page 521, discusses
the formating and manipulator classes.

“Overview of String Based Stream Classes” on page 589, discusses
the string based stream classes.

“Overview of File Based Streams” on page 613, discusses the file
based stream classes.

¥27.8.2 C Library files” on page 643, discusses the namespace C Li-
brary functions.

“Overview of Mutex Support Library” on page 669, discusses the
mutex classes.

“Overview of Strstream Classes” on page 645, a non-templatized
array based stream class.
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memem. 1/ C++ Library

This chapter is an introduction to the Metrowerks Standard C++ li-
brary.

Overview of the MSL C++ Reference

This section introduces you to the definitions, conventions, termi-
nology, and other aspects of the MSL C++ library. The topics dis-
cussed are:

“17.1 Definitions” on page 43 standard C++ terminology

“17.2 Additional Definitions” on page 47 additional termi-
nolgy

“17.3 Methods of Descriptions” on page 47 stamdard conven-
tions

“17.4 Library-wide Requirements” on page 49 library re-
quirements

“Features not implemented in MSL C++" on page 55 Stan-
dard C++ features not yet implemented in Metrowerks Stan-
dard Libraries

17.1 Definitions

This section discusses the meaning of certain terms in the MSL C++
library.

“17.1.1 Arbitrary-Positional Stream” on page 44
“17.1.2 Character” on page 44

“17.1.3 Character Sequences” on page 44

“17.1.4 Comparison Function” on page 44

“17.1.5 Component” on page 45
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* “17.1.6 Default Behavior” on page 45

e “17.1.7 Handler Function” on page 45

e “17.1.8 Iostream Class Templates” on page 45

¢ “17.1.9 Modifier Function” on page 45

e “17.1.10 ObjectState” on page 45

e “17.1.11 Narrow-oriented lostream Classes” on page 45
e “17.1.12 NTCTS” on page 46

e “17.1.13 Observer Function” on page 46

e “17.1.14 Replacement Function” on page 46

e “17.1.15 Required Behavior” on page 46

e “17.1.16 Repositional Stream” on page 46

e “17.1.17 Reserved Function” on page 46
e “17.1.18 Traits” on page 46

e “17.1.19 Wide-oriented Iostream Classes” on page 47

17.1.1 Arbitrary-Positional Stream

A stream that can seek to any position within the length of the

stream. An arbitrary-positional stream is also a repositional stream

17.1.2 Character

Any object which, when treated sequentially, can represent text. A
character can be represented by any type that provides the defini-

tions specified.

17.1.3 Character Sequences

A class or a type used to represent a character. A character container

class shall be a POD type.
17.1.4 Comparison Function

An operator function for equality or relational operators.
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17.1.5 Component

A group of library entities directly related as members, parameters,
or return types. For example, a class and a related non-member tem-
plate function entity would referred to as a component.

17.1.6 Default Behavior

The specific behavior provided by the implementation, for replace-
ment and handler functions.

17.1.7 Handler Function

A non-reserved function that may be called at various points with a
program through supplying a pointer to the function. The definition
may be provided by a C++ program.

17.1.8 lostream Class Templates

Templates that take two template arguments: charT and traits.
CharT is a character container class, and traits is a structure which
defines additional characteristics and functions of the character

type.
17.1.9 Modifier Function

A class member function other than constructors, assignment, or de-
structor, that alters the state of an object of the class.

17.1.10 ObjectState
The current value of all non-static class members of an object.
17.1.11 Narrow-oriented lostream Classes

The instantiations of the iostream class templates on the character
container class. Traditional iostream classes are regarded as the nar-
row-oriented iostream classes.

MSL C++ Reference MCP-45



17 C++ Library
17.1 Definitions

17.1.12 NTCTS

Null Terminated Character Type Sequences. Traditional char
strings are NTCTS.

17.1.13 Observer Function

A const member function that accesses the state of an object of the
class, but does not alter that state.

17.1.14 Replacement Function

A non-reserved C++ function whose definition is provided by a
program. Only one definition for such a function is in effect for the
duration of the program’s execution.

17.1.15 Required Behavior

The behavior for any replacement or handler function definition in
the program replacement or handler function. If a function defined
in a C++ program fails to meet the required behavior when it exe-
cutes, the behavior is undefined.

17.1.16 Repositional Stream

A stream that can seek only to a position that was previously en-
countered.

17.1.17 Reserved Function

A function, specified as part of the C++ Standard Library, that must
be defined by the implementation. If a C++ program provides a def-
inition for any reserved function, the results are undefined.

17.1.18 Traits

A class that encapsulates a set of types and functions necessary for
template classes and template functions to manipulate objects of
types for which they are instantiated.
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17.1.19 Wide-oriented lostream Classes

The instantiations of the iostream class templates on the character
container class wchar_t and the default value of the traits parame-
ter.

17.2 Additional Definitions

Metrowerks Standard Libraries have additional definitions.

e “Multi-Thread Safety” on page 47 precautions used with
multi-threaded systems.

Multi-Thread Safety

MSL C++ Library is multi-thread safe provided that the operating
system supports thread-safe system calls. Library has locks at ap-
propriate places in the code for thread safety. The locks are imple-
mented as a mutex class -- the implementation of which may differ
from platform to platform.

This ensures that the library is MT-Safe internally. For example, if a
buffer is shared between two ios class objects, then only one ios ob-
ject will be able to modify the shared buffer at a given time.

Thus the library will work in the presence of multiple threads in the
same way as in single thread provided the user does not share ob-
jects between threads or locks between accesses to objects that are
shared.

17.3 Methods of Descriptions

Conventions used to describe the C++ Standard Library.

17.3.1 Structure of each subclause

This document follows the Standard C++ convention and numbers
the library chapters by the subclause numbers.
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Table 2.1  Chapter Descriptions

Chapter Description Chapter Description

18 Language Support 23 Containers

19 Diagnostics 24 Iterators

20 General utilites 25 Algorithms

21 Strings 26 Numerics

22 Localizations 27 Input/Output

17.3.1.1 Summary

The Metrowerks Standard Library descriptions include a short de-
scription, notes, remarks, cross references and examples of usage.

17.3.2 Other Conventions

Some other terminology and conventions used in this reference are:

17.3.2.1.1 Character sequences

A letter is any of the 26 lowercase or 26 uppercase letters

The decimal-point character is represented by a period, ’.

A character sequence is an array object of the types char, un-
signed char, or signed char.

A character sequence can be designated by a pointer value S
that points to its first element.

17.3.2.1.3.1 Byte strings

A null-terminated byte string, or NTBS, is a character se-
quence whose highest-addressed element with defined con-
tent has the value zero (the terminating null character).

The length of an NTBS is the number of elements that pre-
cede the terminating null character. An empty NTBS has a
length of zero.

3The value of an NTBS is the sequence of values of the ele-
ments up to and including the terminating null character.
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A static NTBS is an NTBS with static storage duration.

17.3.2.1.3.2 Multibyte strings

A null-terminated multibyte string, or NTMBS, is an NTBS
that consists of multibyte characters,

A static NTMBS is an NTMBS with static storage duration.

17.3.2.1.3.3 Wide-character sequences
A wide-character sequence is an array object of type wchar_t

A wide character sequence can be designated by a pointer
value that designates its first element.

A null-terminated wide-character string, or NTWCS, is a
wide-character sequence whose highest addressed element
has the value zero.

The length of an NTWCS is the number of elements that pre-
cede the terminating null wide character.

An empty NTWCS has a length of zero.

The value of an NTWCS is the sequence of values of the ele-
ments up to and including the terminating null character.

A static NTWCS is an NTWCS with static storage duration.

17.3.2.2 Functions within classes

Copy constructors, assignment operators, (non-virtual) de-
structors or virtual destructors that can be generated by de-
fault may not be described

17.3.2.3 Private members

To simplify understanding, where objects of certain types are
required by the external specifications of their classes to store
data. The declarations for such member objects are enclosed
in a comment that ends with exposition only, as in:

I streambuf* sb; exposition only

17.4 Library-wide Requirements

The requirements that apply to the entire C++ Standard library.
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17.4 Library-wide Requirements

Table 2.2

e “17.4.1 Library contents and organization” on page 50

* “17.4.2 Using the library” on page 52

e “17.4.3 Constraints on programs” on page 52

/£

e “17.4.4 Conforming Implementations” on page 54

17.4.1 Library contents and organization

17.4.1.1 Library Contents

17.4.1.2 Headers

MSL C++ Library headers:

The Metroweks Standard Libraries are organized in the same fasion
as the ANSI/ISO C++ Standard.

Definitions are provided for Macros, Values, Types, Templates,
Classes, Function and, Objects.

All library entities except macros, operator new and operator delete
are defined within the namespace std or namespaces nested within
namespace std.

The components of the MSL C++ Library y are declared or defined
in various headers.

C++
<algorithm>
<exception>
<i0s>
<iterator>
<map>
<ostream>

<stack>

Headers
<bitset>
<fstream>
<iosfwd>
<limits>
<memory>
<queue>

<stdexcept>

C++

<complex>

<functional>
<iostream>
<list>
<new>
<set>

<streambuf>

Headers
<deque>
<iomanip>
<istream>
<locale>
<numeric>
<sstream>

<string>
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Table 2.3

<typeinfo>
C Style
<cassert>
<cis0646>
<csetjmp>
<cstdio>

<cwchar>

<utility>
Headers
<cctype>
<climits>
<csignal>
<cstdlib>

<cwctype>

<valarray> <vector>
C Style Header
<cerrno> <cfloat>
<clocale> <cmath>
<cstdarg> <cstddef>
<cstring> <ctime>

Except as may be noted, the contents of each C style header cname
shall be the same as that of the corresponding header name.h . In
theMSL C++ Library the declarations and definitions (except for
names which are defined as macros in C) are within namespace
scope of the namespace std.

NOTE: The names defined as macros in C include: assert, er-
rno, offsetof, setjmp, va_arg, va_end, and va_start.

17.4.1.3 Freestanding Implementations

A freestanding implementation has an implementation-defined set
of headers. This set shall include at least the following headers.

MSL C++ Freestanding Implementation Headers

Header Description

<cstddef> Types

<limits> Implementation properties
<cstdlib> Start and termination

<new> Dynamic memory management
<typeinfo> Type identification
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Header Description
<exception> Exception handling
<cstdarg> Other runtime support

The Metrowerks Standard Llbrary header <cstdlib> includes the
functions abort(), atexit(), and exit().

17.4.2 Using the library

A description of how a C++ program gains access to the facilities of
the C++ Standard Library.

17.4.2.1 Headers

A header’s contents are made available to a translation unit when it
contains the appropriate #include preprocessing directive.

A translation unit shall include a header only outside of any exter-
nal declaration or definition, and shall include the header lexically
before the first reference to any of the entities it declares or first de-
fines in that translation unit.

17.4.2.2 Linkage

The Metrowerks Standard C++ Library has external “C++" linkage
nless otherwise specified

Objects and functions defined in the library and required by a C++
program are included in the program prior to program startup.

17.4.3 Constraints on programs

Restrictions on C++ programs that use the facilities of the Metrow-
erks Standard C++ Library.
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17.4.3.1 Reserved Names

Metrowerks Standard Library reserves certain sets of names and
function signatures for its implementation.

Names that contains a double underscore (_ _) or begins with an un-
derscore followed by an upper-case letter is reserved to the MSL li-
brary for it’s use.

Names that beginwith an underscore is reserved to the library for
use as a name in the global namespace.

17.4.3.1.3 External Linkage

Each name from the Metrowerks Standard C library declared with
external linkage is reserved to the implementation for use as a name
with extern "C" linkage, both in namespace std and in the global
namespace.

17.4.3.2 Headers

The behavior of any header file with the same name as a Metrow-
erks Standard Library public or private header, is undefined.

17.4.3.3 Derived classes

Virtual member function signatures defined for a base class in the
C++ Standard library may be overridden in a derived class defined
in the program.

17.4.3.4 Replacement Functions

If replacement defintition occurs prior to program startup replace-
ment functions are allowed.

A C++ program may provide the definition for any of eight dy-
namic memory allocation function signatures declared in header
<new>.

operator new(size_t)

operator new(size_t, const std::nothrow_t&)

operator new[](size _t)

operator new[](size_t, const std::nothrow_t&)
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operator delete(void*)

operator delete(void*, const std::nothrow_t&)
operator delete[](void*)

operator delete[](void*, const std::nothrow_t&)

17.4.3.5 Handler functions

MSL Standard C++ Library provides default versions of the follow-
ing handler functions:

unexpected_handler *

terminate_handler

A C++ program may install different handler functions during exe-
cution, by supplying a pointer to a function defined in the program
or the library as an argument to:

set_new_handler

set_unexpected

set_terminate

17.4.3.6 Other functions

In certain cases the Metrowerks Standard C++ Library depends on
components supplied by a C++ program. If these components do
not meet their requirements, t the behavior is undefined.

17.4.3.7 Function arguments

If a C++ library function is passed incorrect but legal arguments the
behavior is undefined.

17.4.4 Conforming Implementations

Metrowerks Standard Library is an ANSI/ISO Conforming imple-
mentation as described by the ANSI/ISO Standards in section 17.4.4

17.4.4.8 Restrictions On Exception Handling

Any of the functions defined in the Metroweks Standard C++ Li-
brary may report a failure by throwing an exception. No destructor
operation defined in the Metrowerks Standard C++ Library will
throw an exception.
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The Cstyle library functions all have a throw() exception-specifica-
tion. This allows implementations to make performance optimiza-
tions based on the absence of exceptions at runtime.

The functions gsort() and bsearch() meet this condition. In particu-
lar, they can report a failure to allocate storage by throwing an ex-
ception of type bad_alloc, or a class derived from bad_alloc.

Features not implemented in MSL C++

The following sections of Standard C++ will not be implemented in
the MSL C++ product.

e “Template Functionality” on page 55
e “ANSI/ISO Library Functionality” on page 55

Template Functionality

There are minimal areas of the Standard library that depend on C++
features that have so far not been implemented.

ANSI/ISO Library Functionality

The following standard library features are not part of the current
release, but are being implemented:

* Messages in Locale
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Library

This chapter is a reference guide to the ANSI/ISO language support
library.

Overview of Language Support Libraries

This clause in the April 1995 WPD describes the function signatures
that are called implicitly, and the types of objects generated implic-
itly, during the execution of some C++ programs. This chapter de-
scribes the headers that declare these function signatures and define
any related types. It also describes common type definitions used
throughout the library, characteristics of the predefined types, func-
tions supporting start and termination of a C++ program, support
for dynamic memory management, support for dynamic type iden-
tification, support for exception processing, and other runtime sup-
port.

The topics discussed are:

* “Types and Macros” on page 57

* “Numeric Limits” on page 60

* “Dynamic Memory Storage Allocation Errors” on page 68

Types and Macros

This section discusses types and macros. The topics are:

* “Macros” on page 58

* “Type Implementations” on page 58
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Macros

The macros defined are:
* “NULL” on page 58
» “offsetoff” on page 58

* “sizeof” on page 58

NULL

Description The macro NULL is an implementation-defined C++ null-pointer
constant in this International Standard. In MSL this evaluates to
Zero.

Source file <cstddef.h>

offsetoff

Description The macro offsetoff accepts a restricted set of t1ype arguments in
this International Standard. type shall be a POD" structure or a
POD union.

Source file <cstddef.h>

sizeof
Description The sizeof operator yields the number of bytes in the object repre-
sentation of its operand. The operand can be either an expression,

which is not evaluated, or a parenthesized type-id

Source file <cstddef.h>

Type Implementations

There are several fundamental types. They are:

* “Character types” on page 59

LA POD structure or union is a union that has no members that are of type pointer to
members.The acronym for POD stands for “Plain Old Data”.
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¢ “Enumeration” on page 59

* “Integral types” on page 59

* “Wide character types” on page 60

* “Bool type” on page 60

* “Floating point types” on page 60

* “Void type” on page 60

Character types

Objects declared as characters(char ) shall be large enough to store
any member of the implementation’s basic character set. If a charac-
ter from this set is stored in a character object, its value shall be
equivalent to the integer code of that character. It is implementa-
tion-defined whether a char object can take on negative values.
Characters can be explicitly declared unsigned or signed . Plain
char , signed char , and unsigned char are three distinct types.
A char ,asigned char ,and an unsigned char occupy the same
amount of storage and have the same alignment requirements; that
is, they have the same object representation. For character types, all
bits of the object representation participate in the value representa-
tion. For unsigned character types, all possible bit patterns of the
value representation represent numbers.

Enumeration

An enumeration comprises a set of named integer  constant val-
ues, which form the basis for an integral subrange that includes
those values. Each distinct enumeration  constitutes a different
enumerated type. Each constant has the type of its enumeration

Integral types

There are four signed integer  types: signed char , short int ,
int and long int . In this list, each type provides at least as much
storage as those preceding it in the list, but the implementation can
otherwise make any of them equal in storage size. Plain ints have
the natural size suggested by the machine architecture; the other
signed integer types are provided to meet special needs.
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Numeric Limits

For each of the signed integer types, there exists a corresponding
unsigned integer type: unsigned char ,unsigned short int ,
unsigned int and unsigned long int , each of which occupies
the same amount of storage and has the same alignment require-
ments as the corresponding signed integer type.

Wide character types

Type wchar_t  is a distinct type whose values can represent dis-
tinct codes for all members of the largest extended character set
specified among the supported locales.

Bool type

Values of type bool are either true(1) or false(0) . There are
no signed , unsigned , short , or long bool types or values.

Floating point types

There are three floating point types: float , double ,and long
double . The type double provides at least as much precision as
float ,and the type long double provides at least as much as pre-
cision as double .

Void type

The void  type has an empty set of values. It is used as the return
type for functions that do not return a value.

Numeric Limits

The numeric_limits component provides a C++ program with
information about various properties of the implementation’s repre-
sentation of the fundamental types. Specializations will be provided
for each fundamental type, both floating point and integer, includ-
ing bool . The member is_specialized shall be true for all such
specializations of numeric_limits

MCP-60 MSL C++ Reference



Language Support Library
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Table 3.1

Description

The only class discussed is:

¢ “Template Class numeric limits” on page 61

Template Class numeric_limits

This section discusses the numeric_limits template class. The func-

tions discussed are:

numeric_limits functions

numeric limits::is specialized

numeric limits::min

numeric limits::max

numeric limits::digits

numeric limits::digits10

numeric limits::is signed

numeric limits::is integer

numeric limits::is exact

numeric limits::radix

numeric limits::epsilon

numeric limits::round error

numeric limits::max exponent10

numeric limits::has infinity

numeric limits::has quiet NaN

numeric limits::has signaling N
alN

numeric limits::has denorm

numeric limits::infinity

numeric limits::quiet NaN

numeric limits::signaling NaN

numeric limits::denorm min

numeric limits::is bounded

numeric limits::is modulo

numeric limits::min exponent

numeric limits::min exponent

numeric limits::traps

numeric limits::tinyness before

10

numeric limits::max exponent

numeric limits::round style

numeric_limits::is_specialized

The member is_specialized

makes it possible to distinguish be-

tween scalar types, which have specializations, and non-scalar

types, which do not.
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Definition

Description

Prototype

Description

Prototype

Description

Definition

Description

static const bool is_specialized;
numeric_limits::min

This function returns the minimum finite value that can be
CHAR_MIN, SHRT_MIN, FLT_MIN, DBL_MIN , etc. For this func-
tion, floating types with denormalization, return the minimum pos-
itive normalized value, denorm_min . The value returned by this
function is meaningful for all specializations in which
is_bounded==true , or is_bounded==false and
is_signed==false

static T min();

numeric_limits::max

This function returns the maximum finite value that can be
CHAR_MAX, SHRT_MAX, FLT_MAX, DBL_MAX etc. The value re-
turned by this function is meaningful for all specializations in which
is_bounded==true

static T max();

numeric_limits::digits

It stores the number of radix digits that can be represented without
change. For built-in integer types, it denotes the number of non-sign
bits in the representation. For floating point types, it denotes the

number of radix digits in the mantissa which can be
FLT_MANT_DIG DBL_MANT_DIGor LDBL_MANT_DIG

static const int digits;
numeric_limits::digits10

It stores the number of base 10 digits that can be represented with-
out change. The value can be one among FLT_DIG, DBL_DIG or
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Definition

Description

Definition

Description

Definition

Description

Definition

Description

Definition

LDBL_DIG. It is meaningful for all specializations in which
is_bounded==true

static const int digits10;

numeric_limits::is_signed

It stores a value true if the type is signed. It is meaningful for all
specializations.

static const bool is_signed;

numeric_limits::is_integer

It stores a value that is true , if the type is integer. It is meaningful
for all specializations.

static const bool is_integer;

numeric_limits::is_exact

It stores a value true  if the type uses an exact representation. All in-
teger types are exact, but not vice versa. For example, rational and
fixed-exponent representations are exact but not integer. It is mean-
ingful for all specializations.

static const bool is_exact;

numeric_limits::radix

It stores a value that specifies the base of radix of the exponent rep-
resentation for floating types. Its value is usually 2 or can be
FLT_RADIX. For integer types it specifies the base of the representa-
tion. It is meaningful for all specializations.

static const int radix;
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Description

Prototype

Description

Prototype

Description

Definition

Description

Definition

Description

numeric_limits::epsilon

It returns the difference between 1 and the least value greater than 1
that is representable. The value can be either FLT_EPSILON,
DBL_EPSILONor LDBL_EPSILON The value returned is meaning-
ful only for floating point types.

static T epsilon();

numeric_limits::round_error

It returns a value that denotes the maximum rounding error that is
permitted. It is meaningful only for floating point types.

static T round_error();

numeric_limits::min_exponent

It stores the minimum negative integer such that radix raised to
that power is in range. It is meaningful only for floating point types
and the values can be FLT_MIN_EXP,
DBL_MIN_EXP,LDBL_MIN_EXP.

static const int min_exponent;

numeric_limits::min_exponentl10

It stores the minimum negative integer such that 10 raised to that
power is in range. It is meaningful only for floating point types and
the values can be FLT_MIN_10_EXP, DBL_MIN_10_EXP,
LDBL_MIN_10_EXP.

static const int min_exponent10;

numeric_limits::max_exponent

It stores the maximum positive integer such that radix raised to that
power is in range. It is meaningful only for floating point types and
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Definition

Description

Definition

Description

Definition

Description

Definition

Description

the values can be FLT_MAX_EXP, DBL_MAX_EXP,
LDBL_MAX_EXP.

static const int max_exponent;

numeric_limits::max_exponent10

It stores the maximum positive integer such that 10 raised to that
power is in range. It is meaningful only for floating point types and
the values can be FLT _MAX_10_EXP, DBL_MAX_10_EXP,
LDBL_MAX_10_EXP.

static const int max_exponent10;

numeric_limits::has_infinity

It stores a value true if the type has a representation for positive in-
finity. It is meaningful only for floating point types. It will be true
for all specialization in which is_iec559==true

static const bool has_infinity;

numeric_limits::has_quiet_NaN

It stores a value true if the type has a representation for a
quiet(non-signaling) Not a Number . It is meaningful only for
floating point types. The value will be true for all specializations in
which is_iec559==true

static const bool has_quiet_NaN;

numeric_limits::has_signaling_NaN

It stores a value true if the type has a representation for a signaling
Not a Number . It is meaningful only for floating point types. The
value will be true for all specializations in which

is_iec559==true
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Description

Definition

Description

Prototype

Description

Prototype

Description

Prototype

Description

static const bool has_signaling_NaN;

numeric_limits::has_denorm

It stores true  if the type allows denormalized values (i.e. variable
number of exponent bits). The value is meaningful only for floating
point types.

static const bool has_denorm;

numeric_limits::infinity

It returns the representation of positive infinity, if available. It is
meaningful only for specializations for which

has_infinity==true . Required in specializations for which

is_iec559==true

static T infinity();

numeric_limits::quiet_NaN

This function returns the representation of a quiet Nota Number  if
has_quiet NaN==true

static T quiet_NaN();

numeric_limits::signaling_NaN

This function returns the representation of a signaling Not a Num-
ber if has_signaling_NaN==true

static T signaling_NaN();
numeric_limits::denorm_min

It returns the minimum positive denormalized value. It is meaning-
ful for all floating point types. In this function specialization for
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Definition

Description

Definition

Description

Definition

Description

Definition

which has_denorm==false , returns the minimum positive nor-
malized value.

static T denorm_min();

numeric_limits::is_bounded
It stores a value true  if the set of values representable by the type is
finite. All built-in types are bounded, this member would be false

for arbitrary precision types. It is meaningful for all specializations.

static const bool is_bounded;

numeric_limits::is_modulo

It stores a value true if the type is modulo. A type is modulo if it is
possible to add two positive numbers and have a result that wraps
around to a third number that is less than either of the two numbers.
This has a value false for all floating types, true for unsigned in-
tegers, and true for signed integers on most machines and is mean-
ingful for all specializations.

static const bool is_modulo;

numeric_limits::traps

It stores a value true if trapping is implemented for the type. It is
meaningful for all specializations.

static const bool traps;

numeric_limits::tinyness_before

It stores a value true if tinyness is detected before rounding. It is
meaningful only for floating point types.

static const bool tinyness_before;
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Description

Definition

numeric_limits::round_style
It stores the rounding style for the type. The value stored is mean-
ingful for all floating point types. Specializations for integer types

shall return round_toward_zero

static const float_round_style round_style;

Dynamic Memory Storage Allocation Errors

Table 3.2

Description

Prototype

Description

This section discusses classes related to memory allocation errors.
The classes discussed are:

* “Class bad alloc” on page 68
* “Class bad cast” on page 69

* “Class bad typeid” on page 70

Class bad_alloc

The class bad_alloc |, derived from the class exception , defines
the type of objects thrown as exceptions by the implementation to
report a failure to allocate storage.

The member functions discussed are:

Constructor-bad cast Copy Constructor-bad alloc

Assignment Operator—bad alloc bad alloc::what

Constructor—bad_alloc

This function constructs an object of class bad_alloc

bad_alloc() throw();

Copy Constructor—bad_alloc

This function copies an object of class bad_alloc
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Prototype

Description

Prototype

Description

Prototype

Table 3.3

Description

Prototype

Description

bad_alloc(const bad_alloc&) throw();

Assignment Operator—bad_alloc
This function copies an object of class bad_alloc

bad_alloc& operator=(const bad_alloc&) throw();

bad_alloc:: what
Our implementation returns a string  object instead of const
char* . This function returns the string associated with the excep-

tion if some allocation is done, else it returns string()

virtual const char* what() const throw();

Class bad_cast

The class bad_cast , derived from the class exception , defines
the type of objects thrown as exceptions by the implementation to
report the execution of an invalid dynamic-cast expression.

The member functions discussed are:

Constructor-bad cast Copy Constructor-bad cast

Assignment Operator-bad cast bad cast::what

Constructor—bad_cast

This function constructs an object of class bad_cast .

bad_cast() throw();

Copy Constructor—bad_cast

This function copies or constructs an object of class bad_cast .
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Prototype

Description

Prototype

Description

Prototype

Table 3.4

Description

Prototype

Description

bad_cast(const bad_cast&) throw();

Assignment Operator—bad_cast
This function copies an object of class bad_cast .

bad_cast& operator=(const bad_cast&) throw();

bad_cast::what
Our implementation returns a string  object instead of const
char* . This function returns the string associated with the excep-

tion if some allocation is done, else it returns string()

virtual const char* what() const throw();

Class bad_typeid

The class bad_typeid , derived from the class exception , de-
fines the type of objects thrown as exceptions by the implementa-
tion to report a null pointer in a typeid expression.

The member functions discussed are:

Constructor-bad typeid Copy Constructor-bad typeid
Assignment Operator— bad typeid::what
bad typeid

Constructor—-bad_typeid
This function constructs an object of class bad_typeid

bad_typeid() throw();

Copy Constructor—bad_typeid

These functions copy an object of class bad_typeid
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Prototype

Description

Prototype

Description

Prototype

bad_typeid(const bad_typeid&) throw();

Assignment Operator—-bad_typeid
This function copies an object of class bad_typeid

bad_typeid& operator=(const bad_typeid&) throw();

bad_typeid::what
Our implementation returns a string  object instead of const
char* . This function returns the string associated with the excep-

tion if some allocation is done, else it returns string()

virtual const char* what() const throw();
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Diagnostics Library

This chapter is a reference guide to the ANSI/ISO exception classes,
which are used for reporting several kinds of exceptional condi-
tions, documenting program assertions, and a global variable for
error number codes.

Overview of Diagnostics Llbrary

The standard C++ library provides classes to be used to report er-
rors in a C++ program. In the error model reflected in these classes,
errors are divided into two broad categories: logic errors and runt-
ime errors. The distinguishing characteristic of logic errors is that
they are due to errors in the internal logic of the program, and are
preventable. In contrast, runtime errors are due to events beyond
the scope of the program. They cannot be easily predicted in ad-
vance. The header <stdexcept.h> defines several types of pre-
defined exceptions for reporting errors in C++ program. These ex-
ceptions are related via inheritance.

The only group of classes in the diagnostics library are:

* “Exception Classes” on page 73

Exception Classes

There are several exception-related classes in the diagnostics library.
The base class is Class exception. Other exceptoin classes derive
from exception.

The classes are:

* “Class exception” on page 74

* “Class domain error” on page 76

¢ “Class invalid argument” on page 76
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Description

Table 4.1

Description

Prototype

Description

Prototype

e “Class logic error” on page 75

* “Class out of range” on page 77

e “Class runtime error” on page 77

/£

* “Class length error” on page 76
* “Class overflow error” on page 78

e “Class range error” on page 78

Class exception

The class exception defines the base class for the types of objects
thrown as exceptions by C++ standard library components, and cer-
tain expressions, to report errors detected during program execu-
tion.

The member functions discussed are:

Constructor—exception Copy Constructor—exception

Assignment Operator—exception  Destructor—exception

exception::what

Constructor—exception

This function constructs an object of class exception . It does not
throw any exceptions.

exception() throw();

Copy Constructor—exception
This function copies an exception object.

exception& exception(const exception&) throw();
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Description

Prototype

Description

Prototype

Description

Table 4.2

Description

Prototype

Assignment Operator—exception
This function copies an exception object.

exception& operator=(const exception&) throw();

Destructor—exception
This function destroys an object of class exception

virtual ~exception() throw();

exception::what

Our implementation returns a string  object instead of const
char* . This function returns the string associated with the excep-
tion if some allocation is done, else it returns string()

virtual const char* what() const throw();

Class logic_error

The class logic_error  , derived from “Class exception” on page
74, defines the type of objects thrown as exceptions to report errors
presumably detectable before the program executes, such as viola-
tions of logical preconditions or class invariants.

The member functions discussed are:

Constructor-logic error

Constructor—logic_error
This function constructs an object of class logic_error

logic_error(const string& what_arg);
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Table 4.3

Description

Prototype

Description

Table 4.4

Description

Prototype

Description

Class domain_error

The class domain_error , derived from “Class logic error” on page
75, defines the type of objects thrown as exceptions to report do-
main errors.

The member functions discussed are:

Constructor—-domain_error

Constructor—-domain_error
This function constructs an object of class domain_error

domain_error(const string& what_arg);

Class invalid_argument

The class invalid_argument defines the type of objects thrown
as exceptions to report an invalid argument.

The member functions discussed are:

Constructor—invalid argument

Constructor—invalid_argument
This function constructs an object of class invalid_argument

invalid_argument(const string& what_arg);

Class length_error

The class length_error , derived from “Class logic error” on page
75, defines the type of objects thrown as exceptions to report an at-
tempt to produce an object whose length equals or exceeds its maxi-
mum allowable size.
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Table 4.5

Description

Prototype

Description

Table 4.6

Description

Prototype

Description

Table 4.7

The member functions discussed are:

Constructor-length error

Constructor—length_error
This function constructs an object of class length_error

length_error(const string& what_arg);

Class out_of range

The class out_of_range , derived from “Class logic error” on page
75, defines the type of objects thrown as exceptions to report an ar-
gument value not in its expected range.

The member functions discussed are:

Constructor—out _of range

Constructor—out_of_range
This function constructs an object of class out_of_range

out_of range(const string& what_arg);

Class runtime_error

The class runtime_error, derived from “Class exception” on page
74, defines the type of objects thrown as exceptions to report errors
presumably detectable only when the program executes.

The member functions discussed are:

Constructor—-runtime error
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Description

Table 4.8

Description

Prototype

Description

Table 4.9

Description

Prototype

Constructor—runtime_error
This function constructs an object of class runtime_error

runtime_error(const string& what_arg);

Class range_error

The class range_error , derived from “Class runtime_error” on
page 77, defines the type of objects thrown as exceptions to report
range errors.

The member functions discussed are:

Constructor-range error

Constructor—range_error
This function constructs an object of class range_error

range_error(const string& what_arg);

Class overflow_error

The class overflow_error , derived from “Class runtime error”
on page 77, defines the type of objects thrown as exceptions to re-
port an arithmetic overflow error.

The member functions discussed are:

Constructor—overflow error

Constructor—overflow_error
This function constructs an object of class overflow_error

overflow_error(const string& what_arg);
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mem.  General Utllities
Libraries

This chapter discusses the Allocator class.

Overview of General Utilities Libraries

Every STL container class uses an Allocator class to encapsu-
late information about the memory model being used by the pro-
gram. The topics in this chapter are:

“Allocator Classes” on page 81

“The Default Allocator Interface” on page 83

“Arithmetic Operations” on page 91

“Comparison Operations” on page 93

/£

"‘Logical Operations” on page 95
“Negator Adaptors” on page 96

“Binder Adaptors” on page 96

“Adaptors for Pointers to Functions” on page 97

“Specialized Algorithms” on page 99

“Template class auto ptr” on page 100

Allocator Classes

Different memory models have different requirements for pointers,
references, integer sizes, etc. The Allocator class encapsulates
information about pointers, constant pointers, references, constant
references, sizes of objects, difference types between pointers, allo-

cation and deallocation functions, and some other functions. The
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exact set of types and functions defined within the allocator are ex-
plained in the Default Allocator Interface, later in this chapter.

Since memory model information can be encapsulated in an alloca-
tor, STL containers can work with different memory models by sim-
ply providing different allocators. All operations on allocators are
expected to be amortized constant time.

Additional topics are:

* “Passing Allocators to STL Containers” on page 82

* “Extracting Information from an Allocator Object” on page
82

Passing Allocators to STL Containers

Once an allocator class for a particular memory model has been
written, it must be passed on to the STL container for that container
to work properly in the concerned memory model. This is done by
passing the allocator to the STL container as a template parameter.

For example, the vector container has the following interface:
template<class T, class Allocator = allocator>
class vector,

Here the Allocator ~ parameter defaults to allocator . All the STL
containers are not yet parameterized on Allocator. In all places
where Allocator parameter is specified in the draft, default allo-
cator is used.

Extracting Information from an Allocator
Object

Allocator is obtained by a container by a macro of the same name.
Once the allocator is known, the container must somehow extract
the memory model information from the Allocator class. This infor-
mation is extracted by simply accessing the typedefs and member
functions of the Allocator  class.
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For example, the public interface of the vector class mentioned
above contains the following typedefs  to extract information
about references and pointers from the Allocator  class:
typedef Allocator<T>::reference reference;
typedef Allocator<T>::const_reference

const_reference;
typedef Allocator<T>::pointer iterator;
typedef Allocator<T>::const_pointer

const_iterator;

NOTE: If for different memory models, the types Alloca-
tor<T>::pointer , Allocator<T>::size_type , etc., will'in
general be different. However, the point is that these differences
do not affect the vector container (or any other STL container),
since the changes are completely encapsulated in the Allocator
class.

The information passed on from the Allocator  class to the STL
container includes the types of pointers, constant pointers,

references, constant references , etc., together with some
member functions. Complete details of the types and functions en-
capsulated by the default allocator are provided in the next section.

The Default Allocator Interface

Listing 5.1

“Class allocator declaration” on page 83 contains the Class allocator

declaration.

Class allocator declaration

class allocator {
public:

typedef size_t size_type;
typedef ptrdiff_t difference_type;

template<class T>

class types {
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typedef T* pointer;

typedef const T* const_pointer;
typedef T& reference;

typedef const T& const_reference;
typedef T value_type;

8

allocator();
~allocator();

template<class T> typename
types<T>::pointer
address(types<T>::reference x) const;

template<class T> typename
types<T>:.const_pointer
address(types<T>::const_reference x) const;

template<class T, class U> typename
types<T>::pointer allocate(size_type,
types<U>::const_pointer hint);

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

size_type max_size() const;

h
class allocator::types<void> { // specialization
public:
typedef void* pointer;
typedef const void* const_pointer;
typedef void value_type;
h

void* operator new(size_t N, allocator& a);

Description In the allocator interface it can be seen that the type information is
encapsulated in the nested template class types . Since nested class
templates are not yet supported by any compilers, our implementa-
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tion provides the following workaround by templatizing the class
allocator

The topics in this section discuss:

* “Typedef Declarations” on page 85

* “Allocator Member Functions” on page 86

* “Custom Allocators” on page 89

* “Allocator Requirements” on page 89

Typedef Declarations

Table 5.1  The following typedef’'s are defined in the class allocator<T>

allocator::pointer allocator::const pointer
allocator::reference allocator::const reference
allocator::value type allocator::const address

allocator::pointer
Description The type of a pointer in the memory model.

Definition typedef T* pointer;

allocator::const_pointer
Description The type of a constant pointer in the memory model.

Definition typedef const T* const_pointer;

allocator::reference
Description The type of a reference in the memory model.

Definition typedef T& reference;
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allocator::const_reference
Description The type of a constant reference in the memory model.

Definition typedef const T& const_reference

allocator::value_type

Description value_type refers to the type of the objects in the container. By de-
fault, containers contain objects of the type with which they are in-
stantiated. For example, vector<int*> is a declaration of a vector
of pointers to integers

Definition typedef T value_type;

Allocator Member Functions

Table 5.2  The Class allocator has the following member functions

Constructor—allocator Destructor—allocator
allocator::size type allocator::difference type
allocator::address allocator::const address
allocator::allocate allocator::deallocate

allocator::max_size

Constructor—allocator
Description Constructs an allocator object.

Prototype allocator();

Destructor—allocator
Description Destroys an allocator object.

Prototype ~allocator();
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Description

Definition

Description

Definition

Description

Prototype

Description

Prototype

The class allocator  has the following other members:

allocator::size_type

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

typedef size_t size_type;

allocator:.difference_type

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

typedef ptrdiff_t difference_type;

allocator::address
Returns a pointer to the referenced object x.

template
<classT>
allocator<T>::pointer address
(allocator<T>::reference X);

allocator::const_address
Returns a constant pointer to the referenced object .

template
<class T >
allocator<T>::const_pointer const_address
(allocator<T>::const_reference x);
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Description

Prototype

Description

Prototype

Description

Prototype

allocator::allocate

This member function allocates memory for n  objects of type
size_type but the objects are not constructed. It uses the global op-
erator new.

NOTE: If that different memory models require different allocate
functions (which is why the function has been encapsulated in the
memory allocator class). allocate may raise an appropriate ex-
ception.

template
<class T >
allocator<T>::pointer allocate

(size_type n);

allocator::deallocate

Deallocates all of the storage pointed to by the pointer p using the
global operator delete . All objects in the area pointed to by p
should be destroyed prior to the call of deallocate. The function is
templatized to allow it to be specialized for particular types in cus-
tom allocators.

template
<class T >

void deallocate
(allocator<T>::pointer p);

allocator::max_size
Returns the largest positive value of difference_type . This is the
same as the largest number of elements that the container can hold

in the given memory model.

size_type max_size();
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Custom Allocators

The data types representing pointers (size_type ) as well as the
difference between two pointers (difference_type ) differ across
memory models.

Table 5.3  The data types representing pointers

allocator::vec default allocator::vec large

allocator::vec _huge

allocator::vec_default
Description A vector of 100 integers using the default allocator.

Prototype vector<int> vec_default(100);

allocator::vec_large
Description A vector of 1000 integers using the far allocator.
Prototype vector<int, far_allocator> vec_large(1000);
Remarks  In case of the far allocator, the addressable range is 64 K. The

size_type isa 32 bit value and difference_type is a 16-bit
value.

allocator::vec_huge
Description A vector of 100,000 integers using the huge allocator.

Prototype vector<int, huge_allocator> vec_huge(100000);

Allocator Requirements

This section discusses

* “Function Objects” on page 90
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Description

Description

e “Function Adaptors” on page 90

Function Objects

A function object encapsulates a function in an object for use by
other components. This is done by overloading the function call op-
erator, operator() , of the corresponding class.

Passing a function object to an algorithm is similar to passing a
pointer to a function, with one important difference. Function ob-
jects are classes that have operator() overloaded, which makes it
possible to

* pass function objects to algorithms at compile time, and

* increase efficiency, by inlining the corresponding call.

These costs make a difference when the functions involved are very
simple ones, such as integer additions or comparisons.

For example, if we want to have a by-element addition of two inte-
ger vectors a and b , with the result being placed in a, we can
do:
transform(a.begin(), a.end(), b.begin(),

a.begin(), plus<int>());

If we want to negate every element of a, we do:
transform(a.begin(), a.end(),
a.begin(),negate<int>());

In both of the above examples, the addition and negation will be in-
lined.

Function Adaptors

Function adaptors are STL classes that allow users to construct a
wider variety of function objects. Using function adaptors is often
easier than direct construction of a new function object type with a
struct or class definition.

MCP-90 MSL C++ Reference



General Utilities Libraries
Arithmetic Operations

For example, a binder is a kind of function adapter that converts bi-
nary function objects into unary function objects by binding an ar-
gument to some particular value. The code fragment:
int x[1000];
int* where = find_if(x, x+1000,
bind2nd(greater<int>(), 200));

finds the first integer in array x that is greater than 200. The base
function object greater<int>() takes two arguments x and y and re-
turns the greater value. By applying the binder bind2nd to this func-
tion object and the number 200, we produce a function object that
defines a unary function that takes a single argument x and returns
true if x > 200. This function object is then used as a parameter to
find_if, to find the first element in the array that is greater than 200.

Besides binders, the library defines two other kinds of function
adaptors:

* Negators are function objects that reverse the sense of predi-
cate function objects.

* Adaptors for pointers to functions allow pointers to (unary
and binary) functions to work with function adaptors that
the library provides.

Arithmetic Operations

Files

Description

Table 5.4

#include <function.h>

STL provides basic function object classes for all of the arithmetic
operators in the language. The functionality of the operators is de-
scribed below. The function object classes are:

The functionality of the operators

plus times
divides minus
modulus negate
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Description

Prototype

Description

Prototype

Description

Prototype

Description

Prototype

Description

Prototype

plus

The plus function object accepts two operands x and y of type T,
and returns the result of the computation of x + y.

template<class T >
struct plus<T>

minus

The minus function object accepts two operands x and y of type T,
and returns the result of the computation of x - y.

template<class T >
struct minus<T>

times

The times function object accepts two operands x and y of type T,
and returns the result of the computation of x *y.

template<class T >
struct times<T>

divides

The divides function object accepts two operands x and y of type T,
and returns the result of the computation of x / y.

template<class T >
struct divides<T>

modulus

The modulus function object accepts two operands, X and y, of type
T, and returns their result of the computation x %y.

template<class T >
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Description

Prototype

struct modulus<T>

negate

negate isa unary function that accepts a single operand x of type T,
and returns the result of the computation of -x.

template< class T >
struct negate<T>

Comparison Operations

Files

Description

Table 5.5

Description

Prototype

Description

#include <function.h>

STL provides basic function object classes for all of the comparison
operators in the language. The basic functionality of the comparison
objects is described below.

The operation classes are:

equal to not equal to
greater less

greater equal less equal
equal_to

An object of this type accepts two parameters, x and y, of type T,
and returns true if x ==y.

template< class T >
struct equal_to<T>

not_equal _to

An object of this type accepts two parameters, x and y, of type T,
and returns true if x I=y.
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Prototype

Description

Prototype

Description

Prototype

Description

Prototype

Description

Prototype

template< class T >
struct not_equal_to<T>

greater

An object of this type accepts two parameters, x and y, of type T,
and returns true if x > y.

template< class T >
struct greater<T>

less

An object of this type accepts two parameters, x and y, of type T,
and returns true if x <y.

template< class T >
struct less<T>

greater_equal

An object of this type accepts two parameters, x and y, of type T,
and returns true if x >=y.

template< class T >
struct greater_equal<T>

less_equal

An object of this type accepts two parameters, x and y, of type T,
and returns true if x <=y.

template< class T >
struct less_equal<T>
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Logical Operations

Files

Description

Table 5.6

Description

Prototype

Description

Prototype

Description

Prototype

#include <function.h>
STL provides basic function object classes for the following logical

operators in the language: and, or, not. The basic functionality of the
logical operators is described below.

The logical operation classes are:

logical and logical or
logical not

logical_and

An object of this type accepts two parameters, x and y, of type T,
and returns the boolean result of the logical and operation: X &&y .

template< class T >
struct logical_and<T>

logical_or

An object of this type accepts two parameters, X and y, of type T,
and returns the boolean result of the logical or operation: X || y

template< class T >
struct logical_or<T>

logical _not

An object of this type accepts a single parameter, X, of type T, and
returns the boolean result of the logical not operation: Ix .

template< class T >
struct logical_not<T>
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Negator Adaptors
Files  #include <function.h>

Description Negators are function adaptors that take a predicate and return its
complement. STL provides the negators notl and not2 that take a
unary and binary predicate respectively and return their comple-
ments.

Table 5.7  The negator function adaptors are:
notl not2

notl

Description This function accepts a unary predicate x as input and returns its
complement !x

Prototype template
< class Predicate >
unary_negate<Predicate> notl
(const predicate& x);

not2

Description This function accepts a binary  predicate X as input and returns its
complement , Ix .

Prototype template

< class Predicate >
binary negate<Predicate> not2
(const predicate& x);

Binder Adaptors

Files

#include <function.h>
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Description

Table 5.8

Description

Prototype

Description

Prototype

Binders are function adaptors that convert binary function objects
into unary function objects by binding an argument to some partic-
ular value. STL provides two binders bind1st and bind2nd ,
which are described below.

The binder function adaptors are:

bind1st bind2nd

bind1st

This adapter accepts a function object op of two arguments and a
value X, of type T. It returns a function object of one argument, con-
structed out of op with the first argument bound to X.

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

bind2nd

This adapter accepts a function object op of two arguments and a
value X, of type T. It returns a function object of one argument, con-
structed out of op with the second argument bound to x.

template
< class Operation,
class T >
binder2nd<Operation> bind2nd
(const Operation& op,
const T& x);

Adaptors for Pointers to Functions

Files

#include <function>
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Description

Table 5.9

Description

Description

Prototype

Description

Prototype

Adaptors for pointers to functions are provided to allow pointers to
unary and binary functions to work with the function adaptors pro-
vided in the library. They also can help avoid the “code bloat” prob-
lem arising from multiple template instances in the same program.

The function pointer adaptors are:

ptr fun—-unary ptr fun-binary

STL provides two adaptors for pointers to functions: one for unary
and the other for binary functions. Both the functions have the same
name (which is overloaded).

ptr_fun—unary

This function adapter accepts a pointer to a unary function that
takes an argument of type Arg and returns a result of type Result .
A function object of type pointer_to_unary_function<Arg,

Result> is constructed out of this argument, and returned.

template

< class Arg,

class Result >
ptr_fun(Result (*x) (Arg));

ptr_fun—binary

This function adapter accepts a pointer to a binary function that ac-
cepts arguments of type Argl and Arg2 and returns a result of type
Result . A function object of type

pointer_to_binary_function<Arg, Result> is constructed
out of this argument, and returned.

template

< class Arg,

class Result >
ptr_fun(Result (*x) (Argl, Arg2));
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Specialized Algorithms

All the iterators that are used as formal template parameters in
these algorithms are required to have their operator*  return an
object for which operator& is defined and returns a pointer to T.
See “Overview of Iterators” on page 283 where algorithms are dis-
cussed in detail.

Table 5.10 The uninitialized copy and fill functions are:

uninitialized copy uninitialized fill

uninitialized fill n

uninitialized_copy

Description This function behaves as follows: while (first = last) con-
struct (&*result++, *first++); This function returns re-
sult

Prototype template
< class Inputlterator,
class Forwardlterator >
Forwardlterator uninitialized_copy
(Inputlterator first,
Inputlterator last,
Forwardlterator result);

uninitialized_fill

Description This function behaves as follows:
while (first != last)
construct (&*first++, x);

Prototype template
< class Forwardliterator,
class T >
void uninitialized_fill
(Forwardlterator first,
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Description

Prototype

Forwardlterator last,
const T& x);

uninitialized_fill_n

This function behaves as follows:
while (n--)
construct (&*first++, x);

template
< class Forwarditerator,
class Size,
class T>
void uninitialized_fill_n
(Forwardlterator first, Size n, const T& X);

Template class auto_ptr

Description

namespace std {

Template class auto_ptr  holds onto a pointer obtained via new
and deletes that object when it itself is destroyed when it goes out of
scope. The auto_ptr  provides semantics of strict ownership. An
object may be safely pointed to by only one auto_ptr , so copying
an auto_ptr  copies the pointer and transfers ownership to the des-
tination. The declaration of auto_ptr  is given below.

template<class X> class auto_ptr {

public:

typedef X element_type;

explicit auto_ptr(X* p =0) throw();
auto_ptr(const auto_ptr&) throw();
template<class Y> auto_ptr(const auto_ptr<Y>&) throw();

auto_ptr& operator=(const auto_ptr&) throw();
template<class Y> auto_ptr& operator=
(const auto_ptr<Y>&) throw();

~auto_ptr();
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X& operator*() const throw();
X* operator->() const throw();
X* get() const throw();

X* release() const throw();

Description

Prototype

Prototype

Remarks

Prototype

Remarks

Description

Constructor—auto_ptr

This function requires p to point to an object of class X or a class de-
rived from Xfor which deletep  is defined and accessible. or else p
is a null pointer.

explicit auto_ptr(X* p =0) throw();

Postconditions: *this holds the pointer to p. *this owns *get()
if and only if p is not a null pointer.

auto_ptr(const auto_ptr&) throw();

Postconditions: *this holds the pointer returned from a.re-
lease(). *this owns *get() if and only if a owns *a.

Calls a.release().
template<class Y> auto_ptr

(const auto_ptr<Y>& a) throw();
Postconditions: *this holds the pointer returned from a.re-

lease(). *this owns *get() if and only if a owns *a.

* Y*can be implicitly converted to X*.

e (Calls a.release().

auto_ptr Destructor

Destroys the auto pointer.
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Prototype

Remarks

Description

Prototype

Description

Prototype

Description

Prototype

Description

Prototype

Description

~auto_ptr();

If *this owns *get() then delete get().

auto_ptr::get
This function returns the pointer p specified as the argument to the
constructor auto_ptr (X* p) or as the argument to the most re-

cent call to reset (X* p)

X* get () const;

auto_ptr::release

This function releases the pointer and after a call to this function
get() will return O.

X* release ();

Assignment Operator=auto_ptr
Copies the argument a to *this
auto_ptr& operator=

(const auto_ptr& a) throw();

template<class Y> auto_ptr& operator=
(const auto_ptr<Y>& a) throw();

Dereferencing Operator*tauto_ptr

This returns *get ()  provided get() does not return O.

X& operator* () const;

Association Operator—>auto_ptr

Returns the pointer associated.
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Prototype  X* operator-> () const;
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6
21 Strings Library

This chapter is a reference guide to the ANSI/ISO String class that
describes components for manipulating sequences of characters,
where characters may be of type char, wchar _t, or of a type de-
fined in a C++ program.

Overview of Strings Classes

The strings library is based on the ANSI/ISO string class descrip-
tion and includes

e “21.1 Character traits” on page 105 defines types and facili-
ties for character manipulations

e ”21.2 String Classes” on page 109 lists string and character
structures and classes

e “21.3 Class basic string” on page 115 defines facilities for
character sequence manipulations.

e ”23.4 Null Terminated Sequence Ultilities” on page 143 lists
facilities for Null terminated character sequence strings.

21.1 Character traits

This section defines a class template char_traits<charT> and
two specializations for char and wchar_t  types. These types are
required by string and stream classes and are passed to these classes
as formal parameters charT and traits.

The topics in this section are:

e “21.1.1 Character Trait Definitions” on page 106
e “21.1.2 Character Trait Requirements” on page 106

e “21.1.3 Character Trait Type Definitions” on page 107

e “21.1.4 struct char traits<T>" on page 108
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21.1.1 Character Trait Definitions

character Any object when treated sequentially can represent
text. This term is not restricted to just char and wchar_t types

character container type A class or type used to represent a
character. This object must be POD (Plain Old Data).

traits A class that defines types and functions necessary for han-
dling characteristics.

NTCTS A null character termination string is a character se-
quence that proceeds the null character value charT(0).

21.1.2 Character Trait Requirements

These types are required by string and stream classes and are
passed to these classes as formal parameters charT and traits.

assign Used for character type assignment.
static void assign
(char_type, const char_type);

eq Used for bool equality checking.
static bool eg
(const char_type&, const char_tye&);

It Used for bool less than checking.
static bool It(const char_type&, const char_typeg&);

compare Used for NTCTS comparison.
static int compare
(const char_type*, const char_type*, size_t n);

length Used when determining the length of a NTCTS.
static size_t length
(const char_type*);

find Used to find a character type in an array
static const char_type* find
(const char_type*, int n, const char_type&);

move Used to move one NTCTS to another even if the receiver
contains the sting already.
static char_type* move

(char_type*, const char_type*, size t);

MCP-106 MSL C++ Reference



21 Strings Library
21.1 Character traits

Table 6.1

copy Used for copyinga NTCTS that does not contain the NTCTS
already.
static char_type* copy

(char_type*, const char_type*, size t);

not_eof Used for bool inequality checking.
static int_type not_eof
(const int_type&);

to_char_type Used to convert to a char type from an int_type
static char_type to_char_type
(const int_type&);

to_int_type Used to convert from a char type to an int_type.
static int_type to_int_type
(const char_type&);

eq_int_type Used to test for deletion.
static bool eq_int_type
(const int_type&, const int_type& );

get_state Used to store the state of the file buffer.
static state_type get_state

(pos_type pos);

eof Used to test for the end of a file.
static int_type eof();

21.1.3 Character Trait Type Definitions

There are several types defined in the char_traits structure for both
wide and conventional char types.

The functions are:

Type Defined Use
char char_type char values
int int_type integral values of char types

including eof

streamoff off_type stream offset values
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Description

Prototype

streampos pos_type stream position values

mbstate_t state_type tile state values

21.1.4 struct char_traits<T>

The template structure is overloaded for both the wchar_t type
struct char_traits<wchar_t> . This specialization is used for
string and stream usage.

NOTE: The assign, eq and It are the same as the =, == and < op-
erators.

namespace std {

template<>

/I struct char_traits<wchar_t> or

struct char_traits<char> {
typedef char char_type;
typedef int int_type;
typdef streamoff off_type;
typedef streampos pos_type;
typedef mbstate _t state type;

static void assign(char_type, const char_type);
static bool eg(const char_type&, const
char_tye&);

static bool It(const char_type&, const
char_typeg&);

static int compar(const char_type*, const
char_type*, size_tn);

static size_t length(const char_type*);

static const char_type* find(const char_type*,
int n, const char_type&);

static char_type* move(char_type*, const
char_type*, size t);
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static char_type* copy(char_type*, const
char_type*, size t);

static char_type* assign(char_type*, size t,
char_type);

static int_type not_eof(const int_type&);

static char_type to_char_type(const int_type&);
static int_type to_int_type(const char_typeg&);
static bool eq_int_type(const int_type&, const
int_type& );

static state_type get_state(pos_type pos);
static int_type eof();

21.2 String Classes

The header <string> define string and trait classes used to manipu-
late character and wide character like template arguments.

namespace std {

template<class charT> struct char_traits;
template <> struct char_traits<char>;
template <> struct char_traits<wchar_t>;

template

<class charT,

class traits =char_traits<charT>,
class Allocator = allocator<charT> >
class basic_string;

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

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

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

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

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

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

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

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

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

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

template
<class charT, class traits, class Allocator>
bool operator<

(const basic_string
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<charT traits,Allocator>& Ihs,
const basic_string
<charT traits,Allocator>& rhs);

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

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

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

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

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

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

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

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

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

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

template
<class charT, class traits, class Allocator>
void swap
(basic_string<charT traits,Allocator>& l|hs,
basic_string<charT traits,Allocator>& rhs);

template
<class charT, class traits, class Allocator>
basic_istream<charT traits>&
operator>>
(basic_istream<charT ,traits>& is,
basic_string<charT,traits,Allocator>& str);

template
<class charT, class traits, class Allocator>
basic_ostream<charT, traits>&
operator<<
(basic_ostream<charT, traits>& 0s,
const basic_string
<charT traits,Allocator>& str);

template

<class charT, class traits, class Allocator>

basic_istream<charT traits>&

getline
(basic_istream<charT ,traits>& is,
basic_string<charT traits,Allocator>& str,
charT delim);

template
<class charT, class traits, class Allocator>
basic_istream<charT traits>&
getline
(basic_istream<charT traits>& is,
basic_string<charT traits,Allocator>& str);
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typedef basic_string<char> string;
typedef basic_string<wchar_t> wstring;
h

}

21.3 Class basic_string

Remarks

Prototype

The class basic_string is used to store and manipulate a
sequence of character like types of varying length known as strings.

Memory for a string is allocated and deallocated as necessary by
member functions.

The first element of the sequence is at position zero.

The iterators used by basic_string are random iterators and as such
qualifies as a reversible container

The topics in this section include:

“21.3.1 Constructors and Assignments” on page 121

e “21.3.2 Iterator Support” on page 124

e “21.3.3 Capacity” on page 125

e ”21.3.4 Element Access” on page 126
e “21.3.5 Modifiers” on page 127

/£

e ”21.3.6 String Operations” on page 131
o “23.3.7 Non-Member Functions and Operators” on page 136

NOTE: In general, the string size can be constrained by memory
restrictions.

namespace std {

template
<class charT, class traits = char_traits<charT>,
class Allocator = allocator<charT> >

class basic_string {
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public:

typedef traits traits_type;

typedef typename traits::char_type value_type;

typedef Allocator allocator_type;

typedef typename Allocator::size_type size_type;

typedef typename Allocator::difference_type
difference_type;

typedef typename Allocator::reference reference;

typedef typename Allocator::const_reference
const_reference;

typedef typename Allocator::pointer pointer;

typedef typename Allocator::const_pointer
const_pointer;

Il typedef implementation defined iterator;

I typedef implementation definedconst_iterator;

typedef std::reverse_iterator<iterator>
reverse_iterator;

typedef std::reverse_iterator<const_iterator>
const_reverse_iterator;

static const size_type npos = -1;

explicit basic_string

(const Allocator& a = Allocator());
basic_string

(const basic_string& str,

size_type pos = 0,

size_type n = npos,

const Allocator& a = Allocator());
basic_string

(const charT* s,

size_type n,

const Allocator& a = Allocator());
basic_string

(const charT* s,

const Allocator& a = Allocator());
basic_string

(size_type n,

charT c,
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const Allocator& a = Allocator());
template<class Inputlterator>
basic_string

(Inputlterator begin,

Inputlterator end,

const Allocator& a = Allocator());

~basic_string();

basic_string& operator= (const basic_string& str);
basic_string& operator=(const charT* s);
basic_string& operator=(charT c);

iterator begin();

const_iterator begin() const;

iterator end();

const_iterator end() const;
reverse_iterator rbegin();
const_reverse_iterator rbegin() const;
reverse_iterator rend();
const_reverse_iterator rend() const;

size_type size() const;

size_type length() const;

size_type max_size() const;

void resize(size_type n, charT c);
void resize(size_type n);

size_type capacity() const;

void reserve(size_type res_arg = 0);
void clear();

bool empty() const;

const_reference operator[](size_type pos) const;
reference operator[](size_type pos);
const_reference at(size_type n) const;
reference at(size_type n);

basic_string& operator+=(const basic_string& str);
basic_string& operator+=(const charT* s);
basic_string& operator+=(charT c);
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basic_string& append(const basic_string& str);
basic_string& append(

const basic_string& str,

size_type pos,size_type n);
basic_string& append(const charT* s, size_type n);
basic_string& append(const charT* s);
basic_string& append(size_type n, charT c¢);
template<class Inputlterator>
basic_string& append

(Inputlterator first, Inputlterator last);
void push_back(const charT); A
basic_string& assign(const basic_string&);
basic_string& assign

(const basic_string& str,

size type pos, size_type n);
basic_string& assign(const charT* s, size_type n);
basic_string& assign(const charT* s);
basic_string& assign(size_type n, charT c);
template<class Inputlterator>
basic_string& assign

(Inputlterator first, Inputlterator last);
basic_string& insert

(size_type posl, const basic_string& str);
basic_string& insert

(size_type pos1l, const basic_string& str,

size_type pos2, size_type n);
basic_string& insert

(size_type pos, const charT* s, size_type n);
basic_string& insert

(size_type pos, const charT* s);
basic_string& insert

(size_type pos, size_type n, charT c);
iterator insert(iterator p, charT ¢ = charT());
void insert(iterator p, size_type n, charT c);
template<class Inputlterator>
void insert

(iterator p, Inputlterator first,

Inputlterator last);
basic_string& erase

(size_type pos = 0, size_type n = npos);
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iterator erase(iterator position);
iterator erase(iterator first, iterator last);
basic_string& replace

(size_type posl, size_type nl,

const basic_string& str);
basic_string& replace

(size_type posl, size_type nl,

const basic_string& str,

size_type pos2, size_type n2);
basic_string& replace

(size_type pos, size_type n1l,

const charT* s,size_type n2);
basic_string& replace

(size_type pos, size_type nl, const charT* s);
basic_string& replace

(size_type pos, size_type n1,

size_type n2, charT c);
basic_string& replace

(iterator i1, iterator i2,

const basic_string& str);
basic_string& replace

(iterator i1, iterator i2,

const charT* s, size_type n);
basic_string& replace(

iterator i1, iterator i2, const charT* s);
basic_string& replace

(iterator i1, iterator i2,

size_type n, charT c);
template<class Inputlterator>
basic_string& replace

(iterator i1, iterator i2,

Inputlterator j1, Inputlterator j2);

size_type copy
(charT* s, size_type n,
size type pos = 0) const;
void swap(basic_string<charT traits,Allocator>&);

const charT* c_str() const;
const charT* data() const;
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allocator_type get_allocator() const;
size_type find

(const basic_string& str,

size_type pos = 0) const;
size_type find

(const charT* s, size_type pos,

size_type n) const;
size_type find

(const charT* s, size_type pos = 0) const;
size_type find (charT c, size_type pos = 0) const;
size_type rfind

(const basic_string& str,

Size_type pos = npos) const;
size_type rfind

(const charT* s, size_type pos,

size_type n) const;
size_type rfind

(const charT* s, size_type pos = npos) const;
size_type rfind

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

(const basic_string& str,

size_type pos = 0) const;
size_type find_first_of

(const charT* s, size_type pos,

size_type n) const;
size_type find_first_of

(const charT* s, size_type pos = 0) const;
size_type find_first_of

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

(const basic_string& str,

size_type pos = npos) const;
size_type find_last_of

(const charT* s,

size_type pos, size_type n) const;
size_type find_last_of

(const charT* s, size_type pos = npos) const;
size_type find_last_of

(charT c, size_type pos = npos) const;

MCP-120 MSL C++ Reference



21 Strings Library
21.3 Class basic_string

size_type find_first_not_of

(const basic_string& str,

size_type pos = 0) const;
size_type find_first_not_of

(const charT* s, size_type pos,

size_type n) const;
size_type find_first_not_of

(const charT* s, size_type pos = 0) const;
size_type f