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Boost.Align

Introduction

This library provides function align for implementations which do not have the C++11 standard library st d: : al i gn function
available.

It provides allocation and deallocation functions, aligned_alloc and aligned_free, as their functionality is not yet available in the
C++ standard library. They use platform specific functions, if available, or use standard library functionsin conjunction with al i gn.

It provides C++ alocators, class templates aligned_allocator and aligned_allocator _adaptor, which respect alignment. The first
usesal i gned_al | oc and al i gned_f r ee while the second uses the allocator in conjunction with al i gn.

It providesadeleter, classaligned_delete, which makesuse of al i gned_f r ee. Itissuitablefor use with constructed objects allocated
withal i gned_al | oc.

It provides type trait alignment_of for implementations without a conforming C++11 standard library st d: : al i gnment _of type
trait.

It also provides function is_aligned to test the alignment of a pointer.
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Rationale

C++11 added the ability to specify increased alignment (over-alignment) for classtypes. Unfortunately, : : oper at or newallocation
functions, newexpressions, and the default allocator, st d: : al | ocat or, do not support dynamic memory allocation of over-aligned
data.

The align function can be used to align a pointer and is provided for implementations which do not yet providest d: : al i gn.
Thealigned_alloc function can be used in place of : : oper at or newto specify the alignment of the memory allocated.

The aligned_allocator class template can be used in place of st d: : al | ocat or asan aignment-aware default allocator.
Thealigned_allocator _adaptor class template can be used to adapt any allocator into an alignment-aware allocator.

The aligned delete class can be used in place of std::default_del ete to destroy and free objects alocated with
al i gned_al |l oc.

The alignment_of type trait gets the alignment of atype, and is provided for implementations without st d: : al i gnment _of .

Theis_aligned function can be used to compare the alignment value of a pointer.
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Tutorial
Using align

We want to default-construct an object of a potentially over-aligned generic type, T, in storage of size n, whose addressis stored in
apointer, p.

#i ncl ude <boost/align/align. hpp>
Usetheal i gn function to adjust the pointer so that it is suitably aligned.

auto result = boost::alignnent::
align(alignof(T), sizeof(T), p, n);

If successful, n is decreased by the byte count that p was advanced to be suitably aligned, and the adjusted value of p is returned. It
now points to an address at which to construct an object of type T.

if (result) {
cinew(result) T();
}

If unsuccessful, because n hasinsufficient spaceto fit an object of the requested size after adjusting p to have the requested alignment,
anull pointer isreturned and p and n are not changed.

el se {

throw std:: exception();
}

Using aligned_alloc

We want to dynamically allocate storage for, and default-construct within that storage, an object of ageneric type T that is potentially
over-aligned.

#i ncl ude <boost/align/aligned_alloc. hpp>
Allocate an object of adesired alignment and size using the al i gned_al | oc allocation function.

auto p = boost::alignnment::
aligned_alloc(alignof(T), sizeof(T));

If successful, a non-null pointer isreturned. To free this storagethe al i gned_f r ee function is used.

if (p) {
try {
onew(p) T();
} catch (...) {
boost::alignment::aligned_free(p);
t hr ow,

If unsuccessful, anull pointer is returned.
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el se {
throw std::bad_alloc();

}
Freethis storage, viatheal i gned_f r ee function, when it is no longer required.

boost::alignment::aligned_free(p);

Using aligned_allocator

We want to use standard library allocator-aware containers, such asvect or , with ageneric type, T, that is potentially over-aligned.
#i ncl ude <boost/align/aligned_allocator. hpp>
Specify theal i gned_al | ocat or alocator viathe container's allocator template parameter.

std::vector<T, boost::alignment::
al i gned_al | ocat or <T> > v;

If we wanted a vector of adifferent type, such asi nt , but desired that each integer object had the alignment of T, thisis possible by
specifying the minimum alignment with the allocator.

std::vector<int, boost::alignment::
al igned_al l ocator<int, alignof(T)> > v;

Using aligned_allocator_adaptor

We want to make an existing allocator type, A, alignment-aware and use it with a standard library container, such asvect or, with
atype, T, that is potentially over-aligned.

#i ncl ude <boost/align/aligned_allocator_adaptor. hpp>
We use classtemplate al i gned_al | ocat or _adapt or asthe vector's allocator type.

std::vector<T, boost::alignment::
al i gned_al | ocat or _adapt or <A> > v(a);

If we wanted a vector of adifferent type, such asi nt , but desired that each integer object had the alignment of T, thisis possible by
specifying the minimum alignment with the allocator adaptor.

std::vector<int, boost::alignnment::
al igned_al |l ocator_adaptor<A, alignof(T)> > v(a);

Using aligned_delete

We want a default deleter for use with uni que_pt r that can be used to deallocate and destroy objects which were constructed in
storage that was allocated with al i gned_al | oc.

#i ncl ude <boost/align/aligned_del ete. hpp>

Storage is allocated for the object using al i gned_al | oc.
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auto p = boost::alignnment::
aligned_alloc(alignof(T), sizeof(T));
if ('p) {
throw std::bad_alloc();
}

An object is constructed in that storage using placement new.

try {
q = ::new(p) T();

} catch (...) {
boost::alignment::aligned_free(p);
t hr ow,

Usetheal i gned_del et e class asthe deleter template parameter.

std::uni que_ptr<T,
boost::alignnent::aligned delete> u(q);

Using alignment_of

We want to assert at compile time that the alignment of atype, T, isat least aslarge as the alignment of atype, U.
#i ncl ude <boost/align/alignment_of. hpp>
Usetheal i gnment _of classtemplate to determine the alignment of the type.

static_assert (boost::alignnent::alignnent_of <T>::
val ue >= boost: :alignnent::alignnent_of <U>::
val ue, "");

Using is_aligned

We want to assert that the alignment of a pointer, p, is at least the alignment of a generic type, T, that is potentially over-aligned.
#i ncl ude <boost/align/is_aligned. hpp>

Usethei s_al i gned function to test the alignment of the pointer.

assert(boost::alignment::is_aligned(alignof(T), p));
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Examples

aligned_ptr and make aligned

The al i gned_pt r diastemplate isauni que_ptr that uses al i gned_del et e as the deleter, for destruction and deallocation.
This smart pointer type is suitable for managing objects that are allocated with al i gned_al | oc.

#i ncl ude <boost/align/aligned_del ete. hpp>
#i ncl ude <nenory>

tenpl at e<cl ass T>
using aligned_ptr = std::unique_ptr<T,
boost::alignnent::aligned_del ete>;

Themake_al i gned functiontemplate createsanal i gned_pt r for an object allocated with al i gned_al | oc and constructed with
placement new. If alocation fails, it throws an object of st d: : bad_al | oc. If an exception is thrown by the constructor, it uses
al i gned_f r ee to free allocated memory and will rethrow the exception.

tenpl ate<class T, class... Args>
inline aligned_ptr<T> make_al i gned( Args&& .. args)
{
auto p = boost::alignnent::aligned_alloc(alignof(T),
sizeof (T));
it (p) {
throw std::bad_alloc();
}
try {

auto q = ::new(p) T(std::forward<Args>(args)...);
return aligned_ptr<T>(q);
} catch (...) {
boost: :alignment::aligned_free(p);
t hr ow,

Here make_al i gned isused to createan al i gned_pt r object for atype which has extended alignment specified.

struct alignas(16) type {
float datal4];

s

int main()

{
auto p = nmeke_al i gned<type>();
p->data[ 0] = 1.0f;

}

aligned_vector

Theal i gned_vect or aliastemplateisavect or that usesal i gned_al | ocat or astheallocator type, with aconfigurable minimum
alignment. It can be used with types that have an extended alignment or to specify an minimum extended alignment when used with

any type.
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#i ncl ude <boost/align/aligned_allocator. hhpp>
#i ncl ude <vector>

tenpl ate<class T, std::size_t Alignment = 1>

using aligned_vector = std::vector<T,
boost::alignnent::aligned_allocator<T, Alignnment> >

Hereal i gned_vect or isused to create avect or of integers where each integer object has extended cache alignment.

enum {
cache_line = 64

b

int main()

{
al i gned_vector<int, cache_line> v(32);
vi0] =1

}
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Reference
Header <boost/align.hpp>

Boost.Align all headers.

S Note
This header includes all public headers of the Boost.Align library.

Glen Fernandes

Header <boost/align/align.hpp>

Function align.

Glen Fernandes

namespace boost {
namespace al i gnment {
void * align(std::size_t, std::size_t, void *& std::size_t &);
}
}

Function align

boost::alignment::align
Synopsis
/'l In header: <boost/align/align.hpp>

void * align(std::size_t alignment, std::size_t size, void *& ptr,
std::size_t & space);

Description

If itispossibletofit si ze bytesof storage aligned by al i gnment into the buffer pointed to by pt r with length space, the function
updates pt r to point to the first possible address of such storage and decreases space by the number of bytes used for alignment.
Otherwise, the function does nothing.

Note: The function updatesits pt r and space arguments so that it can be called repeatedly with possibly different al i gnment and
si ze arguments for the same buffer.

Parameters: alignment  Shall beafundamental aignment value or an extended alignment value, and shall be a power of
two.
ptr Shall point to contiguous storage of at least space bytes.
si ze The size in bytes of storage to fit into the buffer.
space The length of the buffer.
Returns: A null pointer if the requested aligned buffer would not fit into the available space, otherwise the adjusted value
of ptr.
9
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Header <boost/align/aligned_alloc.hpp>

Functions aligned_alloc and aligned free.

Glen Fernandes

namespace boost {
namespace alignnent {
void * aligned_alloc(std::size t, std::size_t);
void aligned free(void *);
}
}

Function aligned_alloc

boost::alignment::aligned_alloc
Synopsis
/1 I'n header: <boost/align/aligned_alloc.hpp>

void * aligned_alloc(std::size_t alignment, std::size_t size);

Description

Allocates space for an object whose alignment is specified by al i gnment , whose size is specified by si ze, and whose valueisin-
determinate.

Note: On certain platforms, the alignment may be rounded up to al i gnof (voi d*) and the space allocated may be slightly larger
than si ze bytes, by an additional si zeof (voi d*) andal i gnnment - 1 bytes.

Parameters: alignment  Shall be apower of two.
si ze Size of spaceto allocate.
Returns: A null pointer or a pointer to the allocated space.

Function aligned_free
boost::alignment::aligned_free
Synopsis

/1 I'n header: <boost/align/aligned_alloc.hpp>

void aligned_free(void * ptr);

Description

Causes the space pointed to by pt r to be deallocated, that is, made available for further allocation. If pt r isanull pointer, no action
occurs. Otherwise, if the argument does not match a pointer earlier returned by the al i gned_al | oc function, or if the space has
been deallocated by acall to al i gned_f r ee, the behavior is undefined.

10
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Header <boost/align/aligned_allocator.hpp>

Classtemplate aligned_allocator.

Glen Fernandes

namespace boost {
namespace alignnent {
tenpl at e<typenane T, std::size_t Alignment> class aligned_allocator;

tenpl ate<std::size_t Alignnent> class aligned_allocator<void, Alignnent>
t enpl at e<typenane T1, typenane T2, std::size_t Al ignnment>
bool operator==(const aligned_allocator< T1, Alignnent > &
const aligned_allocator< T2, Alignnent > &)
t enpl at e<typenane T1, typenane T2, std::size_t Al ignment>
bool operator!=(const aligned_allocator< T1, Alignnent > &,
const aligned_allocator< T2, Alignnent > &)

Class template aligned_allocator

boost::alignment::aligned_allocator

11
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Synopsis

/'l 1n header: <boost/align/aligned_allocator.hpp>

tenpl ate<typenane T, std::size_t Aignnment>
cl ass aligned_allocator {

publi c:
/'l types
typedef T val ue_type;
typedef T * poi nter;
typedef const T * const _pointer;
typedef void * voi d_pointer;
t ypedef const void * const _voi d_poi nter;
typedef std::size_t size_type;
typedef std::ptrdiff_t difference_type;
typedef T & ref erence;
typedef const T & const _reference;

/1 nmenber cl asses/structs/unions

t enpl at e<t ypenane U>

struct rebind {

/'l types

typedef aligned_allocator< U Alignment > other;

}

/'l construct/copy/ destruct
aligned_allocator();
t enpl at e<t ypenane U>
aligned_al |l ocator(const aligned_allocator< U Alignment > & noexcept;

/1 public nmenber functions

poi nter address(reference) const noexcept;

const _poi nter address(const_reference) const noexcept;

poi nter allocate(size_type, const_void_pointer = 0);

voi d deal | ocate(pointer, size_type);

BOOST_CONSTEXPR si ze_type max_size() const noexcept;

tenpl ate<typenane U, class... Args> void construct(U *, Args && ..);
t enpl at e<t ypenane U> void construct (U *);

t enpl at e<t ypenane U> void destroy(U *);

Description
Classtemplate aligned_allocator.

Note: Except for the destructor, member functions of the aligned allocator shall not introduce data races as a result of concurrent
callsto those member functions from different threads. Callsto these functions that allocate or deallocate a particular unit of storage
shall occur in asingletotal order, and each such deallocation call shall happen before the next allocation (if any) in this order.

@ Note
Specifying minimum alignment is generally only suitable for containers such as vector and undesirable with other,
node-based, containers. For node-based containers, such aslist, the node object would have the minimum alignment
specified instead of the value type object.

Template Parameters

typenane T

12
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2. std::size_t Alignnent

I'sthe minimum alignment to specify for allocations, if it islarger than the alignment of the value type. It shall be a power of two.

al i gned_al | ocat or public construct/copy/destruct

aligned_allocator();

t enpl at e<t ypenane U>
aligned_al |l ocator(const aligned_allocator< U, Alignnent > & noexcept;

al i gned_al | ocat or public member functions

poi nter address(reference value) const noexcept;

Returns: The actual address of the object referenced by val ue, even in the presence of an overloaded operator& .
2. const _poi nter address(const_reference value) const noexcept;

Returns: The actual address of the object referenced by val ue, even in the presence of an overloaded operator& .
3.

poi nter allocate(size_type size, const_void_pointer = 0);

Throw: Throwsst d: : bad_al | oc if the storage cannot be obtained.

Note: The storageis obtained by callingal i gned_al | oc(std::size_t, std::size_t).
Returns: A pointer to the initial element of an array of storage of sizen * si zeof (T), aligned on the maximum of the
minimum alignment specified and the alignment of objects of type T.

voi d deal | ocate(pointer ptr, size_type);

Deallocates the storage referenced by ptr .

Note: Usesal i gnnent : : al i gned_free(voi d*).
Parameters: ptr  Shall be apointer value obtained from al | ocat e() .

BOOST_CONSTEXPR si ze_type max_si ze() const noexcept;
Returns: The largest value Nfor which the call al | ocat e( N) might succeed.

tenpl ate<typenane U, class... Args> void construct(U * ptr, Args && .. args);
Callsglobal new( (voi d*)ptr) U(std::forward<Args>(args)...).

t enpl at e<t ypenane U> void construct(U * ptr);
Callsglabal new( (voi d*)ptr) U().

5. tenpl at e<typenane U> void destroy(U * ptr);

13
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Callsptr->~U().

Struct template rebind

boost::alignment::aligned_allocator::rebind
Synopsis
/1 I'n header: <boost/align/aligned_allocator. hpp>

t enpl at e<t ypenane U>

struct rebind {

/'l types

typedef aligned_allocator< U, Alignnment > other

b

Description
Rebind allocator.
Specializations

e Classtemplate aligned allocator<void, Alignment>

Class template aligned_allocator<void, Alignment>

boost::alignment::aligned_allocator<void, Alignment>
Synopsis

/1 I'n header: <boost/align/aligned_allocator. hpp>

tenpl ate<std::size_t Alignnent>
class aligned_allocator<void, Alignnment> {

public:
/'l types
t ypedef void val ue_type
typedef void * poi nter;

t ypedef const void * const_pointer

/1 nmenber cl asses/structs/unions

t enpl at e<t ypenane U>

struct rebind {

/'l types

typedef aligned_allocator< U, Alignnment > other
}

}

Description

Classtemplate aligned _allocator specialization.

Struct template rebind

boost::alignment::aligned_allocator<void, Alignment>::rebind

14
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Synopsis
/'l 1n header: <boost/align/aligned_allocator.hpp>

t enpl at e<t ypenane U>

struct rebind {

/'l types

typedef aligned_allocator< U Alignment > other;

e

Description

Rebind allocator.

Function template operator==

boost::alignment::operator==
Synopsis
/1 I'n header: <boost/align/aligned_allocator.hpp>

tenpl at e<typenane T1, typenanme T2, std::size_t Alignnent>
bool operator==(const aligned_allocator< T1, Alignhnment > &,
const aligned_allocator< T2, Alignnment > &);

Description

Returns: true.

Function template operator!=

boost::alignment::operator! =
Synopsis
/'l I'n header: <boost/align/aligned_allocator. hpp>

tenpl at e<typenane T1l, typenane T2, std::size_t Alignnent>
bool operator!=(const aligned_ allocator< T1, Alignnent > &,
const aligned_allocator< T2, Alignnent > &);

Description

Returns: fal se.

Header <boost/align/aligned_allocator_adaptor.hpp>

Classtemplate aligned_allocator_adaptor.

Glen Fernandes

15
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nanespace boost {
nanmespace al i gnment {
tenpl at e<typenane Allocator, std::size_t Alignnment>
cl ass aligned_all ocator_adaptor;
tenpl at e<typenane Al, typenane A2, std::size_t Alignnent>
bool operator==(const aligned_allocator_adaptor< Al, Alignnment > &,
const aligned_allocator_adaptor< A2, Alignnent &) ;
tenpl at e<typenane Al, typenane A2, std::size_t Alignnent>
bool operator!=(const aligned_allocator_adaptor< Al, Alignment > &,
const aligned_allocator_adaptor< A2, Alignnent &) ;

\%

\%

Class template aligned_allocator_adaptor

boost::alignment::aligned_allocator_adaptor
Synopsis

/1 I'n header: <boost/align/aligned_allocator_adaptor. hpp>

tenpl at e<typenane Allocator, std::size_t Alignment>
cl ass aligned_allocator_adaptor : public Allocator {
public:

/'l types

typedef Traits::value_type val ue_type;

typedef Traits::size_type size_type;

t ypedef val ue_type * poi nter;

t ypedef const value_type * const_pointer;
typedef void * voi d_poi nter;

t ypedef const void * const _voi d_poi nter;
typedef std::ptrdiff _t di fference_type;

/'l menber classes/structs/unions
t enpl at e<t ypenane U>
struct rebind {
/'l types
typedef aligned_all ocator_adaptor< typenane Traits::tenplate rebind_alloc< U=> Aignnent > othQd
er;

I

/'l construct/copy/ destruct
al i gned_al | ocator_adaptor() = default;
tenpl at e<typenane A> explicit aligned_allocator_adaptor(A &%) noexcept;
t enpl at e<t ypenane U>
al i gned_al | ocat or _adapt or (const aligned_allocator_adaptor< U, Alignment > & noexcept;

/1 public menber functions

Al l ocator & base() noexcept;

const Allocator & base() const noexcept;

pointer allocate(size_type);

pointer allocate(size_type, const_void_pointer);
voi d deal | ocate(pointer, size_type);

Description

Classtemplate aligned_allocator_adaptor.

16
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S Note
This adaptor can be used with a C++11 alocator whose pointer typeis a smart pointer but the adaptor will expose
only raw pointers.

Template Parameters

typenanme Al l ocat or

2 std::size_t Alignnent

I's the minimum alignment to specify for alocations, if it islarger than the alignment of the value type. The value of Al i gnnent
shall be afundamenta alignment value or an extended alignment value, and shall be a power of two.

al i gned_al | ocat or _adapt or public construct/copy/destruct
1. . _ .
al igned_al |l ocator_adaptor() = default;
Value-initializesthe Al | ocat or base class.

tenpl at e<typenane A> explicit aligned_allocator_adaptor(A & alloc) noexcept;

Initializesthe Al | ocat or baseclasswith st d: : f or war d<A>(al | oc) .

Require: Al | ocat or shall be constructible from A.

t enpl at e<t ypenane U>
al i gned_al | ocat or _adapt or (const al i gned_al | ocat or_adaptor< U, Alignnent > & other) noexcept;

Initializesthe Al | ocat or base class with the base from other.

al i gned_al | ocat or _adapt or public member functions

L Al l ocator & base() noexcept;
Returns: static_cast<Allocator&(*this).
2. const Allocator & base() const noexcept;
Returns: static_cast<const Allocator&(*this).
3.

poi nter allocate(size_type size);

Throw: Throws an exception thrown from A2: : al | ocat e if the storage cannot be obtained.

Note: The storage is obtained by calling A2: : al | ocat e on an object a2, where a2 of type A2 is a rebound copy of base()

whereitsval ue_t ype isunspecified.

Parameters: size Thesize of the value type object to allocate.

Returns; A pointer to the initial element of an array of storage of sizen * si zeof (val ue_t ype), aigned on the
maximum of the minimum alignment specified and the alignment of objects of typeval ue_t ype.

17
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poi nter allocate(size_type size, const_void_pointer hint);

Throw: Throws an exception thrown from A2: : al | ocat e if the storage cannot be obtained.

Note: The storage is obtained by calling A2: : al | ocat e on an object a2, where a2 of type A2 is a rebound copy of base()
whereitsval ue_t ype isunspecified.

Parameters: hint isavaueobtained by calingal | ocat e() onany equivalent aligned all ocator adaptor object, or else
nul | ptr.
size Thesize of the value type object to allocate.
Returns: A pointer to the initial element of an array of storage of sizen * si zeof (val ue_t ype), aigned on the

maximum of the minimum alignment specified and the alignment of objects of typeval ue_t ype.

5 voi d deal | ocate(pointer ptr, size_type size)

Deallocates the storage referenced by ptr .
Note: UsesA2: : deal | ocat e on an object a2, where a2 of type A2 isarebound copy of base() whereitsval ue_t ype isun-
specified.
Parameters: ptr Shall be a pointer value obtained fromal | ocat e() .
si ze Shall equal the value passed asthefirst argument to theinvocation of al | ocat e which returned pt r .
Struct template rebind

boost::alignment::aligned_allocator_adaptor::rebind
Synopsis
/'l 1In header: <boost/align/aligned_allocator_adaptor.hpp>

t enpl at e<t ypenane U>
struct rebind {
/'l types
typedef aligned_allocator_adaptor< typenane Traits::tenplate rebind_alloc< U> A ignment > othd
er;
s
Description

Rebind allocator.
Function template operator==
boost::alignment::operator==
Synopsis
/'l In header: <boost/align/aligned_allocator_adaptor.hpp>

tenpl at e<typenane Al, typenanme A2, std::size_t Alignnent>
bool operator==(const aligned_all ocator_adaptor< Al, Al ignment
const aligned_allocator_adaptor< A2, Alignnent

> & a
> & b);
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Description

Returns: a. base() == b. base().
Function template operator!=
boost::alignment::operator! =
Synopsis
/'l In header: <boost/align/aligned_allocator_adaptor.hpp>

tenpl at e<typenane Al, typenane A2, std::size_t Alignnent>
bool operator!=(const aligned_allocator_adaptor< Al, Alignment > & a,
const aligned_allocator_adaptor< A2, Alignnent > & b);

Description

Returns: I(a == b).

Header <boost/align/aligned_allocator_adaptor_forward.hpp>

Classtemplate aligned _allocator_adaptor forward declaration.

S Note
This header provides aforward declaration for the al i gned_al | ocat or _adapt or classtemplate.

Glen Fernandes

Header <boost/align/aligned_allocator_forward.hpp>

Classtemplate aligned_allocator forward declaration.

g Note
This header provides aforward declaration for the al i gned_al | ocat or classtemplate.

Glen Fernandes

Header <boost/align/aligned_delete.hpp>

Classaligned delete.

Glen Fernandes

nanespace boost {
nanmespace al i gnment {
cl ass aligned_del ete;
}
}
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Class aligned_delete

boost::alignment::aligned_delete
Synopsis
/'l In header: <boost/align/aligned_del ete. hpp>

class aligned_delete {
public:
/1 public nmenber functions

t enpl at e<t ypenane T>
voi d operator()(T *) const noexcept ( BOOST_NOEXCEPT_EXPR(ptr->~T())));

Description
Classaligned_delete.
al i gned_del et e public member functions

L t enpl at e<t ypenane T>

voi d operator()(T * ptr) const noexcept ( BOOST_NOEXCEPT_EXPR(ptr->~T())));

Calls~T() onptr to destroy the object and then callsal i gned_f r ee onpt r to free the allocated memory.

Note: If T isanincomplete type, the program isill-formed.

Header <boost/align/aligned_delete_forward.hpp>

Class aligned_delete forward declaration.

E I Note
This header provides aforward declaration for the al i gned_del et e class.

Glen Fernandes

Header <boost/align/alignment_of.hpp>

Class template alignment_of.

Glen Fernandes

namespace boost {
namespace al i gnment {
tenpl at e<t ypenane T> struct alignnent_of;
}
}
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Struct template alignment_of

boost::alignment::alignment_of
Synopsis

/'l I'n header: <boost/align/alignnent_of.hpp>

t enpl at e<t ypenane T>
struct alignnent_of {

enum @ { 1}
}s

Description

Classtemplate alignment_of.

Value: al i gnof (T).

Header <boost/align/alignment_of forward.hpp>

Class template alignment_of forward declaration.

S Note
This header provides aforward declaration for the al i gnnment _of class template.

Glen Fernandes

Header <boost/align/is_aligned.hpp>
Function is_aligned.

Glen Fernandes

nanespace boost {
nanespace al i gnment {
bool is_aligned(std::size_t, const void *);
}
}

Function is_aligned

boost::alignment::is_aligned
Synopsis
/'l I'n header: <boost/align/is_aligned. hpp>

bool is_aligned(std::size_t alignment, const void * ptr)
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Description

Determines whether the space pointed to by pt r has alignment specified by al i gnment .

Parameters: alignnent  Shall be a power of two.
ptr Pointer to test for alignment.
Returns: true if and only if pt r pointsto space that has alignment specified by al i gnnent .
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Vocabulary
3.11 [basic.align]

Object types have alignment requirementswhich place restrictions on the addresses at which an object of that type may be allocated.
An alignment is an implementation-defined integer value representing the number of bytes between successive addresses at which
a given object can be alocated. An object type imposes an alignment requirement on every object of that type; stricter alignment
can be requested using the alignment specifier.

A fundamental alignment is represented by an alignment less than or equal to the greatest alignment supported by the implement-
ationin al contexts, whichisequal toal i gnof (st d: : max_al i gn_t) . Thealignment required for atype might be different when
it is used as the type of a complete object and when it is used as the type of a subobject.

@ Tip

struct B { long double d; };
struct D: virtual B { char c; };

When D is the type of a complete object, it will have a subobject of type B, so it must be aligned appropriately for
al ong doubl e. If Dappears as a subobject of another object that also has B asavirtual base class, the B subobject
might be part of a different subobject, reducing the alignment reguirementson the D subobject.

Theresult of theal i gnof operator reflects the alignment requirement of the type in the compl ete-object case.
An extended alignment isrepresented by an alignment greater thanal i gnof (st d: : nax_al i gn_t) . Itisimplementation-defined

whether any extended alignments are supported and the contexts in which they are supported. A type having an extended alignment
requirement is an over-aligned type.

S Note
Every over-aligned type is or contains a class type to which extended alignment applies (possibly through a non-
static data member).

Alignments are represented asvalues of thetypest d: : si ze_t . Valid alignmentsinclude only those valuesreturned by an al i gnof
expression for the fundamental types plus an additional implementation-defined set of values, which may be empty. Every alignment
value shall be a non-negative integral power of two.

Alignments have an order from weaker to stronger or stricter alignments. Stricter alignments have larger alignment values. An
address that satisfies an alignment requirement also satisfies any weaker valid alignment requirement.

The alignment requirement of a complete type can be queried using an al i gnof expression. Furthermore, the typeschar , si gned
char, and unsi gned char shall have the weakest alignment requirement.

S Note
This enables the character types to be used as the underlying type for an aligned memory area.

Comparing alignments is meaningful and provides the obvious results:
» Two alignments are equal when their numeric values are equal.
» Two alignments are different when their numeric values are not equal .

* When an @ignment is larger than another it represents a stricter alignment.
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S Note
The runtime pointer alignment function can be used to obtain an aligned pointer within abuffer; the aligned-storage
templatesin the library can be used to obtain aligned storage.

If arequest for a specific extended alignment in a specific context is not supported by an implementation, the program isill-formed.
Additionally, a request for runtime allocation of dynamic storage for which the requested alignment cannot be honored shall be
treated as an allocation failure.
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Compatibility

The following compilers and platforms have been tested.
e clang 3.0, 3.1, 3.2, 3.4, 3.5, linux

e gccdd, 45,4.6,4.7,4.8, 4.9, linux

* icc11.1, 12.1, 13.0, linux

* msvc 9.0, 10.0, 11.0, 12.0, windows

Any conforming C++11 or C++03 compiler is supported.
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History

Version 1.0

* Glen Fernandes implemented the Boost.Align library.
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