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Boost.MultiArray is composed of several components. The MultiArray concept defines a generic interface to multidimensional
containers. multi_array is a general purpose container class that models MultiArray. multi _array_ref and
const _mul ti_array_ref areadapter classes. Using them, you can manipulate any block of contiguous data as though it were a
mul ti _array.const _multi_array_ref differsfromnul ti _array_ref in that its elements cannot be modified through its
interface. Finally, several auxiliary classes are used to create and specialize arrays and some global objects are defined as part of the
library interface.
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Library Synopsis

To use Boost.MultiArray, you must include the header boost / nul ti _ar ray. hpp in your source. This file brings the following
declarations into scope:

nanmespace boost {

namespace nulti_array_types {
t ypedef *unspecified* index;
t ypedef *unspecified* size_type;
typedef *unspecified* difference_type;
t ypedef *unspecified* index_range;
t ypedef *unspecified* extent_range;
t ypedef *unspecified* index_gen;
t ypedef *unspecified* extent_gen;

}

tenpl ate <typenane Val ueType,

std::size_t NunDi ns,

typenanme Allocator = std::allocator<Val ueType> >
class nulti_array;

tenpl ate <typenane Val ueType,
std::size_t NunmDi ns>
class nmulti_array_ref;

tenpl ate <typenane Val ueType,
std::size_t NunmDi ns>
class const_nulti_array_ref;

mul ti _array_types::extent_gen extents;
mul ti _array_types::index_gen indices;

tenpl ate <typenane Array, int N> class subarray_gen;

tenpl ate <typenane Array, int N> class const_subarray_gen;
tenpl ate <typename Array, int N> class array_vi ew _gen;

tenpl ate <typenanme Array, int N> class const_array_vi ew_gen;

cl ass c_storage_order;
class fortran_storage_order;
tenpl ate <std::size_t NunDi ms> cl ass general _storage_order;
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MultiArray Concept

The MultiArray concept defines an interface to hierarchically nested containers. It specifies operations for accessing elements, tra-
versing containers, and creating views of array data. MultiArray defines aflexible memory model that accomodates avariety of data
layouts.

At each level (or dimension) of a MultiArray's container hierarchy lie a set of ordered containers, each of which contains the same
number and type of values. The depth of this container hierarchy is the MultiArray's dimensionality. MultiArray is recursively
defined; the containers at each level of the container hierarchy model MultiArray as well. While each dimension of a MultiArray
hasits own size, thelist of sizesfor all dimensions defines the shape of the entire MultiArray. At the base of this hierarchy lie 1-di-
mensional MultiArrays. Their values are the contained objects of interest and not part of the container hierarchy. These are the
MultiArray's elements.

Like other container concepts, MultiArray exportsiteratorsto traverse its values. In addition, values can be addressed directly using
the familiar bracket notation.

MultiArray aso specifies routines for creating specialized views. A view lets you treat a subset of the underlying elements in a
MultiArray asthough it were a separate MultiArray. Since aview refers to the same underlying elements, changes made to aview's
elementswill bereflected in the original MultiArray. For example, given a 3-dimensional "cube” of elements, a 2-dimensional slice
can beviewed asif it werean independent MultiArray. Viewsare crested usingi ndex_gen andi ndex_r ange objects.i ndex_r anges
denote elements from a certain dimension that are to be included in aview. i ndex_gen aggregates range data and performs book-
keeping to determine the view type to be returned. MultiArray's oper at or [ ] must be passed the result of N chained callsto i n-

dex_gen: :operator[],i.e

i ndices[a0][al]...[aN];

whereNisthe MultiArray'sdimensionality andi ndi ces an object of typei ndex_gen. Theview typeis dependent upon the number
of degenerate dimensions specified toi ndex_gen. A degenerate dimension occurs when asingle-index is specified to i ndex_gen
for acertain dimension. For example, if i ndi ces isan object of typei ndex_gen, then the following example:

i ndi ces[index_range(0,5)][2][index_range(0,4)];

has a degenerate second dimension. The view generated from the above specification will have 2 dimensions with shape5 x 4. If
the "2" above were replaced with another i ndex_r ange object, for example:

i ndi ces[i ndex_range(0,5)][index_range(0,2)][index_range(0,4)];

then the view would have 3 dimensions.

MultiArray exportsinformation regarding the memory layout of itscontained elements. Its memory model for elementsis completely
defined by 4 properties: the origin, shape, index bases, and strides. The origin is the address in memory of the element accessed as
a[0][0]...[0],whereaisaMultiArray. The shapeisalist of numbers specifying the size of containers at each dimension. For
example, thefirst extent isthe size of the outermost container, the second extent isthe size of its subcontainers, and so on. The index
bases are alist of signed values specifying the index of the first value in a container. All containers at the same dimension share the
same index base. Note that since positive index bases are possible, the origin need not exist in order to determine the location in
memory of the MultiArray's elements. The strides determine how index values are mapped to memory offsets. They accomodate a
number of possible element layouts. For example, the elements of a 2 dimensional array can be stored by row (i.e., the elements of
each row are stored contiguously) or by column (i.e., the elements of each column are stored contiguously).

Two concept checking classes for the MultiArray concepts (Const Mul ti ArrayConcept and Mut abl eMul ti ArrayConcept ) are
in the namespace boost : : mul ti _array_concept s in<boost/ mul ti _array/ concept _checks. hpp>.

Notation

What follows are the descriptions of symbols that will be used to describe the MultiArray interface.
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Table 1. Notation

A A typethat isamodel of MultiArray

a, b Objects of type A

NunDi s The numeric dimension parameter associated with A.

Di ns Some numeric dimension parameter such that 0<Di ms<Num
Di ns.

i ndi ces An object created by some number of chained cals to i n-

dex_gen: :operator[] (i ndex_range).

i ndex_li st An object whose type models Collection

i dx A signed integral value.

tnp An object of typeboost : : arr ay<i ndex, NunDi ms>
4
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Associated Types
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Table 2. Associated Types

Type

val ue_type

reference

const _reference

size_type

di fference_type

iterator

const _iterator

reverse_iterator

const _reverse_iterator

el enent

i ndex

i ndex_gen

i ndex_r ange

tenpl ate subarray<Di ns>::type

tenpl at e const_subarray<Di ns>: : type

Description

Thisisthe value type of the container. If NunDi ms == 1, then
thisisel enent . Otherwise, thisisthe value type of the imme-
diately nested containers.

This is the reference type of the contained value. If NunDi s
== 1, then thisisel ement & Otherwise, thisis the same type
ast enpl at e subarray<NunDi nms- 1>: : t ype.

Thisisthe const reference type of the contained value. If Num
Di ms == 1, thenthisisconst el ement & Otherwise, thisis
the same type as t enpl at e const _subar r ay<NunDi ns-
1>::type.

Thisisan unsigned integral type. Itis primarily used to specify
array shape.

This is a signed integral type used to represent the distance
between two iterators. It is the same type asstd: :iterat -
or_traits<iterator>::difference_type.

Thisisan iterator over thevaluesof A. If NunDi s == 1, then
it models Random Access |t erator. Otherwise it models
Random Access Traversal Iterator, Readable Iterator, Writable
Iterator, and Qut put Iterator.

Thisisthe const iterator over the values of A.

Thisisthe reversed iterator, used to iterate backwards over the
values of A.

Thisisthereversed const iterator. A.

Thisisthe type of objects stored at the base of the hierarchy of
MultiArrays. It is the same as tenplate subar-
ray<1i>::val ue_type

Thisisasigned integral type used for indexing into A. It isalso
used to represent strides and index bases.

Thistypeisused to create atuple of i ndex_r anges passed to
operator[] tocreateanarray_vi ew<Di ns>: : t ype object.

This type specifies a range of indices over some dimension of
a MultiArray. This range will be visible through an ar -
ray_vi ew<Di ms>: : t ype object.

Thisis subarray type with Di ns dimensions. It is the reference
type of the (NunDins - Dins) dimension of A and aso
models MultiArray.

Thisisthe const subarray type.
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Type Description

tenpl ate array_vi ew<Di ms>: : type Thisis the view type with Di ms dimensions. It is returned by
calling oper at or[] (i ndi ces) . It models MultiArray.

tenpl ate const _array_vi ew<Di ns>: : type Thisisthe const view type with Di s dimensions.

render
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Valid expressions

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.MultiArray Reference Manual

Table 3. Valid Expressions
Expression

A :dinensionality

a. shape()

a.strides()

a. i ndex_bases()

a.origin()

a. num_di mensi ons()

a. num el enent s()

a.size()

Return type

size_type

const size_type*

const i ndex*

const index*

el ement * if a ismutable, const el e-
ment * otherwise.

size_type

size_type

size_type

Semantics

This compile-time constant representsthe
number of dimensions of the array (note
that A::dinmensionality == Num
Di ns).

This returns a list of NunDi ns elements
specifying the extent of each array dimen-
sion.

This returns a list of NunDi s elements
specifying the stride associated with each
array dimension. When accessing values,
strides is used to calculate an element's
location in memory.

This returns a list of NunDi s elements
specifying the numeric index of the first
element for each array dimension.

This returns the address of the element
accessed by the expression
a[0][0]...[0]..Iftheindex basesare
positive, this element won't exist, but the
address can still be used to locate a valid
element given itsindices.

Thisreturnsthe number of dimensions of
the aray (note that a.num di nmen-
sions() == NunDi ns).

Thisreturns the number of elements con-
tained in the array. It is equivalent to the
following code:

std::accunuld
| at e( a. shape(), a. shape+a. numdi O
nensi ons(),

size type(l),std::multid
plies<size_type>());

This returns the number of values con-
tained in a. It is equivaent to
a. shape()[0];

render
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Expression

a(index_list)

Q

. begi n()

Q

.end()

o]

. rbegin()

o))

.rend()

al i dx]

al i ndi ces]

a ==

Return type

el ement & if aismutable, const el e-
ment & otherwise.

i terator ifaismutable const _iter-
at or otherwise.

i terator ifaismutable const _iter-
at or otherwise.

reverse_iterator if a is mutable,
const _reverse_iterator otherwise.

reverse_iterator if a is mutable,
const _reverse_iterator otherwise.

ref erenceifaismutable const _ref -
er ence otherwise.

array_vi ew<Di ms>: : t ype if aismut-
able, const _ar -
ray_vi ew<Di ms>: : t ype otherwise.

bool

Semantics

This expression accesses a specific ele-
ment of a.i ndex_| i st isthe unique set
of indices that address the element re-
turned. It is equivalent to the following
code (disregarding intermediate temporar-

ies):

/1 multiply indices by O
strides

std::transforminO
dex_list.begin(), ind
dex_list.end(),

a.strides(), tnp.belO

gin(), std::multiplies<inO
dex>()),

/1 add the sumof the O
products to the origin

*std::accumul at e(t np. be
gin(), tnp.end(), a.ori
gin());

This returns an iterator pointing to the
beginning of a.

Thisreturnsan iterator pointing to the end
of a.

Thisreturns areverse iterator pointing to
the beginning of a reversed.

Thisreturns areverse iterator pointing to
the end of a reversed.

Thisreturns areferencetypethat isbound
to the index i dx value of a. Note that if
i istheindex basefor thisdimension, the
above expression returns the (i dx-i)th
element (counting from zero). The expres-
sionisequivalentto* (a. begi n() +i dx-
a.index_bases()[0]); .

This expression generates a view of the
array determined by the i ndex_r ange
and i ndex values used to construct i n-
di ces.

This performs a lexicographical compar-
ison of the values of a and b. The element
type must model EqualityComparablefor
this expression to be valid.

render
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Expression Return type Semantics

a<b bool This performs alexicographical compar-
ison of the values of a and b. The element
type must model LessThanComparable
for this expression to be valid.

a<=bh bool This performs alexicographical compar-
ison of thevaluesof a and b. The element
type must model EqualityComparableand
LessThanComparablefor thisexpression
to be valid.

a>b bool This performs a lexicographical compar-
ison of the values of a and b. The element
type must model EqualityComparableand
LessThanComparablefor this expression
to be valid.

a>=bh bool This performs a lexicographical compar-
ison of the values of a and b. The element

type must model LessThanComparable
for this expression to be valid.

Complexity guarantees

begi n() and end() execute in amortized constant time. si ze() executesin at most linear timein the MultiArray's size.

Invariants

Table 4. Invariants

Valid range [a. begin(), a.end()) isavalidrange.
Range size a.size() == std::distance(a.begin(),a.end());.
Completeness Iteration through the range [ a. begi n(), a. end()) will tra-

verse across every val ue_t ype of a.

Accessor Equivalence Calling a[ al][a2]...[aN] where N==NunDi ns yields the
sameresult ascallinga(i ndex_l i st),wherei ndex_l i st is
a Collection containing the valuesal. . . aN.

Associated Types for Views

The following MultiArray associated types define the interface for creating views of existing MultiArrays. Their interfaces and roles
in the concept are described bel ow.

i ndex_range

i ndex_r ange objects represent half-open strided intervals. They are aggregated (using an i ndex_gen object) and passed to a
MultiArray'soper at or [ ] to create an array view. When creating aview, eachi ndex_r ange denotesarange of valid indices along
one dimension of a MultiArray. Elements that are accessed through the set of ranges specified will be included in the constructed
view. In some cases, an i ndex_r ange is created without specifying start or finish values. In those cases, the object is interpreted
to start at the beginning of aMultiArray dimension and end at its end.

11
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i ndex_r ange objects can be constructed and modified several ways in order to allow convenient and clear expression of arange
of indices. To specify ranges, i ndex_r ange supports a set of constructors, mutating member functions, and a novel specification
involving inequality operators. Using inequality operators, a half open range [5,10) can be specified as follows:

5 <= index_range() < 10;
or

4 < index_range() <= 9;
and so on. The following describesthe i ndex_r ange interface.
Table 5. Notation

[ An object of typei ndex_r ange.

i dx,idx1,idx2,idx3 Objects of typei ndex.

Table 6. Associated Types

Type Description

i ndex Thisisasigned integral type. It isused to specify the start, finish,
and stride vaues.

si ze_type Thisisan unsigned integral type. It is used to report the size of
therange ani ndex_r ange represents.

12
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Table 7. Valid Expressions

Expression

i ndex_range(idx1,idx2,idx3)

ndex_range(i dx1,idx2)

ndex_r ange()

.start(idxl)
.finish(idx)
.stride(idx)

.start()

i . finish()

.stride()

.get _start(idx)

.get _finish(idx)

.size(idx)
< idx
<= idx

Return type

i ndex_r ange

ndex_r ange

ndex_r ange

ndex&

ndex&

ndex&

ndex

ndex

ndex

ndex

ndex

size_type

i ndex

i ndex

Semantics

Thisconstructsani ndex_r ange repres-
enting the interval [idx1,idx2) with
stridei dx3.

Thisconstructsani ndex_r ange repres-
enting the interval [idx1,idx2) with
unit stride. It is equivalent to in-
dex_range(i dx1,idx2,1).

This construct an i ndex_range with
unspecified start and finish values.

Thissetsthe start index of i toi dx.
Thissetsthefinishindex of i toi dx.
Thissetsthe stride length of i toi dx.
Thisreturns the start index of i .
Thisreturnsthe finish index of i .
Thisreturns the stride length of i .

Ifi specifiesastart value, thisisequival-
enttoi.start(). Otherwise it returns
i dx.

Ifi specifiesafinishvalue, thisisequival-
enttoi.finish().Othewiseit returns
i dx.

If i specifies a both finish and start val-
ues, thisisequivalentto (i . fi ni sh() -
i.start())/i.stride(). Otherwise
it returnsi dx.

This is another syntax for specifying the

finish value. This notation does not in-
cludei dx intherange of valid indices. It

is equivalent to in-
dex_range(r.start(), i dx,
r.stride())

This is another syntax for specifying the
finish value. This notation includes i dx
intherange of valid indices. It isequival-
enttoi ndex_range(r.start(), idx
+ 1, r.stride())

render
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Expression Return type Semantics

idx < i i ndex This is another syntax for specifying the
start value. This notation does not include
i dx in the range of valid indices. It is
equivalentto i ndex_range(idx + 1,
i.finish(), i.stride()).

idx <= i i ndex This is another syntax for specifying the
start value. This notation includes i dx1
intherange of valid indices. It isequival-
ent to index_range(idx, i.fin-
ish(), i.stride()).

i+ idx i ndex This expression shifts the start and finish
valuesof i up by i dx. Itisequivalent to
i ndex_range(r.start()+idx1,
r.finish()+idx, r.stride())

i - idx i ndex This expression shifts the start and finish
valuesof i up by i dx. It isequivalent to

i ndex_range(r.start()-idx1,
r.finish()-idx, r.stride())

i ndex_gen

i ndex_gen aggregatesi ndex_r ange objects in order to specify view parameters. Chained callsto oper at or [] store range and
dimension information used to instantiate a new view into aMultiArray.

Table 8. Notation

Di ns, Ranges Unsigned integral values.

X An object of type templ ate
gen_t ype<Di ns, Ranges>: : t ype.

[ An object of typei ndex_r ange.

i dx Objects of typei ndex.

Table 9. Associated Types

render

Type Description

i ndex Thisis asigned integral type. It is used to specify degenerate
dimensions.

si ze_type Thisisan unsigned integral type. It is used to report the size of

tenpl ate gen_type: : <D ns, Ranges>

Ditype

therange ani ndex_r ange represents.

This type generator names the result of Di s chained calls to
i ndex_gen: : oper at or [ ] . TheRanges parameter isdeterm-
ined by the number of degenerate ranges specified (i.e. callsto
operator[](index)). Note that index_gen and
gen_t ype<0, 0>: : t ype arethe sametype.

14
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Table 10. Valid Expressions
Expression

i ndex_gen()

x[i]

x[ i dx]

Models

e nulti_array

e nmulti_array_ref

e const_multi_array_ref
e tenplate array_vi ew<Di ns>; : type
* tenplate const_array_vi ew<Di ns>
e tenpl ate subarray<Di ms>::type

e tenplate

Return type

gen_type<0, 0>::type

gen_t ype<D nms+1, Ranges+1>: :type

gen_t ype<Di ns, Ranges+1>: :type

Citype

const _subarray<Di ms>: :type

Semantics

This constructs an i ndex_gen object.
This object can then be used to generate
tuples of i ndex_r ange values.

Returnsanew object containing all previ-
ousi ndex_r ange objectsin addition to
i . Chained callstooperator[] arethe
means by which i ndex_r ange objects
are aggregated.

Returnsanew object containing al previ-
ousi ndex_r ange objectsin addition to
a degenerate range, in-

dex_range(i dx, i dx). Note that this
is NOT equivdent to x[in-

dex_range(idx,idx)]., which will
return an object of type
gen_type<D nms+1, Ranges+1>: : t ype.

15
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Array Components

Boost.MultiArray definesanarray class, mul ti _ar r ay, and two adapter classes,mul ti _array_ref andconst _nulti _array_ref.
The three classes model MultiArray and so they share alot of functionality. mul ti _array_ref differsfrommul ti _array inthat
therul ti _array managesitsown memory, whilermul ti _array_ref ispassed ablock of memory that it expectsto be externally
managed. const _mul ti _array_ref differsfromnul ti _array_ref inthat theunderlying elementsit adapts cannot be modified
through its interface, though some array properties, including the array shape and index bases, can be altered. Functionality the
classes have in common is described bel ow.

Note: Preconditions, Effects, and Implementation.  Throughout the following sections, small pieces of C++ code are used to
specify constraints such as preconditions, effects, and postconditions. These do not necessarily describe the underlying implementation
of array components; rather, they describe the expected input to and behavior of the specified operations. Failure to meet preconditions
results in undefined behavior. Not all effects (i.e. copy constructors, etc.) must be mimicked exactly. The code snippets for effects
intend to capture the essence of the described operation.

Queries.

This returns a pointer to the beginning of the contiguous block that contains the array's data.
If all dimensions of the array are O-indexed and stored in ascending order, thisis equivalent
toorigin().Notethat const _nul ti _array_ref only provides the const version of this
function.

el ement* data();
const elenment* data() O
const ;

Thisreturns the origin element of therul ti _array. Notethat const _nul ti _array_ref

el ement* origin(); only provides the const version of this function. (Required by MultiArray)

const elenent* origin() O
const ;

const index* index_bases(); Thisreturnstheindex basesforthemul ti _array. (Required by MultiArray)

const index* strides(); Thisreturns the stridesfor thenul ti _ar r ay. (Required by MultiArray)
const size_type* shape(); This returns the shape of thenul ti _ar r ay. (Required by MultiArray)
Comparators.

Each comparator executes a lexicographical compare over the value types of the two arrays.

(Required by MultiArray)
bool operator==(const *arQ

ray-type*& rhs); Preconditions. el ement must support the comparator corresponding to that called on
bool operator!=(const *ar[O mul ti_array.

ray-type*& rhs);

bool operator<(const *ar  Complexity. O(num el enents()).
ray-type*& rhs);

bool operator>(const *ar(

ray-type*& rhs);

bool operator>=(const *ar[

ray-type*& rhs);

bool operat or<=(const *ar

ray-type*& rhs);

Modifiers.
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tenpl ate <typenane Si zelLO
i st>

voi d reshape(const Si zelLO
i st& sizes)

tenpl ate <typenane BaselLO
i st>

voi d rei ndex(const
i st & val ues);

BaselLll

void reindex(index O
val ue);

mul ti_array

This changes the shape of the mul ti _ar r ay. The number of elements and the index bases
remain the same, but the number of values at each level of the nested container hierarchy may
change.

Si zeLi st Requirements. Si zeLi st must model Collection.

Preconditions.

std: :accunul at e(si zes. beld
gin(),sizes.end(),size_type(l),std::tines<size_type>()) == this-
>num el ement s() ;

si zes.size() == NunDi ns;

Postconditions.
true;

std: : equal (sizes. begin(), sizes.end(),this->shape) ==

This changestheindex basesof thenul ti _ar r ay to correspond to thethevaluesinval ues.
BaselLi st Requirements. BaseLi st must model Collection.
Preconditions. val ues. si ze() == NunDi ns;

Postconditions.
dex_bases());

std:: equal (val ues. begi n(), val ues. end(), t hi s->in-

This changes the index bases of all dimensions of themul ti _arr ay toval ue.

Postconditions.

std::count i f(this->i ndex_bases(), this->i ndex_bases() +t hi s->num di O
mensi ons(),

std: : bind_2nd(std::equal to<index>(),value)) ==

t hi s- >num di mensi ons();

mul ti _array isamulti-dimensional container that supports random access iteration. Its number of dimensionsisfixed at compile
time, but its shape and the number of elementsit contains are specified during its construction. The number of elements will remain
fixed for the duration of amul ti _array's lifetime, but the shape of the container can be changed. A mul ti _arr ay manages its
data elements using a replaceable allocator.

Model Of.
LessThanComparable.

Synopsis.

MultiArray, CopyConstructible. Depending on the element type, it may also model EqualityComparable and
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nanmespace boost {

tenpl ate <typenane Val ueType,

std::size_t NunDi ns,

typenane Allocator = std::allocator<Val ueType>
class nulti_array {

>

publi c:
Il types:
t ypedef Val ueType el ement ;
t ypedef *unspecified* val ue_type;
t ypedef *unspecified* ref erence;
t ypedef *unspecified* const _reference;
t ypedef *unspecifi ed* di fference_type;
t ypedef *unspecified* iterator;
t ypedef *unspecifi ed* const _iterator;
t ypedef *unspecified* reverse_iterator;
t ypedef *unspecified* const_reverse_iterator;
typedef nulti_array_types::size_type si ze_type;
typedef nulti_array_types::index i ndex;
typedef nulti_array_types::index_gen i ndex_gen;
typedef nulti_array_types::index_range i ndex_r ange;
typedef nulti_array_types::extent_gen ext ent _gen;
typedef nulti_array_types::extent_range ext ent _range;
t ypedef *unspecified* st orage_order _type;

/1 tenplate typedefs
tenpl ate <std::size_t
tenpl ate <std::size_t
tenpl ate <std::size_t
tenpl ate <std::size_t

Di ns> struct
Di ns> struct
Di ns> struct
Di ns> struct

subarray;

static const std::size_t dinensionality = NunDi ns;

/! constructors and destructors
mul ti _array();

tenpl ate <typenane ExtentList>
explicit multi_array(const ExtentlList& sizes,
const storage_order_type& store =
const
explicit multi_array(const extents_tuple& ranges,
const storage_order_type& store =
const Allocator& alloc = Allocator());

const _subarray;
array_vi ew;
const_array_vi ew,

c_storage_order (),

Allocator& alloc = Allocator());

c_storage_order (),

mul ti _array(const
nmul ti _array(const
nmul ti _array(const
nmul ti _array(const

mul ti _array(const
mul ti _array(const
nmul ti _array(const

~mul ti _array();

/!l nodifiers

multi _array& x);

const _nulti_array_ref<Val ueType, NunDi n>& X) ;
const _subarray<NunDi ns>: :type& X);

const _array_vi ew<NunDi ms>: : type& x);

mul ti _array_ref <Val ueType, NunDi n>& Xx) ;
subarray<NunDi ms>: :type& x);
array_vi ewskNunDi ns>: : type& X);

nmul ti _array& operator=(const nmulti_array& x);
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tenpl ate <class Array> nulti_array& operator=(const Array& X);

/'l iterators:

iterator begi n();

iterator end();

const _iterator begi n() const;

const _iterator end() const;
reverse_iterator rbegin();
reverse_iterator rend();
const_reverse_iterator rhbegin() const;
const_reverse_iterator rend() const;

/1 capacity:

size_type size() const;

size_type num el ements() const;
size_type num di nensi ons() const;

/'l el ement access:
tenpl ate <typenane |ndexLi st>
element & operator()(const |ndexList& indices);
tenpl ate <typenane |ndexLi st>
const el enent& operator()(const |ndexListé& indices) const;
ref erence operator[](index i);
const _reference operator[](index i) const;
array_vi ew<Di n8>; :type operator[](const indices_tuple&r);
const _array_vi ew<Di ms>: :type operator[](const indices_tuple& r) const;

/'l queries

el ement * data();

const elenent* data() const;

el ement * origin();

const elenent* origin() const;

const size_type* shape() const;

const i ndex* strides() const;

const i ndex* i ndex_bases() const;

const storage_order_type& storage_order () const;

/1 conmparators

bool operator==(const nmulti_array& rhs);
bool operator!=(const nmulti_array& rhs);
bool operator<(const nulti_array& rhs);
bool operator>(const nulti_array& rhs);
bool operator>=(const nmulti_array& rhs);
bool operator<=(const nmulti_array& rhs);

/1 modifiers:
tenpl ate <typenane |nputlterator>
voi d assign(lnputlterator begin, Inputlterator end);
tenpl ate <typenanme Sizelist>
voi d reshape(const Sizelist& sizes)
tenpl ate <typenane Baselist> voi d rei ndex(const Baselist& val ues);
voi d rei ndex(i ndex val ue);
tenpl ate <typenane ExtentList>
multi _array& resize(const ExtentList& extents);
nmulti _array& resize(extents_tupl e& extents);

Constructors.

19
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tenpl at e <t ypenanme Extent
Li st >
explicit multi_arQO
ray(const ExtentList& O
si zes,

g
const storage_or(
der _type& store = c_stor(
age_order (),

g
const Allocator&alloc =0
Allocator());

explicit multi_array(exd
tent _gen: :gen_type<Nuni]
Di ms>: :type ranges,

O
const storage_or(
der _type& store = c_stor(
age_order (),

O
const Allocator& alloc = 0O
Al l ocator());

mul ti _array(const 0O

mul ti _array& x);

mul ti _array(const O
const_nulti_ar0O

ray_ref <Val ueType, Nunil
D m>& X);

mul ti _array(const 0O
const _subar r ay<Nunil

Di ms>::type& x);

mul ti _array(const 0O
const _array_vi ew<Nuni]
Di ms>::type& x);

mul ti _array(const 0O

mul ti_arO

ray_ref <vVal ueType, Nunil
D me>& X);

mul ti _array(const subar(
ray<NunmDi ms>: : type& x);
mul ti _array(const arQ
ray_vi ewsNunDi ns>: : type& O
X);

This constructs amul ti _arr ay using the specified parameters. si zes specifies the shape
of the constructed mul ti _ar r ay. st or e specifies the storage order or layout in memory of
the array dimensions. al | oc isused to alocate the contained elements.

Ext ent Li st Requirements.  Ext ent Li st must model Collection.

Preconditions. si zes. si ze() == NunDi ns;

Thisconstructsanul ti _ar r ay using the specified parameters. r anges specifies the shape
and index bases of the constructed multi_array. It is the result of NunDi ms chained calls to
ext ent _gen: : operat or []. st or e specifies the storage order or layout in memory of the
array dimensions. al | oc is the allocator used to alocate the memory used to store
nmul ti _array elements.

These constructors all constructsanul ti _ar r ay and perform a deep copy of x.

Complexity. ThisperformsO(x. num el ement s() ) callstoel enent 'scopy constructor.
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mul ti _array();

Note on Constructors.

Thisconstructsanul ti _arr ay whose shapeis (0,...,0) and contains no elements.

Themul ti _array construction expressions,

mul ti _array<int, 3> A(boost::extents[5][4][3]);

and

boost::array<nulti_array_base::index, 3> nmy_extents = {{5, 4, 3}};
multi _array<int, 3> A(ny_extents);

are equivalent.

M odifiers.

nmulti _array& operat
or=(const nmulti_array& O
X);

tenpl ate <class Array> O
mul ti _array& operat[
or=(const Array& X);

tenpl ate <typenane | nQO
putlterator>

voi d assign(lnputlteratOd
or begin, Inputlterator O
end) ;

This performs an element-wise copy of x intothe current nul ti _arr ay.
Array Requirements.  Array must model MultiArray.

Preconditions.

st d: : equal (this->shape(), this->shape() +this->num di nensi ons(),
X. shape());

Postconditions.
(*.this) == x;

Complexity. Theassignment operatorsperform O(x. num el enent s() ) callstoel enent's
copy constructor.

This copies the elements in the range [ begi n, end) into the array. It is equivalent to
std:: copy(begin, end, this->data()).
Preconditions. std::di stance(begin, end) == this->numel ements();

Complexity. Theassi gn member function performs O(t hi s- >num el enent s() ) calls
to Val ueType's copy constructor.
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mul ti _array& resize(exO
tent _gen: : gen_t ype<Nuni]
Di ms>: :type extents);
tenpl at e <t ypenane Extent
Li st >

nmulti _array& resd
i ze(const ExtentlList& ex
tents);

Queries.

storage_order_type& storQ
age_order () const;

multi_array_ref

Thisfunction resizes an array to the shape specified by ext ent s, which is either a generated
list of extents or amodel of the Col | ect i on concept. The contents of the array are preserved
whenever possible; if the new array sizeis smaller, then some datawill belost. Any new ele-
ments created by resizing the array are initialized with the el ement default constructor.

This query returns the storage order object associated with thenul ti _array in question. It
can be used to construct a new array with the same storage order.

nmul ti _array_ref isamulti-dimensional container adaptor. It provides the MultiArray interface over any contiguous block of
elements. nul ti _array_ref exportsthe sameinterfaceasnul ti _ar r ay, with the exception of the constructors.

Model Of.  multi_array_ref models MultiArray, CopyConstructible. and depending on the element type, it may also model
EqualityComparable and LessThanComparable. Detailed descriptions are provided here only for operations that are not described

inthemul ti _array reference.

Synopsis.
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nanmespace boost {

tenpl ate <typenane Val ueType,
std::size_t NunmDi ns>
class multi_array_ref {

publi c:
Il types:
t ypedef Val ueType el ement ;
t ypedef *unspecified* val ue_t ype
t ypedef *unspecified* ref erence
t ypedef *unspecified* const _reference
t ypedef *unspecified* di fference_type;
t ypedef *unspecifi ed* iterator
t ypedef *unspecified* const _iterator
t ypedef *unspecifi ed* reverse_iterator
t ypedef *unspecified* const_reverse_iterator
typedef nulti_array_types::size_type size_type
typedef nulti_array_types::index i ndex;
typedef nulti_array_types::index_gen i ndex_gen
typedef nulti_array_types::index_range i ndex_r ange
typedef nulti_array_types::extent_gen extent _gen
typedef nulti_array_types::extent_range ext ent _range
t ypedef *unspecified* st orage_order _type

/1 tenplate typedefs

tenpl ate <std::size_t Dins> struct subarray;

tenpl ate <std::size_t Dins> struct const _subarray;
tenpl ate <std::size_t Dins> struct array_vi ew,

tenpl ate <std::size_t Dins> struct const _array_vi ew,

static const std::size_t dinensionality = NunDi ns;

/! constructors and destructors

tenpl ate <typenane ExtentList>
explicit multi_array_ref(element* data, const ExtentlList& sizes,

const storage_order_type& store = c_storage_order());
explicit multi_array_ref(elenent* data, const extents_tuple& ranges,

const storage_order_type& store = c_storage_order());
nmulti _array_ref(const multi_array_ref& x);
~mul ti _array_ref();

/!l nodifiers

nmulti_array_ref& operator=(const nulti_array_ref& x);
tenpl ate <class Array> nulti_array_ref& operator=(const Array& Xx);

/'l iterators:

iterator begi n();

iterator end();

const _iterator begi n() const;

const _iterator end() const;
reverse_iterator rbegin();
reverse_iterator rend();
const_reverse_iterator rhbegin() const;
const_reverse_iterator rend() const;

/1 capacity:
size_type size() const;
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size_
size_

/1l el
t enpl

ele
t enpl

con
refer
const
array
const

/1 qu
el eme
const
el eme
const
const
const
const
const

/1l co
bool
bool
bool
bool
bool
bool

/1 o
t enpl
voi
t enpl
voi
t enpl
voi d

type num el ements() const;
type num di nensi ons() const;

ement access:

ate <typenane | ndexLi st>

ment &  operator()(const |ndexList& indices);

ate <typenane | ndexLi st>

st element& operator()(const IndexList& indices) const;
ence operator[](index i);

_reference operator[](index i) const;

_view<Di ns>::type operator[](const indices_tuple&r);

_array_vi ew<Di ns>; :type operator[](const indices_tuple& r) const;

eries

nt * data();

el ement* data() const;

nt * origin();

el ement* origin() const;

size_type* shape() const;

i ndex* strides() const;

i ndex* i ndex_bases() const;
storage_order_type& storage_order () const;

npar at or s

operator==(const nulti_array_ref& rhs);
operator!=(const nmulti_array_ref& rhs);
operator<(const nmulti_array_ref& rhs);
operator>(const nmulti_array_ref& rhs);
operator>=(const nulti_array_ref& rhs);
operator<=(const nulti_array_ref& rhs);

difiers:

ate <typenane |nputlterator>

d assign(lnputlterator begin, Inputlterator end);

ate <typenane Sizelist>

d reshape(const Sizelist& sizes)

ate <typenane Baseli st> void rei ndex(const BaselList& val ues);
rei ndex(i ndex val ue);

Constructors.

tenpl at e <t ypename Extent O

Li st >

This constructs anul ti _array_ref using the specified parameters. si zes specifies the
shape of the constructed mul ti _array_ref . st or e specifies the storage order or layout in
memory of the array dimensions. al | oc isused to allocate the contained elements.

explicit nmulti_ar(

ray_ref (el ement* data, Ext ent Li st Requirements.  Ext ent Li st must model Collection.
O

const ExtentList& sizes, Preconditions. Si zes. si Ze() == NunDi ns;
O

const storage_order& O

store =
der (),

const Al

c_storage_or [

O
locator& alloc = O

Al l ocator());
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explicit multi_arQO
ray_ref (el ement* data,
extd
tent _gen::gen_type<Nund]
Di ms>: :type ranges,
ad
const storage_order& O
store = c_storage_or(Qd
der());

multi_array_ref(const 0O
multi _array_ref& x);

Modifiers.

mul ti _array_ref& operatQ
or=(const multi_arQd
ray_ref& x);

tenpl ate <class Array> O
multi _array_ref& operat(
or=(const Array& x);

const_nmulti _array_ref

Thisconstructsamul ti _array_ref using the specified parameters. r anges specifies the
shape and index bases of the constructed multi_array_ref. It isthe result of NunDi s chained
callstoext ent _gen: : operator[].st ore specifiesthe storage order or layout in memory
of the array dimensions.

This constructs a shallow copy of x.

Complexity.
constructor.

Constant time (for contrast, compare thisto the mul ti _array class copy

This performs an element-wise copy of x intothecurrentmul ti _array_ref.

Array Requirements.  Array must model MultiArray.

Preconditions.

std: : equal (this->shape(),this->shape() +this->num di nensi ons(),
x. shape()) ;

Postconditions.
(*.this) == x;

Complexity. Theassignment operatorsperform O(x. num el enent s() ) callstoel enent's
copy constructor.

const _mul ti_array_ref isamulti-dimensional container adaptor. It providesthe Multi Array interface over any contiguous block
of elements. const _nul ti _array_ref exportsthe sameinterfaceasnul ti _ar r ay, with the exception of the constructors.

Model Of.

const _mul ti_array_ref models MultiArray, CopyConstructible. and depending on the element type, it may also

model EqualityComparable and LessThanComparable. Detailed descriptions are provided here only for operationsthat are not described

inthenul ti _array reference.

Synopsis.

25

httpo://www.renderx.com/


http://www.boost.org/doc/libs/release/doc/html/../../../libs/utility/CopyConstructible.html
http://www.sgi.com/tech/stl/EqualityComparable.html
http://www.sgi.com/tech/stl/LessThanComparable.html
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Boost.MultiArray Reference Manual

nanmespace boost {

tenpl ate <typenane Val ueType,
std::size_t NunDi ns,
typenane TPtr = const T*>
class const_nulti_array_ref {

publi c:
Il types:
t ypedef Val ueType el ement ;
t ypedef *unspecified* val ue_t ype
t ypedef *unspecified* ref erence
t ypedef *unspecified* const _reference
t ypedef *unspecifi ed* di fference_type;
t ypedef *unspecified* iterator
t ypedef *unspecifi ed* const _iterator
t ypedef *unspecified* reverse_iterator
t ypedef *unspecified* const_reverse_iterator
typedef nulti_array_types::size_type size_type
typedef nulti_array_types::index i ndex;
typedef nulti_array_types::index_gen i ndex_gen
typedef nulti_array_types::index_range i ndex_r ange
typedef nulti_array_types::extent_gen extent _gen
typedef nulti_array_types::extent_range ext ent _range
t ypedef *unspecified* st orage_order _type

/1 tenplate typedefs

tenpl ate <std::size_t Dins> struct subarray;

tenpl ate <std::size_t Dins> struct const _subarray;
tenpl ate <std::size_t Dins> struct array_vi ew,

tenpl ate <std::size_t Dins> struct const _array_vi ew,

/] structors

tenpl ate <typenane ExtentList>
explicit const_multi_array_ref(TPtr data, const ExtentlList& sizes,
const storage_order_type& store = c_storage_order());
explicit const_multi_array_ref(TPtr data, const extents_tuple& ranges,
const storage_order_type& store = c_storage_order());
const_nulti_array_ref(const const_nulti_array_refé& x);
~const _multi_array_ref();

/'l iterators:

const _iterator begi n() const;

const _iterator end() const;

const _reverse_iterator rhbegin() const;
const_reverse_iterator rend() const;

/1 capacity:

size_type size() const;

size_type num el ements() const;
size_type num di nensi ons() const;

/'l el ement access:
tenpl ate <typenane |ndexLi st>
const el enent& operator()(const |ndexListé& indices) const;
const _reference operator[](index i) const;
const _array_vi ew<Di ms>: :type operator[](const indices_tuple& r) const;
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/1 queries

const elenent* data() const;

const elenent* origin() const;

const size_type* shape() const;

const i ndex* strides() const;

const i ndex* i ndex_bases() const;

const storage_order_type& storage_order () const;

/1 conmparators

bool operator==(const const_nulti_array_ref& rhs);
bool operator!=(const const_nulti_array_ref& rhs);
bool operator<(const const_multi_array_ref& rhs);
bool operator>(const const_multi_array_ref& rhs);
bool operator>=(const const_nulti_array_ref& rhs);
bool operator<=(const const_nulti_array_ref& rhs);

/1 modifiers

tenpl ate <typenanme Sizelist>

voi d reshape(const Sizelist& sizes)

tenpl ate <typenanme Baselist> voi d rei ndex(const Baselist& val ues);
voi d rei ndex(i ndex val ue);

Constructors.

Thisconstructsaconst _nul ti _array_ref usingthe specified parameters. si zes specifies

tenpl ate <typenane Extent 0 the shape of the constructed const _mul ti _array_ref. st or e specifies the storage order

Li st > _ _ or layout in memory of the array dimensions.

explicit const_multi_ard

ray_ref (TPtr data, Ext ent Li st Requirements.  Ext ent Li st must model Collection.
0

const ExtentList& sizes, Preconditions. Si zes. si Ze() == NunDi ns;
0

const storage_order& O
store = c_storage_orQJ
der());

Effects.  This constructs a const _nul ti _array_ref using the specified parameters.
r anges specifies the shape and index bases of the constructed const_multi_array _ref. It is
the result of NunDi ns chained calls to ext ent _gen: : operator[]. st ore specifies the
storage order or layout in memory of the array dimensions.

explicit const_multi_ard
ray_ref (TPtr data,

ex[d
tent _gen::gen_type<Nund]
D ms>:: type ranges,

d
const storage_order& O
store = c_storage_or(Qd
der());

Effects.  Thisconstructs a shallow copy of x.

const_nulti_arO
ray_ref(const O
const_multi_array_ref& O
X);
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Auxiliary Components

mul ti _array_types

namespace nulti _array_types {
t ypedef *unspecified* index;
t ypedef *unspecified* size_type;
typedef *unspecified* difference_type;
t ypedef *unspecified* index_range;
typedef *unspecified* extent_range;
t ypedef *unspecified* index_gen;
t ypedef *unspecified* extent_gen;

Namespacemul ti _array_t ypes definestypesassociatedwithmul ti _array,mul ti _array_ref,andconst _mul ti _array_r ef
that are not dependent upon template parameters. These types find common use with all Boost.Multiarray components. They are
defined in a namespace from which they can be accessed conveniently. With the exception of ext ent _gen and ext ent _r ange,
these types fulfill the roles of the same name required by MultiArray and are described in its concept definition. ext ent _gen and
ext ent _r ange are described below.

ext ent _range

ext ent _r ange objects define half open intervals. They provide shape and index base informationtomul ti _array, mul ti _ar-
ray_ref,andconst_nul ti _array_ref constructors. ext ent _r angesare passed in aggregate to an array constructor (see ex-
t ent _gen for more details).

Synopsis.

cl ass extent_range {

publi c:
typedef nulti_array_types::index i ndex;
typedef nulti_array_types::size_type size_type;

/1 Structors

extent _range(index start, index finish);
extent _range(index finish);

~ext ent _range();

/Il Queries

i ndex start();

i ndex finish();
size_type size();

Model Of.  DefaultConstructible,CopyConstructible

Methods and Types.
extent _range(i ndex start, This constructor defines the half open interval [ st art, fi ni sh). The expression fi ni sh
i ndex finish) must be greater thanst art .

extent _range(index finish) Thisconstructor defines the half open interval [ 0, fi ni sh). The value of fi ni sh must be
positive.

i ndex start() This function returns the first index represented by the range
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i ndex finish() This function returns the upper boundary value of the half-open interval. Note that the range
does not include this value.

size_type size() This function returns the size of the specified range. It isequivalent tofi ni sh()-start ().

ext ent _gen

The ext ent _gen class defines an interface for aggregating array shape and indexing information to be passedtoanul ti _arr ay,
mul ti _array_ref,orconst_nulti_array_ref constructor. Itsinterface mimicsthe syntax used to declare built-in array types
in C++. For example, while a 3-dimensional array of i nt valuesin C++ would be declared as:

int AL3][4][5],
asimilar mul ti _ar r ay would be declared:

mul ti _array<int,3> A(extents[3][4][5]).

Synopsis.

tenpl ate <std::size_t NumRanges>
class *inplementation_defined* {
publi c:
typedef nulti_array_types::index index;
typedef nulti_array_types::size_type size_type;

tenpl ate <std::size_t NunRanges> cl ass gen_type;
gen_t ype<NunmRanges+1>::type operator[](const range& a_range) const;
gen_t ype<NunRanges+1>::type operator[](index idx) const;

b

typedef *inpl enmentation_defined*<0> extent_gen;

Methods and Types.
tenpl ate Thistype generator isused to specify theresult of Ranges chained callsto ext ent _gen: : op-
gen_t ype<Ranges>: :type erator[]. Thetypesext ent _gen and gen_t ype<0>: : t ype arethe same.

gen_t ype<NunRanges+1>: : type Thisfunction returnsanew object containing all previousext ent _r ange objectsin addition
operator[](const ex- toa_range. extent_range objects are aggregated by chained callstooperator[].
tent _range& a_range) const;

gen_t ype<NunRanges+1>: : t ype Thisfunction returnsanew object containing all previousext ent _r ange objectsin addition
operator[] (index idx) to ext ent _range(0, i dx). Thisfunction gives the array constructors a similar syntax to
const ; traditional C multidimensiona array declaration.

Global Objects

For syntactic convenience, Boost.MultiArray defines two global objects as part of itsinterface. These objects play the role of object
generators; expressions involving them create other objects of interest.

Under some circumstances, the two global objects may be considered excessive overhead. Their construction can be prevented by
defining the preprocessor symbol BOOST_MULTI _ARRAY_NO GENERATORS beforeincluding boost / nul ti _ar ray. hpp.

29

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Boost.MultiArray Reference Manual

extents

namespace boost {
mul ti _array_base: :extent_gen extents;

}

Boost.MultiArray's array classes use the ext ent s global object to specify array shape during their construction. For example, a3
by 3by 3mul ti _array isconstructed as follows:

mul ti _array<int, 3> A(extents[3][3][3]);

The same array could also be created by explicitly declaring an ext ent _gen object locally,, but the global object makes this declar-
ation unnecessary.

i ndi ces

nanmespace boost {
mul ti _array_base: :index_gen indices;

}

The MultiArray concept specifiesani ndex_gen associated type that is used to create views. i ndi ces isaglobal object that serves
therole of i ndex_gen for all array components provided by this library and their associated subarrays and views.

For example, using thei ndi ces object, aview of an array A is constructed as follows:

Al i ndi ces[index_range(0,5)][2][index_range(2,4)]];

View and SubArray Generators

Boost.MultiArray providestraitsclasses, subar r ay_gen,const _subarray_gen,array_vi ew_gen,andconst _array_vi ew_gen,
for naming of array associated types within function templates. In general this is no more convenient to use than the nested type
generators, but the library author found that some C++ compilers do not properly handle templates nested within function template
parameter types. These generators constitute aworkaround for this deficit. The following code snippet illustrates the correspondence
between thearray_vi ew_gen traitsclassand thear r ay_vi ewtype associated to an array:

tenmpl ate <typename Array>

void my_function() {
typedef typenane Array::tenplate array_view3>::type viewl_t;
typedef typenane boost::array_view gen<Array, 3> :type view2_t;
I

}

In the above example, vi ewl_t andvi ew2_t have the same type.

Memory Layout Specifiers

While a multidimensional array represents a hierarchy of containers of elements, at some point the elements must be laid out in
memory. As aresult, asingle multidimensional array can be represented in memory more than one way.

For example, consider the two dimensional array shown below in matrix notation:
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[t] 1 2 .'5]
4 5 6 7

[ee 9 10 11J

Hereis how the above array is expressed in C++:

int a[3][4] ={ 0 1, 2, 3, 4, 5 6, 7, 8 9, 10, 11 };

This is an example of row-major storage, where elements of each row are stored contiguously. While C++ transparently handles
accessing elements of an array, you can also manage the array and its indexing manually. One way that this may be expressed in
memory is as follows:

int al

, 1, 2, 3, 4 5 6, 7, 8 9, 10, 11 };
int s[ 1

] =
] =
With the latter declaration of a and strides s, element a(i , j ) of the array can be accessed using the expression

*a+i *s[ 0] 4j *s[ 1]

The same two dimensional array could be laid out by column asfollows:
o, 4, 8, 1, 5, 9, 2, 6, 10, 3, 7, 11 };
3, 1

Notice that the strides here are different. As aresult, The expression given above to access values will work with this pair of data
and strides as well.

In addition to dimension order, it isalso possible to store any dimension in descending order. For example, returning to thefirst example,
the first dimension of the example array, the rows, could be stored in reverse, resulting in the following:

int data[] ={ 8, 9, 10, 11, 4, 5, 6, 7, 0, 1, 2, 3 };
int *a = data + 8;
int s[] ={ -4, 11};

Note that in this example a must be explicitly set to the origin. In the previous examples, the first element stored in memory was the
origin; here thisis no longer the case.

Alternatively, the second dimension, or the columns, could be reversed and the rows stored in ascending order:

int data[] ={ 3, 2, 1, 0, 7, 6, 5 4, 11, 10, 9, 8 };
int *a = data + 3;
int s[] ={ 4, -11};

Finally, both dimensions could be stored in descending order:

31

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Boost.MultiArray Reference Manual

int data[] = {11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0};
int *Ya = data + 11
int s[] ={ -4, -1},

All of the above arrays are equivalent. The expression given above for a(i , j ) will yield the same value regardless of the memory
layout. Boost.MultiArray arrays can be created with customized storage parameters as described above. Thus, existing data can be
adapted (withmul ti _array_ref orconst _mul ti _array_ref)assuitedtothearray abstraction. A common usage of thisfeature
would beto wrap arraysthat must interoperate with Fortran routines so they can be manipulated naturally at both the C++ and Fortran
levels. The following sections describe the Boost.MultiArray components used to specify memory layout.

c_storage_order

class c_storage_order {
c_storage_order();

b

c_storage_order isused to specify that an array should store its elements using the same layout as that used by primitive C++
multidimensional arrays, that is, from last dimension to first. Thisisthe default storage order for the arrays provided by thislibrary.

fortran_storage_order

class fortran_storage_order {
fortran_storage_order();

}s

fortran_storage_order isused to specify that an array should store its elements using the same memory layout as a Fortran
multidimensional array would, that is, from first dimension to last.

gener al _st orage_or der

tenpl ate <std::size_t NunDi ns>
cl ass general _storage_order {

tenpl ate <typenane Orderinglter, typenane Ascendinglter>
general _storage_order(Orderinglter ordering, Ascendinglter ascending);

b

gener al _st or age_or der alowstheuser to specify an arbitrary memory layout for the contents of an array. The constructed object
is passed to the array constructor in order to specify storage order.

Orderinglter and Ascendi ngl t er must model thel nput I t er at or concept. Both iterators must refer to arange of NunDi ns
elements. Ascendi ngl t er points to objects convertible to bool . A value of t r ue means that a dimension is stored in ascending
order while f al se meansthat adimension is stored in descending order. Or der i ngl t er specifies the order in which dimensions
are stored.

Range Checking

By default, the array access methodsoper at or () and oper at or [ ] perform range checking. If asupplied index is out of the range
defined for an array, an assertion will abort the program. To disable range checking (for performance reasonsin production rel eases),
define the BOOST_DI SABLE_ASSERTS preprocessor macro prior to including multi_array.hpp in an application.
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