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Foreword

The VSIPL++ Library provides C++ classes and functions for writing embed-
ded signal processing applications designed to run on one or more processors.
VSIPL++ contains

e containers such as vectors, matrixes, and tensors,

e mathematical operations such as addition and matrix multiplication on these
containers,

e complex numbers and random numbers,

e various linear algebra operations including solvers using LU, QR, and sin-
gular value decomposition methods, and

e signal processing classes and functions including fast Fourier transforms,
convolutions, correlations, FIR filters, and IIR filters.

The specification and implementation of VSIPL++ has been split into two over-
lapping development tracks: uniprocessor execution and multi-processor execu-
tion. Uniprocessor execution is specified in a separate document, while distributed
execution is specified here. After specification development finishes, these two
documents will be merged together into a single specification.

This distributed specification is significantly shorter than the uniprocessor spec-
ification because the library has been carefully designed to support running the
same programs in either single or multiple processor modes. This version 1.0
final specification contains means to specify how a container’s contents are dis-
tributed among available processors. Mathematical operations and other operations
on those containers need not be re-specified because the toolkit automatically en-
sures data is moved to where it is used so that valid serial and parallel programs
have the same effect.

Please visit the High Performance Embedded Computing Software Initiative
webpagéhttp://www.hpec-si.org for more information on VSIPL++ and
for reference implementations.


http://www.hpec-si.org
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1 Introduction [intro]

1.1 Scope [intro.scope]

1 This document specifies requirements for implementations of the VSIPL++ Li-
brary suitable for a multi-processor environment.

1.2 Normative references [intro.refs]

1 This document “VSIPL++ Specification - Parallel Specification (1.0 final)” is part
of the VSIPL++ Specification and is incorporated via reference into the “VSIPL++
Specification (1.01 final)”.

2 [Note: This document and the other VSIPL++ specification documents use the
same section notation even though the chapter and section numbers may differ. ]






2 Support [support]

Header<vsip/support.hpp> synopsis

namespace vsip {
/I map and processor types
typedef implementation-definegrocessor_type;
typedef  signed-version-of- processor_type
processor_difference_type;
enum distribution_type { block, cyclic, whole, other };

/I functions
length_type num_processors() VSIP_NOTHROW;
const_Vector<processor_type, implementation-defined
processor_set();

VSIP_THROW((std::bad_alloc));
processor_type local_processor() VSIP_NOTHROW,;
index_type local_processor_index() VSIP_NOTHROW;

/I constants
processor_type const no_processor;

index_type const no_subblock;
}
2.1 Types [support.types]
2.1.1 Parallel types [support.types.par]

1 typedef implementation-definegprocessor_type;

Value: processor_type is an integral type that indicates a particular proces-
sor. Aprocessolis an execution context with associated memory capably of
computation.

2 typedef  signed-version-of- processor_type

3



2.2. [SUPPORT.FUNCTIONSJUNCTIONS

processor_difference_type

Value: This type indicates a difference between tprocessor_type types.
An instance can also be used to incremeptr@cessor_type instance.
[Note: This type is not very useful to the user but is required to satisfy
constant iterator requirements in [view.map]. ]

2.2 Functions [support.functions]

length_type
num_processors ()
VSIP_NOTHROW,;

Returns: The total number of processors executing the data-parallel program.

const_Vector<processor_type, implementation-defined
processor_set ()
VSIP_THROW((std::bad_alloc));

Returns: The set of processors executing the data-parallel program.

processor_type
local_processor 0
VSIP_NOTHROW,;

Returns: The local processor.

index_type
local_processor_index 0
VSIP_NOTHROW,;

Returns: The index of the local processor in the processor set.
(processor_set().get(local_processor_index()) ==
local_processor() ).

2.3 Constants [support.constants]

1 A processor_type  of valueno_processor is used to indicate no valid pro-
cessor.

2 Anindex_type of valueno_subblock is used to indicate no valid subblock.

4



3 Maps [map]

1 This clause describes components that VSIPL++ programs can use to describe the
mapping of data to multiple processors. A map is an interface that describes
how data stored in blocks can be distributed over multiple processbtap,
Local_map , andReplicated_map classes satisfy this interface.

2 [Note: As noted in [support], grocessoris an execution context with associ-
ated memory capable of computation. Multiple processors can together compute a
single program'’s values. ]

3.1 Map requirements [map.map]

1 Every map specifies how data stored in blocks can be distributed over multiple
processors.

2 Applying amap to a VSIPL++ block yields a set of disjosnibblockswhose union
contains all the block’s indices. Each subblock is an ordered set of indigestchA
is a maximal subset of a subblock with contiguous indices.

3 The map defines a relation between subblocks and processors in theprap’s
cessor set The number of subblocks must be less than or equal to the number
of processors, i.e. ifmapis an object of a class with the map interface, then
map.num_subblocks() <= map.num_processors() . Each processor
can have either O or 1 subblocks.

4 In enum distribution_type , block indicates that contiguous values will
be placed in the same subbloakclic indicates that contiguous values will be
distributed in a round-robin manner among the subbloeWsole indicates that
all values will be placed in a single subbloakher indicates that values will be
distributed in some other fashion.



3.1. [MAP.MAP] MAP REQUIREMENTS

5 cyclic_contiguity indicates the number of contiguous values to con-
sider as a unit when distributing in a round-robin mann&yclic  with a
cyclic_contiguity value greater than one is commonly called “block-
cyclic.”

6 A map is said to ber-dimensional(wherex is a positive integer) if it specifies
distributions for all dimensions less than

7 Every map shall satisfy the requirements in Tablé 3.1. In Tabler8degnotes a
Dim-dimensional map object of typdd d is adimension_type  value,sb is
anindex_type value indicating a subblock, amat is aprocessor_type
value.

Table 3.1: Map requirements

expression return type assertion/note
pre/post-condition
m.num_subblocks() length_type
m.num_processors() length_type
m.processor_set() const_Vector<

processor_type,
implementation-defined

m.distribution(d) distribution_type d < Dim
m.num_subblocks(d) length_type pre:d < Dim

post: greater than zero
m.cyclic_contiguity(d) length_type d < Dim
m.subblock() index_type
m.subblock(pr) index_type pr in processor_set
M::processor_iterator unspecified
m.processors_begin(sb) processor_iterator 0 <= sb < num_subblocks()
m.processors_end(sb) processor_iterator 0 <= sb < num_subblocks()

8 m.num_subblocks()  returns the total number of subblocks in the map.

9 m.num_processors() returns the total number of processors in the map’s pro-
cessor set.

10 m.processor_set() returns the map’s processor set.
11 m.distribution(d) returns the type of distribution for dimensidn

12 m.num_subblocks(d) returns the total number of subblocks when the map is
projected onto dimensioah.



3.2. [MAP.BLOCKCYCLIC] BLOCK-CYCLIC MAPS

13 m.cyclic_contiguity(d) yields a positive value if and only if
m.distribution(d) == cyclic . Otherwise it yield9.
14 m.subblock() returns the subblock held by the local processor, or

no_subblock if no subblock is held.

15 m.subblock(pr) returns the subblock held by processqr, or
no_subblock if no subblock is held.

16 M::processor_iterator must satisfy random access iterator require-
ments (1S014882, [lib.random.access.iterators]) and constant iterator requirements
(15014882, [lib.iterator.requirements]).

17 m.processors_begin(sb) returns an iterator referring to the
first processor in the sequence of processors that have subldbck
m.processors_end(sb) returns an iterator which is the past-the-

end value for the same sequence. If the sequence is empty (that is, no
processors store subblockb), then m.processors begin(sh) ==
m.processors_end(sb)

18 If sb = m.subblock(pr) is valid, thenpr is in the sequence denoted by
m.processors_begin(sb) andm.processors_end(sb)

19 If pr is in the sequence denoted bw.processors_begin(sb) and
m.processors_end(sb) , thensb = m.subblock(pr)
3.2 Block-Cyclic Maps [map.blockceyclic]

1 TheMapclass is a map that distributes VSIPL++ blocks with block, cyclic, block-
cyclic, or whole distributions in each dimension.

2 The distribution of each dimension inMap is described by a distribution class
Block dist , Cyclic_dist , orWhole_dist

Header<vsip/map.hpp>  synopsis

namespace vsip {

/I Data distributions.
class Block_dist;
class Cyclic_dist;
class Whole_dist;



3.2.1. [MAP.BLOCKCYCLIC.DISTRIBUTE]DATA DISTRIBUTION ...

/I Block-cyclic map class.

template <typename Dim O Block_dist,

typename Dim n = Block_dist>
/I exactly VSIP_MAX_DIMENSION template parameters
class Map;

class Local_map;

template <dimension_type Dim>
class Replicated_map;

3.2.1 Data Distribution Classes [map.blockcyclic.distribute]

1 The distribution classeBlock _dist , Cyclic _dist , andWhole _dist de-
scribe how a single dimension is distributed.

namespace vsip {

class Block_dist {

public:
/I constructor, destructor, copies, and assignments
Block_dist(length_type num_subblocks = 1) VSIP_NOTHROW,;
Block_dist(Block_dist const&) VSIP_NOTHROW;
Block_dist& operator=(Block_dist const&);
“Block_dist() VSIP_NOTHROW;

/I accessors

distribution_type distribution() const VSIP_NOTHROW,;
length_type num_subblocks() const VSIP_NOTHROW,;
length_type cyclic_contiguity() const VSIP_NOTHROW;

h

class Cyclic_dist {

public:
/I constructor, destructor, copies, and assignments
Cyclic_dist(length_type num_subblocks = 1,

length_type contiguity = 1) VSIP_NOTHROW;

Cyclic_dist(Cyclic_dist const&) VSIP_NOTHROW;
Cyclic_dist& operator=(Cyclic_dist const&);
"Cyclic_dist() VSIP_NOTHROW,;

/I accessors

distribution_type distribution() const VSIP_NOTHROW,;
length_type num_subblocks() const VSIP_NOTHROW;
length_type cyclic_contiguity() const VSIP_NOTHROW;

8



3.2.2. [MAP.BLOCKCYCLIC.BLOCKDISTRIBUTION]BLOCKDIST ...

kh

class Whole_dist {

public:
/I constructor, destructor, copies, and assignments
Whole_dist(length_type num_subblocks = 1) VSIP_NOTHROW;
Whole_dist(Whole_dist const&) VSIP_NOTHROW;
Whole_dist& operator=(Whole_dist const&);
“"Whole_dist() VSIP_NOTHROW;

/I accessors

distribution_type distribution() const VSIP_NOTHROW;
length_type num_subblocks() const VSIP_NOTHROW;
length_type cyclic_contiguity() const VSIP_NOTHROW;

3.2.2 Block _dist data distributions  [map.blockcyclic.blockdistribution]

1 A Block_dist object indicates a block data distribution. Applying a block
distribution to a one-dimensional domain yields approximately equally-sized sub-
blocks of contiguous indices. More precisely, if the domain-hasdices and the
Block_dist  object specifies subblocks, then indexis in subblock|i/[n/s]].
Since subblocks have contiguous indices, each subblock has exactly one patch.

2 Block_dist  (
length_type num_subblocks = 1)
VSIP_NOTHROW;

Requires: num_subblocks > 0

Effects: Constructs an object representing a block data distribution with
num_subblocks subblocks.

Postconditions: this->num_subblocks() == num_subblocks

3 distribution_type
distribution 0
const VSIP_NOTHROW;

Returns: block
4 length_type

num_subblocks ()
const VSIP_NOTHROW;



3.2.3. [MAP.BLOCKCYCLIC.CYCLICDISTRIBUTION]CYCLICDIST ...

Returns: The number of subblocks in the distribution.

5 length_type
cyclic_contiguity 0
const VSIP_NOTHROW;

Returns: O
Note: This function does not make sense for block distributions but is provided so
cyclic_contiguity can be called for any data distribution object.

3.2.3 Cyclic _dist data distributions [map.blockcyclic.cyclicdistribution]

1 A Cyclic_dist object indicates a cyclic data distribution. Conceptually, ap-
plying a cyclic distribution to a one-dimensional domain divides the domain into
contiguous patches which are then distributed in a round-robin fashion among the
subblocks. More precisely, if theyclic_dist object specifies subblocks and
a contiguity ofc, then index is in patch|:/c| and subblocKi/c| mod s.

2 Cyclic_dist (
length_type num_subblocks = 1,
length_type contiguity = 1)
VSIP_NOTHROW;

Requires: num_subblocks > 0 . contiguity > 0

Effects: Constructs an object representing a cyclic data distribution with
num_subblocks subblocks and patches haviogntiguity indices.

Postconditions: this->num_subblocks() == num_subblocks
this->cyclic_contiguity() == contiguity

3 distribution_type
distribution 0
const VSIP_NOTHROW;
Returns: cyclic
4 length_type
num_subblocks ()
const VSIP_NOTHROW;

Returns: The number of subblocks in the distribution.

10



3.2.4. [MAP.BLOCKCYCLIC.WHOLEDISTRIBUTION]WHOLBDIST ...

5 length_type
cyclic_contiguity 0
const VSIP_NOTHROW;

Returns: The number of contiguous indices in a patch of the distribution.

3.2.4 Whole _dist data distributions  [map.blockcyclic.wholedistribution]

1 A Whole_dist object indicates a whole data distribution. Applying a whole
distribution to a one-dimensional domain yields one contiguous subblock that con-
tains all the indices. Since the subblock has contiguous indices, it has exactly one
patch.

2 Whole_dist (
length_type num_subblocks = 1)
VSIP_NOTHROW;

Requires: num_subblocks ==

Effects: Constructs an object representing a whole data distribution.

Note: Even thougmum_subblocks must always b4, this constructor allows
theMap constructor taking a number of subblocks in each dimension to work
with Whole_dist

3 distribution_type
distribution 0
const VSIP_NOTHROW;

Returns: whole .

4 length_type
num_subblocks ()
const VSIP_NOTHROW;

Returns: 1.

5 length_type
cyclic_contiguity 0
const VSIP_NOTHROW;

Returns: O
Note: This function does not make sense for whole distributions but is provided
socyclic_contiguity can be called for any data distribution object.

11



3.2.5. [MAP.BLOCKCYCLIC.MAPCLASSMAPMAP

3.2.5 Mapmap [map.blockcyclic.mapclass]

namespace vsip {

template <typename Dim O Block_dist, ...,
typename Dim n Block_dist>
/I exactly VSIP_MAX_DIMENSION template parameters

class Map

/I Compile-time typedefs.
public:
typedef  unspecifiedprocessor_iterator;

/I Constructors, destructor, and copy constructor.
public:
Map(Dim0Q const& = Dim 0(), ...,
Dimn const& = Dim n())
VSIP_NOTHROW,;
Map(const_Vector<processor_type>,
DimO const& = Dim 0(), ...,
Dimn const& = Dim n())
VSIP_NOTHROW,;
Map(Map const&) VSIP_NOTHROW,;
“"Map() VSIP_NOTHROW,;

/I assignment
public:
Map& operator=(Map const&);

public:
distribution_type distribution(dimension_type)
const VSIP_NOTHROW;
length_type num_subblocks (dimension_type)
const VSIP_NOTHROW,;
length_type cyclic_contiguity (dimension_type)
const VSIP_NOTHROW,

length_type num_subblocks() const VSIP_NOTHROW;
length_type num_processors() const VSIP_NOTHROW;

/I subblock and processor access
index_type subblock(processor_type) const VSIP_NOTHROW;
index_type subblock() const VSIP_NOTHROW;
const_Vector<processor_type, implementation-defined
processor_set()

const VSIP_THROW(std::bad_alloc);

processor_iterator processor_begin(index_type)

12



3.2.7. [MAP.BLOCKCYCLIC.CONSTRUCTORSIONSTRUCTORS

const VSIP_NOTHROW;
processor_iterator processor_end (index_type)
const VSIP_NOTHROW;

}.

} /I namespace vsip

3.2.6 Template parameters [map.blockcyclic.template]

1 There must be exactlySIP_MAX_DIMENSIONtemplate parameters, each hav-
ing a default type oBlock_dist

2 Each template argument must be eitl®ock dist , Cyclic_dist , or
Whole_dist
3.2.7 Constructors [map.blockcyclic.constructors]
1 Map(

DimO const& dist O,

Dimn const& dist n)
VSIP_NOTHROW;

Notation: The parameter list containgSIP_MAX_DIMENSION parameters,
each a constant reference to the corresponding Bipg in the template
parameter list. Each parameter has a default argubiemt () .

Requires: The number of subblocks specified by the data distribu-

tion parameters tis->num_subblocks() ) must be less
than or equal the total number or processors running the data-
parallel program \(sip::num_processors() or equivalently
vsip::processor_set().size() ).

Effects: Constructs aMap object whose processor set is the full processor set
of the data-parallel progranvgip::processor_set() ). Thei th sub-

block is mapped to thieth processor in the processor set.
Postconditions: this->num_processors() ==

vsip::processor_set.size() . this->processor_set()
contains the same processors/ap::processor_set() , in the same
order.

13



3.2.8. [MAP.BLOCKCYCLIC. ACCESSORSACCESSOR FUNCTIONS

template <typename BlockT>

Map(
const_Vector<processor_type, BlockT> processor_set,
DIimO const& dist O,
Dimn const& dist n)

VSIP_NOTHROW;

Notation: The parameter list contaivsSIP_MAX_ DIMENSIONdJata distribution
parameters, each a constant reference to the correspondinDitgpen the
template parameter list. Each parameter has a default argiiman() .

Requires: processor _set.size() must be at least the num-
ber of subblocks specified by the data distribution parameters
(this->num_subblocks() ). This number is the product of each data

distribution’s number of subblocks. This function is present only if an imple-

mentation permits instantiation obnst _Vector<processor  _type>
Effects: Constructs a Map object with the specified processor set

processor_set . The i th subblock is mapped to thieth processor

in the processor set.

Postconditions: this->num_processors() ==

processor_set.size() . this->processor_set() contains
the same processors@®cessor_set , in the same order.
3.2.8 Accessor functions [map.blockcyclic.accessors]

For notational simplicity in this subclause, td[i] indicate the th constructor
data distribution object when>= 0 && i < VSIP_MAX_DIMENSION .

distribution_type
distribution (dimension_type d)
const VSIP_NOTHROW,

Requires: d < VSIP_MAX_DIMENSION.

Returns: The distribution type of the th data distribution
dd[d].distribution()

length_type
num_subblocks (dimension_type d)
const VSIP_NOTHROW,

14



3.2.9. [MAP.BLOCKCYCLIC.GRIDFN]SUBBLOCK AND PROCESSOR..

Requires: d < VSIP_MAX_DIMENSION.

Returns: The number of subblocks for thteth data distribution
dd[d].num_subblocks()

length_type
cyclic_contiguity (dimension_type d)
const VSIP_NOTHROW;

Requires: d < VSIP_MAX_DIMENSION.

Returns: The cyclic contiguity of thel th data distribution
dd[d].cyclic_contiguity()

length_type
num_subblocks ()
const VSIP_NOTHROW;

Returns: The total number of subblocks féthis  map. This is the product of
each data distribution’s number of subblocks.
this->num_subblocks() = f:”})“_l this->num_subblocks( d) .

whereD, .., == VSIP_MAX_DIMENSION

length_type
num_processors ()
const VSIP_NOTHROW,;

Returns: The total number of processors ftthis ' processor set.
(this->num_processors() == this->processor_set().size()

3.2.9 Subblock and processor iterator accessors  [map.blockcyclic.gridfn]

index_type
subblock (processor_type pr)
const VSIP_NOTHROW;

Returns: The subblock held by processor, or no_subblock if pr does not
hold a subblock.

index_type
subblock ()
const VSIP_NOTHROW;

15



3.3. [MAP.LOCALMAP] LOCALMAPMAP

Returns: The subblock held by the local processomor subblock if the local
processor does not hold a subblock.

3 const_Vector<processor_type, implementation-defined
processor_set ()
const VSIP_THROW(std::bad_alloc);

Returns: The processor set féthis

4 processor_iterator
processors_begin  (index_type sb)
const VSIP_NOTHROW,

Requires: sb to be a valid subblock of *this (0 <= sh <
this->num_subblocks() ) or no_subblock

Returns: The beginning of a sequence containing only
processor_set.get(sb)

5 processor_iterator
processors_end (index_type sb)
const VSIP_NOTHROW;

Requires: sb to be a valid subblock of *this (0 <= sb <
this->num_subblocks() ) or no_subblock

Returns: The end of the sequence returneddogcessors_begin(sb)

3.3 Local _-mapmap [map.localmap]

1 Theclasd.ocal_map isamapthat describes data thatis stored locally on a single
processor and is not distributed.

namespace vsip {

class Local_map

{
/I Compile-time
public:
typedef  unspecifiedprocessor_iterator;

/I Constructor.
public:

16



3.3.2. [MAP.LOCALMAP.ACCESSORSACCESSOR FUNCTIONS

Local_map();

/I Accessors.
public:

distribution_type distribution (dimension_type)
const VSIP_NOTHROW;

length_type num_subblocks (dimension_type)
const VSIP_NOTHROW;

length_type cyclic_contiguity(dimension_type)
const VSIP_NOTHROW;

length_type num_subblocks() const VSIP_NOTHROW;
length_type num_processors() const VSIP_NOTHROW;

index_type subblock(processor_type) const VSIP_NOTHROW,;
index_type subblock() const VSIP_NOTHROW;

const_Vector<processor_type, implementation-defined
processor_set()

const VSIP_THROW(std::bad_alloc);
processor_iterator processor_begin(index_type)

const VSIP_NOTHROW;

processor_iterator processor_end (index_type)
const VSIP_NOTHROW;

h

} /I namespace vsip

3.3.1 Constructors [map.localmap.constructors]

1 Local_map ()
VSIP_NOTHROW,;

Effects: Constructs d.ocal_map object with the local processor as the proces-
sor set.

3.3.2 Accessor functions [map.localmap.accessors]

1 distribution_type
distribution (dimension_type d)
const VSIP_NOTHROW;
Requires: d < VSIP_MAX_DIMENSION.
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3.3.3. [MAP.LOCALMAP.GRIDFN]SUBBLOCK AND PROCESSOR. .

Returns: whole .

length_type

num_subblocks (dimension_type d)
const VSIP_NOTHROW;

Requires: d < VSIP_MAX_ DIMENSION.
Returns: 1.

length_type
cyclic_contiguity (dimension_type d)
const VSIP_NOTHROW,;

Requires: d < VSIP_MAX_DIMENSION.
Returns: 0.

length_type
num_subblocks ()

const VSIP_NOTHROW;
Returns: 1.
length_type
num_processors ()

const VSIP_NOTHROW,

Returns: 1.

3.3.3 Subblock and processor iterator accessors [map.localmap.gridfn]

index_type
subblock (processor_type pr)
const VSIP_NOTHROW;
Returns: 0Qif pr is the local processono_subblock otherwise.
index_type
subblock ()
const VSIP_NOTHROW;

Returns: 0 (the subblock held by the local processor).
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3.4. [MAP.REPLICATEDMAP]REPLICATEDMAPMAP

3 const_Vector<processor_type, implementation-defined
processor_set ()
const VSIP_THROW(std::bad_alloc);

Returns: A vector containing the local processor.

4 processor_iterator
processors_begin  (index_type sb)
const VSIP_NOTHROW;

Requires: sb to be a valid subblocksp == 0).
Returns: The beginning of a sequence containing only the local processor.

5 processor_iterator
processors_end (index_type sb)
const VSIP_NOTHROW;

Requires: sb to be a valid subblocksp == 0).
Returns: The end of the sequence returneddmgcessors_begin

3.4 Replicated _mapmap [map.replicatedmap]

1 The clasReplicated_map is a map that describes data that is replicated. Each
processor in the map’s processor set owns an entire copy of the data.

namespace vsip {

template <dimension_type Dim>
class Replicated_map

/I Compile-time typedefs.
public:
typedef  unspecifiedprocessor_iterator;

/I Constructors.
public:
Replicated_map();

template <typename Block>
Replicated_map(const_Vector<processor_type, Block>);

/I Accessors.
public:
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3.4.1. [MAP.REPLICATEDMAP.CONSTRUCTORSJEMPLATE....

distribution_type distribution (dimension_type)
const VSIP_NOTHROW,;

length_type num_subblocks (dimension_type)
const VSIP_NOTHROW;

length_type cyclic_contiguity(dimension_type)
const VSIP_NOTHROW,

length_type num_subblocks() const VSIP_NOTHROW;
length_type num_processors() const VSIP_NOTHROW;

index_type subblock(processor_type) const VSIP_NOTHROW;
index_type subblock() const VSIP_NOTHROW,;

const_Vector<processor_type, implementation-defined
processor_set()
const VSIP_THROW(std::bad_alloc);

processor_iterator processor_begin(index_type)
const VSIP_NOTHROW,;

processor_iterator processor_end (index_type)
const VSIP_NOTHROW,

h

} /I namespace vsip

3.4.1 Template Parameters [map.replicatedmap.constructors]

1 Dim specifies the dimensionality of tiikeplicated_map . Itis at least one and
at mostvVSIP_MAX_DIMENSION

3.4.2 Constructors [map.replicatedmap.constructors]

1 Replicated_map ()
VSIP_NOTHROW;

Effects: Constructs &eplicated_map  object with the full processor set.

2 template <typename Block>
Replicated_map (
const_Vector<processor_type, Block> processor_set)
VSIP_NOTHROW;

Effects: Constructs &eplicated_map  object with the processor set specified
by processor_set
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3.4.4. [IMAP.REPLICATEDMAP.GRIDFNBUBBLOCK AND....

3.4.3 Accessor functions [map.replicatedmap.accessors]

1 distribution_type
distribution (dimension_type d)
const VSIP_NOTHROW;

Requires: d < VSIP_MAX_DIMENSION.
Returns: whole .

2 length_type
num_subblocks (dimension_type d)
const VSIP_NOTHROW;

Requires: d < VSIP_MAX_DIMENSION.
Returns: 1.

3 length_type
cyclic_contiguity (dimension_type d)
const VSIP_NOTHROW,;

Requires: d < VSIP_MAX_DIMENSION.
Returns: 0.

4 length_type
num_subblocks ()
const VSIP_NOTHROW,;
Returns: 1.
5 length_type
num_processors ()
const VSIP_NOTHROW;

Returns: The total number of processors ftihis ' processor set.

3.4.4 Subblock and processor iterator accessorgmap.replicatedmap.gridfn]
1 index_type

subblock (processor_type pr)

const VSIP_NOTHROW;
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3.4.4. [MAP.REPLICATEDMAP.GRIDFNBUBBLOCK AND....

Requires: pr to be a valid processor ifthis ' processor set.
Returns: 0 (each processor owns a copy of subblock 0).

index_type
subblock ()
const VSIP_NOTHROW;

Returns: 0 (each processor owns a copy of subblock 0).
const_Vector<processor_type, implementation-defined
processor_set ()

const VSIP_THROW(std::bad_alloc);
Returns: The processor set féthis
processor_iterator
processors_begin  (index_type sb)

const VSIP_NOTHROW;

Requires: sb to be a valid subblocksp == 0).
Returns: The beginning of a sequence containitigis  processor set.

processor_iterator
processors_end (index_type sb)
const VSIP_NOTHROW,;

Requires: sb to be a valid subblocksp == 0).
Returns: The end of the sequence returneddogcessors_begin(sb)
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4 Blocks and Views [view]

4.1 Requirements [view.view]

1 [Note: [view.view] occurs in a separate document excepting the additional re-
quirements specified below. ]

2 Every view shall satisfy the requirements in table |4.1. In taple] ¥.He-
notes a view classy denotes a value of typ€ , andp denotes a value of type
index_type indicating a valid patch of the subblock wfheld by the local pro-
cessorQ <= p < num_patches(v) ).

Table 4.1: Parallel view requirements

expression return type
V::local_type implementation-defined
V::local_patch_type implementation-defined
v.local() V::local_type
v.local(p) V::local_patch_type

3 [Note: Every view has an associated block which is responsible for storing or
computing the data in the view ([view.view]). Every block has an associated map
([view.block]). Every map describes how data stored in a block can be distributed
over multiple processors by dividing the block into a set of disjoint subblocks,
whose union contains all of the block’s indices ([map.map]). Each subblock is an
ordered set of indices ([map.map]). A patch is a maximal subset of a subblock with
contiguous indices ([map.map]). ]

4 Thelocal subblock viewf a distributed view is a view to the subblock stored on the
local processor. If the local processor does not hold a subblock, the local subblock
view is empty.
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4.2. [VIEW.DENSE]DENSEBLOCK

5 local_type is the type of a view’s local subblock view. It shall have the same
dimension and same value type as the view. Its’ block type is unspecified.

6 Thelocal()  member function returns the view’s local subblock view.

7 local_patch_type is the type of a patch subview of a view’s local subblock
view. It shall have the same dimension and same value type as the view. Its’ block
type is unspecified.

8 Thelocal(p) member function of a view returns a view of patgltof view's
local subblock.

4.2 Dense block [view.dense]

1 All Dense class template specifications apply, except the semantics of user-
specified storage are refined to account for distributed blocks.

4.2.1 Constructors, copy, assignment, and destrucfeiew.dense.constructors]

1 Dense(
Domain<D> const& dom,
T* const pointer,

map_type const& map = map_type())
VSIP_THROW((std::bad_alloc));

Requires: For all i such that0 <= i < subblock_domain.size() ,
pointer[i] = T() must be a wvalid C++ expression.
subblock _domain is the domain of the subblock stored on the lo-
cal processor if the block is distributedubblock_domain  is domif the
block is not distributed.

Effects: Constructs a modifiabl®ense object with user-specified storage and

distributed by the mamap.

Throws: std::bad_alloc indicating memory allocation for the returned
Dense failed.

Postconditions: If D == 1, *this  will have a one-dimensiondbomain<1>
denoteddomain with Index<1> es containind), ..., dom.size()-1
If D != 1, *this will have two domains: Domain<1> domainl
with Index<1> s containingQ, ..., dom.size()-1 and aDomain<D>

domainD with, for each 0 <= d < D, domainD[d].size()
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4.2.1. [VIEW.DENSE.CONSTRUCTORS]JONSTRUCTORS, COPY,..

== dom[d].size() , domainD[d].stride() == , and
domainDI[d].first() == . The object's use count will be one.
this->user_storage() == array format .

Note: The block’s values are unspecified. This block’s values can only be accessed
after anadmit call and before its correspondimglease call. When the
block is admitted, theointer]i] values listed above may be modified by
the block.

2 Dense(
Domain<D> const& dom,
uT* const pointer,
map_type const& map = map_type())
VSIP_THROW((std::bad_alloc));

Requires: T must be a complex type, with underlying typaT
(T = complex<uT> ). For all i such that 0 <= i <
2*subblock_domain.size() , pointer[i] = uT() must be
avalid C++ expressiorsubblock_domain is the domain of the subblock
stored on the local processor if the block is distribusdblock_domain
is domif the block is not distributed.

Effects: Constructs a modifiabl®ense object with user-specified storage and
distributed by the mamap.

Throws: std::bad_alloc indicating memory allocation for the returned
Dense failed.

Postconditions: If D == 1, *this  will have a one-dimensiondbomain<1>
denoteddomain with Index<1> es containingd, ..., dom.size()-1
If D I= 1, *this will have two domains:Domain<1> domainl with
Index<1> es containingO, ..., dom.size()-1 and a Domain<D>
domainD with, for each 0 <= d < D, domainD[d].size()
== dom[d].size() : domainD[d].stride() == , and
domainD[d].first() == . The object’'s use count will be one.
this->user_storage() == interleaved format .

Note: The block’s values are unspecified. This block’s values can only be accessed
after anadmit call and before its correspondimglease call. When the
block is admitted, theointer(i] values listed above may be modified by
the block.

3 Dense(
Domain<D> const& dom,
uT* const real_pointer,
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4.2.2. [VIEW.DENSE.USERDATAUSER-SPECIFIED STORAGE

uT* const imag_pointer,
map_type const& map = map_type())
VSIP_THROW((std::bad_alloc));

Requires: T must be a complex type, with underlying typaiT

(T = complex<uT> ). For all i such that 0 <= i <
subblock_domain.size() ) real_pointer[i] = uT()
and imag_pointer[i] = uT() must be valid C++ expressions.

subblock_domain is the domain of the subblock stored on the local
processor if the block is distributedsubblock_domain is dom if the
block is not distributed.

Effects: Constructs a modifiabl®ense object with user-specified storage and
distributed by the mamap.

Throws: std::bad_alloc indicating memory allocation for the returned
Dense failed.

Postconditions: If D == 1, *this  will have a one-dimensionddbomain<1>
denoteddomain with Index<1> es containind, ..., dom.size()-1
If D I= 1, *this will have two domains:Domain<1> domainl with
Index<1> es containingO, ..., dom.size()-1 and a Domain<D>
domainD with, for each 0 <= d < D, domainDId].size()
== dom[d].size() : domainD[d].stride() == , and
domainD[d].first() == . The object’s use count will be one.
this->user_storage() == split format .

Note: The block’s values are unspecified. This block’s values can only be accessed
after anadmit call and before its correspondimglease call. When the
block is admitted, theeal _pointerf[i] andimag_pointer[i] val-
ues listed above may be modified by the block.

4.2.2 User-specified storage [view.dense.userdata]

1 For the definitions in this section, let

e Dbe the dimensionality dbense block *this

e subblock _domain be the domain of the subblock dthis stored
on the local processor. If no subblock is stored on the local processor,
subblock _domain is empty.

e | idx = ( lp,...,Ip_1) refer to a local index of the subblock
of *this stored on the local processor, wher® <= [; <
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4.2.2. [VIEW.DENSE.USERDATAUSER-SPECIFIED STORAGE

subblock _domain[ d].size() for each dimensiond of block
*this

e gidx = ( go,...,gp—1) refer to the global index corresponding to local
index!| _idx .

e linear _index(l _idx) be afunction thatconverts alocal indexdx of
block *this  into a linear index in accordance with the dimension-ordering
do, dl, cee dD_1 of block *this

linear _index(I _idx) = > 7 '(la, [}, this->size(D, d;) )

=i+l

2 void
admit (bool update = true) VSIP_NOTHROW,

Effects: If *this is not a block with user-specified storagéthis is an admit-
ted block with user-specified storage, there is no effect. Otherwise, the block
is admitted so that its data can be used by VSIPL++ functions and objects.

If update == true ,the values ofthis are updated as appropriate for
the value othis->user_storage()
Assumingthis->user  _storage() == array _format , for all local
indices| _idx with corresponding global indiceg_idx = ( g¢o, ...,
gp-1)

this->get(  ¢go, ..., gp—1) == pointer[linear _index(l  _idx)]

wherepointer is the value returned biis->find

Assumingthis->user  _storage() == interleaved _format , for
all local indicesl _idx with corresponding global indices.idx = ( go,
gp-1)
this->get( go, .-y gD-1) ==
complex<T>(pointer[2*linear _index(l _idx)+0],
pointer[2*linear _index(l  _idx)+1])

wherepointer is the value returned biis->find

Assumingthis->user  _storage() == split _format , for all local
indices| _idx with corresponding global indiceg.idx = ( go, ...,
gp-1) -
this_>get( go, .-+ ngl) ==
complex<T>(real  _pointer[linear _index(l  _idx)],
imag _pointer[linear _index(l  -idx)])
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4.2.2. [VIEW.DENSE.USERDATAUSER-SPECIFIED STORAGE

wherereal _pointer andimag _pointer are the values returned by

this->find
If update == false , the result ofthis->get(  go,...,gp_1) for all
g.idx = ( go,-...,gp—1 Such tha0 <= ¢; < this->size(D, d) ,is
undefined.

Note: Invoking admit on an admitted block is permitted. The intent of using
afalse update flag is that, if the data in the user-specified storage is not
needed, then there is no need to force consistency between the block’s storage
and the user-specified storage possibly through copies.

3 void
release (bool update = true) VSIP_NOTHROW;

Effects: If *this is not a block with user-specified storage*tnis is a re-
leased block with user-specified storage, there is no effect. Otherwise, the
block is released so that its data cannot be used by VSIPL++ functions and

objects.
If update == true , the values in the user-specified storage are updated
as appropriate for the value tifis->user_storage()
Assumingthis->user  _storage() == array _format , for all local
indices| _idx with corresponding global indiceg_idx = ( go, ...,
gp-1):

this->get(  go, ..., gp—1) == pointer[linear _index(l  _idx)]

wherepointer is the value returned biis->find

Assumingthis->user  _storage() == interleaved _format , for
all local indicesl _idx with corresponding global indiceg.idx = ( go,
e gpD-1)d
this->get(  go, ..., gp—1) ==
complex<T>(pointer[2*linear _index(l _idx)+0],
pointer[2*linear _index(l  _idx)+1])

wherepointer is the value returned hiis->find

Assumingthis->user  _storage() == split _format , for all local
indices| _idx with corresponding global indiceg_idx = ( go, ...,
gp-1):
this_>96t( go, -+ ngl) ==
complex<T>(real  _pointer[linear _index(l  _idx)],
imag _pointer[linear _index(l  -idx)])
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4.2.2. [VIEW.DENSE.USERDATAUSER-SPECIFIED STORAGE

wherereal _pointer andimag _pointer are the values returned by
this->find

If update == false , the values in the user-specified storage are unde-
fined.

Note: Invoking release on a released block is permitted. The intent of using
afalse update flag is that, if the data in the block’s storage is no longer
needed, then there is no need to force consistency between the block’s storage
and the user-specified storage possibly through copies.

4 void
release (bool update, T*& pointer) VSIP_NOTHROW,;

Requires: *this  must either be a block with user-specified storage such that
this->user_storage() equalsarray_format , or a block without
user-specified storage.

Effects: If *this is not a block with user-specified storagminter is as-
signedNULL, but there are no other effects. *this is a released block
with user-specified storaggointer is assigned the value returned by
this->find , but there are no other effects.

Otherwise, the block is released so that its data may not be used by
VSIPL++ functions and objectspointer  is assigned the value returned

by this->find . If update == true , the values in the user-specified
storage are updated. For all local indidesdx with corresponding global
indicesg_idx = ( go, ..., gp_1):

this->get(  ¢go, ..., gn—1) == pointer[linear _index(l  _idx)]
If update == false |, the values in the user-specified storage are unspec-
ified.

Note: Invoking release on a released block is permitted. The intent of using
afalse update flag is that, if the data in the block’s storage is no longer
needed, then there is no need to force consistency between the block’s storage
and the user-specified storage possibly through copies.

5 void
release (bool update, uT*& pointer) VSIP_NOTHROW,

Requires: *this must either be a block with user-specified storage such that
this->user_storage() equalsinterleaved_format , or a block
without user-specified storagd. must be a complex type with underlying
typeuT (T = complex<uT> ).
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4.2.2. [VIEW.DENSE.USERDATAUSER-SPECIFIED STORAGE

Effects: If *this is not a block with user-specified storagminter is as-
signedNULL, but there are no other effects. *this is a released block
with user-specified storaggointer is assigned the value returned by
this->find , but there are no other effects.

Otherwise, the block is released so that its data may not be used by
VSIPL++ functions and objectspointer is assigned the value returned

by this->find
If update == true |, the values in the user-specified storage are updated.
for all local indicesl _.idx with corresponding global indiceg_idx =
(g0, «ns gp-1)
this->get( go, -y gpD-1) ==
complex<T>(pointer[2*linear _index(l _idx)+0],
pointer[2*linear Jindex(l _idx)+1])

If update == false ,the values in the user-specified storage are unspec-
ified.

Note: Invoking release on a released block is permitted. The intent of using
afalse update flag is that, if the data in the block’s storage is no longer
needed, then there is no need to force consistency between the block’s storage
and the user-specified storage possibly through copies.

6 void
release (
bool update,
uT*& real_pointer,
uT*& imag_pointer)
VSIP_NOTHROW,;

Requires: *this  must either be a block with user-specified storage such
that this->user_storage() equals interleaved_format or
split_format , or a block without user-specified storag&.must be a
complex type with underlying typeT (T = complex<uT> ).

Effects: If *this is not a block with user-specified storageal pointer
andimag_pointer  are assigne®lULL, but there are no other effects. If
*this  is a released block with user-specified storagal _pointer and
imag_pointer are assigned the values returnedthis->find , but
there are no other effects. Otherwise, the block is released so that its data
may not be used by VSIPL++ functions and objectsal_pointer and
imag_pointer  are assigned the values returnedtug->find
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4.2.2. [VIEW.DENSE.USERDATAUSER-SPECIFIED STORAGE

If update == true , the values in the user-specified storage are updated.
Assumingthis->user  _storage() == interleaved _format , for
all local indices| _idx with corresponding global indiceg_idx =
(g()a "'agD—l) :
this->get( go, -y gpD—1) ==
complex<T>(real_pointer[2*linear _index(l  _idx)+0],
real_pointer[2*linear _index(l _idx)+1])
Assumingthis->user  _storage() == split _format , for all local
indicesl _idx with corresponding global indicegidx = ( gg,...,9p_1) :
this->get( go, .-, gpD-1) ==
complex<T>(real  _pointer[linear _index(l  _idx)],
imag _pointer[linear _index(l  -idx)])
If update == false , the values in the user-specified storage are unspec-
ified.

Note: Invoking release on a released block is permitted. The intent of using
afalse update flag is that, if the data in the block’s storage is no longer
needed, then there is no need to force consistency between the block’s storage
and the user-specified storage possibly through copies.

7 [Note: No change tdind member function specifications. ]

8 void
rebind (T* const pointer)
VSIP_NOTHROW,;

Requires: !this->admitted() && this->user_storage()
== array_format . For all i such that 0 <=1 <
subblock domain.size() , pointer[i] = T() must be a
valid C++ expression. subblock_domain  is the local domain of the
block stored on the local processor if the block is distributedam if the
block is not distributed.

Effects: If *this is a block with user-specified storage, replaces the block’s user-
specified storage pointer wiffointer . If *this  is not a block with user-
specified storage, this function has no effect.

9 void
rebind (uT* const pointer)
VSIP_NOTHROW,;
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4.3. [VIEW.VECTOR]VECTOR

Requires: !'this->admitted() . this->user_storage() equals
interleaved_format or split_format . T must be a complex type
with underlying typeuT (T = complex<uT> ). For alli such thatO
<= i < 2 * subblock_domain.size() , pointer[i] = uT()

must be a valid C++ expressionsubblock_domain is the domain
of the subblock stored on the local processor if the block is distributed.
subblock_domain is domif the block is not distributed.

Effects: If *this is a block with user-specified storage, replaces the block’s user-
specified storage pointer wighointer . If *this  is not a block with user-
specified storage, this function has no effect.

Postconditions: this->user_storage() == interleaved _format .

10 void
rebind (uT*const real_pointer, uT*const imag_pointer)
VSIP_NOTHROW,;

Requires: !this->admitted() . this->user_storage() equals
interleaved_format or split_format . T must be a complex
type with underlying typauT (T = complex<uT> ). For alli such that
0 <= i < subblock_domain.size() ,  real_pointer[i] =
uT() andimag_pointer[i] = uT() must be valid C++ expressions.
subblock_domain is the domain of the subblock stored on the local
processor if the block is distributedsubblock_domain  is dom if the
block is not distributed.

Effects: If *this is a block with user-specified storage, replaces the block’s user-

specified storage pointers witbal_pointer andimag_pointer . If

*this  is not a block with user-specified storage, this function has no effect.
Postconditions: this->user_storage() == split format .
4.3 Vector [view.vector]

1 All Vector class template specifications apply to tector <T, Block>
class template except the two-parameter construgeator(length_type,
const T&) and the one-parameter construct@ctor(length_type) are
replaced by the constructors below and an additional typedef and member functions
are added to access the local view of a distributed view.
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4.3.3. [VIEW.VECTOR.ACCESSOR3JCCESSORS

4.3.1 Local View Types [view.vector.types]

1 local_type  specifies the type of the local subblock viewMsctor . The type
is aVector with a value typ€el and an unspecified block type.

2 local_patch_type specifies the type of a patch subview of a local subblock
of Vector . The type is @/ector with a value typel and an unspecified block
type.

4.3.2 Constructors [view.vector.constructors]
1 Vector (
length_type len,
T const& value,

typename block type::map_type const& map =
typename block_type::map_type())
VSIP_THROW((std::bad_alloc));

Requires: len > 0 .

Effects: Constructs a modifiable, zero-indexXédctor object containing exactly
len values equal twalue with a mapmap.

Throws: std::bad_alloc indicating memory allocation for the underlying
Dense block failed.

2 Vector (
length_type len,
typename block_type::map_type const& map =
typename block type::map_type())
VSIP_THROW((std::bad_alloc));

Requires: len > 0 .

Effects: Constructs a modifiable, zero-indexXédctor object containing exactly
len unspecified values with a mapap.

Throws: std::bad_alloc indicating memory allocation for the underlying
Dense block failed.

4.3.3 Accessors [view.vector.accessors]
1 local_type
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4.4. [VIEW.MATRIX] MATRIX

local ()
VSIP_NOTHROW,;

Effects: Returns the local subblock view.#this is a distributed view, a view of
the local processor’s subblock is returned*ttis is a local view,*this
is returned.

Notes: The domain of the local view is equivalent to the
subblock domain(view)

2 local_patch_type
local (index_type patch)
VSIP_NOTHROW;

Requires: patch to be a valid patch of the local subbloc® (<= patch <
num_patches(view) ).

Effects: Returns a subview of the local subblock view corresponding to patch

patch .

Notes: view.local(patch) is equivalent to
view.local()(local_domain(view, map.subblock(),
patch)

4.4 Matrix [view.matrix]

1 All Matrix class template specifications apply to tdatrix <T, Block>
class template except the three-parameter constriviibix(length_type,
length_type, const T&) and the two-parameter  constructor
Matrix(length_type, length_type) are replaced by the constructors
below and an additional typedef and member function are added to access the
local view of a distributed view.

4.4.1 Local View Types [view.matrix.types]

1 local_type  specifies the type of the local subblock viewdétrix . The type
is aMatrix  with a value typel and an unspecified block type.

2 local_patch_type specifies the type of a patch subview of a local subblock
of Matrix . The type is aMatrix with a value typ€el and an unspecified block

type.
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4.4.3. [VIEW.MATRIX.ACCESSORSPCCESSORS

4.4.2 Constructors [view.matrix.constructors]
Matrix (

length_type rows,

length_type columns,

T const& value,

typename block type::map_type const& map =
typename block_type::map_type())
VSIP_THROW((std::bad_alloc));

Requires: rows > 0 . columns > 0

Effects: Constructs a modifiable, zero-indexdatrix object containing exactly
rows * columns values equal tvalue with a mapmap.

Throws: std::bad_alloc indicating memory allocation for the underlying
Dense block failed.

Matrix (
length_type rows,
length_type columns,

typename block type::map_type const& map =
typename block_type::map_type())
VSIP_THROW((std::bad_alloc));

Requires: rows > 0 .columns > 0

Effects: Constructs a modifiable, zero-indexdatrix object containing exactly
rows * columns unspecified values with a mapap.

Throws: std::bad_alloc indicating memory allocation for the underlying
Dense block failed.

4.4.3 Accessors [view.matrix.accessors]

local_type
local ()
VSIP_NOTHROW;

Effects: Returns the local subblock view.#this is a distributed view, a view of
the local processor’s subblock is returned#ttis is a local view,*this

is returned.
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Notes: The domain of the local view is equivalent to the
subblock_domain(view)

2 local_patch_type
local (index_type patch)
VSIP_NOTHROW;

Requires: patch to be a valid patch of the local subblocl <= patch <
num_patches(view) ).

Effects: Returns a subview of the local subblock view corresponding to patch

patch .

Notes: view.local(patch) is equivalent to
view.local()(local_domain(view, map.subblock(),
patch)

4.5 Tensor [view.tensor]

1 All Tensor class template specifications apply to thensor <T, Block>
class template except the four-parameter constriaosor(length_type,
length_type, length_type, const T&) and the three-parameter con-
structor Tensor(length_type, length_type, length_type) are
replaced by the constructors below and an additional typedef and member func-
tion are added to access the local view of a distributed view.

4.5.1 Local View Types [view.tensor.types]

1 local_type  specifies the type of the local subblock viewTansor . The type
is aTensor with a value typ€el and an unspecified block type.

2 local_patch_type specifies the type of a patch subview of a local subblock
of Tensor . The type is a'ensor with a value typel and an unspecified block

type.

4.5.2 Constructors [view.tensor.constructors]
1 Tensor (
length_type Z_length,
length_type y_length,
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length_type x_length,
T const& value,
typename block type::map_type const& map =
typename block type::map_type())
VSIP_THROW((std::bad_alloc));

Requires: z_length > 0 .y length > 0 .x length > 0
Effects: Constructs a modifiable, zero-indexgensor object containing exactly

z length * y length * x_length values equal towalue with a
mapmap.
Throws: std::bad_alloc indicating memory allocation for the underlying

Dense block failed.

2 Tensor (
length_type z_length,
length_type y_length,
length_type x_length,

typename block type::map_type const& map =
typename block_type::map_type())
VSIP_THROW((std::bad_alloc));

Requires: z_ length > 0 .y length > 0 .x length > 0
Effects: Constructs a modifiable, zero-indexgensor object containing exactly

z length * y length * x_length unspecified values with a map
map.
Throws: std::bad_alloc indicating memory allocation for the underlying

Dense block failed.

4.5.3 Accessors [view.tensor.accessors]

1 local_type
local ()
VSIP_NOTHROW,

Effects: Returns the local subblock view.#this is a distributed view, a view of
the local processor’s subblock is returned#ttis is a local view,*this
is returned.

Notes: The domain of the local view is equivalent to the
subblock _domain(view)
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2 local_patch_type
local (index_type patch)
VSIP_NOTHROW;

Requires: patch to be a valid patch of the local subblocl <= patch <
num_patches(view) ).

Effects: Returns a subview of the local subblock view corresponding to patch

patch .

Notes: view.local(patch) is equivalent to
view.local()(local_domain(view, map.subblock(),
patch)

4.6 Support Functions [view.support]

1 VSIPL++ provides a set of parallel support functions to query distributed views.

4.6.1 Definitions [view.support.defn]

1 The domain representing the size of a subblock is calledubblock domain

2 A subblock is comprised of one or more patchasn(_patches() ). Each patch
consists of a maximal sequence of elements with contiguous global indices.

3 The set of global indices represented by a subblock-patch is callegddabal do-
main

4 The set of local indices storing a subblock-patch is calledabal domain
5 The global domain and local domain of a subblock-patch are element conformant.

6 The union of the global domains of all subblocks-patches for a view exactly over-
laps with view’s domain.

7 The union of the local domains of patches for a view’s subblock exactly overlaps
with the subblock domain of the view's subblock.

8 If view is aD-dimensional view and_idx = ( go,....gp_1) is a global index
in the domain ofview (foreach0 <= d < D,0 <= i4 < view.size( d)),
then there exists a subblock-patch pirp whose global domaigdom contains
index( 490, ...,gD_l) .
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9 Moreover, if (po,...,pp_1) are defined such that; = gdom][ d].first()
+ pg * gdom[ d].stride() , thenl_idx = ( lg,...,Ip_1), wherel_d =
Idom[ d].first() + pqg * ldom[ d].stride() and ldom is the local
domain of subblock-patch paib -p, is the local index of the local subblock storing
the value of global indek go, ..., gp—1) in the viewview .

10 The following relationships hold on all processors:

sb == subblock_from_global_index(view, g_idx) :

p == patch_from_global index(view, g_idx) ,

gdom == global_domain(view, sb, p) :

I[dom == local_domain(view, sb, p) ,

|_idx == local_from_global_index(view, g_idx) ,

g_idx == global_from_local index(view, sb, |_idx) ,

lg == local_from_global_index(view, d, gq),and

ga == global_from_local_index(view, d, sb, 1[y).
11 The following relationships hold on processors owning subbkixKi.e. proces-

sors wheresb == view.block().map().subblock() ):

local _view == view.local() ,

local _view.get( lo,...,Ip—1) == view.get(  go,---,9D-1) ,

gdom == global _domain(view, p) ,

I[dom == local _domain(view, p) ,and

ga == global _from _local _index(view, d, 1.

4.6.2 Functions [view.support.fcn]
1 <vsip/parallel.hpp> provides all declarations in this sub-sub-clause unless

otherwise indicated.

2 template <typename ViewT>
Domain<ViewT::.dim>
subblock_domain (

ViewT const& view,
index_type sb)
VSIP_NOTHROW,;

Requires: Subblocksb to be a valid subblock of viewiew (0 <= sb <
num_subblocks(view) ) orno_subblock

Effects: If sb is a valid subblock, returns the domain representing the extent of
view 's subblocksb. If sb == no_subblock , returns an empty domain.
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template <typename ViewT>
Domain<ViewT::dim>
subblock_domain (

ViewT const& view)
VSIP_NOTHROW,;

Effects: Returns the domain representing the extenti@lv 's subblock stored on
the local processor, or an empty domain if the local processor does not hold
a subblock.

Notes: Equivalent tasubblock _domain(view, subblock(view))

template <typename ViewT>
Domain<ViewT::dim>
local_domain (
ViewT const& view,
index_type sb,

index_type 9))
VSIP_NOTHROW,;

Requires: sb to be a valid subblock ofiew (0 <= sh <
num_subblocks(view) ) orno_subblock . p to be a valid patch of
view ’'s subblocksb (0 <= p < num_patches(view, sb) ).

Effects: Returns the local domain for subblosk patchp of view .

template <typename ViewT>
Domain<ViewT::dim>
local_domain (
ViewT const& view,
index_type p=0)
VSIP_NOTHROW;

Requires: p to be a valid patch ofview ’'s local subblock @ <= p <
num_patches(view, subblock(view)) ).

Effects: Returns the local domain for the local subblock pgiabf view .
Notes: Equivalent tdocal_domain(view, subblock(view), p)

template <typename ViewT>
Domain<ViewT::.dim>
global_domain (

ViewT const& view,
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index_type sb,
index_type p)
VSIP_NOTHROW;

Requires: sb to be a valid subblock ofiew (0 <= sb <
num_subblocks(view) ) orno_subblock . p to be a valid patch of
view ’'s subblocksb (0 <= p < num_patches(view, sb) ).

Effects: Returns the local domain for subblosk patchp of view .

template <typename ViewT>
Domain<ViewT::dim>
global_domain (
ViewT const& view,
index_type p=0)
VSIP_NOTHROW;

Requires: p to be a valid patch ofview ’'s local subblock @ <= p <
num_patches(view, subblock(view)) ).

Effects: Returns the local domain for the local subblock pagiabf view .
Notes: Equivalent toglobal_domain(view, subblock(view), p)

template <typename ViewT>
length_type
num_subblocks (

ViewT const& view)
VSIP_NOTHROW;

Effects: Returns the number of subblockswiéw .
Notes: Equivalent toview.block().map().num_subblocks()

template <typename ViewT>
length_type
num_patches (
ViewT const& view,
index_type sb)
VSIP_NOTHROW;

Requires: sb to be either a valid subblock efew (0 <= sb <
num_subblocks(view) ) orno_subblock
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Effects: Returns the number of patches in subblsbkof view , or 0 ifsb ==
no_subblock

10 template <typename ViewT>

11

12

13

length_type
num_patches (

ViewT const& view)
VSIP_NOTHROW,;

Effects: Returns the number of patches for the local subblocki®iv . Returns
0 if there is no local subblock.

Notes: Equivalent tonum_patches(view, subblock(view))

template <typename ViewT>
index_type
subblock (
ViewT const&  view,
processor_type pr)
VSIP_NOTHROW,

Effects: Returns the subblock of viewiew held by processompr, or
no_subblock if pr does not hold a subblock.

Notes: Equivalent toview.block().map().subblock(pr)

template <typename ViewT>
index_type
subblock (

ViewT const&  view)
VSIP_NOTHROW;

Effects: Returns the subblock of viewiew held by the local processor, or
no_subblock if the local processor does not hold a subblock.

Notes: Equivalent toview.block().map().subblock()

template <typename ViewT>

index_type
subblock _from_global_index (
ViewT const& view,

Index<ViewT:.dim> const& g_idx)
VSIP_NOTHROW;
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Requires: g_idx to be a valid global index of viewiew (0 <= g_idx[ d]
< view.size(  d) foreachd suchthaD <= d < ViewT:dim ).
Effects: Returns the subblocgb containing global indeg_idx . g _idx isin
global_domain(view, sb, p) wherep =

patch_from_global_index(view, g_idx)

14 template <typename ViewT>
index_type
patch_from_global_index (
ViewT const& view,
Index<ViewT::.dim> const& g_idx)
VSIP_NOTHROW;

Requires: g_idx to be a valid global index of viewiew (0 <= g_idx[ d]
< view.size(  d) foreachd suchthaD <= d < ViewT:dim ).

Effects: Returns the patch containing global indeg_idx . g_idx isin
global_domain(view, sb, p) wheresb =
subblock_from_global_index(view, g_idx)

15 template <typename ViewT>
Index<ViewT::dim>
local_from_global_index (

ViewT const& view,
Index<ViewT::dim> const& g_idx)
VSIP_NOTHROW;

Requires: g_idx to be a valid global index of viewiew (0 <= g_idx[ d]
< view.size(  d) foreachd suchthaD <= d < ViewT:dim ).
Effects: Returnsthe indek idx into the local view that corresponds to the value
at global indexg_idx in the global view.
The local index |_idx is valid in the local view of the
subblock holding global index g_idx , as determined by
subblock_from_global_index

16 template <typename ViewT>
index_type
local_from_global_index (

ViewT const& view,

dimension_type d,

index_type g_i)
VSIP_NOTHROW;
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Requires: d to be a valid dimension viewiew (0 <= d < ViewT:..dim ).
g_i to be a valid index of dimensiod of view view (0 <= g_i <
view.size(d) ).

Effects: Returns the local dimensicshindexI_i in the local view corresponding
to global dimensiord indexi .

Notes: If g_idx = ( g¢o,...,9p-1), Lidx = ( lo,...,Ip—1), andl_idx =
local_from_global_index(view, g_idx) , then for all0 <= d
< D,l; = local_from_global_index(view, d, gq) .

17 template <typename ViewT>
Index<ViewT::dim>

global_from_local_index (
ViewT const& view,
index_type sb

Index<ViewT::dim> const& |_idx)
VSIP_NOTHROW;

Requires: |_idx to be a valid local index of subbloc&b of view view (0
<= |Lidx[ d] < subblock domain(view, sb)[ d].size() for
eachd suchthaD <= d < ViewT:dim ).

Effects: Returns the global index idx corresponding to the local indéxidx
in the view of the processor holding subblosik.

18 template <typename ViewT>
Index<ViewT::dim>
global_from_local_index (

ViewT const& view,
Index<ViewT::dim> const& |_idx)
VSIP_NOTHROW,;

Requires: |_idx to be a wvalid local index of the subblock of
view view held on the local processor. 0O(<= Lidx[ d] <
subblock domain(view)[ d].size() for each d such thatO
<= d < ViewT:dim ).

Effects: Returns the global index idx corresponding to the local indéxidx
in the local view on the local processor.

Notes: Equivalent to global_from_local_index(view,
subblock(view), idx)
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19 template <typename ViewT>
index_type
global_from_local_index (

ViewT const& view,

dimension_type d,

index_type i)
VSIP_NOTHROW;

Requires: d to be a valid dimension viewiew (0 <= d < ViewT:.dim ).
|_i tobe avalid local index of dimensiahof view view subblock on local
processor@ <= |_i < subblock _domain(view)[d].size() ).

Effects: Returns the global dimensiahindex g_i corresponding to the local
dimensiond indexi in the local view.

Notes: If g.idx = ( go,...,9p_1), | ddx = ( lo,...,Ip_1), and g_idx =
global _from _local _index(view, | Jdx) ,thenforall0 <= d <
D, g4 = global _from _local _view(view, d, lg).
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5 Data Parallel Programs [dpp]

5.1 Definitions [dpp.defn]

1 Alocal viewis stored on the local processor and visible only to the local processor.
Views of blocks with map typ&ocal_map and other map types specified by the
implementation are local views.

2 A distributed viewis globally visible to all processors executing a data-parallel
VSIPL++ program. It represents data that is distributed over one or more proces-
sors. Views of blocks with map typ®ap, Replicated_map , and other map
types specified by the implementation are distributed views.

Implementations will specify their level of support (0 through 3) for distributed
views as indicated in [dpp.distlevel].
3 Subviews of a view retain the same local/distributed status as the original view.

4 For distributed views, théocal() member function returns the local subblock
view. This is a local view to the distributed view’s subblock stored on the local
processor.

5 For local views, théocal() member function returns the view itself.

6 An assignment operation is one that assigns a new value to either a scalar variable
or a view variable (with multiple element values) that is the result of performing a
computation on one or more scalar and view values.

7 A local assignment is one where all views in the assignment (both source and
destination) are local.

8 A distributed assignment is one where all views in the assignment (both source and
destination) are distributed.

Implementations will specify their level of support (0 through 2) for distributed
operations as indicated in [dpp.oplevel].
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9 Assignments must not mix both local and distributed views, with the following
exception: a distributed view may be used in an expression with local views if its
local subblock view is being accessed vialibeal() = member function.

10 The processor set of a distributed assignment is the union of processor sets for the
maps of the distributed views in the assignment.

11 Adistributed assignment isvalid data-parallel assignmeiiftall processors in the
assignment’s processor set execute the assignment with thecsawtest where
context means all local variables used to index an element of a distributed view,
used to specify a subview of a distributed view, or used as a value affecting the
result of an expression with distributed views.

This includes, but is not limited to, indices used for get/put element-wise access of
distributed views, indices used to select sub-dimensional subviews of distributed
views, domains used to select same-dimensional subviews of distributed views,
and scalar values used in scalar-view element-wise expressions.

It is the library user’s responsibility to ensure that all processors have the same
context. Otherwise, behavior is undefined.

12 A program is said to be wmalid data-parallel programif it meets the following
conditions:

e Each assignment performed by the program is either a valid data-parallel as-
signment or a local assignment.

e For each subset of processdfsn the program’s global processor set, all
valid data-parallel assignments with processor sets that have a non-empty
intersection withS are executed in the same order by all processors in the set
S.

13 The result of a valid data-parallel program is independent of the mappings applied
to its distributed views, modulo precision differences.

5.2 Distributed Data Support Levels [dpp.distlevel]

1 For distribution of data, implementations shall provide one of the following support
levels:

Level O: Distribution of data is not supported (not a parallel implementation).
Level 1: One dimension of data may be block distributed.
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Level 2: Any and all dimensions of data may have block distributions.
Level 3: Any and all dimensions of data may have block distributions or cyclic
distributions.

2 [Note: Each level is a superset of the previous level. ]

5.3 Distributed Operation Support Levels [dpp.oplevel]

1 For distributed operation types, implementations shall provide one of the following
support levels:

Level O: No distributed operations supported (not a parallel implementation).
Level 1: Distributed element-wise operations supported.

Level 2: Distributed element-wise operations supported (same as level 1) and se-
lected distributed non-elementwise operations supported as stated by the imple-
mentation.

2 Implementation providing level 1 or level 2 support for distributed operation types
shall also define distributed data locality support level:

Level 1: All data required to perform the operation must be on the local processor.
Level 2: Data required to perform the operation can be located on any processor.

3 [Note: Each level is a superset of the previous level. ]
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6 Specification Changes [changes]

This document reflects version 1.0 of the VSIPL++ parallel specification approved
by the VSIPL Forum on 5 Apr 2006. This document has been reviewed by the
Forum.

Version Date Approved Changes
1.0 5 Apr 2006 Initial VSIPL++ parallel specification.
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