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ABSTRACT

C++ AMP (Accelerated Massikarallelism) is a native programming model that contains elements that span the C++
programming language and its runtime library. It provides asyeeay to write programs that compile and execute on data
parallel hardware, such as graphics cards (GPUS).

The syntactic changes introduced by C++ AMP are minimal, but additional restrictions are enforced to reflect the limitations
of data parallel hardware.

Data parallel algorithms are supported by the introduction of mdilthensional array types, array operations on those types,
indexing, asynchronous memory transfer, shared memory, synchronization and tiling/partitioning techniques.
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Pagel

1 Overview

C++AMPis a compiler and programming model extension to C++ that enables the acceleration of C++ codepamadiata
hardware.

Oneexample of dategparallel hardware today is the discrete graphics card (GPU), wdtielcoming increasingly relevant for

general purpose parallel computationi® addition toits main function as a graphics acceleratdvhile GPUs may be tightly
integrated with the CPU and can share memory space, C++ AMP programmers must remain aware that the GPU can also be
physicallyseparatefrom the CPU, having discrete memory address space, and incurring high cost for transtatang
between CPU and GRuemory. The prgramner must carefully balance the cost of thpstential datatransfer overhead

against the computational accebgion achievable byarallel execution on the devic&he programmer must also follow

some basic conventions to avoid unnecessary copies on systems that have separate memBryofsdeference source

not found. Error! Reference source not founénd the discard_data() method Error! Reference sourceot found.).

Another example of datparallel hardware is the SIMD vector instruction set, and associated registers, found in all modern
processors.

For the remainder of this specification, we shall refer to the dadeallel hardware as thaccelerato. In the few places
where the distinction matters, we shall refer to a GPU or a VectorCPU.

TheC++AMPprogramming modegivesthe developer explicit control over all of the above aspects of interaction thigh
accelerator The developemay explicitly manage all communication between the CPU andabeelerator and this
communication can be either synchronous or asynchronous. The data parallel computations performecdhocetkreator
are expressed using higavel abstractions, such as muitimensional arrays, high level array manipulation functions, and
multi-dimensional indexing operations, all based on a large subset of the C++ programming language.

The programming model contaimsultiple layers, allowing developers to trade off eafeuse with maximunperformance.
C++AMPis composed of three broad categories of functionality:

1. C++ language and compiler
a. Kernelfunctions are compileihto code that is specific to the accelerator
2. Runtime
a. The runtime contains &++ AMRbstraction oflower-level acceleratoAPls, as well as support for
multiple host threads and process@end multipleaccelerators
b. Asychronous execution is supported through an eventing model.
3. Programming model
Aset of classes describing the shape and extent of data.
A set of classes that contain or refer to data used in computations
A set of functions for copying data to and from accelerators
A math library
An atomic library
A set of miscellaneous intrinsic fuians

~0o0op

1.1 Conformance

All text in this specification falinto one of the following categories:

1 Informative shown in this style.
Informative text isnon-normative; for background information only; not required to be implemented in order to
conformto this specification
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1 Microsoftspecificshown in this style.
Microsoftspecific text imon-normative; for background information only; not required to be implemented in order
to conformto this specification; explains features that are specific toNhierosoft implementation of the C++ AMP
programming modelHowever, implementers are free to implement these feature, or any subset thereof.

1 Normative all text, unless otherwise marked (see previous categories) is normative. Normative text falls into the
following two subcategories:

o Optional: each section of the specification that falls into thiss€ub 0 SI2NE Ay Of dzZRSa (G KS
in its title. A conforming implementation of C++ AMP may choose to support such features, or not.
(Microsoftspedfic portions of the text are also Optional.)

0 Required: unless otherwise stated, all Normative text falls into thecabgory of Required. A conforming
implementation of C++ AMRustsupportall Required features.

Conforming implementations shall proeicll normative features and any number of optional features. Implementations may
provide additional features so long as these features are expimseramespaces other than those listed in this specification.
Implementation may provide additional languagigpport for amprestricted functions (sectioB.1) by following the rules set
forth in section13.

¢KS LINPINFYYAY3I Y2RSt dzii At ApropettiesAhyGoth grabdrti Dall bercandidizted optiotab & &
An implementation is free to use equivalent mechanisms for introducing such properties as long asotfidg the same
Fdzy OGA2ylftAGe 2F AYRANBOGAZ2Y G2 F YSYOSNI FdzyOlAzy Ia aio

1.2 Definitions
This section introduces terms used within the body of fuecification

1 Accelerator
A hardware device or capability that enables@erated computatioron dataparallel workloads Examples
include:
o Graphics Processing Unit, or GBther coprocessqraccessible through thBCé bus.
o0 Graphics Processing Unit, or GPU, or other coprocessor that is integrated with a CPU on the same die.
o SIMD units of the host node exposed througgitware emulation of a hardware accelerator

T Array
A dense Ndimensional dataontainer.

1 Array View
A view into acontiguouspiece of memory that adds arrdike dimensionality.

1 Compressed texture format
Aformat that divides a texture into blocks that allow the texture to be reduced in size by a fixed; tgpaally 4:1
or 6:1. Compressed textures are useful when perfect image/texel fidelity is not necéssaviiereminimizing
memory storage and balwidth are critical to application performance

1 Extent
Avector of integers that describes lengthf N-dimensionakrray-like objects.

1 Global memory
On aGPU, global memory is the main-ofiip memory store
Informative Typcially, on curreageneration GPUs, global memory is implemented in DRAM, with access times of
4001000 cycleshe GPU clock speed is around 1;Gmdmay or may not be cachedslobal memory is accessed
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in a coalesced patterwith a granularity of 18 bytes so wheraccessing 4 bytesf global memory32 successive
threads need to read the 32 successiveyte addressego be fully coalesced.

Informative: he memory space alurrentGP$ istypicallydisjoint from its host system.

GPGPUGeneral Purposeomputation on Graphics Processing Unithiich is a GPU capable of running aon
graphics computations.

GPU: A specialized (co)processor that offloads graphics computation and rendering from theAsoSfPUs have
evolved they have beome increasingly able to offload nagraphics computations as wélee GPGPU).

Heterogenous programming
A workload that combines kernels executing on dpéaiallel compute nodes with algorithms mimg on CPUs.

Host
The operating system proecess and theU(s) that it is running on.

Host thread
The operating system thread and the CPU(s) that it is runningfonost thread may initiate a copy operation or
parallel loop operation that may run on an accelerator.

Index
Avector of integers that describes1 Ndimentional pointin iteration space or index space.

Kernel Kernel function

A program designed to be executed aCa+tAMPcallsite. More generally, a kernel is a unit of computatibat
executes on an acceleratoA kernel function is a special case; it is the root of a logical call grdphatfons that
execute on an acceleratorA C++ analogy is that ithe & Y | A funatiorefor an acceleratoprogram

Perfect loop nest
Aloop nestin whichthe body of eaclouter loop consists of a single statement that is a loop.

Pixel

A pixe] or picture element represents a single element in a digital image. Typically pixels are composed of multiple
color components such as a red, green and blue values. Otherreplasentation exist, including single channel
images that just represent intensity or black and white values.

Reference counting

WSTSNBEYOS O2dzyiAy3a Aa | YSY2NE YI vyl 3.Re&rghdes o Sn@jecta Ij dzS
are counted andhe object is kept alive as long as there is at least one reference to it. A reference counted object
is destroyed when the last reference disappears.

SIMD unit

Single Instruction Multiple Data. A machine programming model where a single instructicatespever multiple
pieces of data. Translating a program to use SIMD is known as vectorization. GPUs have multiple SIMD units,
which are the streaming multiprocessors.

Informative An SSE (Nehalem, Phenom) or AVX (Sandy Bridge) or LRBni (Larratree)ivect SIMD unit or
vector processor.

SMP
Symmetric MultiProcessor, standard PC multiprocessor architecure.
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1 Texel
A texel ortexture elementrepresents a single element of a texture space. Texel elements are mapped to 1D, 2D or
3D surfaces during sampling, rendering and/or rasterization and end up as pixel elements on a display.

1 Texture
Atexture is a 1, 2 or 3 dimensional logical array wélke which is optimized in hardware for spacial access using
texture caches. Textures typically are used to represent image, volumetric or other visual information, although
they are efficient for many data arrays which need to be optimized for spacieéact need to interpolate
between adjacent elements. Textures provide virtualization of storage, whereby shader code can sample a texture
object as if it contained logical elements of one type (e.g., float4) whereas the concrete physical storage of the
texture is represented in terms of a second type (e.qg., fehit&hannels). This allows the application of the same
shader algorithms on different types of concrete data.

1 Texture Format
Texture formats define the type and arrangement of the underlying bytes representing a texel value.
Informative Direct3D supports many types of formats, which are described under the DXGI_FORMAT enumeration.

1 Texture memory
Texture memory space residesGPUmemory and is cached in texture cachatexture fetch costs one memory
read fromGPUmemory only on a cache miss, otherwise it just costs one read from texture cache. The texture
cache is optimized for 2D spatial locality, so threads of the sasheduling unit that read texture addresses that
are close together in 2D will achieve best performance. Also, it is designed for streaming fetches with a constant
latency; a cache hit reduces global memory bandwidth demand but not fetch latency.

I Threadgroup; Thread tile
Aset of threads that are scheduled together, can shiee staticmemory, and can participate in barrier
synchronization.

Tile_staticmemory
Usermanaged programmableache on streaming multiprocessors on GP8sared memory ibcal to a
multiprocessor and shared across threads executing on the same multiprocessor. Shared memory allocations per
thread group will affect the total number of thread groups that ardlight per multiprocessor

1 Tiling
Tiling is the partitioning ofraN-dimensionadense index space (compute domainy 2 &+ YS &AT SR Wi A
N-dimensionakectangles with sides parallel to the coordinate ax&gingis essentially the process of recognizing
the current thread group as being a cooperative gang of threads, with the decomposition of a global index into a
local index plus a tile offset. @++AMPIt is viewing a global index as a local index and dDildescribed by the
canonical correspondence:

compute grid ~ dispatch grid x thread group

In particular, tiling provides the local geometry with which to take advantage of shared memory and barriers
whose usage patterns enahleducing global meory accesses anmbalescing of global memory acce§he
former is the most common use of tile_static memory.

1 Restrictedfunction
A function that is declared to obey the restrictions of a partic@ar AMP subsefA function can be CRU

restricted, inwhich case it can run on a host CPU. A function caaniyerestricted, in which case it can run an
amp-capableacceleratorsuch as a GPar VectorCPU A function can carry more than one restriction.

1.3 Error Model
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199  Hostside runtime library codéor C++AMPhas a different error model than devisgde code. For more details, examples
200 and exceptiorcategorizatiorseeError Handling

201

202  HostSide Error Model On a hostC++ exceptions anaksertions will be used to present semantic errors and hence will be
203  categorized and listed as error states in API descriptions.

204

205 DeviceSide Error Model Microsoftspecific: The debug_printf instrinsic is additionally supported for logging messages
206  from within theacceleratorcodeto the debugger output window

207

208 Compiletime asserts The C++ intrinsigtatic_asseris often usedo handle error states that are detectable at compile time.
209 In this waystatic_asseris a technique for conveying static semantic errors and as such they will be categorized similar to
210  exception types.

211 1.4 Programming Model

212

213  The C++ AMP programming modéhistored into the following header files:
214

215 1 <amp.h>

216 1 <amprt.h>

217 I <amp_math.h>

218 i <amp_graphics.h>

219 1 <amp_short_vectors.h>

220

221  Here are hetypesand patterns that compris€++ AMP
222 1 Indexing level<amp.h>)

223 0 indexxN>

224 0 extent{\>

225 o tiled_extent<D0,D1,D2

226 o tiled_index0,D1,D2

227 1 Datalevel (<amp.h>)

228 0 array<T,N>

229 0 array_view<T,N> array_view<const T,N>
230 0 copy

231 0 copy_async

232 1 Runtime level(<amprt.h>)

233 o accelerator

234 0 accelerator view

235 o completion_future

236 1 Callsite level(<amp.h>)

237 o parallel_for_each

238 0 copyc various commands to move data betweeompute nodes
239 1 Kernel level(<amp.h>)

240 o tile_barrier

241 o restrict() clause

242 o tile_static

243 o Atomic functions

244 1 Math functions (<amp_math.h>)

245 o Precise math functions

246 o Fast math functions

247 1 Textures(optional, <amp_graphics.h>)
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0 texture<T,N>
0 writeonly_texture_view<T,N>
1 Shortvector types (optional, <amp_short_vectors.h>)
o Short vector types
1 direct3d interop(optional and Microsof-specific)
o Data interogeration on arrays and textures
0 Scheduling interoperation accelerators and accelerator views
o Direct3d intrinsic functions for @mping, bit counting, and other special arithmetic operations.

2 C++ Language Extensions for Accelerated Computing

C++ AMP addscosed setof restrictionspecifiers to the C++ type system, with new syntax, as well as rules for how they
behave withrespect to conversion rules and overloading.

Restriction specifiers apply to function declarators only. The restriction specifiers perform the following functions:
1. They become part of the signature of the function.
2. They enforce restrictions on the conteand/or behaviour of that function.
3. They may designatearticular subset of the C++ language

For example, méampé  NBAGNRAROGA2Yy 62dzZ R A YLX &he definedisubbet 6F @z Suchitizay/it isy dza
amenable for use on a typical GPU devi

2.1 Syntax
A new grammar production is added to represent a sequence of such restriction specifiers.

restrictionspecifierseq:
restrictionspecifier
restrictionspecifierseq restrictiorspecifier

restrictionspecifier:
restrict ( restrictionseq )

restrictionseq:
restriction
restrictionseq , restriction

restriction:
amp-restriction
cpu

amp-restriction:
amp

Therestrict keyword is a contextual keyword. The restriction specifiers contained wittéstectclause are not reserved
words.

Multiple restrict clausessuch asestrict(A) restrict(Behave exactly the same asstrict(A,B) Duplicate restrictions are
allowed and behave as if the duplicates are discarded.

I There is no mechanism proposed here to allow developers to extend the set of restrictions.
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Thecpurestriction specifies that this functionill be able torun on the host CPU.

If a declarator elides the restriction specifier, it behaves as if it were specifiedasittict(cpu) except when a restriction
specifier is determined by the surrounding ¢ext as specified in sectidh2.1 If a declarator contains a restriction
specifier, then it specifies the entire set of restrictions (in other wordstrict@mp) meanswill be able to ruron theamp
target,neednot be able to rurthe CPU).

2.1.1 Function Declarator Syntax
The function declarator grammar (classic & trailing return type variado@adjusted as follows:

D1 (parameterdeclarationclause) cv-qualifiersegypt ref-qualifiefopt restrictionspecifierseppt
exceptionspecificationpt attribute-specifiespt

D1 (parameterdeclarationclause) cv-qualifiersegpt ref-qualifieropt restrictionspecifiersegpt
exceptionspecificatiompt attribute-specifiespt trailing-return-type

Restriction specifiers shall not be applied to other declaraterg:(arrays, pointers, references). They can be applied to all
kinds of functions including free functions, statienonstatic member functions, special member functions, and overloaded
operators.

Examples:

auto grod() restrict( amp);
auto freedle() restrict( amp) - > double;

class Fred {
public:
Fred() restrict( amp)
membekrinitializer
{}

Fred& operator=(const Fred&) restrict( ampy);
int kreeble(int x, int y) const restrict( amp);

static void zot() restrict( ampy);

I

restrictionspecifiersegp: applies to to all expressions between trestrictionspecifierseqand the end of the function
definition, lambdaexpression, membedeclarator, lambdaleclarator or declaratar

2.1.2 Lambda Expression Syntax
The lambda expression syntax is adjusted as follows:

lambdadeclarator:
( parameterdeclarationclause) attribute-specifiespt mutableopt restrictionspecifiersegppt
exceptionspecificationpt trailing-return-typeopt

When a restriction modifier is applied to a lambda expressionptteavioris as if all member functions of the generated
functor are restricton-modified.

2.1.3 Type Specifiers
Restriction specifiers are not allowed anywhere in the type specifier geatrewven if it specifies a function type. For example,
the following is not weformed and will produce a syntax error:

typedef float FuncType(int);

restrict(cpu) FuncType* pf; // lllegal; restriction specifiersnot allowed in type specifiers
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The correct way to specify the previous example is:

typedef float FuncType(int) restrict(cpu);

FuncType* pf;
or simply

float (*pf)(int) restrict(cpu);

2.2 Meaning of Restriction Specifiers
The restriction specifiers on the declaration of a given fundtiorust agree with those specified on the definition of function
F

Multiple restriction specifiersnaybe specified for a given functiothe effect is thathe function enforces the union of the
restrictions defined by each restriction modifier.

Informative: rot for this release It is possible tariagine two resriction specifiers that are trinsically incompatible with
each other (for exampl@ure andelemental ). When this occurs, the compiler will produce an error.

Refer to sectiod3for treatment of versioning of restrictions

The restriction specifiers amfunction become part of its signature, and thus can be used to overload

Every expressiofor subexpression}hat is evaluated in code that has multiple restriction specifiers nmastethe same

type in the context okachrestriction. It is acompiletime error if an expression can evaluate to different types under the
different restriction specifiers. Function overloads should be defined with care to avoid a situation where an expression ca
evaluate to different types with different restricins.

2.2.1 Function Definitions

The restriction specifiers applied to a function definition are recursively appdiedl functiondeclarators and type names
defined within its bodyhat do not have explicit restriction specifigi.: through nested classdbat have member functions,
and through lambdas.) For example:

void glorp() restrict( amp) {
class Foo { ) .
void zot () ©@h aGpidsticted
h
autof 1 = [ ] (i nt y) { La;bd&isamgréstricted
autof 2 =[] (inty) restrict(cpu) { ¢é '} ; Lambdaiscpurestricted
typedef int int_void_amp(); //Int_void_amp is amp - restricted

e

}

This also applies to the function scope of a lambda body.

2.2.2 Constructors and Destructors
Constructors can have overloads that differentiated by restriction specifiers.
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400 Since destructors cannot be overloaded, the destruatmust contain a restriction specifier that covers the union of
401 restrictions on all the constructors(A destructor can achieve the same effect of overloadiggealling auxiliary cleanup
402  functions that have different restriction specifiers.)

403

404  For example:

405

406 class Foo {

407 public:

408 Foo() { ¢é }

409 Foo() restrict( amp) { é }

410

411 ~Foo() restrict(cpu, ampy;

412 L

413

414 void UnrestrictedFunction() {

415 Foo a; // AAT 1 @ &dd&iiqd

416 é

417 I A EO AAOOOOAOAA xEOE O&I 1 ddo&ilj Qo
418 }

419

420 void RestrictedFunction() _ restrict( amp) {
421 Foo b; // AAT 1 O Oegdtricttao®d 1 §
422 é

423 I A EO AAOOOOAOAA xEOE O&iiddo&iijgs
424 }

425

426 class Bar {

427 public:

428 Bar () { ¢é }

429 Bar() restrict( amp) { ¢é }

430

43% ~Bar (); // error: restrict(cpu,amp) required

4 o

433
434 A virtual function declaration in a derived clagdl override a virtual function declaration in a base class only if the derived
435  class function has the same restriction specifiers as the bagg.

436

437 class Base {

438 public:

439 virtual void foo() restrict( R1);

440 k

441

442 class Derived : public Base {

443 public:

444 virt ual void foo() restrict( R2); /I Does not override Base::foo
445 k

446

447  (Note that C++ AMP does not support virtual functions in the cumresitrict(amp)subset.)
448

449 2.2.3 Lambda Expressions
450  When restriction specifiers are applied to a lambda declaratorbiteavioris as if the restriction specifiers are applieglall
451  member functions of the compilegenerated function object. For example:

452

453 Foo ambientVar;

454

j‘igg auto functor = [ ambientVar ] (inty) restrict( amp) ->int{returny + ambientvVar.z ;};
457  is equivalent to:

458

459 Foo ambientVar;

460

461 class <lambdaName> {
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462 public:

463 <lambdaName>(const Foo& foo)
464 : capturedFoo(foo)

465 {}

466

467 ~<lambdaName>() {}

468

29(9) int operator()(int y) restrict( amp) { return y + capturedFoo .z;}
471 const Foo& capturedFoo;

472 L

473

474 <lambdaName> functor;

475

476 2.3 Expressions Involving Restricted Functions

477 2.3.1 Function pointer conversions

478  New implicit conversion rules must be added to account for restricted function pointers (and references). Given an expressio
479 2F (e LIS GEEANYISRYE Zo WKAMLIGRQISH (08 yO2 ¥y @ 5WNAnSRG iRy & 87038 allayLi2 A3/y
480 the restriction specifiers of R Stated moréntuitively, it is okay for the target function to be more restricted than the function

481 LR AYGSNI GKF G A yidrdtiobdilesdrésiicteiEigRa y24 271t

482

483 int func(int) restrict( R1, R2);

484 int (*pfn)(int) restrict( R1) =func; // ok, since func(intyestrict(RLR2) is at leastR1
485

486  (Note that C++ AMP does not support function pointarthe currentrestrict(amp)subset)

487 2.3.2 Function Overloading

488  Restriction specifiers become part of the function type to which they are attachedthey become part of the signature of
489 the function. Functions can thus be overloaded by differing modifiers, and each unique set of modifisssafainique
490 overload.

491

492  The restriction specifiers of a function shall not overlap with any restriction specifiers in another function \Wwihéarhe
493  overload set.

494

495 int func(int x) restrict(cpu,amp)

496 int func(int x) restrict(cpu); /I error,overlaps wih previous declaration
497

498  The target of the function call operator must resolve to an overloaded set of functions titdesstas restricted as the body
499  of the calling function (se®verload Resolutign E.g:

500

501 void grod();

502 void glorp() restrict( amp) ;

503

504 void foo() restrict( amp) {

505 glorp(); // okay: glorphasamprestriction
506 grod(); // error: grod lacksamp restriction
507

508

509 Itis permissible for &ssrestrictive callsite to call a morgestrictive function.
510

511 Compilergenerated constructors and destructors (and other special member functions) behave as if they were deittared
512  as many restrictions as possible while avoiding ambiguities andserFar example:

513

514 struct Grod {

515 int a;

516 int b;

517

518 /I compiler -generated default constructor: Grod() restrict(cpu,amp);
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int frool() restrict( amp) {
return a+b;
}
int blarg() restrict(cpu) {
return a*b;
}
/I compiler-generated destructor: ~Grod() restrict(cpu,amp);
h
void d3dCaller() restrict( amp) {
Grod g; // okaybecause compilegenerated default constructor is restrict(amp)
int x = g.frool();
/I g.~Grod() called here; also okay
}
void d3dC aller() restrict(cpu) {
Grod g; // okaybecause compilegenerated default constructor is restrict(cpu)
int x = g.blarg();
/I g.~Grod() called here; also okay
}

¢CKS O2YLWAE SN Ydzad o0SKI @S GKA A& ¢ &hoddingt@ffect dthferJpotén@alukes of itza | 3 S
other restricted or unrestricted scopes.

More specificallythe compilerfollows the standard C++ rules, ignoring restrictions, to determine which special member
functions to generate and how to generateem. Then the restrictions are set according to the following steps:

The compiler sets the restrictions of compHgenerated destructors to the intersection of the restrictions on all of the
destructors of thedatamembers [able to destroy altlata memberg and all of the bas®© f | Zéstuaters fble to call all
ol asS Of I 4aa§ & DercRafeand Nbz@ésgusthrs, then all possible restrictiares used[able to destroy in any
contexi. However, any restriction that would result in an erisinotset

The compiler ststhe restrictionsof compilergenerated default constructors to the intersection of the restrictions on all of

the default constructors of the member fieldatle to construct all member fieldsil of the bas@® t | &efabile Q

constructorsf 6 £ S G2 OFftt |ttt 0ol & %ndhe dedtrackadtheRkBshtjledet dastray iy G NHzO (i 2 NE
context constructed Howeverany restriction that would result in an errgs not set

The compiler ststhe restrictiors of compilergenerated copy constructors to the intersection of the restrictions on all of
the copy constructors of the member fieldsbje to construct all member fielgsil of the bas€ t | ZépBcdBtructors
FoftS G2 Ol t fcopycontructots,ai the debtracioSal tie clasaljle to destroy in any context construcied
However, any restriction that would result in an erismot set

The compiler ststhe restrictionsof compilergenerated assignment operators to the intersectifrthe restrictions on all of

the assignment operators of the member fieldgble to assign all member fieldand all of the bas® t I Zagsi§riment
operators| 6t S G2 OFfft Ffft ol a$ Hovweled andrasictibnahatiwawd YeSulf in areelrds N.hotl 2 NE&
set.

2.3.2.1 Overload Resolution
Overload resolution depends on the set of restrictions (function modifiers) in force at the call site.
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int func(int x) restrict( A ;

int func(int x) restrict( B O;

int func(int x) restrict( ;

void foo() restrict( B
int x = func(5); // calls func(int x)restrict(B,C)
é

}

A call to functiorFis valid if and only if the overload set 6tovers all the restrictions in force in the calling function. This
rule can be satisfied by a single functiéthat contains all the require restrictions, or by a set of overloaded functichat
each specify a subset of the restrictions in force at the call site. For example:

void Z() restrict( amp,sse 2,cpu ){}
void Z_caller() restrict( amp,sse,cpu ) {
Z(); Il okay; all restrictions available in a single function
void  X() restrict( amp) {}
void  X() restrict(sse) { }
void X() restrict(cpu) {}
void X caller() restrict( amp,sse ,cpu ) {
X0; 11 okay;all restrictions available in separate functions
void Y/() restrict( amp) { }
void Y_caller() restrict(cpu, amp) {
YO; 1 error; no available Y() that satisfies CPU restriction

When a call to a restricted function is satisfied by more than anetfon, then the compiler must generata asif-runtime®-
dispatch to tke correctly restricted version.

2.3.2.2 Name Hiding
Overloading via restriction specifiers does not affect the name hiding rules. For example:

void foo(int x) restrict(amp) { ... }

namespace N1 {
void foo(double d) restrict(cpu) { .... }

void foo_caller() restrict( amp) {
foo(10); /I error; global foo() is hidden by N1::foo

}

The name hiding rules in C++11 Section 3.3.10 state that within namespace N2, thédl Yy I YS aC22¢ A& KAI
Y YS & C2 8ot overlbagleby ih &

2.3.3 Casting
A restricted function type can be cast to a more restricted function type using a norstgleC cast oreinterpret_cast (A
cast is not needed when losing restriis, only when gaining fror example:

void unrestricted_func(int,int);

void restricted_caller() restrict( R {
((void ( *)(int,int) restrict( R))unrestricted_func)(6, 7);

2p20GS GKIG GaasSé¢é A& dzZaSR KSNBE F2NJ AffdzaAaGNI GA2y 2yfes | yR
3 Compilers are always free to optimize tHighiey can determine the target statically.
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reinterpret_cast<(void ( *)(int,int) restrict( R)>(unrestricted_func)(6, 7);
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A program whiclattempts to invoke a function expression after such unsafe casting cahiexhdefined behavior.

2.4 amp Restriction Modifier

Theamprestriction modifier applies a relatively small set of restrictions that reflect the current limitations of GPU hardware

and the underlying programming model.

2.4.1 Restrictions on Types

Not all types can be supported arurrent GPUhardware. Theamp restriction modifier restricts functions from using

unsupported types, in their function signature or in their function bodies.

We refer to the set of supported types as beamgp-compatible Any type referenced within an amp restriction function

shall be ampcompatible. Some uses require further restrictions.

2.4.1.1 Type Qualifiers

Thevolatiletype qualifier is not supported withian amprestrictedfunction. A variable or member qualified with volatile

may not be declared or accessedaimp restricted code.

2.4.1.2 Fundamental Types

Of the set ofC++ fundamental typesnly the following aresupported withinan amp-restrictedfunction asamp-compatible

types

bool

int, unsigned int
long, unsigned long
float, double

void

= =4 =4 4 9

The representation of these types on a device run@ngmpfunction is identical to that of its host.

2.4.1.2.1 Floating Point Types

Floating point types behave the sameaimprestricted code as they do in CPU code. C++ AMP imposes the additional
behavioural restriction that an intermediate representation of aflag point expression shall not use higher precision

than the operands demand. For example,

float foo() restrict(amp) {
float f1, f2;
é

return f1 + f2; I 626 I 6006 AA PAOAI Oi AA OOEI ¢ O&I 1 AG6 POAAEOET |

}

Ly GKS 06208 SEI YLX ST (KS SELINS dcatleoyhiglded precisionBmd¢hendcénbettdd vy 2

back tofloat.

Microsoft-specifiy ¢ KAa Aa Sl dz
AYGSNNYSRAFGS NBLINBaSyGlrdAz2ya 2F Ft2FdAy3
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679 2.4.1.3 Compound Types

680  Pointers shall only point tamp-compatibletypes or concurrency::arrayor concurrency::graphics::texture Pointers to
681  pointers are nosupported std::nullptr_ttype is supported and treated as a pointer typi pointer type isconsiderecamp-
682  compatible Pointers are only supported &scal variables and/or function parametessd/or function return types

683

684 References (lvalue and rvalueshall refer only to amp-compatible types andor concurrency::array and/or
685  concurrency::graphics::texturéAdditionally, references to pointersare supportedas long as the pointer type is itself
686  supported Reference testd::nullptr_tis not allowedNo reference type isonsideredamp-compatible References are only
687  supported as local variables and/or function parameters and/or function return types.

688

689  concurrencyarray_viewandconcurrency::graphicsvriteonly texture vievare amp-compatibletypes.

690

691  Aclasstype (class, struct, union) is argompatible if

692 9 it contains only data members whose types amap-compatible except for references to instances of classes
693 array andtexture, and

694 1 the offset ofits datamembers and base classes are at least foies aligned, and

695 1 itsdata members shall not be bitfieldand

696 1 it shall not havevirtual base classes, andrtual member functiors, and

697 1 all of its base classes amenp-compatible

698 The element type of an arrashall beamp-compatibleandfour bytealigned

ggg Pointers to members (C418.3.3) shall only refer to nestatic data members.

;8; Enumeration types shall have underlying types consistingtofinsigned int, longor unsigned long

;8131 The representation adin ampcompatiblecompound type (with the exception of pointer & reference) on a device is identical
705  to that of its host.

706 2.4.2 Restrictions on Function Declarators
707  The function declarator (C1%8.3.5) ofan amprestrictedfunction:

708 T akKlktft y2d KIF@S | pératdetarisk y3 St fALAAE 6X0 Ay Ada
709 1 shall have no parameters, or shall have parameters whose typesnagpeompatible

710 1 shall have a returtype that isvoid or isamp-compatible

711 9 shall notbe virtual

712 1 shall not have a thmy specification

713 § shall not haves E (i S Nikagéwheén multiple restriction specifiersre present

714 2.4.3 Restrictions on Function Scopes

715  The function scope ain amprestrictedfunction may contain any valid C++ declaration, statement, or expression except for
716  those which are specified here.

717  2.4.3.1 Literals

718 AC++AMPprogram is iformed if the value of an integer constant or floating point constant exceeds the allowable range of
719  any of the above types.

720 2.4.3.2 Primary Expressions (C++11 5.1)

721  Anidentifieror qualified identifier that refers to an object shall refer only to:

722 1 a parameter to the function, or
723 1 alocal variable declared at a block scope within the function, or
724 1 a nonstatic member of the class of which this function is a member, or
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1 astatic constypethat can be reduced to mtegerliteral and is only used as amalue, or
1 a globalonsttypethat can be reduced to a integer literal and is only used as an rvalue, or
1 acaptured variable in a lambda expression.

2.4.3.3 Lambda Expressions

If alambda expression appears within the bodgmamprestrictedfunction,the ampmaodifier may be elided and the lambda
is still consideredn amp lambda.

A lambda expression shall not capture any context variable by refereaxeept for context variables of type
concurrency::arragnd concurrency::graphics::texture

The effective dsure type must beamp-compatible

2.4.3.4 Function Calls (C++11 5.2.2)

The target of a function call operator:
1 shall not be a virtual function
9 shall not be a pointer to a function
1 shall not recursively invoke itself or any other function that is directly oréotliy recursive.

These restrictions apply to all functidike invocations including:
91 object constructors & destructors
1 overloaded operators, includingew and delete
2.4.3.5 Local Declarations
Local declarations shall not specify any storage class othentuaster,or tile_static. Variableghat are nottile_staticshall
have typeghat areamp-compatible pointers toamp-compatibletypes, or references tamp-compatibletypes
2.4.3.5.1 tile_static Variables

A variable declareavith the tile_static storageclasscanbe accessed by all threads within a tile (group of thread$he (
tile_staticstorage class is valid only withinestrict(amp)context.) The storage lifetime of fle_staticvariable begins when
the executionof a thread in a tilgeaches the poinof declaration, and ends when the kernel functisnexited by the last
thread in the tile Each thread tile accessing the variable shall perceive to access a separdile, pestance of the variable.

A tile_static variable declaration does not cetitute a barrier (see8.1.1). tile_static variables are not initialized by the
compiler and assume no default initial values

Thetile_staticstorage class shall only be used to declare local (function or block scampe)les.

The type of dile_staticvariable or array must bemp-compatibleandshallnot directly or recursively contain any
concurrency containers (e.goncurrency::arrayview) or reference to concurrency containers.

Atile_staticvariable shall not have an initializendno constructors or destructors will be called for it;ingial contents are
undefined.

Microsoft-specific The Microsoft implementation of C++ AMP restricts the total siiike oftaticmemory to32K.
2.4.3.6 Type-Casting Restrictions

A typecast shall not be used to convert a pointer to an integral type, nor an integral type to a pointer. This resipplien
to reinterpret_cas{C+415.2.10) as well as to-€yle casts (C445.4).
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771  Casting awagonstness may result in a compiler warning and/or undefifethavior

772 2.4.3.7 Miscellaneous Restrictions

773  The pointerto-member operators* and - >* shall only be used taccess pointeto-data member objects.

774

775  Pointer arithmetic shall not be performed on pointersttool values.

776

777 A pointer or referenceto an amprestricted function is not allowed. This is true even outside of an-esapicted context.
778

779  Furthermore,an anp-restrictedfunction shall not contain any of the following:

780 1 dynamic_casor typeidoperators

781 1 goto statements or labeled statements

782 1 asmdeclarations

783 9 Functiontry block,try blocks,catchblocks, orthrow.

784 3 Device Modeling
785

786 3.1 The concept of acompute accelerator

787

788 A compute accelerator is a hardware capability that is optimized fa-gatallel computing. An accedor may be a device

789  attached to a PCle bus (such as a GRUOgvice integrated on the same die as the G&tit might be an extended instruction

790  set onthe main CPU (such as SSE or AVX).

791

792  Informative Somgdr NOKA G SOl dzNBEa YAIKGE O6NARIS (kKkS&aS Gg2 SEGNBYSa:z &
793

794  In the C++ AMP model, an accelerator nhaye private memory which is not generally accessible by the host. C++ AMP
795 allows data to be allocated in the accelerator memory and references to this data may be manipulated on the host. It is
796  assumed that all data accessed within a kernel must be storaddlerator memory although some C++ AMP scenarios will
797  implicitly make copies of data logically stored on the host.

798

799 C++AMP has functionality for copyinglata between host and acceleratomemories A copy fromacceleratofto-host is

800 always a synchronizath point, unlessan explicitasynchronous copy is specified. In general, for optimal perdoce,

801 memorycontentshould stay on an acceleratas long as possible.

802

803 In some casescceleratormemory andCPUmemory are one and the same. And depending ugfanarchitecture there

804 may nevelbeany need to copy betweethe two physical locations of memaryC++ AMP provides for coding patterns that

805 allow the C++ AMP runtime to avoid or perform copies as required.

806 3.2 accelerator

807  Anacceleratoris an abstractiof a physicatlata-paralletoptimized compute node. macceleratoris often a GPU, but can
808  also be a virtual hosdide entity such as thilicrosoft DirectXREFRlevice, oM WARRa CPUsidedevice accarated using SSE
809 instructions), or can refer to the CHtself.

810 3.2.1 Default Accelerator
811 C++ AMP supports the notion of a default accelerator, an accelerator which is chosen automatically when the program does
812  not explicitly do so.

813

814 A user may explicitly create a default accelerator object in one of two ways:
815

816 1. Invoke the default constructor:
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accelerator def;
2. Use thedefault_acceleratodevice path:

accelerator def(accelerator::default_accelerator);

The user may also influence which accelerator is chosen as the default by aatligrator::set_defaulprior to invoking

any operation which would otherwise choose the default. Such operations include inyaokialge! for eachwithout an
explicitaccelerator_vievargument or creating armarray not bound to an explicihccelerator_viewetc. Note that oliaining

GKS RSTFlLdzZ G F OO0OStSNI (2N R28S4 y20 FTAE (GKS RSTFlLdzA 64T G(KAA
attempting to override it.

If the user does not cadlccelerator::set_defaulthe default is chosem an implementation sgcific manner.

Microsoft-specific
The Microsoft implementation of C++ AMP usedltieefollowing heuristi¢o select a default accelerator when one is not
specified by a call taccelerator::set_defauit
1. If using the debug runtime, prefer an acceleratmat supports debugging.
2. If the process environment variall®®PAMP_DEFAULT ACCELERg\3é€tHnterpret its value as a device path
and prefer the device that corresponds to it.
3. Otherwise, the following criteria are used to determine Westaccelerator:
a. Prefer noremulated devices Among multiple noemulated devices:
i. Prefer the device with theost available memory.
ii. Prefer the device which is not attached to the display.
b. Among emulated devices, prefer accelerated devices such as WARIrRedREF device.

Note that the cpu_accelerator is never considered among the candidates in the above heuristic.

3.2.2 Synopsis

class accelerator

{
public :
static const wchar_t default_accelerator(]; /l=L" default "

/I Microsoft-specific:
staticconstwchar_tdirect3d_warp[]; // = L"direct3d\warp"
staticconstwchar_tdirect3d_ref[];  // = L"direct3d\ref"

static  const wchar_t cpu_accelerator]]; /I = L"cpu"
accelerator();

explicit accelerator( const wstring& path);

accelerator( const accelerator& other);

static  vector<accelerator> get_all();
static  bool set_default( const wstring& path);

accelerator& operator =(const accelerator& other);

__declspec (property (get)) wstring device_path;
__declspec (property (get)) unsigned int version; // hiword=major, loword=minor
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868 __declspec (property (get)) wstring description;

869 __declspec (property (get)) bool is_debug;

870 __declspec (property (get)) bool is_emulated;

871 _ declspec (property (get)) bool has_display;

872 __declspec (property (get)) bool supports_double_precision;
873 __declspec (property (get)) bool supports_limited_double_precision;
874 _ declspec (property (get)) size_t dedicated_memory;
875 __declspec (property (get)) accelerator_view default_view;
876

877 accelerator_view create_view();

878 accelerator_view create_view(queuing_mode gmodsg;

879

880 bool operator ==(const accelerator& other) const ;

881 bool operator !=( const accelerator& other) const ;

882 };

883

884

class accelerator

Represents a physical accelerated computing device. An object of this type can be created by enumerating the available
devices, or getting the default device , the reference device, or the WARP device.

Microsoftspecific:
The WARP device may not be aua#aon all platforms, not even all Microsoft platforms.

885 3.2.3 Static Members

886
static  vector<accelerator> accelerator::get_all()
Returns a std::vector of accelerator objects (in no specific order) representing all accelerators that are available, includi ng
reference accelerators and WARP accelerators if available.
Return Value:
A vector of accelerators.
887
888
static  bool set default( const wstring& path);
Sets the default accelerator to the device path identified by the fApatho argument . See the
wstring& path)o for a description of the allowable path string
This establishes a process -wide default accelerator and influences all subsequent operations that might use a default
accelerator.
Parameters
path The device path of the default accelerator.
Return Value:
A Boolean flag indicating whether the default was set. If the default has already been set for this process, this value will
be false , and the function will have no effect.
889

890 3.2.4 Constructors
891

Constructs a new  accelerator object that represents the default accelerator. This is equivalent to calling the constructor
ffaccel erator(accelerator::default_accelerator)o.

The actual accelerator chosen as the default can be affected b
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893

894

895
896

897

Paramete rs:
None.
accelerator( wstring& path) \
Constructs a new accelerator object that represents t Hiéepathysi c.
represents an unknown or unsupported device, an exception will be thrown.
The path can be one  of the following:
1. accelerator::defaul tdefaltc)e,| ewhit o (epr dents the path of th
as chosen by the runtime.
2. accelerator::cpu_accelerator (or LoOocpud), which r espalmsbent s
invoked over this accelerator.
3. Avalid device path that uniquely identifies a hardware accelerator available on the host system.
Microsoftspecific:
4, | OOSt SNI (2 N YRA NB\OAoNAgesUH INLS KOARZON [ NIRANISaOSiyoiRs G KS 2! wt | OOSt S
5. acceS NI 2 N YRA NB O G \ONBYMNEBITE oK\ G K RMSNBNHRIZoR/ a4 GKS wo9cC F O0St SNI G
Parameters:
path ’ The device path of this accelerator.
accelerator( accelerator& other); ‘
Copy constructs a n accelerator object. This function does a shallow copy with the newly created accelerator object
pointing to the same underlying device as the passed accelerator parameter.
Parameters:
other ’ The accelerator object to be copied.

3.25 Members

These are static constant string literals that represent device paths for known accelerators, or in the case of

Microsoftspecifc:

member may not exist.

other nondirect3d platforms, this member may not exist.

Aidefault_acceleratoro, direct the runtime to choose an acceler
default_accelerator : The sdefautngrkepresents the default accelerator, wh
fastest accelerator available. The selection criteria are discussed in section 3.2.1 Default Accelerator

cpu_accelerator : The string Locpudo represents the host system. Thi
system -allocated memory such as host arrays and staging arrays. It is not a valid target for accelerated computations.

direct3d_warpY ¢CKS adNByHELYE ¢ RBNBBESRIA (HSelcRatd@WaipSlevicd: OrKothar Fairett8dSlatforms, this

direct3d_refY ¢KS A0NNFHE: [ BRANB DS ¢ Ra (1 Relereice, Havisel THB paititubanidévidis uSeflibfor @ebldgging. O

Assigns a n accelerator obj ect t acceferatri slwj ect and returns a reference
shallow assignment with the newly created accelerator object pointing to the same underlying device as the passed
accelerator parameter.

to Ath
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Parameters:

other ’ The accelerator object to be assigned from.

Return Value:

A r ef er en c eacceleratai tohjects 0

( (get)) accelerator_view default_view \

Returns the default  accelerator view associated with the accelerator . The queuing_mode of the default accelerator_view
is queuing_mode_automatic.

Return Value:

The default accelerator _view object associated with the accelerator .

accelerator_view create_view(queuing_mode gmode)

Creates and retu rns anew accelerator view on the accelerator with the supplied queuing mode.

Return Value:

The new accelerator _view object created onthe  compute device .

Parameters

gmode The queuing mode of the accelerator _v

Queuing Mode o .

accelerator_view create_view() ‘

Creates and returns a new resource view on the accel enuomatc ) o. E

Return Value:

The new accelerator _view object created onthe  compute device .

== accelerator& other)

Comp ar es aficelératos owith the passed accelerator object to determine if they represent the same underlying
device.

Parameters:

other ‘ The accelerator object to be compared against.

Return Value:

A boolean value indicating whether the passed accelerator obj ect i s s ameelemor .fit hi so

I=( accelerator& other)

Comp ar es aficelératos owith the passed accelerator object to determine if they represent different devices.

Parameters:

other ’ The accelerator object to be compared against.

Return Value:

A boolean value indicating whether the passed accelerator obj ect s di ff eaceetetatorf.r om fithi so

3.2.6  Properties

The following reaebnly properties are part of the public interface of the classelerator, to enable querying the
acceleratorcharacteristics:
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__declspec (property (get)) wstring device_path

Returns asystem -wi de uni que device instance path that matches the f@ADe
Device Manager, or one of the predefined path constants cpu_accelerator , direct3d_warp , or direct3d_ref

910

__declspec (property (get)) wstring description
Returns a short textual description of the accelerator device

911

_ declspec (property (get)) unsigned int version

Returns a 32 -bit unsigned integer representing the version number of this accelerator. The format of the integer is
major.minor, where the major version number is in the high -order 16 bits, and the minor version number is in the low -
order bits.

912

_ declspec (property (get)) bool has_ display

This property indicates that the acce lerator may be shared by (and thus have interference from) the operating system or
other system software components for rendering purposes. A C++ AMP implementation may set this property to false

should such interference not be applicable for a particular accelerator.

913

_ declspec (property (get)) size t dedicated_memory

Returns the amount of dedicated memory (in KB) on an accelerator device. There is no guarantee that this amount of
memory is actually available to use.

914

_ declspec (property (get)) bool supports double precision
Returns a Boolean value indicating whether this accelerator supports double -precision ( double ) computations.  When this
returns true, supports limited double precision also returns true.

915

__declspec (property (get)) bool supports limited double precision

Returns a boolean value indicating whether the accelerator has limited double precision support (excludes double
division, precise _math functions, int to double, double to int conversions) for a parallel for_each kernel.

916

_ declspec (property (get)) bool is debug

Returns a boolean value indicating whether the accelerator supports debugging

917

_ declspec (property (get)) bool is emulated

Returns a boolean value indicating whether the accelerator is emulated. This is true, for example, with the reference,
WARP, and CPU accelerator_s.

918

919 3.3 accelerator_view

920

921  An accelerator_viewepresents a logical view of an accelerat@k.single physical compute device may have many logical
922  (isolated) accelerator viewsEach accelerator has a default accelerator view and additional accelerator views may be
923  optionally created by the useiPhysical devices must potentially be shared ansbmgany client threadsClient threads may

924  choose to use the sammccelerator_vievof an accelerator or each client may communicate with a compute device via an
925 independentaccelerator viewobject for isolaton from other client threads.Work submitted b an accelerator_view is

926  guaranteed to be executed in the order that it was submitted; there are no such ordering guarantees for work submitted on
927  different accelerator_views.

928

929  Anaccelerator vievDl'y 6S ONBI GSR gAGK | | cafodzitig I Y Qu@BERIIE G ®YYSRA |
930

931 3.3.1 Synopsis

932

933 class accelerator_view

934 {

935  public
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936 accelerator_view() = delete ;

937 accelerator_view(  const accelerator_view& other);

938

939 accelerator_view&  operator =(const accelerator_view& other);
940

941 __declspec (property (get)) Concurrency::accelerator accelerator;
942 __declspec (property (get)) bool is_debug;

943 __declspec (property (get)) unsignedint  version ;

944 __declspec (property (get)) queuing_mode queuing_mode;

945

946 void flush();

947 void  wait();

948 completion_future create_marker();

949

950 bool operator ==(const accelerator_view& other) const ;
951 bool operator !=( const accelerator_view& other) const ;
952 }

953

class accelerator view
Represents a logical (isolated) accelerator view of a compute acc elerator. An object of this type can be obtained by
calling the default_viewproperty or create view member functions  on an accelerator object.

954

955 3.3.2 Queuing Mode

956

957  Anaccelerator_vievean be created with a queuing mode in one of two states:
958

959 enum queuing_mode {

960 queuing_mode_ immediate,

961 gueuing_mode_ automatic

962 ;

963

964  If the queuing mode isueuing_modeimmediate then anycommands (such as copy parallel_for_eachare sent to the

965  corresponding acceleratdyefore control is returned to the caller

966

967 If the queuing mode igueuing_modeautomatic, then such commands are queued up on a command queue corresponding
968 to thisaccelerator_view There are three events thata cause queued commands to be submitted:

969 1 Copying the contents of an array to the host or another accelerator_view results in all previous commands
970 referencing that array resource (including the copy command itself) to be submitted for execution on dveahar

971 T /FftAy3d GKS al OOSt SNY 2NYDBASSHYXY Tt dzaKE 2NJ aF OOSE SNI G 21
972 1 The IHV device drivenayinternally uses a heuristic to determine when commands are submitted to the hardware

973 for execution for example when resource limits would be exceedvithout otherwise flushing the queue.

974 3.3.3 Constructors

975

976  Anaccelerator_vievobject may only be constructed using a copy or move constructor. There is no default constructor.
977

const
Copy -constructs a n accelerator_view object. This function does a shallow copy with the newly created accelerator_view
object pointing to the same underlying view as the fi o t h parameter.
Parameters:
other The accelerator_view object to be copied.

978
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3.4 Members

accelerator_view& =( accelerator_view& other)

Assignsanaccel erator _view object to fAthisd accelerator _viewThebj ect
function does a shallow assignment with the newly created accelerator_view object pointing to the same underlying view
as the passed accelerator_view parameter.

Parameters:

other ’ The accelerator_view object to be assigned from.

Return Value:

A reference to Athiso accelerator_view object.

( (get)) queuing_mode queuing_mode

Returns the queuing mode that this accelQueuingbodewi.ew was create

Return Value:

The queuing mode.

Returns a 32 -bit unsigned integer representing the version number of this accelerator view. The format of the integer is
major.minor, where the major version number is in the high -order 16 bits, and the minor version number is in the low -
order bits.

The version of the accelerator view is usually the same as that of the parent accelerator

Microsoft -specific: The version may differ from the accelerator only when the accelerator_view is created from a direct3d
device using the interop API.

Returns the accelerator that this  accelerator_view has been created on .

Returns a boolean value indicating whether the accelerator _view supports debugging through extensive error reporting.

The is_debug property  of the accelerator view is usually same as that of the parent accelerator.

Microsoft -specific: The is_debug value may differ from the accelerator only when the accelerator_view is created from a
direct3d device using the interop API.

wait()

Performs a blocking w  ait for completion of  all command s submitted to the  accelerator view prior to calling ~ wait.

Return Value:

None

flush()
Sends the queued up commands in the accelerator_view to the device for execution.
An accelerator_view internally maintains a  buffer of commands such as data transfers between the host memory and

device buffers, and kernel invocations ( parallel_for_each calls)) . This member function  sends the commands to the
device for processing.  Normally, these commands are sent to the GPU automatically whenever the runtime  determines
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that they need to be, such as when the command buffer is full or when  waiting for transfer of data from the device
buffers to host memory. The flush member function  will send the commands  manually to the device

Calling this  member function incurs an overhead and must be used with discretion. A typical use of this member function
would be when the CPU waits for an arbitrary amount of time and would like to force the execution of queued devi ce
commands in the meantime. It can also be used to ensure that resources on the accelerator are reclaimed after all
references to them have been removed.

Because flush operates asynchronously, it can return either before or after the device finishes executing the  buffered
commands. However, the commands will eventually always complete.

Ifthe queuing_modds queuing_modeimmediate this function does nothing.

Return Value:

None
987
completion_future create_marker()
This command inserts a marker event into the accelerator_viewbd
completion_future object . When all commands that were submitted prior to the marker event creation have
completed, the future is ready .
Return  Value:
A future which can be waited on, and will block until the current batch of commands has completed.
988
989
== accelerator_view& other) ‘
Compares fAthisd accelerator _view with the passed accelerator _v
underlying object .
Parameters:
other ’ The accelerator_view object to be compared against.
Return Value:
A boolean value indicating whether the passed accelerator_view object is same a
990
I=( accelerator_view& other) ‘
Compares fAthisd accelerator _view with the passed accelerator _v
underlying objects .
Parameters:
other ’ The accelerator_view object to be compared against.
Return Value:
A boolean value indicating whether the passed accelerator _view
991
992

993 3.4 Device enumeration and selection API

994

995 The physical compute devices can be enumerated or selected by calling the folktaticgmember function of the class
996  accelerator

997

998 3.4.1 Synopsis

999

1000 vector<accelerator> accelerator::  get_all ();
1001
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1002 As anexample, if one wants to find an accelerator that is agtulated and is not attached to a display, one could do the
1003 following:

1004

1005 vector<accelerator> gpus = accelerator::get_all() ;

1006 auto headlesslter = std::find_if(gpus.begin(), gpus.end(), [] (accelerator& accl) {
1007 return  laccl.has_display && !accl.is_emulated;

1008 b);

1009

1010 4 Basic Data Elements

1011

1012 C++AMPenables prgrammers to express solutions to dafzarallel problems in terms of-Nimensional data aggregates and
1013  operations over them.

1014

1015 Fundamental to C++ AMPtie concept of an array. An array associates values indaxispace with an element type. For
1016 example an array could be the set of pixels on a screen where each pixel is represefaad 3&bit values: Red, Green,
1017 Blue and Alpha The index space would then be the screen resolution, for example all points:

{ {y,x}|0<=y <1200, 0 <=x <1600, x and y are integers }.
1018

1019 4.1 index<N>

1020

1021 Definesan Ndimensional index point; which may also be viewed as a vector based at the origspachl

1022

1023  Theindex<N>type represents an Mimensional vector oint which specifies a unique position in ardiMnensional space.
1024  The dimensionsin the coordinatevector are ordered from mossignificant to leassignificant. Thus, in Cartesian 3
1025 dimensional spacayhere acommonconvention exists that the Z dimensi¢plane)is most significant, the Y dimensi(mow)
1026 is second in significance and the X dimengamiumn)is the least significanthe index vectorZ,0,4) represents the position
1027  at (Z=2, Y=0, X=4).

1028

1029 The position is relative to the origin in thedimensional space, and can contain negative component values.

1030

1031 Informative As a scoping decision, it svdecided to limit specializations of index, extent, etc. to 1, 2, and 3 dimen3ibis
1032  also applies to arrays and array_views. Generdirensional support is still provided with slightly reduced convenience.
1033

1034 411 Synopsis
1035

1036 template <int N>
1037 class index{

1038  public :

1039 static const int rank=N;

1040 typedef int value type ;

1041

1042 index() restrict (amp,cpu) ;

1043 index( const index& other)  restrict (amp,cpu) ;

1044 explicit index( int i0) restrict (amp,cpu) ; // N==1

1045 index( int 0, int 1) restrict (amp,cpu) ; // N==2

1046 index( int 0, int i1, int i2) restrict (amp,cpu) ; // N==3
1047 explicit index( const int components[]) restrict (amp,cpu) ;
1048

1049 index& operator =(const index& other) restrict  (amp,cpu) ;
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1050

1051 int operator [J( unsigned int c¢) const restrict (amp,cpu) ;

1052 int& operator [J( unsigned int c¢) restrict (amp,cpu) ;

1053

1054 template <int N>

1055 friend bool operator ==(const index<N>&lhs, const index<N>&rhs) restrict (amp,cpu) ;
1056 template <int N>

1057 friend bool operator !=( const index<N>&lhs, const index<N>&rhs) restrict (amp,cpu) ;
1058 template <int N>

1059 friend index<N> operator +(const index<N>& lhs,

1060 const index<N>& rhs) restrict (amp,cpu) ;

1061 template <int N>

1062 friend index<N> operator -(const index<N>& lhs,

1063 const index<N>& rhs) restrict (amp,cpu) ;

1064

1065 index& operator +=(const index& rhs) restrict (amp,cpu) ;

1066 index& operator -=(const index&rhs) restrict (amp,cpu) ;

1067

1068 template <int N>

1069 friend index<N> operator +(const index<N>&lhs, int rhs) restrict (amp,cpu) ;
1070 template <int N>

1071 friend index<N> operator +(int lhs, const index<N>&rhs) restrict (amp,cpu) ;
1072 template <int N>

1073 friend index<N> operator -(const index<N>&lhs, int rhs) restrict (amp,cpu) ;
1074 template <int N>

1075 friend index<N> operator -(int lhs, const index<N>&rhs) restrict (amp,cpu) ;
1076 template <int N>

1077 friend index<N> operator *( const index<N>& lhs, int rhs) restrict (amp,cpu) ;
1078 template <int N>

1079 friend index<N> operator *(int lhs, const index<N>&rhs) restrict (amp,cpu) ;
1080 template <int N>

1081 friend index<N> operator /( const index<N>& lhs, int rhs) restrict (amp,cpu) ;
1082 template <int N>

1083 friend index<N> operator /( int lhs, const index<N>&rhs) restrict (amp,cpu) ;
1084 template <int N>

1085 friend index<N> operator %(const index<N>& lhs, int rhs) restrict (amp,cpu) ;
1086 template <int N>

1087 friend index<N> operator %(nt lhs, const index<N>&rhs) restrict (amp,cpu) ;
1088

1089 index& operator +=(int rhs) restrict (amp,cpu) ;

1090 index& operator -=(int rhs) restrict (amp,cpu) ;

1091 index& operator *=(int rhs) restrict (amp,cpu) ;

1092 index& operator /=( int rhs) restrict (amp,cpu) ;

1093 index& operator %=(nt rhs) restrict (amp,cpu) ;

1094

1095 index& operator ++() restrict (amp,cpu) ;

1096 index operator ++(int ) restrict (amp,cpu) ;

1097 index& operator -- () restrict (amp,cpu) ;

1098 index operator -- (int ) restrict (amp,cpu) ;

1099

1100

1101

1102

index
-dimensional space.

template  <int N> class
Represents a unique position in N
Template Arguments
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N The dimensionality space into which this index applies. ’Special
constructors are supplied for the cases where N I {1,2,3 1}, butNcan
be any integer greater than 0.
1103
static const intrank = N
A static member of  index<N> that contains the rank of this index.
1104
typedef int value type ;
The element type of index<N>.
1105
1106

1107 4.1.2 Constructors

index() restrict (amp,cpu)
Default constructor. The value at each dimension is initialized to zero. Thus, Ai ndex<3¢ i xiti alaiablets t
the position (0,0,0).
1108
1109
index( const index& other)  restrict (amp,cpu)
Copy constructor. Constructs a new index<N> from the supplied argument ot her o
Parameters:
other An object of type  index<N> from which to initialize this new index.
1110
explicit index( int i0) restrict (amp,cpu) // N==1
index( int i0, int il) restrict (amp,cpu) // N==2
index( int 0, int il, int i2) restrict (amp,cpu) // N==3
Constructs an  index<N> with the coordinate values provided by i 0¢2 These are specialized constructors that are only
valid when the rank of the index N i {1231} . I nvoking a specialized constructor w
in a compilation error.
Parameters:
i0[,il[,i2 1] | The component values of the index vector.
1111
explicit index( const int components[]) restrict (amp,cpu)
Constructs an  index<N> with the coordinate values provided the array of int component values. If the coordinate array
| engt h | bdlaviort ibendefined. If the array value is NULL or not a valid pointer, the behavior is undefined.
Parameters:
components An array of N int values.
1112

1113 4.1.3 Members
index& operator =(const index& other)  restrict (amp,cpu)

Assigns the component values of i ot h®thid index<N> object.
Parameters:
other | An object of type  index<N> from which to copy into this index.

Return Value:
Returns *this

1114

int operator [J( unsigned int c) const restrict (amp,cpu)
int& operator [J( unsigned int c) restrict (amp,cpu)

Returns the index component value at position C.

Parameters:

C | The dimension axis whose coordinate is to be accessed.
Return Value:

A the component value at position C.
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1116 4.1.4 Operators
1117
Compares two objects of  index<N> .
The expression
leftldx A rightldx
is true if leftldx [i] A rightldx [i]forevery ifromOtoN -1.
Parameters:
lhs The left -hand index<N> to be compared.
rhs The right -hand index<N> to be compared.
1118
Binary arithmetic operations that produce a new index<N> that is the result of performing the corresponding pair -wise
binary arithmetic operation on the elements of the operands. The result index<N> is such that for a given operator A,
result [i] = leftldx [i] A rightldx [i]
forevery ifromOtoN -1.
Parameters:
lhs The left -hand index<N> of the arithmetic operation.
rhs The right -hand index<N> of the arithmetic operation.
1119
For a given operator A, produces the same effect as
(*this) = (*this) A rhs;
The return value is fA*thiso.
Parameters:
rhs | The right -hand index<N> of the arithmetic operation.
1120
1121
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1124

1125

1126
1127
1128
1129
1130
1131
1132

1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
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1147
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friend index<N> operator %(nt value, const index<N>&idx) restrict (amp,cpu)

Binary arithmetic operations that produce a new index<N> that is the result of performing the corresponding binary
arithmetic  operation on the elements of the index operands. The result index<N> is such that for a given operator
result [i] =idx[ i] A value
or
resultfi] = value A idx[ i]

forevery ifromOtoN -1.

Parameters:
idx The index<N> operand
value The integer operand

index& operator +=(int value) restrict (amp,cpu)
index& operator -=(int value) restrict (amp,cpu)
index& operator *=(int value) restrict (amp,cpu)
index& operator /=( int value) restrict (amp,cpu)
index& operator %=(nt value) restrict (amp,cpu)

For a given operator A, produces the same effect as
(*this) = (*this) A value;

The return value is A*thiso.
Parameters:
value | The right -hand int of the arithmetic operation.

index& operator ++() restrict (amp,cpu)
index operator ++(int ) restrict (amp,cpu)
index& operator -- () restrict (amp,cpu)
index operator -- (int ) restrict (amp,cpu)

For a given operator A, produces the same effect as
(*this) = (*this) A1;

For prefix increment and decrement, t he return val u@theiwise aihéwtindaxsNe . s returned.

4.2 extent<N>

Theextent<N>type represents an Mimensional vector ot which specifies the bounds of andimensional space with an

origin of 0. The values in the coordinate vector are ordered from fsigstificant to leassignificant. Thus, in Cartesian 3

dimensional spaceyhere acommonconvention exists that the Z dimsion(plane)is most significant, the Y dimensi(mow)

is second in significance and the X dimeng@rumn)is the least significanthe extent vector (7,5,3) represents a space

where theZ coordinate ranges from 0 t6, the Ycoordinate ranges from 4, and theXcoordinate ranges from 0 t@.

4.2.1 Synopsis

template <int N>

class extent{

public :
static const int rank=N;
typedef int value_type ;

extent() restrict (amp,cpu) ;

extent( const extent& other) restrict  (amp,cpu) ;

explicit extent( int e0) restrict (amp,cpu) ; // N==1

extent( int €0, int el) restrict (amp,cpu) ; // N==2

extent( int e0, int el, int e2) restrict (amp,cpu) ; // N==3
explicit extent( const int components[]) restrict (amp,cpu) ;
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1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205

(amp,cpu) ;

(amp,cpu) ;

1
1
1
1
)
1
1
)
)

extent& operator =(const extent & other ) restrict (amp,cpu) ;

int operator [J( unsigned int c¢) const restrict (amp,cpu) ;

int& operator [J( unsigned int c¢) restrict (amp,cpu) ;

unsigned int  size () const  restrict (amp,cpu) ;

bool contains(const index<N>& idx) constr estrict (amp,cpu) ;
template <intDO > tiled_extent <DO0> tile() const ;
template <int DO, int D1 > tiled_extent< D0,D1> tile() const ;
template <int DO, int D1, int D2 > tiled_extent< D0,D1,D2> tile() const ;

extent operator +(const index<N>&idx) restrict (amp,cpu) ;

extent operator -(const index<N>&idx) restrict (amp,cpu) ;

extent& operator +=(const index<N>& idx) restrict(amp,cpu) ;

extent& operator -=(const index<N>& idx) restrict(amp,cpu) ;

extent& operator +=(const extent<N>& idx) restrict(amp,cpu) ;

extent& operator -=(const extent<N>& idx) restrict(amp,cpu) ;
template <int N>

friend extent<N> operator +(const extent<N>& lhs,

const extent<N>& rhs)  restrict(amp,cpu) ;

template <int N>

friend index<N> operator -(const extent<N>& lhs,

const extent<N>&rhs)  restrict(amp,cpu) ;

template <int N>

friend bool operator ==(const extent<N>& lhs, const extent<N>& rhs) restrict
template <int N>

friend bool operator !=( const extent<N>& lhs, const extent<N>& rhs) restrict
template <int N>

friend extent<N> operator +(const extent<N>&lhs, int rhs) restrict (amp,cpu) ;
template <int N>

friend extent<N> operator +(int lhs, const extent<N>&rhs) restrict (amp,cpu) ;
template <int N>

friend extent<N> operator -(const extent<N>&lhs, int rhs) restrict (amp,cpu) ;
template <int N>

friend extent<N> operator -(int lhs, const extent<N>& rhs) restrict (amp,cpu) ;
template <int N>

friend extent<N> operator *( const extent<N>&lhs, int rhs) restrict (amp,cpu) ;
template <int N>

friend extent<N> operator *( int lhs, const extent<N>&rhs) restrict (amp,cpu) ;
template <int N>

friend extent<N> operator /( const extent<N>&lhs, int rhs) restrict (amp,cpu) ;
template <int N>

friend extent<N> operator /( int lhs, const extent<N>&rhs) restrict (amp,cpu) ;
template <int N>

friend extent<N> operator %(const extent <N>&Ihs, int rhs) restrict (amp,cpu) ;
template <int N>

friend extent<N> operator %(nt lhs, const extent<N>&rhs) restrict (amp,cpu) ;
extent& operator +=(int rhs) restrict (amp,cpu) ;

extent& operator -=(int rhs) restrict (amp,cpu) ;

extent & operator *=(int rhs) restrict (amp,cpu) ;
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1206
1207
1208
1209
1210
1211
1212
1213
1214
1215

1216

1217

1218

1219

1220
1221

1222

1223

1224

1225
1226

extent& operator /=( int
extent& operator %=(nt

extent& operator ++()
extent operator ++(int )
extent& operator -- ()
extent operator -- (int )

restrict

restrict
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restrict
restrict

rhs)
rhs)

(amp,cpu) ;
(amp,cpu) ;

(@amp,cpu) ;
(amp,cpu) ;

(amp,cpu) ;
(amp,cpu) ;

restrict

restrict

template  <int N> class

extent

Represents a unique position in N

-dimensional space.

Template Arguments

N The dimension to this extent applies. Special constructors are supplied
for the caseswhere N | {1,2,3 1}, butN can be any integer greater
than or equalto 1. (Microsoft -specific: N can not exceed 128.)
static const int rank=N

A static member of

extent <N> that conta ins the rank of this extent.

typedef int value type

extent <N>,

The element type of

4.2.2 Constructors

extent()  restrict (amp,cpu)

the position (0,0,0).

Default constructor. The value at each dimension is initialized to zero. Thus,

fiextent <3>ix; 0

initializes

i

Parameters:

None.

extent( const extent& other)

restrict  (amp,cpu)

Copy constructor. Constructs a new

extent <N> from the supplied argument ix.

Parameters:

other An object of type  extent <N> from which to initialize this new extent.
explicit extent( int e0) restrict (amp,cpu) // N==1

extent( int e0, int el) restrict (amp,cpu) // N==2

extent( int e0, int el, int e2) restrict (amp,cpu) // N==3

Constructs an

extent <N> with the coordinate values provided by

eo @. These are specialized constructors that are only

valid when the rank of the extent N i {1,2, 3} . I nvoking a specialized constructor v
in a compilation error.
Parameters:
e0[, el[, e2 ]] | The component values of the extent vector.
explicit ~ extent( const int components[]) restrict (amp,cpu) ;
Constructs an  extent <N> with the coordinate values provided the array of int component values. If the coordinate array
| engt h | bdlaviort ib endefined. If the array value is NULL or not a valid pointer, the behavior is undefined.
Parameters:
components An array of N int values.
4.2.3 Members
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extent& operator =(const extent& other) restrict (amp,cpu)
Assigns the component values of fiot h®thi® extent <N>object.
Parameters:
other | An object of type  extent <N> from which to copy into this extent.
Return Value:
Returns *this
1227
int operator [J( unsigned int c) const restrict (amp,cpu)
int& operator [J( unsigned int c) restrict (amp,cpu)
Returns the extent component value at position C.
Parameters:
c | The dimension axis whose coordinate is to be accessed.
Return Value:
A the component value at position C.
1228
bool contains(const index<N>& idx) constr estrict (amp,cpu)
Tests whether the index fAidxo is properly contained within thi
Parameters:
idx | An object of type  index<N>
Return Value:
Returns true ift he fAi dxo is contained within the space defined by thi
1229
unsigned int ~ size () constr estrict (amp,cpu)
This member function  returns the total linear size of this extent<N> (in units of elements), which is computed as:
extent[ 0] * extentf1]1] é * extent]|[N
1230
template <int DO > tiled_extent <DO0> tile() const restrict (amp,cpu)
template <int DO, int D1 > tiled_extent< DO0,D1> tile() const restrict (amp,cpu)
template <int DO, int D1, int D2 > tiled_extent<  DO0,D1,D2> tile() const restrict (amp,cpu)
Produces a tiled_ extent object with the tile extents given by DO, D1, and D2
tle< DO0,D1,D2 >() isonly supported on  extent <3>. Itwill produce a compile  -timeerrorifusedona n extent where N
I 3.
tle< DO,D1>() isonly supported on extent <2>. Itwill produce acompile -timeerrorifusedona nextent wher e N
2.
tile <DO0>() isonly supported on  extent <1>. Itwill produce a compile  -time errorifusedona nextent wher e N |
1231
1232 4.2.4 Operators
1233
template <int N>
friend bool operator ==(const extent<N>& lhs, const extent<N>& rhs) restrict (amp,cpu)
template <int N>
friend bool operator !=( const extent<N>& lhs, const extent<N>&rhs) restrict (amp,cpu)
Compares two objects of extent <N>.
The expression )
left Ext A right Ext
is true if left Ext[i] A rightExt [i] forevery ifromOtoN -1.
Parameters:
lhs The left -hand extent <N>to be compared.
rhs The right -hand extent <N>to be compared.
1234
extent<N> operator +(const index<N>& idx) restrict (amp,cpu)
extent<N> operator - (const index<N>& idx) restrict (amp,cpu)
Adds (or subtracts) an object of type index <N> from this extent to form a new extent. The result extent <N> is such that
for a given operator A,
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result [i] = this[ 1] A idx] i]

Parameters:
idx | The right -hand index <N> to be added or subtracted.
1235
1236
Binary arithmetic operations that produce a new extent <N> that is the result of performing the corresponding binary
arithmetic operation on the elements of the extent operands. The result extent <N>is such that for a given operator A,
result [i] = ext[i] A value
or
resultfij= value A ext[i]
forevery ifromOtoN -1.
Parameters:
ext The extent <N> operand
value The integer operand
1237
For a given operator A, produces the same effect as
(*this) = (*this) A value
The return value is A*thiso.
Parameters:
Value | The right -hand int of the arithmetic operation.
1238
1239
For a given operator A, produces the same  effect as
(*this) = (*this) A1l
For prefix increment and decrement, the r eextent ’N>isadtumed. i s fA*t hi s
1240
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4.3 tiled_extent<DO0,D1,D2>

Atiled_extentis an extentof 1 to 3 dimensions which also subdivides théexspace into 1, 2-, or 3dimensional tiles. It
has three specialized formstiled_extenkD0>, tiled_extenkDO0,D2, andtiled_extenkDO0,D1,D2>where Do2 specify the
positive length of the tile along each dimension, with0 being the mostsignificant dimension an@®2 being the least
significant. Partial template specializations are provided to represénd 1D tiledextents.

Atiled_extentcan be formed fronan extentby callingextent<N>::tile<D0,D1,D2()or one of he other two specializations of
extentN>:tile().

Atiled_extentinherits fromextent, thus all public members @fxtentare available otiled _extent

4.3.1 Synopsis

template <int DO, int D1=0, int D2=0>
class tiled_extent . public extent<3>

{
public :
static const int rank=3;

tiled_extent () restrict (amp,cpu) ;
tiled_extent (const tiled_extent & other) restrict (amp,cpu) ;
tiled_extent  (const extent<3>& extent) restrict (amp,cpu) ;

tiled_extent & operator =(const tiled_extent & other) restrict (amp,cpu) ;

tiled_extent pad() const restrict (amp,cpu) ;
tiled_extent truncate() const restrict (amp,cpu) ;

__declspec (property (get)) extent<3> tile_extent;

static const int tile_dimO =DO;
static const int tile_diml =DI;
static  const int tile_dim2 =D2;

friend bool operator ==(const tiled_extent & lhs,

const tiled_extent &rhs) restrict (amp,cpu) ;
friend bool operator !=( const tiled_extent & lhs,

const tiled_extent &rhs) restrict (amp,cpu) ;

template <int DO, int DI1>
class tiled_extent <DO0,D1,0> : public extent<2>
{
public :
static const int rank=2;

tiled_extent () restrict (amp,cpu) ;

tiled_extent (const tiled_extent & other) restrict (amp,cpu) ;
tiled_extent  (const extent<2>& extent) restrict (amp,cpu) ;
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tiled_extent & operator =(const tiled_extent & other) restrict (amp,cpu) ;
tiled_extent pad() const restrict (amp,cpu) ;
tiled_extent truncate() const restrict (amp,cpu) ;
__declspec (property (get)) extent<2> tile_extent;
static const int tile dim0O =DO;
static const int tile_diml =DI1;
friend bool operator ==(const tiled_extent & lhs,
const tiled_extent &rhs) restrict (amp,cpu) ;
friend bool operator !=( const tiled_extent & lhs,
const tiled_extent &rhs) restrict (amp,cpu) ;
h
template <int DO>
class tiled_extent <DO0,0,0> public extent<l>
{
public :
static const int rank=1;
tiled_extent () restrict (amp,cpu) ;
tiled_extent (const tiled_extent & other) restrict (amp,cpu) ;
tiled_extent (const extent<l1>& extent) restrict (amp,cpu) ;
tiled_extent & operator =(const tiled_extent & other) restrict (amp,cpu) ;
tiled_extent pad() const restrict (amp,cpu) ;
tiled_extent truncate() const restrict (amp,cpu) ;
__declspec (property (get)) extent<l1> tile_extent;
static const int tile_dim0O =DO;
friend bool operator ==(const tiled_extent & lhs,
const tiled_extent &rhs) restrict (amp,cpu) ;
friend bool operator !=( const tiled_extent & lhs,
const tiled_extent &rhs) restrict (amp,cpu) ;
¥
template <int DO, int D1=0, int D2=0> class tiled_extent
template <int DO, int D1> class tiled_extent <DO0,D1,0>
template <int DO> class tiled extent <DO0,0,0>
Represents an extent subdividedintol -,2-,or 3 -dimensional tiles.
Template Arguments
Do, D1, D2 The length of the t ile in each specified dimension, where DO is the
most -significant dimension and D2 is the least -significant.
static const int rank = N
A static member of  tiled_extent that conta ins the rank of this tiled extent , and is either 1, 2, or 3 depending on the

specialization used.
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4.3.2 Constructors

tiled_extent () restrict (amp,cpu)

Default constructor. The origin and extent is default -constructed and thus zero.

Parameters:

None.

tiled_extent (const tiled _extent & other) restrict (amp,cpu)

Copy constructor. Constructs a new tiled_extent from the supplied argument fothero.
Parameters:
other An object of type  tiled_extent from which to initialize this new

extent .

tiled_extent (const extent<N>& extent) restrict (amp,cpu)

Constructs a tiled_extent <N>wi th the extent fAextent oconstrudiddandthusizego. n i s def au
Notice that this constructor allows implicit conversions from extent<N> to tiled _extent <N>.

Parameters:

extent | The extent of this  tiled extent

4.3.3 Members

tiled_extent & operator =(const tiled_extent & other) restrict (amp,cpu)

Assigns the component v altledeexteny f <WNwedbjacer 6 t o t hi s

Parameters:

Other | An object of type  tiled_extent <N> from which to copy into this.

Return Value:

Returns *this

tiled_extent pad() const restrict (amp,cpu)

Returns a new tiled_extent with the extents adjusted up to be evenly divisible by the tile dimensions. The origin of the
new tiled extent is the same as the origin of this one.

tiled_extent truncate()  const restrict (amp,cpu)

Returns a new tiled_extent with the extents adjusted down to be evenly divisible by the tile dimensions. The origin of
the new tiled extent is the same as the origin of this one.

_ declspec (property (get)) extent<N> tile_extent

Returns an instance of an extent<N> that captures the values of the tiled_extent template arguments DO, D1, and D2
For example:

tiled_extent <64,16,4> tg;
extent<3> myTileExtent = tg.tile_extent;

assert(myTileExtent [0] ==64);
assert(myTileExtent [1] ==16);
assert(myTileExtent [2] ==4);

static const int tile_dimO
static const int tile_diml
static const int tile_dim2

These constants allow access to the template arguments of tiled_extent

4.3.4 Operators

friend bool operator ==(const tiled_extent & lhs,

const tiled extent &rhs) restrict (amp,cpu)
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friend bool operator !=( const tiled_extent & lhs,
const tiled_extent &rhs) restrict (amp,cpu)

Compares two objects of tiled_extent <N>.,

The expression

lhs A rhs
is true if Ins.extent A rhs.extent and Ihs.origin A rhs.origin.
Parameters:
lhs The left -hand tiled_extent to be compared.
rhs The right -hand tiled_extent to be compared.
1354
1355

1356 4.4 tiled _index<DO0,D1,D2>

1357

1358 Atiled _indexis a set of indices of 1 to 3 dimensions which have been subdivided in®, br 3dimensional tilesn a
1359 tiled_extent It has three specialized formsied _index0>, tiled_index®0,D%, andtiled index©0,D1,D2, where Do2
1360 specify the length oftie tile alongeachdimension with DO being the mostsignificant dimension an®2 being the least
1361 significant Partial template specializations are provided to represeilt 2nd 1D tiled indices.

1362

1363  Atiled_indexis implicitly convertible to amdex<N3>where the implicit index represents the global index.

1364

1365 Atiled_indexcontains 4 member indices which are related to each other mathematically and help the user to pinpoint a
1366  global index to an index within a tiled space.

1367

1368 Atiled indexcontains a global itex intoan extentspace. The other indices obey the following relations:

1369

1370 Jocal .global %[D0,D1,D}?
1371 tile .global / 00,D1,D?
1372 tile_origin .global- .local
1373
1374  This is shown visually in the following example:
1
13;2 parallel_for_each (extent <2>(20,24).tile<5,4>(),
1377 [&](tiled_index<5,4> i) { /* ... */ });
1378
0Ooo0O0O0O0OOOO11111111112222
01234567 8901234567 890123
00
01
0 2
0 3
0 4
05
0 6
07
0 8
09
10
11
12
13
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1. Each cell in the diagram represents one thread which is scheduled Ipaithiel_for_eaclcall. We see thats with
the nontiled parallel_for _each the number of threads scheduled is given by thgtent parameter to the

parallel_for_eackeall.

2. Using vector notation, we see that the total number of tiles scheduled is <20,24> / <5,4> = <4,6>, which we see in

the above diagram as 4 tiles along the vertepas, and 6 tiles along the horizontal axis.

3. The tile inredis tile number <0,0>. The tile in yellow is tile number <1,2>.
4. The thread in blue:
a. has aglobal id of <5,8>

b. Has alocal id <0,0> within its tile. i.e., it lies on the origin of the tile.

5. The thread in green:
a. has aglobal id of <6,9>
b. has alocal id of <1,1> within its tile

c. ¢KS 0ftdzS GKNBIFIR 60ydzYoSNI frpXZyBHo

4.4.1 Synopsis

template <int DO, int D2=0>

class tiled_index

{

public :
static

D1=0, int

const int rank=3;
const
const
const
const
const

index<3> global,
index<3> local,
index<3> tile;
index<3> tile_origin;
tile_barrier barrier;

const
const
const
const
const
const

tiled_index( index<3>& global,
index<3> local,
index<3> tile,
index<3> tile_origin,
tile_barrier& barrier)
tiled_index& other)

restrict
restrict

(amp,cpu) ;

tiled_index( (amp,cpu) ;

operator const index<3>() const restrict (amp,cpu) ;

__declspec (property (get)) extent<3> tile_extent
const int
const int
const int

static
static
static

tile_
tile_dim1
tile_dim2

dim0 = DO;
=D1,;
=D2;
b

template <int DO int DI>
class tiled index <DO0,D1,0>

{
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1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1463
1464
1465
1466
1467
1468
1469
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479

public :
static const int rank=2;

const index<2> global,
const index<2> local,
const index<2> tile;

const index<2> tile_origin;
const tile_barrier barrier;

tiled_index(  const index<2>& global,
const index<2> local,

const index<2> tile,

const index<2> tile_origin,
const tile_barrier& barrier) restrict  (amp,cpu) ;
tiled_index(  const tiled_index& other) restrict  (amp,cpu) ;

operator const index<2>() const restrict (amp,cpu) ;

__declspec (property (get)) extent<2> tile_extent

static  const int tile_dimO
static  const int tile_diml

k

template <int DO0>
class tiled_index<DO,0,0>

DO
D%

L
public :
static const int rank=1;
const index<1> global;
const index<1> local;
const index<1> tile;
const index<1> tile_origin;
const tile_barrier barrier;
tiled_index(  const index<1>& global,
const index<1> local,
const index<1> tile,
const index<1> tile_origin,
const tile_barrier& barrier) restrict  (amp,cpu) ;
tiled_index(  const tiled_index& other) restrict  (amp,cpu) ;
operator const index<l1>() const restrict (amp,cpu) ;
__declspec (property (get)) extent<l1> tile_extent;
static const int tile_dim0 =DO;
h
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template <int DO, int D1=0, int
template <int DO, int D1>
template <int DO >

D2=0> class tiled_index
class tiled_index<DO0,D1,0>
class tiled inde x<DO0,0,0>

Represents a set of related indices subdivided

intol -, 2-, or 3 -dimensional tiles.
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Template Arguments
Do, D1, D2 The length of the tile in each specified dimension, where DO is the
most -significant dimension and D2 is the least -significant.
1480
static const int rank = N
A static member of  tiled_index that contai ns the rank of this tiled extent , and is either 1, 2, or 3 depending on the
specialization used.
1481
1482 4.4.2 Constructors
1483
1484  The tiled_index class has no default constructor.
1485
tiled_index( const index< N>& global ,
const index< N>& local ,
const index<N>& tile,
const index<N>& tile_origin,
const tile_barrier& barrier) restrict  (amp,cpu)
Construct a new tiled_index out of the constituent indices
Note that it is permissible to create a tiled_index instance for which the geometric identities which are guaranteed for
system -created tiled indices, which are passed as a kernel parameter to the tiled overloads of parallel_for_each, do not
hold. In such cases, it is up to the application to assign applica tion - specific meaning to the member indices of the
instance.
Parameters:
global An object of type  index <N> which is taken to be the global index of this
tile.
local An object of type  index <N>which is taken to be the local index within
this tile.
tile An object of type  index <N> which is taken to be the coordinates of the
current tile.
tile_origin An object of type  index <N> which is taken to be the global index of the
top -left corner of the tile.
barrier An object of type tile_barrier
1486
tiled_index(  const tiled_index& other) restrict  (amp,cpu)
Copy constructor. Constructs a new tiled_index from the supplied argument fothero.
Parameters:
other | An object of type tiled_index from which to initialize this
1487
1488 4.4.3 Members
1489
const index<N> global
An index of rank 1, 2, or 3 that represents the global index within an extent .
1490
const index<N> local
An index of rank 1, 2, or 3 that represents the relative index within the current tile of a tiled extent .
1491
const index<N> tile
An index of rank 1, 2, or 3 that represents the coordinates of the current tile of a tiled extent .
1492
const index<N> tile_origin
An index of rank 1, 2, or 3 that represents the global coordinates of the origin of the current tile within a tiled extent .
1493
const tile_barrier barrier
An object which represents a barrier within the current tile of threads.
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operator const index<N>() const restrict (amp,cpu)

Implicit conversion operator that converts a tiled_index< D0,D1,D2 > into an index<N>. The implicit conversion converts
to the .global index member.

__declspec (property (get)) extent<N> tile extent
Returns an instance of an extent<N> that captures the values of the tiled_ index template arguments DO, D1, and D2
For example:

index<3> zero;

tiled_ index <64,16,4> ti(index<3>(256,256,256), zero, zero, zero, mybarrier)
extent<3> myTileExtent = t i .tile_extent;

assert(myTileExtent. tile_dim0 == 64);

assert(myTileExtent. tile_dim1 == 16);

assert(myTileExtent. tile_dim2 ==4);

static const int tile_dimO
static const int tile_diml
static const int tile_dim2
These constants allow access to the template arguments of tiled_ index .

4.5 tile_barrier

Thetile_barrierclass is a capability class that is only creatable by the system, and passed tgartiliéel_for eacHunction
objectas part of thetiled_indexparameter. It providesnember functionssuch aswait, whose purpose is to synchronize
execution of threads running within the thread tile.

A call towait shall not occur imon-uniform code wthin a thread tile. Section8 definesuniformity and lack thereof formally

45.1 Synopsis

class tile_barrier

{
public :
tile_barrier( const tile_barrier& other) restrict  (amp,cpu) ;
void wait() const restrict (amp);
void wait_with_all_memory_fence() const restrictamp ) ;
void wait_with_global_memory_fence() const restricttamp );
void wait_with_tile_static_memory_fence() const restrictamp );
h

45.2 Constructors

The tile_barrier class does not haveublicdefault constructor, only a copgonstructor.

tile_barrier( const tile_barrier& other) restrict  (amp,cpu)

Copy constructor. Constructs a new tile_barrier from the supplied argument fothero.
Parameters:

other | An object of type tile_barrier from which to initialize this.

453 Members
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1525 The tile_barrier class does not have an assignment oper8exstion8 provides a complete description of the C++ AMP
1526  memory model, of which clasise barrieris an important part.
1527

void wait () const restrict (amp)

Blocks execution of all threads in the thread tile until all threads in the tile have reached this call. Establishes a memory
fence on all tile_static and global memory operations executed by the threads in the tile such that all memory operations

issued prior to hitting the barrier are visible to al | other threads after the barrier has completed and none of the memory
operations occurring after the barrier are executed before hitting the barrier. This is identical to
wait_with_all_memory_fence

1528

void wait_with_all_memory_fence() const restrict (amp)

Blocks execution of all threads in the thread tile until all threads in the tile have reached this call. Establishes a memor y
fence on all tile_static and global memory operations executed by the threads in the tile such that all memory operations

issued prior to hitting the barrier are visible to all other threads after the barrier has completed and none of the memory

operations occurring after the barrier are executed before hitting the barrier. This is identical to wait.

1529

void wait with_global_memory  fence() const restrict (amp)

Blocks execution of all threads in the thread tile until all threads in the tile have reached this call. Establishes a memor y
fence on global memory operations (but not tile - static memory operations) executed by the threads in the tile such that

all global memory operations issued prior to hitting the barrier are visible to all other threads after the barrier has

completed and none of the global memory operations occurring after the barrier are executed before hitting the barri er.

1530

void wait with_tile static_memory_fence() const restrict  (amp)

Blocks execution of all threads in the thread tile until all threads in the tile have reached this call. Establishes a memor y
fence on tile -static memory operations (but not global memory operations) executed by the threads in the tile such that

all tile_ static memory operations issued prior to hitting the barrier are visible to all other threads after the barrier has

completed and none of the tile -static memory operations occurring after the barrier are executed before hitting the

barrier.

1531

1532 454 Other Memory Fences

1533

1534  C++ AMP providdsinctionsthat serve as memory fences, whiektablish a happeniefore relationship between memory
1535  operations performed by threads within the same thread.tilEhese functions are available in the concurrency namespace.
1536  Section8 provides a complete description of the C++ AMP memory model.

1537
void all_memory fence(const tile_barrier&) restrict  (amp)
Establishes a thread -tile scoped memory f  ence for both global and tile -static memory operations . This function does not
imply a barrier and is therefore permitted in divergent code.

1538
void global_memory_fence(const tile_barrier&) restrict  (amp)
Establishes a thread -tile scoped memory fence for global (but not tile  -static) memory operations. This function does not
imply a barrier and is therefore permitted in divergent code.

1539
void tile static_ memory fence(const tile_barrier&) restrict  (amp)
Establishes a thread -tile scoped memory fence for tile - static (but not global) memory operations. This function does not
imply a barrier and is therefore permitted in divergent code.

1540

1541

1542 4.6 completion_future

1543  This class is theeturn type of all C++ AMP asyhmnousAPIsand has an interface analogous sbd::shared_futurevoid>.

1544  Similar to std:shared_future, this type provelmember methods such asait and get to wait for C++AMPasynchronous

1545  operations to finishand the type dditionally provides a member methdtien, to specifya completioncallbackfunctorto

1546  be executed upon completion @& C++ AMP asynchronous operation. Further this type also contains a member method
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1547  to_task(Microsoft specific extensionyhichreturns aconcurrency::taskbject which can be used tvail the capabilities of
1548  PPLaskswith C++ AMP asynchronous operations; efmiring continuations cancellation etcThis essentially enakdél & |- A
1549 FTNBS¢ O2YLRAAGAZ2Y 27T dnhceeletatarsvithlICRBtysKEK N2 y 2 dza Gl a1 a

1550 4.6.1 Synopsis

1551
1552 class completion_future
1553 {
1554 public :
1555
1556 completion_future() ;
1557 completion_future(  const completion_future& _Other) ;
1558 completion_future(completion_future&& _Other) ;
1559 ~completion_future() ;
1560 completion_future& operator =(const completion_future& _Other) ;
1561 completion_future& operator =(completion_future&& _Other) ;
1562
1563 void get() const;
1564
1565 bool valid() const;
1566
1567 void wait() const ;
1568 template <class _Rep, class _Period>
1569 std::future_status::future_status wait_for( const std::chrono::duration<_Rep, _Period>&
1570 _Rel_time) const;
1571 template <class _Clock, class _Duration>
1572 std::future_status::future_status wait_until( const std::chrono::time_point<_Clock,
1573 _Duration>& _Abs_time) const ;
1574
1575 operator std::shared_future<  void >() const ;
1576
1577 void then( const _Functor & _Func) const ;
1578
1579 concurrency::task<  void > to_task() const ;
1580 }
1581 4.6.2 Constructors
1582
completion_future()
Default constructor. Constructs an empty uninitialized completion_fuure object which does not refer to any asynchronous
operation. Default constructed compl  etion_future objects have valid() == false
1583
completion_future (const completion_future & other)
Copy constructor. Constructs a new completion_future object that referes to the same asynchronous operation as the
other completion_future object.
Parameters:
other | An object of type  completion_future from which to initialize this.
1584
1585
1586
completion_future (completion_future&& other)
Move constructor. Move constructs a new completion_future object that referes to the same asynchronous operation
as originally refered by the other completion_future object. After this constructor returns, other.valid() == false
Parameters:
other An object of type  completion_future which the new
completion_future object is to be move construc ted from .
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1587
completion_future&  operator=( const completion_future& other)
Copy assignment. Copy assigns the contents of other to this . This method causes this to stop referring its current
asynchronous operation and start referring the same asynchronous operation as other .
Parameters:
other | An object of type  completion_future which is copy assign ed to this
1588
completion_future&  operator=( completion_future&&  other)
Move assignment. Move assigns the contents of other to this . This method causes this to stop referring its current
asynchronous operation and start referring the same asynchronous operation as other . After this method returns,
other.valid() == false
Parameters:
other An object of type ~ completion_future which is move assigned to this
1589
1590 4.6.3 Members
1591
1592
voidget () const
This method is functionally identical to std::shared_future<void>::get . This method waits for the associated
asynchronous operation  to finish and returns only upon the completion of the asynchronous operation. If an exception
was encountered during the execution of the asynchronous operation, this method throws that stored exception.
1593
bool wvalid () const
This method is functionally identical to std::shared_future<void>:: valid . Thisreturns trueif  this completion_future
is associated with an asynchronous operation.
1594
void wait () const
template  <class Rep, class Period>
std::future_status::future_status wait_for( const std::chrono::duration<Rep, Period>&
rel_time) const
template  <class Clock, class Duration>
std::future_status::future_status wait_until( const std::chrono::time_point<Clock,
Duration>& abs_time) const
These methods are functionally identical to the corresponding std::shared_future<void> methods.
The wait method waits for the associated asynchronous operation to finish and returns only upon completion of the
associated asynchronous operation or if an ex ception was encountered when executing the asynchronous operation.
The other variants are functionally identical to the std::shared_future<void> member methods with same names.
1595
operator shared_future<void> () const
Conversion operator to  std::shared_future<void> . This method returns a shared_future<void> object
corresponding to  this  completion_future object and refers to the same asynchronous operation.
1596
1597
1598
template  <typename Functor>
void then( const Functor & func) const
This method enables specification of a completion callback func which is executed upon completion of the asynchronous
operation associated with this  completion_future object . The completion callback  func should have an operator() that
is valid wheninvoked wi t h non argunfenot ®, i .e. |, f
Parameters:
func A function object or lambda whose operator() is invoked upon
completionof this 6s associ ated asynchronous
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concurrency::task<void> to_task() const
This method returns a  concurrency::task< void> object correspondingto this completion_future object and refers to
the same asynchronous operation. This method is a Microsoft specific extension.

5 Data Containers

5.1 array<T,N>

The typearray<T,N>epresent a dense and regular (not jaggedjdinensional array which resides on a specific location
such as an accelerator or the CPU. The element type of the aifaylisch is necessarily of a type compatible with the target
accelerator. While the rank of theray is determined statically and is part of the type, the extent of the array is ruatime
determined, and is expressed using clasEnt<N> A specific element of an array is selected using an instance@f</\/> .

S

LT GARE¢ A& | DIdARKATREEY F2a0$8y GWMNF n fI AREw| B8 f Snl6

dimension and highenumbered dimensions are referred to as less significant.

The array element typé shallbe an amp-compatiblewhose size is a multiple of 4tes andshallnot directly or recursively
contain any concurrency containers or reference to concurrency containers

Array data is laid out contiguously in memory. Elements which differ by one in the least significant dimension are adjacent
in memory.This storage layout is typically referred to i@sv majorand is motivated by achieving efficient memory access
given the standard mapping rules that GPUs use for assigning compute domain values to warps.

Arrays are logically considered to be value tyjpethat when an array is copied to another array, a deep copy is performed.
Two arrays never point to the same data.

Thearray<T,Ntype is used in several distinct scenarios:

1 As a data container to be used in computations on an accelerator
1 As adata caominer to hold memory on the host CPU (to be used to copy to and from other arrays)
I As a staging object to act as a fast intermedfarycopying data between host and accelerator.

An array can have any number of dimensions, although some functionabpet§alized foarray<T,13array<T,23 and
array<T,3> The dimension defaults to 1 if the template argument is elided.

5.1.1 Synopsis

template <typename T, int N=1>
class array
{
public :
static const int rank=N;
typedef T value_type ;

array ()= delete ;
explicit array (const extent<N>& extent) ;
array (const extent< N>& extent, accelerator_view av);

array( const extent<N>& extent, accelerator_view av, accelerator_view associated_av ), M
staging
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template <typename Inputlterator>

array( const extent<N>& extent, Inputlterator srcBegin);
template <typename Inputlterator>

array( const extent<N>& extent, Inputlterator srcBegin, Inputlterator srcEnd);
template <typename Inputlterator>

array( const extent<N>& exte nt, Inputlterator srcBegin ,

accelerator_view av, accelerator_view associated_av ); [/ staging
template <typename Inputlterator>
array( const extent<N>& extent, Inputlterator srcBegin, Inputlterator srcEnd,
accelerator_view av, accelerator_view associated_av); /I staging
template <typename Inputlterator>
array( const extent<N>& extent , Inputlterator srcBegin , accelerator_view av);

template <typename Inputlterator>
array( const extent<N>& extent, Inputlterator srcBegin, Inputlterator srcEnd,
accelerator_view av);

explicit array( const array_view< const T,N>& src );
array( const array_view< const T,N>& src ,

accelerator_view av, accelerator_view associated_av ); // staging
array( const array_view< const T,N>& src , accelerator_view av);

array( const array & other);
array( array && other);

array & operator =(const array & other);
array & operator =(array && other);

array& operator =(const array_view< const T,N>& src );

void copy_to(array& dest) const ;
void copy_to( const array_view<T,N>& dest) const ;

__declspec (property (get)) extent<N> extent;

__declspec (property (get)) accelerator_view accelerator_view;
__declspec (property (get)) accelerator_view associated_accelerator_view;

T& operator [J( const index<N>&idx) restrict (amp,cpu) ;
const T& operator [J( const index<N>& idx) const restrict (amp,cpu) ;
array_view<T,N -1> operator [J( int i) restrict (amp,cpu) ;
array_view<const T ,N-1> operator [J( int i) const restrict (amp,cpu) ;

const T& operator ()( const index<N>& idx) const restrict (amp,cpu) ;
T& operator ()( const index<N>&idx) restrict (amp,cpu) ;
array_view<T,N -1> operator ()( int i) restrict (amp,cpu) ;
array_view<const T ,N-1> operator ()( int i) const restrict (amp,cpu) ;

array_view<T,N> section( const index<N>&idx, const extent<N>& ext) restrict

(amp,cpu) ;

array_view<const T ,N> section( const index<N>& idx, const extent<N>& ext) const

restrict  (amp,cpu) ;

array_view<T,N> section(  const index<N>&idx) restrict (amp,cpu) ;
array_view<const T ,N>section( const index<N>&idx) const restrict (amp,cpu) ;
array_view<T,N> section(  const extent<N>& ext) restrict(amp,cpu) ;
array_view<const T ,N> section( const extent<N>& ext) const restrict(amp,cpu)

template <typename ElementType>
array_view<ElementType,1> reinterpret_as() restrict  (amp,cpu) ;
template <typename ElementType>
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array_view< const ElementType,1> reinterpret_as() const restrict (amp,cpu) ;

template <int K>

array_view<T,K>view_as( const extent <K>& viewExtent ) restrict (amp,cpu) ;

template <int K>

array_view<const T ,K>view_as( const extent <K>& viewExtent ) const restrict

operator std::vector<T>() const ;

T*data() restrict (amp,cpu) ;
const T*data() const restrict (amp,cpu) ;

template <typename T>
class array <T,1>

{

public :

static const int rank=1;
typedef T value_type ;

array ()= delete ;

explicit array (const extent<1>& extent);
explicit array (int e0);
array (const extent<1>& extent
accelerator_view av, accelerator_view associated_av ); /Il staging

(amp,cpu) ;

array (int e0, accelerator_view av, accelerator_view associated_av ); /I staging

array (const extent<1>& extent, accelerator_view av);
array (int €0, accelerator_view av);

template <typename Inputlterator>
array (const extent<1>& extent, Inputlterator srcBegin);
template <typename Inputlterator>
array (const extent <1>& extent, Inputlterator srcBegin, Inputlterator srcEnd);
template <typename Inputlterator>
array (int €O, Inputlterator srcBegin);
template <typename Inputlterator>
array (int €O, Inputlterator srcBegin, Inputlterator srcEnd);
te mplate <typename Inputlterator>
array (const extent<1>& extent, Inputlterator srcBegin,

accelerator_view av, accelerator_view associated_av); /I staging
template <typename Inputlterator>
array (const extent<1>& extent, Inputltera tor srcBegin, Inputlterator srcEnd,
accelerator_view av, accelerator_view associated_av); /I staging

template <typename Inputlterator>
array (int €O, Inputlterator srcBegin,
accelerator_view av, accelerator_view associate d_av); //staging
template <typename Inputlterator>
array (int €O, Inputlterator srcBegin, Inputlterator srcEnd,
accelerator_view av, accelerator_view associated_av); /I staging
template <typename Inputlterator>
array (const extent<1>& extent, Inputlterator srcBegin, accelerator_view av);
template <typename Inputlterator>
array (const extent<1>& extent, Inputlterator srcBegin, Inputlterator srcEnd,
accelerator_view av);
template <typename Inputlterator>
array (int €O, Inputlterator srcBegin, Inputlterator srcEnd, accelerator_view av);
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array (const array_view< const T, 1>& src );
array (const array_view< const T,1>&src ,

accelerator_view av, accelerator_view associated_av ); /Il staging
array (const array_view< const T, 1>& src , accelerator_view av);

array (const array & other);
array (array && other);

array & operator =(const array & other);
array & operator =(array && other);

array& operator =(const array_view <const T,1>& src );

void copy_to(array& dest) const ;
void copy_to( const array_view<T,1>& dest) const ;

__declspec (property (get)) extent<l> extent;

__declspec (property (get)) accelerator_view accelerator_view;
__declspec (property (get)) accelerator_view associated_accelerator_view;

T& operator [J( const index<1>&idx) restrict (amp,cpu) ;

const T& operator [J( const index<l1>&idx) const restrict (amp,cpu) ;
T& operator [J( int i0) restrict (amp,cpu) ;

const T& operator [J( int i0) const restrict (amp,cpu) ;

T& operator ()( const index<1>&idx) restrict (amp,cpu) ;

const T& operator ()( const index<1>&idx) const restrict (amp,cpu) ;
T& operator ()( int i0) restrict (amp,cpu) ;

const T& operator ()( int i0) const restrict (amp,cpu) ;

array _view<T,1> section( const index<1>&idx, const extent<l>& ext ) restrict (amp,cpu) ;
array_view<const T ,1>section( const index<1>&idx, const extent<l>& ext ) const

restrict  (amp,cpu) ;

array _view<T,1> section( const index<1>&idx) restrict (amp,cpu) ;
array_view<const T ,1>section( const index<1>&idx) const restrict (amp,cpu) ;
array_view<T,1> section( const extent<1>& ext)  restrict(amp,cpu) ;
array_view<const T ,1>section( const extent<l>& ext) const restrict(amp,cpu) ;
array _view<T,1> section( int i0, int e0) restrict (amp,cpu) ;

array_view<const T ,1>section( int 10, int eO) const restrict (amp,cpu) ;

template <typename ElementType>

array_view<ElementType,1> reinterpret_as() restrict  (amp,cpu) ;
template <typename ElementType>
array_view< const ElementType,1> reinterpret_as() const restrict (amp,cpu) ;

template <int K>
array_view<T,K>view_as( const extent <K>& viewExtent ) restrict (amp,cpu) ;
template <int K>
array_view< const T,K>view_as( const extent <K>& viewExtent ) const restrict (amp,cpu) ;

operator std::vector<T>() const ;

T* data() restrict (amp,cpu) ;
const T*data() const restrict (amp,cpu) ;
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template <typename T>
class array <T,2>

{

public :

static const int rank=2;
typedef T value_type ;

array ()= delete ;
explicit array (const extent<2>& extent);
array (int €0, int el);
array (const extent<2>& extent
accelerator_view av, accelerator_view associated_av ); [/l staging
array (int e0, int el, accelerator_view av, accelerator_view associated_av
array (const extent<2>& extent, accelerator_view av);
array (int e0, int el, accelerator_view av);

template <typename Inputlterator>
array (const extent<2>& extent, Inputlterator srcBegin);
template <typename Inputlterator>
array (const extent<2>& extent, Inputlterator srcBegin, Inputlterator srcEnd);
template <typename Inputlterator>
array (int €0, int el, Inputlterator srcBegin);
template <typename Inputlterator>
array (int €0, int el, Inputlterator srcBegin, Inputlterator srcEnd);
template <typename Inputlterator>
array (const extent<2>& extent, Inputlterator srcBegin,
accelerator_view av, accelerator_view a ssociated_av); /I staging
template <typename Inputlterator>
array (const extent<2>& extent, Inputlterator srcBegin, Inputlterator srcEnd,
accelerator_view av, accelerator_view associated_av); /I staging
template <typename Inputlter ator>
array (int eO, int e2, Inputlterator srcBegin,
accelerator_view av, accelerator_view associated_av); /I staging
template <typename Inputlterator>
array (int eO, int e2, Inputlterator srcBegin, Inputlterator srcEnd,
accelerator_view av, accelerator_view associated_av); /I staging
template <typename Inputlterator>
array (const extent<2>& extent, Inputlterator srcBegin, accelerator_view av);
template <typename Inputlterator>
array (const extent<2> & extent, Inputlterator srcBegin, Inputlterator srcEnd,
accelerator_view av);
template <typename Inputlterator>
array (int €0, int el, Inputlterator srcBegin, accelerator_view av);
template <typename Inputlterator>

array (int €0, int el, Inputlterator srcBegin, Inputlterator srcEnd, accelerator_view av);

array (const array_view< const T,2>& src );
array (const array_view< const T,2>&src ,

accelerator_view av, accelerator_view associated_av ); /Il staging
array (const array_view< const T,2>& src , accelerator_view av);

array (const array & other);
array (array && other);

array & operator =(const array & other);
array & operator =(array && other);
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array& operator =(const array_view< const T,2>& src );

void copy_to(array& dest) const ;
void copy_to( const array_view<T,2>& dest) const ;

__declspec (property (get)) extent<2> extent;

__declspec (property (get)) accelerator_view accelerator_view;
__declspec (property (get)) accelerator_view associated_accelerator_view;

T& operator [J( const index<2>&idx) restrict (amp,cpu) ;
const T& operator [J( const index<2>&idx) const restrict (amp,cpu) ;
array_view<T,1> operator [J( int i0) restrict (amp,cpu) ;
array_view< const T,1> operator [|( int i0) const restrict (amp,cpu) ;

T& operator ()( const index<2>&idx) restrict (amp,cpu) ;

const T& operator ()( const index<2>&idx) const restrict (amp,cpu) ;
T& operator ()( int i0, int il) restrict (amp,cpu) ;

const T& operator ()( int 10, int il) const restrict (amp,cpu) ;

array _view<T,2> section( const index<2>&idx, const extent<2>& ext ) restrict (amp,cpu) ;
array_view<const T ,2>section( const index<2>&idx, const extent<2>& ext ) const

restrict  (amp,cpu) ;
array _view<T,2> section( const index< 2>&idx) restrict (amp,cpu) ;
array_view<const T ,2>section( const index< 2>&idx) const restrict (amp,cpu) ;
array_view<T,2> section( const extent<2>& ext) restrict(amp,cpu) ;
array_view<const T ,2>section( const extent<2>& ext) const restrict(amp,cpu) ;
array _view<T,2>section( int i0, int i1, int e0, int el) restrict (amp,cpu) ;
array_view<const T ,2>section( int 10, int i1, int e0, int el) const restrict (amp,cpu) ;

template <typename ElementType>

array_view< ElementType,1> reinterpret_as() restrict  (amp,cpu) ;
template <typename ElementType>
array_view< const ElementType,1> reinterpret_as() const restrict (amp,cpu) ;

template <int K>
array_view<T,K>view_as( const extent <K>& viewExtent ) restrict (amp,cpu) ;
template <int K>
array_view<const T ,K>view_as( const extent <K>& viewExtent ) const restrict (amp,cpu) ;

operator std::vector<T>() const ;

T* data() restrict (amp,cpu) ;
const T*data() const restrict (amp,cpu) ;

template <typename T>
class array <T,3>

{

public :
static const int rank =3;
typedef T value_type ;
array ()= delete ;

explicit array (const extent<3>& extent);
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array (int €0, int el, int e2);
array (const extent<3>& extent

accelerator_view av, accelerator_view associated_av ); /Il staging
array (int €0, int el, int e2,
accelerator_view av, accelerator_view associated_av ); /Il staging

array (const extent<3>& extent, accelerator_view av);
array (int €0, int el, int e2,accelerator_view av);

template <typename Inputlterator>
array (const extent<3>& extent, Inputlterator srcBegin);
template <typename Inputlterator>
array (const extent<3>& extent, Inputlterator srcBegin, Inputlterator srcEnd)
template <typename Inputlterator>
array (int €0, int el, int e2,Inputlterator srcBegin);
template <typename Inputlterator>
array (int €0, int el, int e2, Inputlterator srcBegin, Inputlterator srcEnd);
template <typename Inputlter ator>
array (const extent<3>& extent, Inputlterator srcBegin,
accelerator_view av, accelerator_view associated_av); /I staging
template <typename Inputlterator>
array (const extent<3>& extent, Inputlterator srcBegin, Inputlterator srcEnd,
accelerator_view av, accelerator_view associated_av); /I staging
template <typename Inputlterator>
array (int €0, int e2, int e2, Inputlterator srcBegin,
accelerator_vie w av, accelerator_view associated_av); /I staging
template <typename Inputlterator>
array (int e0, int e2, int e2, Inputlterator srcBegin, Inputlterator srcEnd,
accelerator_view av, accelerator_view associated_av); /I staging
template <typename Inputlterator>
array (const extent<3>& extent, Inputlterator srcBegin, accelerator_view av);
template <typename Inputlterator>
array (const extent<3>& extent, Inputlterator srcBegin, Inputlterator srcEnd,
accel erator_view av);
template <typename Inputlterator>
array (int €0, int el, int e2, Inputlterator srcBegin, accelerator_view av);
template <typename Inputlterator>
array (int €0, int el, int e2, Inputlterator srcBegin, Inputlterator srcEnd,
accelerator_view av);

array (const array_view< const T,3>& src );
array (const array_view< const T,3>&src ,

accelerator_view av, accelerator_view associated_av ); [/l staging
array (const array_view< const T,3>& src , accelerator_view av);

array (const array & other);
array (array && other);

array & operator =(const array & other);
array & operator =(array && other);

array& operator =(const array_view< const T,3>& src );

void copy_to(array& dest) const ;
void copy_to( const array_view<T,3>& dest) const ;

__declspec (property (get)) extent<3> extent;

__declspec (property (get)) accelerator_view accelerator_view;
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__declspec (property (get)) accelerator_view associated_accelerator_view;

T& operator [J( const index<3>&idx) restrict (amp,cpu) ;
const T& operator [J( const index<3>&idx) const restrict (amp,cpu) ;
array_view<T,2> operator [J( int i0) restrict (amp,cpu) ;
array_view< const T,2> operator [J( int i0) const restrict (amp,cpu) ;

T& operator ()( const index<3>&idx) restrict (amp,cpu) ;

const T& operator ()( const index<3>&idx) const restrict (amp,cpu) ;
T& operator ()( int 0, int i1, int i2) restrict (amp,cpu) ;

const T& operator ()( int i0, int i1, int i2) const restrict (amp,cpu) ;

array _view<T, 3> section( const index<3>&idx, const extent<3>& ext ) restrict (amp,cpu) ;
array_view<const T , 3> section( const index<3>&idx, const extent<3>& ext ) const

restrict  (amp,cpu) ;

array _view<T, 3> section( const index< 3>&idx) restrict (amp,cpu) ;
array_view<const T , 3> section( const index< 3>&idx) const restrict (amp,cpu) ;
array_view<T,3> section( const extent<3>& ext) restrict(amp,cpu) ;
array_view<const T ,3>section( const extent<3>& ext)  const restrict(amp,cpu) ;
array _view<T, 3> section( int i0, int i1, int i2,

int e0, int el, int e2) restrict (amp,cpu) ;
array_view<const T ,3>section( int i0, int i1, int i2,

int e0, int el, int e2) const restrict (amp,cpu) ;

template <typename ElementType>

array_view<ElementType,1> reinterpret_as() restrict  (amp,cpu) ;
template <typename ElementType>
array_view< const ElementType,1> reinterpret_as() const restrict (amp,cpu) ;

template <int K>
array_view<T,K>view_as( const extent <K>& viewExtent ) restrict (amp,cpu) ;
template <int K>
array_view<const T ,K>view_as( const extent <K>& viewExtent ) const restrict (amp,cpu) ;

operator  std::vector<T>() const ;

T*data() restrict (amp,cpu) ;
const T*data() const restrict (amp,cpu) ;

template <typename T, int N=1> class array

Represents an N -dimensional region of memory (with type T) located on an accelerator.

Template Arguments

T

The element type of  this array

N

The dimensionality of the array, defaults to 1 if elided.

static const int rank=N

The rank of this array.

typedef T value_type ;

The element type of this array.

5.1.2 Constructors
There is no default constructor farray<T,N>! f £ O2y aG NHzOG2NBA | NB NBaidiNXOGSR
an amptarget).
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array( const array& other)

Copy constructor. Constructs a hew array <T, N> from the supplied argument other. The new array is located on the
same accelerator view as the source array. A deep copy is performed.

Parameters:

Other An object of type  array <T, N> from which to initialize this new array.
array(array&& other)

Move constructor. Constructs a new array <T, N>by moving from the supplied argument other

Parameters:

Other An object of type  array <T, N> from which to initialize this new array.

explicit array (const extent<N>& extent)

Constructs a new  array with the supplied extent, located on the default view of the  default accelerator. If any
components of the extent are non - positive, an exception will be thrown.

Parameters:

Extent The extent in each dimension of this array.

explicit array<T,1>:: array (int €0)
array<T,2>:: array (int €0, int el)
array<T,3>:: array (int e0, int el, int e2)

Equi val ent to conarayedtent<N>en ©0d,i el ed m)o.

Parameters:

e0[,el[,e2]] The component values that will form the extent of this array.

template <typename Inputlterator>

array (const extent< N>& extent , Inputlterator srcBegin [, Inputlterator srcEnd] )
Constructs a new array with the supplied extent, located on the default accelerator, initialized with the contents of a
source container specified by a beginning and optional ending iterator . The source data is copied by value into this array

as i f bycopy@ld.i ng 0

If the number of available container elements is less than this ->extent.size(), undefined behavior results.
Parameters:

extent The extent in each dimension of this array.

srcBegin A beginning iterator into the source container.

srcEnd An ending iterator into the source container.

template <typename Inputlterator>

array<T,1>:: array (int €O, Inputlterator srcBegin [, Inputlterator srcEnd] )
template <typename Inputlterator>
array<T,2>:: array (int €0, int el, Inputlterator srcBegin [, Inputlterator srcEnd] )
template <typename Inputlterator>
array<T,3>:: array (int €0, int el, int e2, Inputlterator srcBegin [, Inpu tlterator srcEnd] )
Equi valent to conarayedtent<N>en ©0d,i el ed 1) .src) oO.
Parameters:
e0[,el[,e2]] The component values that will form the extent of this array.
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srcBegin A beginning iterator into the source container.

srcEnd An ending iterator into the source container.
2044

explicit  array (const array view< const T,N>& src )

Constructs a new array , located on the default view of the default accelerator, initialized with the contents of the

array_view fisrco. The extent of this array is taken from the

value into this ar rcapy(srg@’hisi f by (&8B).i ng

Parameters:

src An array_view  object from which to copy the data into this array (and

also to determine the extent of this array).

2045

explicit ~ array (const extent<N>& extent, accelerator_view av)

Constructs a new array with the supplied extent, located on the accelerator bound to the accelerator_view flavo.

Parameters:

extent The extent in each dimension of this array.

av An accelerator_view object which specifies the location of this array.
2046

array<T,1>:: array (inteO , accelerator_view av)

array<T,2>:: array (int €0, int el, accelerator_view av)

array<T,3>:: array (int €0, int el, int e2, accelerator view av)

Equi val ent t o c onartay(edtent<N>en O d,eng[,é 2] ),av )o.

Parameters:

e0[,el[,e2]] The component values that will form the extent of this array.

av An accelerator_view object which specifies the location of this array.
2047

template <typename Inputlterator>

array (const extent< N>& extent , Inputlterator srcBegin [, Inputiterator srcEnd] )
accelerator_view av)

Constructs a new array with the supplied extent, located on the accelerator bound to the accelerator_view fiavo,

initialized with the contents of the source container specified by a beginning and optional ending iterator . The data is

copied by value into thicepy;roray as i f by calling A

Parameters:

extent The extent in each dimension of this array.

srcBegin A beginning iterator into the source container.

srcend An ending iterator into the source container.

av An accelerator_view object which specifies the location of this array.
2048

array (const array view< const T,N>& src , accelerator_view av)

Constructs a new array initialized with the contents of the array_view fAsrco. The extent

extent of the source array_view. The fisrcodo i s apyfrmcéhs) by ov g Iswee

5.3.2 ). The new array is located on the accelerator bound to the accelerator_view flavo.

Parameters:
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src An array_view  object from which to copy the data into this array (and
also to determine the extent of this array).

av An accelerator_view object which specifies the location of this array

Equi val ent t o c onartayedtent<N>fen 0 d,i elg], ed 1) ,src Begin [, srcEnd] ,av) O .
Parameters:

e0[,el[,e2]] The component values that will form the extent of this array.

srcBegin A beginning iterator into the source container.

srcEnd An ending iterator into the source container.

av An accelerator_view object which specifies the location of this array.

5.1.2.1 Staging Array Constructors

Staging arrays are used as a hint to optimize repeated copies between two accelerators (in V1 practically this is between the
CPU andn accelerator).Staging arrays are optimized for data transfers, and do not have stablespgee memory.
Microsoftspecificc. On Windows, staging arrayae backed by DirectX staging buffers which have the correct hardware
alignment to ensure efficient DMA transfer between the CPU and a device.

Staging arrays are differentiated from normal arrays by their construction wittecond accelerator. Note that the
accelerator_vievproperty of a staging array returns the value of the first accelerator argument it was constructechwith (
below).

It is illegal to change or examine the contents of a staging array while it iséohio a transfer operation (i.e., between lines
17 and 22 in the following example):

. class SimulationServer

A

array <float,2> acceleratorArray;
array <float,2> stagingArray;

SimulationServer(const accelerator_vie wé& av)
:acceleratorArray(extent<2>(1000,1000), av),

1
2
3
4.
5. public:
6.
-
8 stagingArray(extent<2>(1000, 1000 )efauawewel er at or (0cpu

9. accel er agpod)deault view )
10. {

11. }

12.

13. void OnCompute()

14. {

15. array <float,2> &a = acceleratorArray;
16. ApplyNetworkChanges(stagingArray.data());
17. a = stagingArray;

18. parallel_for_each (a.extents, [&](index<2> idx)
19.

20. /I Update a[idx] according to simulation
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21. }
22. stagingArray = a;
23. SendToClient(stagingArray.data());
24, }
25. }
array (const extent<N>& extent, accelerator_view av, accelerator_view associated_av )
Constructs a  staging array with the given extent, which acts as a staging area between accelerator views a#io and
flassociated_av 0 .1 favd i s a c pu wewg thid vallrcanstroct a staging array which is optimized for data transfers
bet ween the aSd8dihted mdo .fi
Parameters:
extent The extent in each dimension of this array.
av An accelerator _view object which specifiesth e home location of this
array.
associated_av An accelerator _view object which specifies a target device
accelerator.
array<T,1>:: array (int €0, accelerator_view av, accelerator_view associated_av )

array<T,2>:: array (int €0, int el, accelerator_view av, accelerator_view associated_av

)

array<T, 3> array (int e0, int el, int e2, accelerator view av, accelerator_view associated_av )

Equi val ent t o c onartay(edtent<N>en 0O d,enlg[,é 2 ]] ), av, associated av )o .

Parameters:

e0[,el[,e2]] The component values that will form the extent of this array.

av An accelerator _view object which specifiesth e home location of this
array.

associated_av An accelerator _view object which specifies a target device
accelerator.

template <typename Inputlterator>

array (const extent<N>& extent , Inputlterator srcBegin [, Inputlterator srcEnd] )

accelerator_view av, accelerator_view associated_av )

Constructs a staging array with the given extent, whiocH wahdtcsh an

the CPU accel essaciated gv dand Tihe st aging array will be dnbyi dsrzed4q

c al | topygsrc,itthis) 0 (see 5.3.2).

Parameters:

extent The extent in each dimension of this array.

srcBegin A beginning iterator into the source container.

srcend An ending iterator into the source container.

av An accelerator  _view object which specifiesth e home location of this
array.

associated_av An accelerator _view object which specifies a target device
accelerator.

array (const array view< const T,N>& src , accelerator_view av, accelerator_view associated_av )
Constructs a staging array initialized with the array_view giyv
accel erabof swhiich must be t heanCddfociatedcaw |0er atTchre) extent of this ar
extent of the source array_view. The staging ar rcapy(srophis)l b e (seen
53.2).
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Parameters:
src An array_view object from which to copy the data into this array (and
also to determine the extent of this array).
av An accelerator _view object which specifiesth e home location of this
array.
associated_av An accelerator  _view object which specifies a target device
accelerator.
2094
template <typename Inputlterator>
array<T,1>:: array (int €O, Inputlterator srcBegin [, Inputlterator srcEnd] , accelerator_view
av, accelerator_view associated_av )
template <typename Inputlterator>
array<T,2>:: array (int €0, int el, Inputlterator srcBegin [, Inputlterator srcEnd] )
accelerator_view av, accelerator_view associated_av )
template <typename Inputlterator>
array<T,3>:: array (int €0, int el, int e2, Inputlterator srcBegin [, Inputlterator srcEnd] ,
accelerator_view av, accelerator_view associated_av
Equi val ent t o c onartay(edtent<N>en ©Od,enlg[, & 2 ]]),src, av, associated_av )oO .
Parameters:
e0[, el[,e2]] The component values that will form the extent of this array.
srcBegin A beginning iterator into the source container.
srcEnd An ending iterator into the source container.
av An accelerator _view object which specifiesth e home location of this
array.
associated_av An accelerator _view object which specifies a target device
accelerator.
2095
2096
2097 5.1.3 Members
2098
__declspec (property (get)) extent<N> extent
extent<N> get_extent() const restrict (cpu, amp
Access the extent that defines the shape of this array.
2099
__declspec (property (get)) accelerator view accelerator view
This property returns the accelerator_view representing the location where this array has been allocated. This property
is only accessible on the CPU.
2100
__declspec (property (get)) accelerator view associated accelerator view
This property returns the accelerator_view representing the preferred target where this array can be copied.
2101
array& operator =(const array& other)
Assigns the contents of the array fothero to this array, using a deep copy. Th
Parameters:
other | An object of type  array <T, N>from which to copy into this array.
Return Value:
Returns *this
2102
array& operator =(array&& other)
Movesthe contents of the array fAothero to this array. This functi

C++ AMP : Language and Programming Model : Vebstordanuary 2012



2103

2104

2105

2106

2107

2108

2109
2110

2111

2112

Pages8

Parameters:

other An object of type  array <T, N>from which to move into this array.

Return Value:

Returns *this

array& operator =(const array view< const T,N>& src)

Assigns the contents of the array_view fAsrdé&82)as if by calling
Parameters:
src | An object of type  array_view <T, N>from which to copy into this array.

Return Value:

Returns *this

void copy_to(array<T,N>& dest)

Copies the contents of this array to the array giverb3By fAdesto

Parameters:

dest | An object of type array <T, N> to which to copy data from this array.

void copy_to( const array view<T,N>& dest)
Copies the contents of this array to the array_view giw82)by i

Parameters:

dest An object of type  array_view <T, N> to which to copy data from this
array.

T* data() restrict (amp,cpu)
const T*data() const restrict (amp,cpu)

Returns a pointer to the raw data underlying this array.

Return Value:

A (const) pointer to the first element in the linearized array.
operator std::vector<T>() const
Il mplicitly converts an arr ayopy(tthis,a svécthr)o(see 68d)., as i f by 0

Return Value:

An object of type vector<T> which contains a copy of the data contained on the array.

5.1.4 Indexing

T& operator [J( const index<N>&idx) restrict (amp,cpu)
T& operator ()( const index<N>& idx) restrict (amp,cpu)

Returns a reference to the element of this array that is at the location in N -di mensional space specif
Accessing array data on from a location where it is not resident (e.g. from the CPU when it is resident o n a GPU) results
in an exception or undefined behavior.
Parameters:
idx An object of type  index <N> from that specifies the location of the
element.

const T& operator [J( const index<N>&idx) const restrict (amp,cpu)
const T& operator ()( const index<N>& idx) const restrict (amp,cpu)

Returns a const reference to the element of this array that is at the location in N -di mensional space spe
Accessing array data on from a location where it is not resident (e.g. from the CPU when it is resident on a GPU) results
in an exception or undefined behavior.

Parameters:

idx An object of type  index <N> from that specifies the location of the
element.

T& array< T, 1>:: operator ()( int i0) restrict (amp,cpu)

T& array<T,1>:: operator [J( int i0) restrict(amp,cpu)

C++ AMP : Language and Programming Model : Vebstordanuary 2012




2113

2114

2115

2116
2117

2118

2119

2120

Equi v al eamay< T,W>:dperator()(index<N>(i0[,il[,i2]]) 0.
Parameters:
i0[,i1[,i2]] The component values that will form the index into this array.

Equi v al eamay<TNw:op@rator()(index<N>(i0 [, i1 [, i2 ]])) const O .
Parameters:
i0[,i1[,i2]] The component values that will form the index into this array.
This overload is defined for array< T, N> where N O 2.
This mode of indexing is equivalent to projecting on the most -significant dimension. It allows C -style indexing. For
example:
array<float, 4> myArray(myExtents, ¢&);

myArray[index<4>(5,4,3,2)] = 7;
assert(myArray[5][4][3][2] == 7);

Parameters:
i0 An integer that is the index into the most -significant dimension of this
array.

Return Value:

Returns an array view whose dimension is one lower than that of this array.

5.1.5 View Operations

S e earrdly_view<T,N>::section( const index<N>&, const extent<N>&) insection 5.2.5 for a description of this
function .

Equivalentto fisection(idx  ,this ->extent 7 idx )0 .

Equi val esection(t andei<N>(), ext )o .
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array_view<const T ,3 > array<T,3>::section( int i0, int i1, int i2,

int e0, int el, int e2) const restrict (amp,cpu)
Equi val emay<TiN®: fisection( index<N>(iO[,il[,i2]]) ,extent <N>(eO[, el[, e2])) ) const 0.
Parameters:
i0 [,il1[,i2]] The component values  that will form the  origin of the section
e0[,el[,e2]] The component values  that will form the extent of the section

template <typename ElementType>

array<RGB,3> a=..;
array_view <float,1> vV = a.reinterpret_as <float> ();

assert(v.extent == 3*a.extent);

The size of the reinterpreted ElementType must evenly divide into the total size of this array.

array_view< ElementType,1> reinterpret_as() restrict  (amp,cpu)
template <typename ElementType>
array_view< const ElementType,1> reinterpret_as() const restrict (amp,cpu)
Sometimes it is desirable to view the data of an N -dimensional array as a linear array, possibly with a (unsafe)
reinterpretation of the element type. This can be achieved through the reinterpret_as member function . Example:
struct RGB { float r; float g; float b; };

Return Value:

reduced from Nto 1.

Returns an array_view fromthis array<T,N> with the element type reinterpreted from T to ElementType , and the rank

template <int K>
array_view<T,K> view_as( extent <K>view Extent ) restrict (amp,cpu)
template <int K>
array_view<const T K> view_as( extent <K>view Extent ) const restrict (amp,cpu)

Example:

array<float,1> a(100);

array_view<float,2> av = a.view_as( extent<2> (2,50)) ;

An array of higher rank can be reshaped into an array of lower rank, or vice versa, using the view_as member function

Return Value:

Returns an array_view fromthis array<T,N> with the rank changed to K from N.

5.2 array_view<T,N>

Thearray_view<T,Ntype represents a possibly cached view into the data held iarexy<T,N>or a section thereof. It also

provides such views over native CPU ddtaxposes an indexing interface congruent to thahoby<T,N>

Like anarray, anarray_viewis an Ndimensional object, where N defaults to 1 if ibisitted.

The array element typé shallbe an amp-compatiblewhose size is a multiple of 4 bytes astthlinot directly or recursively

contain any concurrency containers or reference to concurrency containers.

array_views may be accessed locally, where thsgiurce data lives, or remotebn a differert accelerator viewor coherence
domain. When they are accessed remotely, views are copied and casmetessary.Except for the effects of automatic
cachingarray views have a performance profile similar to that of arrays (small to negligible acceakyp®hen accessing

the data through views).
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2139  There are three remote usage scenarios:

2140 1. Aview to a system memory pointer is passed througlaallel _for eactcall to an accelerator and accessed on
2141 the accelerator.

2142 2. Aview to an accelerateresiding arrayd passed usingzarallel_for_eacho another acceleratorviewand is
2143 accessed there.

2144 3. Aview to an acceleratenesiding array is accessed on the CPU.

2145 When any of these scenarios occur, the referenced views are implicitly copied by the system to the remote location and, if
2146  modified through thearray view copied back to the home location. The Implementation is free to optimize copying changes
2147  back; mayonly copy changed elements, or may copy unchanged portions as well. Overlappingievs to the same data

2148  source arenot guaranteed to maintaimliasing betweerarrays/array_vievgon a remote location.

2149

2150 Multi-threaded access to the same data sourc#yei directly or through views, must be synchronized by the user.

2151

2152  The runtime makes the following guarantees regarding caching of data inside array views.

2153 1. Let A be an array and V a view to the array. Then, alsyetthronized accesses to A and Vrimgpam order obey
2154 a serial happenbefore relationship.

2155 2. Let Abe an array and V1 and V2 be overlapping views to the array.

2156 1 When executing on the accelerator where A has been allocated, albyrathronized accesses through A,
2157 V1 and V2 are aliased throughand induce a total happe#zefore relationship which obeys program
2158 order. (No caching.)

2159 1 Otherwise, if they are executing on differemtceleratorsthen the behaviour of writes to V1 and V2 is
2160 undefined (a race).

2161 When anarray viewis created over a goter in system memory, the user commits to:

2162 1. only changinghe data accessible through the vialirectly through the view classy

2163 2. adhering to the following rules when accessing the data directly (not through the view):

2164 a. Callingsynchronize(pefore the data is accessed directynd

2165 b. If the underlying data is modified, callingfresh()prior to further accessing it through the view

2166  (Note: The underlying data of an array_view is updated when the last copy of an array_view having pendggogsteut

2167  of scope or is otherwise destructed.)

2168

2169  Either action will notify thearray viewthat the underlying native memory has changed and that any accelerasiding

2170  copies are now staldf the user abides by ttserules then the guarantees provided by the system for poiitased views

2171  areidentical to those provided to views of dgtarallel arrays.

2172

2173  The memory allocation underlying a concurrency::array is reference counted for automatic lifetime managememtayhe a
2174 and all array_views created from it hold references to the allocation and the allocation lives till there exists at leasapne

2175 or array_view object that references the allocation. Thus it is legal to access the array view(s) even after the source
2176  concurrency::array object has been destructed.

2177

2178 2 KSYy 'y I NN}eyo@ASg Aa ONBFGISR 20SNIyYyIFGAGB®S /t! RIGF yoadzOK
2179 to ensure that the source data outlives all array_views created over that sodmg attempt to access the array view

2180 contents after native CPU data has been deallocated has undefined behavior.

2181 5.2.1 Synopsis

2182 Thearray view<T,Nhas the following specializations:
2183 1 array view<T,1>

2184 1 array view<T,2>
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2185 1 array_view<T,3>

2186 1 array_view<const T,N>
2187 1 array_vew<const T,1>

2188 1 array_view<const T,2>
2189 1 array_view<const T,3>

2190 5.2.1.1 array_view<T,N>

2191  The generi@rray_view<T,N¥epresents a view over elements of typevith rankN. The elements are both readable and
2192  writeable.

2193

2194 template <typename T, int N=1>

2195 class array_view

2196 {

2197  public :

2198 static const int rank=N;

2199 typedef T value_type ;

2200

2201 array_view() = delete ;

2202 array_view( array <T,N>& src) restrict (amp,cpu) ;

2203 template <typename Container>

2204 array_view( const extent<N>& extent, Container & src);

2205 array_view( const extent<N>& extent, value_type* src) restrict(amp,cpu) ;
2206

2207 array_view( const array_view& other) restrict  (amp,cpu) ;

2208

2209 array_view& operator =(const array_view& other) restrict  (amp,cpu) ;
2210

2211 void copy_to(array<T,N>& dest) const ;

2212 void copy_to( const array_view& dest) const ;

2213

2214 __declspec (property (get)) extent<N> extent;

2215

2216 I/l These are restrict (amp,cpu)

2217 T& operator [J( const index<N>&idx) const restrict (amp,cpu) ;

2218 array_view<T,N -1> operator [J( int i) const restrict (amp,cpu) ;

2219

2220 T& operator ()( const index<N>&idx) const restrict (amp,cpu) ;

2221 array_view<T,N -1> operator ()( int i) const restrict (amp,cpu) ;

2222

2223 array_view<T,N> section( const index<N>&idx, const extent<N>& ext) restrict (amp,cpu) ;
2224 array_view<T,N> section(  const index<N>& idx) const restrict (amp,cpu) ;
2225 array_view<T,N> section(  const extent<N>& ext) const restrict(amp,cpu) ;
2226

2227 void synchronize()  const ;

2228 completion_future synchronize_async() const ;

2229

2230 void refresh()  const ;

2231 void discard_data() const ;

2232

2233 }

2234

2235 template <typename T>
2236 class array_view<T,1>

2237 |
2238  public :
2239 static const int rank=1;
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typedef T value_type ;

array_view() = delete ;
array_view( array <T,1>& src) restrict (amp,cpu) ;
template <typename Container>

array_view( const extent<l> & extent, Container & src);
template <typename Container>

array_view( int €0, Container & src);

array_view( const extent<1>& extent, value_type* src) restrict(amp,cpu)

array_view( int €0, value_type* src) restrict(amp,cpu) ;

array_view( const array_ view& other) restrict  (amp,cpu) ;

array_view& operator =(const array_view& other) restrict  (amp,cpu) ;

void copy_to(array<T,1>& dest) const ;
void copy_to( const array_view& dest) const ;

__declspec (property (get)) extent<l> extent;

T& operator [J( const index<1>&idx) const restrict (amp,cpu) ;
T& operator [J( int i) const restrict (amp,cpu) ;

T& operator ()( const index<1>&idx) const restrict (amp,cpu) ;
T& operator ()( int i) const restrict (amp,cpu) ;

array_view<T,1> section( const index<1>&idx, const extent<l>& ext

array_view<T,1> section( const index<1>& idx) const restrict (amp,cpu) ;
array_view<T,1> section( const extent<1>& ext) const restrict(amp,cpu)

array_view<T,1> section( int i0, int e0) restrict (amp,cpu) ;

template <typename ElementType>

array_view< ElementType,1> reinterpret_as() const restrict (amp,cpu) ;

template <int K>

array_view<T,K>view_as( extent <K>view Extent ) const restrict (amp,cpu) ;

T*data() const restrict (amp,cpu) ;

void synchronize()  const ;
completion_future synchronize_async() const ;

void refresh()  const;
void discard_data() const ;

template <typename T>

class array_view<T,2>

{

public :
static const int rank=2;
typedef T value_type ;

array_view() = delete ;
array_view( array <T,2>& src) restrict (amp,cpu) ;
template <typename Container>

array_view( const extent<2>& extent, Container & src);
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template <typename Container>

array_view( int €0, int el, Container & src);
array_view( const extent<2>& extent, value_type* src) restrict(amp,cpu)
array_view( int e0, int el, value_type* src) restrict(amp,cpu) ;
array_view( const array_view& other) restrict  (amp,cpu) ;
array_view& operator =(const array_view& other) restrict  (amp,cpu) ;

void copy_to(array<T,2>& dest) const ;
void copy_to( const array_view& dest) const ;

__declspec (property (get)) extent<2> extent;

T& operator [J( const index<2>&idx) const restrict (amp,cpu) ;
array_view<T,1> operator [J( int i) const restrict (amp,cpu) ;

T& operator ()( const index<2>&idx) const restrict (amp,cpu) ;
T& operator ()( int i0, int il) const restrict (amp,cpu) ;

array_view<T,2> section( const index< 2>&idx, const extent< 2>& ext ) const
array_view<T,2> section( const index<2>&idx) const restrict (amp,cpu) ;

array_view<T,2> section( const extent <2>& ext) const restrict(amp,cpu)
array_view<T,2> section( int i0, int il, int e0, int el) const restrict

void synchronize()  const ;
completion_future synchronize_async() const ;

void refresh()  const;
void discard_data() const ;

template <typename T>
class array_view<T,3>

{

public :

static const int rank=3;
typedef T value_type ;

array_view() = delete ;
array_view( array <T,3>& src) restrict (amp,cpu) ;
template <typename Container>
array_view( const extent<3>& extent, Container & src);
template <typename Container>
array_view( int €0, int el, int e2, Container & src);
array_view( const extent<3>& extent, value_type* src) restrict(amp,cpu)
array_view( int e0, int el, int e2,value_type* src) restrict(amp,cpu)

array_view( const array_view& other) restrict  (amp,cpu) ;
array_view& operator =(const array_view& other) restrict  (amp,cpu) ;

void copy_to(array<T,3>& dest) const ;
void copy_to( const array_view& dest) const ;

__declspec (property (get)) extent<3> extent;

T& operator [J( const index<3>&idx) const restrict (amp,cpu) ;
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array_view<T, 2> operator [J( int i) const restrict (amp,cpu) ;

T& operator ()( const index<3>&idx) const restrict (amp,cpu) ;
T& operator ()( int 0, int i1, int i2) const restrict (amp,cpu) ;

array_view<T,3> section( const index< 3>&idx, const extent< 3>& ext ) const restrict (amp,cpu) ;
array_view<T,3> section( const index<3>&idx) const restrict (amp,cpu) ;

array_view<T,3> section( const extent <3>& ext) const restrict(amp,cpu) ;

array_view<T,3> section( int {0, int i1, int 2, int e0, int el, int e2) const

restrict  (amp,cpu) ;

void synchronize()  const ;
completion_future synchronize_async() const ;

void refresh()  const ;
void discard_data() const ;

5.2.1.2 array_view<const T,N>

The partial specializatiomrray view<onst T,N¥epresents a view over elements of type comstith rankN. The elements
are readonly. At the boundary of a call site (such @esrallel_for _eac)y this form ofarray viewneed only be copied to the
GFNBSG | OO0St SNI G 2 NwiN Aot bk dopiedadut. QG I £ NS Ré (KSNB

template <typename T, int N=1>
class array_view< const T,N>

{

public :

static const int rank =N;
typedef const T value_type ;

array_view() = delete ;
array_view( const array <T,N>& src) restrict (amp,cpu) ;
template <typename Container>
array_view( const extent<N>& extent, const Container & src);
array_view( const extent<N>& extent, const value_type* src) restrict(amp,cpu) ;

array_view( const array_view <T,N>& other) restrict (amp,cpu) ;
array_view( const array_view< const T,N>& other) restrict (amp,cpu) ;

array_view& operator =(const array_view& other) restrict  (amp,cpu) ;

void copy_to(array<T,N>& dest) const ;
void copy_to( const array_view<T,N>& dest) const ;

__declspec (property (get)) extent<N> extent;

const T& operator [J( const index<N>& idx) const restrict (amp,cpu) ;
array_view< const T,N-1> operator [J( int i) const restrict (amp,cpu) ;

const T& operator ()( const index<N>& idx) const restrict (amp,cpu) ;
array_view< const T,N-1> operator ()( int i) const restrict (amp,cpu) ;

array_view< const T,N> section( const index<N>& idx, const extent<N>& ext) const

restrict  (amp,cpu) ;

array_view< const T,N>section( const index<N>&idx) const restrict (amp,cpu) ;
array_view< const T,N>section( const extent<N>& ext) const restrict(amp,cpu) ;
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void refresh()  const ;

template <typename T>
class array_view< const T,1>

{

public :

static const int rank=1;
typedef const T value_type ;

array_view() = delete ;
array_view( const array <T,1>& src) restrict (amp,cpu) ;
template <typename Container>
array_view( const extent<l>& extent, const Container & src);
template <typename Container>
array_view( int e0, const Container & src);
array_view( const extent<l1>& extent, const value_type* src) restrict(amp,cpu) ;
array_view( int €0, const value_type* src) restrict(amp,cpu) ;

array_view( const array_view <T,1>& other) restrict (amp,cpu) ;
array_view( const array view< const T,1>& other) restrict (amp,cpu) ;

array_view& operator =(const array_view& other) restrict  (amp,cpu) ;

void copy_to(array<T,1>& dest) const ;
void copy_to( const array_view<T,1>& dest) const ;

__declspec (property (get)) extent<l> extent;
/I These are restrict (amp,cpu)
const T& operator [J( const index<1>&idx) const restrict (amp,cpu) ;

const T& operator [J( int i) const restrict (amp,cpu) ;

const T& operator ()( const index<1>&idx) const restrict (amp,cpu) ;
const T& operator ()( int i) const restrict (amp,cpu) ;

array_view< const T,1>section( const index<N>&idx, const extent<N>& ext ) const

restrict ~ (amp,cpu) ;

h

array_view< const T,1>section( const index<1>&idx) const restrict (amp,cpu) ;
array_view< const T,1>section( const extent <1>& ext) const restrict(amp,cpu) ;
array_view< const T,1>section( int i0,inte0 ) const restrict (amp,cpu) ;

template <typename ElementType>
array_view< const ElementType,1> reinterpret_as() const restrict (amp,cpu) ;

template <int K>
array_view< const T,K>view_as( extent <K>view Extent ) const restrict (amp,cpu) ;

const T*data() const restrict (amp,cpu) ;

void refresh()  const ;

template <typename T>
class array view< const T,2>

{

public :
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2470 static const int rank=2;

2471 typedef const T value_type ;

2472

2473 array_view() = delete ;

2474 array_view( const array <T,2>& src) restrict (amp,cpu) ;

2475 template <typename Container>

2476 array_view( const extent<2>& extent, const Container & src);

2477 template <typename Container>

2478 array_view( int e0, int el, const Container & src);

2479 array_view( const extent<2>& extent, const value_type* src) restrict(amp,cpu) ;
2480 array_view( int e0, int el, const value_type* src) restrict(amp,cpu) ;

2481

2482 array_view( const array view <T,2>& other) restrict (amp,cpu) ;

2483 array_view( const array_view< const T,2>& other) restrict (amp,cpu) ;

2484

2485 array_view& operator =(const array_view& other) restrict  (amp,cpu) ;

2486

2487 void copy_to(array<T,2>& dest) const ;

2488 void copy_to( const array_view<T,2>& dest) const ;

2489

2490 __declspec (property (get)) extent<2> extent;

2491

2492 const T& operator [J( const index<2>&idx) const restrict (amp,cpu) ;

2493 array_view< const T,1> operator [J( int i) const restrict (amp,cpu) ;

2494

2495 const T& operator ()( const index<2>&idx) const restrict (amp,cpu) ;

2496 const T& operator ()( int 10, int il) const restrict (amp,cpu) ;

2497

2498 array_view< const T,2>section( const index< 2>&idx, const extent< 2>& ext ) const
2499  restrict (amp,cpu) ;

2500 array_view< const T,2>section( const index<2>&idx) const restrict (amp,cpu) ;
2501 array_view< const T,2>section( const extent <2>& ext) const restrict(amp,cpu) ;
2502 array_view< const T,2>section( int 10, int i1, int e0, int el) const restrict (amp,cpu) ;
2503

2504 void refresh()  const;

2505 k

2506

2507 template <typename T>
2508 class array_view< const T,3>

2509 {

2510  public :

2511 static const int rank=3;

2512 typedef const T value_type ;

2513

2514 array_view() = delete ;

2515 array_view( const array <T,3>& src) restrict (amp,cpu) ;

2516 template <typename Container>

2517 array_view( const extent<3>& extent, const Container & src);

2518 template <typename Container>

2519 array_view( int e0, int el, int e2, const Container & src);

2520 array_view( const extent<3>& extent, const value_type* src) restrict(amp,cpu) ;
2521 array_view( int e0, int el, int e2, const value_ type* src) restrict(amp,cpu) ;
2522

2523 array_view( const array_view <T,3>& other) restrict (amp,cpu) ;

2524 array_view( const array_view< const T,3>& other) restrict (amp,cpu) ;

2525

2526 array_view& operator =(const array_view& other) restrict  (amp,cpu) ;

2527
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void copy_to(array<T,3>&  dest)
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const ;

void copy_to( const array_view<T,3>& dest) const ;

__declspec (property (get)) extent<3> extent;

/I These are restrict (amp,cpu)

const T& operator [J( const index<3>&idx) const restrict (amp,cpu) ;
array_view< const T,2> operator [J( int i) const restrict (amp,cpu) ;
const T& operator ()( const index<3>&idx) const restrict (amp,cpu) ;
const T& operator ()( int i0, int i1, int i2) const restrict (amp,cpu) ;

array_view< const T,3>section( const
restrict  (amp,cpu) ;
array_view< const T,3> section( const

array_view< const
array_view< const
restrict  (amp,cpu) ;

T,3> section(

void refresh()  const;

h

5.2.2 Constructors

T,3> section( int 0,

index<3>& idx, const extent< 3>& ext ) const

index<3>&idx) const restrict (amp,cpu) ;

const extent <3>& ext) const restrict(amp,cpu) ;

int i1, int i2, int e0, int el, int e2) const

Thearray_viewtype cannot be defaultonstructed. It must be bound at construction timeagontiguous data source

No boundschecking is performed when constructingay views.

array_view<T,N>::array_view(array<T,N>& src) restrict  (amp,cpu)
array_view< const T,N>:array view( const array<T,N>& src) restrict (amp,cpu)
Constructs an array_view which is bound to the data contained in the fisrcodo array. The
the src array, and the origin of the array view is at zero.
Parameters:
Src An array which contains the data that this array_view is bound to.
template <typename Container>
array_view<T,N>:array_view( const extent<N>& extent, Container & src)
template <typename Container>
array_view< const T,N>:array view( const extent<N>& extent, const Container & src)

Constructs an array_view which is bound to the data contained in the Afisrco container. The exten
that given by the Aextentd argument , and the origin of the arr
Parameters:
Src A template argument that must resolve to a linear container that

supports .data() and .size() members (such as std::vector or

std::array)
Extent The extent of this array_view.
array_view<T,N>::array_view( const extent<N>& extent, value_type* src) restrict(amp,cpu)
array_view< const T,N>:array_view( const extent<N>& extent,

const value_type* src) restrict(amp,cpu)

Constructs an array_view which is bound to the data contained
that given by the filextento argument, and the origin of the arr
Parameters
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Src A pointer to the source data that will be copied into this array.
Extent The extent of this array_view.
2558

Equi valent to conarmay wew (edent<Nr@i 0d, BL[,e2 M ,src) o.

Parameters:

e0,el[,e2]] The component values that will form the extent of this array_view.

Src A template argument that must resolve to a contiguous container that
supports .data() and .size() members (such as std::vector or
std::array)

2559

Equi val ent t o conaray wew {@edent<Ner@i 0d, 81[ e2 ) ,src) o.

Parameters:

e0[,el[,e2]] The component values that will form the extent of this array_view.

Src A pointer to the source data that will be copied into this array.

2560

Copy constructor. Constructs a new array_view <T, N> from the supplied argument other. A shallow copy is performed.

Parameters:

Other An object of type  array_view <T, N>or array_view <constT, N>from
which to initialize this new array_view.

2561
2562 5.2.3 Members
2563
Access the extent that defines the shape of this array _view.
2564

C++ AMP : Language and Programming Model : Vebstordanuary 2012



Page70

array _view & operator =(const array _view & other) restrict (amp,cpu)
Assigns the contents of thearray _view iot her 0 t o _view jusingar shalow copy. Both array_views will refer to
the same data.
Parameters:
other | An object of type  array _view <T, N>from which to copy into this array.
Return Value:
Returns *this
2565
void copy_to(array< T,N>& dest)
Copies the data referred to by this array_view to the array given by fAdesto, as i
5.3.2).
Parameters:
dest | An object of type array <T, N> to which to copy data from this array.
2566
void copy_to( const array view& dest)
Copies the contents of this array_view to the array_view &B%)en
Parameters:
dest An object of type  array_view <T, N> to which to copy data from this
array.
2567
T* array_view<T,1>::data() const restrict (amp,cpu)
const T*array view< const T,1>:data() const restrict (amp,cpu)
Returns a pointer to the first data element underlying this array_view. This is only avail able on array_views of rank 1.
When the data source of the array_view is native CPU memory, the pointer returned by data() is valid for the lifetime of
the data source.
When the data source underlying the a rray_view is an array, the pointer returned by data() in CPU context is ephemeral
and is invalidated when the original data source or any of its views are accessed on an accelerator_view through a
parallel_for_each or a copy operation.
Return Value:
A (c onst) pointer to the first element in the linearized array.
2568
void array_view<T, N> :: refresh()  const
void array view<const T, N>:: refresh()  const
Calling this  member function  informs the array_view that its bound memory has been modified outside the array_view
interface. This will render all cached information stale.
2569
void array_view<T, N>::  synchronize()  const
Calling this member functon synchroni zes any modificati ons maudderlyingo dafat contamer . a
For example, foran  array_view on system memory, if the contents of the view are modified on a remote
accelerator_view through a parallel_for_each invocation, calling synchronize ensures that the modifications are
synchronized to the source data and will be visible through th e system memory pointer which the array_view was
created over.
2570
completion_future array_view<T, N>::  synchronize_async() const
An asynchronous version of synchronizewhich returns a  completion future object . When the future is ready, the
synchronization _ operation is complete.
2571
void array view<T, N>:: discard_data() const
Indicates to the runtime that it may discard the current logical contents of this array_view. This is an optimization hint to
the runtime used to avoid copying the current contents of the view to a target accelerator_view, and its use is
recommended if the existing content is not needed.
2572

2573 5.2.4 Indexing
2574
2575  Accessing aarray viewout of bounds yields undefined results.
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Returns a reference to the element of this array_view that is at the

locationinN -di mensi onal space spe

Parameters:

ldx An object of type
element.

index <N> from that specifies the location of the

Ai dxo.

Returns a const reference to the element of this array_view that is at the location in N

-dimensional space specified by

Parameters:

ldx An object of type
element.

index <N> from that specifies the location of the

|

Equi val emay _tview <f,N>:operator()(index<N>(i0 [, i1 [, i2 ]]))

Parameters:

0[iL[i2]]

The component values that will form the index into this array.

Equivalent t oarray _view <T,N>:operator()(index<N>(i0 [, i1 [, i2 ]]))

const O .

Parameters:

0[iLl[i2]]

The component values that will form the index into this array.

This overload is defined for

This mode of indexing is equivalent to projecting on the most
example:

array_view<T, N>

-significant dimension. It allows C

where N O 2.

-style indexing.  For

array.

array<float, 4> myArray(myExtents, é&);
myArray[index<4>(5,4,3,2)] = 7;
assert(myArray[5][4][3][2] == 7);
Parameters:
i0 An integer that is the index into the most -significant dimension of this

Return Value:

Returns an array_view

whose dimension is one lower than that of this array_view.

5.2.5 View Operations

view at t he

Returns a subsection of the source array

originidspeand iwidt byt He

extexmt sp
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Example:

array<float,2> a(extent<2>(200,100));

array_view<float,2> vil(a); // vi.extent = <200,100>

array_view<float,2> v2 = v1.section(ind ex<2>(15,25), extent<2>(40,50)) ;
assert(v2(0,0) == v1(15,25));

Parameters:
idx Provides the offset/origin of the resulting section.
ext Provides the extent of the resulting section.

Return Value:

Returns a subsection of the source array at specified origin, and with the specified extent.

Equi v al esection(t adx fithis ->extent i idx )0 .

Equi v al esection(t andei<N>() , ext )0 .

Equi v al esection(t andefi<N>(0[, i1 [, i2]]) ,extent <N>(eO[, el[, e2]) )o.

Parameters:

i0[i1[,i2]] The component values that will form the origin of the section
e0[,el[,e2]] The component values that will form the extent of the section

This member function i s s i mi drray<T,Nb:oeintérpret_as 0 (see 5.1.5), although it only supports array_views of
rank 1 (only those guarantee that all elements are laid out contiguously).

The size of the reinterpreted ElementType must evenly divide into the total size of this array view.

Return Value:
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Returns an array view fromthis array _view <T, 1> with the element type reinterpreted from T to ElementType .

template <int K>

array_view<T,K> array_view<T,1>::view_as( extent <K>view Extent ) const restrict (amp,cpu)
template <int K>

array_view< const T,K>array view< const T,1>:view_as( extent <K>view Extent ) const
restrict  (amp,cpu)
This member function  is similarto array<T,N>::  view _aso ( 54.6 ), although it only supports array_views of rank 1
(only those guarantee that all elements are laid out contiguously).
Return Value:
Returns an array view fromthis array _view <T, 1> with the rank changed to K from 1.

5.3 Copying Data

C++AMPoffers a universatopyfunctionwhich covers all synchronous data transfer requiremeiitsall cases, copying data
is not supported while executing on an accelerator (in other words, the @wpstionsdo not have aestrictiamp) claussg.
The general form of copy is:

copy(src, dest);

Informative:Note that this more closely follows the STL convention (destination is the last argumergfdasopy and is
opposite of the Gtyle conventiorfdestination is the first argument, asimemcpy.

Copying taarrayandarray viewtypes is supported from the following sources:

1 Anarrayor array_viewwith the same rank and element type as the destinatioray or array_view
1 A standardccontainer whose element type is tteame aghe destinationarray or array_view

Informative: Containers that exposesize()and .data() members (e.g.std::vectoy and std::array) can be handled more
efficiently.

The copy operation always performs a gemopy

Asynchronous copy has the same semantics as synchronous copy, except that they cetupiegion_future that can
be waited on.

5.3.1 Synopsis

template <typename T, int N>
void copy( const array <T,N>& src, array <T,N>& dest);
template <typename T, int N>
void copy( const array <T,N>& src, const array view<T,N>& dest);

template <typename T, int N>
void copy( const array view< const T,N>& src, array <T,N>& dest);
template <typename T, int N>
void copy( const array view< const T,N>& src, const array_vi ew<T,N>& dest);

template <typename T, int N>
void copy( const array_view<T,N>& src, array <T,N>& dest);
template <typename T, int N>
void copy( const array_view<T,N>& src, const array_view<T,N>& dest);
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template <typename Inputlter, typename T, int N>
void copy( Inputlter srcBegin, Inputlter srcEnd , array <T,N>& dest);
template <typename Inputlter, typename T, int N>
void copy( Inputlter srcBegin, Inputlter srcEnd , const array_view< T,N>& dest);
template <typename Inputlter, typename T, int N>
void copy(Inputlter srcBegin, array <T,N>& dest);
template <typename Inputlter, typename T, int N>
void copy(Inputlter srcBegin, const array_view<T,N>& dest);

template <typename Outputlter, typename T, int N>

void copy( const array <T,N>& src, Outputlter destBegin);
template <typename Outputliter, typename T, int N>

void copy( const array_view<T,N>& src, Outputlter destBegin);

template <typename T, int N>
completion_future copy_async( const array <T,N>& src, array <T,N>& dest);
template <typename T, int N>
completion_future copy_async( const array <T,N>& src, const array_view<T,N>& dest);

template <typename T, int N>
completion_future copy_async( const array_view< const T,N>&src, array <T,N>& dest);
template <typename T, int N>
completion_future copy_async( const array_view< const T,N>&src, const array_ view<T,N>& dest);

template <typename T, int N>
completion_future copy_async( const array_view<T,N>& src, array <T,N>& dest);
template <typename T, int N>

completion_future copy_async( const array_view<T,N>& src, const array_view<T,N>& dest);
template <typename Inputlter, typename T, int N>

completion_future copy_async( Inputlter srcBegin, Inputlter srcEnd , array <T,N>& dest);
template <typename Inputlter, typename T, int N>

completion_fut ure copy_async( Inputlter srcBegin, Inputlter srcEnd , const array_view< T,N>&
dest);
template <typename Inputlter, typename T, int N>

completion_future copy_async(Inputlter srcBegin, array <T,N>& dest);
template <typename Inputlter, typename T, int N>

completion_future copy_async(Inputlter srcBegin, const array_view<T,N>& dest);

template <typename Outputlter, typename T, int N>

completion_future copy_async( const array <T,N>& src, Outputlter destBegin);
template <typename Outputlter, typename T, int N>

completion_future copy_async( const array_view<T,N>& src, Outputlter destBegin);

5.3.2 Copying between array and array_view

Anarray<T,N>an be copied to an object of tyeray view<T,N>and vice versa.

Pager4

template <typename T, int N>
void copy( const array <T,N>& src, array <T,N>& dest)

template <typename T, int N>
completion_future copy_async( const array <T,N>& src, array <T,N>& dest)
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The contents of fAsrco are copied into fAidesto. The sour cHtheand
extents of fAsrcd and fidestdo dondt match, a runtime exception i
Parameters:

Src An object of type  array<T,N> to be copied from.

Dest An object of type  array<T,N> to be copied to.

The contents of fAsrco alrfe cheiedt emtt ® dfdedfdsmwco and fAidesto dondf
thrown.

Parameters:

src An object of type  array<T,N> to be copied from.

dest An object of type  array _view <T,N> to be copied to.

The contents of fAsrco alrfe cheiext emto® dfdedfswco and fAidest o donodt

thrown.

Parameters:

src An object of type  array _view <T,N> (or array _view <const T,N>)to be
copied from.

dest An object of type  array<T,N> to be copied to.

The contents of fAsrco are copied into fidesto. I f the extents

thrown.

Parameters:

src An object of type  array _view <T,N> (or array _view <const T,N>)to be
copied from.

dest An object of type  array _view <T,N> to be copied to.
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2686 5.3.3 Copying from standard containers to arrays or array_views

2687

2688 A standard container can be deg into anarrayor array_viewby specifying an iterator range.

2689 Informative:Standard containers that presentsize(Jand a.data() (such astd::vectorandstd::array) operation can be
2690 handled very efficiently.

2691
The contents of a source container from the iterator range [srcBegin,srcEnd) are copied into fAdesto.
elementsin theiteratorrange i s not equal to fidest.extent.size()o, an except
I'n the overl oads whi c-heratbotis@isumedthatthe saurcedterator is able to provide at least
de st.extent.size() elements, but no checking is performed (nor possible).
Parameters:
srcBegin An iterator to the first element of a source container.
srcEnd An iterator to the end of a source container.
dest An object of type  array<T,N> to be copied to.
2692
The contents of a source container from the iterator range [sr
el ements in the iterator range is not equal to fAdest.extent.si
Parameters:
srcBegin An iterator to the first element of a source container.
srcEnd An iterator to the end of a source container.
Dest An object of type  array _view <T,N> to be copied to.
2693
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2694 5.3.4 Copying from arrays or array_views to standard containers

2695

2696  An array or array_view can be copied into a standard container by specifying the begin iterator. Standard containers that
2697 presentasize() anda.data() (such astd::vector andstd::array ) operation can be handled very

2698 efficiently.

2699
template <typename Ouputlter, typename T, int N>
void copy( const array <T,N>& src, Outputlter destBegin)
template <typename Outputlter, typename T, int N>
completion_future copy_async( const array <T,N>& src, Outputlter destBegin)
The contents of a source array are copied into fidesto starting with iterator destBe
range starting destBegin in the destination container is smal./l
Parameters:
src An object of type  array<T,N> to be copied from.
destBegin An output iterator addressing the position of the first element in the
destination container .
2700
template <typename Outputlter, typename T, int N>
void copy( const array _view<T,N>& src, Outputlter destBegin)
template <typename Outputlter, typename T, int N>
completion_future copy_async( const array _view<T,N>& src, Outputlter destBegin)
The contents of a source array are copied into Adestod starting
range st arting destBegin in the destination container is smaller
Parameters:
src An object of type  array _view <T,N> to be copied from.
destBegin An output iterator addressing the position of the first element in the
destination container .
2701

2702 6 Atomic Operations

2703 C++ AMP provides a set of atomic operations indtvecurrencynamespace. These operations are applicable in

2704  restrict(amp)contexts and may bapplied to memory locations withiooncurrency::arrajnstances and to memory

2705 locations withintile _staticvariables. SectioB provides a full description of the++ AMP memory model and how atomic
2706  operations fit into it.

2707 6.1 Synposis

2708

2709 int atomic_exchange( int *dest, int val) restrictamp)

2710 unsigned int atomic_exchange( unsigned int *dest, unsigned int val) restrict(amp)
2711 float atomic_exchange( float *dest, float val) restrict(amp)

2712

2713 bool atomic_compare_exchange( int *dest, int* expected_value, int wval) restrict(amp)
2714  bool atomic_compare_exchange( unsigned int *dest, unsigned int *expected _val ue, unsigned int
2715 val) restrict(amp)

2716

2717 int atomic_fetch_add( int * dest, int val) restrict(amp)

2718 unsigned int atomic_fetch_add( unsigned int * dest, unsigned int val) restrict(amp)
2719

2720 int atomic_fetch_sub( int * dest, int val) restrict(amp)
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2742
2743

2744
2745

2746

unsigned int atomic_fetch_sub( unsigned int * dest, unsigned int val) restrictamp)

int atomic_fetch_max( int *dest, int wval) restrict(amp)
unsigned int atomic_fetch_max( unsigned int *dest, unsigned int val)

int atomic_fetch_min( int *dest, int wval) restrict(amp)
unsigned int atomic_fetch_min( unsigned int *dest, unsigned int val)

int atomic_fetch_and( int *dest, int val) restrict(amp)
unsigned int atomic_fetch_and( unsigned int *dest, unsigned int val)

int atomic_fetch_or( int *dest, int val) restricttamp)
unsigned int atomic_fetch_or( unsigned int *dest, unsigned int val)

int atomic_fetch_xor( int *dest, int wval) restrict(amp)
unsigned int atomic_fetch_xor( unsigned int *dest, wunsigned int val) restrict(amp)

int atomic_fetch_inc( int *dest) restrict(amp)
unsigned int atomic_fetch_inc( unsigned int *dest) restrict(amp)

int atomic_fetch_dec( int *dest) restrict(amp)
unsigned int atomic_fetch_dec( unsigned int *dest) restrict(amp)

6.2 Atomically Exchanging Values

Page’8

int atomic_exchange( int *dest, int val) restrict(amp)
unsigned int atomic_exchange( unsigned int *dest, wunsigned int val) restrict(amp)
float atomic_exchange( float *dest, float wval) restrict(amp)

functions always succeed.

Atomically read the value stored in dest replace it with the value given in val and return the old value to the caller. This

function provides overloads for int, unsignel int and float parameters.

Parameters:

dst An pointer to the location which needs to be atomically modified. The
location may reside within a concurrency::arrayr withina tile_static
variable.

val The new value to  be stored in the location pointed to be dst

Return value:

These functions return the old value which was previously stored at dst, and that was atomically replaced. These

bool atomic_compare_exchange( int *dest, int* expected val, int val) restrict(amp)

val) restrict(amp)

bool atomic_compare_exchange( unsigned int *dest, unsigned int *expected val, unsigned int

pointed to by expected_valand returns  false

In terms of sequential semantics, the function is equivalent to the following pseudo -code:

These functions attempt to atomically perform these three  steps atomically:
1. Read the value stored in the location pointed to by dest
2. Compare the value read in the previous step with the value contained in the location pointed by expected_val
3. Carry the following operations depending on the result of the comparison of the previous step:
a. Ifthe values are identical, then the function tries to atomically change the value pointed by destto the
value in val. The function indicates by its return value whether this transformation has been successful
or not.
b. Ifthe value s are notidentical, then the function sto res the value read in step (1) into the location
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auto t = *dest;
bool eq =t == *expected_val;

if (eq)

*dst = val,
*expected_val = t;
return eq;

The function may fail spuriously. It is guaranteed that the system as a whole will make progress when threads are

contending to atomically modify a variable, but there is no upper bound on the number of failed attempts that any

particular thread may experience.

Parameters:

dst An pointer to the location which needs to be atomically modified. The
location may reside within a concurrency::arrayr within a  tile_static
variable.

expected_val A pointer to a local variable or function parameter. Upon calling the
function, the location pointed by expected_vatontains the value the
caller expects dst to contain. Upon return from the function,
expected_vaWill contain the most recent value read from dst

val The new value to  be stored in the location pointed to be dst

Return value:

The return value indicates whether the function has been successful in atomically reading, comparing and modifying the
contents of the memory location

2747 6.3 Atomically Applying an Integer Numerical Operation
2748

Atomically read the value stored in dest apply the binary numerical operation specific to the function with the read value
and val serving as input operands, and store the result back to the location pointed by dest

In terms of sequential semantics, the operation performed by any of the above function is described by the following
piece of pseudo -code:

*dest = *dest V val;
Where the operation denoted by V is one of: addition (atomic_fetch_add), subtraction (atomic_fetch_sub), find
maximum (atomic_fetch_max), find minimum (atomic_fetch_min), bit -wise AND (atomic_fetch_and), bit -wise OR

(atomic_fetch_or), bit  -wise XOR (atomic_fetch_or)
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Parameters:

Dst An pointer to the location which needs to be atomically modified. The
location may reside within a concurrency::arrayr withina tile_static
variable.

val The second operand which participates in the calculation of the binary
operation whose result is stored in to the location pointed to be dst

Return value:

These functions return the old value which was previously stored at dst, and that was atomically replaced. These
functions always succeed.

2749

int atomic_fetch_inc( int *dest) restrict(amp)
unsigned int atomic_fetch_inc( unsigned int *dest) restrict(amp)

int atomic_fetch_dec( int *dest) restrict(amp)
unsigned int atomic_fetch_dec( unsigned int *dest) restrict(amp)

Atomically increment or decrement the value stored at the location point to by dest

Parameters:

Dst An pointer to the location which needs to be atomically modified. The
location may reside within a concurrency::arrayr within a  tile_static
variable.

Return value:

These functions return the old value which was previously stored at dst, and that was atomically replaced. These
functions always succeed.

2750 7 LaunchingComputations parallel_for _each

2751

2752  Developers usin@++AMPwill use a form oparallel_for_each(3o launchdata-parallel computations on acceleratr The
2753  behaviorof parallel_for_eachis similar to that ofstd::for_each execute a function for each element inange TheC++
2754  AMPspecialization overangesof type extentandtiled_extentallow execution of functions on accelerators.

2755

2756  Theparallel_for_eacHunctiontakes the following general forms:

2757

2758 1. Nontiled:

2759 template  <int N, typename Kernel >

2760 void parallel_for_each (extent <N>compute_domain , const Kernel & f);

2761

2762 2. Tiled:

2763 template  <int DO, int D1, int D2 , typename Kernel >

2764 void parallel_for_each (tiled_extent <D0,D1,D2 > compute_domain , const Kernel & f);
2765

2766 template  <int DO, int D1 , typename Kernel >

2767 void parallel_for_each (tiled_extent <D0,D1> compute_domain , const Kernel & f);
2768

2769 template  <intDO , typename Kernel >

2770 void parallel_for_each (tiled_extent <D0> compute_domain , const Kernel & f);
2771

2772  Aparallel_for_eachinvocation may be explicitly requested on a specific accelerator view

2774 1. Nontiled:

2775 template <int N, typename Kernel >

2776 void parallel_for_each (const accelerator_view& accl_view,

2777 extent <N>compute_domain , const Kernel & f);
2778
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2. Tiled:
template  <int DO, int D1, int D2 , typename Kernel >
void parallel_for_each (const accelerator_view& accl_view,
tiled_extent <D0,D1,D2 > compute_domain , const Kernel & f);
template  <int DO, int D1 , typename Kernel >
void parallel_for_each (const accelerator_view& accl_view,
tiled_extent <D0,D1> compute_domain , const Kernel & f);

template <intDO , typename Kernel >
void parallel_for_each (const accelerator_view& accl_view,
tiled_extent <D0> compute_domain , const Kernel & f);

Aparallel_for_eacloveranextentrepresents a dense loop nest of independent serial loops.

Whenparallel_for_eaclexecutes, a parallel activity is spawned for each index in the compute dofagh parallel activity

is associated with an indexalue. (This index is arindex<N>in the case of a notiled parallel_for _each or a
tiled_index®0,D1,D2 in the case of ailed parallel_for_eact) A parallel activity typically uses its index to access the
appropriate locations in the input/outpudrrays.

A call toparallel_for_eactbehaves as if it were synchronous. In practice, thensail beasynchronous becausedkecutes
on a separate device, but since data capy is a synchronizing event, the developer cannot tell the difference.

There are no guarantees on the order and concurrency of the parallel activities spawttesl tgntiled parallel_for_each
Thus it is not valid to assume that one activity can wait for another sibling activity to complete for itself to make q@rogres
This is discussed in further detail in sect®n

The tiled versiorof parallel_for_eaclorganizes the parallel activities into fixaize tiles of 1, 2, or 3 dimensions, as given by
the tiled_extenk>argument. Thetiled extentprovided as the first parameteo parallel_for_eachmustbe divisible, along
each of its dimensions, by the respective tile extefiling beyond 3 dimensions is not supportéhreads (parallel

activities) in the same tile have access to shdred staticmemory, and can uséled_index::barrier.wai{4.5.3 to

synchronize access to it.

When launching aamp-restricted kernel, the implementation of tilegarallel_for_eactwill provide the following
minimum capabiligs:

I The maximum number of tilgger dimensiorwill be no less than 65535.
1 The maximum number of threads in a Wl be no less than 1024.
o In 3D tiling, he maximal value of D®ill be no less than 64.

Microsoft-specific:
When launching aamp-restrictedkernel, he tiledparallel_for_eactprovides the above portable guarantees and no more.
ie.,
1 The maximum number of tiles per dimensio65835.
1 The maximum nuimber of threads in a tile is 1024
o In 3D tiling, he maximum value supported for DO is 64.

Theexecution behind theparallel_for_eacloccurson a certainaccelerator in the context of a certain accelerator vieWhis
acceleratorview may be passed explicitly tparallel_for_each(as an optional first argument). Otherwise, the target
acceleratorand the view using which work is submitted to the accelerawchosen from the objects of tygeray<T,N>and
texture<T>that were captured in the kernel lambdan implementation may require thatllaarraysand textures captured

in the lambdamust be on the same acceleratoriew; if not, an implemention is free to throw arexception. An
implementation may also arrange for the specified data to be accessible on the selected accelerator view, rather than reject
the call.
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2830
2831 Microsoftspecific: the Microsoft implementation of C++ AMP requires that all array and texture objects are co
2832 located on the same accelerator view which is used, implicitly or explicitlyairabel for eactcall.

2833  If the parallel_for_each kernel functmioes“not capture an array/texture “object and neither is the target accelerator_view
2834 F2NJ GKS 1SNYyStQa SESOdziAzy A& SELX AOAGEE ALISOAFTASRE GKS
2835  default accelerator.

2836

2837 Microsoftspecificin such a scenario, the Microsoft implementation of C++ AMP selects the target

2838 accelerator_view for executing the parallel_for_each kernel as follows:

2839

2840 a. Determine the set of accelerator_views where ALL array_views referenced in the p_f_e kernel
2841 have cachedopies

2842 b. From the above set, filter out any accelerator_views that are not on the default accelerator.
2843 Additionally filter out accelerator_views that do not have the capabilities required by the p_f e
2844 kernel (debug intrinsics, number of UAVS)

2845 c. The default acelerator_view of the default accelerator is selected as the target, if the resultant
2846 set from b. is empty, or contains, that accelerator_view

2847  Otherwise, any accelerator_view from the resultant set from b., is arbitrarily selected as the target

2848 Thetiled_index<>argument passed to the kernel contains a collection of indices including those that are relative to the
2849  current tile.

2850

2851  Theargumentf of template-argument typeKernelto the parallel_for_eacHunction must be a lambdar functoroffering an

2852  appropride function calloperator which the implementation gfarallel_for_eachnvokes with the instantiated index type
2853  To execute on an accelerator, thenction call operatomust be markedestrict(amp) (but may have additional restrictions)
2854  and it must becallable from a caller passing in the instantiated index ty@eerload resolution is handled as if the caller
2855  contained this code:

2856

2857 template <typename IndexType, typename Kernel >

2858  void parallel_for_each_stub (IndexTypei , const Kernel & f) restrict(amp)
2859 {

2860 f(i);

2861 }

2862

2863  Where theKernel argument is the same one passed iptarallel_for_eaclby the caller, and the index instands the thread
2864 identifier, wherelndexTypds the following type:

2865 1 NonTiledparallel_for_each index<N>whereN must be the sme rank as thextent<N>used in the

2866 parallel_for_each

2867 1 Tiledparallel_for_eachtiled _index<DO [, D1 [, D2]where the tile extents must match those of thieed extent
2868 used in theparallel_for_each

2869

2870  Thevalue returned by théernel function if any,is ignored.

2871

2872  Microsoft-specific:
2873  In the Microsoft implementation of C++ AMP, every function that is referenced directly or indiyettthkernelfunction, as
2874  well as the kernel function itsetfjust be inlineabte

4 An implementation can employ whelgrogram compilation (such as litkne codegen) to achieve this.
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7.1 Capturing Data in the Kernel Function Object

Since the kernel functioabjectdoes not take any other arguments, all other data operated on by the keotteér than
the thread indexmust be captured in the lambda or function objgas®dto parallel_for_eachThe function object shall
be ary ampcompatible class, struct or union type, including those introduced by lambda expressions.

7.2 Exception Behaviour
If an error occurs trying to launch thmarallel_for_eachanexception will be thrown. Exceptions can be thrown the
following reasons:

1. Failure to create shader
2. Failure to create buffers
3. Invalidextentpassed

4. Mismatched accelerators

8 Correctly Synchronized C&AMP Programs
Correctly synchronized C++ AMP programs are correctly synchronized C++ programs which also adhere to a few additional
Ct+ AMP ruls, as follows:

1. Acceleratorside execution
a. Concurrencyules for arbitrary sibling theadaunched by aarallel_for_eactcall
b. Semantics andorrectnesof tile barrigs.
c. Semantics of atomic and memory fence operations.
2. Hostside execution
a. Concurency of accesses to C++ AMP containers betwesstsideoperations:copy, synchronize
parallel for_ead and the application of the various subscript operators of arrays and array views on the
host.
b. Accessingirrays orarray viewdata on the host

8.1 Concurrency of sibling threads launched by a parallel_for_each call

In this section we will consider the relationship between sibling threads in a siagléel for_eacicall. Interaction between
separateparallel_for_eachcalls, copyoperationsand other host-side operations will be considered in the following sub
sections.

Aparallel_for_eactcall logicallynitiatesthe operation of multiplesiblingthreads, one for each coordinate in tletentor
tiled_extentpassed tdt.

All the threads laurteed by aparallel_for _eactare potentially concurrent.Unless barriers are usedn amplementation is

free to schedule these threads in any ordén addition, the memory model for normal memory accesses is weak, that is
operations could be arbitrarilyeordered as long as each thread perceives to execute in its original program drdsrafly

two memory operations from any two threads inparallel_for_eaclare by default concurrent, unless the apption has
explicitlyenforced an order between thegwo operations using atomic operations, fences or barriers.

Conversely, an implementation may also schedule only a single logical thread at, antam@oncooperative manner, i.e.,

without letting any otherthreads makeany progress, with the exceptioof hitting a tile barrier or terminating.When a

thread encounters a tile barrier, an implementation must wrest control from that thread and provide progress to some other
thread in the tile until they all have reached the barri@imilarly, when a thrad finishes exedion, the system is obligated

to execute steps from some other threa@hus an implementation is obligated to swittbntextbetween threads only when

a thread has hit a barrigbarriers pertain just tdhe tiled parallel_for_eac)y oris finishedd ! y A Y LI SYSy G+ GA2y
to admit any concurrency at a finer level than thtich isdictated by barriers and thread terminatioill implementations,

however, are obligated to ensure progresscisntinually made, until all threads laached by aparallel_for_eachare
completed.
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poll for a change which needs to leffected by another thread.In particular, C++ AMR2 Say Qi & dzLJLJ2 NJi

f 2C

implemented using atomic operations and fences, since a thread could end up polling forever, waiting for a lock to become

available. The usage of tile barriers allows for creating a limited form of locking scoped to étileeBor example:

void tile_lock_example()

parallel_for_each(
extent<1>(TILE_SIZE).tile<TILE_SIZE>(),
[] (tiled_index<TILE_SIZE> tidx) restrict  (amp)
{

tile_static int  lock;

/I Initialize lock:
if  (tidx.local[0] == 0) lock = 0;
tidx.barrier.wait();

bool performed_my_exclusive _work = false;
for () |
/I try to acquire the lock
if (!performed_my_  exclusive _work && atomic _compare_exchange(&lock, 0, 1))
/I Thel ock has been acquired - mutual exclusion from the rest of the threads in the tile

Il'is provided here....
some_synchronized _op();

/I Release the lock
atomic_exchange(&lock, 0) ;
performed_my_ exclusive _work = true;

}

else {
/I The lock wasn't acquired, or we are already finished. P erhaps we can do something
/I else in the meanwhile.
some_non_exclusive _op();

}

/I The tile barrier ensures progress, so threads can spin in the for loop until they
/I are successful in acquiring the lock
tidx.barrier.wait();

»;
}

Informative: More often than not, such nedeterministiclocking within a tile is not really necessasince a static schedule
2F GKS GKNBIR&a o0lFlaSR 2y AyiS3aISNI 6KNBFR L5Qa AdidbulwWweiaaioft
bring this example herfor completeness antb illustrate avalid form of polling.

8.1.1 Correct usage of tile barriers

Correct C++ AMP programgjrére all threads in a tile to hit all tile barriers uniformiyhat is, at a minimum, when a thread
encountersa particulartile_barrier::waitcall site(or any other barrie method of classile_barriei), all other threads in the
tile must encountethe same call site.

Informative: This requiremenhowever, is typically not sufficient in order to allow for efficient implementatiéos example,
it allows for the calltack of threads to differ, when they hit a barridn order to be able to generate good quality code for
vector targets, much strongepnstraintsshould be placedn the usage of barriers, as explained below

C++ AMP requires attivecontrol flow epressionseading to a tile barrier to b&le-uniform. Active control flow expressions
are those guarding the scopes of all control flow constructs and logical expressions, whiatialybeing executedt a
time a barrier is calledFor example, the condition of ahstatement is an active control flow expression as long as either
the true or fabe hands of thef statementare still executingIf either of those hands contains a tile barrier,leads to one
through an arbitrary nsting of scopes and function calls, théme control flow expression contrbihg the if statementmust

be tile-uniform. What follows is an exhaustive list of control flmenstructswhich may lead to a barrier and their
corresponding control expressions:
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2983

2984 if (<control - expression> ) <statement> else <statement>

2985 switch (<control - expression> { <cases> }

2986 for (<init - expression>; <control - expression>; <iteration - expression>) <statement>
2987 while (<control - expression>) <statement>

2988 do <statement> while(<control - express ion>);

2989 <control - expression> ? <expression> : <expression>

2990 <control - expression> && <expression>

2991 <control - expression> || <expression>

2992

2993 Allactiveconi2 f Ff2¢g O2yadNHzOG& NS adNAOGEE ySadSR Ay lam@®2 NRI y
2994  attheparallel_for_eactlall the way to the scope containing the barrier.

2995

2996  C++ AMP requires thatvhen a barrier is encountered by one thread

2997 1. That the samdarrier will be encountered by all other threads in the tile.

2998 2. That he sequenceof active control flow statements aror expressions be identical for all threads when tihegch

2999 the barrier.

3000 3. That each of the correspoinay control expressions ble-uniform (which is defined below).

3001 4. That any active control flow statement or expreséio K 8y Qi 06 SSy RS LI NAEif@Rfashigh$b S a a I N
3002 a break continueor return statement. That is, any breaking statement which instructs the prograneaye an

3003 active scope must in itself behave as if it was a barrier, i.e., adhere te pinesedingrules.

3004 Informally, atile-uniformexpressioris an expression only involving variables, tsrand function calls which haveiaiform
3005 valuethroughout the tie. Formally, C++ AMP specifies that:

3006

3007 5. Tileuniformexpressions mageferenceliteralsand template parameters

3008 6. Tileuniformexpressionsnay referenceconst(or effectivelycons) data members oftte function objectparameter
3009 of parallel_for_each

3010 7. Tileuniformexpressionsnayreferencetiled_index,,>:tile

3011 8. Tileuniformexpressions may reference values loaded fridm static variables as long as those values are loaded
3012 immediatelyand uniformlyafter a tile barrier. That is, if the barrier and the load of the value occur at the same
3013 function and the barrier dominates the load and no potential store into the séhaestatic variable intervenes
3014 between the barrier and the loadhen the loaded value will be considertl-uniform

3015 9. Control expressions may referemn tile-uniform local variables and parameter&niform local variables and
3016 parameters are variables and parameters which akeaysinitialized and assignetb under uniform control flow
3017 (that is using the sameaules which are defined here for barriers) amdich are mly assignedile-uniform
3018 expressions

3019 10. Tileuniformexpressions may reference the return values of functions which retlesuniform expressions

3020 11. Tileuniformexpressions may not reference any exgsion not explicitly listed by the previous rules

3021

3022  An implementation is not obligated to warn when a barrier does not meet the criteria set forth abfavémplementation
3023 may disqualifythe compilation ofprograms whichcontain incorrect barrier usage.Conversely, an implementation may
3024  accept programs containing incorrect barrier usage and may execute them with undbgéhedior

3025 8.1.2 Establishing order between operations of concurrent parallel_for_each threads

3026 Threads may employ atomic operations, barriargl fences to establish a happebefore relationship encompassing their
3027  cumulative executionWhen considering the correctness of the synchronization of programs, the following three aspects of
3028 the programs are relevant:

3029 1. The types of memory which are pateally accessed concurrently by different threads. The memory type can be:
3030 a. Global memory

3031 b. Tilestatic memory

3032 2. The relationship between the threads which could potentially access the same piece of memory. They could be:
3033 a. Within the same thread tile
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3034 b. Within separate thrads tiles or sibiling threads in the basic (Ailed) parallel_for_each model.
3035 3. Memory operations which the program contains:

3036 a. Normal memory reads and writes.

3037 b. Atomic readmodify-write operations.

3038 c. Memory fencesand barriers

3039 Informally, the C++MP memory model is a weak memory model consistent with the C++ memory model, with the following
3040 exceptions:

3041 1. Atomic operations do nohecessaril\create a sequentially consistent ssét of execution. Atomic operations are

3042 only coherent, not sequentiallycdnA a 4 Sy i@ ¢KIF i AazX GKSNBX R2SayQi ySoOSaa
3043 atomic operations affecting all memory locations which were suljetsuch operations. Rather, a separate global

3044 order exissfor each memory location, and these gecation memory orders are not necessarily combinable into a

3045 single global order(Note: this means an atomic operatigimes notconstitute a memory fence.)

3046 2. Memory fence operations are limited in their effects to the thread tile they are performed withirenAa thread

3047 FTNRY GAES | SESOdziSa || FSyO0S:z (KS FSy0OS 2LISNI A2y R2S
3048 A.

3049 3. Asaresult of (1) and (2), the only mechanism available for-titessommunication is atomic operations, and even

3050 when atomic operations are concerned, a linear order is only guaranteed to exist onlagation basis, but not

3051 necessarily globally.

3052 4. Fences are hilirectional, meaning they have both acquire and release semantics.

3053 5. Fences can also be further scoped to a gaifar memory type (global vs. tiatic).

3054 6. Applying normal stores and atomic operatioogncurrentlyto the same memory locatiomesults in undefined

3055 behaviot

3056 7. Applying a normadioadand an atomic operatiogoncurrentlyto the same memory location is alled (i.e., results

3057 in defined bavior).

3058 We will now provide a more formal characterizatiohthe different categories of programsased on their adherence to
3059  synchronization rulesThe three classes aflherenceare

3060 1. barrierincorrectprograms,
3061 2. racyprograms and,
3062 3. correctlysynchronizegrograms

3063 8.1.2.1 Barrier-incorrect programs

3064 AbarrierincorrectlINE INJI Y Aa | LINBINIY gKAOK R2SayQi | RKSNB (2 GKS
3065 section. Such programs always have undefined behavior. The remainder of this section discussesopacigprograms
3066  only.

3067 8.1.2.2 Compatible memory operations

3068  The following definition is later used in the definition of racy programs.

3069

3070 Two memory operations applied to the same (or overlapping) memory locatioocengatibleif they are both aligned and
3071 have the same data width, argither both operations aregads, otboth operation are atomic, oone operation is a read
3072  and the other is atomic.

3073

3074  This is summarized by the following table in whiglisT thread executing @Qand Tt is a thread executing operation @p

3075
o on  Comaiber
Atomic Atomic Yes
Read Read Yes
Read Atomic Yes
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Write Any No

8.1.2.3 Concurrent memory operations
The following definition is later used in the definition of racy programs.

Informally, wvo memory operations by different threads are considecedcurrentf no order haseen established between
them. Qder can be established between two memory operations only when they are executed by threads within the same
tile. Thus any two memory operations by threads from different tiles are always concuenest if they are atorai Within

the same tile, order is established using fences and barriers. Barriers are a strong form of a fence.

Formally,Let {I1,..., TN} be the threads of a tileFix a sharablememory type (be it global or tilstatic).LetM be thetotal set
of memory operation®f the given memory typperformed by the collective of the threads in the tile

Let F = B> Xi.= be the set of memory fence operatioakthe given memory typeperformed by the collective of threads in
the tile, and organized arliarily into an ordered sequence

Let P be a partitioning of M into a sequence of subsets P ¢z JMZaorganied into an ordered sequence in an arbitrary
fashion.

Let S be the interleaving of F and P, S 5 KMW:12 XLMG

S isconformingif both ofthese conditions hold:

1. Adherence to program orderFor each T S respects the fences perforntda T. That is any operation performed
by Tbefore Tperformed fence fappears strictly beforejin S, and similarly any operations performed bafter k
appears strictly afterjin S.

2. Selfconsistency For i<j, let Mbe a subset containing at least one store (atomic or-atamic) into location L and
let Mj be a subset containing at least a single load of L, and no stores into L. Further assume shbtsetoin
between Mand M stores into L. Then S provides that all loads jisiall:

a. Return values stored into L by operations in &hd
b. For each threadTthe subset of Toperations in Mreading L shall all return the same value (which is
necessaly one stored by an operation iniMas specified by condition (a) above).

3. Respecting initial valuesLet M be a subset containing a load of L, and no stores into L. Further assume that there
is no Mwhere i<j such that Mcontains a store into L. Thetl bpads of L in Mwill return the initial value of L.

In such aconformingsequence Swo operations areconcurrentif they have been executed by diffent threads and they
belong tosome common sutet M. Two operations areoncurrentn an executionistoryof a tile,if there exists @onforming
interleaving S as described herein in whibke operations are concurrenflwo operations of a program aoncurrentif
there possibly exists an executiofithe programin which they are concurrent.

Abarrier behaves like a fende establish order between operationexcept it provides additional guarantees on the order
of execution. Based on the above definition, a barrier is like a fence that only permits a certainikiedediving Specifically,
one in which the sequence of fenc@sn the above formalizatiorf)as thefences corresponding to the barriegxecution by
individual threadsappearing uninterruptedn S, without any memorgperationsinterleaved between themFor example,
consider he following program:

C1
Barrier
Cc2

5> Here, performance of memory operations is assumed to strictly follow program order.
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3123 Assume that C1 and C2 are arbitragguence®f code. Assume this program is executed by two theeatl and T,2hen the
3124  only possible conforming interleavings are given by the following pattern:

3125

3126 T1(Cl) ]| T2(CyL

3127  T1Barrie || T2(Barrier)

3128 T1(C2) || T2(C2)

3129

3130 Where the || operator implies arbitrary interleaving of the two operand sequences.

3131 8.1.2.4 Racy programs

3132 Racy programare programs which have possible executions where at least two operations performed by two separate
3133 threads are both (a) incompatible AND (b) concurrent.

3134

3135 Racy programs do not have semantics assigned to them. They have undefined behavior.

3136 8.1.2.5 Race-free programs

3137 Racefree programs are, simply, programs that are not racy. Raeeprograms have the following semantics assigned to
3138 them:

3139 1. If two memory operations are ordered (i.e., not concurrent) by fences and/or barriers, then the values

3140 loaded/stored will respet suchan ordering.

3141 2. If two memory operations are concumethen they must be atomic andf reads performed by threads within the
3142 same tile. For each memory location X there exists an eventual total order including all such ope@ticursent
3143 opertionsapplied to X anabeying the semantics of loads and atomic readdify-write transactions.

3144 8.2 Cumulative effects of a parallel_for_each call

3145  An invocation oparallel_for_eactreceives a function objecthe contentsof whichare made available on the devic&he
3146  function object may containconcurrencyarray reference data membersconcurrencyarray viewvalue data members,
3147  concurrencygraphicsitexture reference data membersand concurrencygraphics:writeonly_texture_viewvalue data
3148 members (Inaddition, the function object may also contain additional, user defined data memtigast) of thesenembers
3149 of the typesarray, array_view textureandwrite_only_texture_viewcould be constrained in thigpe of access it provides to
3150 kernel code. For examplean array<int,2>&member provides both read and write access to the array, whileonst
3151 array<int,2>&memberprovides just read access to the arragimilarly,an array_view<int,2>member provides read and
3152  write access, whilanarray_view<cost int,2>memberprovides read access only.

3153

3154 The C++ AMP specificatipprmitsimplementations in whiclthe memay backing ararray, array_viewor texture could be
3155 shared between differenticcelerators, and possibly also the host, whikko permitting mplementationswhere data has to
3156 be copied by the implementation between different memoryregions in order to support access by some hardware
3157  Simulating coherence at a very granular levelois expensivein the casedisjoint memoryregions are requiredy the
3158 hardware Therefore,jn order to support both styles of implementatiothis specification stipulates thatarallel_for_each
3159 has the freedom tdmplement coherence ovearray, array _view andtexture using coarse copyingJecifically,while a
3160 parallel_for_eaclcall is being evaluatednplementationsmay:

3161 1. Loadand/or store any location, in any order, any number of times, of each container which is passed into
3162 parallel_for_eactin read/write mode.

3163 2. Load fromany location, in any order, any number of times, of each container which is passethiate| for each
3164 in readonly mode.

3165

3166  Aparallel_for_eaclalways behaves synchronously. That is, any observable side effects caused by any thread executing within
3167 aparallel_for_eackcall, or any side effects further affected by the implementation, due to the freedom it has in moving
3168 memory around, as stipulated above, shall be visible by the tiarallel for _eacheturn.

3169
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However,since the effects oparallel_for_eachare constrained to changing values withirrays, array views andtextures

and each of these objects can synchronize its contents lazily upon access, an asynchronous implementation of
parallel_for_each is possible, and encouragedNonethdess, implementations should still honor calls to
accelerator_view::walby blocking until all lazily queued sigfects have been fully performed. Similarly, an implementation
should ensure that all lazily queued sidifects preceding aaccelerator_vie::create_markecall have been fully performed

before thecompletion_fiture object which is retuned bgreate_markeis made ready

Informative: Future versions gfarallel_for _eachmay be less constrained in the changes they may affect to shared memory,
and at that point an asynchronous implementation will no longer be vahd.that point, an explicitly asynchronous
paralld_for each_asynwill be added to the specification.

Bventhough an implementation could be coarse in the wayimplement coherence,t still must provide true aliasing for

array views which refer to the same home location. For example, assumingihatda? are botharray views constructed

on top of a 100wide one dimensionakrray, withalNB F SNNA y 3 2 St Bag&ndiléefeming Yorelantent® ¥ { K !
[10...20] of the samearray. If both alanda2 are accessible ongarallel_for_eactcall, then accessingl at position 10 is

identical to accessing the vies? at position 0, since they both refer to the same location of ¢heay they are providing a

view over, namely position 10 in the originairay. This rules holds whenever and wherewer and a2 are acessible
simultaneouslyi.e., on the host and iparallel_for_eaclcalls.

Thus, for example, an implementation could cloneaamy viewpassed into garallel_for_eachin readonly mode, and pass
the cloned data to the devicelt can create the clone ugg any oder of reads from the originalThe implementatiormay
read the originak multiple numberof times perhaps in order to implement loaohlancing or reliability features.

Similarly, an implementatiooould copy back results from an interlyatlonedarray, array_viewor texture, onto the original
data. It may overwrite any data in the original container, and it can do so multiple times in the realization of a single
parallel_for_eacteall.

When two or more overlapping arrajews are passedtaparallel_for_eachan implementation could create a temporary
array corresponding to a section of the original contaiwgich contains at a minimum the union of the views necessary for
the call This temporary array will hold the clones of the ovpdiang array views while maintaining their aliasing
requirements

The guarantee regarding aliasingaofay views is provided for views which share the sanoene location The home
location of anarray viewis defined thus:

1. Inthe case of aarray viewthat is ultimately derived from an array, the home location is the array.
2. Inthe case of amrray viewthat is ultimately derived from a host pointer, the home location is the original array
view created using the pointer.

This means that two differerdrray views which have both been createiddependently,on top ofthe same memory
region are not guaranteed to appear coheremi. fact, creating and using tepvelarray views on the same host storage is
not supported. In order forsucharray viewto appear coherent, they must have a comntop-levelarray viewancestor
which they bothultimately were derived from, and that tefevelarray viewmust be the only one which is constructed on
top of the memory it refers to.

This is illustrated in the nexxample:

#include <assert.h>
#include <amp.h>

using namespace concurrency;

void coherence_buggy()

{
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int storage[10];

array_view< int >avl(10, &storage[0]);

array_view< int >av2(10, &storage[0]); [l error: av2 is top - level and aliases avl
array_vi ewdnt >av3(5, &storage[5]); /I error: av3 is top - level and aliases avl, av2

parallel_for_each( extent<1>(1), [=] (index<1>) restrict(amp) { av3[2] = 15; });
parallel_for_each( extent<1>(1), [=] (index<1>) restrict(amp) { av2[7] = 16; });
parallel_ for_each( extent<1>(1), [5] (index<1>) restrict(amp) { avl[7] = 17;});

assert(avl[7] == av2[7]); /I undefined results
assert(avl[7] == av3[2]); /I undefined results
}
void coherence_ok()
{

int storage[10];

array_view< int >avl(10, &storage[0]);

array_view< int >av2(avl); /I OK
array_view< int > av3(avl.section(5,5)); /I OK

parallel_for_each( extent<1>(1), [=] (index<1>) restrict(amp) { av3[2] = 15; });
parallel_for_each( extent<1>(1), [=] (index<1>) restrict(amp) { av2[7] = 16; });
parallel_for_each( extent<1>(1), [=] (index<1>) restrict(amp) { avl[7] = 17; });

assert(avl[7] == av2[7]); /I OK, never fails, both equal 17
assert(avl[7] == av3[2]); /I OK, never fails, both equal 17

}

An implementation is not obligate®t NB LJ2 NIi & dzOK LINEINIF YYSNDRA SNNENHO
8.3 Effects of copy and copy_async operations
Copy operations are offered aarray, array_viewandtexture.

Copy operations copy a sourbest buffer, array, array viewor atextureto a destination object which can also be one of
these fourvarieties(except host buffer to host buffer, which is handleddby::copy. Acopyoperation will read all elements
of its source. It may read each element multiple times and it may read elemeatsyi order. It may employ memory load
instructions that are eithecoarseror more granular than thevidth of the primitive data typesn the container, but it is
guaranteedto neverreada memory location which is strictly outside of the source container.

Similarly copy will overwrite each and everyelement in its output rangelt may dosomultiple times and in any order and
may coarsen or break apart individual store operatidng it is guaranteed to never write a memory location which is strictly
outside of thetarget container.

A synchronousopyoperation extends from the time thiinctionis called until ihasreturned. During this time, any source
location may be read and grdestination location may be writterAn asynchronous copwends from the timecopy_async
is called until the timéhe std::futurereturned isready.

Asalwaysi Aa GKS LINE 3INI YY S NIuictionsiichloyld rasalthirt akatasor gkample, thi praytain €

is racybecause the two copy operations are concurrent arisl written to by the first parallel activity while it is being updated
by the second parallel activity.

array<int> a(100), b(100), c(100);
parallel_invoke  (
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[&] {copy(a, )} ,
[&] { copy(b,c); });

8.4 Effects of array_view::synchronize, synchronize_async and refresh functions

Anarray_viewmay be constructed to wrap over a host side pointEar sucharray views, it isgenerallyforbidden toaccess
the underlyingarray view storagedirectly, as long as therray view exists. Access tothe storage areas generally
accomplishedndirectly through thearray view. However,array viewoffers mechanisms to synchronize and refresh its
contents, which do allow accessing the underlying memory directly. These mechanisms are described below.

Reading ofhe underlyingstorage is possible under the condition that the vieas beerfirst synchronizedback to its home
storage. This is performed using thgnchronizer synchronize_asyrmember functionsof array view.

When a toplevel view ignitially created on top of a raw buffer, it is synchronized withAfter it has been constructed, a
top-level view as well as derived viewsay lose coherence with the underlying hestle raw memory buffer if the
array viewis passed tarallel_for_eactas a mutable view, or if the view is a target of a copy operatioarder to restore
coherencewith hostside underlying memorgynchronizer synchronize_asyrmust be called. Synchronization is tesd
when synchronizeeturns, or when thecompletion_future returnedby synchronize_asyris ready.

For the sake of compd®n with parallel_for_eachcopy, and all other hosside operations involving a viewynchronize

should be considered a read of the entire dagtion referred to by the viewas if it was the souroaf a copy operation, and

thus it must not be execed concurrently with any other operation involving writing the vieMote that even though
synchronize does potentially modify the underlying host memory, itis logically2alnb & A G R2Say Qi | FFSOI
of the array. As such, it is allodi¢o execute concurrently with other operations which read the array viksvwithcopy;
synchronizeworks at the granularity of the view it is applied to, e.g., synchronizing a view representingsectidn of a

LI NByiG @ASg R2SayQi ySOSaal NAIiSjustgdaabiéed Byhdnhdnizé tkeSoveBapping NS |
portions of such riated views.

array_views are also required to synchronize their home storage:

1. Before they are destructeid and only ifit is the last view of the underlying data container.
2. When they are accessed using the subscript operatdhe .data() methodon said home location)

As a result of (1), any errors in synchronization which may be encountered during destruction of arrays views will not be
propagated through the destructor. Users are therefore encouraged to ensure dhat/ views which may conta
unsynchronized data are explicitly synchronized before they are destructed.

As a result of (2), the implementation of the subscript operator may need to contain a coherence enforcing check, especially
on platforms where the accelerator hardware and hosemory are not shared, and therefore coherence is managed
explicitly by the C++ AMP runtime. Such a check may be detrimental for code desiring to achieve high performance through
vectorization of the array view accesse$herefore it is recommended fauch performancesensitive code to obtain a
LRAYGSNI G2 GKS 0S3IAYyYyAYy3-ledeFaccesses heHa¢d based/d¥ of Libe KW boidver itdktBe f 2
array view. array views are guaranteed to be contiguous in the usiitide dimension, which erdes this style of coding.
Furthermore, the code may explicitly synchronize tghieay viewand at that point read the home storage directly, without

the mediation of the view.

Sometimes it is desirable to also allow refreshing of a view by directly fsamderlyingmemory. Theefreshmember

Fdzy OGA2Yy A& LINPOARSR FT2NJ iKAa (lFaile ¢KAa FdzyOlAazy NB@21S
contents with the underlying memory. As such it may not be invoked concurrently with ey gperation that accesses

0 KS @A SHoRever,R is Safe @ assume thatreshR2 Say Qi Y2 RATE& (GKS @AS6Qa dzy RSNI ¢
concurrent read access to the underlying data is allowed dudfigsfQ & 2 LJS NJ { AeBeghhadsrgtined, #lihE NJ
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point when coherence may have been lost again, as has been described above in the discussi@yorhthh@izanember
function.

9 Math Functions

C++ AMP contains a rich library of floating point math functions that can be used in deraiecbcomputation. The C++
AMP library comes in twdlavors each contained in a separate namespace. The functions contained in the
concurrency::fast_mathamespace support only singtgecision {Joat) operands and are optimized for performance at the
expense of accuracy. The functions contained incthecurrency::precise_matiamespace support both single and double
precision @louble operands and are optimized for accuracy at the expense of performarteetwo namespaces cannot be
used together wthout introducing ambiguitiesThe accuracy of the functions in thencurrency::precise_matramespace
shall be at least as high as those in tloecurrency::fast_ mathamespace.

All functions are available in theamp_math.h>header file, and all ardecoratedrestrict(amp)

9.1 fast_math

Functions in thefast_math namespace are designed for computations where accuracy is not a prime requirement, and
therefore the minimum precision is implementatiatefined.

Not all functions available iprecise_mattare available irfiast_math

float acod(float x) Returns the arc cosine in radians and the value is mathematic:
float acos(float x) defined to be between 0 and PI (inclusive).

float asirf(float x) Returns the arc sine in radians and the value is mathematically
float asin(float x) defined to be betweenPl/2 and P1/2 (inclusive).

float atarf(float x) Returns the arc tangent in radians and the value is

float atan(float x) mathematically defined to be betwee#l/2 and RP (inclusive).
float atan2f(float y, float x) Calculates the arc tangent of the two variables x and y. It is
float atan2(float y, float x) similar to calculating the arc tangent of y / X, except that the

signs of both arguments are used to determine thedrant of
the result). Returns the result in radians, which is betwedH
and PI (inclusive).

float ceilf(float x) Rounds x up to the nearest integer.

float ceil(float x)

float cosffloat x) Returns the cosine of.

float cos(float x)

float cosH(float x) Returns the hyperbolic cosine xf

float cosh(float x)

float exd(float x) Returns the value of e (the base of natural logarithms) raised t
float expfloat x) the power of x

float expZ(float x) Returns the value of 2 raed to the power of x.
float exp2(float x)

float fabd(float x) Returnsthe absolute value of floatingoint number

float fabs(float x)

float floorf(float x) Rounds x down to the nearest integer.
float floor(float x)

float fmax(float x, float y) Selects the greater of x and y.
float fmax(float x, float)
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float fminf(float x, float y)
float fmin(float x, float y)

float fmodf(float x, float y)
float fmod(float x, float y)

float frexpf(float x, int *exp)
float frexp(float x, int * exp)

int isfinite(floatx)
int isinf(float x)

int isnan(float x)

float Idexd(float x,int exp)
float Idexp(float xjnt exp)

float lodf(float x)
float log(float x)

float log10{float x)
float log10(float x)

float logZ(float x)
float log2(float x)

float modff(float x, float* iptr)
float modf(float x, float * iptr)

float powf(float x, float y)
float pow(floatx, float y)

float round(float x)
float round(float x)

float rsqrtf(float x)
float rsqrt(float x)

int signbit(float x)
int signbit(double x)

float sinf(float x)
float sin(float x)

void sincoffloat x, float* s, float c)
void sincoffloat x, float* s, float* c)

float sintf(float x)
float sinh(float x)

float sqrtf(float x)
float sqrt(float x)

float tanf(float x)
float tan(float x)

float tanhf(float x)
float tanh(fbat x)

float trund(float x)
float trunc(float x)

Paged3

Selects the lesser of x and y.

Computes the remainder of dividing x by y. The return value is
n*y, where n is the quotient of x / y, rounded towards zero to
an integer.

Jlitsthe number x into a normalized fraction and an exponent
which is stored in exp

Determines ifx is finite.
Determines ik isinfinite.

Determines ifkis NAN.

Returns the result of multiplying the floatingoint number x by 2
raised to the power exp

Returns the natural logarithm of x.

Returns the base 10 logarithm of x.

Returns the base 2 logarithm of x.

Breaks the argument x into an integral part and a fractional pal
each of which has the same sign as x. The integral part is stor
in iptr.

Returns the value of x raised to the power of y.

Rounds x to the nearest integer.

Returns the reciprocal of the square rootof

Returns a norzero value if the value of X has its sign bit set.
Returns the sine of.

Returns the sine and cos of x.

Returns the hyperbolic sine &f

Returns the nonnegative square root of x

Returns the tangent of.

Returns the hyperbolic tangent &f

Roundsx to the nearest integer not larger in absolute value.

¢KS F2tt2pAiy3

namespace:

using std::acosf;
using std::asinf;
using std::atanf;
using std::atan2f;
using std::ceilf;

tAad 2F adlyRFENR Yl 0K ¥ doyoGhé dofcyreenci:N® wathi K S
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using std::cosf;
using std::coshf;
using std::expf;
using std::fabsf;
using std::floorf;
using std::fmodf;
using std::frexpf;
using std::ldexpf;
using std::logf;
using std::log10f;
using std::modff;
using std::powf;
using std::sinf;
using std::sinhf;
using std::sqrtf;
using std::tanf;
using std::tanhf;

using std::acos;
using std::asin;
using std::atan;
using std::atan2;
using std::ceil;
using std::cos;
using std::cosh;
using std::exp;
using std::.fabs;
using std::floor;
using std::fmod;
using std::frexp;
using std::ldexp;
using std::log;
using std::logl10;
using std::modf;
using std::pow;
using std::sin;
using std::sinh;
using std::sqrt;
using std::tan;
using std::itanh;

Importing these names into the fast_math namespace enables each of them to be called in unqualified syntax from a
FdzyOliA2y (GKIFIG KFa 020K GNBAGNAOGOOLIzZZF YLIOEé NBAGNROGAZ2Yyaod

void compute() restrict(cpu,amp) {
X
float x = cos(y); // resolves to std::cgsi G OLJdz¢ O2y GSEGT St a8 FlradyYlLikYyyOz2a Ay
X

}

9.2 precise_math
Functions in therecise_matimamespace are designed for computations where accuracy is required. In the table below, the

LINBOA&aAZ2Y 2F St OK Tdzy Olirarihyast positiod).d I § SR Ay dzyAda 27F aGdzf LI

Functions in thesrecise_matmamespace also support both single and double precision, and are therefore dependent upon
double-precision support in the underlying hardware, even for sifgkecisionvariants
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C++ API function Description

float acod(float x) Returns the arc cosine in radians and the value is mathematic. 3 2
defined to be between 0 and PI (inclusive).

float acos(float x)

double acos(double x)

float acoshf(float x) Returns the hyperbolic arccosine. 4 2

float acosh(float x)

double acostdoublex)

float asirf(float x) Returns the arc sine in radians and the value is mathematically 4 2
defined to be betweenPl/2 and Pl/Zinclusive).

float asin(float x)

double asin(double x)

float asinhf(float x) Returns the hyperbolic arcsine. 3 2

float asinh(float x)

double asinhgoublex)

float atarf(float x) Returns the arc tangent in radians and the value is 2 2
mathematicallydefined to be betweenPl/2 and P1/2 (inclusive).

float atan(float x)

double atan(double x)

float atanhf(float x) Returns the hyperbolic arctangent. 3 2

float atanh(float x)

double atanh@oublex)

float atan2f(float y, float x) Calculates the arc tangent of the two variables x and y. It is 3 2
similar to calculating the arc tangent of y / X, except that the

float atan2(float y, float x) signs of both arguments are used to determine the quadrant o

double atan2(double y, double x) the result). Returns the result in radians, which is betwedH
and PI (inclusive).

float cbrtf(float x) Returns the (real) cube root of x. 1 1

float cbrt(float x)

double cbrt(double x)

float ceilf(float x) Rounds x up to the nearest integer. 0 0

float ceil(float x)

double ceil(double x)

float copysignf(floak, float y) Return a value whose absolute value matches that of x, but N/A N/A
whose sign matches that of y. If x is a NaN, then a NaN with t

float copysign(float x, float y) sign of y is returned.

double copysign(double x, double y)

float cosffloat x) Returns the cosine of. 2 2

float cos(float x)

double cos(double x)

float cosH(float x) Returns the hyperbolic cosine xf 2 2

float cosh(float x)

double cosh(double x)

float cospiffloat x) Returns thecosineof pi * x. 2 2

float cogi(float x)

double cospi(double x)

float erff(float x) Returns the error function of x; defined as 3 2

erf(x) = 2/sqgrt(pi)* integral from 0O to x of expt) dt
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float erf(float x)
double erf(double x)

float erfcf(float x)

float erfc(float x)

double ert(double x)

float erfinvf(float x)

float erfinv(float x)

double erfinv(double x)

float erfcinvf(float x)

float erfcinv(float x)
doubleerfcinv(double x)

float exf(float x)

float expfloat x)

double exp(double x)

float expZ(float x)

float exp2(float x)

double exp2(double x)

float exp1d(float x)

float exp10(float x)

double explQdouble x)

float expm1f(float x)

float expm1(float x)

double expm1(double x)

float fabd(float x)

float fabs(float x)

double fabs(double x)

float fdimf(float x, float y)

float fdim(float x, float y)
double fdim(double x, double y)
float floorf(float x)

float floor(float x)

double floor(double x)

float fmaf(float x, float yfloat z)
float fma(float x, float y, float z)
double fma(double x, double y, double z)
float fmax(float x, float y)

float fmax(float x, float y)
double fmax(double x, double y)
float fminf(float x, float y)

float fmin(float x, float y)
doublefmin(double x, double y)

5 |EEE/54 round to neeest even.

Returns the complementary error function afthat is 1.0 erf

.

Returns the inverse error function.

Returns the inverse of the complementary error function.

Returns the value of e (the base of natural logarithms) raised t

the power of x

Returns the value of 2 raised to the power of x.

Returns the value of 10 raised to the power of x.

Returns a value equivalent to 'exp 64"

Returnsthe absolute value of floatingoint number

These functions return max{x0). If x or y or both are NaN, Nan

is returned.

Rounds x down to the nearest integer.

Computes (x ¥) + z, rounded as orternary operation: they
computethe value (as if) to infinite precision and round once tc
the resut format, according to theurrent rounding mode. A
range error may occur.

Selects the greater of x and y.

Selects the lesser of x and y.
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float fmodf(float x, float y)

float fmod(float x, float y)

double fmod(double x, double y)
int fpclassifyfloat x);

int fpclassifydoublex);

float frexpf(float x, int *exp)

float frexp(float x, int * exp)
double frexp(double x, int * exp)
float hypotf(float x, float y)

float hypot(float x, float y)

double hypot(double x, double y)
int ilogbf (float x)

int ilogb(float x)

int ilogb(double x)

int isfinite(float x)

int isfinite(double x)

int isinf(float x)

int isinf(double x)

int isnan(float x)

intisnan(double x)

int isnormal(float x)

intisnormal(double x)
float Idexd(float x,int exp)
float Idexp(float xjnt exp)
double Idexpf(double »nt exp)
float Igammaf(float x)
float Igamma(float x)
double lgamma(double x)
float lodf(float x)

float log(float x)

double log(double x)

float log10{float x)

Gomputes the remainder of dividing x by y. The return value is
n *y, where n is the quotierdf x / y, rounded towards zero to
an integer.

Floating point numbers can have special values, such as infini
or NaN. With the macro fpclassify(x) you can find out what typ
is. Thefunctiontakes any floatingpoint expression as argument.
The result is one of the following values:

FP_NANX is "Not a Number".

FP_INFINITE is either plus or minus infinity.
FP_ZERQ is zero.

FP_SUBNORMAX is too small to be represented in
normalized format.

1 FP_NORMALf nothing of the above is correct then i
must be a normal floatingoint number.

1
1
1
1

Slitsthe number x into a normalized fraction and an exponent
which is stored in exp

Returns sqrt(x*x+y*y). This is the length of the hypotenuse of ¢
right-angk triangle with sides of length x and y, or the distance
the point (x,y) from the origin.

Return the exponent part of their argument as a signed integer
When no error occurs, thedanctions are equivalent to the
corresponding logb() functions, cast to (int). An error will occul
for zero and infinity and NaN, and possibly for overflow.

Determines ifx is finite.

Determines ik isinfinite.

Determines ifxis NAN.
Determines if x is normal.

Returns the result of multiplying the floatingoint number x by 2
raised to the power exp

Computesthe natural logarithm ofhe absolute value of gamma
ofx. A range error occurs if X is too large. A rangererray occur
if X is a negativenteger or zero.

Returns the natural logarithnof x.

Returns the base 10 logarithm of x.

7Qutside intervat10.001 ..-2.264; larger inside
8 Qutside intervat10.001 ..-2.264; larger inside
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float log10(float x)
double log10(double x)

float logZ(float x) Returns the base 2 logarithm of x. 3 1

float log2(float x)
double log2(double x)

float log1pf (float x) Returns a value equivalent to 'log (1 + x)". It is computed in aw 2 1
that is accurate even if the value of x is near zero.

float log1p(float x)

double loglp(double x)

float logbf(float x) These functions extract éhexponent of x and return it as a 0 0
floating-point value. IfFLT_RADIX two, logb(x) is equal to
float logb(float x) floor(log2(x)), except it's probably faster.

double logb(double x)
If x is denormalized, logb() returns the exponent x would have
it were normalized.

float modff(float x, float* iptr) Breaks the argument x into an integral part and a fractional pal 0 0
each of which has the same sign as x. The integral part is stor

float modf(float x, float * iptr) in iptr.

double modf(double x, double * iptr)

float nanf{nt tagp) return a representation (determined by tagp) of a quiet NaN. If N/A N/A
the implementation does not support quiet NaNs, these

float narf(int tagp) functions return zero.

double nanit tagp)

float nearbyintf(float x) Rounds the argument to an integer value in floating point form 0
using the current rounding direction

float nearbyint(float x)

double nearbyint(double x)

float nextafterf(float x, float y) Returnsthe next representable neighbor of x in the direction N/A N/A
towards y. The size of the step between x and the result depel

float nextafter(float x, float y) on the type of the result. If x = y the function simply returns y.

double nextafter(double x, double y) either value is NaN, then NaN is returned. Otherwise a value

corresponding to the value of the least significant bit in the
mantissa is added or subtracted, depending on the direction.

float powf(float x, float y) Returns the value of x raised to tlpower of y. 8 2
float pow(float x, float y)

doublepow(doublex, doubley)

float rcbrtf(float x) Calculates reciprocal diie (real) cube root of x 2 1

float rcbrt(float x)
double rcbrt(double x)

float remainderf(float x, float y) Computesthe remainder of dividing x by y. The return valueis 0 0
n *y, where n is the value x / y, rounded to the nearest integel

float remainder(float x, float y) this quotient is 1/2 (mod 1), it is rounded to the nearest even

double remainder(double x, double y) number (independent of the current rounding mode). If the
return value is 0, it has the sign of x.

float remquofi(float x, float y, int * quo) Computesthe remainder and part of the quotient upon division 0 0
of x by y. A few bitsfahe quotient are stored via the quo

float remquo(float x, float y, int * quo) pointer. The remainder is returned.

doubleremquo(double x, double vy, int * quo)

float round(float x) Rounds x to the nearest integer. 0 0

float round(float x)
double round(double x)

float rsqrtf(float x) Returns the reciprocal of the square rootof 2 1
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float sinpif(float x) Returns the sine of pi * x. 2 2

float sinpi(float x)

double sinpi(double x)

float scalbf(float xfloat exp) Multipliestheir first argument x by FLT_RADIX (probably 2) to 0 0
power exp.

float scalb(float xfloat exp)

double scalb(double xioubleexp)

float scalbnf(float x, int exp) Multipliestheir first argument x byLT_RADIX (probably 2) to th 0 0
power explf FLT_RADIX equals 2, then scalbn() is equivalent

float scalbn(float x, int exp) Idexp(). The value of FLT_RADIX is found in <float.h>.

double scalbn(double x, int exp)

int signbit(float x) Returns a norzero value if the value of X has its sign bit set. N/A N/A

int signbit(double x)

float sinf(float x) Returns the sine of. 2 2

float sin(float x)

double sin(double x)

void sincoffloat x, float* s, float *c) Returns the sine and cosine of x. 2 2

void sincos(float x, float * s, float * c)

void sincogfoublex, double* s, double* c)

float sintf(float x) Returns the hyperbolic sine &f 3 2

float sinh(float x)

double sinh(double x)

float sqrff(float x) Returns the nonnegative square root of x 0 0°

float sgrt(float x)

double sqrt(double x)

float tgammaf(float x) This function returns the value of the Gamma function for the 11 8
argument Xx.

float tgamma(float x)

doubletgamma(double x)

float tanf(float x) Returns the tangent of. 4 2

float tan(float x)

double tan(double x)

float tanhf(float x) Returns the hyperbolic tangent &f 2 2

float tanh(float x)

double tanh(double x)

float tanpif(float x) Returns the tangent of pi * x. 2 2

float tanpi(float x)

double tanpi(double x)

float trund(float x) Roundsx to the nearest integer not larger in absolute value. 0 0

float trunc(float x)

double trunc(double x)

3414 ¢KS F2ff2Ay3I tA&G 2F adlyRFENR YIFGK FdzyOiAazya FNBY (KS

3415 _math namespace:

9|EEE/54 round to nearest even.
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3416

3417 using std::acosf;
3418 using std::asinf;
3419 using std::atanf;
3420 using std::atan2f;
3421 using std::ceilf;
3422 using std::cosf;
3423 using std::coshf;
3424 using std::expf;
3425 using std::fabsf;
3426 using std::floorf;
3427 using std::fmodf;
3428 using std::frexpf;
3429 using std::ldexpf;
3430 using std::logf;
3431 using std::log10f;
3432 using std::modff;
3433 using std::powf;
3434 using std::sinf;
3435 using std::sinhf;
3436 using std::sqrtf;
3437 using std::tanf;
3438 using std::tanhf;
3439

3440 using std::acos;
3441 using std::asin;
3442 using std::atan;
3443 using std::atan2;
3444 using std::ceil;
3445 using std::cos;
3446 using std::cosh;
3447 using std::exp;
3448 using std::fabs;
3449 using std::floor;
3450 using std::fmod;
3451 using std::frexp;
3452 using std::ldexp;
3453 using std::log;
3454 using std::logl10;
3455 using std::modf;
3456 using std::pow;
3457 using std::sin;
3458 using std::sinh;
3459 using std::sqrt;
3460 using std::tan;
3461 using std::tanh;
3462

3463 Importing these names into the precise_math namespace enables each of them to be called in unqualified syrdax from

3464 Fdzy OllAz2y GKIG KFra 020K aNBAGNAOGOOLIZF YL NBAGNROGlAZYyad
3465

3466  void compute() restrict(cpu,amp) {

3467 X

3468 Ft2LG E I 02386807 kk NBazf@gSa (2 adRYYO2&a Ay aOLidz O2yi
3469 X

3470 }

3471
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3472 9.3 Miscellaneous Math Functions (Optional)
3473  The following functions allow access to Direct3D intrinsic functions. These are includedjirh>in the
3474  concurrency::direct3damespaceand are only callable fromrastrict(amp)function.

3475
int abs(int wval) restrict(amp)
Returns the absolute value of the integer argument.
Parameters:
val The input value.
Returns the absolute value of the input argument.
3476
int clamp(int x, int min, int max) restrict(amp)
float clamp(float x, float min, float max) restrict(amp)
Clamps the input arigawayswitin thexange $non,miax. If x < min, then this function returns the
value of min. If x > max, then this function returns the value of max. Otherwise, X is returned.
Parameters:
val The input value.
min The minimum value of the range
max The maximum value of the range
Returns the clamped value of #fAxo0.
3477
unsigned i nt countbits (unsignedi nt val) restrict(amp)
Counts the number of bits in the input argument that are set (1).
Parameters:
val The input value.
Returns the number of  bits that are set.
3478
int firstbithigh( int val) restrict(amp)
Returns the bit position of the first set ( doyderbndworkingidownhe i nput
Parameters:
val The input value.
Returns the position of the highest -order set bit in Aval o.
3479
int firstbitlow( int val) restrict(amp)
Returns the bit position of the first set (-drderabdworkingmp.t he i nput
Parameters:
val The input value.
Returns the position of the lowest-or der set bit in fival 0.
3480
int imax(int X, int y) restrictamp)
Returns the maximum of fix0o and Ayo.
Parameters:
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X The first input value.

y The second input value

Returns the maximum of the inputs.

int _imin(_int X, int y) restrict(amp)
Returns t he mi ni mum of #Ax0 and fAyo.

Parameters:
X The first input value.
y The second input value

Returns the minimum of the inputs.

float madfloat x, float y, float Zz) restrict(amp)

double mad(double x, double y, double Zz) restrict(amp)

int mad(int X, int vy, int Zz) restrict(amp)

unsigned int  mad(unsigned int X, unsignedint y, unsignedint Zz) restrict(amp)

Performs a multiply  -add on the three arguments: x*y + z.

Parameters:

X The firstinput  multiplicand

y The second input  multiplicand
z The third input addend

Returns x*y + z.

float noise( float x) restrict(amp)

Generates a random value using the Perlin noise algorithm . The returned value will be within the range [ -1,+1].
Parameters:
X The first input value.

Returns the random noise value.

float radians( float x) restrict(amp)

Converts from fixdo degrees into radians.
Parameters:
X The first input in degrees.

Returns the radian value.

float rcp( float x) restrict(amp)

Calculates a fast approximate reciprocal of fixo.
Parameters:
X The input value.

Returns the reciprocal of the input.
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unsigned int  reversebits( unsigned int  val) restrict(amp)
Reverses the order of the bits in the input argument.
Parameters:
val The input value.
Returns the bit -reversed number.
3487
float saturate( float x) restrict(amp)
Clamps the input value into the range [ -1,+1].
Parameters:
X The input value.
Returns the clamped value
3488
int sign( int x) restrict(amp)
Returns the sign of # x1dfxis begativie, 0if sis0,ar t  r+& if xusrposkive.
Parameters:
X The first input value.
y The second input value
Returns the sign of the input.
3489
float smoothstep( float min, float max, float x) restrict(amp)
Returns a smooth Hermite interpolation between 0 and 1, if X is in the range [min, max].
Parameters:
min The minimum value of the range.
max The maximum value of the range.
X The value to be interpolated.
Returns the interpolated value.
3490
float step( float x, float y) restrict(amp)
Compares two values, returning 0 or 1 based on which value is greater.
Parameters:
X The first input value.
y The second input value.
Returns 1 if the x parameter is greater than or equal to the y parameter; otherwise, 0.
3491

3492 10 GraphicgOptional)

3493 Programming model elements defined wamp_graphics.h>and <amp_short _vectors.hzare designed for graphics
3494  programming in conjunction with accelerated compute onauteleratordevice, and are therefore appropriate only for
3495  proper GPU accelerators. Accelerator devices that do not supportengtaphics functionality need not implement these
3496 features.
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All types in this section are defined in tbencurrency::graphicaamespace.

10.1 texture<T,N>
Thetexture class provides the means to create textures from raw memory or fromtfiletures are sinlar to arrays in that
they are containers of data and they behave like STL containers with respect to assignment and copy construction.

textures are templated off, the element type, and o, the rank of the texture.N can be one of 1, 2 or 3.
The element type of théexturez | £ 82 NBFSNNBR (2 | a [iskod ofinSlesédddattBf@hrtdme 3 A O f

types defined in theconcurrency::graphiceamespace and covered elsewhere in this specification. The below table briefly
enumerates all supported element types.

Rank of element Signed Integer Unsigned Integer Single precision Single Single Double

type, (also floating point precision precision precision
referred to as singed unsigned floating point
& y dzY 6 Schlar 2 normalized normalized number
elementg 0 number number

Remarks:
1. normandunormvector types are vector dfoats which are normalized to the rangd [.1] and [0...1], respectively.
2. Grayedout cells represent vector types which are defined by C++ AMP but w&techot necessarily supporteas
texture value typeslmplementatiors can optionally support the types in the grayaat cells in the above table.

Microsoftspecific: grayeaut cells in the above table are not supported.

10.1.1 Synopsis

template  <typename T, int N>
class texture

1.
public
static const int rank =_Rank;
typedef typename T value_type;
typedef  short_vectors_traits<T>::scalar_type scalar_type;
texture( const extent<N>& _Ext);
texture(  int _EQ);
texture( int _EO, int _E21);
texture( int _EO, int _E1, int _E2);
texture( const extent<N >& Ext, const accelerator_view& _Acc_view);
texture( int _EO, const accelerator_view& _Acc_view);
texture( int _EO, int _E1, const accelerator_view& _Acc_view);

texture( int _EO, int _E1, int _E2, const accelerator_view& _Acc_view);

texture( const extent<N>& _Ext, unsigned int _Bits_per_scalar_element );
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texture(
texture(
texture(

texture(

texture(
_Acc_view);
texture(

texture(

template
texture(

template
texture(

template
texture(

template
texture(

template
texture(

template
texture(

template
texture(

texture(

int _EO, unsigned int _Bits_per_scalar_element );

int _EO, int _E1, unsigned int _Bits_per_scalar_element );

int _EO, int _E1, int _E2, unsign ed int _Bits_per_scalar_element );
const extent<N>& _Ext, unsigned int _Bits_per_scalar_element ,

const accelerator_view& _Acc_view);
int _EO, unsigned int _Bits_per_scalar_element , const accelerator_view&

int _EO, int _E1, unsigned int _Bits_per_scalar_element ,

const accelerator_view& _Acc_view);

int _EO, int _E1, int _E2, unsigned int _Bits_per_scalar_element ,
const accelerator_view& _Acc_view);

<typename TlInputlterator>
const extent<N>&, TInputlterator _Src_first, TIinputlterator _Src_last);

<typename TlInputlterator>

int _EO, TInputlterator _Src_first, TInputlterator _Src_last);

<typename TlInputlterator>

int _EO, int _E1, Tinputlterator _Src_first, TInputlterator _Src_last);
<typename TlInputlterator>

int _EO, int _E1, int _E2, Tinputlterator _Src_first,

Tlnputlte  rator _Src_last);

<typename TlInputlterator>
const extent<N> &, TInputlterator _Src_first, TInputlterator _Src_last,
const accelerator_view& _Acc_view);

<typename TlInputlterator>
int _EO, TInputlterator _Src_first, TInputlterator _Src_last,
const accelerator_view& _Acc_view);
<typename TlInputiterator>
int _EO, int _E1, Tinputlterator _Src_first, TInputlterator _Src_last,
const accelerator_view& _Acc_view);
int _EO, int _E1, int _E2, Tinputlterator _Src_first, TInputlterator _Src_last,

const accelerator_view& _Acc_view);

texture(

texture(
texture(

texture(

texture(

texture(
texture(

texture(

texture(
texture(
texture&

const extent<N>&, const void *_Source, unsigned int _Src_byte_size,

unsigned int _Bits_per_scalar_element );

int _EO, const void *_ Source, unsigned int _Src_byte_size,

unsigned int _Bits_per_scalar_element );

int _EO, int _E1, const void *_Source, unsigned int _Src_byte_size,
unsigned int _Bits_per_scalar_element );

int _EO, int _E1, int _E2, const void *_ Source,

unsigned int _Src_byte_size, unsigned int _Bits_per_scalar_element );

const extent<N>&, const void *_Source, unsigned int _Src_byte_size,

unsigned int _Bits_per_scalar_element , const accelerator_view& _Acc_view);

int _EO, const void *_ Source, unsigned int _Src_byte_size,

unsigned int _Bits_per_scalar_element , const accelerator_view& _Acc_view);
int _EO, int _E1, const void *_Source, unsigned int _Src_byte_size,

unsigned int _Bits_per_scalar_element , const accelerator_view& _Acc_view);

int _EO, int _E1, int _E2, const void *_ Source, unsigned int _Src_byte_ size,
unsigned int _Bits_per_scalar_element , const accelerator_view& _Acc_view);

const texture& _Src);
const texture& _Src, const accelerator_view& _Acc_view);
operator =(const texture& _Src);

C++ AMP : Language and Programming Model : Vebstordanuary 2012

Pagel05



3603
3604
3605
3606
3607
3608
3609
3610
3611
3612
3613
3614
3615
3616
3617
3618
3619
3620
3621
3622
3623
3624
3625
3626
3627
3628
3629
3630
3631
3632

3633

3634

3635
3636

Y

texture(texture&& _Other);
texture&  operator =(texture&& _Other);

void copy_to(texture& _Dest) const ;
void copy_to( const writeonly texture view<T,N>& _Dest) const ;

unsigned int get _bits _per_scalar_element () const ;

_ declspec (property (get=get _bits _per_scalar_element )) int bits_per_scalar_element

unsigned int get_data_length() const ;

__declspec (property (get=get_data_length)) unsigned int data_length;
extent< N> get_extent() const restrict(cpu, amp);

__declspec (property (get=get_extent)) extent< N> extent;
accelerator_view get_accelerator_view() const ;

_ declspec (property (get=get_accelerator_view)) accelerator_view accelerator_view;

const value_type  operator
const value_type  operator
const value_type  operator
const value_type  operator
const value_type  operator
const value_type  operator
const value_type get( const index< N>& _Index) const restrict(amp );

const index< N>& _Index) const restrict(amp
int _10) const restricttamp );

const index< N>& _Index) const restrict(amp
int _10) const restrictamp );

int  _10, int _I1) const restrict(amp );

coooBmEDs
e T e T N K]

void set( const index< N>& _Index, const val ue_type& Val) restrict(amp

10.1.2 Introduced typedefs

The logical value type of the texture. e.g., for textaftoat2, 3>, value_type would be float2.

int 10, int _I1, int _12) const restricttamp );

):

Pagel06
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10.1.3 Constructing an uninitialized texture
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3638
3639
3640
3641
3642

3643

3644

3645

3646
3647

Creates an uninitialized texture with the specified shape, number of bitsqadarelement, on the specified accelerator view.

Pagel07

Parameters:

_Ext Extents of the texture to create
_EO Extent of dimension 0

_E1 Extent of dimension 1

_E2 Extent of dimension 2

_Bits_per_scalar_elemen

Number of bits per eackcalar elemenin the underlying scalar type of the texture.

_Acc_view

Accelerator view where to create the texture

Error condition

Exception thrown

Out of memory

concurrency::runtime_exception

Invalid number obits per
scalar elemergpecified

concurrency::runtimeexception

Invalid combination of
value_type and bitper
scalar element

concurrency::unsupported_feature

I OO0St SNI G2 NJ

support textures

concurrency::unsupported_feature

Microsoftd LIS OA FA OY

iKS

The table below summarizes all valid combinations of underlying styges (columns) rankgrows),supported values for
bits-per-scalarelement (inside the table cells)and defaultvalue ofbits-per-scalarelement for each givencombination
(highlighted in-). Note that unorm and norm have no default value for kpey-scalarelement. Implementations can
optionally support textures of double4, with implementatispecific values of bitper-scalarelement.

O dzNNBuppibrt textel BaoK4i  (A2y R2S4yQ

double
8,16,82 8,16,82 16,82 8,16 8,16 64
8, 16,82 8, 16,82 16,82 8,16 8,16 64
8, 16,82 8,16,82 16,82 8,16 8,16

10.1.4 Constructing a texture from a host side iterator
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Creates a texture from a hostde iterator. The data type of the iterator must be the same as the value type of the texture. Textures with elemer
types based on norm or unorm do not support this constructor (usage of it will result in a ceimglerror).
Parameters:

_Ext Extents of the texture to create

_EO Extent of dimension 0

_E1 Extent of dimension 1

_E2 Extent of dimension 2

_Src_first Iterator pointing to the first element to be copied into the texture

_Src_last Iterator pointingimmediately past the last element to be copied into the texture
_Acc_view Accelerator view where to create the texture

Error condition Exception thrown

Out of memory concurrency::runtime_exception

Inadequate amount of concurrency::runtime_exception

data supplied through

the iterators

1 OOSt SNJI G 2 NJ concurrency::unsupported_feature

support textures

3648

3649 10.1.5 Constructing a texture from a host-side data source
3650
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3652
3653

3654
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Creates a texture fromahostA RS LINE A RSR o0dzZFFSNI® ¢KS F2NXIFG 2F GKS REGFE &2 dzND
of data in the data source must be exactly the amount necessary to initialize a texture in the speaifia] faith the given number of bifger scalar
element

For example, a 2D texture of uint2 initialized with the extent of 100x200 and Bitls_per_scalar_elemeegual to 8 will require a total of 100 * 200
* 2 *8 =320,000 bits available to copy frofBource, which is equal to 40,000 bytes. (or in other words, one byte, pescater elementfor each
scalar elementand each pixel, in the texture).

Parameters:

_Ext Extents of the texture to create

_EO Extent of dimension 0

_E1 Extent of dimensiorl

_E2 Extent of dimension 2

_Source Pointer to a host buffer

_Src_byte_size Number of bytes of the host source buffer

_Bits_per_scalar_elemen Number ofbits per each scalar elemeint the underlying scalar type of the texture.

_Acc_view Accelerator iew where to create the texture
Error condition Exception thrown
Out of memory concurrency::runtime_exception

Inadequate amount of concurrency::runtime_exception
data supplied through the
host buffer
(_Src_byte_size <
texture.data_length)

Invalid number obits per | concurrency::runtime_exception
scalar elemergpecified

Invalid combination of concurrency::unsupported_feature
value_type and bitper
scalar element

1 OOSt SNI 2 NI concurrency::unsupported_feature

support textures

10.1.6 Constructing a texture by cloning another

Initializes one texture from another. The texture is created on the same accelerator view as the source.

Parameters:

_Src Source texture or texture_view to copy from
Errorcondition Exception thrown

Out of memory concurrency::runtime_exception

Initializes one texture from another.

Parameters:

_Src Source texture or texture_view to copy from
_Acc_view Accelerator view where to create the texture
Error condition Exception thrown

Out of memory concurrency::runtime_exception

C++ AMP : Language and Programming Model : Vebstordanuary 2012



3655

3656
3657

3658

3659

3660

3661
3662

3663
3664

3665

1 OOSt SNJI {2 NJ concurrency::unsupported_feature
support textures

10.1.7 Assignment operator

wSt SFasS GKS NB&a2dz2NDS 2F (KA&a GSEGANB=E Fif20F 38 (K Sthistdeaue.dzNDS + O

Parameters:

_Src Source texture or texture_view to copy from
Error condition Exception thrown
Out ofmemory concurrency::runtime_exception

10.1.8 Copying textures

Copies the contents of one texture onto the other. The textures must have been created with exactly the same extent eochpatible physical
formats; that is, the number afcalar elementand the number of bitper scalar elemeistmust agree. The textes could be from different
accelerators.

Parameters:

_Dest Destination texture or writeonly_texture_view to copy to
Error condition Exception thrown

Out of memory concurrency::runtime_exception

Incompatible texture concurrency::runtime_exception

formats

9EGSY (& R2Y concurrency:runtime exception

10.1.9 Moving textures

Gaz2@Saé oW f @S NBFEBNBY OS aSyasSo i KsBurcOany desinatiod tex@ufes dp holl Have MIbeir@cessalilit dr
the same accelerator originally.

As is typical in C++ move constructors, no actual copying or data movement occurs; simply one C++ texture object i$ s oat=dal
representation, vhich is moved to the target C++ texture object.

Parameters:

_Other ho2S0i sKz2asS O02yiSyida I NB Y2OSR (2 aiGKA&E

Error condition Exception thrown

None

10.1.10Querying textureds physical characteristics

Gets thebits-per-scalarelementof the texture Returns 0, if the texture is created using Direct3D Intefidp(.15.

Error conditions: none
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3667
3668

3669

3670
3671

3672

3673
3674
3675
3676
3677
3678
3679
3680
3681
3682
3683

3684

3685
3686
3687

Pagelll

Gets the physical data length (in bytes) that is required in ordegpoesent the texture on the host side with its native format.

Error conditions: none

10.1.11Querying texturedbds |l ogical di mensions

These members have tlsame meaning as the equivalent ones on the array class

Error conditions: none

10.1.12 Querying the accelerator_view where the texture resides

Retrieveghe accelerator_view where the texture resides

Error conditions: none

10.1.13 Reading and writing textures

This is the core function of class texture on the acceleratdmnlike arrays, the entire value type has to be get/set, and is
returned or accepted whollytextures do not support returning a reference to their data internal representation.

Due to platform restrictions, only a limited number tefture types support simultaneaireading and writingReading is
supported on altexturetypes, but writing through &exture&is only supported fotextures ofint, uint, andfloat, and even
in those cases, the number of bits used in the physical format must bén3@ase a lowerumber of bits is used (8 or 16)
and a kernel is invoked whiatontains code that could possibly botrite into and read fromone of theserank-1 texture
types,then an implementation is permitted to raise a runtime exception

Microsoftspecific: theMicrosoft implementation always raises a runtime exception in such a situation.

¢CNBAY3I G2 Odufedofadif&dnteleeyit type (i.e., on other thant, uint, andfloat) results in a static assert.
In order to write intotextures of othervalue types, the developer must go throughveteonly texture view<T,N>

[2F R& 2yS GSESt 2dzi 2F (KS GSEGdINB® Ly OFasS (KS 2 @ SinNtheddnkof theknathibs
used, then a static_assert ensues and the program fails to compile.

In the texture is indexed, at runtime, outside of its logical bounds, behavior is undefined.

Parameters
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_Index An Ndimension logical integer coordinate to redm

_lo, _I11, _10 Index components, equivalent to providing index<1>(_|0), or index<2>(_|0,_I1) or index<2>(_10,_I1,_12). Tt
of the function used must agree with the rank of the matrix. e.g., the overload which takes (_10,_I1) is only
availableon textures of rank 2.

_Value Value to write into the texture

Error conditionsif set is called on texture types which are sopported a static_assert ensues.

3688 10.1.14 Global texture copy functions

3689
Copies raw texture data to a heside buffer. The buffer must be laid out in accordance with the texture format and dimensions.
Parameters
_Texture Source texture or texture_view
_Dst Pointer todestination buffer on the host
_Dst_byte_size Number of bytes in the destination buffer
Error condition Exception thrown
Out of memory (*)
Buffer too small
3690

3691  (*) Out of memory errors may occur due to the need to allocate temporary buffers in somemédmansfer scenarios.
3692

Copies raw texture data to a devisele texture. The buffer must be laid out in accordance with the texture foemdtdimensions.

Parameters

_Texture Destination texture

_Src Pointer to source buffer on the host
_Src_byte_size Number of bytes in the destination buffer
Error condition Exception thrown

Out of memory

Buffer too small

3693

3694 10.1.14.1 Global async texture copy functions
3695  For eachcopyfunction specified above, aopy_asynéunctionwill also be provided, returning@mpletion_future

3696  10.1.15 Direct3d Interop Functions
3697  The followindunctionsare provided in the direct3d namespace in order to convert between DX CONairdsrand textures.
3698

Creates a texture from the corresponding DX interfa®a success, it increments the reference count of the @B3fire A y’ i § NF I O :é‘v oe
2y GKS AYyGSNFIOSe® ! aSNBE Ydzad OFtf awStSIFasée 2y K S o fesangeSaRsodiaie
with the object.

Parameters
Av A D3D accelerator view on which the texture is to be created.
pTexture A pointer to a suitable texture
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Return value Created texture
Error condition Exception thrown
Out of memory

Invalid D3D texture argument

template <typename T, int N>
IlUnknown * get_texture<  const texture<T, N>& _Texture);

Pagell3

Retrievesa DX interface pointer from a C++ AMP texture object. Class texture allows retrieving a texture interface pointer (tinéeefeanet depends

on the rank of the classn success, it increments the reference count of the B8fureA y i SNF I 0S o6& OFtt Ay 3

! RRy

Obtt awStSrasé 2y GKS NBGANYSR AYGSNFFOS | FdSNI K Swith the\aBjec A y A & K

Parameters
_Texture Source texture
Return value Texture interface as IUnknown *

Error condition no

10.2 writeonly_texture_view<T,N>

C++ AMP writ@nly texture views, coded asriteonly texture view<T, Nwhich provides writeonly access into angxture.

10.2.1 Synopsis
template  <typename T, int N>
class writeonly_texture_view<T,N>

{

public
static const int rank =_Rank;
typedef typename T value_type;

typedef  short_vectors_traits<T> ::scalar_type scalar_type;
writeonly_texture_view(texture<T,N>& _Src) restrict(cpu, amp) ;
writeonly_texture_view( const writeonly_texture_view& ) restrict(cpu, amp);
writeonly_texture_view operator =(const writeonly_texture_view& ) restrict(cpu, amp);
~writeonly_texture_view() restrict(cpu, amp);

unsigned int get _Bits_per_scalar_element () const ;

__declspec (property (get=get _Bits_per_scalar_element )) int bits_per_scalar_element
unsigned int get_data_length() const ;

__declspec (property (get=get_data_length)) unsigned int data_length;

extent< N> get_extent() const restrict(cpu, amp);

__declspec (property (get=get_extent)) extent< N> extent;

accelerator_view get_accelerator_view() const ;

__declspec (property (get=get_accelerator_view)) accelerator_view accelerator_view;

void set( const index< N>& _Index, const val ue_type& _Val) const restrict(amp );

10.2.2 Introduced typedefs
typedef ... value_type;
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The logical value type of the writeonly_texture_vieag., for writeonly_texture_view<float2,3>, value_type would be float2.

3737

¢KS a0t N GeLs GKHG aSNBSa +a (GKS O02YLRYySyd 27F (K Shescildr typzMBul de
GAYGE @

3738 10.2.3 Construct a writeonly view over a texture

Creates a writeonly view to a given texture.

When create the writeonly_texture_view in a direct3d function, if the numbescalar elementsf T is larger than 1, a compilation error will be give

Parameters

_Src ‘ Source texture

3739

3740 10.2.4 Copy constructors and assignment operators

writeonly_texture_views are shallow objects which can be copied and moved both on the CPU aretoslarator. They are captured by value wh
passed to parallel_for_each

Parameters
_Other Source writeonly_texture view to copy
Error condition Exception thrown

3741

3742 10.2.5 Destructor

texture_view can be destructesh the accelerator.

Error conditiors: none

3743

3744 1026 Querying underlying textureds physical characteristic
3745

Gets thebits-per-scalarelementof the texture

Error conditions: none

3746
3747

Gets the physical data length (in bytes) that is required in order to represeméxtiere on the host side with its native format.

Error conditions: none

3748 1027 Querying the underlying texturebs accelerator _view
3749
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Retrieves the accelerator_view where the underlying texture resides.

Error conditions: none

3750

3751 10271 Querying underlying texturebs |l ogical dimensions (th
3752

These members have the same meaning as the equivalent ones on the array class

Error conditions: none

3753 10.2.7.2 Writing a write-only texture view
3754  This is the main purpose of this typAll texturetypes can be written through a writenly view.

3755
Stores one texel in the texture.
If the texture is indexed, at runtime, outside of its logical bounds, behavior is undefined.
Parameters
_Index An Ndimension logical integeroordinate to read from
_10, 11, 10 Index components
_Val Value to store into the texture
Error conditions: none
3756

3757 10.2.8 Global writeonly_texture_view copy functions
3758

Copies raw texture data to a devisele writeonly texture view. The buffer must be laid out in accordance with the texture format and dimension

Parameters

_TextureView Destination texture view

_Src Pointer to source buffer on the host
_Src_byte_size Number of bytes in the destination buffer
Error condition Exception thrown

Out of memory

Buffer too small

3759 10.2.8.1 Global async writeonly texture_view copy functions
3760 For eaclcopyfunction specified above, aopy asynéunctionwill also be provided, returning@mpletion_future

3761 10.2.9 Direct3d Interop Functions

3762  The followingfunctions are provided in thedirect3d namespace in order to convert between DX COM interfaces and
3763  writeonly_texture vies.

3764
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Retrievesa DX interface pointer from a C++ AMP writeonly_texture_view obftsuccess, it increments the reference count of the B3fure
AYGSNFI OS o0& OFLttAay3a a! RRwSTé 2y (GKS AyiSNFI OSo ! ashgyiforpmpedt O f
reclamation of the resources associated with the object.

Parameters
_TextureView Source texture view
Returnvalue Texture interface as IlUnknown *

Error condition no

3765

3766 10.3 norm and unorm
3767  Thenormtype is a singl@recision floating point value that is normalized to the rande(f, 1.0f]. Theunormtype is a single
3768  precision floating point value that is normeid to the range [0.0f, 1.0f].

3769 10.3.1 Synopsis

3770

3771 class norm

3772 {

3773  public :

3774 norm() restrict (cpu, amp;

3775 explicit norm(float _V) restrict (cpu, amp;

3776 explicit norm(unsigned int _V) restrict (cpu, amp;

3777 explicit norm(int _V) restrict (cpu, amp;

3778 explicit norm(double _V) restrict (cpu, amp;

3779 norm(const normé& _Other) restrict  (cpu, amp;

3780 norm(const unorm& _Other) restrict (cpu, amp;

3781

3782 normé& operator =(const norm& _Other) restrict (cpu, amp;
3783

3784 operator float (void ) const restrict (cpu, amp;

3785

3786 normé& operator +=(const norm& _Other) restrict (cpu, amp;
3787 normé& operator -=(const norm& _Other) restrict (cpu, amp;
3788 normé& operator *=( const norm& _Other) restrict (cpu, amp;
3789 normé& operator /=( const norm& _Other) restrict (cpu, amp;
3790 normé& operator ++() restrict (cpu, amp;

3791 norm operator ++(int ) restrict (cpu, amp;

3792 normé& operator -- () restrict (cpu, amp;

3793 norm operator -- (int ) restrict (cpu, amp;

3794 norm operator -() restrict (cpu, amp;

3795 }

3796

3797 class unorm

3798 {

3799  public :

3800 unorm() restrict (cpu, amp;

3801 explicit unorm(float _V) restrict (cpu, amp;

3802 explicit unorm(unsigned int _V) restrict (cpu, amp;
3803 explicit unorm(int _V) restrict (cpu, amp;

3804 explicit ~ unorm(double _V) restrict (cpu, amp;

3805 unorm(const unormé& _Other) restrict (cpu, amp;

3806 explicit unorm(const normé& _Other) restrict (cpu, amp;
3807

3808 unormé& operator =(const unorm& _Other) restrict (cpu, amp;
3809

3810 operator float () const restrict (cpu, amp;
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3833
3834
3835
3836
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3841
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3854
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3856
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3860
3861
3862
3863
3864
3865
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unorm& operator +=(const unormé& _Other) restrict (cpu, amp;
unorm& operator -=(const unormé& _Other) restrict (cpu, amp;
unormé& operator *=( const unorm& _Other) restrict (cpu, amp;
unorm& operator /=( const unormé& _Other) restrict (cpu, amp;
unorm& operator ++() restrict (cpu, amp;

unorm operator ++(int ) restrict (cpu, amp;

unorm& operator -- () restrict  (cpu, amp;

unorm operator -- (int ) restrict (cpu, amp;

h

unorm operator +(const unormé& lhs, const unormé& rhs) restrict (cpu, amp;
norm operator +(const normé& lhs, const norm& rhs) restrict (cpu, amp;

unorm operator -(const unorm& lhs, const unormé& rhs) restrict (cpu, amp;
norm operator - (const normé& lhs, const norm& rhs) restrict (cpu, amp;

unorm operator *( const unorm& lhs , const unormé& rhs) restrict (cpu, amp;
norm operator *( const norm& lhs , const normé& rhs) restrict (cpu, amp;

unorm operator /( const unorm& lhs , const unormé& rhs) restrict (cpu, amp;
norm operator /( const norm& lhs , const normé& rhs) restrict (cpu, amp;

bool operator ==(const unorm& lhs, const unormé& rhs) restrict (cpu, amp;
bool operator ==(const norm& Ihs , const normé& rhs) restrict (cpu, amp;

bool operator !=( const unorm& lhs, const unormé& rhs) restrict (cpu, amp;
bool operator !=( const norm& lhs , const normé& rhs) restrict (cpu, amp;

bool operator >(const unorm& lhs , const unormé& rhs) restrict (cpu, amp;
bool operator >(const norm& lhs, const normé& rhs) restrict (cpu, amp;

bool operator <(const unorm& lhs , const unormé& rhs) restrict (cpu, amp;
bool operator <(const normé& lhs, const normé& rhs) restrict (cpu, amp;

bool operator >=(const unorm& lhs, const unormé& rhs) restrict (cpu, amp;
bool operator >=(const norm& lhs , const normé& rhs) restrict (cpu, amp;

bool operator <=(const unorm& lhs, const unormé& rhs) restrict (cpu, amp;
bool operator <=(const norm& lhs , const normé& rhs) restrict (cpu, amp;

#define UNORM_MIN ((unorm)0.0f)
#define  UNORM_MAX ((unorm)1.0f)
#define  UNORM_ZERO ((norm)0.0f)
#define  NORM_ZERO ((norm)0.0f)
#define  NORM_MIN ((norm)- 1.0f)
#define  NORM_MAX ((norm)1.0f)

10.3.2 Constructors and Assignment

An object of typenorm or unormcan beexplicitlyconstructed from one of the following types:
float

double

int

unsigned int

norm

== =8 48 4 4
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3869
3870
3871

3872
3873
3874
3875
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3878
3879
3880
3881

3882
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3888
3889
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3891

3892
3893
3894

3895
3896

3897
3898
3899
3900
3901
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T  unorm
In all these constructors, the object is initialized by first converting the argument téldhedata type, and then clamping
the value into tke range defined by the type.

Assignment frommormto normis defined, as is assignment framormto unorm Assignment from other types requires an
explicit conversion.

10.3.3 Operators

All arithmetic operators that are defined for thiéat type are defined fomorm and unormas well. For each supported
operator A, the result is computed in singf@ecision floating point arithmetic, and if required is then clamped back to the
appropriate range.

Bothnormandunormare implicitlyconvertibleto float.

10.4 Short Vector Types
C++ AMP defines a set of short vector types (of length 2, 3, and 4) which are based on one of the following scalat,types: {
unsigned int, float, double, norm, uro}, and are nameds summarized in the followirtgble:

Scalar Type Length
int int_2, int2 int_3, int3 int_4, int4
unsigned int uint_2, uint2 uint_3, uint3 uint_4, uint4
float float_2, float2 float_3, float3 float_4, float4
double double_2, double2 double_3, double3 double_4, double4
norm norm_2, norm2 norm_3, norm3 norm_4, norm4
unorm unorm_2, unorm2 unorm_3, unorm3 unorm_4, unorm4

There is no functional difference between the typealar NandscalarN scalarNtype isavailable in thegraphics:direct3d
namespace

Unlikeindex<N>andextent<N3 short vector types have no notion of significance or endliess, as they are not assumed to
be describing the shape of data or compute (even though a user might choose to use them thidlaaynlike extents and
indices, short vectonypes cannot be indexed using the subscript operator.

Components of short vector types can be accessed by name. By convention, short vector type components can use either
/P NISaAly O22NRAYIFGS ylcodstalabelementames@ NE a b AFaEb PR EC G E YR AN
f Forlengthh GSOG2NEE 2yfée GKS ylIYS& aE¢s aéé | yR GNES &3¢
1 Forlengtho GSOG2NEE 2yfée G(GKS ylIYSE GEE3 aqééx aléx YR aNE
1 Forlengthn @SOG2NESE (KS FdzZff ASWNEZT aAEES&H o0& B¢ Bl d¢& & NBa I L A

Note that the names derived from theolor channel space (rgba) are available only as properties, not as getter and setter
functions.

10.4.1 Synopsis

Because the full synopsis of all the short vector types is quite large, tttisrsavill summarize the basic structure of all the
short vector types.
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3902 Inthe summary class definition below the word "scalartype" is onerdf {lint, float, double, norm, unorth The valué\ is
3903 2,3ord4.

3904

3905 class scalartype _N

3906 {

3907  public :

3908 typedef scalartype value_type;

3909 static const int size =N;

3910

3911 scalartype _N() restrict (cpu, amp;

3912 scalartype _N(scalartype value) restrict (cpu, amp;

3913 scalartype _N(const scalartype _N& other) restrict (cpu, amp;

3914

3915 /I Componentx EOA AT 1T OOO0OAIM2Q A Cahdirictors from components
3916

3917 Yy #1171 OO0O0OAOI OO OEAO Agpbpl EAEOI U AT 1 OAOO #0711 1T OEAO OET 00
3918 /I'S ee 10.4.2.2 Explicit conversion constructors

3919

3920 scalartype _N& operator =(const scalartype _N& other) restrict (cpu, amp;
3921

3922 I/l Operators

3923 scalartype _N& operator ++() restrict (cpu, amp;

3924 scalartype _N operator ++(int ) restrict (cpu, amp;

3925 scalartype _N& operator -- () restrict (cpu, amp;

3926 scalartype _N operator -- (int ) restrict (cpu, amp;

3927 scalartype _N& operator +=(const scalartype _N& rhs) restrict (cpu, amp;
3928 scalartype _N& operator -=(const scalartype _N& rhs) restrict (cpu, amp;
3929 scalartype _N& operator *=( const scalartype _N& rhs) restrict (cpu, amp;
3930 scalartype _N& operator /=( const scalartype _N& rhs) restrict (cpu, amp;
3931

3932 // Unary negation: not for scalartype == uint or unorm

3933 scalartype _N operator -() const restrict (cpu, amp;

3934

3935 / More integer operators (only for scalartype == int or uint)

3936 scalartype _N operator ~() const restrict (cpu, amp;

3937 scalartype _N& operator %=(onst scalartype _N&rhs) restrict (cpu, amp;
3938 scalartype _N& operator ~=(const scalartype _N&rhs) restrict (cpu, amp;
3939 scalartype _N& operator |=( const scalartype _N&rhs) restrict (cpu, amp;
3940 scalartype _N& operator &=(const scalartype _N&rhs) restrict (cpu, amp;
3941 scalartype _N& operator >>=(const scalartype _N&rhs) restrict (cpu, amp;
3942 scalartype _N& operator <<=(const scalartype _N&rhs) restrict (cpu, amp;
3943

3944 /I Component accessors and properties (a.k.a. swizzling):

3945 /I See 10.4.3 Component Access (Swizzling)

3946

3947

3948  scalartype _N operator +(const scalartype _N&lhs, const scalartype _N&rhs) restrict (cpu, amp;
3949  scalartype _N operator -(const scalartype _N&Ihs, const scalartype _N&rhs) restrict (cpu, amp;
3950 scalartype _N operator *( const scalartype _N&lhs, const scalartype _N&rhs) restrict (cpu, amp;
3951  scalartype _N operator /( const scalartype _N&lhs, const scalartype _N&rhs) restrict (cpu, amp;
3952  bool operator ==(const scalartype _N&lhs, const scalartype _N&rhs) restrict (cpu, amp;

3953  bool operator !=( const scalartype _N&Ihs, const scalartype _N&rhs) restrict (cpu, amp;

3954

3955 /I More integer operators (only for scalartype == int or uint)

3956  scalartype _N operator %(const scalartype _N&lhs, const scalartype _N&rhs) restrict (cpu, amp;
3957  scalartype _N operator ~( const scalartype _N&lhs, const scalartype _N&rhs) restrict (cpu, amp;
3958 scalartype _N operator |( const scalartype _N&Ihs, const scalartype _N&rhs) restrict (cpu, amp;
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3959  scalartype _N operator &(const scalartype _N&Ihs, const scalartype _N&rhs) restrict (cpu, amp;
3960 scalartype _N operator <<(const scalartype _N&lhs, const scalartype _N&rhs) restrict (cpu, amp;
3961  scalartype _N operator >>(const scalartype _N&lhs, const scalartype _N&rhs) restrict (cpu, amp;

3962 10.4.2 Constructors

3963
scalartype _N() restrict(cpu,amp)
Default constructor. Initializes all components to zero.
3964
scalartype _N(scalartype value ) restrict(cpu,amp)
I nitializes all components of the short vector to o6valuebd.
Parameters:
value The value with which to initialize each component of this vector.
3965
scalartype _N(const scalartype _N& other) restrict(cpu,amp)
Copy constructor. Copies the contents of ©6éotherd to O6thisbd.
Parameters:
other The source vector to copy from.
3966

3967 10.4.2.1 Constructors from components
3968 A short vector type can also be constructed with values for each of its components.

3969
scalartype _2(scalartype vl1, scalartype Vv2) restrict(cpu,amp)// only for length 2
scalartype _3(scalartype vl1, scalartype V2, scalartype v3) restrict(cpu,amp)// only forlength 3
scalartype _4(scalartype vl1, scalartype V2,
scalartype v3, scalartype v4) restrict(cpu,amp)// only forleng th4
Creates a short vector with the provided initialize values for each component.
Parameters:
vl The value with which to initialize th
v2 The value with which to initialize th
v3 The valuewithwhich t o initialize the fAzd (or
v4 The value with which to initialize th
3970

3971 10.4.2.2 Explicit conversion constructors

3972 A short vector of typescalartypd._N can be constructed from an object of tygealartyp@_N, as long a#\ is the same in
3973  both types. For example,iant_4can be constructed from #oat_4.
3974

explicitscalartype _N(const int _N& other) restrict(cpu,amp)
explicitscalartype _N(const u int _N& other) restrict(cpu,amp)
explicitscalartype _N(const float N& other) restrict(cpu,amp)
explicitscalartype _N(const double_N& other) restrict(cpu,amp)
explicitscalartype _N(const norm_N& other)  restrict(cpu,amp)
explicitscalartype _N(const unorm_N& other)  restrict(cpu,amp)

Construct a short vector from a differently -typed short vector , performing an explicit conversion . Note that in the above
list of 6 constructors, each short vector type will have 5 of these.
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Parameters:
other The source vector to copy/convert from.

10.4.3 Component Access (Swizzling)
The components of ahort vector may be accessed in a large variety of ways, depending on the length of the short vector.

1 Assingle scalar componerdisbh »x H 0

1 As pairs of components, in any permutatiorb X H 0

1 Astriplets of components, in any permutationb  » 0 0
1 As quadruples of components, in any permutatidil = 4)

Because the permutations of such component accesa@so large, they are described here using symmetric group notation.
In such notationSy represents all permutations of the lettessandy, namelyxyand yx. Similarly Sy-represents all 3£ 6
permutations of the letters, y, andz, namelyxy, xz, yx, yz zx andzy.

Recall that thez (or b) component of a short vector is only available for vector lengths 3 and 4w {drwa) component of a
shortvector is only available for vector length 4.

10.4.3.1 Single-component access

These functions (and properties) allow access to individual components of a short vector type. Note that the properties
in the Argbad space map to functions in the fixyzwd space.

10.4.3.2 Two-component access
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These functions (and properties) allow access t 0 pairs of components. For example:
int_3 f3(1,2,3);
int 2 yz=1f3.yz; Ilyz=(2,3)
3992

3993 10.4.3.3 Three-component access

These functions (and properties) allow access to triplets of components  (for vectors of length 3 or 4) . For example:
int_4 f3(1,2,3 ,4);
int_3 wzy =f3. wzy; // wzy =( 4,3, 2)
3994

3995 10.4.3.4 Four-component access
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__declspec(property(geget_Syzw, put=set Syzw)) scalartype 4 Sqzw

__declspec(property(getet_Syzw put=set Syzw)) scalartype 4 Sgoa

These functions (and properties) allow access to all four components (obviously, only for vectors of length 4) . For
example:

int_4  f3(1,23 4);
int_ 4 wzyx =f3. wzyw; // wzyx = (4,3,2,1)

10.5 Template Versions of Short Vector Types

The template class short_vector provides metaprogramming definitions of the abovevaubor types. These are useful

F2NJ LINPANF YYAYT aK2NU @SOG 2coamartymesls/ SNA Off dze @l £ Wi IB3 SN £ =
G & K2 NI $odl&tpgNHNIY (& LIS ¢ @

10.5.1 Synopsis

template <typename _Scalar_type, int _Size> struct short_vector

{

short_vector()

{
static_assert  (false , "short_vector is not supported for this scalar type (_T) and length

CN)");
}
h

template <>
struct  short_vector< unsigned int , 1>

{
h

template <>
struct  short_vector< unsigned int , 2>

{
h

template <>
struct  short_vector< unsigned int , 3>

{
h

typedef unsigned int type;

typedef uint_2 type;

typedef uint_3 type;

template <>
struct  short_vector< unsigned int , 4>

{
h

typedef uint_4 type;

template <>
struct  short_vector< int , 1>

{
3

template <>
struct  short_vector< int , 2>

typedef int type;
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4065
4066
4067
4068
4069
4070
4071
4072
4073
4074
4075
4076
4077
4078
4079
4080
4081
4082
4083
4084
4085
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4095
4096
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4098
4099
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{
typedef int_2 type;
h
template <>
struct  short_vector< int , 3>
{
typedef int_3 type;
%
template <>
struct  short_vector< int , 4>
{
typedef int_4 type;
h
template <>
struct  short_vector< float , 1>
{
typedef float type;
h
template <>
struct  short_vector< float , 2>
{
typedef float_2 type;
h
template <>
struct  short_vector< float , 3>
{
typedef float_3 type;
¥
template <>
struct  short_vector< float , 4>

{

float_4 type;

struct  short_vector<unorm, 1>

unorm type;

struct  short_vector<unorm, 2>

unorm_2 type;

struct  short_vector<unorm, 3>

typedef
¥
template <>
{

typedef
h
template <>
{

typedef
h
template <>
{

typedef
¥

unorm_3 type;
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4103
4104
4105
4106
4107
4108
4109
4110
4111
4112
4113
4114
4115
4116
4117
4118
4119
4120
4121
4122
4123
4124
4125
4126
4127
4128
4129
4130
4131
4132
4133
4134
4135
4136
4137
4138
4139
4140
4141
4142
4143
4144
4145
4146
4147
4148
4149
4150
4151
4152
4153
4154
4155

4156
4157

struct  short_vector<unorm, 4>

struct  short_vector<norm, 1>

struct  short_vector<norm, 2>

struct  short_vector<norm, 3>

struct  short_vector<norm, 4>

struct  short_vector< double , 1>

struct  short_vector< double , 2>

struct  short_vector< double , 3>

struct  short_vector< double , 4>

template <>
{

typedef
h
template <>
{

typedef
h
template <>
{

typedef
¥
template <>
{

typedef
¥
template <>
{

typedef
¥
template <>
{

typedef
¥
template <>
{

typedef
¥
template <>
{

typedef
h
template <>
{

typedef
h

10.5.2 short_vector<T,N>type equiyalences
The equivalences of themplate(i & LJS &
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unorm_4 type;

norm type;

norm_2 type;

norm_3 type;

norm_4 type;

double type;

double_2 type;

double_3 type;

double_4 type;
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short_vector template Equivalent type

short_vector<

unsigned int , 1> :type

unsigned int

short_vector< unsigned int , 2> :type uint_2
short_vector< unsigned int , 3> :type uint_3
short_vector< unsigned int , 4> :type uint_4
short_vector< int , 1> :type int
short_vector< int , 2> :type int_2
short_vector< int , 3> :type int_3
short_vector< int , 4> :type int_4
short_vector< float , 1> ::type float
short_vector< float , 2> :type float_2
short_vector< float , 3> :type float_3
short_vector< float , 4> :type float_4
short_vector<unorm, 1>  :type unorm
short_vector<unorm, 2>  :type unorm 2
short_vector<unorm, 3>  :type unorm_3
short_vector<unorm, 4>  :type unorm_4
short_vector<norm, 1>  :type norm
short_vector<norm, 2>  :type norm_2
short_vector<norm, 3>  :type norm_3
short_vector<norm, 4>  :type norm_4
short_vector< double , 1> ::type double
short_vector< double , 2> ::type double _2
short_vector< double , 3> :type double_3
short_vector< double , 4> ::type double_4

4159

4160 10.6 Template class short_vector_traits
4161 The template class short_vector_traits provides the ability to reflect on the supported short vector types and obtain the
4162 length of the vector and the underlying scalar type.

4163 10.6.1 Synopsis

4164

4165 template <typename _Type> struct short_vector_ traits
4166  {

4167 short_vector_traits()

4168 {

4169 static_assert  (false , "short_vector_traits is not supported for this type (_Type)" );
4170 }

4171}

4172

4173  template <>

4174  struct short_vector_traits< unsigned int >

4175  {

4176 typedef unsigned int value_type;
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4185
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4188
4189
4190
4191
4192
4193
4194
4195
4196
4197
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4199
4200
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4202
4203
4204
4205
4206
4207
4208
4209
4210
4211
4212
4213
4214
4215
4216
4217
4218
4219
4220
4221
4222
4223
4224
4225
4226
4227
4228
4229
4230
4231
4232
4233
4234

static int const size =1;

h

template <>

struct  short_vector_traits<uint_2>

{
typedef wunsigned int value_type;
static int const size =2;

h

template <>

struct  short_vector_traits<uint_3>

{
typedef unsigned int value_type;
static int const size =3;

k

template <>

struct  short_vector_traits<uint_4>

{
typedef unsigned int value_type;
static int const size =4;

h

template <>
struct  short_vector_traits< int >
{
typedef int value_type;
static int const size=1;

h

template <>
struct  short_vector_traits<int_2>
{
typedef int value_type;
static int const size =2;

h

template <>
struct  short_vector_traits<int_3>
{
typedef int value_type;
static int const size =3;

3

template <>
struct  short_vector_traits<int_4>
{
typedef int value_type;
static int const size =4;

h

template <>
struct  short_vector_traits< float >

{
typedef float value_type;

static int const size=1;
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4236
4237
4238
4239
4240
4241
4242
4243
4244
4245
4246
4247
4248
4249
4250
4251
4252
4253
4254
4255
4256
4257
4258
4259
4260
4261
4262
4263
4264
4265
4266
4267
4268
4269
4270
4271
4272
4273
4274
4275
4276
4277
4278
4279
4280
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4282
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4284
4285
4286
4287
4288
4289
4290
4291
4292

template <>
struct  short_vector_traits<float 2>
{

typedef float value_type;
st atic int const size =2;

%
template <>
struct  short_vector_traits<float_3>
{
typedef float value_type;
static int const size =3;
h
template <>
struct  short_vector_traits<float_4>
{
typedef float value_type;
static int const size =4;
h
template <>

struct  short_vector_traits<unorm>

typedef unorm value_type;
static int const size =1,

h

template <>
struct  short_vector_traits<unorm_2>
{
typedef unorm value_type;
static int const size =2;

h

template <>
struct  short_vector_traits<unorm_3>

typedef unorm value_type;
static int const size = 3;

h

template <>
struct  short_vector_traits<unorm_4>
{
typedef unorm value_type;
static int const size =4;

h
template <>
struct  short_vector_traits<norm>
{
typedef norm value_type;
static int const size =1;
h
template <>
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4315
4316
4317
4318
4319
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struct  short_vector_traits<norm_2>
{
typedef norm value_type;
static int const size =2;

h

template <>
struct  short_vector_traits<norm_3>
{
typedef norm value_type;
static int const size =3;

kh

template <>
struct  short_vector_traits<norm_4>
{
typedef norm value_type;
static int const size =4;

h
template <>
struct  short_vector_traits< double >
{
typedef double value_type;
static int const size =1;
h
template <>
struct  short_vector_traits<double_2>
{
typedef double value_type;
static int const size =2;
h
template <>
struct  short_vector_traits<double 3>
{
typedef double value_type;
static int const size =3;
h
template <>
struct  short_vector_traits<double_4>
{
typedef double value_type;
static int const size =4;
I3

10.6.2 Typedefs

Pagel29

typedef scalar type value_type

short_vector _traits <unsigned int>

short_vector _traits <uint_2>

Introduces a typedef identifying the underling scalar type of the vector type. s
class short_vector_types used. This is summarized in the list below

Instantiated Type Scalar Type

unsigned int

unsigned int

calar_type depends on the

instantiation of
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short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector

short_vector

short_vector

_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits

_traits

<uint_3>
<uint_4>
<int>
<int_2>
<int_3>
<int_4>
<float>
<float_2>
<float_3>
<float_4>
<unorm>
<unorm_2>
<unorm_3>
<unorm_4>
<norm>
<no rm_2>
<norm_3>
<norm_4>
<double>
<double 2>
<double_3>

<double_4>

unsigned int
unsigned int
int

int

int

int
float
float
float
float
unorm
unorm
unorm
unorm
norm
norm
norm
norm
double
double
double

double

10.6.3 Members

static int

const size ;

below:

short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector
short_vector

short_vector

_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits
_traits

_traits

Instantiated Type

<unsigned int>
<uint_2>
<uint_3>
<uint_4>
<int>
<int_2>
<int_3>
<int_4>
<float>
<float_2>
<float_3>
<float_4>
<unorm>
<unorm_2>
<unorm_3>

<unorm_4>

Introduces a static constant integer specifying the number of elements in the short vector type, based on the table

AW N R MO N P B ODNDPFP DOWIDNDIPFE
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short_vector _traits <norm>
short_vector _traits <norm_2>
short_vector _traits <norm_3>
short_vector _traits <norm_4>
short_vector _traits <double>
short_vector _traits <double_2>

short_vector _traits <double 3>

AW N P B ODN P

short_vector _traits <double_4>

4344

4345 11 D3D interoperability(Optional)

4346

4347  TheC++AMPruntime providesfunctionsfor D3Dinteroperability, enabing seamless use of D3D resources for compute in
4348 C++AMPcode as well as allow use of resources create€#+AMP in D3D codge without the creation of redundant
4349 intermediate copies These features allow users to incrementally aecatle the compute intensive portions of their DirectX
4350 applications usin@€++AMPand use the D3D API on data produced friémtAMPcomputations.

4351

4352  The following D3D interoperabilifynctionsare availablein the direct3d namespace:

4353
Creates a new accelerator_viewfrom an existing Direct3D device interface pointer. On failure the function throws a
runtime_exceptiorexception. On success, the reference count of the parameter is incremented by making a AddR¢ call on
the interface to record the C++ AMP reference to the interface, and users can safely Releasethe object when no longer

required i n their DirectX code.

The accelerator_viewcreated using thisfunction is threadsée just as anyC++AMP created accelerator_viewy allowing concurrent submission ¢
commands to it from multiple host threads. However, concurrent use ofatheelerator_vievand the rawiD3D11Devicaterface from multiple host
threads must be properly sghronized by users to ensure mutual exclusion. Unsynchronized concurrent usageaofttherator viewand the raw
ID3D11Devicimterface will result in undefined behavior.

The C+AMPruntime provides detailed error information in debug mode usingEtect3DDebug layer. However, tifie Direct3Ddevicepassed to the
abovefunction wasnot created with theD3D11_CREATE_DEVICE_DHBg) e C++AMPdebug modedetailed error informationsupportwill be

unavailable.

Parameters:

_D3d_device_interface An AMP supported D3D device interface pointer to be used to create the
accelerator_view . The parameter must meet all of the following
conditions for successful creation of a accelerator_view

1) Mustbe asupported D3D device interface. For thisrelease ,only

ID3D11Device interface is supported.

2) The device musthave a n AMP supported feature level. For this
release this means a D3D_FEATURE_LEVEL_11_0. or
D3D_FEATURE_LEVEL 11 1

3) The D3D Device should not have been created with the
AD3D11_CREATE_DEVI CE_SI NGLETHREAI

Return Value:
The newly created accelerator_view object.

Exceptions:
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runtime_exception 1) ‘"Failedtocreate accelerator_view from D3D device.",
E_INVALIDARG
2) ANULL D3D device pointer. o, E_I1 N\

Returns a D3D device interface pointer underlying the passecklerator viewp C I A f &runtimk iexceptibe oS E O § Lihié Jpasyed
accelerator_views not a D3D devicacceleratoview. On successt increments the reference count of the D3fvice interfaced @ O £ £ Ay 3
GKS AYUSNFIFIOS® | aSNA Ydzad OFftf awStSIFrasSé 2y (KS NbtiedeNdirSer assoyiated Widl
the object

Goncurrent use of theccelerator_viewand the raw ID3D11Device interface from multiple host threads must be properly synchronized by users

ensure mutual exclusion. Unsynchronized concurrent usage afdbelerator_viewand the raw ID3D11Device inter&awill result in undefined
behavior.

Parameters:

_Rv The accelerator_view object for which the D3D device interface is
needed.

Return Value:

A lUnknown interface pointer corresponding to the D3D device underlying the passed accelerator_view . Users must use

the QuerylInterfacamember function  on the returned interface to obtain the correct D3D device interface pointer.

Exceptions:

runtime_exception "Cannot get D3D device from a non -D3D accelerator_view .",

E_INVALIDARG

template typename

Creates a n array with the specified extents on the specified accelerator_view from an existing Direct3D buffer interface

pointer. On failure the member function throws a runtime_exceptionexception. On success, the reference count of the

Direct3D buffer object is incremen ted by making a n AddRefcall on the interface to record the C++ AMP reference to the

interface, and users can safely Releasehe object when no longer required i n their DirectX code.

Parameters:

_Extent The extent of the array to be created.

_Rv The accelerator_view thatthe array is to be created on.

_D3d_ buffer _interface AN AMP supported D3D device buffer pointer to be used to create the

array . The parameter must meet all of the following conditions for
successful creation ofa  accelerator_view

1) Mustbe asupported D3D  buffer interface. For this release ,only
ID3D11 Buffer interface is supported.

2) The D3D device on which the buffer was created must be the
same as that underlying the accelerator_view parameter rv.

3) The D3buffer mustadditionallysaisfy the following conditions
a. The buffer size in bytesumst begreater than orequal to the size in
bytes of the field to be created (g.get_size() * sizeof(_Elem_typ
b.  Must not have been created with D3D11_USAGE_STAGING.
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c. SHADER_RESOURCH@&ndNORDERED_ACCHS8ings should
be allowed for the buffer.

d. Raw views must be allowed for the buffer (e.
D3D11_RESOURCE_MISC_BUFFER_ALLOW_RAW_VIEWS

Return Value:

The newly created array object.

Exceptions:
runtime_exception 1) ‘"Invalid extents argument.”, E_INVALIDARG
2) "NULL D3D b uffer pointer.", E_INVALIDARG
3) Al nvalid D3D bufof erE_drNg/tArhd DtA.RG
4) "Cannot create D3D buffer on a non -D3D accelerator_view ."
E_INVALIDARG
4358
4359
template typename
Returns a D3Buffer interface pointer underlying the passadrayd C A f & ¢ JexXcéptiok SNEHASL NI W 2 WarradiF notbria H3DLdevice
resource viewOn successt increments the reference count dtie D3Dbufferinterface6 @ OF f t Ay 3 a! RRwSTé 2y (KS
on the returned interface after they are finished using it, for proper reclamation of the resources associated vaitheitte
Parameters:
_F The array for which the underlying D3D buffer interface is needed.
Return Value:
A lUnknown interface pointer corresponding to the D3D buffer underlying the passed  array . Users must use the
Queryinterface member function  on the returned interface to obtain the correct D3D buffer interface pointer.
Exceptions:
runtime_exception "Cannot get D3D buffer from a ndd3Darray.", E_INVALIDARG
4360
4361

4362 12 Error Handling
4363

4364 12.1 static_assert

4365

4366 The C++ intrinsistatic_assertis often used to handle error states that are detectable at compile time. In this way
4367  static_assertis a technique for conveying static semantic errors and as such they will be categorized similar to exception
4368  types.

4369

4370 12.2 Runtime errors

4371

4372  On encountering an irecoverable errorC++AMPruntime throws a C+exception to communicate/propagate the error to
4373  client code.(Note: exceptions are not thrown fromestrict(amp)code.) The actual exceptions thrown by each API are listed
4374  in the API descriptionsk-ollowing are the exception types thrown I§++AMPruntime:

4375
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4376 12.2.1 runtime_exception

4377

4378  Aruntime_exceptiorinstance comprises a textual description of the error andRESULSrror code to indicate the cause of
4379  the error.

4380
4381
The exception type that aAMPruntime exceptions derive from. Aintime_exceptiorinstance comprises of a textual description of the error an
HRESULT error code to indicate the cause of the error.
4382
4383
runtime_  exception ( * Message, HRESULT _Hresult) 0 ‘
Construct auntime_exceptiorexception withthe specifiednessage antiRESULArror code
Parameters:
_Message Descriptive message of error
_Hresult HRESULT erroodethat caused this exception
4384
4385
runtime_  exception  (HRESULT _Hresult) 0 ‘
Construct auntime_exceptiorexception with the specified HRESULT error code.
Parameters:
_Hresult ’ HRESULT error code that caused this exception
4386
4387
HRESULT get_error_code() 0 ‘
Returns the error code that causéuis exception.
Return Value:
Returns the HRESULT error code that catisisaxception.
4388

4389 12.2.1.1 Specific Runtime Exceptions

Exception String ‘ Source Explanation ‘
No supported accelerator available. Accelerator constructorarray constructor | No device available at runtime supports C++ AN
Failed to create buffer Array constructor /| 2dz2& Ry Qi ONBIGS o0dzF TSI

lack of resource availability.

4390

4391 12.2.2 out_of_memory

4392

4393  An instance of thigxception type is thrown when an underlying OS/DirectX API call fails due to failure to allocate system or
4394  device memoryE_OUTOFMEMORY HRES®uior code) Note that if the runtime fails to allocate memory from the heap
4395 using the C+#ewoperator, astd:bad_allocexception is thrown and not th€++AMPout_of memoryexception.

4396

4397
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Exception thrown when an underlying OS/DirectX call fails due to lack of system or device memory.

out_of_memory( * _Message) 0

Construct a out_of_memory exception with the specified message.

Parameters:

_Message ’ Descriptive message of error

out_of_memory() 0

Construct a out_of_memory exception.

Parameters:

None.

12.2.3 invalid_compute_domain

An instance of this exception type is thrown when the runtime fails to devise a dispatch for the compute domain specified at
aparallel_for_eacleall site.

Exception thrown when the runtime fails to launch a kernel using the compute domain specifiedpartie|_for_eacleall site.

invalid_compute_domain ( * _Message) 0

Construct an invalid_compute_domain exception with fpecified message.

Parameters:

_Message ’ Descriptive message of error

i nvalid_compute_domain () 0

Construct & invalid_compute_domaiexception.

Parameters:

None.

12.2.4 unsupported_feature

An instance of this exception type is throvam executinga restrict(amp)function on the host which uses an intrinsic
unsupported on the host (such &éged_index<>barrier.wait()) or when invoking aarallel_for_eactor allocating an object

2y Iy I OO0OStSNI (2N 6KAOK R2Saymifed fardaeddgchiibn tapfobd; sush ast Bt nbtdzNEB a
limited to:

The accelerator is not capable of executing code, but serves as a memory allocation arena only

The accelerator doesndt support the allocation of textu
A texture object is created with an invalid combination of bits_per_scalar_element and shortvector type

Read and write operations are both requested on a texture object with bits_per_scalar '=32

el
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4422
Exception thrown when an unsupportéeature is used.
4423
unsupported_feature ( * _Message) 0 ‘
Construct an unsupported_feature exception with the specified message.
Parameters:
_Message ’ Descriptive message of error
4424
4425
unsupported_feature 0 0 ‘
Construct arunsupported_feature exception.
Parameters:
None.
4426

4427 12.2.5 accelerator_view_removed

4428

4429 An instance of this exception type is throwvhen the C++ AMP runtime detects that a connection with a particular
4430  accelerator represented by an instance of class accelerator_view, has been lost. When such an incident happens, all data
4431  allocated through the accelerator view and algrogress computations on the accelerator view may be lost. This exception
4432  may be thrown byparallel_for_each as well as any other copying and/or synchronization method.

4433

HRESULT error code indicating the cause of removal of the accelerator_view |
4434
Construct araccelerator_view_removeexcegion with the specified message and HRESULT
Parameters:
_Message Descriptive messagef error
_HRESULT HRESULT error code indicating the cause of removal of the accelerator_view
4435
4436
Provides the RESULT error code indicating the cause of removal of the accelerator_view
Return Value
The HRESULT error code indicating the cause of removal of the accelerator_view
4437
4438
4439
4440

4441 12.3 Error handling in device code (amp-restricted functions) (Optional)

4442

4443  The use ofhe throw C++ keyword is disallowed @++AMPvector functiongamprestricted and will resulin a compilation
4444  error. C++AMPoffersthe following intrinsics in vector code for error handling.

4445
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4446  Microsoft-specific the Microsoft implementation of C++ AMP provides the methods specified gedtien, provided all of
4447  the following conditions armet.

4448 1. The debug version of the runtime is being used (i.e. the code is compiled witDEB& @reprocessor definition).
4449 2. The debug layer is available on the system. This, in turn requires DirectX SDK to be installed on the system on
4450 Windows 7. On Windowsr® SDK intallation is necessary..

4451 3. Theaccelerator_vievon which the kernel is invoked must be on a device which supporpsititeand abort

4452 intrinsics. As of the date of writing this document, only the REF device supports these intrinsics.

4453

4454  When the dbug version of the runtime is not used or the debug layer is unavailable, executing a kernel that using these
4455 intrinsics through a parallel_for_each call will result in a runtime exception. On devices that do not support thesssjntrinsi
4456  these intrinsicsvill behave as nops.

4457
void direct3d _printf (const char * _Forresd _damp) ng, &)
Prints formatted output from a kernel to the debug output. The formatting semantics are same as the C Library printf
function. Also, this  function is executed as any other device -side function: per -thread, and in the context of the calling
thread . Due to the asynchronous nature of kernel execution, the output from this call may appear anytime between the
launch of the kernel containing the printf call and completion of the kernelés execution.
Parameters:
_Format_string The format string.
é An optional list of parameters of variable count.
Return Value:
None.

4458
void direct3d_errorf (char * _For mat _ srestrict n glamp)g )
This intrinsic  prints formatted error messages from a kernel to the debug output . This function is executed as any other
device -side function: per -thread, and in the context of the calling thread . Note that due to the asynchronous nature of
kernel execution, the actual error messages may appear in the debug output asynchronously , any time between the
di spatch of the kernel and the compl et i oseeodr measdages dee r dewdted by the x e
runti me, i truntimeiexcepson ad fiex c e pt i o mstwith the forrattdd error message output as the  exception
message.
Parameters:
_Format_string The format string.
é An optional list of parameters of variable count.

4459
void direct3d_abort() restrict (amp)
This intrinsic aborts the execution of thread s in the compute domain of a kernel invocation , that execute this instruction
This function is executed as any other device -side function: per -thread, and in the context of the calling thread . Also the
thread is terminated without executing any dest ructors for local variables. When the abort is detected by the runtime, it
raises a fAruntime_exceptionodo exception on the host Wotethatduehosthea b
asynchronous nature of kernel execution, the actual abort may be detected any time between the dispatch of the kernel
and the completion of the kernelds execution.

4460

4461

4462  Due to the asynchronous nature of kernel execution, divect3d printf, direct3d_errorfanddirect3d abort messages from
4463  kernels executing on a deé appear asynchronously during the execution of the shader or after its completion and not
4464  immediately after the async launch of the kern€hus these messages from a kernel may be interleaved with messages from
4465  other kernels executing concurrently orrer messages from other runtime calls in the debug outguts the prgrammeQ a
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responsibility to include appropriate information in the messages originating from kernels to indicate the origin of the
messages.

13 Appendix:CG++ AMP Future Directiongrnformative)

It is likely that C++ AMP will evolve over time. The set of featuresedlmsideamp-restricted functions will grow. élvever,
compilers will have to continue to support older hardware targets which only support the previous, smalleefseatitis
section outlines possible such evolution of the language syntax and associated feature set.

13.1 Versioning Restrictions

This section contains an informatidescriptionof additional language syntax and rules to allow the versioning of C++ AMP
code. If an implementation desires to extérC++ AMP in a manna&ot covered by this version of the specificatidhis
recommended that it follows the syntax and rules specified here.

13.1.1 auto restriction
Therestrictionproduction(section2.1) of the C++ grammas amended to allow the contextual keywosdto.

restriction:
amp-restriction
cpu
auto

A function or lambda which is annotated withstrict(auto)directs the compiler to check all known restrictions and
automatically deduce the set of restrictions that a function complies withtrict(auto)is only allowed for functions where
the functiondeclaration is also a function definitioand no other declaration of the same function occurs

A function may baimultaneoushexplicitly andauto restricted e.g. restrict(cpu,auto) In such case, it will be explicitly
checked forrompulsoryconformancewith the set of explicitly specified (nesuto) restrictions, and implicitly checked for
possibleconformancewith all other restrictionghat the compiler supports

Consider the following example:

intf 1() restrict(amp)
int f2() restrict(c pu,auto)

f1();
}

In this examplef2 is verified for compulsory adherence to thestrict(cpu)restriction. This results in an error, sinecalls

f1, whichisnotpuNB & G NA OG SR® | I R ¢S r&sKidt(gp@ Shénf2Wilh gassthe\aBreréndditasttoittey § 2
explicitly specifiedestrict(cpu) Now with respect to thewuto restriction, the compiler has to check wheth@conforms to
restrict(amp) which is the only other restriction not explicitly specified. In the context of vagfthe plausibility of

inferring anamp-restriction forf2, the compiler notices tha® callsf1, which is, in our modified example, natp-

restricted, and thereforé2 is also inferred to be naimp-restricted. Thus the total inferred restriction fé2 is restrict(cpu)

If we now change the restriction fét into restrict(cpu,amp) then the inference fof2 would reach the conclusion th&?
isrestrict(cpu,amp}oo.

When two overloads are available to call from a given restriction context, anddiffey only by the fact that one is
explicitly restricted whilghe other is implicitlyinferred to berestricted, the explicitly restricted overload shall tigosen
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13.1.2 Automatic restriction deduction
Implementations are encouraged to support a mode in whigittions that have their definitions accompany their
declarationsand where no other declarations occur for such functidrese their restriction set automatically deduced.

In such a mode, when the compiler encounters a function declaration which is also a definition, and a previous declaration
F2N) 6KS Fdzy OliA2y KIFayQli 0SSy SyO2dzyiSNBR 0ST2NBs GKSy (K
restrict(cpu,ato). This allows easy reuse of existing codernmp-restricted code, at the cost of prolonged compilation

times.

13.1.3 amp Version
Theamp-restrictionproductionof the C++ grammas amended thus:

amp-restriction:
amp amp-versiorpt

amp-version:
. integerconstant
: integerconstant. integerconstant

Anampversion specifies the lowest version of amp that this function supports. In other words, if a function is decorated
with restrict(amp:1) then that function also suppor@nyversiongreater or equal td.. When theampversion is elided,

the implied version is implementatiedefined.Implementations are encouraged to support a compiler flag controlling the
default version assume®Vhen versioning is used a@onjunctionwith restrict(auto) and/or automatic restriction deduction,
the compiler shall infer the maximal version of theprestriction that the function adheres to.

Section2.3.2 specfies thatrestriction specifiers of a function shall not overlap with any restriction specifiers in another
function within the same overload set.

int func(int x) restrict(cpu,amp) ;
int func(int x) restrict(cpu); /I error,overlaps with previous declaration

This rule is relaxed in the case of versionfiogctions overloaded witlamp versions are not considered to overlap:

int func(int x) restrict(cpu)
int func(int x) restrict(amp:1)
int func(int x) restrict(amp:2)

When an overload set contains multiple versions of the amp specifier, the function with the highest version number that is
not higher than the callee is chosen:

void glorp () restrict( amp:1) {}
void glorp () restrict( amp:2) {}

void glorp _caller() restr ict( amp:2){ )
glorp (); // okay;OAOT 1 OAG O1T AAlI1 OCIi T ObPjq OAOOOEAO} Al Bbdeqod

13.2 Projected Evolution of amp-Restricted Code

Based on the nascent availability of features in advanced GPUsamdpondincghardwarevendorspecific programming
modek, it isapparentthat the limitations associated withestrict(amp)will be gradually lifted. The tableelow captures
one possible path fdiuture ampversions to follow. If implementers need to (noormatively) extend themp-restricted
language subset, it is recommended that they consult the thBlewand try toconformto its style
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