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CPUs vs GPUs today
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Multi-core CPU TeraFLOPS-class GPU

« Medium level of parallelism High level of parallelism

« Random accesses « Streaming accesses

« Lower memory bandwidth - High memory bandwidth

« Higher clock frequency - Lower clock frequency

« Higher power consumption - Lower power consumption

Supports general code
Mainstream programming

Supports data-parallel code
Niche programming



Industry trends...

GPUs become more general purpose
CPUs become more data parallel
Fused SoC

C++ AMP is designed to:

- Take advantage of data
parallel hardware TODAY

...while...
« Protecting your coding investments




C++ AMP

Part of Visual C++
« Visual Studio integration

- STL-like library for multidimensional data S
Builds on Direct3D crosoft Visua

Intent is to make C++ AMP an open specification
performance

productivity

oD

portability
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Hello World: Array Addition

void AddArraygéint n, int * pA, int * pB, int * pQ
{

for (int 1=0; i<n; i++) How do we take the

{ serial code on the left
PCll =pAll + PRI that runs on the CPU

and convert It to run on

an accelerator like the

GPU?

}
}




Hello World: Array Addition

void AddArrayg@nt n, int * pA, int * pB, int * pQ
{

for (int i=0; i<n; i++)

pdi] = pAll] + pH];

#include aamp.r»
using namespace concurrency;,

void AddArrayéint n,int * pA int * pB, int * pQ
{
array_viewint,1> a(npA);
array_vievkint,1> b(npB);
array_vievint,1> sum(npQO;

parallel_for_each(
sum.grid
[=](index<1) restrict(direct3d)
{

sumf] = aj] + bj];




Basic Elements of C++ AMP coding

void AddArrayéint n, int * pA, int * pB, int * pQ

{

arallel_for_each: S _ eSIC(dIrectsad)-tells the
gxecute_the lambda array_v!ew:!nt,1> a(n pA), compiler to check that this code
on the accelerator array_vievkint,1> b(npB); can execute on Direct3D hardware

once per thread array_viewint,1> sum(npO); . ol c

array_view: wraps the data

parallel_for_each to operate on the accelerator

sum.grid
grid: the number and =](index<1xdx) restrict(direct3d)
shape of threads to {
execute the lambda sumfidx] = ajdx] + bjdx]; \

array_view variables captured
, and associated data copied to

Index: the thread ID that is running the accelerator (on demand

lambda, used to index into data



grid<N>, extent<N>, and index<N>

Index<N>

« represents an N-dimensional point
« extent<N> oten anc
- number of units in each dimension [
of an N-dimensional space o
. grid<N> o ) unciperios
« origin (index<N>) plus extent<N> [E&ESE
« N can be any number e

¥ contains(const index <rank>& _Index) : bool

¥ sizel):int

¥ tile<_DO, _D1, _D2>() : tiled_grid<_DO, _D...
¥ tile<_DO, _D1>(): tiled_grid<_DO, _D1>

¥ tile<_DO>(): tiled_grid<_DO0>




Examples: grid, extent, and index

index<1i(2); index<2i(0,2); index<3i(2,0,1);

o

extent<l1>e(0); extent<2>e(3,4; extent<3>e(3,2,9;
grid<1>g(e); grid<2>g(e); grid<3>g(e);




a rray< T, N > ?;ﬂ;‘:l;_twe _Rank>

= Fields
¥ accelerator_vi
¥ accociated_accelerator view : accelerator view
# grid: grid<_Rank>

 Multi-dimensional array of

= Methods

rank N Wlth element T @ copy_to): void (+ 1 overload)

W datal) : Value_type® [+ 1 overload)
W reinterpret_as<_Value_type2=() : array_view<_Value_typel, ..

Y Sto rag e | iveS O n W section() : array_view<_Value_type, _Rank> [+ 9 overloads)

W view_as<_K>[): array_view<_Value_type, K> [+ 1 overload)

e[1]
A

extent<2> e(8,1p (
array<int,2> a(ev.begin(), v.end)); 0 123 45 6 7 8

// in the body of my lambda
Index<2>1(3,9);

Intil=ajl;

inti2 = a(0], i[1]);




array view<T,N>

« View on existing data on the CPU or GPU
e array_view<T,N>
e array_view<const T,N>

r array_view<_Value_type, _Rank:
Template Class

= Fields

vector<int> v(10);
HEEEEN

I extent<2> e(2,5);

5l rank:constint
¥ extent: extent<_Rank>
¥ grid: grid<_Rank>

= Methods

array_viewint,2> a(e, v);

¥ copy_tel) : void (+ 2 overloads)

data() : _Value_type”

refresh() @ void

/labove two lines caralso be written
/[ array_viewkint,2> a(2,5,v);

reinterpret_as<_Value_typeld =() : array_view <_Value_typel, _Rank>
section() : array_view [+ 4 overloads)

synchronize() : void

view_as<_MNew_rank>() : array_view <_Value_type _New_rank>



Data Classes Comparison

array<T,N> array_view<T,N>

« Container for data « Wrapper for data

« Specific location - Access anywhere

« Explicit copy  Implicit copy

« Dense « Dense in one dimension

« Capture by reference [&] Capture by value [=]

« Rank and element at compile Rank and element at compile
time time

- extent<N> at runtime « extent<N> at runtime
Access elements with index<N> Access elements with index<N>

— q 1 —



Kernels

- parallel for each
- Executes the lambda for each point in the grid

« As-if synchronous in terms of visible side-effects

1. parallel_for_each(
2. g, [/lgis of typegrid<N>
3. [ J(index<N=>idx) restrict(direct3d)

{

/I kernel code




restrict(...)

« Applies to functions (including lambdas)

« Why restrict
- Target-specific language restrictions
« Optimizations or special code-gen behavior

« Functions can have multiple restrictions
In 15t release we are implementing direct3d and cpu ™=
« cpu — the implicit default




restrict(direct3d) restrictions

« Can only call other restrict(direct3d) functions
All functions must be inlinable

Only direct3d-supported types

« Int, unsigned int, float, double, bool

 structs & arrays of these types

Pointers and References

_ambdas cannot capture by reference’, nor capture pointers

References and single-indirection pointers supported only as
ocal variables and function arguments




restrict(direct3d) restrictions

* No * No
* recursion « goto or labeled statements
 'volatile'  throw, try, catch
- virtual functions  globals or statics
« pointers to functions « dynamic_cast or typeid
« pointers to member functions « |nline asm
 pointers in structs  varargs
 pointers to pointers « unsupported types

« e.g. char, short, long double



Example: restrict overloading

doublebar( double ) restrict(cpu,direc3d);// 1: same code for both
doublecoq double ); // 2a: general code
doublecoq double ) restrict(direct3d); // 2b: specific code

void SomeMethodarray<double> c) {
parallel_for _eachc.grid [=](index<2xdX) restrict(direct3d)
{

K K X

double d1 =bar(cfidx]); // ok

double d2 =coqc[idx]); // ok, chooseslirect3d overload
K K X

D;
}




Example: Matrix Multiplication

void MatrixMultiplyAMR vector<float>&vQG

constvector<float>&vA,
constvector<float>&vB, int M, int N, int W)

void MatrixMultiplySeriaf vector<float>&vGC

constvector<float>&vA
constvector<float>&vB, int M, int N, int W)

{ {

array_view<const float,2a(M,W,vA,b(W,N,vB;
array_viewariteonly<float>,2>c(M,N,vQ;
parallel_for_eaclt.grid
[=](index<2xdXx) restrict(direct3d)

Int row =1dX[0]; int col =idX[1];

float sum =0.0f;

for(inti = 0; 1 W, i++)

sum +=a(row, i) * b(i, col);
c[idx] = sum;

for (int row = 0;row < M; row++){
for (int col= 0;col < N;col++){
float sum =0.0f;
for(inti=0;i< W, i++)
sum +=vA[row * W + i] *vB[i * N +col];
vdrow * N +col] = sum




accelerator, accelerator view

Host Accelerator (GPU example)
« accelerator | I . I \
- e.g. DX11 GPU, REF
° CPUs
e.g. CPU | ocle [GPU
« accelerator view GPU
 a context for scheduling System memory GPU
and memory management e

A Data transfers

A between accelerator and host
A could be optimized away for integrated memory architecture



accelerator

 accelerator

Class // ldentify an accelerator based on Windows device ID
S acceleratomyAco a i\ b ymnnH3I 59 +

2l cpu_accelerator: const wchar_t[]
=] default_accelerator: const wchar_t[] 2 2 A OA
2 direct3d_ref : const wchar_t[] K K X 2 N\] S y dZY S N\] u S
2 direct3d_warp : const wchar_t{]

default_view : accelerator_view

description : wstring // Allocate an array on my accelerator
device_path : wstring - .
ik i array<nt>myArray(10, myAcc.default_viey
has_display : bool

i sl K K X 2 Na kkrhetioyl @Kaccelerator
version : unsigned int parallel_for_eachtiyAcc.default_viewmyArrayView.grid...);

= Methods

~accelerator()

accelerator()

accelerator(const accelerator& _Other)
accelerator{const wstring& path)
create_view(queuing_mode gmede) : accelerator_view




C++ AMP at a Glance (so far)

restrict(direct3d, cpu)
parallel for each

ass array<Tl,N>

ass array view<T,N>
ass index<N> (a\
ass extent<N>, grid<N> \*=
ass accelerator

ass accelerator view

O O O O O O






