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void AddArrays(int n, int * pA, int * pB, int * pSum) 
{ 
    for (int i=0; i<n; i++)  
    { 
            pSum[i] = pA[i] + pB[i]; 
    } 
} 
 
 
 
 
 
 

How do we take the 
serial code on the 
left that runs on the 
CPU and convert it to 
run on an accelerator 
like the GPU? 



 
 
 
void AddArrays(int n, int * pA, int * pB, int * pSum) 
{ 
 
 
 
 
    for (int i=0; i<n; i++)  
 
 
        { 
            pSum[i] = pA[i] + pB[i]; 
        } 
 
} 

#include <amp.h> 
using namespace concurrency; 
 
void AddArrays(int n, int * pA, int * pB, int * pSum) 
{ 
    array_view<int,1> a(n, pA); 
    array_view<int,1> b(n, pB); 
    array_view<int,1> sum(n, pSum); 
  
    parallel_for_each( 
        sum.extent,  
        [=](index<1> i) restrict(amp) 
        { 
            sum[i] = a[i] + b[i]; 
        } 
     ); 
} 

 
 
 
void AddArrays(int n, int * pA, int * pB, int * pSum) 
{ 
 
 
 
 
    for (int i=0; i<n; i++)  
 
 
    { 
            pSum[i] = pA[i] + pB[i]; 
    } 
 
} 



void AddArrays(int n, int * pA, int * pB, int * pSum) 
{ 
    array_view<int,1> a(n, pA); 
    array_view<int,1> b(n, pB); 
    array_view<int,1> sum(n, pSum); 
  
    parallel_for_each( 
 sum.extent,  
 [=](index<1> i) restrict(amp)  
 { 
         sum[i] = a[i] + b[i]; 
     } 
     ); 
} 

array_view variables captured 
and associated data copied to 
accelerator (on demand) 

restrict(amp): tells the 
compiler to check that this 
code conforms to C++ AMP 
language restrictions 

parallel_for_each: 
execute the lambda 
on the accelerator 
once per thread 

extent: the number 
and shape of 
threads to execute 
the lambda 

index: the thread ID that is running 
the lambda, used to index into data 

array_view: wraps the data 
to operate on the 
accelerator 



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

extent<3> e(3,2,2); 

index<2> i(0,2); 

extent<2> e(3,4); extent<1> e(6); 
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vector<int> v(10); 

   extent<2> e(2,5); 
   array_view<int,2> a(e, v); 

//above two lines can also be written 
//array_view<int,2> a(2,5,v); 

index<2> i(1,3);  
 
int o = a[i]; // or a[i] = 16; 
//or int o = a(1, 3); 
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1. parallel_for_each(  
2.  e,    //e is of type extent<N> 
3.  [ ](index<N> idx) restrict(amp)  
 { 
       // kernel code 
 } 
1. ); 
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double cos( double d );                         // 1a: cpu code 
double cos( double d ) restrict(amp);     // 1b: amp code 
double bar( double d ) restrict(cpu,amp);  // 2  : common subset of both 
 
void some_method(array_view<double,2>& c) { 
    parallel_for_each( c.extent, [=](index<2> idx) restrict(amp)  
    { 
       //… 
       double d0 = c[idx]; 
       double d1 = bar(d0); // ok, bar restrictions include amp 
       double d2 = cos(d0); // ok, chooses amp overload 
       //… 
    }); 
} 



void MatrixMultiplySerial( vector<float>& vC,  
    const vector<float>& vA,  
    const vector<float>& vB, int M, int N, int W ) 
{ 
 
 
 
 
   for (int row = 0; row < M; row++) { 
      for (int col = 0; col < N; col++){ 
         float sum = 0.0f; 
         for(int i = 0; i < W; i++) 
            sum += vA[row * W + i] * vB[i * N + col]; 
         vC[row * N + col] = sum; 
      } 
   } 
} 

void MatrixMultiplyAMP( vector<float>& vC,  
    const vector<float>& vA,  
    const vector<float>& vB, int M, int N, int W ) 
{ 
   array_view<const float,2> a(M,W,vA),b(W,N,vB); 
   array_view<float,2> c(M,N,vC); 
   c.discard_data(); 
   parallel_for_each(c.extent, 
       [=](index<2> idx) restrict(amp) { 
             int row = idx[0]; int col = idx[1]; 

      float sum = 0.0f; 
      for(int i = 0; i < W; i++)  
         sum += a(row, i) * b(i, col); 
      c[idx] = sum; 

       } 
    ); 
} 



PCIe 

Host Accelerator (e.g. discrete GPU) 
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// enumerate all accelerators 
vector<accelerator> accs = accelerator::get_all(); 
  

// choose one based on your criteria 
accelerator acc = accs[0]; 
 

// launch a kernel on it 
parallel_for_each(acc.default_view, my_extent, [=]…); 



vector<int> v(8 * 12); 
extent<2> e(8,12); 
accelerator acc = … 
array<int,2> a(e, acc.default_view); 
copy_async(v.begin(), v.end(), a); 

parallel_for_each(e, [&](index<2> idx) restrict(amp)  
{ 
      a[idx] += 1; 
}); 
copy(a, v.begin()); 
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Programmable Cache 
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Per Thread Registers 
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parallel_for_each(data.extent.tile<6>(),  
    [=] (tiled_index<6> t_idx) restrict(amp)  
    { … }); 

array_view<int,1> data(12, my_data); 
 
parallel_for_each(data.extent,  
    [=] (index<1> idx) restrict(amp)  
    { … }); 



extent<1> e(12);           

0 1 2 3 4 5 6 7 8 9 10 11 
  

 

tiled_extent<6> t_e = e.tile<6>();        

 

0 1 2 3 4 5 6 7 8 9 10 11 
 

              
extent<2> ee(2, 6); 

   
tiled_extent<2, 2> t_ee = ee.tile<2, 2>(); 

0,0 0,1 0,2 0,3 0,4 0,5 

 

 
0,0 0,1 0,2 0,3 0,4 0,5 

1,0 1,1 1,2 1,3 1,4 1,5 
  

1,0 1,1 1,2 1,3 1,4 1,5 

 



array_view<int,2> data(2, 6, p_my_data); 
parallel_for_each( 
    data.extent.tile<2,2>(),  
    [=] (tiled_index<2,2> t_idx)… { … }); 

 
col 0 col 1 col 2 col 3 col 4 col 5 

row 
0       

row 
1       

 

T 

T 



http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx  

http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/11/restrict-amp-restrictions-part-10-of-n-tile-static.aspx


1 static const int TS = 2; 
2 array_view<int, 2> av(2, 6, my_vector); 
3 parallel_for_each(av.extent.tile<TS,TS>(),  

[=](tiled_index<TS,TS> t_idx) restrict(amp)  
4 {         
5     tile_static int t[TS][TS];     
6     t[t_idx.local[0]][t_idx.local[1]] = av[t_idx.global]; 
7  
8     if (t_idx.local == index<2>(0,0)) { 
9        int temp = t[0][0] + t[0][1] + t[1][0] + t[1][1];                
10        av[t_idx.tile_origin] = temp; 
11     } 
12 }); 
13 int sum = av(0,0) + av(0,2) + av(0,4); //the three tile_origins 
 

 

 0,0 0,1 0,2 0,3 0,4 0,5 

 1,0 1,1 1,2 1,3 1,4 1,5 
 

imagine the code here 



1 static const int TS = 2; 
2 array_view<int, 2> av(2, 6, my_vector); 
3 parallel_for_each(av.extent.tile<TS,TS>(),  

[=](tiled_index<TS,TS> t_idx) restrict(amp)  
4 {         
5     tile_static int t[TS][TS];     
6     t[t_idx.local[0]][t_idx.local[1]] = av[t_idx.global]; 
7  
8     if (t_idx.local == index<2>(0,0)) { 
9        int temp = t[0][0] + t[0][1] + t[1][0] + t[1][1];                
10        av[t_idx.tile_origin] = temp; 
11     } 
12 }); 
13 int sum = av(0,0) + av(0,2) + av(0,4); //the three tile_origins 
 

 

 0,0 0,1 0,2 0,3 0,4 0,5 

 1,0 1,1 1,2 1,3 1,4 1,5 
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1 static const int TS = 2; 
2 array_view<int, 2> av(2, 6, my_vector); 
3 parallel_for_each(av.extent.tile<TS,TS>(),  

[=](tiled_index<TS,TS> t_idx) restrict(amp)  
4 {         
5     tile_static int t[TS][TS];     
6     t[t_idx.local[0]][t_idx.local[1]] = av[t_idx.global]; 
7     t_idx.barrier.wait(); 
8     if (t_idx.local == index<2>(0,0)) { 
9        int temp = t[0][0] + t[0][1] + t[1][0] + t[1][1];                
10        av[t_idx.tile_origin] = temp; 
11     } 
12 }); 
13 int sum = av(0,0) + av(0,2) + av(0,4); //the three tile_origins 
 

 

 0,0 0,1 0,2 0,3 0,4 0,5 

 1,0 1,1 1,2 1,3 1,4 1,5 
 



void MatrixMultSimple(vector<float>& vC, const 
vector<float>& vA, const vector<float>& vB, int M, int N, 
int W ) 
{ 
 
    array_view<const float,2> a(M, W, vA), b(W, N, vB); 
    array_view<float,2> c(M,N,vC);  c.discard_data();         
    parallel_for_each(c.extent,  
        [=] (index<2> idx) restrict(amp)   
        { 
            int row = idx[0];  
            int col = idx[1]; 
 
            float sum = 0.0f; 
            for(int k = 0; k < W; k++) 
                sum += a(row, k) * b(k, col); 
 
            c[idx] = sum; 
        } ); 
} 

void MatrixMultTiled(vector<float>& vC, const 
vector<float>& vA, const vector<float>& vB, int M, int 
N, int W ) 
{ 
    static const int TS = 16; 
    array_view<const float,2> a(M, W, vA), b(W, N, vB); 
    array_view<float,2> c(M,N,vC);  c.discard_data();       
    parallel_for_each(c.extent.tile< TS, TS >(),  
        [=] (tiled_index< TS, TS> t_idx) restrict(amp)   
        { 
            int row = t_idx.global[0];  
            int col =   t_idx.global[1]; 
 
            float sum = 0.0f; 
            for(int k = 0; k < W; k++) 
                sum += a(row, k) * b(k, col); 
 
            c[t_idx.global] = sum; 
        } ); 
} 



void MatrixMultSimple(vector<float>& vC, const vector<float>& vA, 
const vector<float>& vB, int M, int N, int W ) 
{ 
    static const int TS = 16; 
    array_view<const float,2> a(M, W, vA), b(W, N, vB); 
    array_view<float,2> c(M,N,vC);  c.discard_data();         
    parallel_for_each(c.extent.tile< TS, TS >(),  
        [=] (tiled_index< TS, TS> t_idx) restrict(amp)  { 
            int row = t_idx.global[0]; int col = t_idx.global[1]; 
             
            float sum = 0.0f; 
 
 
 
 
 
            for(int k = 0; k < W; k++) 
                sum += a(row, k) * b(k, col); 
     
 
            c[t_idx.global] = sum; 
        } ); 
} 

void MatrixMultTiled(vector<float>& vC, const vector<float>& vA, 
const vector<float>& vB, int M, int N, int W ) 
{ 
    static const int TS = 16; 
    array_view<const float,2> a(M, W, vA), b(W, N, vB); 
    array_view<float,2> c(M,N,vC);  c.discard_data();       
    parallel_for_each(c.extent.tile< TS, TS >(),  
        [=] (tiled_index< TS, TS> t_idx) restrict(amp)  { 
            int row = t_idx.local[0]; int col = t_idx.local[1]; 
            tile_static float locA[TS][TS], locB[TS][TS]; 
            float sum = 0.0f; 
            for (int i = 0; i < W; i += TS) {                 
                locA[row][col] = a(t_idx.global[0], col + i); 
                locB[row][col] = b(row + i, t_idx.global[1]); 
                t_idx.barrier.wait(); 
         
                for (int k = 0; k < TS; k++) 
                    sum += locA[row][k] * locB[k][col];             
                t_idx.barrier.wait(); 
             } 
            c[t_idx.global] = sum; 
        } ); 
} 

Phase  1 
Phase  2 

imagine the code here 



void MatrixMultSimple(vector<float>& vC, const vector<float>& vA, 
const vector<float>& vB, int M, int N, int W ) 
{ 
    static const int TS = 16; 
    array_view<const float,2> a(M, W, vA), b(W, N, vB); 
    array_view<float,2> c(M,N,vC);  c.discard_data();         
    parallel_for_each(c.extent.tile< TS, TS >(),  
        [=] (tiled_index< TS, TS> t_idx) restrict(amp)  { 
            int row = t_idx.global[0]; int col = t_idx.global[1]; 
             
            float sum = 0.0f; 
 
 
 
 
 
            for(int k = 0; k < W; k++) 
                sum += a(row, k) * b(k, col); 
     
 
            c[t_idx.global] = sum; 
        } ); 
} 

void MatrixMultTiled(vector<float>& vC, const vector<float>& vA, 
const vector<float>& vB, int M, int N, int W ) 
{ 
    static const int TS = 16; 
    array_view<const float,2> a(M, W, vA), b(W, N, vB); 
    array_view<float,2> c(M,N,vC);  c.discard_data();       
    parallel_for_each(c.extent.tile< TS, TS >(),  
        [=] (tiled_index< TS, TS> t_idx) restrict(amp)  { 
            int row = t_idx.local[0]; int col = t_idx.local[1]; 
            tile_static float locA[TS][TS], locB[TS][TS]; 
            float sum = 0.0f; 
            for (int i = 0; i < W; i += TS) {                 
                locA[row][col] = a(t_idx.global[0], col + i); 
                locB[row][col] = b(row + i, t_idx.global[1]); 
                t_idx.barrier.wait(); 
         
                for (int k = 0; k < TS; k++) 
                    sum += locA[row][k] * locB[k][col];             
                t_idx.barrier.wait(); 
             } 
            c[t_idx.global] = sum; 
        } ); 
} 

Phase  1 
Phase  2 





/* Trying to use REF emulator on a 
machine that does not have it installed, 
throws runtime_exception */ 
 try 
 { 
   accelerator a(accelerator::direct3d_ref); 
 } 
 catch(runtime_exception& ex) 
{  
  std::cout << ex.what() << std::endl; 
} 

http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/27/c-amp-runtime-exceptions.aspx  

http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/27/c-amp-runtime-exceptions.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/27/c-amp-runtime-exceptions.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/27/c-amp-runtime-exceptions.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/27/c-amp-runtime-exceptions.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/27/c-amp-runtime-exceptions.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/27/c-amp-runtime-exceptions.aspx
http://blogs.msdn.com/b/nativeconcurrency/archive/2012/01/27/c-amp-runtime-exceptions.aspx


http://blogs.msdn.com/b/nativeconcurrency/archive/2012/02/08/math-library-for-c-amp.aspx  

1. #include <amp.h>  
2. #include <amp_math.h>  
3. using namespace concurrency;  
4. using namespace concurrency::fast_math; 
  // using namespace concurrency::precise_math; 
5. int main() {  
6.     float a = 2.2f, b = 3.5f;  
7.     float result = pow(a,b);  
8.     std::vector<float> v(1);  
9.     array_view<float> av(1,v);  
10.     parallel_for_each(av.extent, [=](index<1> idx) 

restrict(amp)  
11.     {  
12.         av[idx] = pow(a,b); 
13.     }); 
14. } 
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C++ AMP type DirectX type C++ AMP interop API 

array ID3D11Buffer *get_buffer, make_array 

texture ID3D11Texture1D/2D/3D *get_texture, make_texture 

accelerator_vi
ew 

ID3D11Device 
*get_device, 

create_accelerator_view 
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