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32 64 96 128 160 192 224 256 288 320 352 384

8-bytes elements access -> 8 sectors

Warp of 32 threads

32 64 96 128 160 192 224 256 288 320 352 384
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<-LAPP Warp Read / Write

Laboratoire &’Annecy de Physique des Particules

4-bytes elements access -> 4 sectors
1 sector : 32 bytes y

Warp of 32 threads
Cache line size : OO0

- 128 bytes

EEC R T —

32 64 96 128 160 192 224 256 288 320 352 384

8-bytes elements access -> 8 sectors

Warp of 32 threads

32 64 96 128 160 192 224 256 288 320 352 384
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<-CAPP Memory Layout
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(LAPP Memory Layout

Laboratoire &’Annecy de Physique des Particules.

Read / Write :
- 1 sector
- 32 bytes
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(LAPP Memory Layout

Array of Structure (AoS struct Coeff
Read / Write : L f Structure ( ) [y at u f/ ; 80 Bytes
- 1 sector float xi8]’ y['8] Z,
- 32 bytes ). , ' Z,
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(LAPP Memory Layout

Read / Write : Array of Structure (AoS) strucﬂt C?eff{ . 80 Bytes
- 1 sector Warp of 32 threads ﬂoat g[SY] W['8] .
- 32 bytes ( ) ). oa » ylol, Z;

0 32 64 96 128 160 192 224 256 288 320 352 384
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(LAPP Memory Layout

Read / Write : Array of Structure (AoS) struct Coeff{ . 80 Bytes
- 1 sector Warp of 32 threads goai U:g}/, W'8 .
- 32 bytes Read of u oat x[8], y[8], z;

N\~

0 32 64 96 128 160 192 224 256 288 320 352 384
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(LAPP Memory Layout

Read / Write : Array of Structure (AoS) struct Coeff{ . 80 Bytes
- 1 sector Warp of 32 threads goai U:g}/, W'8 .
- 32 bytes Read of u oat x[8], y[8], z;

full
/ \\\LL 4By 'cso‘fls;'ez

0 32 64 96 128 160 192 224 256 288 320 352 384
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(LAPP Memory Layout

Read / Write : Array of Structure (AoS) struct Coeff{ . 80 Bytes
- 1 sector Warp of 32 threads goai U:g}/, W'8 .
- 32 bytes Read of u oat x[8], y[8], z;

1\
es usefu
/ N abytes too

0 32 64 96 128 160 192 224 256 288 320 352 384

Strucutre of Array (SoA) struct Coeff{
float *u, *v, *w;
float *x0, ... *x7, *yO0, ... *y7, *z;
5
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(LAPP Memory Layout

Read / Write : Array of Structure (AoS) struct Coeff{ . 80 Bytes
- 1 sector Warp of 32 threads goai U:g}/, W'8 .
- 32 bytes Read of u oat x[8], y[8], z;

i\
es usefu
/ N abytes B3

0 32 64 96 128 160 192 224 256 288 320 352 384

Strucutre of Array (SoA) struct Coeff{
Warp of 32 threads float *u, *v, *w;
( ) float *x0, ... *x7, *yO0, ... *y7, *z;
5

0 32 64 96 128 160 192 224 256 288 320 352 384
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(LAPP Memory Layout

Read / Write : Array of Structure (AoS) struct Coeff{ . 80 Bytes
- 1 sector Warp of 32 threads goai U:g}/, W'8 .
- 32 bytes Read of u oat x[8], y[8], z;

1\
es usefu
/ N a b\(!’:‘t of 32

0 32 64 96 128 160 192 224 256 288 320 352 384

Strucutre of Array (SoA) struct Coeff{
Warp of 32 threads float *u, *v, *w;
Read of u f ) float *x0, ... *x7, *y0, ... *y7, *z;
I

0 32 64 96 128 160 192 224 256 288 320 352 384
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(LAPP Memory Layout

Read / Write : Array of Structure (AoS) struct Coeff{ . 80 Bytes
- 1 sector Warp of 32 threads goai U:g}/, W'8 .
- 32 bytes Read of u oat x[8], y[8], z;

1\
es usefu
/ N a b\(!’:‘t of 32

0 32 64 96 128 160 192 224 256 288 320 352 384

Strucutre of Array (SoA) struct Coeff{
Warp of 32 threads float *u, *v, *w;
Read of u f ) float *x0, ... *x7, *y0, ... *y7, *z;
It

0 32 64 96 128 160 192 224 256 288 320 352 384
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Hadamard Product CUDA
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<-CAPP Hadamard Product CUDA

(MEEEEEEEEE)N

Element Wise
Operation

X
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- CAPP Hadamard Product CUDA

Laboratoire &’Annecy de Physique des Particules

__global__ hadamard product kernel( * vecResult, * veclLeft, * vecRight, nbElement) {
i = blockIdx.x*blockDim.x + threadIdx.x;
vecResult[i] = vecLeft[i] * vecRight[i];

}
Element Wise
Operation

Z X Y
(= (= (=
|| || ||
|| || ||
|| || ||
|| || ||
m _ =, (=
|| || ||
|| || ||
|| || ||
|| || ||
) - -
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- CAPP Hadamard Product CUDA

Laboratoire &’Annecy de Physique des Particules

__global__ hadamard product kernel( * vecResult, * veclLeft, * vecRight, nbElement) {
i = blockIdx.x*blockDim.x + threadIdx.x;
vecResult[i] = vecLeft[i] * vecRight[i];

}
Element Wise
Operation
Execution on ,; ,)i ,X\
Device or Host [ ] || ||
|| || ||
|| || ||
|| || ||
N _ (m, (m
|| || ||
|| || ||
|| || ||
|| || ||
m =
Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA () . ‘ .




- CAPP Hadamard Product CUDA

Laboratoire &’Annecy de Physique des Particules

__global hadamard product kernel( *_yecResult, * veclLeft, * vecRight, nbElement) {
i = blockIdx.x*blockDim.x + threadIdx.x;)
vecResult[1] = veclett[1] * vecRight[1];

}
Element Wise
Thread position Operation
Execution on ,; ,)i ,X\
Device or Host ] [ ] ]
[ [ |
[ | |
| | [
N _ (m,  (m
| | |
| H |
[ | [
[ [ [
L o .
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-LAPP Hadamard Product CUDA

Laboratoire &’Annecy de Physique des Particules

hadamard_product_cuda( * vecResult, * veclLeft, * vecRight, nbElement,
maxNbThreadPerBlockX)
//Allocations
*vecResultd = NULL, *vecLeftd = NULL, *vecRightd = NULL;
sizeByte = nbElement*sizeof( N

(( **)&vecResultd, sizeByte);
(o **)&vecLeftd, sizeByte);
« **)&vecRightd, sizeByte);

Element Wise
//Block and grid size i
dimGridX = 1; Operatlon
dimBlockX = 1;
if(nbElement > maxNbThreadPerBlockX){
dimBlockX = maxNbThreadPerBlockX;
dimGridX = nbElement/dimBlockX;
}else{
dimBlockX = nbElement;
}

//Transfer to Device

(vecLeftd, vecLeft, sizeByte, cudaMemcpyHostToDevice);
PLIB_CUDA CHECK FILE

(vecRightd, vecRight, sizeByte, cudaMemcpyHostToDevice);
PLIB_CUDA CHECK FILE

dim3 dimGrid(dimGridX, 1, 1);
dim3 dimBlock(dimBlockX, 1, 1);
hadamard product kernel<<<dimGrid, dimBlock>>>(vecResultd, vecLeftd, vecRightd, nbElement);
PLIB_CUDA_CHECK FILE
//Transfer to Host
(vecResult, vecResultd, sizeByte, cudaMemcpyDeviceToHost);

PLIB_CUDA CHECK FILE
//Free memory

(vecRightd);

(vecLeftd);

(vecResultd);

}

Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA
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- LAPP Hadamard Product CUDA

Laboratoire &’Annecy de Physique des Particules

hadamard_product_cuda( * vecResult, * veclLeft, * vecRight,
maxNbThreadPerBlockX)
{
//Allocations
*vecResultd = NULL, *vecLeftd = NULL, *vecRightd = NULL; .
sizeByte = nbElement*sizeof( N A”OCat|On
(( **)&vecResultd, sizeByte);
(( **)&vecLeftd, sizeByte); on GPU
(( **)&vecRightd, sizeByte);
//Block and grid size
dimGridX = 1;
dimBlockX = 1;
if(nbElement > maxNbThreadPerBlockX){
dimBlockX = maxNbThreadPerBlockX;
dimGridX = nbElement/dimBlockX;
}else{
dimBlockX = nbElement;
}
//Transfer to Device
(vecLeftd, vecLeft, sizeByte, cudaMemcpyHostToDevice);
PLIB_CUDA CHECK FILE
(vecRightd, vecRight, sizeByte, cudaMemcpyHostToDevice);
PLIB_CUDA CHECK FILE
dim3 dimGrid(dimGridX, 1, 1);
dim3 dimBlock(dimBlockX, 1, 1);
hadamard product kernel<<<dimGrid, dimBlock>>>(vecResultd, vecLeftd, vecRightd, nbElement);
PLIB_CUDA_CHECK FILE
//Transfer to Host
(vecResult, vecResultd, sizeByte, cudaMemcpyDeviceToHost);
PLIB_CUDA CHECK FILE
//Free memory
(vecRightd);
(vecLeftd);
(vecResultd);
}

nbElement,

(MEEEEEEEEE)N

Element Wise
Operation
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-LAPP

Laboratoire &’Annecy de Physique des Particules

Hadamard Product CUDA

}

hadamard_product_cuda( * vecResult, * veclLeft,
maxNbThreadPerBlockX)
//Allocations
*vecResultd = NULL, *vecLeftd = NULL, *vecRightd = NULL;
sizeByte = nbElement*sizeof( N

(( **)&vecResultd, sizeByte);
(o **)&vecLeftd, sizeByte);
(( **)&vecRightd, sizeByte);

//Block and grid size
dimGridX = 1;
dimBlockX = 1;
if(nbElement > maxNbThreadPerBlockX){
dimBlockX = maxNbThreadPerBlockX;
dimGridX = nbElement/dimBlockX;
}else{
dimBlockX = nbElement;
}

//Transfer to Device

* vecRight,

Allocation
on GPU

(vecLeftd, vecLeft, sizeByte, cudaMemcpyHostToDevice);

PLIB_CUDA CHECK FILE

(vecRightd, vecRight, sizeByte, cudaMemcpyHostToDevice);

PLIB_CUDA_CHECK FILE

dim3 dimGrid(dimGridX, 1, 1);
dim3 dimBlock(dimBlockX, 1, 1);

hadamard product kernel<<<dimGrid, dimBlock>>>(vecResultd, vecLeftd, vecRightd,

PLIB_CUDA_CHECK_FILE
//Transfer to Host

(vecResult, vecResultd, sizeByte, cudaMemcpyDeviceToHost);

PLIB CUDA CHECK FILE
//Free memory

(e |Free on GPU

(vecResultd);

nbElement) ;

nbElement,

(MEEEEEEEEE)N

Element Wise
Operation
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- LAPP Hadamard Product CUDA

Laboratoire &’Annecy de Physique des Particules

hadamard_product_cuda( * vecResult, * veclLeft, * vecRight, nbElement,
maxNbThreadPerBlockX)
{
//Allocations
*vecResultd = NULL, *vecLeftd = NULL, *vecRightd = NULL; .
sizeByte = nbElement*sizeof ( N A”OCat|On
(( **)&vecResultd, sizeByte);
(( **)&vecLeftd, sizeByte); on GPU
(( **)&vecRightd, sizeByte); Element Wise
//Block and grid size 0
dinGridx = 1; Operation

dimBlockX = 1;
if(nbElement > maxNbThreadPerBlockX){
dimBlockX = maxNbThreadPerBlockX;
dimGridX = nbElement/dimBlockX;
}else{
dimBlockX = nbElement;
}

//Transfer to Device

(vecLeftd, vecLeft, sizeByte, cudaMemcpyHostToDevice);
PLIB_CUDA CHECK FILE

(vecRightd, vecRight, sizeByte, cudaMemcpyHostToDevice);
PLIB_CUDA CHECK FILE

dim3 dimGrid(dimGridX, 1, 1);
dim3 dimBlock(dimBlockX, 1, 1);
hadamard product kernel<<<dimGrid, dimBlock>>>(vecResultd, vecLeftd, vecRightd, nbElement);
PLIB_CUDA_CHECK FILE
//Transfer to Host
(vecResult, vecResultd, sizeByte, cudaMemcpyDeviceToHost);
PLIB CUDA CHECK FILE
//Free memory
(vecRightd);
(vecLerta); |Free on GPU

(vecResultd);

Out of this function if many calls

}
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- LAPP Hadamard Product CUDA

Laboratoire &’Annecy de Physique des Particules

hadamard_product_cuda( * vecResult, * veclLeft, * vecRight, nbElement,
maxNbThreadPerBlockX)
{
//Allocations
*vecResultd = NULL, *vecLeftd = NULL, *vecRightd = NULL; .
sizeByte = nbElement*sizeof ( N A”OCat|On
(( **)&vecResultd, sizeByte);
(o **)&vecLeftd, sizeByte); on GPU
(( **)&vecRightd, sizeByte); Element Wise
//Block and grid size 0
dimGridX = 1; Operation

dimBlockX = 1;
if(nbElement > maxNbThreadPerBlockX){
dimBlockX = maxNbThreadPerBlockX;
dimGridX = nbElement/dimBlockX;
}else{
dimBlockX = nbElement;
}

//Transfer to Device
(vecLeftd, vecLeft, sizeByte, cudaMemcpyHostToDevice);

PLIB_CUDA CHECK FILE Transfer data
(vecRightd, vecRight, sizeByte, cudaMemcpyHostToDevice);|

PLIB CUDA CHECK FILE to GPU

dim3 dimGrid(dimGridX, 1, 1);
dim3 dimBlock(dimBlockX, 1, 1);
hadamard product kernel<<<dimGrid, dimBlock>>>(vecResultd, vecLeftd, vecRightd, nbElement);
PLIB_CUDA_CHECK FILE
//Transfer to Host
(vecResult, vecResultd, sizeByte, cudaMemcpyDeviceToHost);
PLIB CUDA CHECK FILE
//Free memory
(vecRightd);
(vecLerta); |Free on GPU

(vecResultd);

Out of this function if many calls

}
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-LAPP

Laboratoire &’Annecy de Physique des Particules

Hadamard Product CUDA

-~

Out of this function if many calls

}

//Block and grid size
dimGridX = 1;
dimBlockX = 1;
if(nbElement > maxNbThreadPerBlockX){
dimBlockX = maxNbThreadPerBlockX;
dimGridX = nbElement/dimBlockX;
}else{
dimBlockX = nbElement;
}

//Transfer to Device

(vecLeftd, vecLeft, sizeByte, cudaMemcpyHostToDevice);
PLIB_CUDA CHECK FILE

(vecRightd, vecRight, sizeByte, cudaMemcpyHostToDevice);|
PLIB CUDA CHECK FILE

dim3 dimGrid(dimGridX, 1, 1);
dim3 dimBlock(dimBlockX, 1, 1);

hadamard_product_cuda( * vecResult, * veclLeft, * vecRight, nbElement,
maxNbThreadPerBlockX)
//Allocations
*vecResultd = NULL, *vecLeftd = NULL, *vecRightd = NULL; .
sizeByte = nbElement*sizeof ( N A”OCat|On
(( **)&vecResultd, sizeByte);
(( **)&vecLeftd, sizeByte); on GPU
(( **)&vecRightd, sizeByte);

Transfer data
to GPU

hadamard product kernel<<<dimGrid, dimBlock>>>(vecResultd, vecLeftd, vecRightd, nbElement);

PLIB CUDA CHECK FILE

//Transfer to Host

(vecResult, vecResultd, sizeByte, cudaMemcpyDeviceToHost); Transfer reSult

LIB _CUDA CHECK FILE

//Free memory
(vecRightd);
(vecLeftd); Free on GPU

(vecResultd);

back to host

(MEEEEEEEEE)N

Element Wise

Operation
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-LAPP

Laboratoire &’Annecy de Physique des Particules

Hadamard Product CUDA

-~

Out of this function if many calls

}

//Block and grid size
dimGridX = 1;
dimBlockX = 1;

hadamard_product_cuda( * vecResult, * veclLeft, * vecRight, nbElement,
maxNbThreadPerBlockX)
//Allocations
*vecResultd = NULL, *vecLeftd = NULL, *vecRightd = NULL; .
sizeByte = nbElement*sizeof ( N A”OCat|On
(( **)&vecResultd, sizeByte);
(( **)&vecLeftd, sizeByte); on GPU
(( **)&vecRightd, sizeByte);

if(nbElement > maxNbThreadPerBlockX){ Determ i he

dimBlockX = maxNbThreadPerBlockX;

dimGridX = nbElement/dimBlockX; Grid and Block size

}else{
dimBlockX = nbElement;
}

//Transfer to Device

(vecLeftd, vecLeft, sizeByte, cudaMemcpyHostToDevice);
PLIB_CUDA CHECK FILE

(vecRightd, vecRight, sizeByte, cudaMemcpyHostToDevice);|
PLIB CUDA CHECK FILE

dim3 dimGrid(dimGridX, 1, 1);
dim3 dimBlock(dimBlockX, 1, 1);

Transfer data
to GPU

hadamard product kernel<<<dimGrid, dimBlock>>>(vecResultd, vecLeftd, vecRightd, nbElement);

PLIB CUDA CHECK FILE

//Transfer to Host

(vecResult, vecResultd, sizeByte, cudaMemcpyDeviceToHost); Transfer reSult

LIB _CUDA CHECK FILE

//Free memory
(vecRightd);
(vecLeftd); Free on GPU

(vecResultd);

back to host

(MEEEEEEEEE)N

Element Wise
Operation

X
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-LAPP

Laboratoire &’Annecy de Physique des Particules

Hadamard Product CUDA

-~

Out of this function if many calls

}

hadamard_product_cuda( * vecResult, * veclLeft, * vecRight, nbElement,
maxNbThreadPerBlockX)
//Allocations
*vecResultd = NULL, *vecLeftd = NULL, *vecRightd = NULL; .
sizeByte = nbElement*sizeof ( N A”OCat|On
(( **)&vecResultd, sizeByte);
(( **)&vecLeftd, sizeByte); on GPU
(( **)&vecRightd, sizeByte);

//Block and grid size

dimGridX = 1;

dimBlockX = 1;

if(nbElement > maxNbThreadPerBlockX){

dimGridX = nbElement/dimBlockX;
}else{

dimBlockX = nbElement;
}

dimBlockX = maxNbThreadPerBlockX;

Determine
Grid and Block size

//Transfer to Device
(vecLeftd, vecLeft, sizeByte,
PLIB_CUDA CHECK FILE

PLIB CUDA CHECK FILE

(vecRightd, vecRight, sizeByte, cudaMemcpyHostToDevice);|

cudaMemcpyHostToDevice);

Transfer data
to GPU

dim3 dimGrid(dimGridX, 1, 1);

dim3 dimBlock(dimBlockX, 1, 1);
hadamard product kernel<<<dimGrid, dimBl
PLIB CUDA CHECK FILE

Call
Kernel

ock>>>(vecResultd, vecLeftd, vecRightd, nbElement);

//Transfer to Host
(vecResult,
LIB _CUDA CHECK FILE

vecResultd, sizeByte, cudaMemcpyDeviceToHost); Transfer reSult

//Free memory
(vecRightd);
(vecLeftd);
(vecResultd);

back to host

Free on GPU

(MEEEEEEEEE)N

Element Wise
Operation

X
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-LAPP

Laboratoire &’Annecy de Physique des Particules

Hadamard Product CUDA

nclude <cuda.h>
nclude <cuda_runtime

__global__ hadamard_product _kernel( * vecResult, * vecLeft, * vecRight,
i = blockIdx.x*blockDim.x + threadIdx.x;
vecResult[i] = vecLeft[i] * vecRight[i];

¥
hadamard_product_cuda( * vecResult, * veclLeft, * vecRight, nbElement,
maxNbThreadPerBlockX)
{
//Allocations
*vecResultd = , *vecLeftd = NULL, *vecRightd = NULL;
sizeByte = nbElement*sizeof( ;
((void**)&vecResultd, sizeByte);
((void**)&vecLeftd, sizeByte);
((void**)&vecRightd, sizeByte);
//Block and grid size
dimGridX = 1;
dimBlockX = 1;
if(nbElement > maxNbThreadPerBlockX){
dimBlockX = maxNbThreadPerBlockX;
dimGridX = nbElement/dimBlockX;
Jelse{
dimBlockX = nbElement;
}
//Transfer to Device
(vecLeftd, vecLeft, sizeByte, cudaMemcpyHostToDevice);
PLIB_CUDA_CHECK FILE
(vecRightd, vecRight, sizeByte, cudaMemcpyHostToDevice);
PLIB_CUDA CHECK FILE
din3 dimGrid(dimGridX, 1, 1);
dim3 dimBlock(dimBlockx, 1, 1);
hadamard_product_kernel<<<dimGrid, dimBlock>>>(vecResultd, vecLeftd, vecRightd, nbElement);
PLIB_CUDA CHECK FILE
//Transfer to Host
(vecResult, vecResultd, sizeByte, cudaMemcpyDeviceToHost);
PLIB CUDA CHECK FILE
//Free memory
(vecRightd) ;
(vecLeftd);
(vecResultd);
}

nbElement) {

JTTTTTTTIIN

Element Wise

Operation
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< LAPP Perf : Hadamard Product CUDA

Laboratoire &’Annecy de Physique des Particules

On A3000 GPU

000 - .
hadamard product gpu clda hadamard product gpu cuda
hadamard product gpu cuda kernel hadamard product gpu cuda kernel

T

L L L L L 0.01 L L L
10000 100000 1x10° 1x107 1x10°8 10000 100000 1x10° 1x107 1x108
gleme elemen

L i
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< LAPP Perf : Hadamard Product CUDA

Laboratoire &’Annecy de Physique des Particules

On A3000 GPU

000

T T T

hadamard broduct gpu cuda " hadamard p’roduct gpu cuda
hadamard product gpu cuda kernel hadamard product gpu cuda kernel

100% GPU

100% GPU

L L 0.01 I L L L
100000 1x107 1x10°8 100000 1x10° 1x107 1x108
ele elemen

Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA



Perf : Hadamard Product CUDA

On A3000 GPU

" hadamard product gpu cuda } ! " hadamard product gpu cuda
hadamard product gpu cuda kernel hadamard product gpu cuda kernel

100% GPU
97% GPU

100% GPU

97% GPU

L L L L L 0.01 I L L
10000 100000 1x10° 1x107 100000 1x10° 1x107
eme elemen
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Perf : Hadamard Product CUDA

On A3000 GPU

" hadamard product gpu cuda } ! " hadamard product gpu cuda
hadamard product gpu cuda kernel hadamard product gpu cuda kernel

100% GPU

97% GPU

60% GPU
100% GPU

97% GPU
60% GPU

L L L L L 0.01 L I L L
10000 100000 1x107 10000 100000 |1><1o6 | 1x107
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Perf : Hadamard Product CUDA

On A3000 GPU

" hadamard product gpu cuda
hadamard product gpu cuda kernel

97% GPU
60% GPU

L 22% GPU

100% GPU

" hadamard p’roducl gpu cuda
hadamard product gpu cuda kernel

100% GPU

97% GPU

F 60% GPU
22% GP

10000 100000

1x107

10000 100000
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<-CAPP Hadamard Product Thrust

(MEEEEEEEEE)N

Element Wise
Operation
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LAPP Hadamard Product Thrust

Laboratoire &’Annecy de Physique des Particules.

( argc, ** argv){
nbElement (500000000) ;

thrust::host_vector< > h_vecX(nbElement), h vecY(nbElement);
for( i(0lu); i < nbElement; ++i){

h_vecX[i] = i*191u%11;

h vecY[i] = i*271u%19;

// Transfer data to the device.
thrust::device_vector< > d vecX = h_vecX, d_vecY = h_vecY, d_vecRes(nbElement);

thrust::transform(d vecX. (), d vecX. (), d vecy. (), d_vecRes. 0,
[=] __host__ _ device__ ( & X, & y){
return x * y;
i

// Transfer data to the host
thrust::host_vector< > h_vecRes = d_vecRes;

std::cout << << h_vecX. () << << h_vecY. () << << h_vecRes. () << std::endl
return 0;
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LAPP Hadamard Product Thrust

Laboratoire &’Annecy de Physique des Particules

( argc, ** argv){
nbElement (500000000) ;

thrust::host_vector< > h_vecX(nbElement), h vecY(nbElement) ;! I .
for( i(0lu); i < nbElement; ++1i){ Initialisation
h_vecX[i] = i*191u%11;
h vecY[i] = i*271u%19;

// Transfer data to the device.
thrust::device_vector< > d vecX = h_vecX, d_vecY = h_vecY, d_vecRes(nbElement);

thrust::transform(d vecX. (), d vecX. (), d vecy. (), d_vecRes. 0,
[=] __host__ _ device__ ( & X, & y){
return x * y;
i

// Transfer data to the host
thrust::host_vector< > h_vecRes = d_vecRes;

std::cout << << h_vecX. () << << h_vecY. () << << h_vecRes. () << std::endl
return 0;
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( argc, ** argv){
nbElement (500000000) ;

thrust::host_vector< > h_vecX(nbElement), h vecY(nbElement) ;! I .
for( i(0lu); i < nbElement; ++1i){ Initialisation
h_vecX[i] = i*191u%11;
h vecY[i] = i*271u%19;
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st to Device

thrust::device_vector< > d vecX = h vecX, d vecY = h vecY, divecRes(nbElement);) Ho

thrust::transform(d vecX. (), d vecX. (), d vecy. (), d_vecRes. 0,
[=] __host__ _ device__ ( & X, & y){
return x * y;
i

// Transfer data to the host
thrust::host_vector< > h_vecRes = d_vecRes;

std::cout << << h_vecX. () << << h_vecY. () << << h_vecRes. () << std::endl
return 0;
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( argc, ** argv){
nbElement (500000000) ;

thrust::host_vector< > h_vecX(nbElement), h vecY(nbElement) ;! I .
for( i(0lu); i < nbElement; ++1i){ Initialisation
h_vecX[i] = i*191u%11;
h vecY[i] = i*271u%19;

Transfer

(// Transfer data to the device.
st to Device

thrust::device_vector< > d vecX = h vecX, d vecY = h vecY, divecRes(nbElement);) Ho

thrust::transform(d vecX. (), d vecX. (), d vecy. (), d_vecRes. 0,
[=] __host__ _ device__ ( & X, & y){ Compute

" return x * y; Hadamard Product

// Transfer data to the host
thrust::host_vector< > h_vecRes = d_vecRes;

std::cout << << h_vecX. () << << h_vecY. () << << h_vecRes. () << std::endl;
return 0;
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( argc, ** argv){
nbElement (500000000) ;

thrust::host_vector< > h_vecX(nbElement), h vecY(nbElement) ;! I .
for( i(0lu); i < nbElement; ++1i){ Initialisation
h_vecX[i] = i*191u%11;
h vecY[i] = i*271u%19;

// Transfer data to the device.

] Transfer
thrust::device_vector< > d vecX = h _vecX, d vecY = h vecY, d vecRes(nbElement); Ho

st to Device

thrust::transform(d vecX. (), d vecX. (), d vecy. (), d_vecRes. 0,
[=] __host__ _ device__ ( & X, & y){ Compute

" return x * y; Hadamard Product

// Transfer data to the host .
[thrust: :host_vector< > h_vecRes = d_vecRes; ]TranSfer Device to Host

std::cout << << h_vecX. () << << h_vecY. () << << h_vecRes. () << std::endl;
return 0;
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#include <iostream>
#include <vector>

#include <thrust/transform.h>
#include <thrust/functional.h>
#include <thrust/host vector.h>
#include <thrust/device vector.h>

( argc, ** argv){
nbElement (500000000) ;
thrust::host_vector< > h_vecX(nbElement), h_vecY(nbElement);
for( i(0lu); i < nbElement; ++i){
h_vecX[i] = i*191u%11;
h_vecY[i] = i*271u%19;
// Transfer data to the device.
thrust::device_vector< > d vecX = h_vecX, d vecY = h_vecY, d_vecRes(nbElement)
thrust::transform(d_vecX. (), d_vecX.end(), d_vecY. (), d_vecRes. (),
[=] __host__ _ device__ ( & x, & y){
return x * y;
b
// Transfer data to the host
thrust::host_vector< > h_vecRes = d_vecRes;
std::cout << << h_vecX. () << << h_vecY. () << << h_vecRes. () << std::endl;
return 0;

}
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NVIDIA HPC SDK

Available at developer.nvidia.com/hpc-sdk, on NGC, via Spack, and in the Cloud

Programming Compilers Core Math Communication
Models Libraries Libraries Libraries
HPC-X
Standard C++ & Fortran nvee nve libcus+ CUBLAS | | CUTENSOR
MPI
ucx SHMEM
0penACC & OpenMP nvees Thrust CUSPARSE | | CuSOLVER SHARP_|| HCOLL
NVSHMEM
CUDA nvfortran cus CcuFFT CuRAND NCCL

Develop for the NVIDIA Platform: GPU, CPU and Interconnect
Libraries | Accelerated C++ and Fortran | Directives | CUDA
7-8 Releases Per Year | Freely Available

Nsight

Systems

Compute

ANALYSIS

Debugger

cuda-gdb

Host

Device
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NVIDIA HPC SDK

Available at developer.nvidia.com/hpc-sdk, on NGC, via Spack, and in the Cloud

DEVELOPMENT ANALYSIS
Programming Core Math Communication

Model Compilers Librari Librari Librari Profilers Debugger
HPC-X

Standard C++ & Fortran nvee nve libcus+ CUBLAS | | CUTENSOR Nsight cuda-gdb

MPI
UCX_ || SHMEM
0OpenACC & OpenMP nves+ Thrust CUSPARSE || CUSOLVER SHARP_|| HCOLL Systems Host
NVSHMEM
Compute Device

CUDA nvfortran cus CcuFFT CuRAND NCCL

Develop for the NVIDIA Platform: GPU, CPU and Interconnect

Libraries | Accelerated C++ and Fortran | Directives | CUDA
7-8 Releases Per Year | Freely Available
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NVIDIA HPC SDK

Available at developer.nvidia.com/hpc-sdk, on NGC, via Spack, and in the Cloud

DEVELOPMENT ANALYSIS

HPC-X )
Standard C++ & Fortran nvee nve libcus+ CUBLAS | | CUTENSOR Nsight cuda-gdb
MPL

UCX__ || SHMEM
0OpenACC & OpenMP nvees Thrust CUSPARSE | | cUSOLVER SHARP_| [ HCOLL ’ Systems ‘ Host ‘
NVSHMEM
Compute Device
CUDA nvfortran cus CUFFT || CURAND T

Develop for the NVIDIA Platform: GPU, CPU and Interconnect
Libraries | Accelerated C++ and Fortran | Directives | CUDA
7-8 Releases Per Year | Freely Available
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NVIDIA HPC SDK

Available at developer.nvidia.com/hpc-sdk, on NGC, via Spack, and in the Cloud

Programming Compil Core Math Communication
Models Libraries Libraries Libraries
HPC-X
Standard C++ & Fortran nvee nve libcus+ CUBLAS | | CUTENSOR
MPI
ucx SHMEM
0OpenACC & OpenMP nvce+ Thrust CUSPARSE | | CUSOLVER SHARP || HCOLL
NVSHMEM
CcuFFT CuRAND NCCL

CUDA nvfortran

C++17 + stdpar => GPU

Develop for the NVIDIA Platform: GPU, CPU and Interconnect
Libraries | Accelerated C++ and Fortran | Directives | CUDA
7-8 Releases Per Year | Freely Available

Nsight

Systems

Compute

ANALYSIS

Debugger

cuda-gdb

Host

Device
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<-CAPP Example : Hadamard Product

C++

for( i(0lu); i < nbElemen
tabResult[i] = tabX[i]*tabY[i];

}

t; ++1){

(NEEEEEEEEE)N

Element Wise
Operation

I
(MEEEEEEEER) <
X
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Laboratoire &’Annecy de Physique des Particules.

Example : Hadamard Product

C++
for(

tabResult[i]
}

Explicit order
) not necessary

1(0lu); i < nbElement; ++i)
= tabX[i]*tabY[i]l;

Element Wise
Operation

(NEEEEEEEEE)N
I

(MEEEEEEEER) <
X
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Explicit order
) not necessary
for( i(0lu); 1 < nbElement; ++i)

tabResult[i] = tabX[i]*tabY[il;

Element Wise
Operation

C++ Algorithm : std::transform

=] 0)4 tabX
tabyY tabRes
X1 YAl return xi * yi

(NEEEEEEEEE)N
I
(MEEEEEEEER) <
X
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-CAPP Example : Hadamard Product

C++ Explicit order
i not necessary
for( . 1(Gluy),f i< \Er, ++1) Element Wise
) tabResult[i] = tabX[i]*tabY[i]; Operation
. Z X
C++ Algorithm : std::transform ) )
tabX tabX = =
tabY tabRes ™ ™
X1 yi return xi * yi
H _ (N
C++ 17 / C++ 20 m -
| |
] |
tabX tabX u u
tabY tabRes !; !;
X1 Yal return xi * yi
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h (EEEEEEEEEE) <

-

C++ Explicit order
not necessary
for( i(0lu); i < nbElement; ++1i) Element Wise
tabResult[i] = tabX[i]*tabY[il; Operation
}
. Z X
C++ Algorithm : std::transform ) )
tabX tabX = =
tabY tabRes ™ ™
X1 YAl return xi * yi ™ ™
Execution Policy m - = =
C++ 17/ C++ 20
] ]
L L
bX [ |
tabY tabRes CJ CJ
X1 Yal return xi * yi
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C++ Explicit order
not necessary
for( i(0lu); i < nbElement; ++1i) Element Wise
tdbRE’SL-Lt[i] = Lal)}“\[l]*tabY[l]; Operation
}
. Z X Y
C++ Algorithm : std::transform ) ) )
tabX tabX = = =
tabY tabRes ™ ™ =
X1 yi return xi * yi
C++ 17/ C++ 20 Execution Policy - seq = = = X =
- unseq [ | || ||
- par H H |
bX - par_unseq | ] ]
tabY tabRes J U J
X1 Yal return xi * yi
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Z X Y
() (m) (m)
] | ]
] | ]
] | ]
H _ N % ]
] | ]
] | ]
] | ]
] | ]
(. - .
With CMake :

- export CC=/path/to/gcc
- export CXX=/path/to/nvc++
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nvc++ -stdpar=cpu

(MEEEEEEEEE N
|
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X
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With CMake :
- export CC=/path/to/gcc
- export CXX=/path/to/nvc++
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With CMake :
- export CC=/path/to/gcc
- export CXX=/path/to/nvc++
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(MEEEEEEEEE N
|

(MEEEEEEEER) <
X
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With CMake :
- export CC=/path/to/gcc
- export CXX=/path/to/nvc++

Do not forget to
link with TBB
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nvc++ -stdpar=gpu

(MEEEEEEEEE N
|
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X
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With CMake :
- export CC=/path/to/gcc
- export CXX=/path/to/nvc++

Do not forget to
link with TBB
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nvc++ -stdpar=cpu nvc++ -stdpar=gpu

(EEEEEEEEEE)N
I
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X
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With CMake :
- export CC=/path/to/gcc
- export CXX=/path/to/nvc++

Do not forget to
link with TBB
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::::: @Annecy de Physique des Particules

nvc++ -stdpar=cpu nvc++ -stdpar=gpu

(EEEEEEEEEE)N
I

(EEEEEEEEER) <
X

(EEEEEEEEER) <

With CMake :
- export CC=/path/to/gcc
- export CXX=/path/to/nvc++

No explicit linking to CUDA

Do not forget to

link with TBB or thrust needed
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,,,,, @Annecy de Physique des Particules

nvc++ -stdpar=cpu nvc++ -stdpar=gpu

(EEEEEEEEEE)N
I

(EEEEEEEEER) <
X

(EEEEEEEEER) <

With CMake :
- export CC=/path/to/gcc
- export CXX=/path/to/nvc++

Avoid static Allocation

No explicit linking to CUDA
or thrust needed

Do not forget to
link with TBB
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CUDA

RAM DRAM
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RAM DRAM
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Laboratoire d fAnnecy de Physique des Particules.

CUDA

Data Copy

RAM DRAM
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CUDA

Data Copy

RAM DRAM
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CUDA

RAM DRAM
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nvc++/nvfortran

CUDA
Unified Memory

RAM DRAM RAM DRAM
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nvc++/nvfortran

CUDA
Unified Memory

RAM DRAM RAM DRAM
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nvc++/nvfortran

CUDA
Unified Memory

RAM DRAM RAM DRAM
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nvc++/nvfortran

CUDA
Unified Memory

Driver
RAM Catches DRAM

Error

RAM DRAM
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nvc++/nvfortran

CUDA
Unified Memory

Driver Copies

RAM DRAM

|
|
1
|
|
|
|
|
|
1
|
|
: RAM DRAM
|

|

1

|
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~ CUDA HW (0000:01:00.0- NVIDIA | **!
~ 59,5% Context 1
~ 1000% Kernels
~ 100,0% _kemel_agent
100,0% void thrust:THRUS [void thrust: THRUST_200300_86_NS: cuda_cub: core:_kernel_agentthrust-THRUST_200300_86 _NS:cuda_cub:_paralleLfor: ParallelForAgentthrust-THRUST_200300_86_NS:cuda_cub:_transform:binary_transform_f<_gnu_cxx_normal_jterator<flo

[void thrust: THRUST_ 200300_86.NS: cuda._cub-core:_kernel_agent<thrust-THRUST._200300.86.NS:cuda_cub: _peraliel_for: ParallelForAgent<thrust-THRUST_200300_86._NS: cuda_cub:._transformbinary.iransform_f<_gnu_cxx:__normal_terator<flo.
[void thrust- THRUST_200300_86_NS:cuda_cub: core:_kernel_agent<thrust-THRUST_200300_86_NS:cuda_cub-_parallel_for-ParallelForAgent<thrust - THRUST_200300_86_NS:cuda_cub:_transform:binary_transform_f<_gnu_cxx-_normal_iterator<flo.

~ 40,5% Unified memory
~ 1000% Memory
>99,9% HtoD transfer
<0,1% DtoH transfer
~ Threads (8)
~ [38155] simple_hadamard  0-100% ' )
D

0S runtime libraries
CUDA API

- porsismpetadomas. oo B____ E__&__E__nm E___&_ = 8__a_m__ & E_E___85__m_mm
s e brares 1 I D I T T S ST O S ST C S ST ) S ST 0D ) e

Profiler overhead

n + 000
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B v v q n 4960 " 1s
~ CUDA HW (0000:01:00.0 - NVIDIA \“:f"gi
~ 59,5% Context 1
~ 100,0% Kemels d th R 00300_86, 00, 00300,
~ 1000% _kemel_agent T RUST_200300.86._NS-cuda_cub-co 20 RUST_200300_86
100,0% void thrus} RUS d R 00300_86. da_cub:cos ag R 00300_86 00300.
~ 40,5% Unified m
~ 100,0% Me
>99 gD transfer
f1% DtoH transfer
| (8)
0s » 338,605ms +838,615ms +838,62ms +838,63m
~ CUDA HW (0000:01:00.0 - NVIDIA |_¥5™®
AUELS nemory [— [ ]
+ 59,5% Context 1
~ 100,0% Kemnels pid 1l s 00300_86 da_cub:core::_kernel_age g 00300_86 da_cub::__parallel_for::Pa
v100‘0%_kemel_agem oid ti R 00300_86 da b:co g 00300_86 da b parallel_fo
100,0% void thrust:THRUS oid t! ~ 00300_86 da b:core:_kernel_age = 00300_86 da b::__parallel_fo

~ 40,5% Unified memory

- 00 emory = H .
2999 HoD vanser S
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. / +860m +8 +900m 920 +940ms +960 +980m 1s

~ CUDA HW (0000:01:00.0 - NVIDIA \“:f"gi
~ 59,5% Context 1
~ 100,0% Kernels d RUST_200300.86, da_cub-cor 9 00_86 o cub-p or.P. i RUST. 200300.86,

~ 1000% _kerel_agent d RUST_200300.86 da_cub: o " RUST_200300.86 3
100,0% void thrus} RUS d R 00300_86. da_cub: col ag R 00300_86 da_cub:__paral o orAg R 00300_86.
~ 40,5% Unified m
~ 100,0% Me
>99 gD transfer
f1% DtoH transfer
| (8)

0sw 338,605ms 1ms +838,615ms +838,62ms

01 kernel
~ CUDA HW (0000:01:00.0 - NVIDIA e 1
+ 59,5% Context 1

~ 100,0% Kernels pid 1l s 00300_86 da_cub:core::_kernel_age g 00300_86 da_cub::__parallel_for::Para
- 100‘0%_kemel_agem oid ti R 00300_86 da b:core el_age 2 00300_86 da b parallel_fo
100,0%voidthmst;;THRUS pid ti R 00300_86 da b-core ernel_age 2 00300_86 da b parallel_fo

~ 40,5% Unified memory

- 00 emory = H .
2999 HoD vanser S
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. 4920 4960 m 1s
~ CUDA HW (0000:01:00.0 - NVIDIA ‘ue"m
~ 59,5% Context 1
~ 100,0% Kemels d th 00300_86. d b: co 9 00_86 d b:__pi or. P orAg R 00300_86,
~ 1000% _kemel_agent T RUST_200300.86 da_cub: o 20 00300_86 baralle_for-ParallelForAg RUST_200300.86
100,0% void thrusig#fiRUS T RUST_200300.86 da_cub: o % RUST_200300_86 da_cub:_paraliel_to orhg RUST_200300.86
~ 40,5% Unified m
~ 100,0% Me
>99 gD transfer
f1% DtoH transfer
| (8)
IS v 338,605ms +838,61n + 615m +838,6 + +838,6
kernel
~ CUDA HW (0000:01:00.0 - NVIDIA — ] ] ]
+ 59,5% Context 1
~ 100,0% Kemnels pid 1l s 00300_86 da_cub:core::_kernel_age g 00300_86 da_cub:__p or:P
-100‘0%_kemel_agem Did tl ~ 00300_86 da b:core age - 00300_86 da b:_p 0
100,0% void thrust:THRUS oid ti R 00300_86

Speculative = rotin
Prefect HtoD

~ 40,5% Unified memory

« 100,0% Memory -
[ Specu..|

>99,9% HtoD transfer Specu
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~ CUDA HW (0000:01:00.0 - NVIDIA: ‘n-"‘wc
~ 59,5% Context 1
~ 100,0% Kemels d tt R 00300_86, d b: co 9 00_86 d b __pi or P orAg R 00300_86,
TP p— T rust THRUST 200300 56 NS-cuda_cub-co o RUST 200300.86 Serale Tor ParalelForhg RUST 700300.5¢
100,0% void thrusigfflRus a rust THRUST.200300.86 NS-cuda.cub-co e RUST 200300, 20300.5%
~ 40,5% Unified my
~ 100,0% Me
>99, itoD transfer
/1% DtoH transfer e
B ) ' 1
0S w +838,615m +838 62 +838 625m +83863m
~ CUDA HW (000601:00.0. VIS ’s .« s . e e " s s T P . e e " s e . s s .
( Alnen — ]
+ 59,5% Context 1
~ 100,0% Kernels d i 0300_86 d b:co g 00300_86 da_cub:__pa or:P
~ 100,0% _kemel_agem Did tl 0| 300 d b:co g 00300_86 da b:__pa 0
100,0% void thrust:THRUS dti 00 da_cub:co g Speculative = tIthE
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std::transform : triadic

Triadic:z=x+y

Quadriadic Computation
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Laboratoire &’Annecy de Physique des Particules.

Triadic:z=x+y

Quadriadic Computation
Classic C++

for i i nbElement i
tabRes |1 tabX|i tabY|i tabZ i
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|
(AEEEEEEEEE) X<
+
(AEEEEEEEEE) <
(AEEEEEEEEE) N
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(LAPP std::transform : triadic

Triadic:z=x+y

Quadriadic Computation
Classic C++

for i i nbElement i i f>_(\ Y E
tabRes|1i tabX| i tabY |1 tabZ|i [ H H |
|| || | |
H | H |
= (=8 |,
| mtm [X|m
C++ 17/ 20 | | | |
|| | | ||
vecIndex vecIndex | u u u
vecX vecRes !/ !/ \!/ !/
i X
return (X vecY[1i vecZi

h
[y
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(LAPP std::transform : triadic

Triadic:z=x+y

Quadriadic Computation
Classic C++

(AEEEEEEEEE) N

for i i nbElement i i i Y
tabRes |1 tabX|i tabY|i tabZ i H H H
|| || |
|| | |
|| | |
N _ | + | X
H | H
C++ 17 /20 vecY, vecZ have to be std::vector ™ ™ ™
|| | |
vecIndex H [ | | |
vecX - - UJ
i X
return (X
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(LAPP std::transform : triadic

Triadic:z=x+y

Quadriadic Computation
Classic C++

(MEEEEEEEEE) N

for i(0 i nbElement i i f>_(\ l
tabRes|1i tabX| i tabY |1 tabZ i H H ]
|| || ]
H | ]
| | ]
N _ | + ] X
H | ]
C++ 17 /20 vecY, vecZ have to be std::vector ] ™ u
|| | ]
vecIndex H | ]
vecX !/ !/ 5
i X
return (Xx

Works well on GPU
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(LAPP std::transform : triadic

Triadic:z=x+y

Quadriadic Computation
Classic C++

(MEEEEEEEEE) N

for 1(0Tu i nbElement i i (>_(\ 1
tabRes |1 tabX| i tabY |1 tabZ|i H H |
|| || ]
H | ]
| | ]
N _ | + ] X
H | ]
C++ 17 /20 vecY, vecZ have to be std::vector ™ ™ ]
std::transform(std: :execution: H | ]
d: :begin(vecIndex | u u
28( in(vecX ‘ !/ !/ g!/
i X
return (X

Works well on GPU [l Needs extra index table
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(LAPP std::transform : triadic

Triadic:z=x+y

Quadriadic Computation
Classic C++

(MEEEEEEEEE) N

for 1(0Tu i nbElement i i (>_(\ 1
tabRes |1 tabX| i tabY |1 tabZ|i H H |
|| || ]
H | ]
| | ]
N _ | + ] X
H | ]
C++ 17 /20 vecY, vecZ have to be std::vector ™ ™ ]
std::transform(std: :execution: H | ]
d: :begin(vecIndex | u u
28( in(vecX ‘ !/ !/ g!/
i X
return (X

Works well on GPU [l Needs extra index table
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(LAPP C++23 Way

Laboratoire &’Annecy de Physique des Particules

Cartesian Product and iota views

d::mdspan A{input, N, M};
td::mdspan B{output, M, N};
auto v = std::ranges::views::cartes product(
std::ranges::vie
t

| 1iote ,
d::ranges::views::iota(0, M));

std::for each(std::execu
(v), (v),

[=] (auto idx) {

auto [i, j] = idx;

B[j, 1] = A[i, jl;

on::par_unseq,
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(LAPP C++23 Way

Laboratoire &’Annecy de Physique des Particules

Cartesian Product and iota views

d::mdspan A{input, N, M};

td::mdspan B{output, M, N};
auto v = std::ranges::views::cartes product(
std::ranges::vie

| 1iote ,
d::ranges::views::iota(0, M));

t
std::for_each(std::execution::par_unseq,
(v), (v),

[=] (auto idx '

Multi-dimensional index
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(LAPP C++23 Way

Laboratoire &’Annecy de Physique des Particules

Cartesian Product and iota views
d::mdspan A{input, N, M};
td::mdspan B{output, M, N};
auto v = std::ranges::views::cartes product(

std::ranges::vie :iota(0, N)
d::ranges::views::iota(®0, M)]'No Index

t
t

‘Allocation
std::for_each(std::execution::par_unseq,
(v), (v),
[=] (auto idx '

auto

Multi-dimensional index
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(LAPP C++23 Way

Laboratoire &’Annecy de Physique des Particules

Cartesian Product and iota views
d::mdspan A{input, N, M};
td::mdspan B{output, M, N};
auto v = std::ranges::views::cartes product(

std::ranges::vie :iota(0, N)
d::ranges::views::iota(®0, M)]'No Index

t
t

‘Allocation
std::for_each(std::execution::par_unseq,
(v), (v),
[=] (auto idx '

auto

Multi-dimensional index

OK for broadcasting but
we can do better
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(LAPP C++23 Way

Laboratoire &’Annecy de Physique des Particules

Cartesian Product and iota views Broadcast
d::mdspan A{input, N, M}; A
td::mdspan B{output, M, N};
auto v = std::ranges::views::cartes product ( X
std::ranges::vie :w,xw,Nq No Index B ; { { .
td::ranges::views::iota(0, M) ;Allocation -
std::for_each(std::execution::par_unseq,
(v), (v),
[=] (auto idx '

auto

Multi-dimensional index

OK for broadcasting but
we can do better

Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA



P C++23 Way

Cartesian Product and iota views Broadcast
std::r ban A{input, N, M}; A
std::r an B{output, M, N};
auto v = std::ranges::vi :cartesian product( X
std::re iota(®, N) No Index B . i1 i '
st s::iota(o, M)); A " " .ect g
Allocation
std::for each(std::execution::par unseq,
(v), (v), auto extentedVecB std::v i tviews::repeat(vecB));
- : d::transfo std: ) a (), vecA. (),
(=] (autguigx 1 = idx: (extentedVecB), vecResult. ,
—=" [= a, b){
= ; return a * b;
}

Multi-dimensional index

OK for broadcasting but

we can do better
0 ®
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Cartesian Product and iota views Broadcast
std::r ban A{input, N, M}; A
std::r an B{output, M, N};
auto v = std::ranges::vi :cartesian product( X
std::re ota(0, N) . v v )
[\ : s::iota(0, M)]; No IngE B : : - '
Allocation
std::for each(std::execution::par unseq,
(v), (v), auto extentedVecB std::v views::repeat(vecB))
- : d::transfo std: ) a (), vecA. (),
[=] (auto idx = idx: (extentedVecB), vecResult. ,
= [= a, b){
return a * b;

auto

Multi-dimensional index

OK for broadcasting but
we can do better

Not vectorized yet
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<-LAPP C++23 Way

Cartesian Product and iota views

Broadcast
std::mdspan A{input, N, M}; A
std:: ;aw B{output M N},
auto v std::ranges ¢ : 1 product( X
[H ran ] No Index B : { 1 ;
SASTRRACUE ‘Allocation
std::for each(std::execution::par unseq,
(v), (v), auto extentedVecB = 1viey ::,Jw\( d::views::repeat(vecB));
- : d: m(std: ution::par, vecA. (), vecA. ),
(=] (autguigx = idx std:: (extentedVecB), vecResult. (),
— A1E|||ﬂ|: [=1( a, b){
}

return a * b;

Multi-dimensional index

Not vectorized yet Not parallelized yet

OK for broadcasting but
we can do better
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-LCAPP C++23 Way

Cartesian Product and iota views Broadcast
std::mdspan A{input, N, M}; A
td:: pan B{output, M, N},
jranges:;views:: product ( X
range: i No Index B 1 { { ;
es ::iota(oO, M ]; A " " .- e
ange 10ta(0. M)ial0cation
std::for each(std::execution::par unseq,
(v), (v), auto extentedVecB = std::views::join(std::views::repeat(vecB));
[=] (auto idx d::transform(std::e ution::par, vecA. (), vecA. (),
= _ st J: : (extentedVecB), vecResult. 0,
auto =1dx; [=1(float a, b){
) = , return a * b;
}
); );
Multi-dimensional index q )
Not vectorized yet Not parallelized yet

OK for broadcasting but ' gyt only with G++ 13
we can do better For now
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Laboratoire &’Annecy de Physique des Particules.
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CLAPP C++ Evolution

Laboratoire &’Annecy de Physique des Particules.

C++ 17
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CLAPP C++ Evolution

Laboratoire &’Annecy de Physique des Particules.

C++ 20

C++ 17
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CLAPP C++ Evolution

Laboratoire &’Annecy de Physique des Particules.

C++ 23

C++ 20

C++ 17
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CLAPP C++ Evolution

Laboratoire &’Annecy de Physique des Particules.

C++ 26

C++ 23

C++ 20

C++ 17
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< LAPP Conclusion

Good performances on GPUs
With nvcc (CUDA)
With nve++ (C++17 / C++20)

Tests with HPC SDK 24.3

Compiler nvc++ powerful and easy to use with C4++17 and C++20
No explicit linking
Automatic GPU Targeting or with CUDA_VISIBLE_DEVICES
Avoid static allocation

Warning about industrial software

Will to drive for update
Old GPUs become obsolete :

nvc++ : compute capabilities > 6 (no K80)
nvcc : compute capabilities > 3.5 (no K80 in CUDA 12)

Need to save binaries to ensure long usability of GPUs
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