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NVIDIA HPC SDK

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

(i = 1:n)
y(i) = a * x(i) + y(i)

subroutine daxpy(a, X, y )
j=:n
y(i) = a * x(i) + y(i)

%x - 1) *
%X +
y(i) = a * x(i) + y(i)

22 x(N), y(N)
:: xd(N), yd(N)

daxpy<<<n/64, 64>>>(a, xd, yd)
y =yd
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Standard Parallel Languages (StdPar)
BEEEZEZHAVTCPU L GPUZEWVWEERTTIOI S VY

© 2020 FE L%, NVIDIAHPC O /8 SIFIEHE c++ B K U Fortran D 1SO C++ ISO Fortran
Mg A 70— KEHR—FLTWET,
¢ Cr+ ABTILTY XL std::transform(par, x, x+n, y, (i = 1:n)
* Fortran @ do concurrent #X H & VEEF|HEAHIAAEE y, [=]1 (float x, float y) { y(i) = y(i) + a*x(i)
* NVIDIA (X ISOZBZEFFE I3 L THEHADEBHIICEREL TLVE ) ASEEL 57 5 @ enddo

-d-
'%‘l:ll:n:I:I d — 74®777477;~}J/\_&L/—CI§EJJL/—C

WET
« NVIDIAHPC a2/ SIZE L THEN AR ETo> TV ET NVIDIA HPC Compilers

s LLVMIZEIFBA—ToY—RAEREZHLLTLNET

« HPC O 2 /\A T : Stdpar B88E/\1 51 k
e A=TJ7A4 FAE! (Unified Memory) E— FDHRE
o C++ I2H[+5 OpenACC EDHEER™ (Interop) DWE

e Stdpar D GPU/ T IILFAT7XRIEAI=T 74 k-4 F 1) (B
—/\NA4F 1)) (-stdpar=gpu,multicore)

o C++23 B XUV C++26 MY 7R— bk : mdspan, R E. Yo L
<3, stdiexecution, ILSRZFEN/IN AR G L

* Fortran 2023 M reduction () &9 3 >) HKR—
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OpenACC & CUDA Graphs M lAEHHEIZ K Y., ICON DETELM L

ICON Speed-Up With CUDA Graphs
73X 7.5X

Without Graphs With Graphs Without Graphs With Graphs

Surface Phase Turbrans Phase

ICON BUER R FIRE TILIZHIT HERER L

Speed-Up Source: ICON-22 Switzerland weather prediction by MeteoSwiss. HPC SDK 24.3. 8x NVIDIA A100 GPUs
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Speedup

nvfortran /A #—<T 2 R
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Performance of ice advection relative to CPU single core execution
on Grace-Hopper (480 GB), NVHPC SDK 25.1, CUDA 12.6

NEMO (Nucleus for European Modelling of the Ocean) [&. &¥ -

SERZANFICHE TAMEIEOFHREF THRHAIN TS,
BEWDET) VY I L—LT—9 T, https://forge.nemo-

ocean.eu/nemo/nemo
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NVIDIA Core Math Libraries
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NVPL BLAS DGEMM Efficiency

= 1Thread = 8Threads - 72 Threads
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NVIDIA Performance Libraries
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GROMACS
EMELSFHAEL I 1 L—a U & U SR

* GROMACS &, BHRELG N FHNFEL I aL—2 3 VB &K
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100{ o curftmp, 0 e~ FFT Speccup (rightl TY
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Fig. 8: Performance for GROMACS on JEDI and JUWEL
Booster with and without cuFFTmp; higher is better.

GROMACS Scaling & Performance with cuFFTMp
Blog Post
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https://developer.nvidia.com/blog/massively-improved-multi-node-nvidia-gpu-scalability-with-gromacs/

Vienna Ab initio Simulation Package (VASP)
MEFEIZFR T D OpenACC [T K AR L FEE

VASP (3. F—REBICE DK EFREFELCEFNEN D FE L
FHE. BFRT—ILOMBETI T ET5-ODFHETO
55 LTI,

=i

OpenACC T4 LT 4 TlE. BEEERT—FEY T4 ZH&KIETH=HIC
NVIDIA 54 75 LHAEHLETERICERAINTEE L, RUFT—
JIFUTZRAWNTERBLTWET

* NVIDIA HPC SDK

* Mp Libraries: cuSOLVERMp, cuBLASMp

GPU vs CPU speedup
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Dual socket CPU vs H100 GPU
VASP si256_vjt_hse06
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cuda-gdb, Nsight Visual Studio Edition, Nsight Systems, Nsight Compute, CUPTI, NVIDIA
Nsight Visual Studio Code Edition, Nsight Eclipse Edition Tools eXtension (NVTX)
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NVIDIA Math 7477 Y

Linear Algebra, FFT, RNG, and Basic Math
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SAXPY (Y = A*X +Y)

void saxpy(int n, float a,
float *x, float *y)
{

for (int i = @; i < n; ++1i)
y[i] += a*x[i];

saxpy(N, 3.0, x, y);

void saxpy(int n, float a,
float *x, float *y)
{

auto i =

i.begin(),i.end(),
y[i] += a*x[i];

saxpy (N, 3.0, x, y);

CPU

[=](auto 1)

Standard Language

NVIDIA



SAXPY

void saxpy(int n, float a, float *x, float *y)

NVCH-IE. BFIEFTARY S —%HeE LI-1E%E Crr 7L {

TYRLEAUNSLILTCEET, slide 1 =

i.begin(), i.end(),
. [=]1(auto 1) A
3 1-stdpar] % iHE yli] += a*x[i];

NVCHDaAT U KSA40FToay
TERESINn- CHAHT7IL b

9$H&ET. GRUITE -
) ALZEZBM-TEFT

RARAEYECPUTNARAEYEDTATDT —
A 5% (%, CUDA Managed Memory M #H T TESEM A

éé%py(N, 3.0, X, y);
SEBMIZITHAET, o

NVIDIA



subroutine saxpy(n, a, X, Yy)
real :: a, x(:), y(:)

integer :: n, 1
doi=1,n

y(i) = a*x(i)+y(i)
enddo

end subroutine saxpy

call saxpy(N, 3.0, x, y)

SAXPY (Y = A*X +Y)

CPU

subroutine saxpy(n, a, x, Yy)
real :: a, x(:), y(:)
integer :: n, 1

y(i) = a*x(i)+y(i)

end subroutine saxpy

call saxpy(N, 3.0, x, y)

Standard Language

NVIDIA



SAXPY

DAEZ B0 (Fortran)

« NVFORTRAN (. Fortran @ do concurrent #32% O
VINAILTEET,

« NVFORTRAN a~>y KA vH+ 73> [-
stdpar] #318F 3 % Z & T. do concurrent X %
GPU L&~ TEa&ERILTE £,

e TRAMAEYE GPU THRAZXXEVREOTARNTOD
T — XE5%k . CUDA Managed Memory O#IFEIT T,
BEROHLDBENICITHONE T,

I <A NVIDIA

subroutine saxpy(n, a, X, Yy)
real :: a, x(:), y(:)
integer :: n, 1

do concurrent (i =1 : n)
y(i) = a*x(i)+y(i)

enddo

end subroutine saxpy

call saxpy(N, 3.0, x, vy)



Standard Language Parallelism A— FDEJL F

C++:nvc++, Fortran: nvfortran

-stdpar=gpu . Standard language parallelism ZBx1IC L. NVIDIAGPU []IFICE L K
-stdpar=multicore ; XIILF3T CPUMITICH EJL FAJBE

-Minfo=stdpar D EDEDICAHIEINI=AICET D, TN, T Xy T ERR

-gpu=. .. : GPU O— RARKICEET 3£l % I5E

-std=c++20 : std::views::iota() ZFE D 7=DICHE

S nvc++ -stdpar=gpu -Minfo=stdpar —std=c++20 saxpy.cpp

NVIDIA HPC Compilers User’s Guide

NVIDIA
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SAXPY (Y = A*X +Y)

void saxpy(int n,

void saxpy(int n, float a,
float a, float *x,
float *x, float *restrict y)
float *restrict y) {

{

#pragma omp parallel for

for (int 1 = 0; i < n; ++1i) for (int i = 0; i < n; ++i)
yli] += a*x[i]; yl[i] += a*x[i];
} }
saxpy (N, 3.8, x, y); saxpy(N, 3.8, x, y);

CPU (OpenMP) OpenACC

NVIDIA



SAXPY

OpenACC
void saxpy(int n,
float a,
« OpenMP (CPU) a— FE&FEBICPI-EEE AT float *x,
» #pragma omp ... -> #pragma acc ... float *restrict y)
o T—RERXICEET AHE {

#pragma acc parallel loop copy(yl[:n]) copyin(x[:n])
for (int 1 = 0; i < n; ++1i)
yl[i] += a*x[i];

saxpy(N, 3.0, x, y);

I <A NVIDIA



SAXPY (Y = A*X +Y)

void saxpy(int n,
float a,
float *x,
float *restrict y)
{
#pragma omp parallel for
for (int i = 0; i < n; ++i)
yli] += a*x[i];

saxpy (N, 3.8, x, y);

void saxpy(int n,
float a,
float *x,
float *restrict y)

for (int i = @; i < n; ++1i)
y[i] += a*x[il];

saxpy (N, 3.0, x, y);

CPU (OpenMP)

OpenMP Offloading

NVIDIA



SAXPY
OpenACC (Fortran)

subroutine saxpy(n, a, X, Y)
real :: a, Y(:), Y(:)
integer :: n, 1

» OpenMP (CPU) O — FEFEFEICBZEEAT
o 1$omp ... -> 1%acc ...

1 . g .
P 1Sacc parallel loop copy(Y(:)) copyin(X(:))

do i=1,n
Y(i) = a*X(i)+Y(i)
enddo
1Sacc end parallel
end subroutine saxpy

call saxpy(N, 3.0, x, y)

I <A NVIDIA



OpenACCd— FDEIF

C:nvc, C++:nvc++, Fortran:nvfortran

-~acc=gpu . OpenACC ZHE%NIZ L. NVIDIAGPU EIFICEIL K

-~acc=multicore : </ FATF CPUMITICH EIL FAJEE
-Minfo=accel D EDEDITHIHE I NT=MICEET D, A VNRA T Xy - KRR
-gpu=. .. . GPU O — NERKICET 25l x 18T

-gpu=mem:managed : CUDA Managed Memory B 311t

S nvc -acc=gpu —gpu=mem:managed -Minfo=accel saxpy.c

NVIDIA HPC Compilers User’s Guide

NVIDIA
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SAXPY (Y = A*X +Y)

void saxpy(int n, float a,
float *x, float *y)
{
for (int 1 = 0; i < n; ++i)
yli] += a*x[i];

saxpy(N, 3.0, x, y);

void saxpy(int n, float a,
float *x, float *y)
{
int 1 =
if (i < n)
yl[i] += a*x[i];

size = N * sizeof(float);
x = (float *) malloc(size);
y = (float *) malloc(size);

saxpy N, 3.0, d_x, d_y);
(

CPU

CUDA

NVIDIA
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SAXPY __global__ void saxpy(int n, float a,
float *x, float *y)

{
int i = threadIdx.x + blodkDim.x * blockIdx;
if (i < n)
y[i] += a*x[i];
}
AN T — R ERk
Hh— 2 ILEE size = N * sizeof(float);
i x = (float *) malloc(size);
Hh T — X ERik y = (float *) malloc(size);

cudaMemcpy(d_x, x, size, cudaMemcpyHostToDevice);
cudaMemcpy(d_y, y, size, cudaMemcpyHostToDevice);
saxpy<<< N/128, 128 >>>(N, 3.0, d_x, d_y);
cudaDeviceSynchronize() ;

cudaMemcpy(y, d_y, size, cudaMemcpyDeviceToHost);

NVIDIA



SAXPY __global__ void saxpy(int n, float a,
float *x, float *y)

CUDA {
int 1 = threadIdx.x + blodkDim.x * blockIdx;
if (i < n)
y[i] += a*x[i];

o GPU X E VU FER }

o AN T—RERX

o H—FILEE size = N * sizeof(float);

. 4 x = (float *) malloc(size);

i S R y = (float *) malloc(size);

cudaMalloc(&d_x, size);
cudaMalloc(&d_y, size);

cudaMemcpy(d_x, x, size, cudaMemcpyHostToDevice);
cudaMemcpy(d_y, y, size, cudaMemcpyHostToDevice);
saxpy<<< N/128, 128 >>>(N, 3.0, d_x, d_y);
cudaDeviceSynchronize();

cudaMemcpy(y, d_y, size, cudaMemcpyDeviceToHost);

I <A NVIDIA



SAXPY __global__ void saxpy(int n, float a,
float *x, float *y)

{
int i = threadIdx.x + blodkDim.x * blockIdx;
if (i < n)
yli] += a*x[i];
GPU X E U FE(R )
AN T — X Rk
size = N * sizeof(float);
4R x = (float *) malloc(size);
TR — y = (float *) malloc(size);

cudaMalloc(&d_x, size);
cudaMalloc(&d_y, size);

cudaMemcpy(d_x, x, size, cudaMemcpyHostToDevice);
cudaMemcpy(d_y, y, size, cudaMemcpyHostToDevice);

cudaDeviceSynchronize() ;
cudaMemcpy(y, d_y, size, cudaMemcpyDeviceToHost);

NVIDIA



SAXPY __global__ void saxpy(int n, float a,
float *x, float *y)

{
int i = threadIdx.x + blodkDim.x * blockIdx;
if (i < n)
y[i] += a*x[i];
GPU X E ) FE(R }
AN T — X Rk
H—FILVEEH)

size = N * sizeof(float);

x = (float *) malloc(size);
7 — 4 y = (float *) malloc(size);
cudaMalloc(&d_x, size);
cudaMalloc(&d_y, size);

cudaMemcpy(d_x, x, size, cudaMemcpyHostToDevice);
cudaMemcpy(d_y, y, size, cudaMemcpyHostToDevice);
saxpy<<< N/128, 128 >>>(N, 3.0, d_x, d_y);

cudaMemcpy(y, d_y, size, cudaMemcpyDeviceToHost);
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SAXPY __global__ void saxpy(int n, float a,
float *x, float *y)
{
int i = threadIdx.x + blodkDim.x * blockIdx;
if (i < n)
yli] += a*x[i];
GPU X & U HEIR }

ANT — R Bk

H— IV size = N * sizeof(float);

EES x = (float *) malloc(size);
y = (float *) malloc(size);
cudaMalloc(&d_x, size);
cudaMalloc(&d_y, size);

cudaMemcpy(d_x, x, size, cudaMemcpyHostToDevice);
cudaMemcpy(d_y, y, size, cudaMemcpyHostToDevice);
saxpy<<< N/128, 128 >>>(N, 3.0, d_x, d_y);
cudaDeviceSynchronize() ;
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. Thread ID within the block
. Dimensions of the block

blockDim.x

 threadIdx.x

* blockDim.x
* blockIdx.x

threadIdx.x

. Block index within the grid

8 (8 threads/block) DA

threadIdx.x

threadIdx.x

1

2

3

4

5

6

71011

2

3

4

5

6

1

2

3

4

5

6

I <ANVIDIA

blockIdx.x = 0

A\

blockIdx.x = 1

L

blockIdx.x = 2

J

__global__ void saxpy(int n, float a,
float *x, float *y)
{
int i = threadIdx.x + blodkDim.x * blockIdx;
if (i < n)
yli]l += a*x[i];

Global thread ID

size = N * sizeof(float);

x = (float *) malloc(size);
y = (float *) malloc(size);
cudaMalloc(&d_x, size);
cudaMalloc(&d_y, size);

cudaMemcpy(d_x, x, size, cudaMemcpyHostToDevice);
cudaMemcpy(d_y, y, size, cudaMemcpyHostToDevice);
saxpy<<< N/128, 128 >>>(N, 3.0, d_x, d_y);
cudaDeviceSynchronize();

cudaMemcpy(y, d_y, size, cudaMemcpyDeviceToHost);
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