
NVIDIA HPC SDK
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ACCELERATED PROGRAMMING IN 2020 AND BEYOND
Libraries | Standard Languages | Directives | CUDA

Incremental Performance 

Optimization with Directives

Maximize GPU Performance with 

CUDA C++/Fortran

GPU Accelerated

C++ and Fortran

#pragma acc data copy(x,y) 
{

...

std::transform(par, x, x+n, y, y,
[=](float x, float y){

return y + a*x;
});

...

}

__global__ 

void saxpy(int n, float a, 

float *x, float *y) { 

int i = blockIdx.x*blockDim.x + 

threadIdx.x;

if (i < n) y[i] += a*x[i]; 

} 

int main(void) { 

...

cudaMemcpy(d_x, x, ...);

cudaMemcpy(d_y, y, ...);

saxpy<<<(N+255)/256,256>>>(...);

cudaMemcpy(y, d_y, ...);

std::transform(par, x, x+n, y, y,
[=](float x, float y){

return y + a*x;
});

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

enddo

GPU Accelerated Libraries
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PROGRAMMING GPU-ACCELERATED HPC SYSTEMS
GPU | CPU | Interconnect

GPU

Node

System

…
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AVAILABLE NOW: THE NVIDIA HPC SDK
Available at developer.nvidia.com/hpc-sdk, on NGC, and in the Cloud

Develop for the NVIDIA HPC Platform: GPU, CPU and Interconnect

HPC Libraries | GPU Accelerated C++ and Fortran | Directives | CUDA

7-8 Releases Per Year | Freely Available

Compilers

nvcc nvc

nvc++

nvfortran

Programming
Models

Standard C++ & Fortran

OpenACC & OpenMP

CUDA

Core 
Libraries

libcu++

Thrust

CUB

Math 
Libraries

cuBLAS cuTENSOR

cuSPARSE cuSOLVER

cuFFT cuRAND

Communication 
Libraries

Open MPI

NVSHMEM

NCCL

DEVELOPMENT

Profilers

Nsight

Systems

Compute

Debugger

cuda-gdb

Host

Device

ANALYSIS

NVIDIA HPC SDK
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ACCELERATED PROGRAMMING IN 2020 AND BEYOND
Libraries | Standard Languages | Directives | CUDA

GPU Accelerated

C++ and Fortran

std::transform(par, x, x+n, y, y,
[=](float x, float y){

return y + a*x;
});

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

enddo
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PARALLEL PROGRAMMING IN ISO C++

➢ Introduced in C++17

➢ Parallel and vector concurrency via execution policies

std::execution::par, std::execution::par_unseq, std::execution::seq

➢ Several new algorithms in C++17 including

➢ std::for_each_n(POLICY, first, size, func)

➢ Insert std::execution::par as first parameter when calling algorithms

➢ NVC++: automatic GPU acceleration

C++ Parallel Algorithms

std::sort(std::execution::par, c.begin(), c.end());

std::unique(std::execution::par, c.begin(), c.end());
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C++17 PARALLEL ALGORITHMS
Lulesh Hydrodynamics Mini-app 

codesign.llnl.gov/lulesh

➢ ~9000 lines of C++

➢ Parallel versions in MPI, OpenMP, OpenACC, 
CUDA, RAJA, Kokkos, ISO C++…

➢ Designed to stress compiler vectorization, 
parallel overheads, on-node parallelism
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static inline
void CalcHydroConstraintForElems(Domain &domain, Index_t length,

Index_t *regElemlist, Real_t dvovmax, Real_t& dthydro)
{
#if _OPENMP

const Index_t threads = omp_get_max_threads();
Index_t hydro_elem_per_thread[threads];
Real_t dthydro_per_thread[threads];

#else
Index_t threads = 1;
Index_t hydro_elem_per_thread[1];
Real_t dthydro_per_thread[1];

#endif
#pragma omp parallel firstprivate(length, dvovmax)

{
Real_t dthydro_tmp = dthydro ;
Index_t hydro_elem = -1 ;

#if _OPENMP
Index_t thread_num = omp_get_thread_num();

#else
Index_t thread_num = 0;

#endif
#pragma omp for

for (Index_t i = 0 ; i < length ; ++i) {
Index_t indx = regElemlist[i] ;

if (domain.vdov(indx) != Real_t(0.)) {
Real_t dtdvov = dvovmax / (FABS(domain.vdov(indx))+Real_t(1.e-20)) ;

if ( dthydro_tmp > dtdvov ) {
dthydro_tmp = dtdvov ;
hydro_elem = indx ;

}
}

}
dthydro_per_thread[thread_num] = dthydro_tmp ;
hydro_elem_per_thread[thread_num] = hydro_elem ;

}
for (Index_t i = 1; i < threads; ++i) {
if(dthydro_per_thread[i] < dthydro_per_thread[0]) {

dthydro_per_thread[0] = dthydro_per_thread[i];
hydro_elem_per_thread[0] = hydro_elem_per_thread[i];

}
}
if (hydro_elem_per_thread[0] != -1) {

dthydro = dthydro_per_thread[0] ;
}
return ;

} C++ with OpenMP

PARALLEL C++

➢ Composable, compact and elegant

➢ Easy to read and maintain

➢ ISO Standard

➢ Portable – nvc++, g++, icpc, MSVC, …

static inline void CalcHydroConstraintForElems(Domain &domain, Index_t length,
Index_t *regElemlist,
Real_t dvovmax,
Real_t &dthydro)

{
dthydro = std::transform_reduce(

std::execution::par, counting_iterator(0), counting_iterator(length),
dthydro, [](Real_t a, Real_t b) { return a < b ? a : b; },
[=, &domain](Index_t i) 

{
Index_t indx = regElemlist[i];
if (domain.vdov(indx) == Real_t(0.0)) {

return std::numeric_limits<Real_t>::max();
} else {

return dvovmax / (std::abs(domain.vdov(indx)) + Real_t(1.e-20));
}

});
}

Parallel C++17
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LULESH PERFORMANCE
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C++ on 2s 20c Xeon Gold 6148 C++ on A100 OpenACC on A100

Speedup – Higher is Better

Same ISO C++ Code
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STLBM
Many-core Lattice Boltzmann with C++ Parallel Algorithms

• Framework for parallel lattice-Boltzmann simulations on multiple 

platforms, including many-core CPUs and GPUs

• Implemented with C++17 standard (Parallel Algorithms) to achieve 

parallel efficiency

• No language extensions, external libraries, vendor-specific code 

annotations, or pre-compilation steps

https://gitlab.com/unigehpfs/stlbm

Same ISO C++ Code
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2-Socket Xeon 6148 (40 cores) 1 A100 PCIE 40GB

Geomean Speedup across Collision Models

"We have with delight discovered the NVidia "stdpar" implementation of
C++17 Parallel Algorithms. … We believe that the result produces state-of-
the-art performance, is highly didactical, and introduces a paradigm shift 
in cross-platform CPU/GPU programming in the community.“

-- Professor Jonas Latt, University of Geneva
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PARALLEL C++ & CYTHON
Using NVC++ and CYTHON to Accelerate Python

def jacobi_solver(float[:, :] data, float max_diff, int max_iter=10_000):
M, N = data.shape[0], data.shape[1]

...
keep_going = True
while keep_going and iterations < max_iter:

iterations += 1
for_each(par, indices.begin(), indices.end(), avg(T1, T2, M, N))
keep_going = any_of(par, indices.begin(),

indices.end(), converged(T1, T2, max_diff))
swap(T1, T2)

...
return iterations

A100 Performance for Python

➢ Access to C++ performance with Cython

➢ A100 Acceleration with NVC++ stdpar in a Jupyter Notebook

➢ Up to 87X Speed-up over Numpy
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NumPy 2-socket Xeon 6128 Cython A100 PCIE 40GB Cython
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HPC PROGRAMMING IN ISO C++

C++20

Scalable Synchronization Library

➢ Express thread synchronization that is portable 

and scalable across CPUs and accelerators

➢ In libcu++:

➢ std::atomic<T>

➢ std::barrier

➢ std::counting_semaphore

➢ std::atomic<T>::wait/notify_*

➢ std::atomic_ref<T>

C++23 and Beyond

Executors

➢ Simplify launching and managing parallel work 

across CPUs and accelerators

std::mdspan/mdarray

➢ HPC-oriented multi-dimensional array 

abstractions.

Linear Algebra

➢ C++ standard algorithms API to linear algebra

➢ Maps to vendor optimized BLAS libraries

Extended Floating Point Types

➢ First-class support for formats new and old: 
std::float16_t/float64_t

ISO is the place for portable concurrency and parallelism

C++17

Parallel Algorithms

➢ In NVC++

➢ Parallel and vector concurrency 

Forward Progress Guarantees

➢ Extend the C++ execution model for accelerators

Memory Model Clarifications

➢ Extend the C++ memory model for accelerators

Coming to NVC++ Soon
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C++ Linear Algebra

BLAS

• 11 arguments to do Ax=b

• Scalar types in function name

• No mixed precision support

• Fortran data layout (or transpose tricks)

Standard C++ BLAS

• Only the 3 expected arguments to do Ax=b

• Function name doesn’t encode scalar type

• Naturally handle mixed precision

• Includes equivalent of every BLAS function

• Will map to cuBLAS – tensor cores in ISO C++!

// Matrix
double* A = new double[nRows*nCols];
// Vectors
double* y = new double[nRows];
double* x = new double[nCols];

// y = 1.0*A*x;
dgemv('N',nRows,nCols,1.0,A,nRows,x,1,0.0,y,1)

// Matrix
mdspan<const double,dynamic_extent,dynamic_extent> A(A_ptr,nRows,nCols);
// Vectors
mdspan<const double,dynamic_extent> x(x_ptr,nCols);
mdspan<double,dynamic_extent> y(y_ptr,nRows);

// y = 1.0*A*x;
matrix_vector_product(y,A,x);
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Executors

Organize CUDA Code

• Regularize kernel launches

• Streamline recurring programming tasks

• Safen error-prone launches

• Collect CUDA-specific features

Simplify Work Across CPUs and Accelerators

• Uniform abstraction between code and 

diverse resources

• ISO standard

• Standardize Kernel Launch

• Write once, run everywhere

// Existing code.

void compute(int resource, …) {

switch(resource) {

case GPU:

kernel<<<…>>>(…);

…

case MULTI_GPU:

cudaSetDevice(0);

kernel<<<…>>>(…);

cudaSetDevice(1);

kernel<<<…>>>(…);

…

case SIMD:

#pragma simd

…

case OPENMP:

#pragma omp parallel for

…

}

}

Void compute(Executor ex, …) 
{
// use ex uniformly
ex.execute(…);

}
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MATMUL FP64 matrix multiplyInline FP64 matrix multiply

HPC PROGRAMMING IN ISO FORTRAN
NVFORTRAN Accelerates Fortran Intrinsics with cuTENSOR Backend
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real(8), dimension(ni,nk) :: a
real(8), dimension(nk,nj) :: b
real(8), dimension(ni,nj) :: c
...
!$acc enter data copyin(a,b,c) create(d)

do nt = 1, ntimes
!$acc kernels
do j = 1, nj
do i = 1, ni
d(i,j) = c(i,j)
do k = 1, nk
d(i,j) = d(i,j) + a(i,k) * b(k,j)

end do
end do

end do
!$acc end kernels

end do

!$acc exit data copyout(d)

real(8), dimension(ni,nk) :: a
real(8), dimension(nk,nj) :: b
real(8), dimension(ni,nj) :: c

...

do nt = 1, ntimes
d = c + matmul(a,b)

end do
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HPC PROGRAMMING IN ISO FORTRAN

d = 2.5 * ceil(transpose(a)) + 3.0 * abs(transpose(b))

d = 2.5 * ceil(transpose(a)) + 3.0 * abs(b)

d = reshape(a,shape=[ni,nj,nk])

d = reshape(a,shape=[ni,nk,nj])

d = 2.5 * sqrt(reshape(a,shape=[ni,nk,nj],order=[1,3,2]))

d = alpha * conjg(reshape(a,shape=[ni,nk,nj],order=[1,3,2]))

d = reshape(a,shape=[ni,nk,nj],order=[1,3,2])

d = reshape(a,shape=[nk,ni,nj],order=[2,3,1])

d = reshape(a,shape=[ni*nj,nk])

d = reshape(a,shape=[nk,ni*nj],order=[2,1])

d = reshape(a,shape=[64,2,16,16,64],order=[5,2,3,4,1])

d = abs(reshape(a,shape=[64,2,16,16,64],order=[5,2,3,4,1]))

c = matmul(a,b)

c = matmul(transpose(a),b)

c = matmul(reshape(a,shape=[m,k],order=[2,1]),b)

c = matmul(a,transpose(b))

c = matmul(a,reshape(b,shape=[k,n],order=[2,1]))

c = matmul(transpose(a),transpose(b))

c = matmul(transpose(a),reshape(b,shape=[k,n],order=[2,1]))

d = spread(a,dim=3,ncopies=nk)

d = spread(a,dim=1,ncopies=ni)

d = spread(a,dim=2,ncopies=nx)

d = alpha * abs(spread(a,dim=2,ncopies=nx))

d = alpha * spread(a,dim=2,ncopies=nx)

d = abs(spread(a,dim=2,ncopies=nx))

d = transpose(a)

d = alpha * transpose(a)

d = alpha * ceil(transpose(a))

d = alpha * conjg(transpose(a))

c = c + matmul(a,b)

c = c - matmul(a,b)

c = c + alpha * matmul(a,b)

d = alpha * matmul(a,b) + c

d = alpha * matmul(a,b) + beta * c

Examples of Patterns Accelerated in NVFORTRAN
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HPC PROGRAMMING IN ISO FORTRAN
DO CONCURRENT
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2-socket XEON 6148 (40 cores) A100 PCIE 40GB DO
CONCURRENT

A100 PCIE 40GB OpenACC

Jacobi Performance

Same ISO Fortran Code

subroutine smooth( a, b, w0, w1, w2, n, m, niters )
real, dimension(:,:) :: a,b
real :: w0, w1, w2
integer :: n, m, niters
integer :: i, j, iter
do iter = 1,niters
do concurrent(i=2 : n-1, j=2 : m-1)

a(i,j) = w0 * b(i,j) + &
w1 * (b(i-1,j) + b(i,j-1) + b(i+1,j) + b(i,j+1)) + &
w2 * (b(i-1,j-1) + b(i-1,j+1) + b(i+1,j-1) + b(i+1,j+1))

enddo
do concurrent(i=2 : n-1, j=2 : m-1)

b(i,j) = w0 * a(i,j) + &
w1 * (a(i-1,j) + a(i,j-1) + a(i+1,j) + a(i,j+1)) + &
w2 * (a(i-1,j-1) + a(i-1,j+1) + a(i+1,j-1) + a(i+1,j+1))

enddo
enddo

DO CONCURRENT in NVFORTRAN
➢ Available in NVFORTRAN 20.11

➢ Automatic GPU acceleration & multi-core support

➢ Syntax for nested parallelism / loop collapse; expose more 

parallelism to the compiler
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HPC PROGRAMMING IN ISO FORTRAN

Fortran 2018 Fortran 202x

Array Syntax and Intrinsics

➢ NVFORTRAN 20.5

➢ Accelerated matmul, reshape, spread, …

DO CONCURRENT
➢ NVFORTRAN 20.11

➢ Auto-offload & multi-core

Co-Arrays
➢ Coming Soon

➢ Accelerated co-array images

DO CONCURRENT Reductions

➢ REDUCE subclause added

➢ Support for +, *, MIN, MAX, IAND, IOR, IEOR.

➢ Support for .AND., .OR., .EQV., .NEQV on LOGICAL values

➢ Atomics

ISO is the place for portable concurrency and parallelism

Coming to NVFORTRAN Soon
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ACCELERATED PROGRAMMING IN 2020 AND BEYOND
Libraries | Standard Languages | Directives | CUDA

Incremental Performance 

Optimization with Directives

#pragma acc data copy(x,y) 
{

...

std::transform(par, x, x+n, y, y,
[=](float x, float y){

return y + a*x;
});

...

}
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OpenACC DIRECTIVES

Manage

Data

Movement

Initiate

Parallel

Execution

Optimize

Loop

Mappings

#pragma acc data copyin(a,b) copyout(c)
{

...
#pragma acc parallel 
{
#pragma acc loop gang vector

for (i = 0; i < n; ++i) {
c[i] = a[i] + b[i];
...

}
}
...

}

CPU, GPU, Manycore

Performance portable

Interoperable

Single source

Incremental
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Multicore CPU

PERFORMANCE PORTABLE

% nvfortran -acc=multicore –fast –Minfo=acc -c \
update_tile_halo_kernel.f90
. . . 
100, Loop is parallelizable

Generating Multicore code
100, !$acc loop gang

102, Loop is parallelizable

GPU

98 !$acc parallel
99 !$acc loop independent

100      DO k=y_min-depth,y_max+depth
101 !$acc loop independent
102        DO j=1,depth
103          density0(x_min-j,k)=left_density0(left_xmax+1-j,k)
104        ENDDO
105      ENDDO
106 !$acc end parallel

% nvfortran -acc=gpu –fast -Minfo=acc –c \
update_tile_halo_kernel.f90
. . .
100, Loop is parallelizable
102, Loop is parallelizable

Accelerator kernel generated
Generating Tesla code
100, !$acc loop gang, vector(4) ! blockidx%y threadidx%y
102, !$acc loop gang, vector(32) ! blockidx%x threadidx%x
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OpenACC AUTO-COMPARE
Find where CPU and GPU numerical results diverge

…

Data
copyin

Data
copyout

Normal OpenACC execution
mode, no auto-compare

CPU GPU
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OpenACC AUTO-COMPARE
Find where CPU and GPU numerical results diverge

…

Data
copyin

Data
copyout

…

Compare and

report differences

CPU GPU

–acc -gpu=autocompare

Compute regions run redundantly 

on CPU and GPU

Results compared when data 

copied from GPU to CPU



2424



2525

OpenMP Target Offload
Open Beta Available in HPC SDK

➢ Available in NVC++ and NVFORTRAN 20.11

➢ Supporting a subset of the OpenMP 5.0 specification

➢ Determined by application priorities

➢ Details provided in product documentation

➢ Interoperable – support for CUDA streams

0%

20%

40%

60%

80%

100%

120%

Stream - OpenMP compared to OpenACC
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ACCELERATED PROGRAMMING IN 2020 AND BEYOND
Libraries | Standard Languages | Directives | CUDA

GPU Accelerated Libraries
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A100 FEATURES IN MATH LIBRARIES
Automatic Acceleration of Critical Routines in HPC and AI

cuBLAS cuSPARSE cuTENSOR

cuSOLVER cuFFT CUDA Math API

BF16, TF32 and FP64 Tensor 
Cores

Sparse MMA Tensor Core, 
Increased memory BW,
Shared Memory and L2

BF16, TF32 and FP64 Tensor 
Cores

Increased memory BW,
Shared Memory and L2

BF16 SupportBF16, TF32 and FP64 Tensor 
Cores
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A100 TENSOR CORES IN LIBRARIES
cuBLAS

➢ Automatic Tensor Core acceleration

➢ Removed matrix size restrictions for Tensor 

Core acceleration

DGEMM on A100 

➢ Up to 19 TFLOPs, 2.4x V100
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TENSOR CORES IN LIBRARIES
Eliminating Alignment Requirements To Activate Tensor Cores for MMA

AlignN means alignment to 16-bit multiplies of N. For example, align8 are problems aligned to 128bits or 16 bytes.
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A100 TENSOR CORES IN LIBRARIES
cuTENSOR Tensor Contraction
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1000 Random 3D-6D FP64 Tensor Contractions on A100 and V100 

A100 V100

➢ Tensor Contractions and Reductions

➢ Elementwise Operations

➢ Mixed Precision Support

➢ Elementwise Fusion

➢ Automatic Tensor Core Acceleration

A100 vs V100

➢ Up to 13.1X Speedup

➢ Average 3.4X Speedup
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A100 TENSOR CORES IN LIBRARIES
cuSOLVER Linear Solvers
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DGETRF on A100 and V100

V100 A100

2.3X

➢ Automatic DMMA acceleration for 

factorizations and linear solvers

➢ Real and Complex LU, Cholesky, QR

A100 vs V100

➢ Up to 2.8X Speedup

A100 data collected with pre-production hardware and software



3232

cuSPARSE
Generic APIs and A100 Support

New generic APIs with improved performance

• SpVV - Sparse Vector Dense Vector Multiplication

• SpMV – Sparse Matrix Dense Vector Multiplication

• SpMM – Sparse Matrix Dense Matrix Multiplication

• SpGEMM – Sparse Matrix Sparse Matrix Multiplication

• 4.6 GEOMEAN speedup over legacy APIs

cusparseStatus_t
cusparseSpMM(cusparseHandle_t handle,

cusparseOperation_t transA, 
cusparseOperation_t transB,
const void* alpha,
const cusparseSpMatDescr_t matA,
const cusparseDenseMatDescr_t matB,
const void* beta,
cusparseDenseMatDescr_t matC, 
cudaDataType computeType,
cusparseSpMMAlg_t alg, 
void* externalBuffer)
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cuSPARSELt
Extension Library with Sparse Matmul

cusparseStatus_t
cusparseLtMatmul(cusparseHandle_t* handle,

cusparseMatmulPlan_t* transA, 
const void* alpha,
const void* d_A,
const void* d_B,
const void* beta,
const void* d_C,
void* d_D,
void* workspace,
cudaStream_t* streams,
int32_t numStreams)

• High-performance library for general matrix-matrix 

operations in which at least one operand is a sparse matrix

• Ampere Sparse MMA tensor core support

• Mixed-precision support

• Matrix pruning and compression functionalities

• Auto-tuning functionality
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MULTI GPU SUPPORT IN LIBRARIES
Linear Algebra and FFT

cuFFT

➢ Single Process Multi-GPU FFT

➢ Multi Node Multi-GPU FFT Coming Soon

cuSOLVER

➢ Single Process Multi-GPU Eigensolver

➢ Single Process Multi-GPU LU

➢ Single Process Multi-GPU Cholesky

➢ Multi Node Multi-GPU LU Coming Soon

cuBLAS

➢ Improved Single Process Multi-GPU GEMM
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Communication Libraries
Single GPU, Multi GPU, and Multi Node

NCCLNVSHMEM

+ CUDA-Aware OpenMPI
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INTRODUCING NVSHMEM
GPU Optimized SHMEM

➢ Initiate from CPU or GPU

➢ Initiate from within CUDA kernel

➢ Issue onto a CUDA stream

➢ Interoperable with MPI & OpenSHMEM

Pre-release Impact

➢ LBANN, Kokkos/CGSolve, QUDA

data

MPI_Isend

MPI_Isend
data

MPI_Wait

nvshmem_put

nvshmem_put

nvshmem_put

nvshmem_put
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INTRODUCING NVSHMEM
Impact in HPC Applications

➢ Up to 1.7X Single Node Speedup
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➢ Up to 1.4X Multi Node Speedup

QUDA: Quantum Chromodynamics on CUDA
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NCCL
GPU-Optimized Collectives

➢ Multi-GPU and Multi-Node Collectives Optimized for NVIDIA GPUs

➢ Automatic Topology Detection

➢ Easy to integrate | MPI Compatible

➢ Minimize latency | Maximize bandwidth

NCCL 2.8

➢ Scalable algorithms, tested on more than 24,000 GPUs

➢ Improved AllReduce on NVIDIA Ampere GPUs

➢ Supports send/receive operations to cover all communication 

needs

➢ Improved All2All performance and usability

DGX-1 

48 GB/s

DGX-2 

85 GB/s

DGX A100 

192 GB/s
AllReduce Perf
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AT-SCALE PERFORMANCE WITH P2P COLLECTIVES
VASP molecular dynamics is a top-5 HPC app; in OpenACC, via HPC SDK

Courtesy of Alexey Romanenko and Stefan Maintz; 1 DGX1 with 8 V100s, 2S E5-2698 @ 2.2 GHz

Based on an internal development version of VASP, P2P targeted for release after VASP 6.1.2
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4040

MULTI GPU WITH THE NVIDIA HPC SDK
Cloverleaf Hydrodynamics Mini-App

Full Integration provided by HPC SDK

➢ Fortran + OpenACC + Open MPI

Strong Scaling - Cloverleaf BM128

➢ Perfect scaling to 4 A100 GPUs

➢ 7.5X speed-up on 8 A100 GPUs
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AVAILABLE NOW: THE NVIDIA HPC SDK
Available at developer.nvidia.com/hpc-sdk, on NGC, and in the Cloud

Develop for the NVIDIA HPC Platform: GPU, CPU and Interconnect

HPC Libraries | GPU Accelerated C++ and Fortran | Directives | CUDA

7-8 Releases Per Year | Freely Available

Compilers

nvcc nvc

nvc++

nvfortran

Programming
Models

Standard C++ & Fortran

OpenACC & OpenMP

CUDA

Core 
Libraries

libcu++

Thrust

CUB

Math 
Libraries

cuBLAS cuTENSOR

cuSPARSE cuSOLVER

cuFFT cuRAND

Communication 
Libraries

Open MPI

NVSHMEM

NCCL

DEVELOPMENT

Profilers

Nsight

Systems

Compute

Debugger

cuda-gdb

Host

Device

ANALYSIS

NVIDIA HPC SDK




