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The NVIDIA platform

Best-in-class hardware Frameworks, libraries,
platform solutions tools, and applications
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The NVIDIA developer ecosystem

2.5M DEVELOPERS | 7,600 STARTUPS

500+

GitHub projects

h.264 Al Video Cumpress ion
Bandwidth: 97.28 KB/frame Bandwidth: 0.1165 KB/f

60+
Omniverse Isaac DRIVE Aerial Clara Metropolis Riva Maxine Merlin GPU accelerated SDKs

50+

developer libraries

20+

developer tools and utilities
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NVIDIA HPC software initiatives

Seamless acceleration Scaling up Domain libraries Arm CPU software
Standard langGulf‘lgCeZS'Ctensor cores, Multi-GPU and multi-node libraries Quantum Compilers, libraries, ecosystem
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NVIDIA HPC software

HPC applications

Simulation

HPC SDK RAPIDS
COMPILERS
NVC NVCC cuxfilter | TRAINING(DLFW) |
Spatial
CORE C++ LIBRARIES cuspatl TensorFlow1/2 NVCaffe

cuSignal

CUGRAPH DL LIBRARIES AND SOFTWARE

cuML

PROFILING AND DIAGNOSTICS

CUDA-gdb NSight Compute NSight Systems

COMMUNICATION LIBRARIES MATH LIBRARIES

opersivEM | [ ucx | NCCL [ amas ] CUTENSOR CUSOLVER CUSPARSE CUDA Runtime
MPI HPC-X
SHARP HCOLL NVSHMEM m cuRAND MATH API OpenBLAS

o
=
o
m

Platform software

Fabric Manager GPUDirect NVML nvidia-smi NVIDIA Linux GPU Driver for Arm DCGM Singularity

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
N7



NVIDIA HPC SDK

A COMPREHENSIVE SUITE OF COMPILERS, LIBRARIES, AND TOOLS FOR HPC

HPC-X .
Standard C++ & Fortran nvee nve libcu++ CUBLAS || cuTENSOR Nsight cuda-gdb

MPI
ucx SHMEM

OpenACC & OpenMP nve++ Thrust CUSPARSE | | cuSOLVER SHARP  HOOLL Systems Host

NVSHMEM .
Compute Device
CUDA vfort cuB FFT RAND
nvfortran cu cu X
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NVIDIA HPC SDK

AVAILABLE AT DEVELOPER.NVIDIA.COM/HPC-SDK, ON NGC, VIA SPACK, AND IN THE CLOUD

HPC-X .
Standard C++ & Fortran nvcc nvc libcu++ cuBLAS cuTENSOR Nsight cuda-gdb
MPI
UCX SHMEM
OpenACC & OpenMP nvc++ Thrust CUSPARSE | | cuSOLVER SHARP  HCOLL Systems Host
NVSHMEM i
Compute Device
CUDA nvfortran cuB CUuFFT cuRAND NCCL

Developed for the NVIDIA platform: GPU, CPU, and Interconnect
Libraries | Accelerated C++ and Fortran | Directives | CUDA
x86_64 | Arm | OpenPOWER
7-8 releases per year | Freely available
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NVIDIA HPC SDK is ready for Arm

Auto vectorization

Vector intrinsics

float32x2_t vadd_f32 (float32x2_t a, float32x2_t b);
float32x4_t vdupg_n_f32 (float32_t value);
float32x2_t vget_high_f32 (float32x4_t a);

Host parallelism

FP models
Py Standard
d Parallelism = Precise
OpenACC . Fast
OpenMP = Relaxed
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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80-core Ampere Altra

OMP 2012 FP Speed 2017 FP Rate 2017

mGNU 11.1.0 mNVHPC 21.5

SPEC OMP and SPEC CPU are registered trademarks of the
Standard Performance Evaluation Corporation (www.spec.org)


https://nam11.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.spec.org%2F&data=04%7C01%7Ctcosta%40nvidia.com%7C14afc4c08de34f6ff5a508d931ab8fae%7C43083d15727340c1b7db39efd9ccc17a%7C0%7C0%7C637595435186779510%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=hG8cjQvero%2BoWVfQ3eaXhXPETlFyqQGA%2BkuJhJ9mldk%3D&reserved=0

NVIDIA HPC SDK supports AWS Graviton

« NVIDIA HPC SDK fully supports the Technical Blog

AWS Graviton3 CPU
Accelerating NVIDIA HPC

« Auto-vectorization for SVE and NEON Software with SVE on AWS
Graviton3

« See NVIDIA technical blog for details

update expands portability and now supports
the Arm-based . In this post, you learn how to

https;//bit° lV/3 FWGWYB enable Scalable Vector Extension (SVE) auto-vectorization with the NVIDIA

compilers to maximize the performance of HPC applications running on the

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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https://bit.ly/3FWGwYB

NVIDIA HPC compilers

PORTABILITY ACROSS ALL HPC-CLASS AMAZON EC2 INSTANCE TYPES

> N
OpenAcC [ T P+ FHE

Accelerated Programmable CPU optimized Multi-platform
GPU Standard languages Directives x86_64
Automatic Directives Vectorization AArch64
CUDA OpenPOWER
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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NVIDIA HPC SDK programming models

PRODUCTIVITY AND PERFORMANCE FOR CPU, GPU, AND NETWORK PROGRAMMING

ACCELERATED INCREMENTAL PLATFORM

STANDARD LANGUAGES PORTABLE OPTIMIZATION SPECIALIZATION
ISO C++, ISO Fortran OpenACC, OpenMP CUDA

std: :transform(par, x, Xx+n, y, vy,
[=](float x, float y){ return y + #pragma acc data copy(x,y) {
a*x; }
); std::transform(par, x, x+n, vy, vy,
[=](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;

;s if (i < n) y[i] += a*x[i];
do concurrent (i = 1:n) } ¥
y(i) = y(@) + a*x(i) : : :
enddo #pragma omp target data map(x,y) { int main(void) {
i damemcpy(d_x, x, ...);
std::transform(par, x, x+n, y, Yy, cu e ’
[=](float x, float y){ cudamemcpy(d_y, y, ...);
import cunumeric as np . return y + a¥x; saxpy<<<(N+255)/256,2565>> (. ..);
aef saxpy(a, x, y): ..j ]
y[:] += a%*x } cudamemcpy(y, d_y, ...);

ACCELERATION LIBRARIES

Communication Data analytics Quantum

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Accelerated standard languages

PARALLEL PERFORMANCE FOR WHEREVER YOUR CODE RUNS

ISO C++ ISO Fortran Python
std: :transform(par, x, x+n, vy, do concurrent (i = 1:n) import cunumeric as np
y, [=] (float x, float y){ y(i) = y(i) + a*x(i) .
return y + a*x; enddo def saxpy(a, x, y):
} y[:] += a*x

nvc++ -stdpar=multicore nvc++ -stdpar=gpu
nvfortran —stdpar=multicore nvfortran —stdpar=gpu
legate —cpus 16 saxpy.py legate —gpus 1 saxpy.py
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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C++ standard parallelism

M-AIA ON CPUS AND GPUS

MAIA CPU performance: Dual socket EPYC 7742 MAIA A100 performance

9 70

8 60

7 ()
g € 50
c (5]
< 6 =
E 5 40
o4 >
= s
w3 < 20
CCII:) (a e

2 10

1

0
0] nvc++ Standard C++ 2x Epyc  nvc++ Standard C++ A100
gcc OpenMP gcc Standard C++ nvc++ Standard C++ 7742
Same standard C++ code Same standard C++ code
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Fortran standard parallelism

NWCHEM AND GAMESS WITH DO CONCURRENT

NWChem TCE CCSD(T) kernel speedup

25

20

15

10

0 I
Standard Fortran

Standard Fortran

2s 20c Xeon 6148 A100 A100
| )
|
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OpenACC Fortran

Time (seconds)

GAMESS

GAMESS performance on V100 (NERSC Cori GPU)

N
o

N

—
o

|

0.5

w8 W16 w32 W64 W80

Water cluster size
= OpenMP Target Offload = Standard Fortran

GAMESS results from Melisa Alkan and Gordon Group, lowa State



NVIDIA math libraries

LINEAR ALGEBRA, FFT, RNG, AND BASIC MATH

.

[

cuBLAS

]
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| cuSOLVER |

| CUDA Math API |
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cuBLAS

GPU-OPTIMIZED BLAS IMPLEMENTATION

Maximum speedups OF CTK 11.6u1 over CTK 11.1: sizes <2K

Full BLAS implementation
with extensions

. Vector vector/matrix
vector/matrix matrix

« Mixed precision/multiple
GPUs/batched APIs

SYRK SYMM TRMM SYRK SYMM TRMM HEMM HERK
DOUBLE REAL DOUBLE COMPLEX

*A100 80 GB @ 1095 MHz: CTK 11.1 vs. CTK 11.6U1

aW% © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.



cuSPARSE

GPU-OPTIMIZED SPARSE BLAS

CTK 11.6 (max) speedup over CTK 11.5

Full sparse BLAS implementation 6
optimized for GPU 5
« Sparse vector dense vector »
« Sparse matrix dense vector %

« Sparse matrix dense matrix e
« Sparse matrix sparse matrix 2

CSR2CSC SpGEMM (Reuse) SpPGEMM

* A100 80 GB @ 825 MHz
* Based on SuiteSparse Matrix Collection

aW% © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.



cuSPARSE improvements in key HPC kernels

SPARSE MATRIX X VECTOR AND SPARSE TRIANGULAR SOLVER

cusparseSpMV vs. cusparseCsrmvEx cusparseSpSV vs. cusparseXcsrsv2
(merge-path) 32
14
#
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°c 1.1 :Qs'
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a 1 n
(V]
2 ¥
0.9 -~
L]
0.8 - - 1
579 SuiteSparse matrices sorted by speedup 261 SuiteSparse matrices sorted by speedup
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cuSOLVER

GPU-OPTIMIZED FACTORIZATIONS AND SOLVERS

Speedups for latest cuSOLVER versus 11.0

EDPOTRF mDSYEVD
Dense and sparse factorizations 45
and solvers

« LU, Cholesky, QR

« Symmetric and generalized
eigensolvers

« Tensor core accelerated iterative
refinement solvers

« Multi-GPU and multi-node support

64 128 256 512 1024 2048 4096 8192
Matrix size M = N
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CufFFT

GPU-OPTIMIZED FAST FOURIER TRANSFO

FFT optimized for GPU
« 1D, 2D, and 3D FFT
« Single-process multi-GPU support

RMS

Speedups (over 10%) for latest cuFFT versus CTK 11.0

4.5

3.5

Speedup
w

2.5

15

0 1024 2048

* A100 80GB Default clocks: CTK 11.0 vs. CTK 11.7U1
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cuRAND

RANDOM NUMBER GENERATOR-OPTIMIZED FOR LARGE GPUS

Random number generators
optimized for GPU

« XORWOW/MRG32k3a/MTGP32/
Philox/Sobol

« Host and device APIs

« Uniform/normal/
Log-normal/Poisson

dws

N7
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CcuTENSOR

A HIGH-PERFORMANCE CUDA LIBRARY FOR TENSOR PRIMITIVES

Tensor primitives optimized for GPU PERFORMANCE V1.5 OVER V1.2.2

« Tensor contractions and reductions (COMPLEX FP32 + TF32)

120

« Elementwise operations and
elementwise fusion

« Mixed-precision support and tensor
core acceleration

Impact

« DL frameworks aggressively adopting
elementwise operations

« Up to 23x application E2E speedup
over previously CPU-only quantum
chemistry simulations from drop-in
contraction API

TFLOPS (LARGER IS BETTER)

0 50 100 150 200 250 300

CASES
. DGX A100 80GB

e 300 random cases
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Arm CPU
math libraries

Coming to Arm CPUs in 2023
« BLAS
. FFT
« LAPACK and ScalLAPACK

« Sparse BLAS

e Tensors

« RNGs

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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NVIDIA HPC SDK on
Amazon EC2
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NVIDIA HPC SDK in the AWS Marketplace

All Products > High Performance Computing > NVIDIA HPC SDK GPU-Optimized AMI

NVIDIA HPC SDK GPU-Optimized AMI Continue to Subscribe

NVIDIA (&

Save to List

The NVIDIA HPC SDK is a comprehensive suite of compilers, libraries and tools essential to

maximizing developer productivity and the performance and portability of HPC applications. Typical Total Price
nVIDIA. v Show more $306/hl’

Linux/Unix

View Details
Overview

Product Overview

The NVIDIA HPC SDK is 2 comprehensive suite of compilers, libraries and tools
essential to maximizing developer productivity and the performance and |—|igi‘“ [ig hts
portability of HPC applications.

* Support for NVIDIA Ampere Architecture GPUs with
The NVIDIA HPC SDK C, C++, and Fortran compilers support GPU acceleration of FP16, TF32 and FP64 tensor cores
HPC modeling and simulation applications with standard C++ and Fortran,
OpenACC directives, and CUDA. GPU-accelerated math libraries maximize

NVC++ ISO C++17 compiler with Parallel Algorithms

acceleration on GPUs, OpenACC and OpenMP
performance on common HPC algorithms, and optimized communications
NVFORTRAN ISO Fortran 2003 compiler with array

intrinsics acceleration on GPUs, CUDA Fortran,
OpenACC and OpenMP

libraries enable standards-based multi-GPU and scalable systems programming.
Performance profiling and debugging tools simplify porting and optimization of
HPC applications, and containerization tools enable easy deployment on-
premises or in the cloud.

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Easy to download

and install on
Amazon EC2 instances

developer.nvidia.com/hpc-sdk

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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NVIDIA HPC SDK Current Release Downloads

| accept the license agreement

Bundled with the newest CUDA version (11.7]

Bundled with the newest plus two previous CUDA versions (11.7, 11.0, 10.2)

The checksums for the installer and patches can be found in




NVIDIA HPC SDK on AWS Graviton 3

The default interactive shell is now zsh,

) To update your account to use zsh, please run “chsh -s /bin/zsh”.
For more details, please visit https://support.apple.com/kb/HT208050.
z I u x jlinford-mlt:x jlinford$ [J

sudo yum-config-manager --add-repo
https://developer.download.nvidia.co
m/hpc-sdk/rhel/nvhpc. repo

sudo yum install -y nvhpc-22.7

# Note: also install GPU drivers if
a GPU i1s available

aws
~—
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MiniWeather

STANDARD LANGUAGE PARALLELISM IN CLIMATE/WEATHER APPLICATIONS

« C++ and Fortran

« Simulates weather-like fluid flows
using the finite volume and
Runge-Kutta methods

« Used in the SPEChpc benchmark suite

« Open source and commonly used in
training events

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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MiniWeather

STANDARD LANGUAGE PARALLELISM IN CLIMATE/WEATHER APPLICATIONS

(11=1:NUM_VARS, k=1l:nz, i=1l:nx)
local(x,z,x0,z0,xrad,zrad,amp,dist,wpert)

if (data_spec_i nt == DATA_SPEC_GRAVITY_WAVES) then
x = (i_beg-1 + i-0.5_rp) * dx

. Parallelized via MPI, OpenMP, io;-('iiﬁ%l + k-0.5_rp) * dz
OpenACC, and StdPar 20 = 1000

xrad 500
zrad 500

| « OpenMP 4.5 target offload amp = 0.01_rp

dist = sqrt( ((x-x0)/xrad)**2 + ((z-z0)/zrad)**2 )

*pi/ 2._rp
« Fortran DO CONCURRENT if (dist <= pi / 2._rp) then
wpert = amp * cos(dist)**2
else
wpert = 0._rp
endif
tend(i,k,ID_wWMOM) = tend(i,k,ID_WMOM)
+ wpert*hy_dens_cel1(k)
endif
state_out(i,k,11) = state_init(i,k,11) + dt * tend(i,k,11)

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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MiniWeather with NVIDIA HPC SDK

BEST TIME FROM MPI, OPENMP, OPENACC, AND STDPAR

Perf/
6.00 erifs

4.00
2.00

GPU accelerated

’________\

8.64
7.68 7.39
NVIDIA V100 16G

7.93

1.00 1.00

% N % % % % %
\(bg@ bc‘g\~ \,&Q) \,&Q) \,b\@ \(0\@ \,b\@ \,&Q)
o N o o > 3 » 3
N S N N 0y o s )
& ° & S N > S
O X 4 & S
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ISO Fortran MiniWeather with NVIDIA HPC SDK

ISO FORTRAN CODE CAN RUN ON A CPU OR A GPU

mOpenMP mOpenACC mStdPar (DO CONCURRENT)

1.20

100 0.99 1.00 g4 0.98 1.00 44 098 1.00 g5
S
5 0.80
Q
()
& 0.60

0.40

0.20

0.00

p3.2xlarge g5.xlarge g5g.xlarge g4dn.xlarge

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

LULESH with standard C++

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; ++ i iNni- i i
e e e her thread [11; C++ hydrodynamics mini-application from LLNL
Real_t dthydro_per_thread[1]; .
#endi f Rewritten from OpenMP to ISO C++

#pragma omp parallel firstprivate(length, dvovmax)

Real_t dthydro_tmp = dthydro ; »  More composable, compact, and elegant

Index_t hydro_elem -1 ;
#i1f _OPENMP N\ R ] R
Index_t thread_num omp_get_thread_num(Q); ” EaSIGT to read and maintain
#else
Index_t thread_num 0; 5 |SO Standard
#endif
#pragma omp for
for (Index_t i
Index_t indx

=0 ; 1 < length ; ++i) { »  Portable — nvc++, g++, icpc, MSVC, . ..

= regElemlist[i] ;

if (domain.vdov(indx) != Real_t(0.)) {
Real_t dtdvov = dvovmax / (FABS(domain.vdov(indx))+Real_t(1.e-20)) ; static inline void CalcHydroConstraintForelems(Domain &domain, Index_t 1

. ength,

if ( dthydro_tmp > dtdvov ) { " .
dthydro_tmp = dtdvov ; Index_t *regElemlist,
hydro_elem = indx ; Real_t dvovmax,

3 Real_t &dthydro)
} {
} dthydro = std::transform_reduce(

dthydro_per_thread[thread_num] = dthydro_tmp ; .. 3 A0 c : : g
hydro_elem. per_thread[thread_num] = hydro_elem : std: :execution::par, counting_iterator(0), counting_iterator(length)

3
for (Index_t i = 1; i < threads; ++i) { dthydro, [J(Real_t a, Real_t b) { returna <b ? a : b; },

if(dthydro_per_thread[i] < dthydro_per_thread[0]) { [=, &domain] (Index_t 1)
dthydro_per_thread[0] = dthydro_per_thread[i]; {
hydro_elem_per_thread[0] = hydro_elem_per_thread[i]; Index_t indx = regElemlist[i];
} } if (domain.vdov(indx) == Real_t(0.0)) {
if (hydro_elem_per_thread[0] != -1) { return std::numeric_limits<Real_t>::max();
dthydro = dthydro_per_thread[0] ; } else { . _
} return dvovmax / (std::abs(domain.vdov(indx)) + Real_t(1.e-20));
return ; }

L Standard C++

aws, © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved. cod esi g n . lln l.g ov/lu lesh




ISO C++ LULESH with NVIDIA HPC SDK

STDPAR ACROSS ALL ARCHITECTURES
GPU accelerated

’________\

12.00 11.51
10.00 ) Speedup Arm-hOSted GPU 9.24
Perf/$ -
8.00 i '
6.00

4.00
200 1.00 1.00 0.81 0.76

0.00

1.79

T
<& N %)
.\’ 0 Q
&P R N
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Wrap-up
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developer.nvidia.com/hpc-sdk

« NVIDIA HPC SDK is a complete solution for HPC on Amazon EC2
= Productivity: full support for all HPC programming models on CPU or GPU

= Performance: compilers, math libraries, and tools for performance optimization

= Portability: target Amazon EC2 instances built on Arm or x86 with or without GPUs
« NVIDIA HPC SDK is available in AWS Marketplace
 Freely available and trivial to install on any Amazon EC2 instance

HPC-X
Standar Fortran| | nvec || nve | |  libcu++ CuBLAS CUTENSOR [¢] cuda-gdb
MPI
ucx SHMEM
PENACCE Op SPARSE | | cuSOLVER SHARP  HOOLL sy
NVSHMEM
Compute Device
CUDA | | nvfortr an cul FFT RAND ’—‘
NCCL
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Join the NVIDIA Inception Program for Startups

Accelerate your startup’s growth and build your solutions faster with engineering guidance,
free technical training, and preferred pricing on NVIDIA products, opportunities for customer
introductions and co-marketing, and exposure to the VC community.

APPLY TO INCEPTION TODAY
https://www.nvidia.com/en-us/startups

GET THE LATEST NEWS, UPDATES, AND MORE
https://developer.nvidia.com/developer-program
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Thank you!

[waeres] Please complete the session
'8

survey in the mobile app
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