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TOPICS

R " L v
Programming the NVIDIA Platform With Standard Languages

Bringing GPU Supercomputing to the Python Ecosystem

Math, Core, and Communication Libraries

Developer Tools Update




PROGRAMMING THE NVIDIA PLATFORM
CPU, GPU, and Network

ACCELERATED STANDARD LANGUAGES INCREMENTAL PORTABLE OPTIMIZATION PLATFORM SPECIALIZATION
1SO C++, I1SO Fortran OpenACC, OpenMP CUDA

std: :transform( , X, X+h, Yy, VY,

[=] (float x, float y){ return y + void saxpy(int n, float a,

std: :transform(par, x, x+n, y, vy,

a¥x; ) [=] (float x, float y) { . : float *x, float *y) {
)5 int i = * +
return y + a*x; :
})s if (i < n) y[i] += a*x[i];
(i = 1:n) o }
y(i) = y(i) + a*x(1)
enddo int main(void) {
std: :transform(par, X, x+n, y, Vy,
[=] (float x, float y) {
return y + a*x; .
" 1) saxpy (...);
def saxpy(a, X, y): ?
y[:] += a*x N
ACCELERATION LIBRARIES
Core Math Communication Data Analytics Al Quantum

NVIDIA.



DEVELOPMENT

NVIDIA HPC SDK

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

Programming
Models

Standard C++ & Fortran

OpenACC & OpenMP

Compilers e Math
P Libraries Libraries

-

libcu++

NnvC++

nvfortran

CUBLAS cuTENSOR
cuSPARSE cuSOLVER

Communication
Libraries

HPC-X

MPI
UCX SHMEM
SHARP HCOLL

NVSHMEM
NCCL

Develop for the NVIDIA Platform: GPU, CPU and Interconnect

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

ANALYSIS

Systems

Compute

cuda-gdb

Device

<X NVIDIA.
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NVC | NVC++ | NVFORTRAN

Fortran @
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OpenViIP

Programmable CPU Optimized Multi-Platform

Standard Languages Directives Xx86 64
Directives Vectorization Arm
CUDA OpenPOWER
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Scientists Need On-Ramps

Code that doesn’t run on NVIDIA platforms

Sty
ndy,
qd Paf' Q I/@ /s
Is,h

10x Perf vs Host-Only Lane

GPU Speed of Light Lane

<A NVIDIA.



FUTURE OF CONCURRENCY AND PARALLELISM IN HPC: STANDARD LANGUAGES

How did we get here?

MAJOR FEATURES

ON-GOING LONG TERM INVESTMENT

Memory Model Enhancements

ISO committee participation from industry, C++14 Atomics Extensions
academia and government labs.

C++17 Parallel Algorithms
Fruit born in 2020 was planted over the

previous decade. C++20 Concurrency Library

Focus on enhancing concurrency and C++23 Multi-Dim. Array Abstractions
parallelism for all.

C++2X Executors
Open collaboration between partners and

competitors. C++2X Linear Algebra
Past investments in directives enabled rapid C++2X Extended Floating Point Types
progress.

C++2X Range Based Parallel Algorithms

Fortran 2X DO CONCURRENT Reduction

<X NVIDIA.



HPC PROGRAMMING IN ISO C++

1ISO 1s the place for portable concurrency and parallelism

Preview support coming to NVC++

Parallel Algorithms Scalable Synchronization Library Executors / Senders-Recievers

» In NVC++ ~  Express thread synchronization that is portable »  Simplify launching and managing parallel work
> Parallel and vector concurrency and scalable across CPUs and accelerators across LPUs and accelerators

Forward Progress Guarantees > In libcu++: std::mdspan/mdarray

» Extend the C++ execution model for accelerators > std::atomic<T> ~  HPC-oriented multi-dimensional array

abstractions.

Memory Model Clarifications std::barrier

Range-Based Parallel Algorithms

» Extend the C++ memory model for accelerators std::counting_semaphore

std::atomic<T>: :wait/notify * » Improved multi-dimensional loops

V V V V

std::atomic_ref<T> 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::floatle t/float64 t

<A NVIDIA.



C++17 PARALLEL ALGORITHMS

Lulesh Hydrodynamics Mini-app
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~9000 lines of C++

Parallel versions in MPl, OpenMP, OpenACC, CUDA,
RAJA, Kokkos, ISO C++...

Designhed to stress compiler vectorization, parallel
overheads, on-node parallelism

codesign.linl.gov/lulesh

<X NVIDIA.



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[1l];

#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; 1 < 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

STANDARD C++

Composable, compact and elegant

Easy to read and maintain

|ISO Standard

V. 'V Y V

Portable - nvc++, g++, icpc, MSV(C, ...

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(®), counting iterator(length),
dthydro, [](Real t a, Real t b) { return a < b ? a : b; },
[=, &domain](Index t 1)

{
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));
}
1)

Standard C++

<X NVIDIA.



C++ STANDARD PARALLELISM

Lulesh Performance

16

14

12

10

2.08

2 1 CHO
dLeJdJ

1 1.03

s =eeosm B
0

OpenMP on 64c EPYC OpenMP on 64c EPYC Standard C++ on 64c  Standard C++ on 64c Standard C++ on A100
7742 7742 EPYC 7742 EPYC 7742

|

Same ISO C++ Code

<A NVIDIA.



M-AIA (ZFS) INTRODUCTION

“Multiphysics AIA”
Hierarchical Cartesian grids

, Heat transfer, Combustion, Aeroacoustics

Complex Moving Geometries
~400k LOC, MPI+OpenMP
FV, DG,

NVIDIA.



M-AIA REFACTORING
M-AIA (ZFS) INTRODUCTION

#pragma omp parallel // OpenMP parallel region
{
#pragma omp for // OpenMP for loop
for (MInt i = 9; i < noCells; i++) { // Loop over all cells
if (timeStep % ipow2[maxLevel - clevel[i * distlLevel]] == 0) { // Multi-grid loop
const MInt distStartId = 1 * nDist; // More offsets for 1D accesses // Local offsets
const MInt distNeighStartId = 1 * distNeighbors;
const MFloat* const distributionsStart = &[distributions[distStartId];
for (MInt j = 0; j < nDist - 1; j += 2) { // Unrolled loop distributions (factor 2)
if (neighborId[I * distNeighbors + j] > -1) { // First unrolled iteration
const MInt nlStartlId = neighborId[distNeighStartId + j] * nDist;
oldDistributions[nl1StartId + j] = distributionsStart[j]; // 1D access AoS format
}
if (neighborId[I * distNeighbors + j + 1] > -1) { // Second unrolled iteration
const MInt n2StartlId = neighborId[distNeighStartId + j + 1] * nDist;
oldDistributions[n2StartId + j + 1] = distributionsStart[j + 1];

}
}
oldDistributions[distStartId + lastId] = distributionsStart[lastId]; // Zero-th distribution
}
}
}

Single ISO C++ code that runs
in parallel on CPU and GPU

std::for each n(par_unseq, start, noCells, [=](auto i) { // Parallel for
if (timeStep % IPOW2[maxLevel - a level(i)] !'= @) // Multi-level loop

return;
for (MInt j = 9; j < nDist; ++j) {
if (auto n = c _neighborId(i, j); n == -1) continue;

a_oldDistribution(n, j) = a _distribution(i, j); // SoA or AoS mem fn

}
1)

<X NVIDIA.




Relative Speed-up

250.0X

200.0X

150.0X

100.0X

50.0X

0.0X

C++ STANDARD PARALLELISM

MAIA Performance

48.5X

1.0X

OpenMP (EPYC 7742)

Standard C++ (EPYC 7742)

225.0X

Standard C++ (A100)

|
Same Standard C++ Code

<A NVIDIA.



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

"We have with delight discovered the NVIDIA "stdpar"” implementation of
C++ 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

https://gitlab.com/unigehpfs/stlbm

https://www.nvidia.com/en-us/on-demand/session/gtcspring21-s32076/
GTC Fall Session A31329

14

12

10

Geomean Speedup across Collision Models

2-Socket Xeon 6148 (40 cores)

1 A100 PCIE 40GB

Same ISO C++ Code

<A NVIDIA.



HPC PROGRAMMING IN 15O FORTRAN

1ISO 1s the place for portable concurrency and parallelism

Preview support available now in NVFORTRAN

qelgdg-1aWAKE: Fortran 202x

Array Syntax and Intrinsics

> NVFORTRAN 20.5 DO CONCURRENT Reductions
> Accelerated matmul, reshape, spread, ... > NVFORTRAN 21.11

REDUCE subclause added
Support for +, *, MIN, MAX, IAND, IOR, IEOR.
Support for .AND., .OR., .EQV., .NEQV on LOGICAL values

Atomics

DO CONCURRENT
> NVFORTRAN 20.11

» Auto-offload & multi-core

vV V VYV VY

Co-Arrays

» Coming Soon
» Accelerated co-array images

<A NVIDIA.



HPC PROGRAMMING IN ISO FORTRAN

DO CONCURRENT

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

subroutine smooth( a, b, wo, wl, w2, n, m, niters )
real, dimension(:,:) :: a,b
real :: wo, wl, w2
integer :: n, m, niters
integer :: 1, j, 1iter
do iter = 1,niters
do concurrent(i=2 : n-1, j=2 : m-1)
a(i,j) = wo * b(i,j) + &
wl * (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) = wo * a(i,j) + &
wl * (a(i-1,3j) + a(i,j-1) + a(i+1,3j) + a(i,j+1)) + &
w2 * (a(i-1,j-1) + a(i-1,j+1) + a(i+1l,j-1) + a(i+1,j+1))
enddo
enddo

14

12

10

Jacobi Performance

2-socket XEON 6148 (40 cores) A100 PCIE 40GB DO

\

CONCURRENT

|

Same ISO Fortran Code

A100 PCIE 40GB OpenACC

<A NVIDIA.



ACCELERATED PROGRAMMING IN ISO FORTRAN

NVFORTRAN Accelerates Fortran Intrinsics with cuTENSOR Backend

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

l$acc enter data copyin(a,b,c) create(d)

do nt = 1, ntimes
l$acc kernels
do j =1, nj
do 1 =1, ni
d(i,j) = c(i,3)
do k = 1, nk
d(i,j) = d(i,3) + a(i,k) * b(k,J)
end do
end do
end do
l$acc end kernels
end do
l$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

Inline FP64 matrix multiply MATMUL FP64 matrix multiply

20
18
16
14
12
10

o N B O OO

Naive Inline
V100

FORTRAN V100 FORTRAN A100

<A NVIDIA.
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HPC PROGRAMMING IN ISO FORTRAN
Examples of Patterns Accelerated in NVFORTRAN

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

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

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

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

alpha * conjg(reshape(a,shape=[ni,nk,nj]

reshape(a,sha

reshape(a,sha

De =

e =

reshape(a, shape=

reshape(a, shape=

reshape(a, shape=

matmul(a,b)

ni,nk,nj_
nk,ni,nj_

‘ni*nj,nk]

‘nk,ni*nj

matmul(transpose(a),b)

,order=

,orders=

)

1,3,2,

2,3,1

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

,order=[1,3,2]))
)
)

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

matmul(a, transpose(b))

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

Q QO 0
Il

Q

matmul (transpose(a),transpose(b))
matmul(transpose(a),reshape(b,shape=[k,n],order=[2,1]))
spread(a,dim=3,ncopies=nk)

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

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

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

transpose(a)

alpha * transpose(a)

alpha * ceil(transpose(a))
alpha * conjg(transpose(a))
c + matmul(a,b)

c - matmul(a,b)

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

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

NVIDIA.



ACCELERATED STANDARD LANGUAGES
Parallel performance for wherever your code runs

1ISO C++ 1ISO Fortran Python
std: :transform(par, X, X+n, Yy, 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
)

CPU GPU
= .,
nvc++ -stdpar=multicore nvc++ -stdpar=gpu
nvfortran -stdpar=multicore nvfortran -stdpar=gpu

legate -cpus 16 saxpy.py legate -gpus 1 saxpy.py &nvibiA



BRINGING GPU SUPERCOMPUTING

TO PYDATA ECOSYSTEM

PyData Scaling

1 CPU Core

2000

import numpy as np

Cc L
i

np.random.randn(16) .reshape(4, 4)
a + a.l

10s of Nodes

Multicore CPU

2005 2010

import dask.array as da
import numpy as np

a = da.from_array(
np.random.randn(160 000).reshape(400, 400),
chunks=(100, 100))

b =a+ a.T

b.compute()

1000s of Nodes

GPU Accelerated With
Native NumPy APIs

GPU Supercomputing with
all native PyData APIs

cuNumeric on
100s of Nodes Legate

GPU Accelerated

RAP)DS

2015 2020

import dask.array as da
import cupy as cp

a = da.from_array(
cp.random.randn(160 000).reshape (400, 400),
chunks=(100, 100),
asarray=False)

b =a+ a.T

b.compute()

Future

import cunumeric as np

np.random.randn(160 000).reshape(400, 400)
a + a.Tl

Cc L
i

NVIDIA.



PYTHON ECOSYSTEM GOALS

Have Your Cake and Eat It Too

def cg solve(A, b, conv iters):
X = np.zeros like(b)
r=b - A.dot(x)
D =7r
rsold = r.dot(r)
converged = False
max iters b.shape[0]

for i in range(max_iters):
Ap = A.dot(p)

alpha = rsold / (p.dot(Ap))
X = X + alpha * p

o ST ey i N I S A P TR s S e DY R T O D R S S S R A0 SR S RN RO R S T A A

G
s

WA A PR

r=r - alpha * Ap - i
rsnew = r.dot(r) | B .

et S R SN R O

if 1 7% conv_iters © and \
np.sgrt(rsnew) < le-10:
converged = 1
break

P e A OA Y IO AN AT R W e NS v X

e

VRN S

w e
SNy

beta = rsnew / rsold
b =or + beta * p
rsold = rsnew

TR N pedn SN

@2 NVIDIA.




PRODUCTIVITY

Sequential and Composable Code

def cg solve(A, b, conv _iters):

X
r b - A.
D r

rsold = r.
converged
max iters

np.zeros like(b)

dot(x)

b.shape[0]

for i in range(max iters):
Ap = A.dot(p)

alpha = rsold / (p.dot(Ap))
X = X + alpha * p

r =r - alpha * Ap

rsnew = r.dot(r)

if 1 % conv_1iters == 0 and \

np.sqrt(rsnew) < le-10:
converged = 1
break

beta =

rsnew / rsold

b =1or + beta * p

rsold

rsnew

Sequential semantics - no visible
parallelism or synchronization

Name-based global data - no partitioning

Composable - can combine with other
libraries and datatypes

NVIDIA.



PERFORMANCE

Transparent Acceleration

Transparently run at any scale needed to address computational challenges at hand

Automatically leverage all the available hardware

Grace +
CPU
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LEGATE ECOSYSTEM ARCHITECTURE

Scalable implementations of popular domain-specific APIs

cuNumeric

<A NVIDIA.



CUNUMERIC

Automatic NumPy Acceleration and Scalability

Distributed NumPy Performance

CuNumeric transparently accelerates and scales existing Numpy ( ) ing)
weak scaling

workloads
=-CUPy -+Legate

Program from the edge to the supercomputer in Python by 150

changing 1 import line

Pass data between Legate libraries without worrying about //

distribution or synchronization requirements g 100 .
Alpha release available at github.com/nv-legate §
(Vg
-
S 50
|_
B range(iter):
un = u.copy()
vn = v.copy() 0
b = build_up_b(rho, dt, dx, dy, u, v) 1 2 4 3 16 32 64 128 256 512 1024

p = pressure poisson periodic(b, nit, p, dx, dy) Relative dataset size

Number of GPUs

Extracted from “CFD Python” course at https://github.com/barbagroup/CFDPython
Barba, Lorena A., and Forsyth, Gilbert F. (2018). CFD Python: the 12 steps to Navier-Stokes equations. Journal of
Open Source Education, 1(9), 21, https://doi.org/10.21105/jose.00021

<X NVIDIA.
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PERFORMANCE RESULTS

Microscopy Demo with Richardson-Lucy Deconvolution

def richardson lucy(image, psf, num iter=50,

float type
image

im_deconv
pst mirror

for
conv

it

return im_deconv

_supported float type(image.dtype)
image.astype(float type, copy=False)

pst = psf.astype(float type, copy=False)
np.full(image.shape, 0.5, dtype=float type)
np.flip(pst)

else:
relative blur = image / conv
im_deconv *= convolve(relative blur, psf mirror,

clip:
im _deconv[im deconv > 1] = 1
im _deconv[im deconv < -1] = -1

clip=True, filter _epsilon=None):

in range(num_iter): 100
convolve(im deconv, psf, mode='same’)
if filter _epsilon:
with np.errstate(invalid="ignore”’):
relative blur = np.where(conv < filter epsilon, 0,

10

image / conv)

Throughput (1079 points/s)

mode="'same”’)

16

32

64

GPUs

128

256

912

Weak Scaling of Richardson-Lucy Deconvolution on DGX SuperPOD

@® cuNumeric @ CuPy

1024

NVIDIA.



NVIDIA PERFORMANCE LIBRARIES

Major Directions
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Device Functions

Up

Scaling
Multi-GPU and Multi-Node Libraries

Enhanced L2S & SMEM
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NVIDIA MATH LIBRARIES
Linear Algebra, FFT, RNG and Basic Math

B

\\

e
B

=

_

I

CUBLAS cUSPARSE

cUTENSOR cuSOLVER

AVaY

N\

_/

CUDA Math API

CUTLASS

<A NVIDIA.



TENSOR CORE SUPPORT IN MATH LIBRARIES
High-level overview of supported functionality by each library

Library and Tensor Core Functionality

INT4

INTS

=NIETq
as.Jeds

=NIETq

9s.Jedg

cuBLAS & cuBLASLt Dense GEMM

cUTENSOR Tensor Contractions

cuSOLVER Linear System Solvers

cuSPARSE Block-SpMM

cuSPARSELt SpMM

CUTLASS Dense GEMM and SpMM

CUTLASS Convolutions

<X NVIDIA.



CUBLAS

GPU Optimized BLAS Implementation

Full BLAS implementation + extensions

= Vector Vector / Matrix Vector / Matrix Matrix

= Mixed Precision / Multiple GPUs / Batched APIs
Accelerating a wide range of applications

= HPC & Scientific Computing

= Data Analytics & Deep Learning

300

250

200

TFLOPS
o
S

100

A100 GEMM Performance
286.1

118.3

110.7

GV100 - 10.2 - FP16 HMMA GA100 - 11.0 - FP16 HMMA  GA100 - 11.0 - TF32 TF32MMA

18.7 18.9
16.7

/7.8

GV100 - 10.2 - FP32  GA100 - 11.0 - FP32  GV100 - 10.2 - FP64  GA100 - 11.0 - FP64
FMA FMA FMA DMM,%a AVIDIA.



LU, Cholesky, QR

A100 TENSOR CORES IN LIBRARIES

cuSOLVER Linear Solvers

DGETRF on A100 and V100

Symmetric and Generalized Eigensolvers

Tensor Core Accelerated Iterative Refinement Solvers

Multi GPU Support

HPC & Scientific Computing
Data Analytics

Automatic DMMA acceleration for factorizations and linear

solvers

A100 vs V100
Up to 2.8X Speedup

14000
V100 A100
12000
10000
Y 3000
®)
—
L
O 6000
4000
2000
0
VvV O D o AN QW
SN AV ANEEA AN\
™ ™ & 2 \0 \0 A\ A\
SIS I
Matrix Size

NVIDIA.



CUSPARSE
GPU Optimized Sparse BLAS

cusparseSpSV (New) vs. cusparseXcsrsv2

32 o
Sparse Vector Dense Vector

Sparse Matrix Dense Vector
Sparse Matrix Dense Matrix 16

Sparse Matrix Sparse Matrix

-
al
HPC & Scientific Computing - 8
o
Data Analytics & Deep Learning <
C
@
5 4
-'c
QL
QL
A
®
2 2

261 SuiteSparse matrices sorted by increasing speed-up

cuSPARSE 11.2U1 performance collected on GA100 @ 1095,1213GHz

MKL 2020 performance collected on Xeon Platinum 8280 @ 2.7GHz
< NVIDIA



CUFFT

GPU Optimized Fast Fourier Transforms

MultiGPU: CTK v11.2 over v11.1

1D, 2D and 3D FFT =1 gpu =2 gpus 4 gpus =3 gpus
Single Process Multi-GPU Support 14
MultiGPU Support 17
HPC & Scientific Computing 10
Data Analytics o8
-
=
QL
QL
A 6
4
2
0

<X NVIDIA.



CUTENSOR

A New High Performance CUDA Library for Tensor Primitives

Tensor Contractions & Reductions
Elementwise Operations & Elementwise Fusion
Mixed Precision Support & Tensor Core Acceleration

Multi-GPU Tensor Contractions

DL frameworks aggressively adopting elementwise operations

Up to 23X application end-to-end speedup over previously CPU-
only Quantum Chemistry simulations from drop-in contraction
API

160

140

120

100

80

TFLOPs

60

40

20

cuTENSORMg FP32 Performance on DGXA100

8192

1 GPU

16384

2GPU m4GPU =38 GPU

24576 32768
M=N=K

40960

49152

NVIDIA.



MULTI-NODE MATH LIBRARIES

cuSOLVERMp: Dense Linear Algebra at scale

© cusoLvERMp GETRF with Pivoting On Summit

State-of-the-Art HPC SDK 21.11

A distributed-memory multi-node and multiGPU 4096
solution for solving systems of linear equations at 2048
scale.
1024
GA release available in HPC SDK 21.11 519
Initial release to support LU Decomposition, with 256
and without pivoting, and Cholesky. 178
e
al
Multiple RHS coming soon! é’ 64
TR
16
8
4
2
1
4 8 16 32 64 128 256 512 1024
NUMBER OF GPUS

* Problem size is increased with number of GPUs @ANVIDIA.
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TFLOPs (Larger is better)

50
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MULTI-NODE MATH LIBRARIES

cuFFTMp: Fast Fourier Transforms at scale

Performance: cuFFTMp vs. State-of-the-Art on Summit

11
5
e
16
1280

mcuFFTMp m State-of-the-Art

54
h

30
32 64 128

16003 20483 25603
# of GPU & Problem Size

102

256
3200°

217

512
4096°

A distributed-memory multi-node and multiGPU
solution for solving FFTs at scale.

EA release available in Fall ’21
https://developer.nvidia.com/cudamathlibraryea

Initial release to 2D & 3D with Slab composition

<A NVIDIA.


https://developer.nvidia.com/cudamathlibraryea
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2048
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16
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MULTI-NODE MATH LIBRARIES

cuFFTMp: Fast Fourier Transforms at scale

cuFFTMp Performance on DGX SuperPOD

32
30723

mFP32 mFP64

64 128 256 512
4096 51203 61443 81923

# of GPUs & Problem Size

1024
10240°

851
429 10
226 10
. 109 105
17 o2 e

2048
12288°

1,490

4096
163843

A distributed-memory multi-node and multiGPU
solution for solving FFTs at scale.

EA release available in Fall ’21
https://developer.nvidia.com/cudamathlibraryea

Initial release to 2D & 3D with Slab composition

<A NVIDIA.


https://developer.nvidia.com/cudamathlibraryea

C++ Core Compute Libraries

o>

The Standard Library for your entire system
https://github.com/NVIDIA/libcudacxx

g Shan
HI

The C++ parallel algorithms library Cooperative primitives for CUDA C++
https://github.com/NVIDIA/thrust https://github.com/NVIDIA/cub

<A NVIDIA.


https://github.com/NVIDIA/thrust
https://github.com/NVIDIA/cub
https://github.com/NVIDIA/libcudacxx

The C++ parallel algorithms library
https://github.com/NVIDIA/thrust

High-Level Container Classes
Host Vector

Device Vector
High-Level Algorithms

Transform
Fill
Copy

Iterator Classes
Counting lterator
Constant lterator

NI R
HI

Cooperative primitives for CUDA C++
https://github.com/NVIDIA/cub

Parallel Communication Primitives
Warp-wide Collectives
Blow-wide Collectives

Device-wide Primatives
Utility Operators

Ilterators
Thread/Block I/0
PTX Intrinsics

<A NVIDIA.


https://github.com/NVIDIA/thrust
https://github.com/NVIDIA/cub

thrust:
thrust:

thrust:
par,

thrust: :future<floaty> f+ =

The C++ parallel algorithms library
https://github.com/NVIDIA/thrust

:universal vector<float> h;
:universal vector<float> d;

cevent e

= thrust:

:async:

: copy(

h.begin(), h.end(), d.begin());

thrust:

:async:

par.after(e), y.begin(), y.end());

float r

= f.get();

:reduce(

NI R
HI

Cooperative primitives for CUDA C++
https://github.com/NVIDIA/cub

template <typename R>

__global  void f(R, ..) {
~_shared  typename R::TempStorage tmp;
int local s(..);
int s = R(tmp).Sum(local s);

}

f<<<32, 1>>>(cub::WarpReduce<int>{}, ..);

£<<<128, 1>>>(cub::BlockReduce<int, 128>{},

)

<A NVIDIA.


https://github.com/NVIDIA/thrust
https://github.com/NVIDIA/cub

LIBCU++: A GPU-ENABLED STL

#include <..> SO C++, host  only.

std: : Complete, strictly conforming to Standard C++.
#include <cuda/std/..> CUDAC++, host device .
cuda::std:: Subset, strictly conforming to Standard C++.
#include <cuda/..> CUDAC++, host device .
cuda:: Conforming extensions to Standard C++.

libcu++ does not interfere with or replace your host Standard Library.

<A NVIDIA.



The NVIDIA C++ Standard Library

1.0.0 (CUDA 10.2) 1.2.0 (CUDA 11.1

atomic<T> (SM60+) cuda: :pipeline (SM80+) atomic ref<T> (SM60+)
Type Traits Memory Resources & Allocators

cuda: :stream view
1.1.0 (CUDA 11.0) 1.3.0 (CUDA 11.2)

atomic<T>: :wait/notify (SM70+) tuple<To, T1,

Future
barrier (SM70+) Executors
latch (SM70+) Range Factories & Adaptors
* semaphore (SM70+) 1.4.1 (CUDA 11'3) Parallel Range Algorithms
cuda: :memcpy_async (SM70+) complex Parallel Linear Algebra Algorithms
chrono: : Clocks & Durations byte mdspan<T, ...>

ratio<Num, Denom> chrono: : Dates & Calendars

NVIDIA.


https://github.com/NVIDIA/libcudacxx

NVIDIA COMMUNICATION LIBRARIES

a N\ 7 ) a )
H | B
| |
\ O\ _J \ _J
Optimized whole-system communications Low-latency PGAS programming Multi-node collectives for accelerators

Multi-GPU Programming Models [S31050]

<A NVIDIA.


https://gtc21.event.nvidia.com/media/Multi-GPU%20Programming%20Models%20%5BS31050%5D/1_2sk7llb2

SOFTWARE AND ACCELERATION PACKAGES

HPC-X MPI HPC-X OpenSHMEM In-Network Computing

=

Unified Communication X Unified Collective Communication NCCL-SHARP and UCX Support

Unified Collective S‘A’ g
Communication N v

<A NVIDIA.



HPC-X

HPC-X is a comprehensive software package that includes Accelerated Communications APl and Operations

for HPC

CUDA-aware MPI library based on Open MPI with support for GPUDirect™
Fully compatible with CUDA C++, CUDA Fortran and the NVIDIA HPC Compilers

Optimized for NVIDIA InfiniBand interconnect solutions

Integrated into the NVIDIA HPC SDK

Components

MP]

UCX

SHMEM

SHARP

HCOLL

Description

*Open MPI and OpenSHMEM

*MPI profiler (IPM - open source tool from http://ijpm-hpc.orq /)

*MPI tests (OSU, IMB, random ring, etc.)

*HCOLL
UCX

*Scalable Hierarchical Aggregation and Reduction Protocol (SHARP)

*nccl-rdma-sharp-plugin

NVIDIA.


http://ipm-hpc.org/

NVSHMEM

GPU Optimized SHMEM

» Initiate from CPU or GPU

» Initiate from within CUDA kernel

» Issue onto a CUDA stream

» Interoperable with MPI & OpenSHMEM

Application Impact

» LBANN, Kokkos/CGSolve, QUDA

data

data

MPI

NVSHMEM

MPI_Isend

MPI_Wait

MPI_Isend

nvshmem_put

nvshmem_put

nvshmem_put

nvshmem_put

<X NVIDIA.



NCCL

GPU-Optimized Collectives

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

» Automatic Topology Detection

» Easy to integrate | MPlI Compatible

» Minimize latency | Maximize bandwidth
Impact

» Accelerates leading deep learning frameworks

» Adoption in HPC accelerating

Latency (us)

100000

10000

1000

100

10

Up to 180X reduction in allreduce latency (us)

= NCCL 2.3.7 = NCCL 2.4.1

21530

10684

5430

2654

256 512 1024 2048 4096
Number of nodes

AllIReduce 8-byte (float) latency, Summit Supercomputer at Oak Ridge National Lab
4096 nodes, 6xV100, 2x IB EDR

<A NVIDIA.



DEVELOPER TOOLS

Debuggers: cuda-gdb, Nsight Visual Studio Edition

-

Prosect Buid Debug Team dsight ools Test Analvze

‘- H h‘ ’ Tnf:ﬂ.’h‘t T , ¢ -;‘ : f: ..,—_

Processs [20680] matricMul. exe Thres (1] CUDA Thread Y Stack Frame: MatradVulCUDA<intz 32> (flos

matrodul.cu v Disassembly € X
%! matredVul (Global Scope) MatrodMulCUDA(float * C Address: MatrecMulCUDA<intz32>Most” Hloat”

L
' Viewing Uphions

int bStep = BLOCK_SIZE * wd;

Profilers: Nsight Systems, Nsight Compute, CUPTI, NVIDIA Tools eXtension (NVTX)

|-. |.:-||:..*r-:-
= Thrsaaig |

¢ [aR] Eyihan

v [SE8] T TaikTran |

LS PphDifyeh Bl
s, & =
- [558) CameTaskTrey | | |

~ GPU Speed Of Light £\ SOLRoofines ~

High-evel overview of the utilization for compute and memory resources of the GPU. For each unit, the Speed Of Light (SOL) reports the achieved percentage of utilization with respect to the theoretical
maximum. High4evel overview of the utilization for compute and memory resources of the GPU presented as a roofline chart.

SOL SM [%] ©.02 | buration [usecond] 2.59

% narbarss BDears
LT AR
= T | Cale Tank THaw

SOL Memory [X] 9.39 | Elapsed Cycles [cycle] 2,933
SOL L1/TEX Cache [X] 14.43 | sM Active Cycles [cycle] 20.79
SOL L2 Cache [X] 9.39 | SM Frequency [cycle/nsecond] 1.13

3 v rra b e
CUI0A &P

- 561] CamaTakTors [

SOL DRAM [%] ©.34 | DRAM Frequency [cycle/nsecond]

Floating Point Operations Roofline
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Performance [FLOP/s]
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Arithmetic Intenslt'.r [FLOP/byte]

Correctness Checker:: Compute Sanitizer

$ compute-sanitizer --leak-check full memcheck demo
========= COMPUTE-SANITIZER

Mallocing memory

Running unaligned kernel

Ran unaligned kernel: no error

Sync: no error

Running out of bounds kernel

Ran out of bounds kernel: no error

Sync: no error

========= Jnvalid _ global write of size 4 bytes
by thread (0,0,0) in block (0,0,0)
Address 0x400100001 1s misaligned

at Ox60 in memcheck demo.cu:6:unaligned kernel(void)

IDE integrations: Nsight Eclipse Edition

Nsight Visual Studio Edition
Nsight Visual Studio Code Edition

.

Debug - vectorAdd/src/vectorAdd.cu - Nsight

File Edit Source Refactor Navigate Search Project Run Window Help
05 v m | % Qv Qv Qv w e o 23 i | B e
%* Debug 22 | o i# ¥ = O||®=variables |® Breakpoints | @ cuDA 22 =\ Modules = O
¥ /M vectorAdd {0} [device: gk110 (0)] (Breakpoint) = + | g % -
» 2 CUDA Thread (0,0,0) Block (0,0,0)

& CUDA Thread (1,0,0) Block (0,0,0) o= (Q

34 int i = blockDim.x * blockIdx.x + threadIdx.x;

= oy F

ot R5 4 4
35 1010
36 if (i < numElements) atol RG 3149824 3149824
37 { wiai R7 4 4
gg ! C[i] = A[1] + B[i]; i R8 0 1
40 } oioi R9 0 1
41 - snim R10 1060608 271911904
T b i R11 0 2

b

¥ (%l All CUDA Threads ¥ & (0,0,0) ' SM 11 B 256 threads of 256 are runi |~
¥ @& Block (0,0,0) [sm: 11] # (0,0,0) WarpOLane0 | [€ vectorAdd.cu:36 (0x9a653(
> & CUDA Thread (0,0,0) [warp: 0 lane: 0] (vectorAdd.cu:36) # (1,0,0)  WarpOLane 1 |[d vectorAdd.cu:36 (0x9a653(
l€] vectorAdd.cu 82 = B || gz outline | ¥ Registers 23 5 g f et ¥ =0
JL 0 NELULUTAUULLUIEL Twwwdl "H, WUl 1Twwwde "D, 1TLWUdil "w, LIL nudmc o -
33 { Name T(0,0,0)B(0,0,0) T(1,0,0)B(0,0,0)
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SYSTEM PROFILER

Key Features:

. System-wide application algorithm tuning
. Multi-process tree support

. Locate optimization opportunities

. Visualize millions of events on a very fast GUI timeline
. 0Or gaps of unused CPU and GPU time

. Balance your workload across multiple CPUs and GPUs

. CPU algorithms, utilization and thread state
GPU streams, kernels, memory transfers, etc

. Command Line, Standalone, IDE Integration

OS: Linux (x86, Power, Arm SBSA, Tegra), Windows, MacOSX (host
GPUs: Pascal+

Docs/product: https://developer.nvidia.com/nsight-systems

4 89.6ms +389.8ms +390ms +390.2ms +390.4ms +390.6ms +390.8ms +391ms +391.2ms +391.4ms +391.6ms +391.8ms +392ms +392.2ms +392.4ms +392.6ms +392.8ms +393ms -

L e L T )

~ [532] python — e o .

= Threads (21)
» [532] python

- rseelcaffeTaskTre_ | [ s

0S runtime librarie e |[pthr...|  [pthread... | pthread cond wait
CUDA API Ceemeloen®) 0000000000 cwdsSteamSynchene= 0
- 1558] CaffeTaskThre_} | | i - ' w ]
0S runtime librarie || | .| pthread mute_..| |pthread_..| |pt... |l ptivesd cond wak
- [562)] CaffeTaskThre .lull_Jl_
0S5 runtime librarie pthread_mutex_lock |
CUDA API L 1l[c=StzamSynehron.
~ (561] CaffeTaskThre I i - ®#¥MNy |
05 runtime librarie pt..| |pthread_mu... |pthread_..||pthre... [ e | pthread cond walt
CUDA API S @ [ s treamsynehonize ]

16 threads hidcmmde L, PSS Wagevweer ¥ " 7 .

I
~ CUDA (Quadro GV10( i
= [All Streams])
(volta_saemm 32..) (yofta_saemm 3312, [eofta soemim 52x125.) {roka sacmm 322120, 80 0 Wehssennial,)
> D0.5% Kexmialn L tn o - cn o 3 s e H l' i ca o o
I
I 20 -
I, - -
Events View =
Search...
# Name Duration GPU Start “ generate_seed_pseudo -
1 generate_seed pseudo 1.249 ms GPU 0 3.85619s Eﬁginsi ghazaf}_ﬁgf 1,283 ms)
nas: a. s(+1. ms
2 gen_sequenced 35.745 ps GPU O 3.8576s grid: <<<64, 1, 1>>>
3 _kernel agent 1.696 us GPU O 3.85771s block: =<<64, 1, 1>>>
Launch Type: Regular
4 generate_seed_pseudo 1.271 ms GPU 0 3.85916s Static Shared Memory: 0 bytes
5 gen_sequenced 12.448 us GPU O 3.86057s Dynamic Shared Memaory: 0 bytes
: Registers Per Thread: 48
6 UniformShift 10.241 ps GPU O 3.86058s
a Local Memaory Per Thread: 0 bytes
7 generate_seed_pseudo 1.274 ms GPU O 3.86202s Local Memory Total: 193,986,560 bytes
8 gen sequenced 11.872 us GPU D 3.86343s Shared Memory executed: 0 bytes
—= - Shared Memory Bank Size: 4 B
1N nanarata casd ncaundn 1 2RA me RN T ARAARC Tl Launched from thread: 532 "

Is +530ms +531ms

] [T [ 1 ] ™ [ ] ] H | ] I ]

Blocked State

I ] [ ] [l [
DGl AP | | I
DX11 API . T E TN . 1 1§ PO 12251 Y d 0l . . i iy
- TEY Call to:
ol threads hiddemn... ==
Y —— il s A MM |12 1 1 Devic eContestdsDrawlndexed
* Frame duration (60 FP5) m DX11 AP calls
= CPU frame duration lm Frame #596 [3.684 ms) I Bﬂgi":;: 3.332385 S Frame#397 [5.956my
’ . 4 Ends: 3.53258s (+ 200 ns) —
Frame Action Build frame [3.... || Build frame [3.664 ms] Build frame [5.956 ms] [
Frame health Memory Allocation [Deta 99, 360, 000.00%]
Stutter
* WDLM
= 3D
= Contexts

= (ufiifdddbdashldel

CPU Context CQueue

m - Present 20000090

T Reaer | Pesent

Bottom-Up Wiew = | Process [9695] vmd_LINUXAMDE4. 11 (3 of 19 threads)
? Filter... = 99.82% (23,260 samples) of data is shown due to applied filters.
Symbol Mame 5E|F: %  Module Name
w VolumetricData:compute_volume_gradient() 20,14 /homefjohns/vmd/src/gtcbuilds/vmd_LINUXAMDE4. 11
w VolumetricData:compute_volume_gradient() 20,14 /homefjohns/vmd/src/gtcbuilds/vmd_LINUXAMDE4. 11
w BazeMoleculesadd_volume_datalchar const®, double const®, double const®, double const®, double const®, int, int, int, float™) 18,30 /home/jehns/vmd/src/gtcbuilds/vmd_LINUXAMDE4,11
v VMDApp:moelecule_add_velumetric(int, char const®, double const®, double const®, double const®, double const®, int, int, int, float™) 18,30 /home/jehns/vmd/src/gtcbullds/vmd_LINUXAMDE4,11
v obj_segmentation(void®, Tcl_lnterp®, int, Tcl_Obj* const™) 1830 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDES 1
[Max depth] 18.30 [Max depth]
w BaseMolecule:add_volume_data(char const®, float const®, float const®, float const®, float const®, int, int, int, float®, float®, float™) 1.24 /homefjohns/vmd/src/gtcbuilds/vmd_LINUXAMDE4. 11
w MolFilePlugin:read_velurnetric(Molecule®, int, int const®) 1.84 /home/johns/vmd/src/gtcbuilds/ vmd_LINUAAMDE4.11
v VMDApp:melecule_load(int, char const®, char const®, FileSpec const™) 1.84 /home/jehns/vmd/src/gtcbuilds/vmd_LINUAXAMDE4.11
w text_cmd_mel(void®, Tel_Interp®, int, char const™) 1.8 /home/jchns/vmd/src/gtcbuilds/ vrmd_LINUXAMDEL.11
v TellnvokeStringCommand 1.24 /homefjohns/vmd/src/gtcbuilds/vmd_LINUXAMDE4. 11
w TclEvalObjvinternal 1.24 /homefjohns/vmd/src/gtcbuilds/vmd_LINUXAMDE4. 11
w TclExecuteByteCode 1.84 /home/johns/vmd/src/gtcbuilds/ vmd_LINUAAMDE4.11
v TclCompEvalObj 1.84 /home/jehns/vmd/src/gtcbuilds/vmd_LINUAXAMDE4.11
v TclBvalObjEx 1.8 /home/jchns/vmd/src/gtcbuilds/ vrmd_LINUXAMDEL.11
w Tcl_RecordAndEvalObyj 1.24 /homefjohns/vmd/src/gtcbuilds/vmd_LINUXAMDE4. 11
w TclTextInterp::evalFile({char const®) 1.24 /homefjohns/vmd/src/gtcbuilds/vmd_LINUXAMDE4. 11
v VMDApp:logfile_read(char const™) 1.84 /home/johns/vmd/src/gtcbuilds/ vmd_LINUAAMDE4.11
v VMDreadStartup(VMDApp™) 1.84 /home/jehns/vmd/src/gtcbuilds/vmd_LINUAXAMDE4.11
[Max depth] 1.84 [Max depth]
» De7F10ca7022d6 513 Sfusr/libbd/libcuda.so.390.25
» obj_segmentation(void®, Tcl_Interp®, int, Tcl_Obj* const®) 344 Jhomefjohns/vmd/src/gtcbuilds/vmd_LINUXAMDE4. 11
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* GPU Speed Of Light

High-devel overview of the utilization for compute and memory resources of the GPU. For each unit, the Speed Of Light (SOL) reports the achieved perce
High-evel overview of the utilization for compute and memory resources of the GPU presented as a roofline chart.

SOL SM [%] 3 (-6.26%) | Duration [usecond]
SOL Memory [%] 54 .58 (-6.38%) | Elapsed Cycles [cycle]

SOL L1/TEX Cache [%] 26.92 (-5.33%) | SM Active Cycles [cycle]
SOL L2 Cache [%] 54,58 (-6.38%) | SM Frequency [cycle/nsecond]
SOL DRAM [%] 51.55 (+84.34%) | DRAM Frequency [cycle/nsecond]

KERNEL PROFILING TOOL H 6Py Utization

Key Features: Speed of Light [%
[
. . oy o inst_executed [inst] 63,821,856 (284 instances)
I n te raC t] Ve C U DA A P I d e b U g g] n g a n d ke r n e l p rOf] l] n g l1tex__data_bank_conflicts_pipe_lsu_mem_shared_op_Id.sum 2
. . . |l1tex_ data_bank_conflicts_pipe_lsu_mem_shared op_st.sum B
B u ] lt - ] n ru le S eX p e rt] Se |litex  data_bank_reads.avg.pct_of peak sustained elapsed [%] 9. 66
|litex  data_bank_writes.avg.pct_of peak sustained elapsed [%] 3.23
1 1 " |litex_ data_pipe_lsu_wavefronts.avg.pct_of _peak sustained elapsed [%%] 46.16
FU l ly C U S tO m ] Za b le d a ta CO l leC t] O n a n d d ] S p lay |litex  data_pipe lsu_wavefronts_mem_shared cmd_read.sum 25,165,824
° e |[1tex  data_pipe |su_wavefronts_mem_shared _omd_read.sum.pct_of peak_sustained active [%%] 48.75
CO m m a n d L] n e ’ S ta n d a lO n e ) I D E I n te g ra t] O n ) Re m O te |litex  data_pipe |su_wavefronts_mem_shared cmd_write.sum 2,897,152
|[itex  data_pipe |su_wavefronts_mem_shared cmd_write.sum.pct_of peak_sustained active [%a] 3.48
Ta rgets |l1tex_ data_pipe_tex_wavefronts.ava.pct_of_peak_sustained_elapsed [%6] 2
|[1tex_ f wavefronts.avg.pct_of peak sustained elapsed [%%] 0. 08
|[1tex_ |su_writeback active.ava.pct_of peak_sustained elapsed [%%] 42 .59
. . |[1tex_ lsu_writebadk_active.sum [cyde] 27,883,648
O S : L'l n UX (X8 6 P Owe r Te g ra A r m S B S A ) W'I n d OWS M ac O SX l1tex_ lsu_writeback_active.sum.pct_of_peak_sustained_active [%] 45.83
) ) ) ) ) |[1tex_ Isuin_requests.avg.pct_of peak sustained elapsed [%] 66 . B8
( h OSt O n ly) |[1tex m_|1tex2xbar_req cydes_active.avag.pct_of peak_sustained elapsed [%o] 3.48

|[1tex  m_|1tex2xbar write _bytes.sum [Mbyte] 4.19

G P U S : VO lt a , Tu r'i n g , Am p e re G P U S l1tex__m_l1tex2xbar_write_bytes_mem_global_op_red.sum [byte] 2

188 1,484,672
IADD3 R7, , URT7, : 177 1,481,344

TADD3

Docs/product: https://developer.nvidia.com/nsight-compute
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Visual Studio Code extensions that provides:

CUDA code syntax highlighting
CUDA code completion

Build warning/errors

Debug CPU & GPU code

Remote connection support via SSH

Available on the VS Code Marketplace now!

NSIGHT VISUAL STUDIO CODE EDITION

Visual Studio Code

File Edit Selection View Go Run Terminal Help

EXTENSIONS: MARKETPLACE

matrixMul.cu - matrixMul - Visual Studio Code
Elle. Edit Selection View Go Run Terminal Help

Variables view M CUDA-Dobug- Wit G matrixMul.cu >
N VARIABLES

Local

b = bBegln; a <= akEnd;

As[BLOCK SIZE][BLOCK SIZE]

Bs[BLOCK SIZE][BLOCK SIZE];

CPU & GPU ; syncthreads();

: Exec debugger
registers

- commands
e CUDA Call

Watch CPU —— ,v T Stack
& GPU vars ' B e ‘

| DEBUG CONSOLE CALL STACK

Session status bl

BREAKPOINTS

‘ ¥ matrnxMul ) ] 4 s

CUDA focus

® 0 A 0 & CUDA: Debug with CUDA-GDB (matrixMul) Ln88,Col1 Spaces:2 UTF8 LF CUDAC++ CUDA:sm1lwarp28lane0 A (2

https://developer.nvidia.com/nsight-visual-studio-code-edition

Nsight Visual Studio Code Edition < 17.6M
CUDA support for Visual Studio Code
NVIDIA Install

vscode-cudacpp 0.1.1 P 115K % 2
CUDA C++ language support for Visual Studio ...

kriegalex Install

Doxygen Documentation ... 1.1.0 <p452K 5
Let me generate Doxygen documentation from...

Christoph Schlosser Install

Clang-Format 190 H 492K 4.5
Use Clang-Format in Visual Studio Code

Xxaver Install

clangd 0.1.10 > 125K % 4.5
C and C++ completion, navigation, and insights
LLVM Extensions Install
google-java-format 0.0.1 @ 13K
Use google-java-format in Visual Studio Code

wx-chevalier Install

<X NVIDIA.
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Edit, build and Debug CUDA
applications

Seamless CPU and CUDA Debugging

Native Eclipse plugin

Docker container support

NSIGHT ECLIPSE EDITION

INTEGRATED CUDA APPLICATION DEVELOPMENT

workspace-test-neon - Debug - test/src/asyncAPl.cu - Eclipse

File Edit Navigate Search Project Run Window Help

rﬂ'ﬂjmﬂ||@‘:"&|ﬂbﬂﬁih@.w; [ el v 56l v 50 o w oopovw
|'I]L.u:k Access || g | @ -‘
15 Debug EE‘ & | i | v = ()= Variables 32 9 Breakpoints i} Registers ] CUDA = 0
< [c| test on kjalaludeen 172.16.174.55 [C/C++ Remote Application] =l ¥ % B | = e -
=~ 1 increment_kernel [0] [device 0 (GK104GL)] (User Request)
@ CUDA Thread (0,0,0) Block (0,0,0) Name | Type | 710.0,0)8(0,0,0) ‘
= increment_kernel() at asyncAPl.cu:34 0x97cab0 > » g_data ~ @genericint* @parameter :  0x502580000
> @ All Kernel Threads (32,768 Blocks of 512 Threads) - inc_value @parameter int 26
< 1 Host Process [test] [13639] [cores: 0,1] ()= idx @register int <optimized out>
I @ Thread #1 13639 [core: 1] (Suspended : Container) B
I @ Thread #2 13712 [core: 1] (Suspended : Container) 3'
L v @ Thread #32 123714 [Fare: Nl iSnenendad - Cantainar) ﬂ_, |j Iﬂ
.c| asyncAPLcu &3 = 0O ‘ o= Qutline == Disassembly &3 = O ‘
30 #include <helper functions.h= // helper utility functions -
31 Per_ g / IEnterIucatiun hel - || A ‘ O iz
32- _global__ void increment_kernel(int *g data, int inc value)
33 { - \
¥ 34 int idx = blockIdx.x * blockDim.x + threadIdx.x:
35 g data[idx] = g data[idx] + inc value; ¥ 000000000097 cabl 52R R4, SR CTAID.X -
36 } POEOOREEOO97cabs: MOV R4, R4
37 GoeopeeeeR97cach:
38- bool correct output(int *data, const int n, const int x) 0000000E0097Ccacs: MOV R5, c[oxe][0x28]
39 { PPEEOEPEAA9T cado IMUL R4, R4, RS
40 for (int i = 0; i < n; i++) APOPAAAARA97cads:  S2R RS, SR TID.X
41 if (data[i] !'= x) EeeeepRea97 cach: MOV R5, R5
42 { x| | 000000RAOR97cacd: IADD  R4. R4. RS B
] B [E 0
El Console &2~ Tasks [* Problems (2 Executables % = B - E « [ « | = 0B
ﬁ‘ i | I |

test on kjalaludeen 172.16.174.55 [C/C++ Remote Application] Remote Shell

[/tmp/cuda-debug/test] - Starting...
GPU Device @: "Quadro K5000" with compute capability 3.0

CUDA device [Quadro K5080]

I
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CUDA GDB

IT] cuda-gdb) i1info cuda cads h ,
Unified CPU and CUDA (cuda-gdb) inf d
Debugging BlocklIdx ThreadlIdx ' f 'C  De SM Wp Ln F'ilename

Kernel 0
CUDA-C/PTX/SASS support

Built on GDB and uses many
of the same CLI commands

) Ox000000000 . 11 infoCommands. C
) Ox000000000 H 11 infoCommands. cC
) Ox000000000 . 11 2 1nfoCommands.c
)
)
)

O0x000000000 . 11 3 1nfoCommands.c
O0x00000000009 11 infoCommands.cC
, O0x00000000009 58 11 5 1nfoCommands.c
(cuda—-gdb) 1nfo cuda threads b" eakpoint 2 lane 1
BlockIdx ThreadIdx rtual PC Dev SM Wp Ln F'i1lename
Kernel 0O
(1,0,0) (1,0,0) 0O0x0000000000948e58 O 11 0 1 infoCommands.cu

NVIDIA.



Compute Sanitizer checks correctness issues via sub-tools:

Memcheck - The memory access error and leak detection tool.
Racecheck - The shared memory data access hazard detection

tool.

Initcheck - The uninitialized device global memory access

detection tool.

Synccheck - The thread synchronization hazard detection tool.

COMPUTE SANITIZER

AUTOMATICALLY SCAN FOR BUGS AND MEMORY ISSUES

~[W/m/c/build $ cmake && cmake
- Configuring done
- Generating done
-- Build files have been written to: /home/rmaynard/Work/misc/cuda sanitizer ctest/build
[2/2] Linking CUDA executable demo
~/W/m/c/build $ ctest
Site: RMAYNARD-DT
Build name: Linux-unknown
Create new tag: 20210325-1346 - Experimental
Configure project
Each . represents 1024 bytes of output
. Size of output: 0K
Build project
Each symbol represents 1024 bytes of output.
'!'" represents an error and '*' a warning.
. Size of output: 0K
@ Compiler errors
@ Compiler warnings
Performing coverage
Cannot find any coverage files. Ignoring Coverage request.
Memory check project /home/rmaynard/Work/misc/cuda sanitizer ctest/build
Start 1: verify
1/1 MemCheck #1: verify Passed 6.77 sec

, 0 tests failed out of 1

Total Test time (real) = 6.77 sec
-- Processing memory checking output:
1/1 MemCheck: #1: verify Defects: 4
MemCheck log files can be found here: (<#> corresponds to test number)
/home/rmaynard/Work/misc/cuda_sanitizer ctest/build/Testing/Temporary/MemoryChecker.<#>. log
Memory checking results:
Invalid global read - 1
cudakErrorLaunchFailure - 3
Submit files
SubmitURL: http://my.cdash.org/submit.php?project=CMakeTutorial
Uploaded: /home/rmaynard/Work/misc/cuda sanitizer ctest/build/Testing/20210325-1346/Config
Uploaded: /home/rmaynard/Work/misc/cuda sanitizer ctest/build/Testing/20210325-1346/Build

Uploaded: /home/rmaynard/Work/misc/cuda:sanitizer:ctest/build/Testing/20210325-1346/Dynam
Uploaded: /home/rmaynard/Work/misc/cuda sanitizer ctest/build/Testing/20210325-1346/Done.
Submission successful

~/W/m/c/build $ []

<X NVIDIA.



DEVELOPMENT

NVIDIA HPC SDK

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

Programming
Models

Standard C++ & Fortran

OpenACC & OpenMP

Compilers e Math
P Libraries Libraries

-

libcu++

NnvC++

nvfortran

CUBLAS cuTENSOR
cuSPARSE cuSOLVER

Communication
Libraries

HPC-X

MPI
UCX SHMEM
SHARP HCOLL

NVSHMEM
NCCL

Develop for the NVIDIA Platform: GPU, CPU and Interconnect

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

ANALYSIS

Systems

Compute

cuda-gdb

Device

<X NVIDIA.



