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THIS INFORMATION IS INTENDED TO OUTLINE OUR GENERAL
PRODUCT DIRECTION. MANY OF THE PRODUCTS AND
FEATURES DESCRIBED HEREIN REMAIN IN VARIOUS STAGES
AND WILL BE OFFERED ON A WHEN-AND-IF-AVAILABLE
BASIS. THIS ROADMAP DOES NOT CONSTITUTE A
COMMITMENT, PROMISE, OR LEGAL OBLIGATION AND IS
SUBJECT TO CHANGE AT THE SOLE DISCRETION OF NVIDIA.
THE DEVELOPMENT, RELEASE, AND TIMING OF ANY
FEATURES OR FUNCTIONALITIES DESCRIBED FOR OUR
PRODUCTS REMAINS AT THE SOLE DISCRETION OF NVIDIA.
NVIDIA WILL HAVE NO LIABILITY FOR FAILURE TO DELIVER OR
DELAY IN THE DELIVERY OF ANY OF THE PRODUCTS,
FEATURES, OR FUNCTIONS SET FORTH IN THIS DOCUMENT.
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NVIDIA Accelerated Computing Virtuous Cycle

Scale

R&D $

Installed Base

Speevd-Up + 4 Million Developers
/ « 3000+ Accelerated Applications
« 40 Million+ CUDA Downloads - 25 Million in 2022
\ / + 15,000+ Startups
- 40,000 Enterprises

Developers Cloud & OEMs

End-Users
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NVIDIA GH200 Grace Hopper Superchip Now in Production
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The engine for the Generative Al era
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Exponential Increase in Model Size and Training Data

2012 2022
AlexNet PaLM
5,000 X
62M Parameters - 340B Parameters
3,000,000 X
1.2M Images > 3.5T Tokens
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Introducing DGX GH200
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Dense General-Purpose Grace CPU Server

Open modular server design for accelerated computing (MGX)

rrrrrrrrrrrr

Grace Server
580W

Latest Gen CPU Server
1090W+

Bristol Isambard 3,
LANL Venado, BSC
MareNostrum 5,
Talwania-4

Dense General-Purpose Grace CPU Server Grace CPU Superchip
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Co-design: the QUDA example

Slides extracted by NVIDIA presentation at Lattice 2019
(https://indico.cern.ch/event/764552/)
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GPU COMPUTING FOR LQCD, CIRCA 2009

WILSON OPERATOR

ON A GPU it | GPUSs for LQCD were bleeding
edge

e Wilson-Operator (GTX 280)
e Single: 129 Gflops (mat-vec), 110 Gflops (inverter) ~ 1 OO G FLO PS per G PU

..................... Single GPU only

Mixed-precision Krylov solvers
were the state of the art

plenary Beijing 2009 9 NVIDIA
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&y Scientific Discovery through Advanced Computing

QUDA

e “QCD on CUDA” - http://lattice.github.com/quda (open source, BSD license)

o Effort started at Boston University in 2008, now in wide use as the GPU backend for
BQCD, Chroma, CPS, MILC, TIFR, etc.
e Provides:
Various solvers for all major fermionic discretizations, with multi-GPU support
Additional performance-critical routines needed for gauge-field generation
e Maximize performance

— Exploit physical symmetries to minimize memory traffic
— Mixed-precision methods

— Autotuning for high performance on all CUDA-capable architectures

— Domain-decomposed (Schwarz) preconditioners for strong scaling
— FEigenvector and deflated solvers (Lanczos, EigCG, GMRES-DR)

— Multi-source solvers

— Multigrid solvers for optimal convergence
e Aresearch tool for how to reach the exascale

10 NVIDIA




QUDA CONTRIBUTORS

Ron Babich (NVIDIA) Hyung-Jin Kim (BNL -> Samsung)
Simone Bacchio (Cyprus) Bartek Kostrzewa (Bonn)

Kip Barros (LANL) Claudio Rebbi (Boston University)
Rich Brower (Boston University) Eloy Romero (William and Mary)
Nuno Cardoso (NCSA) Hauke Sandmeyer (Bielefeld)
Kate Clark (NVIDIA) Guochun Shi (NCSA -> Google)
Michael Cheng (Boston University) Mario Schrock (INFN)

Carleton DeTar (Utah University) Alexei Strelchenko (FNAL)

Justin Foley (Utah -> NIH) Jiqun Tu (Columbia)

Joel Giedt (Rensselaer Polytechnic Institute) Alejandro Vaquero (Utah University)
Arjun Gambhir (William and Mary)

Steve Gottlieb (Indiana University) Andre Walker-Loud

Kyriakos Hadjiyiannakou (Cyprus)

Dean Howarth (BU) Frank Winter (Jlab)

Balint Joo (Jlab)
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QUDA NODE PERFORMANCE OVER TIME

Multiplicative speedup through software and hardware

3,000 1000
O Speedup " Wilson FP32 GFLOPS Deflated
5 500 Optimized  Multigrid
’ Multigrid -
: 300x
2,000 : 100
1 500 Adaptive
’ Multigrid
1,000 Multi GPU 0
capable
500
Z a
3 F
5 0 ' 18
2008 2010 2012 2014 2016 2018 2019 7

Speedup determined by measured time to solution for solving the Wilson operator against a random source on a V=24364 |attice,
B=5.5, M_= 416 MeV. One node is defined to be 3 GPUs
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WHAT IS LIMITING STRONG SCALING

classical host staging

& “p2p0_pol0.0.nvwp 2 ‘ *p2pl_pol0.0.nvvp ‘ *p2pl_poll.0.nvvp ‘ *n2p2_poll5.0.nvvp ‘ *shmem.0-1.nvvp ‘ *shmemfuse.0.nvvp L]
042.'3 ms 10042.325 ms 10042.35 ms  10042.375 ms 10042.4 ms 10042.425 ms 10042.45 ms

10042 P&V 4 18TE110042.5 ms 10042.525 ms  10042.55ms 10042.575 ms 10042.6 ms 10042.625 ms 10042:

- Process "dslash_test —-dsla...

= Thread 1480674816 2 9 7 IJS

- Runtime AP [ [l ] — e —— - .
" Driver AP . 1l 1 e ] o W u i1 | 1 | — | —— |l [l PR

= [6];:sla:n\?10;1x:lz-1scs H2D copy t H2D COpy )'4 H2D COpyZ

- Context 1 (CUDA) N
-7 MemCoy (ho0) | D2H coples — — SR —

~ Y MemCpy (DtoH)  H Il I B EE N

~ 5 MemCpy (DtaD)

+ Compute - ' "void qud...” - - - I
— Streams
" petaut Halo t Haloz Haloy
Stream 23 — —
Stream 24 — o — —
e 24 Packing kernel g -
~ Stream 26 . -
Stream 27 - - . I | | - |
Stream 28 e N — W
Stream 29 . ’ v 1T

Stream 33

DGX-1,164 local volume, half precision, 1x2x2x2 partitioning

32 <X NVIDIA.




USING NVLINK AND FUSING KERNELS

fewer copies with higher bandwidth, fewer kernels, less APl overhead

‘ *p2p0_pol0.0.nvvp ‘ *n2pl_pol0.0.nvvp § “p2p1_poll.0.nvvp 22 t *p2p2_poll5.0.nvvp ‘ *shmem.0-1.nvvp ‘ *shmemfuse.0.nvvp L
8763.95 ms 8763.975 ms 8764 ms 128.808 ps 8764.025 ms 8764.05 ms 8764.075 ms
- Process "dslash_test —--dsla... o “S
— Thread 4023991808
Runtime AP feudala. [ T cuda Judave..| M | | TN BN W || cudatau... | [ cudata... NS [ cuda... | cudaMs

~ Driver AP 1] [ e d - " d iIEREE R B [ - 1111l
-~ Profiling Overhead
— [0] Tesla V100-SXM2-16GB 3
—| Context 1 (CUDA)
-~ 5 MemCpy (HtoD)

T P2P copies

-~ MemCpy (DtoD)

- MemCpy (PtoP) — R R e —— — Memc...

+ Compute - void quda:wilsonGPU<... void qu... | - void

- Streams

 Default Packing kerne[ Fused Halo

~ Stream 23
~ Stream 24

~ Stream 25

-~ Stream 26 -
~ Stream 27 - .

- Stream 28
- Stream 29 - void guda::wilsonGPU<...

DGX-1,164 local volume, hélf precision, 1x2x2x2 partitioning
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NVSHMEM + FUSING KERNELS

no extra packing and barrier kernels needed

548.45 ms 3548.455 ms 3548.46 ms 3548.465 ms 3548.47E N NERTES 3548.475 ms 3548.48 ms 3548.485 ms 3548.49 ms

—| Process "dslash_test --dsla...

— Thread 316765952 36 IJS

~ Driver API
—| Thread 958622528
~ Runtime API cudalLaunchKernel " BE cudalLaunchKernel BE cudalLaunchKernel - BE cudalLaunchKernel |

~ Driver API - . . - . I

~ Profiling Overhead
— [0] Tesla V100-SXM2-16GB
=~ MemCpy (HtoD)
=~ MemCpy (DtoH)

S E———— Barrier + Fused Halo

=~ MemCpy (PtoP)

— Compute void quda::wilsonGPU<short, int=4, int=3, int=1, bool=0, bool=0, quda::KernelType, quda::WilsonArg<short, int=3, Quda... void quda::wilsonGPU<short, int=4, int=3, int=1, bool=0,...
= 5" 40.5% void quda... void quda::wilsonGPU<short, int=4, int=3, int=1, bool=0, bool=0, quda::KernelType, quda::WilsonArg<short, int=3, Quda...
- %) 37.2% barrier_all...
- 5F 19.9% void quda... void quda::wilsonGPU<short, int=4, int=3, int=1, bool=0,...

- 57 1.1% void quda....

=~ 5F 0.1% void quda....
~ 57 0.3% memset (0)

- Streams
~ Default

DGX-1,164 local volume, half precision, 1x2x2x2 partitioning
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GFlop/s

20,000

16,000

12,000

8,000

4,000

0

DGX-2 STRONG SCALING
Global Volume 324, Wilson-Dslash

B MPI double B SHMEM double
W MPIsingle B SHMEM single

MPI half

——

1

* SHMEM half

2 - 8 16

#GPUs
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NVIDIA Superchip platform
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Evolution of GPU accelerated system design

node-level view

Single CPU - Single GPU  mmp ~ Single fo'fjgs,'zj‘é{'/g'vgyff” mm)  Single CPU - Single GPU

Efficient intra-node GPU-to-GPU, Removing the D2H/H2D bottleneck,
PCle bottleneck adding HW coherency

<ANVIDIA. I



NVIDIA Grace for HPC & Al Infrastructure

Grace Hopper Superchip Grace CPU Superchip

Giant Scale Al & HPC CPU Computing

Accelerated applications where CPU performance and Applications that run on CPU but where absolute
system memory BW are critical; extreme and highly performance, energy efficiency, and datacenter density
atomic collaboration between CPU & GPU contexts for matter, such as in scientific computing, data analytics, and

flagship Al & HPC hyperscale computing applications

Designed from the ground-up to be a Superchip, always paired
<A NVIDIA I



Speeds & Feeds

CPU GPU
< 480 GB LPDDR5X < 96 GB HBM3

<512 GB/s < 4000 GBY/s

—
GRACE

4x
-
(AT

16x PCle-5

<512 GB/s
CPU
LPDDR5X

GPU

18x NVLINK 4
< 900 GBY/s

900 GB/s

NVLINK C2C

HOPPER

N
Ll
o
n» Q
1
O
1

< 256 GPUs

Cee—

Na
a%
=
|_
LLl
Z
N
=
—
>
Z

GPU
HBM3
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ACCELERATED STANDARD LANGUAGES

1ISO C++, |SO Fortran

std: :transform( , X,

[=] (float x, float y){ return y +

a*x; }

)5

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

def saxpy(a, X, y):
y[:] += a*x

Core

X+n, Yy,

Y

Math

CPU, GPU, and Network

INCREMENTAL PORTABLE OPTIMIZATION

OpenACC, OpenMP

std: :transform(par, X, X+n, y, Vy,
[=] (float x, float y) {
return y + a*x;

})s

std: :transform(par, X, X+n, y, Vy,
[=] (float x, float y) {
return y + a¥*x;

})s

ACCELERATION LIBRARIES

Communication

Data Analytics

Programming the NVIDIA platform

PLATFORM SPECIALIZATION
CUDA

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

int main(void) {

saxpy (...)~

Al Quantum

25

NVIDIA



HGX

G+H

ADVANTAGES OF THE GRACE HOPPER MEMORY MODEL

Explicit Copy

Application explicitly moves data between
CPU & GPU as needed

CPU Memory

cudaMemcpyH2D() GPU Memory

___————__——___
—

—_—
~

\~~
‘-

— —-—
— —
-_———————__

cudaMemcpyD2Hi()

~60 GB/s PCle Gen5 transfers (H2D/D2H)

7x faster transfers, up to 450 GB/s
(NVLink C2C)

Managed Memory

CPU and GPU can access memory on-
demand and data migrated locally for
higher BW access

CPU Memory GPU Memory
Page
Page 1| ko, -
page
) fault

C2C Path
(Grace)

Requires migration to GPU

Migrations not required and faster
migrations when they happen at NVLink
C2C speed

System Allocated

GPU can access memory allocated from
malloc(), mmap(), etc.

CPU Memory GPU Memory

App Data JEiiiibibbrr et App Data

GPU access to malloc()
memory

Access possible with explicit call to
cudaHostRegister () at PCle speeds
Requires HMM patch in Linux Kernel

cudaHostRegister () not needed;
access at NVLink C2C speeds

2 NVIDIA.



Grace Hopper HPC Platform

Unified Memory and Cache Coherence for next gen HPC performance

Partially GPU Accelerated Apps

Big performance gains with no code changes

No More PCle Bottleneck
NVLink-C2C is 7X PCle BW

.‘\ CPU /
— 00 s ® .
DNI\O@ @ 5@ GPU

= o'm e

Relative HPC Performance

4

3

2

N

0
Openfoam
MotorBike L

NAMD + Colvars CP2K RPA

X86+A100  MEx86+H100 M Grace Hopper

HPC: Preliminary results comparing DGX A100, DGX H100 and Grace Hopper systems.
Al: Simulation results comparing DGX H100 and Grace Hopper systems. GNN: GraphSAGE model for an augmented ogbn- products dataset of 626M nodes and 31B edges, DRLM: Deep Learning Recommendation Model (DLRM) 27TB model, NLP: fine-tuning a GPT-175B model

CPU & GPU Cache Coherence

Incremental code changes yield big gains

F-CYCLE

Fast Access Memory

600GB

Memory Bandwidth

ATB/s

27 <ANVIDIA I



Application on Accelerated Systems
Partially GPU Accelerated

As GPUs become faster applications become increasingly limited by non-GPU factors

e.g. mostly data transfer (PCle) limited

GPU -

Data transfer

cru [ I __

» mostly CPU limited

GPU

Data transfer

cPu [

28 <ANVIDIA I



OpenFoam
Nsight Systems Profile

= Timeline View A = Q 'Tt o 1x /\ 3 warnings, 344 mess;
v 124s 124.5s 125s 125.5s 126s 126.5s 127s 127.5s 128s 128.5s 129s 129.5s 130s 130.5s
» CPU (224)

¥ Processes (97)

v (®) [45634] simpleFoam

» CUDA HW (0000:1b:00.0 - H10! W I W W ] w1 1

X86 + H1OO ¥ Threads (30)
(H1 OO SOGB v |V| [45634] MPI Rank 0
HBM3) v

1f | O | | | BN | i bl b 0 0. W Ly @ IH(HA[8 | I, NEHNE

( tUEQn [1.142 5] | JlpY ...| uEgnSolve [587.159ms] || pinit[573.478 ms] _|[pCorrectin...| pEqn [423.743 ms] |...| [U...]| turbulenceCorrect [2.951 5] ]

(Uxt (Uy .. Uz (p@ios3msg
,_ﬂ .] n ;HG solv..

—

urbul.

i LI
I L T

————————————— e —————————— o —— . ————
-
————————————————————————————————

CUDA AP E
Profiler overhead
‘ GPU '
report3 X pa rt:
= Timeline View = 1 . 3X - Ix /\ 3 warnings, 347 mess;
v 51.85 571.65 . 571.85 1 5?5 1 581.25 5?5 . 591.25 60;25 . 601.45 l
» CPU(72)
¥ Processes (97) i i
~ (®) [215147] simpleFoam |
Grace } CUDA HW (0009:01:000- NVIL | ¥ __F____ -
Hopper ~ Threads (13) i |
(H1OO 96GB v [V] [215147] MPI Rank 0 + |
HBM3) % | ] | ; T Y A TR e T 8 01 i 11 eE [ 1i i8]

arbulen...|| tUEQn (586,180 ms] [ J(pU L..] uEanSolve [349.833ms] || pinit[(327.738 ms] _ |[pCorrectin...|  pEan 524676 ms] [..) (U] turbulenceCorrect [1.490 s] ]

|] (Ux112..) (Uy .. | (Uz 8. | | p [317.464 ms] | ()

———————————————————————————————— — -

| jave.. @) [(Aw.) [c)[AMGX solver_solve .| | i

| | Hi L Ararar | | .
CUDA API I D o I il ML B
Profiler overhead i
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x86 + H100
(H100
80GB
HBM3)

= Timeline View v

CP2K RPA

Nsight Systems Profile

- 1X @ 14 messages

73s < )4Ams
. |

+108ms +110ms
||

P

+114ms +116
| .

» CPU (224)

v CUDA HW (0000:1b:00.0 - H100 80GB HB

»  CPU (72)

v CUDA HW (0009:01:00.0 - NVIDIA Graphi

» [All Streams]

» 97.6% Stream 59

Me

Me

3l

—
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Grace CPU Superchip

Grace Hopper Superchip

FURTHER RESOURCES FOR GRACE CPU AND GRACE HOPPER

Grace CPU Superchip Architecture Whitepaper

Grace CPU Architecture In-Depth Blog

Grace CPU Superchip Data Sheet

Grace CPU Energy Efficiency Blog

A Demonstration of Al and HPC Applications for NVIDIA Grace CPU
[551880]

Grace Hopper Superchip Architecture Whitepaper

Grace Hopper Architecture In-Depth Blog

Grace Hopper Superchip Architecture Data Sheet

Grace Hopper Recommender System Blog

Programming Model and Applications for the Grace Hopper

Superchip [$51120]

<X NVIDIA.


https://resources.nvidia.com/en-us-grace-cpu/nvidia-grace-cpu-superchip
https://developer.nvidia.com/blog/nvidia-grace-cpu-superchip-architecture-in-depth/
https://nvdam.widen.net/s/nlzxscf5mz/hpc-datasheet-grace-cpu-superchip-datasheet-2705400
https://blogs.nvidia.com/blog/2023/03/21/grace-cpu-energy-efficiency/
https://www.nvidia.com/gtc/session-catalog/?tab.catalogallsessionstab=16566177511100015Kus&search=S51880
https://www.nvidia.com/gtc/session-catalog/?tab.catalogallsessionstab=16566177511100015Kus&search=S51880
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