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< LAPP Introduction

Laboratoire &’Annecy de Physique des Particules

GTC 2023 Presentation Catalog

This is not possible to summarize 525 talks !

Only focus on :

Hardwares evolution

Compilers evolution
Programming Languages evolution L”'

Keynotes video link

Data Compression on GPU

Machine Learning / Deep Learning evolution and use
Confidential computing

GPU consumption VS Clock rate

Photolithography
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https://register.nvidia.com/flow/nvidia/gtcspring2023/attendeeportal/page/sessioncatalog?tab.catalogallsessionstab=16566177511100015Kus
https://www.youtube.com/watch?v=DiGB5uAYKAg
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- LAPP Hardware evolution

4 nm (A100 7 nm)
H100 (Hopper) Compute Capabilites 9.0

132 SMs (tensor core Gen4) 8448 Cores
80 GB DRAM

3 TB/s Bandwidth (HBM3)

NVLink Gen 4 (900 GB/s)

o Rt

MIG Gen 2 with confidential computing
(all instances have Image/Video decoding)

H100 SXM5 and PCie

A lot a computing precisions
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4 nm (A100 7 nm)
GeForce 4090 128 SMs (tensor core Gen4) 16384 Cuda Cores
(Ada Lovelace) 24 GB GDDR6
1 TB/s Bandwidth (HBM3)
: : : Peak 82 TFlops (FP32 without tensor cores)
, : " Shader Reordering
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Lo il ‘ Cache :

-L1: 64 KB (I/D) per core
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NVLink Gen 4 (900 GB/s)
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Grace Superchip

Passive air colling

Neoverse V2 Cores: Armv9 with
4x128b SVE2

144 Cores
1 TB/s Bandwidth (HBM3)
960 GB RAM (LPDDR5X)

Cache :

-L1: 64 KB (I/D) per core
-L2: 1 MB per core

- L3: 234 MB per superchip
NVLink Gen 4 (900 GB/s)

7.1 TFlops (FP64 computing peak)
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4 TB/s Bandwidth

600 GB RAM (LPDDR5X)

NVLink C2C (900 GB/s)

Unified Memory
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CPU LPDDR5X GPU HMB3
240 GB 96 GB

High-Speed 1/0
NVLink Network
Up to 256 Devices

Lox peie s NvLink c2c] Hop 18x NVlink 4
512 GB/s 900 GB/s GP 900 GB/s

per
U
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Laboratoire &’Annecy de Physique des Particules.

Memory Management

RAM

nvc++/nvfortran
Unified Memory

RAM

DRAM
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Memory Management

RAM DRAM

nvc++/nvfortran
Unified Memory
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Driver
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Error
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Laboratoire &’Annecy de Physique des Particules.

Memory Management

RAM

nvc++/nvfortran
Unified Memory

Driver Copies

RAM

DRAM

Grace Hopper
Superchip

RAM + DRAM

Yes but RAM and DRAM
are physically different
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Laboratoire &’Annecy de Physique des Particules.

L3 Cache

Hopper

LPDDR5 System Page Table

Pierre Aubert, Retour GTC 2023



Hopper

LPDDR5 System Page Table HBM3

Pierre Aubert, Retour GTC 2023 L J o ‘ 10



LAPP

Laboratoire &’Annecy de Physique des Particules

NVidia roadmap

Ampere Next Next

Ampere Next

Ampere Grace Next
GPU
CPU
Bluefield-4
BlueField-2
DPU
2020 2021 2022 2023 2024 2025

Pierre Aubert, Retour GTC 2023




< LAPP

Laboratoire &’Annecy de Physique des Particules

NVidia roadmap

o ! Ampere Next Next

Ampere Grace Next
GPU
Grace
CPU
Bluefield-4
BlueField-2 :
DPU
2020 2021 2022 2023 2024 2025

Pierre Aubert, Retour GTC 2023




<-LAPP NVidia roadmap

Laboratoire &’Annecy de Physique des Particules

o ! Ampere Next Next

Ampere Grace Next

GPU

|

BF Grace
'_ i
/(/_"_/,
cPU
Bluefield-4
1| BlueField-2 :
DPU
2020 2021 2022 2023 2024 2025

Pierre Aubert, Retour GTC 2023



< LAPP

Laboratoire &’Annecy de Physique des Particules

NVidia roadmap

o ! Ampere Next Next

Grace Hopper

Ampere Grace Next

GPU

|

BF Grace
'_ i
/(/_"_/,
CPU T
Bluefield-4
1| BlueField-2 :
DPU
2020 2021 2022 2023 2024 2025

Pierre Aubert, Retour GTC 2023




- LAPP NVidia roadmap

Laboratoire &’Annecy de Physique des Particules

Ampere : Grace Next
GPU
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C++ Evolution

C 17

- Parallel Algorithms*
- Forward Progress*
- New Memory Model*

C:20

- Modules

- Concepts*

- Coroutines

- Ranges*

- atomic wait*
- atomic_ref*
- barrier*

C 23

- Ranges*

- mdspan*

- generator

- Extended FP
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C:26
- Reflection
G"’ 2 3 - Sgnders*
e+ 2 0 _ gllr;/legr Algebra*

Ranges*
- mdspan* - RCU
e"' 17 - Modules - generator - Hazard Pointers
- Concepts* - Extended FP
- Coroutines
- Parallel Algorithms* - Ranges*
- Forward Progress* - atomic wait*
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C:26
- Reflection
G"’ 2 3 - Senders*
- Linear Algebra*
e" 20 - SIMD

- Ranges*
- mdspan* - RCU .
e"' 17 - Modules - generator - Hazard Pointers
- Concepts* - Extended FP
- Coroutines
- Parallel Algorithms* - Ranges*
- Forward Progress* - atomic wait*
- New Memory Model* - atomic_ref*
- barrier*

* = Available now in NVC++ (HPC SDK 22.7)
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import numpy as np

V

import cunumeric as np

60% of Numpy APl on GPU
cuNumeric

numpy

Pierre Aubert, Retour GTC 2023 L J o ‘




<-LAPP Python : cuNumeric / Legate

Laboratoire &’Annecy de Physique des Particules.

import numpy as np

V

import cunumeric as np
60% of Numpy APl on GPU

Legate :
- Multi CPU

Pierre Aubert, Retour GTC 2023

cof



<-LAPP Python : cuNumeric / Legate

Laboratoire &’Annecy de Physique des Particules.

Legate

=

import numpy as np

V

import cunumeric as np
60% of Numpy APl on GPU

Legate :
- Multi CPU
- Multi GPU

Pierre Aubert, Retour GTC 2023

cof



-LAPP Python : cuNumeric / Legate

Laboratoire d'Annecy de Physique des Particules

import numpy as np

V

import cunumeric as np
60% of Numpy APl on GPU

Legate :
- Multi CPU
- Multi GPU

Pierre Aubert, Retour GTC 2023

cof



<-LAPP Python : cuNumeric / Legate

Laboratoire d'Annecy de Physique des Particules

import numpy as np

V

import cunumeric as np
60% of Numpy APl on GPU

Legate :

- Multi CPU
- Multi GPU
- Multi Node
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C/C++ standard calls Compression / decompression algorithms :
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- Cascaded*
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- ANS (Asymetric Numeral System)
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- GZip*
*: might have errors with others decompressors
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(LAPP Data Compression : NVComp

Laboratoire &’Annecy de Physique des Particules.

C/C++ standard calls Compression / decompression algorithms :
-Lz4
- Shappy
- Deflate*/GDeflate*
- Cascaded*
- Bitcomp*
- ANS (Asymetric Numeral System)
- ZStandard*
- GZip*
Release 2.6 : *: might have errors with others decompressors

- Can be used with GPU Direct Storage

- High Level API simplified Things to be improved :

- No kernel call available - Only low-level interface :
Some advices : Deflate, ZStandard, GZip
- To be used on files of few MB - GZip decompression with

- With chunks > 8kB low-level interface only

- Decompressed data must be accessible by the GPU
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(int 8-4-3-2)
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Almost same learning performance
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Swin V2 = Swin V1 + Computing Optimization (Nsight)

Model Size and Training Dataset

ViT-G :

) ;g iCrihp;agr'easmeters T

CoAtNet-7 : >» - 3 G parameters

- 2.4 G parameters e ool e - 70 M images
G - 40x less labelled images

- 3 G images

- 10x lower training cost
- Applicable to richer tasks
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