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BbIYUC/IUTE/IbHbIN NAHAWA®T CEFOAHA

107 GPU NPON3BOANTE/IbHOCTDb
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*KU3Hb MOC/IE 3SAKOHA MYPA YCKOPEHHbIE BbIYMCIEHNA KOMMbIOTEPbI CO3AAKOT NMPU/NOKEHNA



NJAT®OPMA NVIDIA ANA YCKOPEHHbLIX BbIYUCAEHUM

bbiCTpoe pelleHue akTyasibHbiX 3aga4 Ha GPU

AHAJIMTUKA AAHHbIX

UCKYCCTBEHHbIN UHTENNEKT

. D g W ,, ' ’
% . MATEMATMYECKOE ./

SPARK3.0 | RAPIDS | u gpyrue
cuDF | cuML | cuGRAPH

TensorFlow | PyTorch | v gpyrue
cuDNN| TensorRT | NCCL

MOJAE/INPOBAHUNE

NAMD | GROMACS | +700 npunoxxeHum
cuBLAS| cuFFT | cuSOLVER




KPATYAULIMM NYTb K TOTOBOMY MPOAYKTY HA BA3E UM

OpenMBOpPKM AJ18 6bICTPOro CO37aHMA BalLMX COBCTBEHHbIX peELUEHMM

Pa3roBopHbIM
714

PekomMeHaaTe/ibHble
CUCTEMBI

YMHbIE

34paBooXpaHeHune Po6oToTEXHMKA
ropoga

ABTOHOMHbIE
aBTOMOOUIN

TenekoMMyHMKauum

LR

Jarvis

Clara

Isaac Drive




®PEMMBOPK A/14 BblICOKOINMPOM3BOANUTE/IbHDIX
BbIYMMCNEHMM HA GPU

locTyrneH cBoboaHo Ha developer.nvidia.com/hpc-sdk

NVIDIA HPC SDK

nvce cuBLAS cuTENSOR Open MPI Standard C++ & Fortran Nsight cuda-gdb

HPC Container
NVC++ cuSPARSE cuSOLVER NVSHMEM OpenACC & OpenMP Maker / NVIDIA
Container Runtime
nvfortran cuFFT cuRAND NCCL CUDA _

NVIDIA HPC Platform: GPU, CPU and Interconnect
HPC Libraries | GPU Accelerated C++ and Fortran | Directives | CUDA
Compatible with 99% of Top500

6 EANVIDIA



NVIDIA A100

Bosabluon ckavok Brnepea: Ao 20 pas

BbiLLIE MPOM3BOANTE/IbHOCTDL B
cpaBHeHuU c Volta

FP32 TRAINING

INT8 INFERENCE

FP64 HPC

MULTI INSTANCE GPU

Peak

312 TFLOPS

1,248 TOPS

19.5 TFLOPS

Vs Volta

pA0) 4

pA0) 4

2.5X

/X GPUs

54B XTOR | 826mm2 | TSMC 7N | 40GB Samsung HBM2

7

A100 PCle

A100 SXM

<A NVIDIA.



5 OCHOBHbIX TEXHOJIOTMM A100

New Sparsity Acceleration
Harness Sparsity in Al Models
2x Al Performance

Ampere

World’s Largest 7nm chip

54B XTORS, HBM2

New Multi-Instance GPU
Optimal utilization with right sized GPU
7x Simultaneous Instances per GPU

3rd Gen Tensor Cores

Faster, Flexible, Easier to use
20x Al Perf with TF32

3rd Gen NVLINK and NVSWITCH

Efficient Scaling to Enable Super GPU
2X More Bandwidth

8

<A NVIDIA.



A100 AOCTYIIHbl B BAPUAHTAX PCI-E U SXM4

A100 PCle

/1ns 06bIYHbIX CEpBEpPOB
JHepronoTtpebsieHune 250 BT

1-8 GPU Ha cepBep, onuMoHaAbHbIN
NVLink mocT mMexay napamn GPU

A100 SXM4 [4-GPU]

A100 SXM4 [8-GPU]

MacwTtabHble BbIYMCIEHMA, CMECH
Al u HPC Harpy3oK

JHepronoTpebneHue 400 Bt

4 npoueccopa A100,
o6beanHeHHble ¢ nomoubio NVLink

MacLuTabHble BblYMCIEHUA, MAaKCUMMaIbHas CKOPOCTb
o6yyeHus MU

JHepronoTpebnerHue 400 Bt

8 npoueccopos A100, nosiHasa NpoOM3BOAMUTENIBHOCTb
wuHbl NVLink mexay scemn GPU 6narogapa NVSwitch

9 <ANVIDIA



MLPerf - orpacneBou 6eHYMapK
npousBoanutesbHoctu UN-cuctem

MLPerf 0.5 Training MLPerf 0.7 Training

| Jul 2019 |
o o o
Dec 2018 1 Jul 2020

MLPerf 0.6 Training

MLPerf

Falr and usefud; benchmarks for measuring tramlng and inference
performance ofML hardware software and services.
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MLPERF - OTPAC/IEBOM BEHYMAPK UM CUCTEM

Tpu HoBbIX Tecta MLPerf v0.7 noKpbiBalOT BCe aKTya/ibHble HanpaBaeHua UN:
PEKOMeHJaTe/IbHble CUCTEMbI, A3bIKOBble MOAE/IN, 0OYyYEeHME C NOAKPENIEHNEM

Recommendation

Systems
 New NLP
_ Reinforcement

Learning

Translation

(non-recurrent)

Translation
(recurrent)

Object Detection
(Heavy Weight)

Object Detection
(Light Weight)

Image Classification

DLRM
BERT
MiniGo
Full - 19x19

Transformer

GNMT

Mask R-CNN

Single-Shot Detector
with ResNet-34

ResNet-50 v1.5

- o = @

@ NVIDIA.

https://miperf.org/ !



NVIDIA: BCE 16 PEKOPAOB NMPOU3BOAUTE/IbHOCTU AJ1A UA

Cpean KOMMepYeCKU AOCTYMHbIX MPOAYKTOB

TecT MacliTabHble BblYUCIEHUA PacyeT Ha oAHOM
(DGX SuperPOD, kKnacTtep npoueccope (NVIDIA A100)
DGX A100)

Recommendation (DLRM) 3.33 Min 0.44 Hrs

NLP (BERT) 0.81 Min 6.53 Hrs

Reinforcement Learning (MiniGo) 17.07 Min 39.96 Hrs

Translation (Non-recurrent) Transformer 0.62 Min 1.05 Hrs

Translation (Recurrent) GNMT 0.71 Min 1.04 Hrs

Object Detection (Heavy Weight) Mask R-CNN 10.46 Min 10.95 Hrs

Object Detection (Light Weight) SSD 0.82 Min 1.36 Hrs

Image Classification (ResNet-50 v1.5) 0.76 Min 5.30 Hrs

Per Chip Performance arrived at by comparing performance at the same scale when possible. Per Accelerator comparison using reported performance for MLPerf 0.7 NVIDIA A100 (8 A100s). MLPerf ID DLRM: 0.7-17, ResNet50 v1.5: 0.7-18,

0.7-15 BERT, GNMT, Mask R-CNN, SSD, Transformer: 07-19, MiniGo: 0.7-20. Max Scale: All results from MLPerf v0.7 using NVIDIA DGX A100 (8xA100s)\. MLPerf ID Max Scale: ResNet50 v1.5: 0.7-37, Mask R-CNN: 0.7-28, SSD: 0.7-33, GNMT:

0.7-34, Transformer: 0.7-30, MiniGo: 0.7-36, BERT: 0.7-38, DLRM: 0.7-17. 12 A NVIDIA.
MLPerf name and logo are trademarks. See www.mlperf.org for more information.



http://www.mlperf.org/

DGX A100: NMPON3BOANTENIBHOCTb N1 YAOBCTBO

9x Mellanox ConnectX-6 200Gb/s Network Interface

Dual 64-core AMD Rome CPUs and 1TB RAM

8x NVIDIA A100 GPUs with 320GB Total GPU Memory

6x NVIDIA NVSwitches

15TB Gen4 NVME SSD

VME SSDs

https://www.youtube.com/watch?v=TJcKYUTaBtg 14 <ANVIDIA



https://www.youtube.com/watch?v=TJcKYUTaBtg

CNELUNMOUKALIMA NVIDIA DGX A100

KntoyeBble KOMMOHEHTHI JHepronoTpebsieHne U rabapumThl

GPU 8x NVIDIA A100 Tensor Core GPUs JHepronoTpeb6sieHue 6.5 KBT

GPU namaTtb 320GB Total Bec 123 Kr

NVIDIA NVSwitch 6 6U

IPOM3BOANTENLHOCTS 5 petaFLOPS Al [abapuThl BbicoTa: .264.0 MM
10 petaOPS, INT8 LUnpuHa: 482.3 MM

[ny6uHa: 897.1 MM

Dual AMD Rome, 128 cores total, 2.25

CPU GHz (base), 3.4 GHz (max boost) Paboyasa TemnepaTypa 5°C ... 30°C

CuctemMHada namAaTb 1TB OxnaxaeHue Bo3ayuwHoe

9x Mellanox ConnectX-6 VPI HDR
CeTb InfiniBand/200GigE
10th Dual-port ConnectX-6 optional

0S: 2x 1.92TB M.2 NVME drives
HakonuTenb Internal Storage: 15TB (4x 3.84TB) U.2
NVME drives

15 <A NVIDIA.



HOBbIE TF32 TEH30PHbIE AAPA A100

B 20 pas3 BbllLe NpoM3BOAUTENBHOCTb AN 3aAa4 MM, HEU3MEHHbIM KO, NPUIOKEHUS

NVIDIA V100 FP32 NVIDIA A100 Tensor Core TF32 with Sparsity
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B 20 pa3 6bicTpee, yeM Volta FP32 | Pab6otaet kKak FP32 ana 3agad A, ¢ ananazoHom FP32 v TouHocTbio FP16
OTCcyTCTBME HEOBXOAMMOCTU MEHATb Koa | lMoaaeprkka B KoHTeMHepax NGC ¢ dpenmBopkamm PyTorch, TensorFlow 1 MXNet

https://blogs.nvidia.com/bloa/2020/05/14/tensorfloat-32-precision-format/ https://blogs.nvidia.com/blog/2020/05/14/sparsity-ai-inference/ 16 <ZNVIDIA.



https://blogs.nvidia.com/blog/2020/05/14/tensorfloat-32-precision-format/
https://blogs.nvidia.com/blog/2020/05/14/sparsity-ai-inference/

NPOU3BOAMUTE/IbHOCTb DGX A100

1289
MpeanoxeHnm/cek

216
MpeanoxxeHumn/cek

8x V100 DGX A100
FP32 TF32

O6y4yeHune
NLP: BERT-Large

BERT Pre-Training Throughput using PyTorch including (2/3)Phase 1
and (1/3)Phase 2 | Phase 1 Seq Len = 128, Phase 2 Seq Len = 512
V100: DGX-1 Server with 8x V100 using FP32 precision
DGX A100: DGX A100 with 8x A100 using TF32 precision

10 PetaOPS

58 TOPS
CPU Server DGX A100
NHpepeHc

Peak Compute

CPU Server: 2x Intel Platinum 8280 using INT8
DGX A100: DGX A100 with 8x A100 using INT8
with Structural Sparsity

688 mnpa pebep

radoB/ceK

52MnpAa pebep
racoB/cekK

I
CPU Cluster* DGX A100*

AHannTHKa
PageRank

3000x CPU Servers vs. 4x DGX A100
Published Common Crawl Data Set:
128B Edges, 2.6TB Graph

<A NVIDIA.



YCKOPEHME HPC-NMPUIOMKEHUNA

Molecular Dynamics Physics  Engineering Geo Sfience
A A A
[ \ [ A Y 0 \

2.0x 2.1X
m Al100

1.8X

1.5x
Q.
=
o
v 1.0x V100
Q.
) . .
0.5x
0.0x

AMBER GROMACS LAMMPS NAMD Chroma BerkeleyGW FUN3D RTM SPECFEM3D

All results are measured

Except BerkeleyGW, V100 used is single V100 SXM2. A100 used is single A100 SXM4

More apps detail: AMBER based on PME-Cellulose, GROMACS with STMV (h-bond), LAMMPS with Atomic Fluid LJ-2.5, NAMD with v3.0a1 STMV_NVE
Chroma with szscl21_24_128, FUN3D with dpw, RTM with Isotropic Radius 4 1024”3, SPECFEM3D with Cartesian four material model

BerkeleyGW based on Chi Sum and uses 8xV100in DGX-1, vs 8xA100in DGX A100

Figure 3. A100 GPU HPC application speedups compared to NVIDIA Tesla V100.
https://devblogs.nvidia.com/nvidia-ampere-architecture-in-depth/

18
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https://devblogs.nvidia.com/nvidia-ampere-architecture-in-depth/

[TOKA3ATEJIN NPONU3BOAUTE/IBHOCTH A100

Peak FP64'
Peak FP64 Tensor Core'

Peak FP32'

Peak FP16'

Peak BF16'
Peak TF32 Tensor Core'
Peak FP16 Tensor Core'
Peak BF18 Tensor Core'
Peak INT8 Tensor Core'

Peak INT4 Tensor Core'

Table 1. A100 Tensor Core GPU performance specs.
1] Peak rates are based on the GPU boost clock.
2] Effective TFLOPS / TOPS using the new Sparsity feature.

9.7 TFLOPS

19.5 TFLOPS

19.5 TFLOPS

78 TFLOPS

39 TFLOPS
156 TFLOPS | 312 TFLOPS?
312 TFLOPS | 624 TFLOPS?
312 TFLOPS | 624 TFLOPS?

624 TOPS | 1,248 TOPS?

1,248 TOPS | 2,496 TOPS?

<A NVIDIA.


https://devblogs.nvidia.com/nvidia-ampere-architecture-in-depth/

CAMASA TUBKAS MAATOOPMA A1 MM C MULTI-INSTANCE GPU (MIG)

MoBbiweHune ytmnausaumm GPU, rapaHTUpPOBaHHbIM AOCTYN K pecypcamM 60/1bLUIEMY YMC/Y MOJIb30BaTENIEN

)
)
)

L) . L} L) .
“'_'—__@?_ Jupyter Jupyter Jupwvter
- N e N

GPU

GPU Mem GPU Mem GPU Mem

/lo 7 GPU cyujHocTten Ha oagHom A100

OpHoBpeMeHHOe rapaHTUMpoOBaHHOE UCMOJIHEHUE
3aza4 Bce MIG cywHocTu paboTaloT napansiesibHo
C NpeACKa3yeMou NMpOM3BOAMNTENBHOCTbIO U
3a/1epKKOU

' MOKOCTHL 3anyckKa Js1iloboro Tmna 3agay Ha MIG
CYLLHOCTAX

BoigeneHmne ontumanbHoro kBaHta GPU pecypcos

Pa3ninyHbIK pa3mep MIG cylHoCTEN B
3aBMCMMOCTM OT 3ajaM

20 <A NVIDIA.



CAMbIA MOWHbIM MHCTPYMEHT A4 DS-KOMAHA

DGX A100 c MIG ana Heo6xoAMMOU NPOU3BOAUTENBHOCTU BCEM MNOJIb30BATENAM

OanH DGX A100 npeanaraer:
» 5 petaFLOPS ans obyyenus UAU, nam
» 10 petaOPS ana nHpepeHca

»  MIG no3BonsieT KoMaHae M3 25 pa3paboTYMKOB paboTaTb Ha
oaHomM DGX A100

KaxkabiM pa3paboTymK nosyvaerT:

» bonee 180 teraFLOPS gna oby4eHus
= 2 BblAgeNieHHble cywHocTH ¢ V100 B ny6/M4HOM o61aKe

UIn

» bonee 357 teraOPS ana vHpepeHca
= 6 BblAe/IeHHbIX ABYXCOKeTHbIX 28-aaepHbix CPU cepBepoB

21 <A NVIDIA.



NVIDIA DGX SUPERPOD
HA BA3E DGX A100

HenpeB3onaeHHas macwtabupyemoctb LIO/
M BHeApeHne MeHee YeM 3a 3 Heaenu

MepepoBaa UN MHPpacTpyKTypa

> JTaJIOH NMPOU3BOAMTEJIBHOCTMU U MacluTabmnpyemoctu UM Ha
6a3ze DGX A100

» Bca cnna MM akcnepTtnsbl oT NVIDIA

= /lns paHee HepellaemMbiX 3a4au

»  KoHdurypauymsa 6,10kamu no 20 y3s10B

NVIDIA DGX SuperPOD yxe B SATURNV
~ 1,120 A100 GPU
» 140 DGX A100 cuctem
» 170 Mellanox 200G HDR cBuuen

» 4 PB BbicoKonpounssoautesibHaa CX/

» 700 PFLOPS npon3BoaMTENILHOCTU A1 paHee HEBMAAHHbIX

/. o 12

hitps://www.nvidia.com/en-us/data-center/resources/nvidia-dgx-superpod-reference-architecture/

DEEETEEEE | VEEEEETTE ] UEEEEEEEEE | TR | 1] T .1y N
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https://www.nvidia.com/en-us/data-center/resources/nvidia-dgx-superpod-reference-architecture/

DGX A100 - CAMOE Y/IOBHOE U
MOLLIHOE PELLEHME AN UM

Sy

*|

[oNHbIM Habop AloCTyn K 3KcnepTuse
npuknagHoro MO um NVIDIA B N
ONTUMM3UPOBAHHbIE

DL-cdbpenMmMBOpKHU

¢
’ /
r-
i
4
. s
]

BbicoyamLias MoTpsacatowan
NPOM3BOAMTENIbHOCTb B mMaclTabmupyemocTtb LOA
NN 1 B HPC

23 <A NVIDIA.



OCHOBHbIE MbICJIA

« ppermBopkM NVIDIA no3BoAAOT BbICTPO NOJYYUTb PE3YNbTAT C
nomouibo NN

* BbluncneHna Ha GPU ctanu ewe npoule ¢ NVIDIA HPC SDK

« NVIDIA npoaonaet octaBaTbCA IMAEPOM B 061aCTH pelieHmnn ana U

« NVIDIA DGX A100 - cambin YA06HbIM U MOLLHbIXM KOMI1IEKC Ansa MU
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GTC NHHOBALIMM HE KAYT

Y3HAMUTE BCE HOBOCTM HA NVIDIA GTC

Ha GTC Bbl y3HaeTe 0 caMbiX MHHOBALMOHHbIX pa3paboTKkax B obsactn Al, HPC
M NpodeccroHasibHOM rpadmKM, CMOXKETE NOOBLLATbLCA C IKCNEPTaMU U
npontn oby4eHue ot NVIDIA Deep Learning Institute(DLI). KoHdepeHUusa
NPoMAET B TEYEHME NATU AHEN C YYETOM CEMM YACOBbIX MOSICOB.

[prcoeaMHAMTECH K TPAHC/IALMAM B PEa/IbHOM BPEMEHM MU U3YYMUTE KaTasior
CEeCCUM, YTOBbl 03HAKOMMTbLCA C MaTeEpMaslaMM B Y06HOE BaM BpeEMA.

OHANauH 5 - 9 oKTAa6psa, 2020
Yyactue ana BY3os 1 HUN - 6ecnnaTtHoe.
Perncrtpauma www.nvidia.com/GTC



http://www.nvidia.com/GTC
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