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Early artificail intelligence
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1 1 6\ General pre

training model
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The full network Vertical Parallelism Horizontal Parallelism
on CPU (e.g. gradient checkpointing) (Megatron-LM)
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Narayanan, Deeg; k, et al. "Efficier(i large-scale language model training on gpu clusters using megatron-Im." Proceedings of the International Conference for High Performance
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Server Block Diagram

Microway OpenPOWER Server with NVIDIA Tesla P100 NVLink GPUs

EDR InfiniBand or '
10/40/100GbE

"EDR InfiniBand or
10/40/100GbE

NVMe Flash Storage
(PCI-E x8 gen 3.0)

<l 18\ POWERS SMP-A bus (three 12.8GB/s links)
H Four-channel DDR4 memory with L4 Cache (115GB/s per CPU)
> 7C1-Express x16 (gen 3.0) bus with CAPI

4 ® & rcixpress xs (gen 3.0) bus with CAPI

ﬁ 40GB/s NVIDIA NVLink Interconnect (80GB/s bidirectional)
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RRiE(E

—¥%% : Scatter / Broadcast ; Z2XJ— : Gather / Reduce ; ZXJZZ : All-Reduce / All-Gather

.-. o . . @. @. @. . @ @.
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NVSwitch ZEE
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NVIDIA NVLink

NVLink : 551X ( NVIDIA ) FAFHEHR—MEZ R HBENN. NVLinkSRFBRX RS,
R , BT RoRAbiEes ( CPU ) SEZALESRS ( GPU ) ZiERNER: | BRJRTZ 1 ERAL
g% (GPU ) ZIERVEEIER,

NVSwitch : R—MEIREERA , BISEA—HIRIZAY NVLink 1T, ERH T =1K 1855 NVL
ink B9 , ATLATESZ S GPU Z[BISCIl SRR &S,
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Have a Look
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https://images.nvidia.com/aem-dam/Solutions/gtcs22/nvlink/multinode_nvlink_final_HD.mp4
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NVLink &ZRE

First Second Third Fourth
Generation Generation Generation Generation

NVLink bandwidth 160GB/s 300GB/s 600GB/s 900GB/s
per GPU
Maximum Number
of Links per GPU 4 6 12 '8
Supported NVIDIA NVIDIA NVIDIA NVIDIA NVIDIA
Architectures Pascal architecture Volta architecture Ampere Architecture | Hoppe Architecture

Huawei Confidential. Ascend
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NVLink &ZRE

4th-generation NVLink
800

700
400 A100

o 3rd-generation NVLink
L 500
m
© 400
300 V100
200 2nd-generation NVLink

100 - P100
1st-generation NVLink .
0 _m ’ Architecture

2015 - 207y  Release
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oo ooono oooo —— OOoo
2016 2017
P100-NVLink1 V100-NVLink2
4 NVLinks 6 NVLinks
40GB/s each 50GB/s each

x8@20Gbaud-NRZ
160GB/s total

x8@25Gbaud-NRZ
300GB/s total
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ooog |:| Oooog | Oooog | ooog |
0000 |——| oooo EIEEI EIEEI
2020 2022

A100-NVLink3 H100-NVLink4

12 NVLinks 18 NVLinks
50GB/s each 50GB/s each
x4@50Gbaud-NRZ x2@50Gbaud-PAM4
600GB/s total 900GB/s total
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NV Switch

Number of GPUs with

direct connection / node Upto8 Upto8 Upto8
NVSwitch GPU-to-GPU 300GB/s 600GB/s 900GB/s
bandwidth

Total aggregate bandwidth 2.4TB/s 4.8TB/s 7.2TB/s
Supported NVIDIA NVIDIA Volta NVIDIA Ampere NVIDIA Hopper

architectures

architecture

architecture

architecture
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http://www.hiascend.com/

NVLink 5 NVSwitch 1BXBIRS3SE
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2016

DGX-1 (P100)

140GB/s Bisection BW
40GB/s AllReduce BW
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2018
DGX-2 (V100)

2.4TB/s Bisection BW
75GB/s AllReduce BW
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2020
DGX A100
2.4TB/s Bisection BW

150GB/s AllReduce BW

5 NVLinks
4 NVLinks
4 NVLinks

5 NVLinks

NVSwitch

NVSwitch

ol o

|

%

2022
DGX H100

3.6TB/s Bisection BW
450GB/s AllReduce BW
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B4

NCCL : &£51B(5F , 883LI CollectivelB{SFImXT muE

NVLink : SZ&RANNEBEEIMY ;
NVSwitch : JE3789 NVLink 5 ;
HGX : Al B TEYES , 287 GPU, NVLink,
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Reference 5| H&&%E

e https://www.youtube.com/watch?v=I14qd412w AQ

e https://images.nvidia.com/aem-dam/Solutions/gtcs22/nvlink/multinode nvlink final HD.mp4
e https://www.youtube.com/watch?v=MY7{ZGZw9vA

e https://www.youtube.com/watch?v=vY61ExKhnfA
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