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GPT-3 OpenAl 2020464 1758 570GB -
GPT-3.5 OpenAl 2022431 355B N/A -
GPT-4 OpenAl 2023%3H FENFE N/A (3EES25TB) | -
PalLM 2 Google 2023454 FENBAEE3408B) | - -
LLaMA2 Meta 20234%7H 7B/13B/708 - htpsi/hugaingface.c

LLMEGPUE R Y D —% / @yuyarin / 2023-10-26 / MPLS Japan 2023


https://openai.com/research/publications/gpt-3/
https://openai.com/research/gpt-4
https://japan.googleblog.com/2023/05/palm-2.html
https://ai.meta.com/llama/
https://huggingface.co/meta-llama
https://huggingface.co/meta-llama
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https://rinna.co.jp/news/2023/05/20230507.html
https://huggingface.co/rinna/japanese-gpt-neox-3.6b
https://huggingface.co/rinna/japanese-gpt-neox-3.6b
https://huggingface.co/rinna/japanese-gpt-neox-3.6b
https://www.cyberagent.co.jp/news/detail/id=28817
https://huggingface.co/cyberagent/open-calm-7b
https://huggingface.co/cyberagent/open-calm-7b
https://engineering.linecorp.com/ja/blog/3.6-billion-parameter-japanese-language-model
https://huggingface.co/line-corporation/japanese-large-lm-3.6b
https://huggingface.co/line-corporation/japanese-large-lm-3.6b
https://huggingface.co/line-corporation/japanese-large-lm-3.6b
https://ja.stability.ai/blog/japanese-stablelm-alpha
https://ja.stability.ai/blog/japanese-stablelm-alpha
https://huggingface.co/stabilityai/japanese-stablelm-instruct-alpha-7b
https://huggingface.co/stabilityai/japanese-stablelm-instruct-alpha-7b
https://huggingface.co/stabilityai/japanese-stablelm-instruct-alpha-7b
https://weblab.t.u-tokyo.ac.jp/100%E5%84%84%E3%83%91%E3%83%A9%E3%83%A1%E3%83%BC%E3%82%BF%E3%82%B5%E3%82%A4%E3%82%BA%E3%83%BB%E6%97%A5%E8%8B%B12%E3%83%B6%E5%9B%BD%E8%AA%9E%E5%AF%BE%E5%BF%9C%E3%81%AE%E5%A4%A7%E8%A6%8F%E6%A8%A1/
https://huggingface.co/matsuo-lab/weblab-10b
https://huggingface.co/matsuo-lab/weblab-10b
https://tech.preferred.jp/ja/blog/llm-plamo/
https://huggingface.co/pfnet/plamo-13b
https://huggingface.co/pfnet/plamo-13b
https://www.nii.ac.jp/news/release/2023/1020.html
https://huggingface.co/llm-jp/llm-jp-13b-v1.0
https://huggingface.co/llm-jp/llm-jp-13b-v1.0
https://github.com/llm-jp/awesome-japanese-llm
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https://engineering.linecorp.com/ja/blog/3.6-billion-parameter-japanese-language-model
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https://engineering.linecorp.com/ja/blog/3.6-billion-parameter-japanese-language-model

LLMOZH(CHhH\SERIE X +(Google Cloud)

180BOEFILDERE DS R TIT2EHI00T55H & 24 2(2AMRHMN\S

ETNYAX k=724 X
7B 2B
13B 2B
40B 2B
70B 2B
180B 2B

BETI VY)Y - EFEEM

TPU v5e - 38 Days
TPU v4 - 1 Day
A100 (40G) - 6 Days
H100 - 2 Day

TPU v5e - 71 Days
TPU v4 - 3 Day
A100 (40G) - 6 Days
H100 - 2 Day

TPU v5e - 38 Days
TPU v4 - 1 Day

A100 (40G) - 11 Days
H100 - 4 Days

TPU v5e - 384 Days
TPU v4 - 14 Days
A100 (40G) - 61 Days
H100 - 21 Days

TPU v5e - 986 Days
TPU v4 - 37 Days
A100 (40G) - 157 Days
H100 - 55 Days
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$ 290k
$ 460k
$ 550k
$ 629k

$ 525k
$ 845k
$ 550k
$ 629k

$ 290k
$ 460k
$ 1M

$1.1M

$2.9M
$ 4.6M
$ 5.5M
$6.2M

$7.2M
$ 1M
$ 14.1M
$ 16.1M

o>
=)

435M JPY = 4.35(EM
690M JPY = 6.90(2ZM
825M JPY = 8.25(8M
930M JPY = 9.30{2ZM

1,080M JPY = 10.8(5M
1,650M JPY = 16.5(5M
2,115M JPY = 21.2{5M
2,415M JPY = 24.2{5M

https://twitter.com/myoshimu/status/1714459784446140723

¥Google Cloud Japan TAI ConsultantZ L TL\ %A DEAM R f#
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https://twitter.com/myoshimu/status/1714459784446140723

LLMOZEH (CH D S5/ (Meta)

LLaMA2 70BMOFE(C(F2,000EMA100C1.7M GPURR(36H) &= £

Recent LLM models from Meta

MODEL NAME RELEASE DATE MODEL SIZE  DATASET SIZE

May 2022

Feb 2023

LLaMA2 July 2023

LLaMA2 July 2023

TRAINING
ZETA (1E21)
FLOPS

TRAINING HW
(COMPUTE)

1K A100

2K A100

2K A100

2K A100

TRAINING HW
(NETWORK)

IB 200Gbps per GPU
25.6 TB/s bisection BW

1B 200Gbps per GPU
51.2 TB/s bisection BW

RoCE 200Gbps per GPU
51.2 TB/s bisection BW

IB 200Gbps per GPU
51.2 TB/s bisection BW

-34B is the first large language foundational model trained using RoCE @2K scale

GPU HOURS
(# GPUS X
HOURS)

https://atscaleconference.com/videos/networking-for-genai-training-and-inference-clusters/
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https://atscaleconference.com/videos/networking-for-genai-training-and-inference-clusters/
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NVIDIA —5t 25 —MmI(F7GPU (NVIDIA Tesla)

% :‘:799:‘\70)/\1/1 IQ:Ej_:“JG)Z/\‘J D X AT FEEOEEENESKMI #—LT 705
CUDA Tensor XELU XEL NVLink PCle HEREN
aA7H 7Y | BE HiEIS HiEIS e

Pascal P100 | 2016/4 3,584 -| 16GB 732GB/s| 160GB/s| 32 GB/s 250 W

Volta V100 |2017/5 5,120 640 32GB 900 GB/s| 300GB/s| 32 GB/s 300 W

Turing T4 2018/9 2,560 320/ 16 GB 320 GB/s -| 16 GB/s 70 W

Ampere A100 |2020/5 6,912 432| 80GB| 2,039GB/s| 600GB/s| 64 GB/s 400 W

Hopper H100 |2022/10 | 14,592 456| 80GB| 3,350GB/s| 900GB/s| 128 GB/s 700 W

V100 SXM A100 SXM H100 SXM

https:/www.nvidia.com/ja-jp/data-center/v100/

https:/www.nvidia.com/ja-jp/data-center/a100/

https:/www.nvidia.com/ja-jp/data-center/h100/
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https://www.nvidia.com/ja-jp/data-center/v100/
https://www.nvidia.com/ja-jp/data-center/a100/
https://www.nvidia.com/ja-jp/data-center/h100/

NVIDIA GPU Direct v2 - Peer-to-Peer

o BEICPUEHBAEUENLTT—IDPHEDEITIROHEL
o PCleNXEATCGPUXEVURILTCEET—IZEXI dC & TaiRfl

Before GPUDirect v2.0 GPUDirect v2.0: Peer-to-Peer Communication

Required Copy into Main Memory Direct Transfers b/w GPUs

GPU1 GPU2

GPU1 GPU2
Memory Memory

8 &

J

. [ES————

https:/www.anandtech.com/show/4198/nvidia-announces-cuda-40
LLMEGPUE RW =D —% / @yuyarin / 2023-10-26 / MPLS Japan 2023 15



https://www.anandtech.com/show/4198/nvidia-announces-cuda-40

NVIDIA NVLink

e GPURTTEEBEET DT VY—IXD ~DHBERIE
o HEEREYCTONJJLOSFMG A

e PCle/AXELDE—HTER
o  ATO0OMNVLink3(E600GB/s (4.8Tbps)
o  H100MNVLink4(3900GB/s (7.2Tbps)

o UVIOHBID50GB/sTY VDO ZEIB®OLTULS

T2 T T

oooo oooo oooo oooo oooo oooo oooo oooo
0ooo 0000 oooog oooo 0ooo 0ooo 0oog 0ooo
0ooo 0ooo ooog 0ooo 0ooo 0ooog 0oog 0ooo
0ooo || [ 0ooo 0o0oo |~ 0000 0000 [F—% 0000 0000 0ooo
2016 2017 2020 2022
P100-NVLink1 V100-NVLink2 A100-NVLink3 H100-NVLink4

https://developer.nvidia.com/blog/uparading-multi-gpu-interconnectivity-with-the-third-generation-nvidia-nvswitch/
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https://developer.nvidia.com/blog/upgrading-multi-gpu-interconnectivity-with-the-third-generation-nvidia-nvswitch/

NVIDIA NVSwitch

V100t
V100
V100!

V100!

V100"

V100!

https://developer.nvidia.com/blog/uparading-multi-gpu-interconnectivity-with-the-third-generation-nvidia-nvswitch
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[Wswitch [ wvswitch | WWSwitch | Wvswitch | Nvswich | Wvswitn |
W¥switch [ WSwitch | vswich | Wit | Wvseitch | Wvswitch

2017
DGX-2 (V100)

V100
V100
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V100
V100!
V100!
ViOO

V100!

¢ £
! 5 NVLinks
A100) /e
§ 4 NVLinks
lA100,
- )] 4 NVLinks
USTVSE -
YIRS 5 NVLinks
w100. 1|
A100 ‘
— 3
AIOO'., >:_ 2
=¥\
2020
DGX A100

H100) o
4 P 20 NVLink
H100 i  Network
=— 1 B Ports
H100 || ' 16 NVLink
= i4  Network
Hiod |\\B ports
vioo | A 16 NLink
§ Network
H100 Ports
M 20 NVLink
H100 i Network
- = Ports
H100
2022
DGX H100

DGX A100H NVSwitch (& 2 ttt{t)

-

https:/www.nvidia.com/ja-jp/data-center/dgx-a100/
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https://developer.nvidia.com/blog/upgrading-multi-gpu-interconnectivity-with-the-third-generation-nvidia-nvswitch/
https://www.nvidia.com/ja-jp/data-center/dgx-a100/

NVIDIA GPU Direct v3 - RDMA

RDMA = Remote Direct Memory Access

XYED—D0&ENUTIUE—RRILDGPUDXEY [CEET—T&EZED

RDMAD Tz (CERAITNDEEEIE AN InfiniBand

System System

Mem°ry GDDRS GDDR5 GDDR5 GDDRS Sl
‘ Memo Memory Memo Memory _

CPU GPU GPU GPU | GPU .
: 1 2 1

Network,

Network -w Network
Card ‘ ' Card

Server 1 Server 2

https://keeneland.gatech.edu/software/gpudirect.html
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https://keeneland.gatech.edu/software/gpudirect.html

InfiniBand?GPUO S X5
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Infin

iBand (IB)

HPCY X L —ITENONTLD5EEY - S AMOBEEREM
InfiniBand Trade Association C#RIg{b
Al/MLTCIIGPURBEDRDMABR LU BEX <L —

EHINSD

L—r &l EMHEE

~ \\

PO &ERIRI BT

4L — Y (AX)EhEE

12— (12X)EqFHEL

SDR Single Data Rate 2Gbps 8Gbps 24Gbps
DDR Double Data Rate 4Gbps 16Gbps 48Gbps
QDR Quad Data Rate 8Gbps 32Gbps 96Gbps
FDR Fourteen Data Rate 14Gbps 56Gbps 168Gbps
EDR Enhanced Data Rate 25Gbps 100Gbps 300Gbps
HDR High Data Rate 50Gbps 200Gbps 600Gbps
NDR Next Data Rate 100Gbps 400Gbps 1200Gbps
XDR eXtended Data Rate 200Gbps 800Gbps 2400Gbps

LLMEGPUERY D —25 / @yuyarin / 2023-10-26 / MPLS Japan 2023
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InfiniBand D458

o [Leid
o HWENRZABICERITSIVET~
o OXLX
o DLIwvkR-=XOT7O-—VO—-IUICKDIRESHE
o BLAFTVI—
o HCA(ConnectX-6): 600ns
o X1wvwIF(QM8700): 90ns
e JJOwWFUH
o HolL BlockingZB5<TzO¥IEY VD EICREXRI16[E0O/IN—FvILL— (VL) & D
ZNENDVLTCF 21— VI NMThND
o F—SHRAICTEADVL. EEAICMEDVL(VL1S)
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NVIDIA DGX

e NVIDIARRBHT SGPUT—NT7TS17 VR
e CPU. OS (DGX OS). 8-GPU HGX. ConnectXm\/\V RILENTUL\S
e A100 80GBMBMWMDGX A100&. H100M8KADGX H100Mdr S

DGX A100 DGX H100

https:/www.nvidia.com/ja-jp/data-center/dgx-a100/ https:/www.nvidia.com/ja-jp/data-center/dgx-h100/
LLMEGPUE R W =D —%5 / @yuyarin / 2023-10-26 / MPLS Japan 2023
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https://www.nvidia.com/ja-jp/data-center/dgx-a100/
https://www.nvidia.com/ja-jp/data-center/dgx-h100/

NVIDIA DGX SuperPOD

e NVIDIAMEHT BSDGXDOGPUY —/N\D S XA
o XWhkTJ—=U, XbL—Y BERITEH—ATEHIND
o J—RF:DGXA100/H100, X kL —IJ(FEE), UFM(IBSM), Mgmt(BEE . — )
o NW: Compute(IB), Storage(IB), In-Band-Management(Eth), Out-of-Management(Eth)

o IRTTIXIF(FA100, ERIAHI00DEATEMRH TS
o Deepl, 3—0Ow/RTRAFEDONVIDIA DGX H100 SuperPODEEA (20234F8H2H)

https://www.nvidia.com/ja-jp/data-center/dgx-basepod/
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https://prtimes.jp/main/html/rd/p/000000003.000112534.html
https://www.nvidia.com/ja-jp/data-center/dgx-basepod/

NVIDIA DGX SuperPOD A100D 7 —F 7D F+

e 208MDGX A100%SU(Scalable Unit)& L T140&8(7SU)E THR— ~
e Reference ArchitectureMERUCIZEVWEVWEWVWTHD
e InfiniBand HDR (200Gbps)MFabric

Figure 7. Storage fabric topology for 140-node system

Figure 4. Compute fabric topology for a 140-node DGX SuperPOD

Core 1 Core 27 Core 2 Core 28
G 1 : ~<c62
Leaf 13 Leaf 14| |Lea Leaf 18
F i Storage
Spine 1 ese Spine 10 | *** | Spine 71 s Spine 80 el i want
G 1 G 8

Figure 8. In-band Ethernet topology for one or two SUs

Leaf 1 e Leaf 8 Leaf 49 ove
4 Customer Manage ed
‘ BCM Managed
Nwe 1- - : V Nme m Nme 121 - -

su1 su7

In-Band Switch 1

Node 140

okt Moo 20 Moso71 & Moz 40 s | R [
) Storage
1 w2

‘Management Rack
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NVIDIA DGX SuperPOD H100D 7 —F 5D F +

o 32HBMDGX H100%Z SU(Scalable Unit)& L T2048&(64SU) X THR—~
e Reference ArchitectureDERICTZEWVWZWVWEWTH D(2023F98136)
e InfiniBand NDR (400Gbps)MFabric

Figure 5. Compute fabric for full 127-node DGX SuperPOD
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https://docs.nvidia.com/https:/docs.nvidia.com/dgx-superpod-reference-architecture-dgx-h100.pdf
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NVIDIA DGX SuperPOD A100MCompute Fabric

e GPURCTRDMAMBE%E{TSFabric

o Fat-TreecROIJ—TEBEINTULDIH. LWDEDPDEMRHDNEDS
O 1 DG)J - R ‘QSJ&*@LeaﬂC%uﬁj%
o 7SU(M40/)—R)DEZTDXT1vFDEHITILeat KD SpineMZ<L LD !

m) Rail-optimized Topology & Full Bisection Bandwidth/R4+—"7— R

Figure 4. Compute fabric topology for a 140-node DGX SuperPOD

e S e — Table 3. Compute fabric switch and cable counts
G 1 ‘ w2 QM8790 Switches Cables
Nodes SUs
Leaf Spine Core Leaf Spine! | Core
Spine 1 é Spine 10 | **= | Spine 71 ;Spir\e 80 20 (Single SU) 1 8 5 160 164
h SG 1 - SGT 40 2 16 10 320 324
60 3 24 20 480 484
Leaf 1 Leaf 8 Leaf 49 Leaf 56 80 4 32 20 640 644
%% 120 6 48 80 24 960 964 960
i i i L 140 (DGX SuperPOD) 7 56 80 28 1120 1124 1120
Hode1 | [ Noseo Mode-121 _ | Node 140 1. UFM Appliance is connected to two different spine switches.
The compute fabric uses NVIDIA Quantum QM8790 switches (Figure 6).

su1 su7
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e A100 80GB GPU 8#I[cXIL CTZENEN

200G IBNICAMEIDH TSN TULS
o GPUENICOMRIEPCle Gen 4 CEHit

https://www.microway.com/hpc-tech-tips/dgx-a100-review-t
hroughput-and-hardware-summary/
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Rail-optimized Topology
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https://developer.nvidia.com/blog/doubling-all2all-performance-with-n

vidia-collective-communication-library-2-12/
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NnN1rtoHav/\2 K& (Bi-section Bandwidth)
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https://www.acri.c.titech.ac.jp/wordpress/archives/2870
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Constant Bisection Bandwidth(CBB)

o NTEUIYIVNYVREBRERICEEZRY KD—5
o Leaf CA—N—HYTITLTLBLSLCLOSHROI—

o NNTTEOZT3aV/\VRKIE1200Gbps. 2:1 Oversubcription®CBBMD
o AU 2x48x25Gbps = 2400Gbps
o TwIFTUU: 2x6x100Gbps = 1200Gbps

[ 32x100GbE Spine 32x100GbE Spine

)

3x100G

[ 48x25GbE + 6x100GbE Leaf ] [ 48x25GbE + 6x100GbE Leaf ] [ 48x25GbE + 6x100GbE Leaf ] [ 48x25GbE + 6x100GbE Leaf ]

25G 25G \/
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Full Bisection Bandwidth (FBB)

o ISXIADEEDHHD. ) —RAEKICEDFEID)—RICT—F%=
EEUVUTCTERYRI—ORTOHRESHNEELLIVWRY KD—D
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DGX A100 SuperPOD 1SUD I IV 1D 2 a3 VB

o NNTTEOT3aV/\VRIE32,000Gbps. 1:1 Oversubsctiption
o Y—/NHS5DOFEE: 20x8x200Gbps = 32,000Gbps
o Leaf/SpineM &L 8x5x4x200Gbps = 32,000Gbps
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DGX A100 SuperPOD 7SUMRail-optimized Topology

e SUREITERail-optimized IR I(C T BTz (CSpine GroupZEBK T B
SUZ <) — REDE—GPUBBNDEEZSpine CTHNDIRES L DICT S
ZSUDLeaf 1&E%Z&SpineD T IL—1BICINBT B ->8TIL—FTE

JILNTED Y3 VERICT B >&SpineT IL—FIZF108DSpinehNHE

2B TSpinelI80AIMNE

Figure 4. Compute fabric topology for a 140-node DGX SuperPOD
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https://images.nvidia.com/aem-dam/Solutions/Data-Center/gated-resources/nvidia-dgx-superpod-a100.pdf
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InfiniBand Adaptive Routing

o BRIM—FBLLOVR—ENSLSTrvIZEHEITDCET
B[FED VD DigEEE [T 5
o InfiniBand®Static RoutingTIIFENDT—F TJO—(FFHED/IXE T ZESD
o BHOLEET—S70-MMDDYUVIICERLTULESEEEARELTLED
e Out-of-OrderBREET DO THCA(H—/\DNICO)TUA -5 -9 3

https://developer.nvidia.com/zh-cn/blog/accelerating-your-network-with
-adaptive-routing-for-spectrum-ethernet/
%X (FEthernetMAdaptive Routing TY BMEZP 1 X —J(FE U
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Ethernet-based Network
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HPCIC H'(FSEtherent

e HPCOTOP500MInterconnect® =/ 1 77(FEthernet 45% vs Infiniband 40%
o TNIEDDINTA#—VIADI AT LEHBAZRMC DO BDIENTES
o TOP500D EfilEHA XS L&D InfiniBand

Interconnect Family System Share

@ Gigabit Ethernet

@ Infiniband

> Omnipath

@ Custom Interconnect

@ Proprietary Network

https:/www.top500.org/statistics/list/ (2023/June)
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EthernetZH I 3€EFARA— 3
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Ethernet CAI/MLZEBAHAXRXRY KD —DZESIC(E

InfiniBandD K STIFEEITF O RY D —T & EBENDH D

e Lossless: /37w &EDropLIEVLDICT D &
o RDMA(dInfiniBanddOX L REEAE LTSN THEICEELN(Go-Back-N)
o QOoSEEREFHIEIT/\T v hEZRESTHEVNKDICTSD
o Ethernet(@CSMA/CDOZO L

e Effective Load Balancing: &i@ZB%EA L ClREEH< &
o ZFDFRICPure L2TIEVILF/IRXTETELDTIP FabrichnE
o InfiniBandMAdaptive Routing(CtHY T SEERENINE
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RoCEv2 (RDMA over Converged Ethernet)

e InfiniBandMRDMA% Ethernet/IPXRXw =D —2 CERIRT BT SH DA
o IBOSYXRR—KBTH)ZUDPDO LICELESD

.
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Protocol Protocol Protocol -
3
O
ac :
IB Network Layer spmn g
- Holh. i » : v
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InfiniBand Ethernet / IP Ethernet / IP
Management Management Management

https:/www.keysight.com/blogs/tech/traf-gen/2021/04/19/understanding-real-rocev2-performance
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RoCEv2MD Tz MDLossless Ethernet Configuration

e ETS (Enhanced Transmission Selection) ECN (Explicit Congestion Notification)
o R MAIDEAMT
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NVIDIA ZTR (Zero Touch RoCE)
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Adaptive Routing / Dynamic Load Balancing
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Scheduled Fabric
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https:/www.arista.com/assets/data/pdf/Whitepapers/Al-Network-WP.pdf
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Broadcom@)Scheduled Fabric
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Ciscod)Scheduled Fabric
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Figure 20: Al Spine Interconnect

https:/www.arista.com/assets/data/pdf/Whitepapers/Al-Network-WP.pdf
LLMEGPUE XY =D —2 / @yuyarin / 2023-10-26 / MPLS Japan 2023

49


https://www.arista.com/assets/data/pdf/Whitepapers/AI-Network-WP.pdf

NVIDIA Spectrum-X Network Platform

e NVIDIAMEMT BEthernet R—XDAI/MLO S XIHRY D —D TSy
T — 1
o  SuperPODDEKSHEY T 7L VR TP—FF O F v FFEREAITNTULLL
o MIAER—/I—(FAFAIEE

e Spectrum-4 (400G/800G) & BlueField-3 DPUMMEHFENDE
Figure 4. Typical Spectrum-X Network Topology

Spine: Spectrum SN5600

S — T | |esamamani= W BT —| [7 ........ =]
) [ = - : P .~ OSFP-OSFP
End of Row: Spectrum SN5600 : = S DAC
400/800G uplinks = L e e e e e 400/800G
4 400G downinke, —— [ = | [emsseas = | [msmsn = | Grmmn = ] [mmn = | [ = | [rani = ] [Gemasem =
Rail-optimized connectivity >l — 400G optics

g dmﬂnr] BlueField-3 DPU
S0 1 4006

https://nvdam.widen.net/s/6lmkmc8lgg/nvidia-spectrum-x-whitepaper
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NVIDIA Spectrum-X Network Platform

o FlowlettN— ~MERARAR—XTFEL. PacketB I CO—R/INS VXIS
o Spectrum-4 Adaptive Routing

e BleField-3 DPUTRELTC/\T Y RZENUEE XD
o NVIDIA Direct Data Placement (DDP)

Spectrum-4 BlueField-3
Adaptive Routing In-order Data Delivery
Memory Memory
— —
A
- o0 ] OO 1
B R — BB —
c cja
= BlueField-3 : BlueField-3
5 I
Memory EE Memory
B — ] — — BB —
et .
ﬂ BlueField-3 BlueField-3

https://nvdam.widen.net/s/6lmkmc8lgg/nvidia-spectrum-x-whitepaper
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NVIDIA Israel-1

e NVIDIA Spectrum-X Network PlatformZfEHL T XS ITILCEEZF D
X—)\—32Ea1—5
o 2023FXKBEICTETHMREISLLIDT. ZOHELEL>2ELTHS
JID7 LU VRTP—FF D FvRBEAINDINE LNILL)

https:/www.timesofisrael.com/nvidia-taps-into-israeli-innovation-to-build-generative-ai-cloud-sup
uter/
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Ultra Ethernet Consortium (UEC)

o Al/MLILE DHPCOTZ®HDEthernetDBEREOEIR % TS HIA
o RoCE Ok JL%E Ultra Ethernet Transport [CBEZRX D EZEHBLTULSD
o Multipath/Spraying, Congestion Notification/™® & (C K DMRILEITS
® /E@J'x_lﬁ
Ethernet@E(CH (T TONIIL. EXH/ HZERESHIE. APIE KU T—5EE
o BEOUIVIOFICRSIYIR—FTFORINVEILETZEESTBRZIDEHD. UV LAN
IWHELUCIVRY—-IVRORY D=0 SV XR—FORI
o AMVYVIIUS—Z_UHT, HPCERE(CELEZYU VIO ULRNILSLOUOI Y RY—TI Y R TCOIREE,
TLUXRU, EBEOXAZX L
o TIFEITILTD—IUO-RESLUCEMFREBEZRET DIV I+DITT. XRL—I EF2V
T 1 D¥ER
o EXVXV/\—
o AMD. Arista. Broadcom. Cisco. Eviden(an Atos Business). HPE. Intel. Meta.
Microsoft
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FIWNTEDI a3V RIRIEHERIEDN ?

e MetaD32K GPUO S X IR TIE71DA—/IN\—TFTXO) T3y
o LLMOEZEBICHVWTIIERRICTILNTED Y 3 VBB DAHELL)

A training cluster network primer: 32K scale

CLUSTER CLUSTER
SW #01 SW #01

https://atscaleconference.com/videos/networking-for-genai-training-and-inference-clusters/
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JIWNNT1EOIaVNYRIRIEHEEDD ?

o 2023-07-22 [cEFaEINIZEmX TMeta® “rail-only” Xw kD —DOZ IR

@)

Rail 1 Interconnect

High-Bandwidth Interconnect (HBI) 1 ‘

High-bandwidth Domain 1

Figure 6: Our proposal: replace the any-to-any connec-
tivity with a rail-only connection.

"Optimized Network Architectures for Large Language Model Training with Billions of

Parameters”

Model Parallel & 1st/2nd Stage Data ParallelF — S X E D EHEIN SRail D BEMN
ZFNEFEBLLEVWCEERKRB UIZOHRAIIBDBEEZE R Y K D—OhSKRE
RYRD—OKBR I ERK7S%BES T

MP traffic

First stage DP traffic
-1GB

1 Lo 1 s 1

64
-10 MB

Rail 2 Interconnect 128

Rail 3 Interconnect

A Rail K Interconnect 18

192
10 KB

25 1024 1KB

1 256 512 768 1024

(c) GPTS3 traffic matrix, GPU 1 to 1024
(four high-bandwidth domains)

6 it |
1 64 128 192 256

(a) GPT3 traffic matrix, GPU 1 to 256

(one high-bandwidth domain)

MP traffic

Second stage DP traffic

First stage DP traffic

-1GB

High-bandwidth Domain 2

High-bandwidth Domain M 64
-10 MB -10 MB

128 1MB 512 1MB

192

wi’(‘é 10 kB

8 1024

25

6 ~%-1KI 1KB
1 64 128 192 256

(b) OPT3-175B traffic matrix, GPU 1 to 256
(one high-bandwidth domain)

1 256 512 768 1024

(d) OPT3-175B traffic matrix, GPU 1 to 1024
(four high-bandwidth domains)

https://huggingface.co/papers/2307.12169 Figure 4: Traffic heatmaps for GPT3 and OPT3-175B.
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Xy kD—=H kRO -

e Fat Tree (folded CLOS) 7 ROY—TId /) — REMNIBEX D &R TEHMN
BXBU. UVODOAREAZ\H IR MOHBENOE CEERS D

e Dragonfly+ ~ROJ—TI(EIHRY TEMNI—(CED ) VO DEERB ST &M
TED

1200-Nodes Dragonfly+ Systems Example

........................

1 H

1 2 ) eoe (20 1 2 ) o0 (20 1 2 ) eo0 (20
HCA| [HCA HCA HCA | [HCA HCA HCA | [HCA HCA
x 20 20 20 x20 x20 x20 x 20 x 20 x 20

Figure 3. Dragonfly+ topology: reduces total cost of ownership, with fewer long Active Optical Cables

Hypercube HyperX https:/network.nvidia.com/files/doc-2020/wp-saving-power-in-the-modern-datacenter.pdf

https:/www.hpcwire.com/2019/07/15/super-connecting-the-supercomputers
-innovations-through-network-topologies/
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Routing in Dragonfly+ Topology

e 2023-07-10 [C IETF O rtgwg [C Routing in Dragonfly+ Topologies &

LYSInternet-Draft/MSubmitET iz

(@)

InfiniBand T EIRAIEE/Z D fcDragonfly+Z. IPJL—F7 « VI TCERBRIT BCOHDERLT

[CDUVWTERLTLSD
2023-10-14(CREST N2 JANOGS2.5C(d [draft-agt-rtawg-dragonfly-routingZ st L T

HIe |l EVDTARILDOLTARB D, T 2>ZEL CDDraftORBZEENH L IR AMUTE

Dragonfly+> T/ia (C ?

mLEZ NROS(ICHE UL/ EO— RIS > 2 2O mE
OIP Network(CH 1+ BIL—F « >4 = draft-agt-rtgwg-dragonfly-routing
>VRF/BGPEERT D ET. Ry THHERZ/(REEIRX M UTRD

1. High priority : Minimal route (LGL) [Minimal path]

2. Medium priority : Intermediate spine route (LGGL) [Non-minimal path]
3. Low priority : Intermediate leaf route (LGLLGL) [Non-minimal path]
Dragonfly+ Tl R4 574 v 7HEH S VRFEZALWBBT — 7L EFENH T LICE->T

3EHED/SRNFE Dragonﬂy+’C‘71lr9’-/\°Zt)b—f@i&@ﬁl’z%iiﬁ

Non-minimal Forwarding with VRFs: Group Non-minimal Forwarding with VRFs: Core

Source: Dragonfly+: Low Co:

https:/www.janog.gr.jp/meeting/janog52.5/doc/It1 dragonfly-routing.pdf
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FEN

o LLMOT—LICEDREEDT—FICII—XXVvRD—DIVIZTE
HPCRXw D —DZ B U TCTEBETCETDILDICEDIMNENRTCEE

e InfiniBandh\SEthernet A\, Z— 1t - DT+ T r{tOEIETRH D
IREETRTEIELTWVD

Special Thanks!!

LINEY? T — /WA A. CyberAgent B8 A &FHET A &/NEBEFS A
RYRDYVIRFLRX FARST A
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