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Scaling Law
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Figure 1 Language modeling performance improves smoothly as we increase the model size, datasetset
size, and amount of compute” used for training. For optimal performance all three factors must be scaled

up in tandem. Empirical performance has a power-law relationship with each individual factor when not
bottlenecked by the other two.

Scaling Laws for Neural Language Models
https://arxiv.org/abs/2001.08361
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Big Tech

L Google. Bardl Gemlnl Ashish Vaswani* Noam Shazeer* Niki Parmar* Jakob Uszkoreit*
e OpenAl: GPT avasuanidgoogle.con  nosmbgeoglercon  nikipdgoogle.con  ussigoogle.con
o Meta: LLAMA’ OPT Llion Jones* Aidan N. Gomez* 1 Fukasz Kaiser*
e Anthropic: Claude Ileberogie s aitumees ot uasieegopls.coa
Startups illia‘ggfol;‘::koig:lg:;;l .com
e EleutherAl: GPT-NeoX, Pythia
e TogetherAl: RedPajama Startups by Transformer paper authors
e Databricks: Dolly e Adept.Al: Ashish Vaswani, Niki Parmar (2021/11-)
e MosaicML: MPT e Character.Al: Noam Shazeer (2021/11-)
e StabilityAl: StablelLM e Inceptive: Jakob Uszkoreit (2021/7-)

e Sakana.Al: Llion Jones (2023/8-)
Universities e Cohere: Aidan N. Gomez (2019/9-)
e Stanford: Alpaca e NEAR: Illia Polosukhin (2017/6-)

e Tsinghua: GLM

Huggingface Leaderboard
https://huggingface.co/spaces/HuggingFaceH4/open_llm_leaderboard

Top500 Supercomputer

OpenAl (25,000 GPU?) Frontier (37,888 GPU) LUMI (20,480 GPU)
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U S. DEPARTMENT OF ENERGY

INC

LEADERSHIP COMPUTING

INCITE Project

New
“Scalable Foundational Models for Transferable Generalist A"

Type:
Title:

Principal Investigator:
Institute

6M GPU hours on Summit
e Project Members ﬁ
Irina Rish (University of Montreal) :
Sergey Panitkin (University of Montreal)
Guillaume Dumas (University of Montreal)

Stella Biderman (EleutherAI)

Jenia Jitsev (Julich Supercomputing Centre)
Mehdi Cherti (Julich Supercomputing Centre
Quentin Anthony (Ohio State University)
Guillermo Cecchi (IBM Research)

Rio Yokota (Tokyo Institute of Technology)

Ep |

'}\ Irina Rish

Thanks ! The proposal and the award would not have
happened without you.

Irina Rish, University of Montreal, Mila - Quebec Al

RedPajama LLaMA*
CommonCrawl! | 878 billion 852 billion
c4 175 billion 190 billion
Github 59 billion 100 billion
Books 26 billion 25 billion
ArXiv 28 billion 33 billion
Wikipedia 24 billion 25 billion
StackExchange | 20 billion 27 billion
Total 1.2 trillion 1.25 trillion

Aurora GenAl Project

Data: General text

Neeraj Kumar (PNNL) & Andrew McNaughton (PNNL)
Data: Biological / medical

e Arvind Ramanathan (Argonne) & Miguel Vazquez (BSC)
Data: Chemistry / materials

Eliu Huerta (Argonne) & Gihan Pinipitiya (PNNL)

Data: Physics

Salman Habib (Argonne), Paolo Calafiura (LBL)

Data: Climate / environment

Po-Lun Ma (PNNL)

Models: Evaluation, alignment, safety, and ethics

Bo Li (UIUC) & Prasanna Balaprakash (ORNL)

Models: Downstream instruct tuning

Venkat Vishwanath (Argonne) & Vain6é Hatanpaa (CSC)
Models: Pretraining runtime mixing monitoring

Shantenu Jha (BNL) & Juan Durillo (Liebniz LRZ)
Models: Inference / optimization & architecture / performance
Rio Yokota (Tokyo Tech.) & Jeyan Thiyagalingam (RAL)
Al for Computer Science

Valerie Taylor (Argonne) & Pete Beckman (Argonne)
TPC coordination, strategies, and policy

Charlie Catlett (Argonne) & David Martin (Argonne)

intel

Intel Announces Aurora genAl,
Generative Al Model With 1 Trillion
Parameters

Atirera B2

State-of-the-artiGenerative-Al Model for Science & 1

X
Scientific texts
Scientific data
Code

1Trillion
Parameters

Megatron
& DeepSpeed

olIsc

10




BLOOM Project

Hardware 384 80GB A100 GPUs
Software Megatron-DeepSpeed
Architecture GPT3 w/ extras

Dataset 350B tokens of 59 Languages
Training time 3.5 months

a BigScience initiative

BLi M

176B params - 59 languages - Open-access

HuggingFace + IDRIS / GENCI
Over 1000 AI researchers involved
Trained on Jean Zay (France)
2022/3 - 2022/7

46 natural languages

13 programming languages

176B

Im loss Im-loss-training/Im loss
tag: Im loss 104B tag: Im-loss-training/Im loss
31
75 29
65 27
. 25
23
45
21
35

https://huggingface.co/blog/bloom-megatron-deepspeed#datasets

i 19
0 2 4k 6k 8k 10k 12k 14k 16k

0 10k 20k 30k 40k 50k 60k 70k 80k 90k 1 1

Projects on LUMI

University of Turku: TurkuNLP (13B)

Allen Institute: AI2 OLMo (70B)

LAION: Multilingual CLIP

EuroHPC: Multilingual StarCoder

Training LLMs on AMD GPUs

Training Throughput: Tokens/sec/GPU

[ A100-80GB W A100-40GB W MI250
25000
20000

14590

@
3
3
3

180
7798

Tokens/sec/GPU
3
8
8

5000 | 4078 gacy

: [ |

85 1951 1490

200

TFLOP/sec/GPU
3

a
3

1
MPT-1B MPT-3B MPT-7B MPT-13B
Training Performance: TFLOP/sec/GPU
A100-80GB [ A100-40GB W MI250
I i — 176
133 140 "
122
100 1
0
MPT-1B MPT-3B MPT-7B MPT-13B

-10 -

12




H

WLLMD &fj[a) LT

MARC-ja JSTS-pearson INLI JSQUAD-F1 JCommonsenseQ

0.9781 0.8902 0.7654 0.9492 0.941 yoTech
8 i o 0.9655 0.6629 0.4306 0.9092 0.8865
Industry w2
[ ] Cy b era g ent 18 gpt35-turbo 0.7698 0.954 0.8354 062 0.8407 0.5987
Y -
ELYZA 7 swbilityai/Stablebel 0.682 0.9515 0.7243 03135 0.87 0.5505
uga-138
e Line
mosaicml/mpt:30b- 0.4469 0.8511 0.03051 0.145 0.8154 03923
N ICT instruct
[ ]
1
PEN 9\1\ ,@zj T 20 m;’;i';’““ mptTb- 0317 0.8495 0.0574 0.2399 0.545 0.193
[ ]
tinna/japanese-gpt-
: 21 neox-3.6b- 0.356 0.9558 0.2661 0.145 02202 0.193
e Rinna instructon ppo
. line-
[ Sta b | | |tyAI 4 :i;‘:‘;:::,ng/l::a"es 0.3553 0.8463 0.3874 0.145 0.2046 0.193
1 matsuo-lab/weblab- 0.3433 0.853 -0.09396 0.145 0.6192 0.193
10b-instruction-sft - - - - - -
Universities/Labs TT—
NII(LLM N MDX 6 stablelm-instruct- 03315 0.7989 0.03619 0.145 0.4842 0.193
° ( HER): penao
rinna/japanese-gpt-
= 19 neox-3.6b- 03141 0.9625 0.1303 0.145 0.1407 0.1921
o IETF(GPT-Fugaku): "TE&. sracion it
JNTTT . stockmark/gpt-neox-
° E%Eﬁ : ABCI 3 japanese-Lab 0.2681 0.8544 -0.001339 0.145 0.1493 0193
R EEfT o
[ ] *_A 5 corporation/japanes 0.2679 0.8544 -0.04536 0.145 0.1922 0.193
e-large-Im-1.7b
Weights & Biases Leaderboard 2 metlamalioma: 0
http://wandb.me/nejumi
Salesforce/xgen-7b-
Rakuda et 02416 08212 -0.07148 0.145 0.1201 0.193
https://yuzuai.jp/benchmark
2 Ez:’r:f?,ie"'/ open 02411 0.8546 -0.01269 0.145 0.03199 0.1868

Stability Al Leaderboard
https://github.com/Stability-Al/Im-evaluation-harness/tree/jp-stable
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% I NTT. LINE/Y7—. LEUNX| HAN\—I—Y Y ELBE

Microsoft, Studio Ousia. 7L ¥¥' 3>, ZENKIGEN. Legalscape.

Turing. AWS. &5 WEIER. Megagon Labs. A kv o ~¥—7,

matsuri technologies. 7 7 —AKNF A>T U iz, Preferred Networks.
ALAYHAZy o Ty X, hA%F, NTT Communications, /\A/VJ, Polaris.Al,
Stability AI Japan., Y&—7#7—K. XJLAYU, NVIDIA, 7275 RAEEKRST.
JVR O, BHFE . ER. ELYZA. N)LY X724, Lightblue. Intel
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FFE&EIR: A100 x 128 x 60 days

7 L—L"7—7: Megatron-DeepSpeed. GPT-Neox.
LLM-Foundry

HAZET—%: Wikipedia: 1.4Bk—7 > (1.3MXE)
mC4 (U7 3—/CR): 136B~k—7 > (75MXE)
Common Crawl2&: 1ITh—7 >? (1BXE?)

JST J-STAGE (i&X): 3Bh—7 Vi2E (5.5MXE)
NDL WARP (U = 77—h+7): iITh—o > E?

E7I)ILY44 X 1.3B. 7B. 13B
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PipeDream p2|
p—sz

wi

Ak

ol

|
asynchronous
ith

-

Chimera

P3| |
stale weights

P2
P3

PipeDream
apply gradients

for Me for Ma
PipeDream  PipeDream-2ow for both

0 2 3

W

=ino|lw
Ni=w o

Will be discussed in detail in Section 3.1.

flush A s
0 1 2 |3
0 [1 2 3
0 | 1 2
1| 2
proportional
o flush M,
| [oTa[1 [ 2133 |
0 [1] 2 |3 3 [
0 1] | 2 3 3
1] N E

3]
) ) 4
1 2 E || Bubble
0 1 2 3 Forward and backward passes of
. Wi
0 1 2 3 | . III model replica0 for micro-batch x

flush w11,
2] 2 [3] 1
P1 2|13 [
2[0]3]
2] [3]0] o | !

Forward and backward passes of
model replical for micro-batch y

Note that a backward pass is about 2 times

workload of a forward pass.

Chimera: Efficiently Training Large-Scale Neural Networks with Bidirectional Pipelines, https://arxiv.org/abs/2107.06925
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Y = GeLU(X4A)

[i=t
=HD.

A = [A1,A2]

n1e9

n1e9

&

I [ l
l
(oag )

-

Z = Dropout(YB) ™,

s

(a) MLP.

. Split attention heads - {K = [Ky,K;] |

Y = Self-Attention(X) ™

-

=

>

>

D

B

Q=[0:,0:]

y

’ Z = Dropout(YB) »

=='I=

= |9 |=

- 31]
=5

J

4

V=t S

(b) Self-Attention.

Efficient Large-Scale Language Model Training on GPU Clusters Using Megatron-LM
https://arxiv.org/abs/2104.04473

LI ]

v ]
b/q

(a) Partition of matrix A

=

b/q

C ‘
o ]

c/q

(b) Partition of matrix B

(c) Combination of matrix C

Tesseract: Parallelize the Tensor Parallelism Efficiently 17

https://arxiv.org/abs/2105.14500

Zero Redundancy Optimizer (ZeRO)

Memory k=12
Consumed | ¥77:58
gPug 8PY; 8PUy_¢ N,=64
aseline| [N - I - BN 2t 0.w | e
“es v KW
Pos I I I 29+ 2% + = | 31468
(24 K)+ W
p°s+g I I I 2W + e 16.6GB
R+ 2+ K)+ ¥ 1.9GB
Posegsp I l l Na
=i Parameters " Gradients = Optimizer States
— Optimizer + Grad Parameters
Name
Ll (devices/partitioned) (devices/partitioned)
md “yLE2I% <y Data parallel [GPU]/ X [GPU] / X
ZeRO 2 [GpU] /v [GPU] / X
ZeRO-Offload CPU,GPU] / v GPU] / X
AllGather  ReduceScatter 3D Parallelism . [GPU] /]./ [[GPILJI]] 17
Parameters ~ Gradients ZeRO 3 [GPU] / / [GPU] / /
and ZeRO-Inf-CPU [CPU, GPU] / v [CPU,GPU] / v/
Optimizer ZeRO-Inf-NVMe | [NVMe,CPU,GPU] / / | [NVMe,CPUGPU] / /
States

ZeRO-Infinity: Breaking the GPU Memory Wall for Extreme Scale Deep Learning, https://arxiv.org/abs/2104.07857
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WFDBHEDLEREE (LLMFHES)

7 L—L"7—7: Megatron-DeepSpeed

Global batch size: 1536, 4096
Number of nodes: 8, 16

Data parallel: 16, 32

Pipeline parallel: 4, 8

Network: NCCL+RDMA, MPI+UCX

AAET—%: Wikipedia: 1.4Bk—7 > (1.3MX &)

mC4 (¥ 7 J—/CR): 136Bh—% > (75MXE)
Common Crawl2&: 1ITh—7 >? (1BXE?)
JST J-STAGE (;#X): 3Bh—7 Vi2E (5.5MXE)
NDL WARP (V7 7—HA47): 1ITh—U VU E?
PAN\—IT—I > k: 300B h—2 v

#nod |GBS |NIC X |3®fS70 |DP, PP |TFLOPS |Tokens |Days for
es I )L |(TP=1) |/GPU /sec |260B

16| 1536 |81 |ncdl+ 16,8 809 124K 242

ROMA | 35 4 | 428 | 66K | 457

% 16,8 | 676 | 104K | 290

32,4 | 494 | 76K | 396

MPI 16,8 | 797 | 123K | 246

HCK 32,4 | 728 | 12K | 269

4006 |81 |ncdl+ 16,8 | 1203 | 203K | 148

ROMA "3 4 | 1332 209K @ 144

% |MPI 16,8 | 1080 | 166K |  18.1

o 32,4 | 1142 | 176K | 171

8| 153681 [ncal+ 8,8 | 1432 | 110K | 273

ROMA 1" 16,4 | 1158 | 89Kk | 338

% 8,8 | 1431 110K | 273

16,4 | 1135 | 87K | 345

MPI 8,8 | 1434 | 10K | 273

. 16,4 1466 113K 26.7

4096 |81 |ncdl+ 8,8 | 1475 113K | 265

ROMA 1" 16,4 | 1310 | 101K | 299

%  |MPI 8,8 | 1402 | 108K |  27.9

b 16,4 1564 120K 250

19

A

PR (LLMfES)

Data size: 270B token
Model size: 1.3B, 13B

10

\ 1.3B

Ir (min_Ir) 2.0e-4 (1.0e-6)
init_std 0.013
num_layers 24
Framework: Megatron-DeepSpeed hidden_size 2048
num_attn_heads 16
Ir_warmup 2000
Ir_decay cosine
Ir_decay_tokens 1080B
Optimizer (decay) Adam (0.1)
Adam beta1, beta2 0.9, 0.95
batch_size 1536
clip_grads 1.0
use_flassh_attn yes
zero stage 1
Seq_len 2048
Ik e AN "
Step
40k 60k 80k

20k

-14 -

1.0e-4 (1.0e-6)
0.008

40

5120

40

2000
cosine
1080B
Adam (0.1)
0.9, 0.95
1536

1.0

yes

1

2048
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GPT-Fugaku

28 CGPT-4%Z28J 3Icld?
GPT-4: 3x1025FLOPs (FIE)
A= 1HRIK ERIEKR BHEKR. B GPT-3.5 (ChatGPT): 3x1024FLOPs (Flf&)
E+i@. Hr/\—I—3 x> k. kotoba technologies

GPT-3: 3x1023FLOPs

SE&ER: 'E& 50007 /—KNKH rmg

FP32 6.76TFLOP/s x 158,976 = 1.07 EFLOP/s (BBiwt— 7 t£8E
GPT-4: 328 days x 4

EFI)ILHr X :1.3B. 7B. 13B. 30B. 175B GPT-3.5: 32 days x 4

GPT-3: 3.3 days x 4

7L —L7T—7%: Megatron-DeepSpeed (E&hR)

OpenAlI:
BF16 312 TFLOP/s x 25,000 = 7.8 EFLOP/s (3iwt— 7 1t8E

GPT-4: 45 days x 2
GPT-3.5: 4.5 days x 2
GPT-3: 11 hours x 2

GoogleldIR7E Z D5EDEIR TGeminiz FEH

21

K I—/CZ A

J—/XR V=2 Y1 ZX(GB) i R SiEA
CyberAgent YA N—I—T ¥ N
CommonCraw (ja) Common Crawl 1,300 SRE (A
mc4 (ja) Common Cwawl 97
H&EWebd—/tR RibKF 63 B URE IS
Oscar (ja) Common Crawl 37
Wiki-40B(ja) HAFEWikipedia 2
WMT22 (en-ja) Multiple 9 e IR
. . #H. #H. B&. BRI I IR BB RA R
News (ja, en-ja _ ~1.5/% .
(ja, en-ja) st arng ® (RETHT)
=EJEF {ja r
Twitter (ja) HiL K 10~ “““;;Zﬁ%g;?‘ .

LEEEICIZ T, Wikipedia (en), WikiHow (en, ja), Presto (en, ja), bigcode (program language) & W\ > 7o
B, NOEBEEFNOI-ZT—Z (HEPHowTo, QA) IEVT—4 6B, 22
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'E&) CGPTZ2EFE I 5ICiE?

ORBETILDFERFEDFEE:

GPT-3: 3x1023FLOPs
FERFABBEBES R EEAES [ 308 x5 Wt [ 1558
IDOFEF EE] oBEIZ7ITVS—

23S TRNS D, ETNICAE \ / -
EEE@{t(;ﬁﬁéntb \Td:b\j 7_: 3.00€423 . GPT-35tHE

o [E&] E&FIt
IRIREEE: 22 PetaFLOP/s
BEZ£%EE: 110 PetaFLOP/s
0 1552 EE%30BTxT
o BB x
ARBREFB IL—LT—DD B :
[EE] NOMEEEIEIL BAEHEAN
[EE] D4011/5 (32,768 — R) #ERTS

OEEDINE: 10%=50%DME_E
(SEREENARGFDERICIRD) BEORE 93

FLOPs

'E&) CGPTZ=EFE I 5ICiE?

O EREETE D EFDRRE

OFEBFHE T L — /T —2IMegatron-DeepSpeed® [EE] NDEIE (587)
OINRIRIR TR D&% ) (W IR 9 BB DERb

OTofuD=RY hD—2 L THOERBIEDERL
OFP16ZFAWWTCHELZEICEZ TE D HEDMHFE

OBASBUIENEFDRE
OEET—HYDNE - VU—=>D
ORET(CKDEFHER

OMFMR (V—RXO—=RK - EF)L - T—4) ORRICHITDERECZNEZFDFIRZ
e, SENRARAEEIZEE

CBEYE - WREOTEORS
24
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B B B

OEREZ
O ﬁ% /EFE Y= ﬁ%g t5) Lo a5 FE 8 FEDRF
= : hp230 2
o %ﬁﬁﬁq i
0202358248 m15202453H31HZFT ( [EE] BERMICAOF FBHEAR)

O ZHERY - PEDEE

uﬁﬁ{IﬁK% SHEIE. ARESEET)LOUWSES LUERE
OHILAY : FBRT—IDINE, T7I)LDER
CBETIE : AREEEETILOBRME

CB{LHTA | FUHEAET)LOSBAIUE - EEREE. AASEEFLO

O(LUF8A1HI(CIEN)

OHAI)I\—T—>1 > b BHARSET - D
CRERAY : PRAEFBEEDEE ‘
OKotoba Technologies Inc. : 88 U=E5)LDEE

25
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Collaborators

GPT-Fugaku Team

xl @

Noriyuki  Kazuto Koji Jungo
Kojima Ando  Nishiguchi Kasai ~ Sakaguchi Nakamura

Rio Yokota DL4Fugaku Team @ R-CCS O
- FUJITSU
' % Illom r
\, FANE n A o =
] R-CCS 8
Aleksandr Mohamed  Kento Jens Emil s
\_ Drozd Wahib Sato Domke Vatai
Kenichi Naoto Ak|h|ko
DL4Fugaku Team @ LLNL Fujitsu Kobayashi Fukumoto  Kasagi
leoll Tal K'oichi Kentaro Masafumi leok| Takum| Tsuguchlka
\_ Dryden Ben Nun Shirahata Kawakami  Yamazaki  Tokura Honda Tabaru
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E=E b D 2R

Tokyo Tech

OTransformer®DtgeZz [EE] L THmE{ILTBEH. VIRIT ATV
D& LAY —DNEED T & &BIL
OFF(C., BITVIRoEELE ., BEMHRDOREIL

Transformer (GPT-x)
{514t (Megatron-DeepSpeed)

FEFB I L —LT—2 (PyTorch)

Transformer®MEEERIE, R NLRYOD
fEAR

3EFDAIHeZHAH»SHEIE [E&E] AT
EETREREIL

ahEblER(ELE EE] RiFIL—LA
D—D%#ER. LLMRAEE{ECRER

BITHIRBS 1 IS UDTransformerfl}
=iE{t
27

Transformer®A64FX[aE |} ReREL CEEED)

O FLOPs™99% (/) iRIRIXZEI TSR

— A64FXT(366%. A100TI(349%DEFEIMNZDEFZ (CEETNTULND
- RFRTERE— I D1/3DMEECIRD> THE D KIE(CE L TESEREMN B D

'H.,

(a) mLr.

7 yasatacemon(ry

HBIHBOASX (S ULENTND

ZHYTHI @A L T A S rme ),
Q=XW,, K=XW,, V=XW, ZRRTD. | i";f,}f}-ﬁ]«s]i IEI—I“
BOBSOBRREOTEEAL ZH = [ e N - o
9B, {0 oobomnionenss - Zv'::z:"ﬁ: e &

Y= GelUAY Ty, 7

|@a I
~~}l§*§l§ll~lnl i

b) Self-Atremtson,

“Z=0ropoutt¥d)

:::::
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1 [CloTfelloss

ARCE Y
| NN WY

T—FF0E
ETILVETER
HECDOEHBEIE

FE Ny FHLZXD
BRICHSNEEEDET

fERER - IERIME - &@1L

( >V )LAtEF \
C

(D —
1y (P
(5 P3

T RIR
ETIVIEHE
EEOERBEE

P EEEEDE

RE  BEOA—N—ZVS

\ FIEDIX

J

\_ J

(/w 754 yj&ﬁu\
Cr

Kid

P3

P1 P2

F—Y IR
EFILIEHEX
SEMO I 1EE

HE I NAMTSZAVINTIL

BRR I\ TS0

k DIX J

29

RS RE

pytorch1.13(default)
parameters=30B e

pipeline parallelism=48
tensor parallelism=6
data parallelism=[2,4,8]

e
o

num-layers 48
hidden_size 7168
num-attention-heads 56

Elapsed time [ms]
e
@

e
o

micro-batch-size 1
global-batch-size 1536

0.2

Initial FLOP/s/node 0.7 00

1e6 308 Strong scaling

044

1.9f5=EE

38 $trong s atng

!l x2
Current FLOP/s/node 2.3

576.0
2304.0

4608.0

211520 1

lumber of nodes

-19 -

Forward
= Loss
Backward
- PP
™
- DP
Optimizer
== bmm
= baddbmm

-> 1.66 TFlops (31324.6%)

30




LLMBIK 49 B AR

KFETHNILH BI1F E R (Scaling Law)
— INTX=F T TR FET Y HERTHRITNIEEZSHWN

KEWEDE—DE-1cE B TIETHEILT 5 > ZEUEETILEELREY TIEGEWN
— JIN\TDEE. AMOBENEE

SIEEEDNTNFILLMZEEEZB U TWS D, SERESIN TV ZENEFRLWL
SHEERe T—49 o A\M ON—45—
— &K —EZEBRWTIL, fine-tuning. prompting. APIZ{#E > fcMBIGH 2P 2 NE

ENATHEINTWEA—TVRETILEFRALBZVODIED > oL
— LLaMA27R ENS HAE L REB TS 5 ICHREFEE

31

Tokyo Tech

hank You
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w 2023497 22E

T ERYRY 7 bRAR [EK Al - KIRREFZEET L E CAE] 37—

NAGOYA UNIVERSITY

SRTARERAIDERIGAICE T T

LZHEARFE KERIEMRA TARATFHER B1E - MR ITEEE EXIR
B PR GTERFMRE L > 4 — BHRSB—NREMR T —L BEEPRE
A A
kojinishiguchi@civil.nagoya-u.ac.jp

1/74

EHr O SR (ICL<h 25 0)

NAGOYA UNIVERSITY

- EMSE  HHEHFE GERTBERN, BE-REERMRE SHEHE
o R
—1985%F | LERLEEMEEN
—2004F~20104% : [KBAF THH (FFX - RER) L1818
—20115F~2015% : [RBKRF EHLRE
—2010%F~2016%F : HREBIKA =M HRARAER
VCAEICEEh 2R %ERH (44F) , FREBENE (245)
—20165F~20204 : LR SHERIFMEL > 2 —
VERMIEE, /X3y [R®] P), 233y [B&E] PJOWE
—20205F~2023%F : ZHEXRF AFERILFMRE LARTFHFIR AT
—2023F~RE  BHERF KRERLIFMRE tARTFHHR EHIX
vVEE IB({CFEMRAT, MRAE, LWEKXFE

2/74
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By +<C

NAGOYA UNIVERSITY

1. 3RITIARERRAID 2R FHKE

2 DDA —1) v Al
A—=NR=—avbta—% [BE| LtEF_BER/O
FHFXF Y X MESOH S L KT EDRE
SRTIRD T — &+t v FERKRTE

s BEAOBETER X v Y 1k

« IRILEHE : bROY—F@Et

o JEISTEH - F 4 7 BB SR

6. 3RTTIRDREERET )L
7. BT BIEETES
8. XLHESEDREE

oA LD

3/74

SRTTIAREBRAI DI % 4h &b 1= Bt

NAGOYA UNIVERSITY

EXTIVIZAHRMILZBHEREDESN

ERBERET IV (Parameter-to-3D ) 12L& - T

¥ ¥ v 2 MBEORBRE I AR ?

Magic3D (NVIDIA, 2022%11A) Shap-E (OpenAl, 2023%58)

3 RFTRARERRAIR TransformericE D KLLMD &F L FKE
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FELEPFRA N —

NAGOYA UNIVERSITY

ree
A |
LEEA HEA

IR N AR M1 FHHE —2 & B TE Bt &

| ERITERS

Tokyo Institute of Technology

B# ME FR &L

5/74

By +<C

NAGOYA UNIVERSITY

1. IRAWKRERAIDSELFKE

2. 22O0R—Y v 7H|

3. XA=nR=—avta—% BE] LE_BER/NOYV
4, FHF v X MEEOF R EFEFT LEDOREE

5. 3RTMKDT—&+4 v MERFE

« EREDOBEEERX Y > 1k
- MPEE bR DO Y —mBEt
« FERRIEEE 1 A A T —BUREISARAT

6. SRITIRDEREEMRET IV
7. BITHIREIERED
8. FLHLSEDORE
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3DA AAIWTIE D EFEAL

NAGOYA UNIVERSITY

« StableDiffusion® & 5 BREHRERKAITZ T TR, IRTHREZERT 2AIH2022F LI, 4 & &5,
« ShapeNetFD3IRTIHRETFR DT -2ty b, FBEERETILIZEEIE/-H 0,
>BREE - Bk - BBICKENRT, 3RTWIROT -2ty FMUIERIBIICH AL,
> IBENERREHCICATEELR T —2E2y FIRFREIhTULARWL,

EFMNAE HFKER Ejjt_7 BDRER ET)N - T—FT0Fv T—Ztvh 3DT —4# W ; ’

e Transf R—2Z2DYEL ShapeNet (3DFLK) .
Shap-E 2023458 OpenAl 2B Jeri_zjjsl/ormer o WeabpliqaZeText (2DER) BELE 4’,\ . 4

. yy— rze Transformer)—Z OYiE ShapeNet (3DFHK) | o Shap-E
- RITE 9 #
Point-E 20225128 OpenAl IRTTAEE R WeblmageText (2DE&) HEHE

: . " COCO (2DE) .
Magic3D 20224118 NVIDIA  3DX v a2 NeRF, #EEF L ImageNet (2DEI) Bl

COCO (2DER) ,

Google, UC rare, B \ : ) S
[=4ESE NeRF, #LERET L ImageNet (2DE) ®L Magic3D

DreamFusion 2022495 Berkeley

7/74

ShapeNet

NAGOYA UNIVERSITY

¢ SRTIRDKIBET—2ty b GREEATHI22AH®E)

s AV aA—RITT T4y ZRANRAVE1—XREY 3 VICEET AR TLHAE
1(% jj%ﬂ/ann /L,\KF_ [/-/:_7_ &’b‘/ |\T j:tk\/\

facility
something designed and created to serve a particular function and to afford a particular convenience or service; ‘catering facilties'; toilet facilties’ ‘educational facilties'
ImageNet MetaData

Choose taxonomy. Synset Models | TreeMap = Stats = Measures
ShapeNet N
Displaying 1 to 54 of 54
4-ShapeNet 2014 Fall Preview(9,219440) v 5
natural object(7,1059) L) | A i 1 lBa
artfact artefact(26,204893) bl o | = L '; i ’;’
public public  public  public
-article(1,1628) bathroom bathroom
feecred) toilet toiler  oller toilet  toilet  toilet
facilty(1,56) _
-antiquity(1,95) f,t Ea # o 3 < 7
~block(3,318) 4 Y i 5i i 40P .
commodil trade good good(2.5061) public  public e puble.  PUBIC | throom  Public
— toilet toilet toilet toilet toilet toilet
i p, B
DT & <€ O uull O § =
tion(1,163) public  public  pyplic public  PUPC  puplic  public
aterial textile(21,897) toilet toilet toilet  Dathroom et toilet toilet toilet

float(2,56) ladies’ public water public public public
instrumentality,instrumentation(12,172: room toilet faucet toilet toilet toilet

b
2 I
a jation(7,505) - - . . -
{~fixture(3,1253) ¥ et - = & ﬁ “
i
r

eramic(1,223)

8612)

public public public public public
ansport(8, 44020)

ilet toilet toilet toilet toilet toilet

T

ladies’
public .
& == https://shapenet.org/taxonomy-viewer

e ” 8/74
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Point-E (20224124, OpenAl)

NAGOYA UNIVERSITY

« 2RTTERERE T /L (text-to-image) HbERAIN T3S,
o« RN T A = Z A BIRTIRE LR TE ZAIEEENARINTWLS

Synthetic 3D RGB point
view cloud
“A corgi” — — — = ‘; & j
Fine-tuned o Point cloud s b,
_ X GLIDE diffusion
“a 3D printable gear, a single
gear 3 inches in diameter [ PreddgwdeE
and half inch thick” K D]j‘
B BN
https://arxiv.org/pdf/2212.08751.pdf et
W 9/74
NAGOYA UNIVERSITY
2. 220QR7—=Y > JHI
3. XR—=NXN—avba—%I8&E| CE_EBEX/ OV
4. iFjj:"\’)VX I\ji%iﬂ:'jo)ﬁljzﬁtuXu‘I»J:@n%M
5. 3RO T—X+t v MEREE
c BEEOBEEBERX vk
o REHE . bROY —&#El
o JEIREHE - A4 7 —BIEERENT
6. 3IRTHIRDEBEKRET IV
7. AITHRBUEETES)

-25-




I — 7 D3EE

NAGOYA UNIVERSITY

(2%

ET2{8)

e AVE 21— X—Fv T LEOFNT VI REBDRA— LA 2FET21{E

« 1965424 > T IILDOHFEARIE

ARNOLD THACKRAY, DAVID C. BROCK.

{ RACHEL JONES

Moere's
Law

The Life of Gordon Moore,

Silicon Valley's Quiet Revolutionary

O—FY E L—7I2& - TIRE

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.

Moore’s Law: The number of transistors on microchips has doubled every two years
in Data

This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.

Transistor count
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DurWorldinData.org
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NAGOYA UNIVERSITY

Computational capacity of the fastest supercomputers

The number of floating-point operations' carried out per second by the fastest supercomputer in any given year. This
is expressed in gigaFLOPS, equivalent to 10° floating-point operations per second.

1 billion

800 million

600 million

400 million

200 million

SRR A /N Y DFTEMEBE D

1993

2000

Source: TOP500 Supercomputer Database (2023)

2005 2010 2015

2022

OurWorldInData.org/technological-change « CC BY

1. Floating-point operation: A floating-point operation (FLOP) is a type of computer operation. One FLOP is equivalent to one addition, subtraction,

multiplication, or division of two decimal numbers.
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2020 DR <R =200l FEDHFEEE /T

NAGOYA UNIVERSITY

« IBHREIZERRICERZLIC L,

« BITSE DB R TIE, EHEHRNLMEER LEITRE,

« IV a2 —SMUROEHEBEERNP LA G ITNIE, RADERAIOSRGHEEEH Y 30,

iPhone 12 Z—/\O_ ary I:O:L—9 rASCI WhiteJ (*E)

https://en.wikipedia.org/wiki/ASCI_White

=AW 26 . * A .

HimEeE(E - ¥911TFlop/s G HE(E : #912TFlop/s**
*https://blog.adobe.com/en/publish/2022/11/
08/fast-forward-comparing-1980s- **https://www.top500.org/lists/top500/2001/11/ 13/74

supercomputer-to-modern-smartphone

LLMD X4 —Y v 78] (1F7T10Z)

NAGOYA UNIVERSITY
s BISEEICE LT —7Za—F )%y FT7—7, Transformerd&i5
¢« 1FETIOED/NRT A =2 DAL  CAEICHEHRZEIEHWVESLSH?
NLP’s Moore’s Law: Every year model size increases by 10x

1800
Google
= Switch Transformer
21440 1.6T i
@
£
21080 ® ;
g NLP model size and computation are increasing exponentially cg;_';‘%i
o ol
€ 720 BE Microsoft 1708
I T-NLG
» (6] 17B .
° <ANVIDIA .-
% 360 Google OpenAI Google OpenAI N(I?gatronLM ----
= Transformer GPT  BERT GPT-2 838
0.05B 0.11B ~ 0.34B ..o 158"
0 = W 4 R
2017 2018 2019 2020 2021
Year
https://hanlab.mit.edu/projects/efficientnlp_old/assets/nlp_trend.jpg 14/74
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Emergent Abilities at 1022-102* FLOPs

NAGOYA UNIVERSITY

e Scaling up large language models (LLMs) has been shown to
predictably improve performance at 1022-1024 FLOPs

o FHTHYERR © SRTIRERE T L THEIREIZER R NEH ?

—e— LaMDA —=— GPT-3 —4— Gopher —A— Chinchilla —@—PaLM - -- Random
(A) Mod. arithmetic (B) IPA transliterate  (C) Word unscramble
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BLEU (%

o 5 8 8
E: tch
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(E) TruthfulQA (F) Grounded mappings (G) Multi-task NLU (H) Word in context
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;30 g 530 530 v 7ENNs 530
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Model scale (training FLOPs)

Emergent Abilities of Large Language Models, https://arxiv.org/abs/2206.07682 15/74

VUCAEFR DR & DERRE (Cih 7 &

NAGOYA UNIVERSITY

- B|KIE, VUCA (Volatility - Uncertainty - Complexity - Ambiguity) Et&Shns
PHECESRRICEVWTREDOFRNE L <R5K0RN
>LaLl, VWEETTFHTESZZLIEHD

« PEST%

> NERIRIEE BUR (Politics) - #% (Economy) - #t% (Society) - #kif7 (Technology) @42 ®
ERICHDFEL, BHICEZ 28 ELHmAB DN FE
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Building-cube method
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« Computational domain is divided into cubic regions (cube), which have various sizes
to effectively capture complex geometries.

e Each “cube” has same number of cells, and loop processing is conducted within each

“cube”. Thus it is easy balance computational load.

« Data exchange is required between adjacent cubes. Halo region

* Nishiguchi K et.al, M. Full Eulerian deformable solid - fluid interaction scheme based on building-cube method for large - scale 35/74
parallel computing. /nt J Numer Methods Eng. 2019; 117: 221- 248. https://doi.org/10.1002/nme.5954

Data structure of “cube”

NAGOYA UNIVERSITY

e Data structure
> Octree
e Spatial index of the cube

> stored in a one-dimensional array using Z-ordering (space-filling curve) to
simplify the loop processing algorithm.

Octree concept Spatial index of the cube

* Nishiguchi K et.al, M. Full Eulerian deformable solid - fluid interaction scheme based on building - cube method for large - scale 36/74
parallel computing. /nt J/ Numer Methods Eng. 2019; 117: 221- 248. https://doi.org/10.1002/nme.5954
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Data exchange between “cubes”
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* In BCM, data is exchanged not only globally between adjacent MPI ranks but also locally
between cubes owned by an MPI rank.

e In the present study, the width of the dummy cells is four cells.

[ AN A
G IS e
\: \: H > N
£ P ata exchange
H , : between adjacent MPI ranks
e 15 CEeEee e MPI border
<= Data exchange
<= between cubes owned by an MPI rank
cube dummy cells

* Nishiguchi K et.al, M. Full Eulerian deformable solid - fluid interaction scheme based on building - cube
method for large - scale parallel computing. /nt J Numer Methods Eng. 2019; 117: 221— 37/74
248. https://doi.org/10.1002/nme.5954

&7 Interpolation for dummy cells

NAGOYA UNIVERSITY
« Interpolation is used to exchange data in dummy cells (halo region) between Cubes of
different sizes.

« Exchange data: velocity, pressure, etc.
Large cube to small cube Small cube to large cube

_ ds1 + gs2 + 4s3 + ds4

4
zero-order interpolation first-order interpolation

Gs1 = (4s2 = (4s3 = (4s4 = (] qi

* Nishiguchi K et.al, M. Full Eulerian deformable solid - fluid interaction scheme based on building - cube
method for large - scale parallel computing. /nt / Numer Methods Eng. 2019; 117: 221- 38/74
248. https://doi.org/10.1002/nme.5954
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Nishiguchi K et al, Eulerian finite volume formulation using particle-in-cell method for large-scale parallel simulation of complex structures, Proceedings of 4th
International Conference on Multi-scale Computational Methods for Solids and Fluids, pp.223-226, 2019. 40/74
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Computational mesh
Number of cubes: 34744
Number of cells: 1.42{&
Minimum cell size: 5 mm
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Eulerian FVM

Conventional FEM
Mesh lots of time and effort Easy and fast
generation to generate a mesh to generate a mesh
Large Mesh distortion Mesh distortion
deformation can be occurred cannot occurred
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Time: 2.592 ms

Computational mesh

Number of cubes: 2,560
Number of cells: 10,485,760
Minimum cell size: 0.468 mm
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Parallel computation a7/ — ¥ core/node ¥ ETER[s] x4—YUrs
Hardware: Supercomputer Fugaku 2048 64 32 8,388,608 17.27 100.0%
Node: 80 16384 512 32 67,108,864 20.13 85.8%
MPI Rank: 320 131072 4096 32 536,870,912  23.50 73.5%
OpenMP thread: 8
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Prompt:
"masterpiece, best quality, ultra-detailed, 8k, high resolution, Draw the landscape painting

having the Earth over the pyramid located on the Moon. Earth color is basically blue with
white clouds.The space is dark.There are many rocks on the surface of the Moon.”
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