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Instruction Stream
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Data Stream

Single Muiltiple

SIMD
Vector Processors

Parallel Processing
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May be Pipelined

Multiple
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SIMT Core Cluster | |SIMT Core Cluster SIMT Core Cluster
SIMT SIMT SIMT SIMT e SIMT SIMT
Core Core Core Core Core Core
| } !
| Interconnection Network |
} } :
Memory Memory Memory
Partition Partition - Partition
k4 ¥
GDDR3/GDDRS || GDDRI/GDDRS | Ofi<chip DRAM  |GDDR3/GDDRS

BEPIFIE: CSDN, T IiFZFH5HT

[&l: SIMDSSIMTRIEE

CPU
SIMD

1 instruction = multiple data

| source 1/dest.
| source 2

SSE2/3/4 — Neon — Altivec

op ¥0| source 1/dest.
AVE = AVX2...

Instruction Decoder and Warp Scheduler

GPU
;mwﬂﬁﬁﬂﬁﬁ

registers

“—-—-‘] = '“"—" thread

[ Feraiers ltﬁ'lltﬂ- | regsers

| — —
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Tensor Core, [EI[GAIl FS¥EETTE (HPC) I

® Tensor Core (BKkE=EiTE

IR EREITHE

Volta

Core

&m)mmwmmﬁkMﬁmiﬂVm
HEEIR HEAE E HIPEIR 7SS
M=, ZHEEH HIJE',é’I‘ﬂiﬁTMJcTensor cores,
LRy —

Ada LovelaceZE#4,

[#: Tensor Core vs CUDA Core

Feature Tensor Core CUDA Core
Accuracy Lower accuracy High accuracy
Compute Speed Faster compute speed Lower compute speed

Machine Learning

Use Case

Use Cycle Reduction

Operations Per Clock Cycle

Graphical Processing

Suited for machine learning

Low-end and high-end grade Al
development

Can reduce use cycles for
mathematical operations

Multiple operations per clock
cycles

Not suited for graphical
processing

Can handle machine learning, but
not ideal for it

High throughput graphical
processing

Cannot reduce use cycles

1

Purpose-built for graphical
processing, powers modern
NVIDIA GPUs.

BRIFE: history—computer, HIF, TELIUEZHFFEHT

TESEUESE

Huajin Securities
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Tensor Core_TéE

B, EREFEHENRES
V2R |JE20175|55H7§7FEEI’JNVIDIA

{ Tensor Core, 2018£E8F§ZE?EEGNVIDIA Turing Tensor Core
AR 202055 H A fHINVIDIA Ampere 3

ZefFN2022569 A20H & HYsE MK Tensor

Base Size*

tensorCore- 81
SMAED*

BER
FOPS(F16)

boost
clock(MHz)

FP64

TF32

BF16e

FP16

FP8
INT8/UINTE
INT4/UINT4
INT1

[#]: TensorCore&#XftL

Volta Turing Ampere
2564~
64-1-F16(4x4x4) 64-1-F16(4x4x4)

F16(8x4x8)
672(8/SM) 576(8/SM) 512(4/SM)
5124F16 5124F16 10241-F16
125T 130.5T 312T
1530 1455 1410

W

J

J
+ v W

v v
\ v
W v

Hopper
5124~
F16(8x4x16)
576(4/SM)
2048-1°F16

1000T

=A100x1.3

B EAIEERREEMNERLESH



RS ERES

2 it 5 R

S, = A1 4
] U
Huajin Securities
£ kX £ H B F & W

¢ BHTHFERAKBEEAMEFITITERE

11, REBERERGPURFITRIFEITE.

X mh, 2ERHESHEENRERE. REEAEGPU #1187 DPU (FP64)
ARAIFRENTE. FRETERERASRMN—THEE, EETEMHRAEM,
HIREREEHRIEK, HNNESTRRAPNREREIER. ATRACHNES

SeE, RERFZEECHBERMNMEE BT FEENE =,

il ]
*;?_E Volta-{R55 Turing-E R Ampere-&ig Hopper-#§itd
= mie 2017 2018 2020 2022
804-SM, B1-SMEE 102&49245M, SMIEE 1321-5M, 81SMES
108-4-5SM “~s5M 64
sy | 32TFP64+641 HFRH B SMEB 64 ,\Fpgzwéflhnii,\ 1284°FP32+644
EEE L Int324644FP32484 | Int324644FP32484 ' ' " INT324644FP64+44
FPe4+44Tensor Cores
Tensor Cores Tensor Cores Tensor Cores
NVLink2.0, Tensor Tensor Core2.0. RT lzr‘;zzrﬂtc:reﬂ.ﬂ S Tensor Cored.0 ,
= i % e i | i ‘i":lj‘l L E
o .C;';S% . XRAL | Ccorem—tt NVLink3.0, @HmRIEE ﬁg;g‘m AR
- BEMIGT.0 '
ity ¢ 7 12nm 12nm 7nm 4nm
R 211{ZR0%E 186(ZRAE 283 {ZRIAE 800{Z Rk
R . T4, 2080TI A100. A800
KEFS V100TiTan V RTX 5000 A30EF| H100. H800

HRIFIR: Ruby China, TERIFHHIFHT
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¥ % &£ H E T

€ 20064, NVIDIAYELHCUDA, XZ2—HM AT EBAGPUITERES® S, CUDARTFEE
SR EERGPUHITIEA T EAMEE RNIBFER, (15774 & Al LUEXS & 2 B30t xS
RABIAGPUT: it THRAE, ERIZERMIIZA S18E 3 FI FGPURYFHITAL IR RE SR AL X
B B RAVIT BB

¢ IRIER1FIZ2023WF IR, BHEIFI000ZHFLEIEESCUDAGIE. RIFIABIT125F
HUBS(EIA 2200 A B & &, AEENREFEZHFEH T —%, BRICUDARNTHE
E£2#81d 740007 0K .

FRAMEWORKS CLOUD ML SERVICES DEPLOYMENT

- > Amazon Geogle - b5 ¥
Chainer @xnet 4 PaddlePaddle accenture 23 S O WS AR e ity OhINGL

e i &

- BB Microsoft
O p_'!f"TC‘ﬂ:h .@'! f TensorFlow Azure Machine Learning S databriclks 1‘ TensorFlow SEJ‘Vi!‘Ig

ML DL TRAIN | DL INFERENCE
CUDA-X Al
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® YEEEHEM, BEFRSLXIFEHMRE, WINWETENARASHEHRERE, EFH1A

HMETNEERSGHHE., XshivE, EaB EEMNBIEZE. thid, EZERREHS

HEEXE, JLELERHIE
¢ CUDABLE T=1Z2ME, HEIBS . WIFTH/HNETS, BEEIREZEBISE, HAKEI100
{LETTBE. THEHMOEHDSR &, REHENAENESHAEEERSHE
8], MY TAILRBEIIE, AIFREFLATEIGEHIIZSFNE, Bl Ht=F “R”
E535WiEe “1€”° AEMEADSR SRATAEERNZOBEE—.

A B 20065 LR ES CUDARTSLISHGPURERIERGPU e
ﬁ 8.0-87 E“PF i
iy BEAN , CUDARE150+ : som

. SDK BReE 1.0=7.2 1.5 atigi=llg:
it AR B 600« FTdb A, G062 Vaita | [Turing Frunmy
50-53 |Pascat| 16wm  lbam ALD0
W10
30-37  Lhawwel Lonm T4 { Titan TRX } ETX 3088
20-21 — 3070/3080/
Kepler| 16nm  pipe ﬂ::rmzm
CUDA10-13 | Fermi| 28nm  wap E“‘ a/2080Ti
it 40nm  Gsem Than Xp
Tesla e ATX 1080
G, GDiTasn oo ATXL080T:
=
MWIDIA K40 Titan X
2006 2008 2010 2012 2014 2016 2017 2018 2020 ED?E-
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GPUIE(S, HIGPUY RIEEHEAER X HIERIEE
¢ EXfrEHYT, AHFBITENE, EAEFEERMERZSFHETHITITE,

XERZFEEBR RS ZIPUFR (RIIRBHLE ), MZ1TARSEE, B
BIRE[OANELK TR (BRZNEZF) . BTATHENRIEER
K, CPUZRZEINBFIEFER, RATMAREHENZLER.

E: 9ERIEMEICPU-GPURI IR RIZE [&l: GPUSEEFZEH[E

Main
Memory 1

CPU

Copy processing data

i Copy the result l
Memory

for GPU

Instruct the processing]

,,

Execute parallel

in each core
T

(GeForce 8800)|( |

InfiniBand [ !

i e e s i
.
B

: 1
SHEsRtE SRS/ [N I [ |

= W

: &
:
ST

Processing flow

on CUDA

WN4-EGPURS | | DGX-1BSM(
SH) N i e

L]
(]
L]
1
]
]
]
]
[]
]
(]
L]

:
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NVLink, SA{MRARGELE B L
%t kK £ H B F &© A
€ NVLInkZ2%EEH1E (NVIDIA) FAEAHELN—MEEEHEHBEN. NVLink3 XA SR8, $

LM, ATHRiiEzE (CPU) SEIRALERE (GPU) Z[B)RYEE, AT ZNVIDIAEI/

A IR 2 BRI EIERE. EINZEAR, TR XHIBIRARGEME.

SEPO{KNVIDIA® NVLink®¥EARAI AZGPURGEL BRI ST LAE. 5E/3E, AKIEERIATH

B, BNVIDIA H100 Tensor Core GPUXZ % iA18NVLinkiFEIE, =35 AN9006GB/s, =

PCle 5. 0% B AU 715 o

&]: FL{HIANVLinkIg A M gERFHE

dth-generation NYLink
800

700

500 A100

ard-generation MvLink
200

400
300 V100

200 — 2nd-genaration NVLink
100

0 m Sk A Architecture

2015 . ooy Telesse

GB/Sec
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NVSwitch, B11% 35 S GPUSEE

@ NVSwitchZNVIDIABI—FRAZ R A, E: #AIgRA100:HLEE MR
HEEAGPU module t, A[EEZA )=
NVLInk! rﬁ%l\\\min%l\\\lﬂ%i}b

£ kX &£ H E T & o

BINVL i nk 85853 31| B S = 15 B 1T - [
%ij-%GPUi_qu CPU 32Core (= :. CPU 32Core CPU 32Core - CPU 32Core
& EBINVSwitch, NVLinkZEZERIETD _ _ _ . ‘ . _ .
,mlaﬁf B, UGEXLE. BTEN Eil Eaa Eoad B B | Bee Bl | B
= GPU £8f, MmBHA K
%Z?EEP'UKJ VEUGPU, BIT7ERARSSES
INERAINEE —ENVSwitch, NVLink nin i | e I  h

X 2% AT LUE £ % 182561 GPU, FiE
#57. 6 TB/sMITRAZXIZHEE, M i o - -
MRIETE R ABIA B, 1= | L i |

[&l: H{HIANVSwitchk FRiEiH

HESTAP GPU i =& 8T mZet =% 8T
NVSwitch GPU Z[B]#H 5 300GB/s 600GB/s 900GB/s
ESEEE 2ATB/s 4.8TB/s 7.2TB/s
NVIDIA 228955 NVIDIA Volta 5845 NVIDIA Ampere 32§ NVIDIA Hopper 3283
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& GFHESFPEEIFOEERA EAIBRAHIBALIBEE, AECEBIRRZIRBERE UK
RittS| ZEREFER AR, EFEESEECEHE T —E “NEE"

¢ MEEHENBIERIEK, AEENTITEERENENALEN. AT B/NAGFED
=, BARGEGRE—EeRE SR RER S H# )R,

Training FLOPs Scaling for SOTA CV, NLP, and Speech Models

le+09
. GPT-3
®
1e-+05~ Transformer: 750x% / 2 yrs o0
CV/NLP/Speech: 15x/ 2 yrs ® 9
Moore's Law: 2x / 2 yrs Megatron LM
— le+07- Wav2vec 2.0
o
9 =]
(798
S 1e+06 Xception BERT d
o ] P ® MoCo ResNet50
-
::_1 InceptionVv3
S le+05- El GPT-1
st L]
o Transformer
g 1 Seq25eq Reshet ResNext &
T le+04 @ ® ®
a 3 VGG DenseNet ELMo
» ®
le+03 AlexNet
[ ]
R ’___
le4 UZ’“|
| | 1 | I I ¥ I ' I
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
YEAR
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HBM, #H—{XDRAMMRSE H LS
“« % £ B BT & U
& HBM (High Bandwidth Memory, &% mamniaa
wAE) BREZIDRERESE— _
fEMEPUEREE—iE, THARE, |
=T AIDDRA EPES, R TAF e Eﬁ#ﬁi‘![:HBM]
HESWIMB, WA AFT—DRAM et . =
RRFR. |

-4 DRAM Dies

... 1 EEH(base) Die
(x1024)

[&|: HBMSGDDR5XTEL [E] g FE{HIAGPURY B R IR 4k [E

HBM: A DIFFERENT MEMORY FROM GDDR5

Memory Performance

L@ e
32-bit Bus Width
50MHz (7GEps| Clock Speed

Bandwidth

Voltage il 2016 2017 2018 2019 2020 2022 2023 2024 2025

HBM Introduction / GPU introduction
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& 19565, FFFHRWEF, BET “AL

£0 LBV
MR GUBANEE, ZS WL TAIRESR, BIeE—##1:8
ALHERETHIRE
‘ EEH: “Epak”
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Huajin Securities
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%® k £ B T & €
gEe” XN EiE, IRSEAMER—IM
o H%u
y 7~ H
gae” RBEX, “ALEH
E o
A IBFNTE ST

REITATELS
ESWETLGE—HE X
¢ MRATEERAZEINREF S RBEERSMARERNHEIAR. B!

] AES
AR RIS RS MR A LR E.
1 eSS — MR EME AR ERITANNE, MEXMEEITARALAXEE LR 6)EEE.
2 BRENBR—TMEBETHEREPRITEMIUAES (anthropomorphic tasks) X ZIFRHA B FRAIHLES .
3 ALERER—METEN S BE, FNFESEHNEALFZEIK[Haugeland, 1985]
4 ALEREEMLES ARBYE, AR, BIFKEMS S FHXENH B shL[Bellman, 1978]
5 AT E A EREARE 7117 A[Charniak and McDermott, 1985]
6 ALEGERHRABLEIRME . HEIBFNIT F AL AT BERYITE [Winston, 1992]
7 ALER—MEBHITREE AN M EIE M 2FE AR [Kurzwell, 1990]
8 AL &R AT ENME LA S S ELF[RIick and Knight, 1991]
9 ALE&ER
10 ALERR
11 ALE&ER

BET
FHFHR: A TEEE

FFSTRIE I BB ST HRM BAVIZ, LUAT ASUEIMIRT AR BEAESS [Dean et al, 2003]
— VB b AR ETR AR (752 KE1T 0 M M [Schalkoff, 1990]
GEUEELEL

AN BHY, eI HHFAT

HB BB x8—N 49 Z[Luger and Stubblefield, 1997]
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® 20124, Hmtonfﬂf@.ﬁ’] HAlex Krizhevskyi 'L‘|‘E’JAIexNet7fE|3?7‘I_JQ§1‘%§:TImageNetR%kzjq

M, XELELEFE—

s %
mathematical | | @

e |
Turing test it I ,4
proposed I

o SO
- 1 l.f. board game.

. =

Checkers Program by
Arthur Samuel

moded od a
FHHIFGA

Turing Test by
Alan Turing

Al Winter (1974-1980)

Q Backpropagahon 'I'h-: first comvolutional g Foégiph: lcanr: of
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Automatic differentiation
by Seppo Linnainmaaf
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Ly ' i
T
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Fercepiron
carnat
learm XOR
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HOR Problem by
Minshy & Papert

ADALINE by
Widorow & Hoff

Perceptron by
Frank Rosenblat
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AR

LeMet by
Yann LeCun

atian in MLP by

¥
imton, Willlams Gerald Tesauro

Th DeepBlue beals
Kasparo in

Soft-mangin
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Support Vector Machines
by 5. Vapnik & Cortes
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r
:‘: LSTM tor addressing Deep leaming Q ImageNel, a

A vanishing gradeents is possitile. large-scale
5 image dataset

I : - is infroduced

.

IMJSAGENET

ImageNet by
Fei-Fei Li

Deep Boltzman Machine
by Ruslan & Hinton

MM EERE
FEZINL®E
e, JREF
SR

First significant
results in deep
Iearring

Alexnel by
Krizhevsky & Hinton

GAN by
lan Goodlellow

BRI IE: CSDN, 12 IF5i5sh7

Deephind
Grandmaster bl

b Al
Pratraingd

Thae first program 1o beat a

language models im Startcralt i

professicnal Gu player.

BERT by
Google Al

AlphaGo by
DeepMind

Parisa Rashidi, May 2020, CC BY 4.0

B EAIEERREEMNERLESH

XBEBTE ImageNet BUR SR RN &, F31B T HEMBRITRAIF

HEENEEE, TERE
% M EE—BT. FE2000EE4%
¥, BT ExRFEHmE
HEEHOASHERHM
m, XEERTBERFEM
THZE, AITEsEHEm
BOMNETMRESGER
THLREEI A

34



1ES=TTF5E

P SRRREEE T R & S HOUEAR I EELES

£ R & B F & Ak
¢ REFIMBRESTHEIEE: —SRAKREES . Al oo S
(ImageNet}IBEE) ; B—MRINGPURKRIE I + AledetREMIIRERS

'|‘;%iﬂ_iﬁﬁo — 1 E i‘: k ?\ .‘

¢ 20124 AYA | exNet FREE LR AL B — N HLAYCONNAR R,
KEASERMAMLE, SNEHREMINEEER N E

REREMT RABLE), BE6Z300077MEE, ;
600075 NS HIFI5 T AMMETT, i FICUDAMIE :

K%, FIF TOPUSRKRIITERES], TEHIRE. &
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[®]: M19984ECMURIVasc Faces Z|2008FEBITiny ImageIEE %|: ImageNet#IEE

Hardly the First Image Dataset Evaluation of ILSVRC Detection

Need to annotate the presence of all classes

uag FErrErr W vl
Segmentation (2001) CMU/VASC Faces (1998) FERET Faces (1998) COIL Objects (1996) Mms f.bg.l(ggs-lo} (to pena]ize false detections)
. Martin, C. Fowlkes, D). Tal, J. Malik. H. Rowley, 5. Baluja, T, Kanade P. Phillips, H. Wechsler, J 8. Nene, 5. Nayar, H. Murnse ¥ LeCan & C. Cortes.
Humng, P, Raus
[ EAES alald — ] ; :
s [T A3 ey =¥= Table | Chair | Horse Cat # images: 400K
KTH human action (2004) Sign Language (2008) UTUC Cars {z004) 3D Textures (2005) CuRRET Textures (1999) # CLaSSES: 200
1. Leptev & B. Caputo F. mn-h'.h:__u Everingham, A, S, Agarwal, A. Awan, [, Roth S Lazebmik, C. Schmid, J. Ponee K. Dana 8. Van Ginneken 5. Nayar 3
,,,,,,,, # annotations = SoM!
T o Sl 5 I I = = = =
1 1‘ : - LFE e
e Ly ' D [ b v F ]
CAVIAR Tracking (2005) Middlebury Stereo (2ooz) CalTech 101256 (2005) LabelMe (z005)
R. Fi: o Samtos-Victor J. Crowley D. Scharstein R. Seeliski Fei-Feietal, 2004 Russll ot &l, ao05 I
i oo7 + - - . -
B 5354 wiett 535
P i -
Bl =R oo AR} - O WL
MSRC (2006 PASCAL (2 Lotus Hill Tinylmage (2008) . I I
Shatton nf?l.c:-:m] Everingham .Einu::?g Toeralba et al. 2008 L - -— - -
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El: NILEgE. HRFS . HENZIREF I ZERXR B: #H28F IFREF SIS

Machine Learning

: Artificial Intelligence ~ ._f @< .___‘--,-’.‘».:___‘._,__ @ ;
W - e e o 3 & . m — .‘.,”," ). :"”.'...":,.. ER 1 Ar
" Machine Learnin g, X 7Y Vas
o o o A - VaSpVasr-
o ks Trak ; e Hu 0% Input Feature extraction Classification Output

" Neural Network

Karnal Melhods :
. 7 Deep Learning
\ memo | Deep Learning
=2 — OO O B
—0—0—9
Input Feature extraction + Classification Output
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At 3 BER, PLanBRdeHnEBmms s,
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EXT emms EI=H5F.
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& AR AR THZ ML (ANN) SRR TAFHEZE ML (SNN), ZHLSFSIRTFE, FEA
R REFIFENZL. MENZEZMMERAZIARNB L, ATETEY
HE THEFBESHAN.

¢ Google N RAF AN ERE RHMEMEZZ —. ChatGPTHE—FPE T HIZ MK HYEN
RAFREL, FRATIGRE—MAEBRIES LIBOBFA IR, EF KU
WENARNEESERIRE LA ZAMHAEMNS, UIFIHENBARR.

Growing Use of Deep Learning at Google

# of directories containing model description files

Across many
f’ products/areas:
/ Android
/ Apps
' drug discovery
Grmail
D00 / Image undarstanding
' Maps
MNatural language
y understanding
G /f Photos
Robotics research
y Speech
— Translation
— YouTube
many others

Unique project directories

i’irrl- : &> LE y
AR : EHEM, Uz hTr HFAREEARESESRNEE L EFEA
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¢ ANTHZEML ANN) BHTREAEAR, 8E—MIAR. —1TESMREEM—EEE. 810
TREHFRA—DTALHERT, EMERISZ—ITR, EAEXHINEMHRHE. MREM@TED
TRmESTHRENHE, FARAFEZTR, AHEELZXINZENT—E. &N, ~=
REREEINEN T —F. EESHETTREENFRA. 53— MEERLBE-MME.

L 4 ?$é%‘MZ§$E?§%iﬁﬁ%Mﬁﬂ1ﬁmE>kI‘EﬂEfﬁ_, ML ENAI RN B IEFFS], ILEB K EERE
RRHY 73R

[B: MR HIE . #ETRE

7 AT

M2 £k R B — B

HIA3

ZRIHIR: cnblogs, TEFZIFFITHT BFARZERRSEBNERLESER 39



—_— s — o . - w s, = 1€, ;E
::f*?nﬁﬁéﬁaué§2%lil: 753§§E?Esliil“fbkﬁgﬁgé:a Ib ;EQEZHEN%

£ kX &£ H E T & o

& F—RKHEMENFIRARAMN: FE1950FLGHIREEKR, BEETRANEMMEE, WA
Bz EA%MEXR, BRANTELIBIELMER, BIRNGERRE AT S RIEIRL.
& FE_RBEMBAHZERIN (MLP) : 7E1980FR LY, FE—MELL, £ EmM T 2N BEEE,
PR B AT LS I NFEL A, BEMBALIRIELL 4 a)R,
¢ F=RHENBAREMEZMLE: 20065FH i ntonRER LM ETINE (Pre-Training) B AR
RTEREHKBO)R, FEREMRENETERNIZG, BIkERLSHB TE=ZKHEMLE,
E: =B A RAIE

S (s

CEEEE, RRE
AFEapshahis g, | BB T TAEEIR WGAN

e | i THLEHERSE AlphaGo

BEART; 2. igm | DA% XFAES ot | g 2V

Bt LB SEME | DA TRENRE. o6/ | Alpaco

MR, BEENNE (£ ¢ STHLEMES, | A

LR AR ) | SREFTM T #ME Rt B CH DCN
| PIESRARAER 015| GNMT | ‘pE¥IMSE, SETWEEER

SRENIEF IRIENGEANE

i EMN“ EA =

! i VGGNet g, RFIFERAMNSIE, MM
‘nmwuﬁmmmmmm j , R-CNN HEFSEITAERYE. Eit,
: GAN “REER" EFR, "HHEFES

SHY. XATERMEESYS, F

! ! ; EXIMARETF: 1) BiF TER

: : | ERMRE, BEESE. 62, 22

: ; WEENRETS; 2) PAEEET

ISEFSIMBEM, hErEy, B

: EESETE, BESEESENE

MPHES | BERRE | MRM ERRERB— I FHERE, M
ey ] : BT RN ] : EAERTATMES.
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¢ REZFIEZENEZEMRHBMNESRAES, MNMIXBIEX NN EHE LA AR REZFS]
ALURHESREFIERE MRS ERRBEMENSEE, ULMBIBEN T HNIFIER
To REFIHLR, RRHMEREGRZBEMNIEZIREIEEMN)ISGEIE, XEIE
EHRSHE, NMRZEA S I FUM A ERRME .

AEFIMLRR: FIeENE; BESCE, ENME; HEWR), LRS; AIBEMT.
AEFINHREE: ITE=EX, FEME; BEHEEXS; ERRITESR; TEEMETRS, 85
BFERL.

L 2R 4

Nl b= — =z NAY = F A
E: REFIRENREE E: REFI 9
@ IR AR
L] ¥ Meural Network e
[ &ty ) -
B TR
Gradient Descent
=l
R TR 5] , Ll R R B
CRRIE ) SUPROISA LRwTg | g Classification ¥ stochastic Gradient Descent
b o
- HERBEMBNE
s Convolutional Neural Network
o SamRL 2Ry ®
L }. i ) Deep Learning ”
S B RESRBEAE
- Convelutional Neural Network
o]
FRBIE TS
- PIERL Restricted Boltzmann Machine "
R [ O
RS , AR
- Unsupervised Learning ; o AutoEncode
1+
ufLR REETME
CEATRE D Deep Belief Network
L+ ]
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Huajin Securities

ChatGPTHYRREFTIE T AlRg L LS i

s=l]

& IRk BUimy)|Z T #Hf=HEY (Chat Generative Pre—trained Transformer)
B F#RChatGPT, ZOpenAl FAHIATEENXN I AIEF, T2022F1183#
i, F&mITAEREBLIZRAF.

® ChatGPT2—FETGPT (Generative pre—-trained transformer) B KIES
R, E—FHAATLEERGMEAESLIETASSINARS:.

[E]: ChatGPTSEAK11Z A R ER R ETEIXSEL [&]: ChatGPT/T4R

ARRRRZFRENE (8) .
B

Google Translate
Uber

Telegram

Spotify

ChatGPT

S 4

Pinterest
Instagram
TikTok e

ChatGPT I2

Examples Capabilities Limitations

"Explain guantum computing in Remembers what user said May occasionally generate
simple terms" earlier in the conversation incorrect information

"Got any creative ideas for a 10 Allows user to provide follow- May occasionally produce
year old's birthday?" up corrections harmful instructions or biased
content

"How do | make an HTTP Trained to decline inappropriate
request in Javascript?" requests Limited knowledge of world and
events after 2021

HRIHIR: FIRIYE, cnbeta, LEZUEFHFHT BFARSERRSEBNERLESRR 42
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ChatcPTEARKIEERBSHMEAS A HIISLE

& ChatGPTEBEARIBS A 1EMmigy (NLP, Natural language processing) B —
INEEZRARRH, ESZMHESZSPRINEEHEMHRE. GPTE2H0penAlTEHAY
X transformer fERSESHITIIIZARE, KATMINZMHERSE .

¢ ChatGPTRYERIZZMNEMN “EANERHTUNZG0E" BERTEN.

E: GPT4RVE#EFRIN [&]: ChatGPTZEtaRE[E]

Exam resuits (ordered by GPT 3.5 perfumu: =] GPT
Estimaled percentée kower bound tamong test takers) GPT 4 no wsion)

GPT35H
100" ~
C] .|. Q. R—— “Ui-i g IZ; T 5"1L'L.'J"-'j{éé'&léiﬁ’i{ji't'i"f'"""" ]
0% ' f : : 4 !
N BREEE EBEE VEEREEEE O eN i Mevsmcms : ; i I T = |
j + .mIﬂHH memE | fumm | G Iﬁ.l."r{ é:jf tﬁ? ;
=,z' il A A RS FFran Ganerative Pre-trained Transformer 3 ™
- : ] ) ik 4 ol o A
2 | e
= & |:| rJ i
L\ y
e Lk, BRREN CUREE, GRRE, PSS )
E 4-(.&!’1’]#%'#1!\?-:9& ﬁ"N J'rHIH AR
'%% % "E ':-'% -"@
i 1
. -'5 ‘% I ¥ » ‘R
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SHIEERIES, NLPEAISHlEA—K by
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IR R S 38 . o BB G E
EEE R AT UBMBIIES . ) e (818 |2 V10 0
= - IRVAN
B EAES MEEAHRE LS | - - :
Fos w5 Y K s

|

A Brief Timeline of NLP ‘
® NLPERXKZLES: BA
1950 1960 o @ IEEIEM (NLU) FIBERIE

a “Bynractic Strusturas « ALPAC Report ond Semantic Notwaorks, = Expart Systems

HEs 2 —HIEER%ERN
P , 5E5, TEESETEME

fis20 (008 ——»faoi0) G028 SEiEl, SEESN5

5 \ \ N
* Statistical Models ¢ Language Modealling * Ward2Vec * GPT3 and Large *i'l‘i \ ‘u:i >< 'I‘E \ %u ]'/D\ 1& %ﬁ \

« BNNs and LSTMs « Word Embeddings /& Risa af LSTMsz and CHNNS Language Models

» Google Translate / = Encoder-Decoder t N j % ?%
i = Attention and | 7N

ChatGPT E E ﬂﬁ iﬁ f - “Transformers
BIE Rl et A » Pre-trained Models and

Transfer Learning I
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¢ NASEERE, BRESLENAREREUEAIANEISZTT, AGEIHHHRFIBETRENEAREF Y, XENBEES
RELZRNAE. HIHESREZIBRIES LEAIENREA, SRINEFIE—AEREEAENERER, TTLUETHEHE
A RRFIEHZ A FEEMIL, MR—MIFRIIMERK, BLARXNMAFRE— PRI FHREREK.

¢ KENBRES BN AENMMNERARE, KABAXISARAIRA
EHEFIN, EIREEAESHERMERTEN. BEVURBR RS TR BEN BRES LB RAITEXMEN, H

Iz NATEREMERRZH# T

5= IRABEHLIK .

e REA BAES B TRER

NG, BEHLIREVARA BB AT ARERIEDIRBEFHEH T “BiR=Tun” , #iZ

Bt EREET “FFEIR” , ERATERES LEQEM AR ESS T MR KER “BEIIR” BRAER.
BARES REERS

ZIHESRE: HEK
REES: b L LEt: )
AR AR RYA—
AR

MEFEFRE. ZRE
EN-gramiZE 5158, %
FERB T ERnI R
BESLEAEME—IEB
FRERE, ARBRXMEXANE
FREREHITAL, AT
KRiG—HBMHESH

(B EixEsH=) ,
wEBFAXESHXT
R AR B SR UM EE AN 7]
FRIHIBER. AT

REKIE BB E]RE .

MINSGESRE: KER
—MERAIESIRE RS
&, BISINEEAINNS,
F SRR A P 2] 37)
B B RS

19754, Frederick JelinekZ= ATEILX IR FH M FN-gramfE &Y
FIEFRAES, HEFRBRTCEER., ZRBE T XHE—MR
%, ENNMAIEIM R SEEN-1/MEEX, mMEEEEAIERESAE
X, BAHMEMRE S ML BRI

BIIRHEIESRE (FFNN) : SER T B/RATRRR (H—P R
BERERERTEAEEEREBAT, ERRREHFHFHTER
DB T HINRZS) , BIT—HZIERR 53 En-1MEHEX,
BT IRRR R R A8, MTRRR T 4ERE R B

BHMZESRE (RNWN) : FAHETIRAXRE, ZEERE—
KREFERICIZRENBIHEMLE, EiIZRE D, HETERLUR
ZHMMZTHER, WAUEZEENER, RRERTEHMN
LREEH

KEHAICIZMEZ ML (LSTM) : REBKHIICIZEE HHY—FhET(E)i%
JFMEME, EMEENSE—I X2 NMEFIESFIZIZINEER
BT . BFE1997EHIE H A TR L SRNNARERT B / (5115 1%
A EH LAY o] 7

ZETENM I SIHEA ImageNet IMERFIT XTI, F
BERATBTEEERG TS F I WMAREEHE, RAEBREES
BirTREEANSERNE N, BRESLEAEETTIILIES
WA (PLM) BIAE BB AER. XMFTIGERESFERET
Transformer BU4mAS S S AR IS RS R LI ANIE S 1R AL,

e 1) RAMKRUAMGITT, SEFZIZ; 2 TLEETHE -1 NMIH
ERER; 3 AREMLE, BV SIEME.

B 1) REZKEIKE, RREERIET 01 MiE; 2) BEE 0 HIEX,
ST EZRBOEK; 3) BIEHH, HRSLIO0VE)ER; 4) PR
TR, ZUHRENE

e 1) KIESEKH, BAERIOARM; 2) 8% T HIEFT TS RAI00V
B]RR; 3) FFHIIARIERE B IR SIRELZ (LHENT

Re: NEETHRNAIXESR, FELEBRKESEKS. HH, H2
WEETEHK; MENERET, MR E.

s SHIRHEMKELE, HiRE T ETXMEXNER, a—EEEL
FRRT FFFIRY K B BB R
R WTFRKHFS (—RRKEBIIE0) , BERBELENEE,

FERL TR BB A T AN B K ST A Y (8] R _E I AR R R

= LSTMERNNEI—MAFHIZMIRR, 48% T KBRS/ RNNAE B A5 14,
EIRFRR T #E RESIEETELHER M= LR Vanishing Gradienta]R,
B LSIMEF—EMBEIEMEEEGRFMER, FERENIZGAHRAEFH
ELFGPUERBIFITINER, FEItFRNE RN MEXNEGSHEE
BIHI LS TMEE— 2ERNNRY IE— S HET

e SINEEANSIHNFINZIESRE, EBLLHESREMRFS
B KHEMKEIRIRE, HEREBHRL EFE R £ T
Re: SRR, RESRES, HEXE, IFSHREASULESIZEMN
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¢ EXNTINGERENARG, AREREMKXTR TEESH SR M EENE N, £20205F18

23H, OpenAl XK T8 {Scaling Laws for Neural Language Models) , fiRR T HE T3 X ki

LB SEREMENESEREZN, HELW: KBREGFHERANYXREZES, Hitsil

e ARNREPFREE DIGEBRRE, HEEZWSEHRANFLE.
¢ LY RAXBEEBESHRAERN, BREBU—EE/NMEBESHNFEEH, XWEUF MeEH ] B9E

MFRAE [ 2RI | BES1. GPT-3ViL 3 FRAR, 1BSEAEPHITZ A EUMERIEE J1XTF M 100MZ)13B

SHHRE A FEIHM M ERAZ, LMY, BESE— NP aERMRER YA

E: XKEBH [ 2280 ] 8 El: GPT-1&%/E, SLLMEXMarXivie X 2REIIE M
—a— LaMDA —=— GPT-3 —#— Gopher —&— Chinchilla —@&— PalM - -- Random T
y 10000
(A) Mod. arithmetic (B) TPA transliterate (C) Word unseramble (¥} Figure of speech
50 50 | 50 50
- 40| 40 = 40 8{]00
E an E an | ﬁ; 30
E 20 = a0 £ og
< 10 [ = :
| ) 10 - 510 [ ﬁ{mn
PRI | ‘ [nstructGPT
10% 107" 107 10% 10% 107" 10%° 10 10" 10% 10% 10! 10 10* 10%* 10* .H
<4000t
(E) Truthful QA (F) Grounded mappings (G) Multi-task NLU {H) Word in context
T F 0L il A 70
il 60 | G0 / 60
& 50| & 50 | F 50 V. =80 F- = - - 2 000¢
o | 51 10 | =0 é-.-m
E an | E ! E a g -
:3:1”.““ _____ g 3 L T AU GPT-1
< 207 . LTV e e z22 22 0
10 10 10 10
0} . 0} S 0 ! 0 - BERT'

100 102 102 10 102 0 100 102 0% 0% 102 109 2018 2019 2020 2021 2022 2023
Modelseale (raining FLOPY FHFR: (AT EEARBGEREL) BHIF, EIEFHTI
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I RBIEFEITEVAIE,

@ AR\ (Word embedding) Fi=iFBERIES PRVIRNEMST ABEN—FAER, 22—

MoARRIRRTIARN, LEEARIESAIEBESHE—F. W ANERIFIERIES

P SEENRMRERRAZRERZNREER, EMATNFEAFEIBER

WA R —NMERIAIREIE . Word2VectRE! EGoog | e /N BIE2013FEF R —FI%

B RRERRIEIRE,

: WA AEBRES AERESTRIER

WA HRIES AP R T F
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'3 ig‘*—*ﬁ : : i : [1.22, 0.68, ..., 0.25] s . :
E 7S E E wpgr . 120,19, 0.26, ..., 1.14] [ % BEEEER : fﬁliﬁﬂﬁﬁ% i
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¢ NAFEHEBEHIHE,

ERFIR: EFA CKEREFEARXZSUALEFEFFLEHHIAIGCTE.

BN EXRBBZ KRN :
Bert. GPT., ;R . BERTEFrABidirectional
Encoder Representations from Transformers, =H
Google Al Language[#|PA7E2018LF IR HAITIIZIES 12
A, GPTZ2018%0penAl N F]A& i H B Y4 Bl XTI 2k
A, Z#ATEM: T BERT, BertfnGPTi,m%KE%:F
Transformer fiE SR8, BEREZGHTEANA—H. B
ERAZEIAENTEES, KRR Z20194F
FacebookiZH T BARTHE R FGoog | e[E] 12 H AU TSIEHY,
ERNREHXZXAEGEREN.
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25EAY
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+{[ % Fine-luning
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EENR EROR n—E8  SES
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JEEIGPT, #{uBert
bt AL - SR PR PR RS, OIS
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B HAI=ERFARE
2, JdETransformer
RIS S RS s __
ITVFEEARRBEH @ =
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GRS .
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8
167
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Mol e
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User  Can you explain this meme?

ValEmN

Sometimes | just look at pictures of
the earth from space and | marvel at
how beautiful it all is.

GPT-4  This meme is a joke that combines two unrelated things: pictures of the earth from
space and chicken nuggets.
The text of the meme suggests that the image below is a beautiful picture of the earth
from space. However, the image is actually of chicken nuggets arranged to vaguely
resemble a map of the world.
The humor in this meme comes from the unexpected juxtaposition of the text and the
image. The text sets up an expectation of a majestic image of the earth, but the image
is actually something mundane and silly.
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User  What is unusual about this image?
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Source: Barnorama

GFT-4  The unusual thing about this image is that a man is ironing clothes on an ironing board
attached to the roof of a moving taxi.
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‘ E Zhou D, Wang W, Yan H, et al. Magicvideo: Efficient video generation with latent diffusion models.
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_— —_ — —_— A really cute panda washing dishes with Cat watching TV with a remote in hand. Robot ‘dancing in Time Square.
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E: RSERBURTER B % 0 AR S S A A A B,
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27T, [IELIEK15. 4%, 20214, RAIBIFERIX S, X86ARSZ =] RMUANILE
254. 6{2.E 7T, [EIEEI®4K15. 2%; RISC/EPICARS 2R MUINIERI2. 512% T, BT
7836.5%; CISCARSE=E] MU NILE. 612 TT, [RIELIE4K31. 7%; ARMARSSEE] ryUX
NI&ZE5. 7i2= 7T, [FEE1E485. 4%,
& PEXCOIRFZEEUMBIREZZF/ AT, M20165F2)20204F, WIZARSZ 25 HELIES0%
ULE; EXDHREEE. 488REE, A1t GEEE10%E20%218); 8% LA EAIARSE =5
20, HEERABIZO. 3%,
&: hEX86RFZHREEE (BE)
o 686 % 25 th ¢ Bt 7 17 3 S BT B hEx8oHRS UMM SHNE (HE)

mmm [ x86R A L iR ()  -e=[FELHRK

o O 525.2 100% , 3% 0.2% 0.2% 0.1%
500 4 26.0% 483.8 - 25% 90%, ki) \gnin
L o00e  80% -
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400 -
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s -6‘21000"’ ‘mu,: 4
- 5% 30% -
2 - 309
200 iy
- 0% IO“
Ao
100 - -5% 09
2016 2017 2018 2019 2020
0 L -10%

2014 2015 2016 2017 2018 2019 2020 2021E 2022E 2023E 2024E 2025E

HRIFIR: 10C, LEZUEFHFAT BFRAIREARESEMHERLEER 81



R e g yar s . (e T
o E SR o AR S5 T ok 3R T A B T B SIS
¢ IDCAAHM (PEHEIET LIRS HIA (20224F) IREE) REER, 20224,
E#ERORZHIAE K12, 7%, HiIAMiEIA1293. 512t AR ™. IDCTR
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El: 20224 ETopsHEH LR SZEH AN EN [E: 2022 ETop5%E = BB LAR S HIANEN

=IDC =IDC

FhE Top 5 F=5EIEFORSEHIHMHT, 2022

FRE Top 5 #EFUIRSEMHHE, 2022

v

w hEEE = PERES - FEEKE o« fEEgE = LB - Hfth

<4

= FEFHE = HEGE - EEHE «SEF «EFEE - Hit
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TSEF'ﬂ EEﬂEFI%%\ £RBR. CBIE

: ARM35

REMLT R

n_,\ \ /ﬁ% =] u_.\ \ J:}iJl_, Iy o El‘;zykﬁﬁ E]’\] '}'EI' H Armv9 \
A?&?ﬁ%ﬁﬁ;f{kﬁﬁ%i% : %_gé y wEE B BB TZZT::;C

et RFBERER, B %57\%];}% =
? rmvi Processing

Irl\-_

Digital

B mrmeum

Signal i timam
Processing

FAMIPSFRAHIIES R H0 ééA | phatg
%, ILE%”'JEETJ%Z%? SR,
%*S =R ﬁ,uifuw%mu, aieFHARM;EI
7 \jf‘, F=, BENEEMLEIK

EHBEeM
Improved Security

I FREHREARMVEIES
Full Armv8 compatibility

o, RFX86IES

R4,

&: EF=75ACPUI LR

o g T T ™ e

ETERE LoongArch+MIPS Alpha, SW-b4 ARMwE ARMwE w«HB «B6

137 MIPS DEC ARM vE ARM wB AMD EEs
e ey oy revyr— ey ey
512 SWR00 BoS =N e = Kx-5000
fiEm 52 e SW1e10 HEME 920 iR D =4 B2 = K -6000
s 3= SW2e010 BisE &7 BEIe KH-20000
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® XKRBEKXKFEEKRES.
BmEE. ABEXREMEH
TH =Y, BEEIEEED
R, ITEHHNEX
EME XK. RIEFEK
semianalysisfRiE,
GPT-47#E120Eh 2 A5
T1.8H{L&#, MGPT-3
QE7502 128 1
R, GPT-40MiER
GPT-38Y10/Z AL, OpenAl
WWZGPT-4BFLOPS 4 A
2.15e25, TEX#J250004
A100_E1)I12k T 90%100K .

ARE, RRESNTEHESN
NEKEFETHEIN4EE:
F—rm RRBRFEIIGH
RITHFENE NIREIEK;
FE A EX KRB AR

BEIHNFIKREREKX.

(Carbon Emissions and Large Neural Network Training) ,

Bl: TEIEERAFEED

Mumber of Parameters (B) 0.064 per
model
Percent of model activated on every token 100% 100% 100% 0.25% 0.10% 100%
Developer Google OpenAl
Google
Datacenter of original experiment Gmg'f’ Gc:.-ngle GODQI';! N;ﬁ Gm’gl? Microsoft
Georgia Taiwan  Georgia : Georgia
Carolina
When model ran Dec 2018 Sep 2019 Dec 2019 Apr 2020 Oct 2020 2020
Datacenter Gross CO.e/KWh (kg/KWh when it was run) 0.431 0.545 0.415 0.201 0.403 0.429
Datacenter Net CO2e/KWh (kg/KWh when it was run) 0.431 0.545 0.415 0.177 0.330 0.429
Datacenter PUE (when it was run) 1.10 1.12 1.09 1.09 1.10 1.10
Processor TPU v2 TPU v3 V100
IChip Thermal Design Power (TDP in Watts) 280 450 300
Measured System Average Power per Accelerator,
including memory, network interface, fans, host CPU (W) 2 o 2. 26 245 faad
Measured Performance (TFLOPS/s)™ 248 456 423 48.0 34.4 246
MNumber of Chips 200 512 1024 1024 1024 10,000
Training time (days) 6.8 20 30 3.1 27 14.8
Total Computation (floating point operations) 291E+21 4.05E+22 1.12E+23 1.33E+22 B.22E+22 3.14E+23
Energy Consumption (MWh) 7.5 85.7 232 241 179 1,287
iﬁfﬁg&zﬂﬁﬁ[ﬁ;ﬂ?&?“ consumption (12.2 TWh , 440069 0.00070% 0.00190% 0.00020% 0.00147% 0.01055%
Gross tCO.e for Model Training 3.2 46.7 96.4 48 T72.2 552.1
Met tCO,e for Model Training 32 48.7 96.4 4.3 59.1 552.1
Fraction of NAS Estimate in [Str19] (284 tCO2e) 0.011 0.164 0.340 0.015 0.208 1.944
Fraction of equivalent jet plane CO,e round trip San
i jqwew Ymé {j Bk e S P 0018 0258 0533 0024 0327 3.054
tCO.e savings by Meena using Evolved Transformer - - 48.5 - - -
% 24/x7 carbon free energy (when run) 31% 19% 30% 73% 43% MNFA

R U
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ATHEI®E, KEEEIEFES B e e e s o

OpenAl . AnthropicHFIUIZAEELHIH] g L C

Sl/A7E], thBAzure. GCPEE = AR

SR Ee
& SMEEFEHSam AltmanlEiH XIS E T b0 N

Z%E5T, HopenAl BRI ES —_F

KBETMWE, GPT-5IIZ™=FEES,
¢ HI00MHMIR iz D EEGIFEZDIZED

F . HBMAERH . CoWoSEtit, 1848

SERXASTEINTZH)E 5nm+)

FH 5 ST ACoWoS S iFH T SE R A,

HBMA) 7275 B 3k B SK3E T HIHBM3A 72

o h. BREFRKRE, aFHBEERE

AR CoWoSIEBIE =~ 1UEE, LR

A BREYIHXIEIE20%, HXIBBER

350004 F&E .

SR
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& ATROMEEENEKS, AGEEREFEIRGESE, TBTEFHEIHE: £
—, WFAIRE, EBFAIRE Y TRA—IES,; B2, ADIZEA T s
HE AR, FutEREN T HHAE b2 T EE AR,

& ERIE, OpenAl BEWMITELLLE - BB/R4FE (Sam Altman) EAEEFEXRESEIZRES
R, £ERATATELE (Al) FARAIESE |

[E: {$1£20234F03FFETop12AIH100E R L= [&: &EkCloud TPU v5pHYi)IIZRIR E
Nvidia H100 GPU Training Speed (GPT3-1758 Training)

Shipments by =.00

Customer

Q
[§]
Estimated 2023 H100 shipments S 20
by end customer. €
(]
Omdia estimates Nvidia sold ~500k =
A100 and H100 GPUs in Q3, and @
lead t|rr2\e for I}:1004335;&30( servers is P %
up to 52 weeks. ,
'-é 1.0
0 1]48]
(0]
50k o

20k | 0‘0
15K ... TPU v4 (bH16) TPU v5p (bf16) TPU v5p (int8)
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Y 3 2023$12H7E| AMDIERE 70 T HEMR Al GPU JNiE=E MI300X, Z-HAEd
ET CDNA 3 ZE#aigit, ES{ER 5nm 1 6nm IP, RBIEE#H=1XRZ] 1530
ZA, ATESE, MI300X XEHBM3ATE, g;%r—,‘szBo

AMD Instinct™ MI300X GPU vs. Competition

MI300X H100 SXM AMD Instinct™ Advantage
(Up to) (Up to)

TBP 750W 700W
Memory Capacity 192 GB HBM3 80GB HBM3

Memory Bandwidth (Peak Theoretical) ~5.3TB/s 3.3TB/s

2
28
£8
23

5

FP&4 Matrix / DGEMM (TFLOPS) 163.4 66.9 (Tensor)
FP32 Matrix / SGEMM (TFLOPS)* 163.4 N/A

HPC
Performance

FP&4 Vector / FMAB4 (TFLOPS) 81.7 33.5

(Peak Theoretical)

FP32 Vector / FMA32 (TFLOPS) 163.4 66.9
4947
989.4
133.8 | 989.4 (Tensor)
1978.9 (Tensor)
133.8/989.4 (Tensor)
1978.9 (Tensor)
1978.9
3957.8 (Tensor)
1978.9

3957.8 (Tensor)
AMDZ

See endnates (05 30017 Mi2
52 | AMD INSTINCT™ MI300 PRESS AND ANALYST PRE-BRIEF DECK | UNDER EMBARGO UNTIL DECEMBER &, 2023 ® Myvidia H100 GFUs don't support FP32 Tensor. Mvidia H100 source: hitps:\resources nvidia comlen-us-tensor mgel:her we advance_
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%t kK & B OF & Ak
¢ RIEEPFRBEIE AT IDCTMN, £©IKAITTEHIAMIREIFMN2022F19195. 012 E i F|
20265 /Y346. 612FETT. Hh, FriRAITTE T IZMIFRIFM2022FE198. 217 E T
F]2026FE/J109. 92 ETT, ESEKESTIEZI Y%,

¢ ERFBETRI S RKEIEE202BHFATETRAS LR, "2 W»iflilij KR
BER T750FE AT RAVIER, MBEHMNEDMHSE (8K NE3[F. 7 MEXIME

NROTEF—ZH KIS, KBEF, B2030FAIFRFNFES, HEXF20205FiE
SHEK50015 .

El: £ AT IR TN B: PEATLEETHIARTTN

mm Generative AI Revenue
——Generative Al as a % of Total Technology Spend

E BB35 , CAGR-28.5% 26,436
o
w0
= ' {0 , CAGR-32.0%
& g ° 21,924 buce
X E = % , CAGR--15.1%
L] c ]
: 3 18,005 s
=
g 3 14,752 2M8
P 12,239 1,877
- 10,382 —
1.414 7
# 1.110 2696 Sl
10777
2020 2022 2024 2026 2028 2030 2032
2021 2022 2023 2024 2025 2026
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¢ BIS (XERFHMIWSRERE) FT2023FE10817HLH T1017H#, HHSEE
R3A0ORIETR RS, U “SAIEMRE” K “MREEE” MAER.

¢ FEHEH20FHHEPEREMAI S H I E2024F 2 E &7, BEFHXBERR
AR EAR T AR B EESE . R ER. mlJ,uiﬁiliﬁif‘zozsfﬁ
=FESHAS EigY, Haife AR E10BRIEE HE L EARIARFE(HIAA100897K
E: HEAH20FFHEPEREHAISHEH &

MAE~BEHARSREH

GPU Architecture

GPU Memory
GPU Memory Bandwidth

INT8 | FPB Tensor Core®

BF16 | FP16 Tensor Core*

TF32 Tensor Core*
[k P
FP64

RT Core

MIG

L2 Cache

Media Engine

I Power

Form Factor

Interconnect

ECLR1E, OFweek HFTFEM],

LR UEF T TTHT

B EAIEERREEMNERLESH

HGX H20 L20 PCle L2 PCle (INT8)
NVIDIA Hopoer NVIDIA Ada Lovelace NVIDIA Ada Lovelace k910  ASIC 640TOPS  310W I]E%:
96 GB HBM3 48 GB GDDR6 w/ ECC 24 GB GDDRS w/ ECC
40TB/s 864 GB/s 300 GB/s ERL B 5T370 ASIC 256T0PS 150W HEIER /)1 7nm
296 | 295 TFLOPS 239|239 TFLOPS 193 | 193 TFLOPS v
1481 148 TFLOPS 1195|1195 TFLOPS 96.5 | 96.5 TFLOPS B o R200 ASIC 256TOPS 150N s e
74 TFLOPS 59.8 TFLOPS 483 TFLOPS
44 TFLOPS 59.8 TFLOPS 24.1 TFLOPS y—, R
s ik = kxR T T20 GPGPU 256T0PS 300W &k 12nm
57
N/A Yes Yes
Up to 7 MIG N/A N/A KEE £0£4100 GPGPU 384T0OPS 150W HETE /)1l 7nm
-
60 MB 96 MB 36 M8 G &
~NVOEG 3 NVENC (+AV1) 2 NVENC (+AV1) SF%‘—E} @%800 ASIC 820TOPS — ?EEE 12nm
it ot :
400 W 275W TBD R . .
8-way HGX 2-slot FHFL 1-slot LP R MXN100 GPGPU 160TOPS - ;354 7nm
Pce Gen5 x16: j:i
128 GB/s o PCle Gend x16: PCle Gend x16:
NVLink: 00GB/s 84cB/s B BETIR) BR100 GPGPU = 300w HETE /| 7nm
PS: Nov 2023 PS: Nov 2023 PS: Dec 2023
MP: Dec 2023 MP: Dec 2023 MP: Jan 2024 j:i ﬁ\
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® ® & BT & W
‘ L El: HBWRERG &Rt
‘ TrendForce]zﬁi1E 202435%I*HBME’]1 Projected Shift in Proportions of HBM2e and HBM3 from 2022 to 2024

T BEIEK105%; HBMFﬁiﬁﬂiiﬂEtﬁ
T20245F188912 3T, FELIEK127%; Tt
T E2026FEHIARIIRIFIA127. M2ETT

3 RZCAGRZ137%.

2022 2023(E) 2024(F})

[&]: HBMIgL A EIH[E Source: TrendForce, Aug, 2023 wHBM3 mHEMDe =Others

24
HBM3E
22 (24Gb/8.0Gbps)
HBM3 'x'l'_'_,ll -_--___ 1V DE
20 (16Gb/5.6Gbps)

HBMzE I':::I:!:Ii,l'|j$:|":.:ll:'il.]l:'.";l{'l”‘lll‘I|I
J (16Gb/3.2Gbps) + ¥1.5 condcity with
18 * World's fastest ZHiline-up
HBMZ development « X1.B Bandwidtt
15 (8Gb/2.4Gbps) X2 « per die ' Or
HBM
(2Gb/1.0Gbps)
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¢ HBMFIZEBI#SKE Nt ZEREH = ADRAME] B EREHBUGHHEG

3_,:3_,: 51:&’ %¥B>§iﬁ (TrendForce) iJEIEE/_\’ ijec'tedl-[BMarketSDmtnmm!ﬂﬂ’!tl

2022F = KB HBMTH & 3 5l HSKEH1150%,. = SKhynix | 0% | 46-49% | 47-49%
S 440%, EHH10%. SKi§HLTEHBMIE =5 E A Smewng | 0% | detone | wr-io%
T, REMBERSR/PUNEEMRNE. 5 e e e
_7‘3@! Eﬂaimljgiiq:iﬁliﬁfmﬁﬂﬁ%*%ﬁtﬁ (CSP) Source: TrendForee, Aug., 2023

HIITE. \
E: = KR HBMEER S R K HE
=K HEMAER SR I5  Eorly somples to Nviia| &5 ) (M8

| ! ! o EOU Ui 2 Mot Efged Yot
HEM24 SH hymin 11 1Y 1666  [816GH . ]
| ' # SESSERS s s E AR EE R EE A
Mecroa 12346 1Z 160 Pm EOL
1565
Sumimg P64 1Z 18R
2404
HBAD
prrer]
Kb Lé64 1Z 165
2258
S
L anavmy 582 lalpha 24Gh
i
weimT
HEMy S5 bvem 52 Towta 2445
EL L]
Prsal ]
Meron L322 et 2450
Jeda

HBMH 18D THD Foll spec may be released m 2HI4-2005; C5 m 206

Scurce: TreadForce, Hov., 2023
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& 2028 F K MIAMEBEIR1360123TT, FeiHFTR GtE21A58%. RIEYole
R, 12022 22028 FF R M IATUITIFLL6. 9% E & F BRI, 2028
fﬁﬂ 1xE)1, 360127, HFREHEMIAFHNESERKEIEMEES. 2%,

WRE|57512 3% TT, FHFTRAT86CETT, GHEELAS7. 79%,

2016-2028 2 Bk FTift ] S S EEFTM (%) 2016-2023E El it £ 3 SEEFUM (%)
niHHR wieg R

L ik u e R

0% |

B0%
702

" smmssin o, ooenatacir40%

T

O 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023E
2016 2m7 2018 2019 2020 2021 2022 2027 2028E

70%
60% |
50%
a0 |
3{}%(

20%

10% |
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IR, RIEYoleBIE, 2021 FE LTk HTTEHIAMIEAI74(CETT, HAirs
F B S EL B AR 70%, 2.5D/3DEHEEY Y ; 20274 S BkS i E 5 h A HIHE TR
I R65012ET, EPEHEIZE SEER66% (320214 T iB4pcts), 2. 5D/3D
23%, YI1501ZETT, SR BNRIERR, 21-274CAGRH24%.

[&: 2021-20275ci#E 4 1A AR T

D Flipchip B 2 50/
- Fan—out - Embedded Die

Fan in WLP

m 20214 5 | 202746 5t

Flip—chip

Fan-out &% &% 1%
Fanin WLP 6% 5% 5%
2.50/3D 18% 23% 14%
Estiodlad 0.2% 0. 4% 245
Die
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AT &g FC. FO
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WLCSP FC. FO. WB.
b B .
BHEB FC. FO, ED FC. FO. WB. oy, ED, siP
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FO, SiP Sip
AR/VR
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0 WLCSP SiP SiP
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FO. SiP FG. FO. WB.
QFN, ED, SiP FC. 2.5D/3D,
FC. FO. ED BARLS :
FC. FO, WB. WB., SiP
FHEE QFN. WLCSP,
SiP
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