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1. 4#735 AL DAY Fx k32, A AL M X#FHFA TS

1.1 4F#742 AL DAY B K42

2021 4= 8 A 20 B, 45#732 Al DAY 54T, N&) 932 7T A% B sHhEL 4 %5 FSD
( Full Self-Driving) #%/. Dojo ®& it EME %L “HE" ABIEAL Al 448
R, TTiHA KB,

1.1.1 %A% AHER A %S FSD %M

#4t HydraNets &4, i3k A ERAR— AR AL F L0 H, Ml x
#9 Tesla Autopilot 2.0 75 %, B AT 894050 7 AR K A2 8 NEA% Sk, 122 5 37 & 49 HydraNets
ZAEHF AN ZE WL R GHATT TR AR, B0 X412 “HIRF 1L (Extremely
Simplified )”, # ~F 4%k 6915 &0 B2 T B 6947 2 M % (thde 3] 757 B 47K,
BAZFITTON . E AR ), X AILET AR A LA e R FARYE . 4o RARAE k6
B @15 B 9% F W, HydraNets £ 44525 & dy #4738 3% .

B # 1: ##474569 HydralNets 547

Multi-Task Learning

g R e

Decoder Trumk Fully Conmected

1. Feature Sharing

2. De-Couples Tasks

3. Representation Bottleneck

HARIR: 4FH, B BEAERFR I

S T 45 AEAR VE JB BT 69 TR VA RO 22 22 38 04 8 FEATIRA T 42 P AR, 45 A dad i e At
LR AT B A S TN, VAR B FEARIRGGIE B iTIT, EAFALEARAE H B A LT,
AR LB LI IE AT Y AF AL it “FRM) EISAIT S 69 WARE FhHidk, ek AT
1E 04 BB 0 B AT HEAT.
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Problem: Lack of Memory

1. Impossible To Predict Objects
Despite Occlusions, Velocity/
Acceleration, Blinkers, Moving/
Stopped/Parked Vehicle States, Etc

2. Keeping Track of
Markings & Signs

HAFRI: FH42, B IERA T

ST EHERETEAFTERBEARLER, K THF7] 49 5 BB AR K I
T ZIFMENLG R EA LR EAE L, BYORELERRTERGRIE, LERBEIMN
ST 6 RAIE LR — AR, SRS TR ) B R HIE S TR AR, RAW
B, AREFTH@OFL, ETFHMLELT Autopilot #2 FSD.

B3 2T G ERKEG LG R ERILREA RN F 7 EERMGETEF

Improved Depth & Velocity From Video Architecture
P’ g £ .

HARIR: JFH2, B BAE R IT

P.4 51T 4 I 2 KIR &K T Z
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FRARBEE RO ETFEFAN, BT Bl 2, HHEAMAAR 4 (Explict
Planning&Control ) LA&#t47 7T H SR %, ARERE. 4FE. RFE=ZF IR YRETF
B, EXRFZ =T, REWEEf LR X 40t AT 7AE RGHTH. e
EGGTHY, HMERNARIVLIFES Fik, RILZHFES FE+5ME L (i
P12 £ 3 e AT ds 5| 5 @) ). APZ ML F R+ IMEF 2 AP AR 6 Bk e T, A
4 7)% % 398,320, 22,224 F= 288 K 7 KB E A HE AN F AL AR, IR 6L
Bk o R £ R MK,

BE 4: HF G F T ML I F65iF L ETEZ5 5

Search Space

Example Parking Problem

5 Constant Curvature Arcs

Euchidean
Distance
to Goal

398,320

Neural

Euclidean Network
*

Policy

Navigation & Value

Function

= s L A [0Ov]

HAFRIR: 4FH 42, [ BEIERAH T

AFXE G HHPEAFZ, BIEMB R % AL ik, 5B LEHFERHA, FSD
WA DETEARIZE. BT EZAT EHAHTE, i IEEELK. %
B #%d. ATHESE, 23R —RGEBMRS, AFOOHRBEATE, RORIEHRE
R ERR T, LA IFEIBENAFIC, AR ST AAT A 413t b6 Sk 4.
ST RO ERGF (e FILGAL SR T ER . FOAFEG—BAZTE
HRABAT O LRRE S ), B 3hA 9 BT AT X 4B K 5 0945 R )| 4 R 345 S 69 40
7. BT Autopilot 5 AT &5 7 2,000 £ 2 Ke9iE%, A 3.71 /LRAED B GA
48N ZHIR, IR LRI P LA R SF A3ty BAEDG, HARAF Y
F . BB R AT, M BN, BEHARGEN mHymr, LD
%5 %423 FSD Beta 10 ¥4 A RMegit—F & KT, &RA14815 Rk FSD 49 Al
A B IFE R REE.
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BE 5: A2 09 185 F AR E

AR FFAIZ, BB GERBE T

AL 6: 5FEH

5. Scenario Reconstruction

Real World Clip Auto-Labeled Reconstruction Recreated Synthetic World

~ e T >

Building a Pipeline to Replicate Scenarios &
Environments Anywhere a Tesla Vehicle Has Driven

HAVFR: FFHA2,  [E BEERFH T
1.1.2 Dojo %Kit A A %

Dojo 4%+ B #9324 T 9% Autopilot, “F & H /7, Fl o £ IAN:
® iFey Al DAL

® B FEKEGLFEEANG W LAER

® Ik, BARARA.

DI+ HREMHZMALIN%mAE, HeEidA, T “RHEF”. KK AlIDAY
L6 Dojo DL K, £F 7nm T 237, B A%k F): B4 FP32

P.6 AT R IRER T 9
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H 7/ 22.6TFLOPs.BF16 # /) 362TFLOPs.On-chip # 5% 10 TB/ #/.Off-chip
W5 ATBIAY, it i A8 A Google 49 TPU v3, # i 47 % 3 15 1% | # 49 GPU, 25
D1 RAREIN %Ak, 24 H A 9 PFLOPs, 5% 36TB/4, 120 A~
Y| AL 3 3000 4~ D1 % K 40 % 49 Dojo ExaPOD, % £ ## it 7 1.1 EFLOPs,
it A AgL+ g L@ 0415 EFLOPs A/, AMARSE —, AR FHARA
T,OBERAT 445, BRI T 30%, MR T 80%, TiE“RAEFE”.
I #f o £ Al DAY L& =, “Dojo & —#F % A IR AP 2 W 49| % f A 693+ F AL,
CPU #= GPU # R A2 A I % fmikit g, LR A2 @ ASIC L7, RiLH$E Al
DAY #) Q&A 37, H # Dojo if K % fi# & compiler scaling 17 # .

A% 7 Dojo DI &K iRt

) D
Y
o OV - :..
3 - 4 41 B
- O p - 460 3B 2 TRl
- 4t +
- .
: @+ B 08 pad |
- et
= et 4 0 Billio
U =l® L o :‘ ‘- —
= &
4 - ol Py
=]e O . b < bt >
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<1010 D

FHF - TR, B AR

B % 8: Dojo DI &K 4 g2 B 4T 4 5 F

Chip Scaling

e Startups

HAEI: A, [E RGP
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BE 9: LA PEAS R

1.1.3 ABMBEA

e pi3ife AL DAY BIBF 32 T —AHE: ABALEA, ©RA T Autopilot 891E1% K4k #
M BHe, KA T FSD Computer 4 %t Faz, M. B, F. RBRRIHHEKT 40
ABIEAT, EHIER S ANAVZ R 24, K FAVZ W& HAL. B ShiTie. Bkl %5,
RAF 2022 FE@, FHIETHBAHEARREREAMRS 69 T4 (bR
4. EHEEF). BR, ABMBAKBEERERMBLEBTF LT LHAOTEK, £
RETHERAZ—RFERBAENF], MA—FALNF.

WORLD BUILT
FOR HUMANS

FRIENDLY

Tesla Bot

\

BY HUMANS,

125 LBS 150 LBS

ELIMINATES DANGEROUS,
REPETITIVE, BORING TASKS

RAFRI: #FH42, B 2 IERA T

B & 10: ATBAEA b9 AT 25

Al for General Purpose Robotics

AUTOPILOT CAMERAS

MULTI-CAM VIDEO
NEURAL NETWORKS

FSD COMPUTER
NEURAL NET PLANNING
AUTO-LABELING
SIMULATION & TOOLS

FSD HARDWARE

DOJO TRAINING

RARIR: 4FH 2, B BEIERFR I

P.8
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1.2 Al T a8 mik, RREAIEKRE, KA TERLHREZ
1.2.1 AL #tmig R KB, FFgs@tsfed il

Al mig A B KB, ARIE Gartner 44 A e FHHUR A E &, Al AR BT 44, &%
T EE IR I —0 R L R—E R K B —m . B AT R E, ATkt =
HTREH AL, ERAERERAERE, mEMETHEITESZOFLEX, Feh Al
AL FE M, 2017-2020 SFE11E), AEFRAE AR R, MERAMB . BE I,
ARG, Al AR 3. 4. HEHA AT ERRIE, mAT ARG 590
A, Esh 509 K ER K B, L, Gartner ¥ /£ 2019 4 8 A Twl, “%| 2021 4, Al
Fa)iE 2.9 ZALEAN R LME, Q24K 62 10T T AL/, Al BPiit A ER
2797, Al Riheg K EHHAL.

B 11: 2020 F Gartner #-# % #/Z #h 24 (Al 771k )

Hype Cycle for Artificial Intelligence, 2020

Knowledge Graphs
Intelligent Applications

Deep Neural Network ASICs _\\
A\
\

Data Labeing and
Annotation Services
Smart Robots =
Decision Inteligence [
Al Developer and Teaching Kits
Al Govermnance

Dgtal Ethics
ige Al

\

~~ Al Cloud Services
— Deep Neural Networks (Deep Leaming)

Natural Language Processng (NLP)

() Machine Leaming

expectations

Augmented Intelligence >
Neuromorphic Hardware
Things as Customers
Responsibie Al

Artificial General Intelligence

Al Marketplaces

(Q FPGA Accelerators L GPU Accelerators

Generative Al

Composite Al ) Chatbots

Small Data

! Computer Vision _

“ Insight Engines

Autonomaus Vehicles
Cognitiveg Computing
As of July 2020
Peak of
Innovation frough of Slope of Plateau of
Inflated < X s - v
Trigger Disillusionment Enlightenment Productivity
) Expectations
time
Plateau will be reached:
Ole han 2 years ® 2to5years @ 5 0 years Am thar years ® obsol f plate

AR Gartner (Hype Cycle for Artificial Intelligence, 2020) . /3 &7 X HF % /F

M “EI” B “EI, Al BFEHEASFb L, HARERFTERINENGIT, Rk
AT, AR BIA L LA F TR AL, EHhARRGHER. QA 1LHE
FREF LI, RT, Al LEA RI HESEDT B HE. EwiiER
KRG E—H, Al RS HEINANAL T LA Fdb, il it $ AR 5 5] F ikl
BPE, AHAEe. Dlir Rk B 52 B RAIRIE. AL A ARE Al IR e T 454k
MEABRG| S, WIABATHE = LA R IR 9438, B A7 T LWL AR R A I 4 230 iR
FFMAH. b, RIE Gartner 8 2019 4 CIOAZE, HFT Al 941K 2018
F4) A%RAZET 2019 4 14%, L BRFFRIT Al ThA Z b kT L ELEAGH
1B, &AVAA, AlSEIAS LS FaE CERXETH.,

P.9
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B& 12: AF£ Al 4545

Value

Internet

Industrial / Financial

Agriculture / Fishery / Metals

1995 2019 Time
25 years

AATRIR: HARED, [EBEERGE I

1.2.2 Al = XA 2 F Rmdh, AT Lkt

Al B3bPTE RO ZXEFK: Fok, 888, 4, BB THRFAAT A BRGRE,

H Al REKIBHRBAT lRRGLE.

o Al FEFHERAELN, MEFEFTEHLARE, BB RERBLERS.

AutoML A 4], FARAZ LR FZSLES, KFE ETIAAH = K%EB: LTz
Bk, AT aAmt FHENEE, Qe RRT H 5%, AN
M &, AFHIRAR R AR, FRe) RB R I EIFLERA T AR
AR R, Bk T EER AR, BRBD I EEENKEREFRY,
{2 RARR o) B Je A2 AR R LGB LA A%, ok, 2014-2015 45 & JLa9 4 A&,
T M (GAN ). 2015 SF M4 5% £ W% (ResNet ), 2017 & 344 Transformer
AR LI A LB AR B ), FFERBAT A BT R AY, BANFSFE
BAEAF 09 IE 8 )BT R

P.10
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B# 13- NAS (7#22 2444 3 ) JEA a5 L 4%

Flops(M)
Hk SHAH (M) Acc@1 Acc@5 HEHHEEEAK
(8%)

NASNet-A 5.3 74.0 91.6 564
AmoebaNet-A 5.1 74.5 92.0 555
AmoebaNet-C 6.4 75.7 92.4 570
MixNet-M 5.0 77.0 93.3 360
FC-NAS-C 5.1 76.8 = =
SCARLET-A 6.7 76.9 93.4 365
MoGA-A 5.1 75.9 92.8 304
FairNAS-A 4.6 75.3 92.4 388
MNAS-A 5.3 76.7 93.3 403
ProxylessNAS 7.1 75.1 92.5 465
NAO 11.35 74.3 91.8 584
PNAS 5.1 74.2 91.9 588
DARTS 4.9 73.1 91.0 595
P-DARTS 7.4 75.6 95.1 557
PC-DARTS 5.3 75.8 92.7 597
SNAS 4.3 72.7 90.8 522
Single-Path NAS = 75.0 92.2 =

Single Path One-shot - 74.7 - 328
SemiNAS 6.32 76.5 93.2 599
MiLeNAS 5.3 75.3 92.4 584
SGAS 5.4 75.9 92.7 598
DNA-a 4.2 77.1 93.3 348
DNA-d 6.4 78.4 94.0 611

HAHF R CVPR2020, CSDN, [ 2 7ERHF5 FF
JE: RBCEBORZEEA (<IOM) 65727 % ImageNet #3545 _F 49 % I

pP.11
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100 TRILLION PARAMETERS MODELS BY 2023

1000
100
10

1

. 7
0.1 GPT-3(175B) e

Megatron-LM /4 14ring-NLG (17.2B)
(8.38)

(1.5B)
€ BERT-Large (340M)

)
{ O
Q
2
£
o
0
a
=
o
"]
(=
=)
=
=

Q

N

(V)]

@

©
(=]

=

ELMo (94M)

2018 2019 2020 2021 2022 2023

HHAARR: BB 2, FEIERE T

BB EWRFIEREK, sTAI R AANBEEREXER. BFERIAL M

RS FH2 —F ARG BT/ Al R 6h ZN\FAE, “B0% 8 R I +20%45 AR R
=F4F0G A, B NGIBYESEE., FhOTARE—RRELREZT AL
EOR S . T KEAEHR AR TR AT Al B4 F 3] 8RR 3E 3RIF A,
BT AL IRk L BLK @R F. AR, BE LR A ERG ., Lk
FEOFEREBFETBRA Al ARE NG, KT L FIE ) 4RI k0
MEAE ( RASASE AR E ). 3HAT I know-how 89 38 fif Fn 2 45 -S e, [EARARIR ) Wi Fo
RRABE, *F Al AR R Y R E B BT XAkt T2,

SR AERARA. RN TS, HE2REERMBA, HHFHKERA. 2017
F, = B %445 ResNet-50 X AF 449 B K B ARy 1,000 £, 2T
2019 4F RE K 10 £5U. BAl, REFREXEKFIEHTEESESMARE, RA
MARZERE] 1%, “EREE” PR, B E 2019 5, 25K Al £ H £&=20. GPU
SR AL, MEHARGREEA, @45 ASIC. FPGA £ 1 64t B £ T LA 2R A
XAE Al BRLZEARERER, F A e R AL Al 697 LB RAET 78 A6
HAE.

pP.12
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B& 15: B9 5 ED 48K FH (2017-2019 F, X ResNet-50 % #/)

B & 16: *f 10 103K B R4 779K 85K KA 10,000 T/ Z 0.03 £7

Cost to Train a Neural Network (ResNet-50)

$10,000
® Legacy GPUs
Volta GPUs
L] ® Google TPUs
$1,000 *
$100
[}
[}
$10
$1
$0
Aug 17 Feb 18 Aug 18 Jan19 Jul19 Jan 20 Jul 20 Dec 20

Cost to Perform Inference on 1B Images

$100,000

$10,000

$1,000 ®

$100

$10

Sl

$0.10
@ ®

$0.01
Aug17 Nov17  Marl8 Jun18 Sep 18 Decl18  Aprl19 Jul19 Oct 19 Feb20

FAEF R ARK Invest, [Z] 772 KB 5 AT

FAEF R ARK Invest, [Z 7 7iE KBFZ AT

1.2.3 Al B AR, $ERE. B ERREATL Know-how

43T AL RE 5 3 Fik A0S, A TAE N6 AT EEA RIEF Q5 ik,
BT BRI E Bk 047k Know-how. &7 & RABEARKE, TAZELHME
ML ARIE 4SS FMI H E 2021 %5 A 6 B #9158, 42 % M Towards Data Science)
PR BRG] R ZARAT, Yot T 1L AR A EAEKE FFTR AL J» NeurIPS.
AAAI. ACL, ICML. EMNLP %) E3| A EHL AT T8, RMEIN, FREFT. AT
NN( Neural Network, %42 B % ) #91E ZAR R & 532 % 07 AR 8 ) 202 22 ( Universal
Approximation Theorem ), A% P 264+ J- 58 71 TT AL — AN 6915 42 AL, 12208
H 4 do T KB XA ML VAR R T R BN, R P 4R T 250 K 7/ ME A= B )4
BN BATRELFZ), W FAPZENER KT AR, 55 A )% E Loy E s,

1EAF R A BRGE R M. B AT A 02y s, A 3h 5k,

EZIRE . M

B F AL AR F 3] AL AR EBBEALT EF 2] A RIS R FAURG A,

FEEA- 537 7 BT AE 2
B TR, AR A R R 908,

BB AT Lt Know-how. & P 498 K S ABE P i)
i A TAT AN B AT R AR R A B R H I

EIE. BEBALG A S BT Y T 2018 FAtix —ibiA Y £ £k, “ORHAL

%L A —FF A LA HE,

3|, MAE EHER RA, REEFWNESRY TR,

R FIRES D E R EASLIREL 100%, {2RIE L ikik
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