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42, FAE: ADFE AR AT HEAAET oot 25
42.1. DEBAEIRAEE Z R IRIE JF] TOKEI. v e et e e e e e ee e e e s eseeseeseeseeseeeseneens 25
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YIIRAIER S (65%) PIBAINGEE: LEBAEEHMAELHRAR
E SRR M BV LAFEERL?

Tz | = EAToken IR tH B AN Al NAEEY?
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Xt H 4 E e GiHLAR £ WEE%S
FHIESREX N L BAHRHE H 8% 2 RHIE
P S 4 R Z AR ML
AR A o SRR SRR A ) S
Ul SR FHIESR IS 73R 0 T i B3 BB A )

3R K. (Deep Learning), A ZiEAAF5 FT %32

REZFIORAFFELE—K RS, MAXKE. BiIHERHNSTINGAREREGHE
HEZREFR T RMALER., ABEARRHE, Latedd (1974). BEH R EREG A%
#4E(1991 ). LSTM 1714£( 1997 ). K3 B9 % (2006 )« ReLU( 2010 ). Dropout( 2014 ).
JEZE JHE (2015). ResNet #R £354 (2016) FRREA LIRBE RMERM, ERMH
PIREF S PAMRFZ 0tk 2, b EERRAE 2010 F2F R B,

B3: REFEAFARRE 4

P
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Normalization
Batch Transformer
Normalization Self-Attention
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RReEE | [ BEAE. B RelU | (Drop
GRag | | TORE || RS T ot
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activation ResMet
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Fmﬂ
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Networks Norm

R AdaG
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a b4y
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i (G
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Is All You Need) # Htb ik, &R ZIEAHFR AT
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—F B ERE A E, A—F
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S A 4 5 1
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RS i TR TER — A N {E%HT  ConvNeXt (2022). RepVGG

JrikEE B

(2021). RepLKNet (2022)

A& R K. (ImageNet Classification with Deep Convolutional Neural Networks), {Deep Residual Learning for Image
Recognition) 2 At #k, Z& ZIEHSFFT T

CNN 3| A 69 25 mh R A 5 45 38 L& F /£ 2012—2016 5, 2017 F B L E S
SRR AEL I M. SR EEARDE, F%E CNN A 20162017 SF47
Jo NI RAIN: —7r A G RAGFEHDAIR AT %0 FAHEFEAE L%
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i) T T L L T T T
‘;%@Wﬁﬁﬁ ARE / SR
ER BREEBSREN
2. Neocognitron [ Neocognitron
EZ SRS
3. LeNet LeNet
1389~ 1998 BT RS
LeNet-5
CNIN T
4. ImageNet / ImageNet ILSVRC
etk IR TR BT
AlexNet
GPU #E CNN ZFnl
5. VGG / Inception VGG ResNet
/ ResNet REH St 33 HUERALT EEEEERSEN

2014 — 2016

GoogLeNet,‘ Inception
EREGYE
6. DenseNet / DenseNet / ResNeXt
f’;ﬁl\j; / ResNeXt 5§ EEEES TR
\ 5

2017 — 2018

7. MaobileNet / MobileNet

EfficientNet &L o et

2017 — 2019 SREA SEETIEEA
EfficientNet
ST
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2014 — 2016 FCN / U-Net

BERSEFRRDT
9. ConvNeXt ST RepVGG
CNN [E138 £
R EAE S
ConvNeXt / RepLKNet
HUEHE ResNet St

FEBRKES EMIRE S — Neocognitron — LeNet — ImageNet / AlexNet {85 — REL — SIBAIF — BE — (E5ZE — ML CNN B3

4% % B : (ImageNet Classification with Deep Convolutional Neural Networks», {Deep
Residual Learning for Image Recognition) 4 H A5 dk, &K ZIEABFR AT

ER AILO BRHOBAREAT 2Rk, 2EZHERT A /K. RIAA,
AlLO 12 HAER G ) £ B4 G A 5 BRI b A RA”, MR RER A RGP E 0932
fr. . X AAATHEE ). Bk, i daEwESARA LS AL R ANME,
AR AR P RAAER R ENT, RARA 01 Frenkegb|d. BARNERINA %
W wid TEAIWBETOH =, Pl P i85 7 AR RA LA %,

22, Al KB K : MATZH R HAENLF S, Transformer & 48 A& B

Al F =K IB L 8947&, & Transformer R A8 B B FAESRE; 525 . . &
REZEEONERESFMABROBR KB REHRLS AR, EELEIRET i
Transformer V£ A H-H AR EZ—,

AI2.0 9 RJR, R AL A RIR A LT IR 50 i AL F T . ALLO BTHRH
IARMEARIR)AthHE, 4= CNN. RNN; CNN SR B3ttty P45 4 4955 = 4]
S35, RNN 4552 i )3 5 Bf AR B 69 5% 5 7 S0, — B AR AR gl it 5T & Rt
ZFR; Transformer VA& A +x B AL KRB L le, B ERHEIE. FA5V%E
AR R EE S, BT AT T AR KA 5 KEEE.
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FAE KRR $IERRE: (ImageNet Classification with Deep Convolutional Neural Networks)», {Attention Is All You

Need) % H AL bk, AKRZIEAHFRAT

Transformer R A3 F ALBA KA, TEHAH ZENH. L —REATHHEDTHE:
SR RIRTT R T H token 77, KL, THRAR SRR EEBHA ML, VIT HEME

X4~ patch token,

H5MAL SN — LT L, token b5 ALK TERE

ARELGAFHEAE O AR, LRI ARE BN %R R AFFIME

BABRE. BB PAEMAG BT AL RIEBRBA, AU EFRI%S Scaling Law
EZHAY REAER, SFT. RLHF. DPO &AM, RAG. T 5nKetit A4
Be 3R BT A . =R R B 5E5080 8 KRB B PR A AN TR K.
REG, iR Fl . TR ZHEER A% —ND,

B5: Transformer &#T&

Output
Probabilities

Linear

Add & Norm

Feed
Forward

K_H\ [[Add & Norm Je~
g O MuT-Head
Feed Attention
Forward Nx
N Add & Norm
Add & Norm Masked
Multi-Head Multi-Head
Attention Attention
t At
L. | > \- —J
Positional ®_€ A Positional
Encoding Encoding
Input Output
Embedding Embedding
Inputs Qutputs
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AR R (Attention Is All You Need, % FiEAHF5 AT
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B 6: Transformer X Z-28 3/ R L BT 7] 4
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L !
2025 | IHBARISANE. Xit. B
P — BSEDHIR, EHESAT
/AgentRH
2025 | GPT-5: H—HhiENiR, FE
L BESIRBRMSRRS J
2025 | DeepSeek R1: FHEISIER
5 BRI 2022 | CoT:REEBIEIRF TR i 1
=hehH
2024-2025 | OpenAl o1: Hft
2022 | RLHF HEBIZAXIESS F3+ BTSSR
s BEEE
% 4TIF
2022 | ChatGPTi#id RLHF ZH~
I wft, 3IEEEREEA
(" 2020 | Scaling LawsiE8§
ﬁ LMBH / $i8 / HhS5 loss 2
=@, RN
3 Mis 2022 | RETERERL: S8,
2020 | EBRAMREI R few- g, SHigs
shot5 EFX236EH
" 2018-2019 | GPT, BERTH
2N BRI R
1 i+ | 2017 | {24 Transformer
RS | Ve, memma
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
B

I'E: RS/E5/5RRE%ER

2023 | GPT-4: EREFRIESE |
B, BUAIR, RE. £85E
N n © Bif. SELHSESRE

2024 | GPT-40: X&,

REXERE

HESES: B, EFE. FERAE

2024 | The Llama 3.1: S
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2024-2025 | DeepSeek-V3:
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FESREE BRSS!

2023 | LLaMA: FRE%E
B, ERTRRRESRE

#4%%& R (Attention Is All You Need), «BERT: Pre-training of Deep Bidirectional
Transformers for Language Understanding® 2 XAt L #K, & ZiEAHF AT

¥ RIIE (scaling law ) B E &2 “WALIATEAL G 48 /7, X — AR K AR &
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B7: MENS%ITEENE A, Loss BFERFETH.

Test Loss
i

L = (Cmin/2.3-108)70.030

i0-° 107 105 10-3 10! 10!

Compute
PF-days, non-embedding

4% % B : (Scaling Laws for Neural Language Models), % ZiEAAT 50 T 4546

KAZR Scaling HUAELZ 1 T A HUARY BA 20 ) “ R B BAAL B 2| IR BBy R
WpE AR TR R AR A M AL AR . A A T B3 e 2 RAERA; GPT3 B
# Scaling Law 1E X4 ., 1E 8] K AT 4T F 4L RAALA 48 75 MUS R ) %k Loss
e T ) &I, FHREARRRILILE; Chinchilla #—F 3R b1 F &AL Scaling, 5%
A% Token 9WFI3EK; MLAHIETIRL RIGIR, HIBR T 5V GHIAAERAITOL
W7 @), Sk, Scaling Rt —Fis Rk 20T, @ILIRF ) FEUNER L A
RAF AT 54
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K B A HE RE
RBHE Loss 5
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G 2 9020 4k Scaling Law EZI‘EHE‘J%@A%%: Kaplan 4. GPT-3.
A GPT-3 JE/RHUELY J&  Henighan &
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71
AF 5 2o FH TR 45
M Loss F|gEJ1: B¢ Loss ¥ & NI Gopher. PalM. Wei
MrEx 3 2021—2022 77 Scaling 5im¥isE SR, REH06e e
H JIMTREE IR
LI
Chinchilla & H[#
. = . . %ﬁﬁ?’?ﬁl'ﬁ Chinchilla.
WhEL 4 2022—2023 HHRRSERER  Token ‘m@#@l LLaMA; Schaeffer
e LLalh BBBIEH it
B, DUBIME R
Bt & 5 £ Il 45 Token
ML Token 3%
" N S 5 s € , N
ML 5 2023—2024 fﬁfiiﬁgﬁﬁﬁ% giﬂﬁﬂ&ﬁﬁﬂ%, Ji g?ig;;ihogij
. KE. AL
P Jo7 B 1 BT
Scaling HITIYIZR4E
2584k 22 ST 2R A0
HEFRR T Somth s PR, BAATE ol. Snell &%
birBe 6 2024—E5 SJ#EF Scaling SERKEE, %R, DeepSeek—R1

EANT BN A R
TR fE

443 % JR: (Scaling Laws for Neural Language Models), «Language Models are Few-Shot Learners) 4 {5 #k, &

FAE R R P

2.3.

EZ 4 48: Transformer 34 ¥R A N A %=

A RiE 2 LA EESH5 R Transformer FH R AT, £ Transformer Z 77, AN
A TB IR AR _E T X, i 3E LSTM/GRU I42 48 #8455 & . £ Seq2Seq 5 Attention-
RNN R2% B @) 2, X TEZEF65 A LIk, 213 & Z ke Fid)a.
ASHAT, PIML B RIRHAZMEFE B K,

FzanETIiRE EE=dAE@ www.ipoipo.net
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%5: Transformer 5 B3R M %449 % 4tk

[) F it %

SOOCHOW SECURITIES

T TERM L (& LSTM/GRU) Transformer
BERZHITN VI [ 25 326 15 HiEET), ®REEZH
NZRIFATIE AT, MELLIFAT BT
[EIDA=SS 785 SE O(n), BEFREEK o(1), HHH
TR R O(n), BEKEEZANE O(n?), FEKREFI7
A5 S Sk E it o7 L 2 B
VA2 i a8 IR0 559 CHAEE 21
AR SR AT T S PR A T AR JE

4% % B (Attention Is All You Need), «Long Short-Term Memory), Z ZiEAHFF5FT

Transformer A £ 2 & ABRRMIR, K577 2E0EREHEEALHEERE,
FTH AT S Y R E51ES5%— 28], Fol%. #8448, RLHF. CoT. RAG. T
SR SR AR R — £ TR E A0, 1435 T A A IER IR B A& R SR A
AL EANT, FEHANE, BAERESEHSEIFTRHB L, MAeERM, AKX K
TG R T,

BS: AEEHNER/ARLEMNIZER LG Rtk

Bi¥=/ (self-attention)
@~ 0: 1 HEE

ORCRORONS

FNESHBVERERRE
PR RERER R O(1)

fB81% (recurrence)

@~ @: BTE4H

EEbESR e
PR ERER RIS O(n)

$ AR Attention Is All You Need), «Long Short-Term Memory», Z& ZiEAFFR FT

A TFAXELEREARRELA, £14& Transformer AiEFTIESF H)FILAA AL
A, Ht—HERAAKRE. ZAKNES A A BHHAHS, BFHEEHEK
B3, LT AT R IR, ERA—SAAEUL, BRI G—ROARA LR, B
5 A RIE St — A ARBIIA, B =B ZIEEY BB AR, A FbRE,
P48 A1k 5 A K AR AT R AR AR AL ST R, B 4edp3E . T AR Halket it Ast—
R A AR
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[) itk

SOOCHOW SECURITIES

B9: Transformer £i& 3 1E4 ¥ B AF A0 W44 (2014—2025)

AMER— iR KMERS RRUE— S KRS, TS KMED Agentic
Soq2seq Luang Attn GaMT

BUERNN SRS e e . . 3 Agentic B (2026)

....... i 0 s Mo ¢ Claude Fables
s * o OS2

BERTa . 15 ok /T
EMEEE-Encoder (BERT ) * . . . * GPT-5.6 !Sﬂf! —
z prp KUt z & Kimiks

4EiREH-Decoder (GPT X / ER) . . +* . 202607 - 28T ¥

XFBXFH— (T5/ BART)

SRS

ERSTRAR

TR * Kk
DeepSeck

Agentic 8! &

EHE

hatGPT MRS

T EEREY o EESREE "o ;-,r Agentic #11 (2025)
# AR R Attention Is All You Need), «BERT: Pre-training of Deep Bidirectional
Transformers for Language Understanding) % HAt L aK, & ZiEAHFTPT

2.4. AR E: EEM CNN 5 4@ Transformer -5

AR AR AR, AT Transformer A4 VIT REEREHCE D IR
BEZ—. CNN A3, RELFHFBFL=ANRL)IA®E, /& Transformer
NG Z AT AR E AR A A S B it 245 TAZKTF. VIT # <B4 patch Bp
m@m%iﬁﬁﬁ,aﬂ\mmﬂﬂMM%ﬁﬁmﬁﬁm&&%&;Eﬂﬂﬁdmm
PVT FE#H BN A, BERE % R Z &5, ConvNeXt FI4X, CNN 78 B L Transformer
B A 2 5.

%.6: Transformer 5 XMW %84 % 43tk

ot Eb 4 B ML (CNN) PR3 Transformer (PL VIiT ARFE)
FME R H REER, BE K& HiEET), ®REEZH
AN THEB LR, BRI K O(1) ¥ ik 42
YA i B g CREE. REILE FRBEA) 55 (MR, HRALE D)
7 ) S B AU BN E WAL B Gt 1 5 KRB T 25
NI BT B, AR
PSR S5 AR FSLH, THAR HOg—, MTiTRE 2B

$ 4B KR : €AnImage is Worth 16x16 Words: Transformers for Image Recognition at Scale), «ImageNet Classification
with Deep Convolutional Neural Networks) 4 HA 5 aK, & ZIEAHF 5 AT

A RE, MEARBIAES T Z L Transformer AR AREE: VIT % —HE0 54
ALK Sy, ARG EN AT, XD )a, LA RGIBARLA P RIGEN A E, £
TN dk 5 558 5 AR BE F 5 T A %th 467 X

MK A EA, Transformer B “B 1% patch BF token” #) &3 LI T MA L5
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AT IR AR @ ;F‘%ﬁE%

SOOCHOW SECURITIES

R EBIES I, CNN BEERREAN B LR ELF, FEREMARE
ER At M2, VIT N BRI A Token, B AEZANAENLAHFERLE, £
SRGEHREFEFIBBRFHER XA,

B10: HAMWL (CNN) 5845 Transformer (ViT) #2545tk

CNN (BRmLR)

2 A B ERER BHEER SERE/ "

AR it |  zErxeas A e
TEEHHRENE RARGEE) BB
T (A% Transformer)
tch ke

ransr er ﬁ%/@:w/

_ —HEEN | —| edmn | "X

+ il B3
E&Y1% A patch

%% E: €An Image is Worth 16x16 Words: Transformers for Image Recognition at
Scale®, «ImageNet Classification with Deep Convolutional Neural Networks) 4 -4t Sk,

R ZAEFHAR BT

EFHAXELERERRELA, BN Transformer ZARTAESF 8GRI HAH =
AME: 1) B4 token 14, Attention HUH] & JAE A4 CNN 332423k 5| AALCAE S, [
J& ViT $4 B 1% Patch 354t 4 Token /& %], DETR # —3 5| A\ Object Query & M4 £ %
2) M5 Transformer & @)@ A B -F, Transformer &4 @& CNN #9530, ERLEM A
% RERT, RAER Tk, llFfay 35 5 S5 QAL RM; 3) ATARE & 31 H)
ARA S KRB QAT IEAARE, BB %%, ARE T x AT R w5 B S A TEARR
HE&ETHN%. TEH, TRTEHES®REETD.
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AT IR AR @ ;F‘%ﬁE%

SOOCHOW SECURITIES

B 11: Transformer EAIAES T 693 AR BB 7] 48

AR EENIEE - B token 1t (VIT) = BABTF (Swin) - BEEFH (ConvNeXt) — IRHEMME (CLIP/DINOV2 [ SAM)

vit DeiT
* L]
Non-local
& Stand-Alone SA SETR
. DETR °
*
T
. ;r‘ o Convhext
\F & Swin .
< &
o * Internimage
i T [ ]
i .
cup
DINOv2 DINOV3
’D(E:j ne * Florence-. 2 °
B L]
=
%m ® e EVA
NE . . SAM2
;ﬂgé MAE SAM . SAM 3
W * * 7
2017 2018 2019 2020 2021 2022 2023 2024 2025 * ;ﬁm&%
o HEMR

AR R €An Image is Worth 16x16 Words: Transformers for Image Recognition at
Scale), «Swin Transformer: Hierarchical Vision Transformer using Shifted Windows» % -4t
Xk, RZIEFFFR AT
HAIAA, Transformer Z-F CNN 894 B X FERETFTRAABAESHE, £
A T8iL Token R TH B IEEANM, MET —Msi—. TH A, RBRERLAHXA
8915 G BAER , RATARR LS BN KMARTV h BAE S LB U R ZAREE 5.

2.5. A BRAEE: Transformer £ A KT X R #H R F 55

538 = At B E 4+ Transformer ik i A LRF T AR, £RAALHTH
BRI R & RAE Fo e 205 % N30T, 4R X4 4K, H b, Transformer
HE—RUBRE—B AR, MAFMEASEER. FEKERFSREERGLE,
B M Token ZAE. XX EZHERT TH%E—EMEH. Transformer 2 £ S /N4 K

% —ME (20202021 4 ), Transformer & & #N\ B4 Token £ BIKY, HFHN
KA R E SR EFREEG B HFFIEH. L VQ-VAE/VQGAN #» DALL-E A K& 49
77 ik, BT B ESE A B 4K Token, 4] Transformer ¥E4T @ =) FRMI, 1% B 454 A,
B & REWEZT R G F 7| AR, A8 5 KA T 45 2 Ak,

% ZMFx (2021—2022 %), Transformer #—#F A5 X ARE&H424], TRAALE
BEETEXLEA. CLIP FATE AR IMER L FELRN, H4EsER
AP R4 TKIEAREL #; Imagen. Stable Diffusion 54 #AER M@ iE L ABAR L
Cross-Attention AU, 5353 HAEANFRITAR, & X ARIKS) BG4 AR A LAILAZ,

% =M (2022—2023 ¥ ), Transformer FF42 A S8R AL BB, BTH
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':l A
L [/) =t 2>
SOOCHOW SECURITIES

RAEGEBRXAERETF. DIT ( Diffusion Transformer ) 4 Transformer 5| Ay #A2R  F
W 2%, VAR B EE 175X, U-Net F 9 5A4r34E, £ Transformer E&4L 3 5 5 #EE M
WA BRAEF Y RAT), AT AR 2t —F & KIUAL Scaling & .

Fwmg (2024 F24), ERIAXHN S HEE%H—EHEN K, Transformer &%
HEFEIR, BEANRERRARSHEZEMEM. L Sora. Veo. Emu FH KA
H—RABR, BT REAREE E%— Token 1%, FLEAY HAEA X A @ )24 s X,
EINISHES LR L & R EE ) kb, RN AL — B A 6 18 )t AR Ty &) 7%
it

B A, Transformer /24 A& XA F 6945 F SF3F B £ 5K GAN & #ALA, @™
RBGRAEREFEGT BT EAER: MNEMWA T Token A 5|2AE, A|ARPEEFHR
i, BEBARERT THERSHBER—.

B 12: Transformer kA B4 R A2 4] 44

Transformer SR THEEHANEIGERR
ERFETHREER [BEIF — ERY & — S1ESHF] | Transformer BATEEN

2021 2021-2022 2023 2024+
@ FFHIERiEE @ XBFHEN OFN-/i=gy-i: @ BiEER—
VQGAN - DALL-E CLIP - Imagen - SD DiT (Transformer 8T) Sora - Veo - GPT-40
=F: gEA EF: ZBTH EF: EEH(DIT) =T Fi+BEA
Bft: SR/ @F H: GAN Hift Bft: U-Net Hft: 2—ER
AR SSERIEE ERAET) AEREREE

F: @ VQGAN / DALLE HERIT4R; KB &8 2022 5 (Imagen / SD) EBRATERET; @ GPT-do HEMEI token LM, Sora / Veo il &l

4% K R : (Taming Transformers for High-Resolution Image Synthesis), {Scalable
Diffusion Models with Transformers) 2 H At LAk, ZR ZIEAHRFT

2.6. 2AEA%EE: Transformer MM F2|%—FF

532, MREMTP Transformer B3 H T RETARE, SHESHZ AL
AT 38R FARS 5 a4, Transformer & 3 AEA G RAFFIE— kA L —48
P, AL SN - RING%R— — 55553 LR FeB AT 7R SRt E —it A F
T, BHRFHEMIZEATR, THoh= AWK,

shaE XFrE (20212023 ), Transformer 4 &A% M B oM. S LS
A% (VIT 4B . Transformer %X ), CLIP VASTEL S 5] 5 g Bst F- E Bl — & T
T, FEIN YIRS ) KE S A Flamingo A 142 X L2 & /7. BLIP-2
JA Q-Former. LLaVA J #4457, A% token EAX A Transformer #9_ETF L.

TR A MG, T 55T AERA AL AV % Ak, 0 R B 4R BAER K.
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SOOCHOW SECURITIES

Jo k% AE A (20232024 ), Transformer 4% % —TRIN4FF. FBHASEH
A AMINGRIPIELA., BEHEZTANM token RAEHEL—F 7. W AF —
Transformer, #AEA XA A EZ ARG T —F I F. sHFaBEMI%, &S
E(FR AT A, HRBALTSE,

3% 3)3% Omni M (2024 F£4), Transformer A% any-to-any ¥ Ak & F 5
Riaf R EAE, F—HA TN TR E BSOS FRAFE IRH KA
SR ZEX, MmA token 1B W —4EA A5, MIVARE token 3% —HE
R, FFRZENNTE—AA, B RIK. ER D,

B13: SRERBRBLZE=ZHE: SFFEENH. #FRMLTH

BREAREER=NER
RIFFIE: EHANE - FISS— — MERTE (SRRERTE)

( N
FiEr— - shEst / BE MER= - BESIES FER= - tREWK Omni
2021—2023 2023—2024 2024 ES
SERL S B S EENA R AN ST HaS EEaopy cuterpisiE 2 e
—> —>
e N
CLIP - ALIGN - CoCa
Gemini ‘ ‘ GPT-40 - Qwen2.5-Omni
Flamingo - BLIP-2 - LLaVA

N J

4% K R (Learning Transferable Visual Models From Natural Language Supervision ),
(Flamingo: a Visual Language Model for Few-Shot Learning) 4 HAt. Lk, A ZiEAFR
iz

2.7. M4353]%—: Transformer Y44 2 1E4-8F

¥Rk AE, Transformer 6EFEANBIRB T BARBA G XA RZEFT X, Edm
Scaling EE, f—RBARNIH. HAKERILIA LOREREYT X, #£E
A BAM AR ZHR T 225 £ ARM RN, dREHEMY. E25H5BE5H%—K
ARAER 58 Xl 4K

RATIAA, MIKRAIR KR P S A4, Transformer &) A EEHFHe) 68 h
A RR, BRI EHHARE A G R E, T ER R — R AR,
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AT IR AR @ ;‘F‘%ﬁE%

SOOCHOW SECURITIES

#&7: Transformer Ai& 3 BAEY R EZNKE. ARA S ESES

AF AR, A S HE B, Transformer BRAF442 N LA
LA token RABHEAKRSZ], /L HEHI RNN/LSTM, A T
FiE B A ik o 5 h L AE T
B 1232 /7 BAZAE R AR FF), F ki % patch {4 (ViT) 3 Yoy B2 —
token N, k15 CNN 4
&R WA R, AU SRS BAIAKR AR EWHEET

FZATRT, EXFE A - HAEAN - DIT #dt
U-Net » %—%AM; &
F 54 RIH (FH/A
=)3) fFAS
RS S At R MARS A T b Rkl A EMA: EAE BRES%—FT
- TR %hs— - %3
3, SRARALZ AT E
$4E R K (Learning Transferable Visual Models From Natural Language Supervision», {Flamingo: a Visual Language
Model for Few-Shot Learning) % A4t ik, Z&R ZAEAFFPT

3. ¥F AL R RE, MERNKREZEHARF

Transformer 4 i FIARR R H), BLT A THF AL, T A TFHE AL, KT Al
F AT Transformer 9 2 K, CEIES . WL H 2 BESAL 5P 68 18 F) &R JEAEA

AR 23 FHIE AL 5, F ALRABINEZIE, DR bt akE. KA
HRERAEAIIEEL K, HARAINECER L. EAERBARMES EHE
AR A,

3. BEXESZORMNBEL LB EHRANES

MELEZFRERE, FREBTRTF Al 9B EXKREHAANE. F—NEA
RM B ESASHLA £ Transformer # 2 6972 A HH] 5 5 5| AR ST | AT Bk ka5 3
IR, AT R EAT. BEE (BEV) 5 Transformer 25 4-49 % — % 8] RAE, VAR
VA T8 R A0 0 58 B 5 — AUAE SR UniAD. X —Mr Bt A0 R 242850 X, maf Bk
HAAE,

[

BBt —F R INABR B @6 H TS, KA T2 Waymo T 2024 323k
#)5% 3| 5% % AL 5 AR EMMA ( End-to-End Multimodal Model for Autonomous driving ),
oot O A BLEA AR M I 5K S S KARA! Gemini Xk, FRIFBBFEKRMANL T
RIS AN %—iE 2 20, Birdiit. BAMen5E%EAFER, SR, BA
AL AARIR YA —i% = —3)4E (VLA, Vision-Language-Action ) & XA 7| A F3%, H
432 A5 MindVLA( 2025 52 A WA BN BEAF 4R 6929 720 AL A S Rk AR AL,
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) 5 5i1%

SOOCHOW SECURITIES

BNy, TENRAERB| ARG ELELA LS, THREIANRRAELS
TARMTE, FLEHFHRGB/EELEREER. XK. REFRFE5TH5ERAT
FO AT TS TG AL E S, BIEIL AR R g R s S Kk
KR, HF Al OARET AR TSGR, § 24T R AR EH
WIS, SEEERE LA, RMEEWIAIR, 7T HBEAS QLA R8T 64
FRE, HAG—FATHR.

B14: EF AL aHE Al B ER

#HFEAM CF) s /I8 YIIEAI - BEEERM (BiE)

?.EM%E Transformer BEV+Transformer. BRI,

(FERAEHE) (Google, 2017) ’ BEEIMRAELS (2021-2023)
#‘3‘&
w H

LA BB | EMMA. VLA, S

(RRiET) VLM / EigE SRS (2024-2025) i =
i
i

4R R: Attention Is All You Need), «A Survey on Vision-Language-Action Models for
Autonomous Driving) % H4e Lk, R ZIEAFR T

A8 HF Al RERR QKRB EBHZ
B ALIUBR GRHTT/

e BB L W ER TR REIE (EH) 3=
Transformer (Google AL BEV J7 5
217, e Y%i— BEV 23 [A1#4E (2021). BEVFormer B Y

(2022)
Transformer 2L UIMEAGHLAI i 21— AR AL AE 22 UniAD (CVPR 2023) IR LS
A KR Gemini
FHGKHVE Gemini WA LA Waymo EMMA (2024) U4
(Google, 2024)
VLA JEZ (J E P28 A4 FEAE MindVLA. /NS H 5
it VLA 25 Bk SR YEE

) i VLA BRI SR (2025) AR

o N Wayve GAIA-1 (2023). o
e AT R 25t SRR e WY

Hf5ik Cosmos (2025)
$3% %R (Attention Is All You Need®, «Planning-oriented Autonomous Driving) % H A3 #K, &K ZIiEAHR AT
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AT IR AR @ ;F‘%ﬁE%

SOOCHOW SECURITIES

32. RAE. KBEEFILXGELLER

EAFREBARAGFN, Y3 Al 5HF Al FEHRAAREFFRAFE RN
BARRE, TEERNERARE. BERRENLEX=AFE.

L —REAEEF: T AL IAR AR B F5 L0945 Token, A
CEEBIREMI IS, MR RAEIAN R EZE A RT. EE5FET, FRGE
AR B, THRAERABLRGS T T E, BREBERS & —BHTF Al LFL
T 6 AR = e 32 % A My A 5T 5 3) B9 AR AL R JEE

HoREEER: HF Al 9N %EH ORI AE LN T, A s
ARINE, Aokl R OR KR, M3 Al RENMAGEAE ISR RKE. Bt 5T,
RAMF. RERKZ LTI R 2AENE. 2523 (RAND, 2016) &% m Hit
B T 35 BAZ A BRI BB 95% B AT . £20%AH TR B 3075 BB R kAT,
#%E S8 ALKE, UEMENRGEINT AT LT F; AEMX—EM, WRRE S
VAHESARTY A A BRSPS R AL A BB LT 64,

E=RFIFEXLER: KF Al GFINEA T —HAATRNARE, TR 2 %
ANEFR LA K 4R, BT B E 0N, RILF 35 RLHF £ % Rigst F 54k
IR & I ALVA L4 R A B AR, P eaf 8w 2 F HK-F AR S
M, M BAFHERERMAL, RIS, ST A FHRFALII. @
BATR KM AA R et nd, P4t 3 5] o) LIRARRT BAK, SRS 3 0 R AR
BN SEEYL: 37 S

R9: BF Al HWHE AL ERIE. HEEFIRXEN=FLR

YR F Al (USRS E) Py AL (DU RS 3 A1)
i SCRFREE WES, MNBROLEH B FAEN Token, LilEL=
fk, Token fLiz 5t ofs 2 [ Ay T 2 1
s BRI OO T I, BORI KR, Wik s s R
B WS EG R Biv B ELLKR, s
_— TR0 ERE N KRR, B8k RO SO T AN, H bRz
FAEA SRR -5 R R N, BRALEE S R S

33 %R : (DeepSeek-R1 Incentivizes Reasoning in LLMs through Reinforcement Learning) ( Nature 2025 ), «Will We
Run Out of Data? Limits of LLM Scaling Based on Human-Generated Data) % HAb 3 #k, & ZIEAHFIFT

4. I AL MEE A SN 5] A SR 2R
#3E Al (Physical Al) BF BB HEHR, HAEZLZAFLZRERS/TH
MALIFRAL, O ERZAREIRARGERGTZI—. AR BAZTILWE
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SOOCHOW SECURITIES

2025 SFE FRIE 5o F & (CES 2025) EAUE#T, WAL FRLEX > A B4 AL £
AX AL AR AL 53 Al WA, AR B @A ALE AL ChatGPT BF 21641, 4k
FAIAKETHA A RE, TELTIR, KRB, BREXFET; WEAINEE AL
A F =R Rdm . RF AT,

WE AL GFRAERERAVAL, B—FZLERRRT: HF Al feh @2
Al BB LA VLA $93h1F £ e X; M3 R AR 0 IR dt; wARRIE A 238
T WA & AR F 3 B8R40 ] eTE XL, Zamdl il F o F L mag Rt st o I,
NABELE MR, FREE AR —AFEA, B Al efTde s, RE. H1E.
Bt 5 3R AN — A R IR,

BEAMRA, HE Al HBSHELERAAXERETRBE GRS, REBRTH
A7 TRAR. TRIEER—FEEBARKRE. HF Al TRIEY, S—oBE RS A
EE . L SAESERAESPHRTZEBE S, W AL BAX— )RR, A
1k FAe @A A 30 E B £ 40 RALE AL, mE B bR EE S TR TARKRE
B ATHE R RIS R E2H, FELE. ENEFHHRTREEAT. L0
WA, MALERE LT W Al MG Bm A 6 T AT A ) 9542,

4.1. VLA: M3% 3352|344 s o8 XA &
4.1.1. BHE GERLAKEA G —FE

B BB EARBRER TN AEARK., FHIAF EAHZBERATKE,
FAEG-Hr o Fy Bedn . TR AR, dxm| W@, HARH A T EAFT L. N
H4kAL, B RALS AR £ R BIAEYE . 12 G AL, MEALEREMS G T, AR
LB TG, FRTAEEI8 30 A ERL, RIS R BN A A i Hl48 4, Wik
T ARSI, T3 F B4, 1R B XA TRBR 5IES R AR ERAETE,

ek b, B —FIAEE S A T INA 5 (VLMAAD), feiises f
RIEZ L BB —HNZ R, FF XA F AR A T I 762 efe ) 2
BBV RS RREA AL, 1B Z Wk BAERAR G4, ARy R, FIXEL B
AT 425 R FOW S A AR T, VLA4AD JE XA X4 Tk, RN R4, EF
3% fif Fodi | RSB R — Rk, B id B X 3h1E kL (action head ) 7R&-h1EA bk 1,
H B ARRE S A5 A KRBT A AR XHFERIE. UEARF IR
RAF NG FZA.
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SOOCHOW SECURITIES

B15: AL

(a) tREG E2E femss > R . e b

b) VLM4AD VLM

(b) s > I, C. . —- 25 (i)
a—— Se—BS e

(c) VLA4AD EHBHESIES > —> {2205 /4 R R

43 %R €A Survey on VLA Models for Autonomous Driving®, & Z1EAHF 7 P44
4.1.2. VLA #)= KA 5 MBR#t

VLA4AD EMNMEL SRS 5 AN B ERIZF A BEV FAEARALE
BRI, MOLE XAREE 3D M. EARKTFTARBERE. IMU A TE3)5RIZ. GPS AT
AL, EFTMNQIERILER). SN BT 5EFT KL, HARSHERT W5 AT %
3. B EREREMMEMAE: LGS B RIEE A 55T 2R
8T8 B4 AE (% B) DINOV2. CLIP %78 F A 3D R HB3EI%R); 53 A3 E XA
% K52 A S LoRA #B A & 38 53R IE ANAT RS IR, ShAVERRAD 35 45 Ak B4 AR 45 30 4
Bt shiE, EBR A@ENEE. VA S 5 Bish| 5 AR ARRA.

VLA4AD #) A 308 25T X o A v A B, TR VLA Brek (29 2023 47 ) S 484 KAEA
F % R LMAFHEE, KA Lo DriveGPT-4, 352 RA LR F; A3t VLA HrE (2024—
2025 A1) LLM F48 4 L FHEENRNBEA, KA S HBORKK. BSHEAH T EAT,
AR & 4= OpenDriveVLA; % —3%%]s% VLA B (2025 %) —RaTetEiF 4844 %
BEERB AL EZ 184U A HME 5, KRk 4 Waymo EMMA; 323852 VLA M-

FrRAF R el S R B AL FIEIR, K& A= 7] N QT-Former 22423 49 ORION.
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2023 2024-254)) 20250 % AR
& | DriveGPT-4 & | OpenDriveVLA & : EMMA {2 : ORION
BB B E R EREF

$ 4% KR : €A Survey on Vision-Language-Action Models for Autonomous Driving ),
«EMMA: End-to-End Multimodal Model for Autonomous Driving) % b3 #k, & ZiEHA
IS0 PT

4.1.3. ] BRZEMLE TEAF

k34 VLA 3% & T 4448, Waymo EMMA ## F Gemini X b, M%—iEZ
Z R KA S AE S, FINT L (CoT) 3G 5 2 sm AR At —F A 6.7%, 12
W LIFE AL 2 ) F BRI REAOLE X F A 3D B, A MindVLA
Z @A IEMR . GBE SRR 5 B i shE A s — 3R —HEZR, KA 3D SHi4E A I
FAEF B MBI %, &2 A MindGPT X F MoE 5# %72 % /7, s)4EMd Diffusion &
WA R, BAYEID A & 5% T TIE 4T, UARBAT 40B VLA iM% ] —4A
Bf /K42 Driver. Analyst. Critic =X # &, @i P4 R R G IR EIEN IR, T LA
CoWorld-VLA &£ VLM 2% A M 58 XL & . B3 IUT. Sh&AENRE A EiTmEE R
Token, #A . &HLX] 69142 B # R EAE, £ NAVSIM vl LI4F PDMS 89.8.

D EE K VLA 535 THEFRT, &R 4E £ 8 Tokenizer 7R A 32 48 %
AR, RAMAEE TR RS I s LMt ARMB S LAENE—
HE (VA); 1A, 24 MindVLA-ol ¥ 8) 2R EE S E. ZRA 45 MoE
Transformer., B3b, A2 FRE B XEBTHEEX —HFE b, k3 AL LIk,
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32 FEA A B4 AFEOF: BAESE CoT
/NS 5B AR VLA Tokenizer, HL3E/1E 5/ i ity 3] ity L L B AR o
;gm“ PEL e secAiE S T AT 33%

# 4% %K : (EMMA: End-to-End Multimodal Model for Autonomous Driving®, €A Survey on Vision-Language-Action
Models for Autonomous Driving % HAt Lk (4& 08 AFFWE ), R EZIEAFRLIT

4.2. RAE: HFEHRhefTIHALER
4.2.1. HEHREZ X K38 F Token

FIE R BT OAMHY XEANER, £ T. S5 ZBHETNAXELAFTEL
WA AT 5 D B AT, BEFRIE—F TR Tl AR 5. B
(embedding ) & &+ w ey ZIF X, BT Z o 2L G2 H, 14250, JU
15X 245 & @ 210 6938 B Foor GRB, T Al 5HIE ALGIRA LR, BRET A
AR Ty KARF

AR, FHASH Token BFRBEATEIGTR, LKRZE T4 (F
4 BPE) 14 Token /& &£ AFE| N, 23 BN GRAK. FEMATIE., LAK
AR 0508 7 K R EF R SE AR LGE £ 7, (2R Z 5 R TR ER
Z E: DeepSeek-V3 KA F TR BPE. #5Kk% 12.8 %, FZ Qwen %71 tiktoken #9
cl100k base Ak F4 A+ L. 8% 15.1 7, ik GLM KA F P % BPE. #K% 15
%, MiniMax-01 8% 4 20 7 A&, SAMEHRmM T 20 ALES L TR, ER A
ESERS S LN T n e

HEHFTINER AR BHGELEA, LSRG NEF T oL R, FPEZL
AXAER, —B3G ZHEE, SLMFINFINNT DS, kGG R R AR T4
32 B AL5C Token; VA Qwen3-VL A4, Hidid SigLIP2 AL %A 3R IR A A4F4E, A%
Patch 5AL5 Token £&& & ZHALTEMAN, FHREEE L —F R T TN LEH.
EEMA R, RASHEBR, BbER ML TG RELES T HREALS

MR, BEV. Occupancy. VAE 5 3D %4 25 gy sb R A 4932 AL $y N34 e 47020
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Token R, BEEREL R B/ 9w ig
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LAY

Token 1AM ™~ EF%)
T3 5 B L 45 Y N
fid s 5 BBk P e ﬁfﬂ%%ﬁ%ﬁﬂjﬁi)\ H T
% Wi 12 5
H 5 G B Sfe Y NI & HAE TR AT B A B SR AL

#3#E%B: (DeepSeek-V3 Technical Report), VectorNet: Encoding HD Maps and Agent
Dynamics from Vectorized Representation), 7 %iEAHF 5 FT

422, HRERFIEGGEETAOBERS

HAVEE e BB R AER RN A —F ER: RI1%E SBEV—Occupancy & f —
kN ZHEAE Token—>HB KRS, SMEAES Ly KA. MELEMW, RFREL
209 £ &, L BB FAEL RIESD T —IERAET R,

F—MBEARMBELE D AHEFE, B bk FAASE AR KX KT, ALVINN
5 34534 PilotNet 57T 242 ) £ 18 K 2 XAFE G HE LT B EHRBBAFIE, (273 EAL
MM, MIARETY HIBERERBERLEEBRY M. F MK BEV &4
Transformer, # % AAME KL% —F =4 LBCFE]: 454745 2021 Al Day vA BECE B4 E
SR ). BAAWIFAEAHE, b QERAFIQEZERIZ &, ZMASINE Frss
1255058 3h; b XNet 1.0 A B R EAZ 7 6930 & BEV Bdn R A,

% =B Occupancy WAMKRE LIEMA TN, jedfoxf 2O L ERY BE DK
) A, FN SRS SR EAZ L, 4585745 2022 Al Day ¥ L% 2| £ 5%, 4£%H ADS
2.0, 48 AD Max 3.0 FASANE F Bk, FOMEKENIEE. it HEg A
LW hk e, B TENLE5EE HEERL L, VectorNet A8AF AL 2 £ 531
FZBMAH—ANHTR. B EDH 10%A L, FAWESAES Token LXMAT . 5
T 5 A% —F 7 A, 43 FSD. Wayve LINGO FARILANG—i5 5 —h1E iR
Fakd . HAMBESERELE—FEGTHNZE, GAIA. Cosmos F# FAER AN
597 EY% 2 B Token RiEL B A TN, FEAL AL, LREHELMF TR AR
KA.
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Occupancy
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®

$ 4B KR (VectorNet: Encoding HD Maps and Agent Dynamics from Vectorized
Representation®, BEVFormer: Learning Bird's-Eye-View Representation from Multi-Camera
Images via Spatiotemporal Transformers) % HAt Xk, & ZIEAATAT

423. BRAER A REEE)NG L

HEURATEIREEAREKE, OONEEREHNES TRREGLEEST
R HFAEA BTN AR, AFMEF I REES A BB LTt Z2%E
ERBAERE, BEAHTELEALIRZNHEALTFEISHENIELE. Yann LeCun §
2022 F#e48-349 JEPA 354% (Meta 49 I-JEPA. V-JEPA. V-JEPA 2, VAR & %] & = 49 Point-
JEPA) EIRAAE AT ] mAEGE S AT, MM 3] Bk, ZAMEE KL,

B, HE AL ¥ 695 A B FEIRMAERENERATER, "ABEV. HAN
%. VAE 5 3D %A RFENTE I MY, T AL ERENRIBIR G, T4 32
I TR RN —. TN G HE TN, EiZzs 6L, ClINdedpRidzgs)h
A2 1A i AF IR R T 2 K

27 / 38

N %4 = 5 F
TSN DS T EST TR ST LI AR RAR BT LT



E A
Yy [/) =t 2>
SOOCHOW SECURITIES

B18: HIE Al 2 E— BEV. EHA. VAE 5 3D A BFEX M4
IIBAI B« 43iR8 = BRI E IR (BEULHFLEK)

BEV #4gi388

2% (0CC
[RossA SIRIAES, 4%i— Embedding /

B/ R/ 3 EIRE
| Rz /AT ? VAE | TS S (B7E) Wsikz
3D/ mnfhigEs

‘AR 5 YRITER R EINASR | RIZSEREH embedding, BEUL (Q1VQ/FSQ) B —fEFHFRH

4 % IR.: (VectorNet: Encoding HD Maps and Agent Dynamics from Vectorized
Representation), «Self-Supervised Learning from Images with a Joint-Embedding Predictive
Architecture®, 7R ZiE AR

4.3. #¥3E:. AERPZIHEHE
43.1. W Al AHEEX QIR EAF @ F2 T E

HE Al HHF AL NG T A RR GGRBREIRR. HF AL Ao E s £
A RADE B SFEHF A £ T ERM X —AT42 b, KIRF X 2P AT R RIFATIR
B, ik 5 E%; Epoch Al X THIBHALE AL AT AR A BRI HAEEHH
300 % 12 Token, FFHUH T /AN 3RIEY & i & ASIE T A6 /E 2026 £ 2032 518 A A
R, kA, HF AL IE P AR BT RGO SBANR, PGEEEHE,

HIE Al REVNAGENGER KL, Bt EFTRGF, RENEIEF RAHR.
AN B A EEEZF)HRREEL, BHRA. BRAZFIRIMM2 X4 A R %,
Xk e B WATEGE R P B ISR R AL, RAND VA £ [E 8 3240 4 A
2013 HFAELE R RTRYAFCER 1.09 A; & FEEE L RARRT FATIE LA 694
HEMN, ERERNEGIT LFEWHER § S B3 o E BT B TRE, £
S — AT EY 88 1Lk E, MUNE—FERRENRS ZNEFRLYH 130
FRE, AFREXEGFLEAEGRAL 2ARE, bk, %I AT B PR
58F Al R, AAAGEEEMLETHE, BPhefTed . IRRARIKFILE F XA
BR WX F.
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bR A 5 R SRR A, %4 R A e SRAERA T, W55 B S
KR 1 A 5 LR T 4 N RS

NI E R SCATT 2026—2032 FiE

TR ;g;gizﬁ%ﬁ‘ TR g R R, B R
Scaling 1 b3 IIHL 5 45 77 35 578 2 R IIR A

A& K : «Will We Run Out of Data? Limits of LLM Scaling Based on Human-Generated Data), {Driving to Safety:
How Many Miles of Driving Would It Take to Demonstrate Autonomous Vehicle Reliability?), # ZiEAFFZFT

43.2. HRBRBRAKEL

AR B BE S, BE BRI REZL R ATTRNER . Ha 5
Schmidhuber Jf %4 B %0 55 5 45 & 4 Bk . R PEIRAY 22 MG AR R 30 A, 1045 684K
WA 3] B B ARG AT 4R FERAAR A R X AL R, RAR & 44
B AR TR B R TR EATARAER LR A%, FTAEERER S Fn
AR W EIIR, 2 HvA LeCun #9 JEPA 5 A& s XAUIAEA AR AK&.

M2 E CVPR 2023 328 #3E B 5078 BLAR SR A a e AR AL, oAb 2 W 24T 1R 3%
EE BTN A RAR LI 8 MNRFE KRBT, 17EF AT dH) 5 XL d) £ R
KFNEEAS. Waymo =3u47 BN & 2016—2020 F A A KEKIEE A £49 Carcraft, 2
SimAgents 5 4 sAZA!, JFHEE 2026 5 2 A X A4 Waymo World Model, #2454
RAZHTOKRE. BIRATEAM P, EAHXTF 2025 F 1 A LA Cosmos 7L s AZ R P
G VA A R FE—E A AR, Wayve 89 GATA-2 R AEY HAER . TF & R IEF
R3E 5 5 AR . AR A TART A PR LA A SR Ay R R, TR ST
#8. F 7 Seedance. M&ifiL HunyuanVideo. %3 CogVideoX % F B K J~ 5 k34 b
N E) JEIX — IR R ik RE AT, {2iE R AU RS ) i) TR A LR ) T T AR A P R A
HEFET),
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AL RIEA Y RN MEAIRRERMER Waymo World Model
® L} ® ® e o ) e ) e ) s ) e () e ) e ) e
DeepMind Genie 218 MindVLA /75 PonyWorld 2.0
REAEHFE B+ RER
Wayve GAIA-1 ; B EiEtREERR
EABLBE R REE Waymo Foundation Model bt
2023 2024 2025 2026

3 %R «GAIA-1: A Generative World Model for Autonomous Driving), «Cosmos World
Foundation Model Platform for Physical A1 FHAb I aK, &K ZIEAHR AT

4.3.3. Corner Case #):& s8-8 54 5

HRAEA Ak F B F AL A A& Corner Case, 123 A & EKESL KRN TR~
R RA R, KIEE B R A RN FARR R E 3R e93EE, Wayve /£ GAIA-2 F
+ 11 3% 8B4 H R IR AT 2 — 0 ; DriveDreamerdD 7748 R A €2 F R B R4 RE
Pl is 0t A G M I B AL, R AR AR, KB REAM. AR BV G0 H .
B 57 AR K A g, A RAR R S, MiX 2k R B2 R E & Corner Case 49 X3k, &
MVRA, HFRAER LR Corer Case &£ F% . AF AL @& Corner Case, EAX—KHZ
IAE SR T B A AT IR

A B 4% Corner Case A LG, F—KAIE AR, £RAZEINEH
RRH AR REM 18T, HFAARREETERLEM A4, ATHATHLY R pik:
DriveDreamerdD #5744 8 F Huitk 2456 thAs 5 &) I ik MY 1E 37 Sl F-45 7T 4750 X 3R 7
R AR PATHAR, AT I +A R — AR L 3D ST RIe s = T ER%Y
T4, NG 720 ALARME R BB QRS . FHEHBMIR G F AN, F =
KA WA PS4 K, & Comer Case IR XL 4% 8 & : ) L% 4T PonyWorld 2.0
vA Intention Layer #C B 577, HAERLE IR £ V5 iF 4 =T ) 45 PRI s A R @ k&S
hard cases, JEAEA %Xty $04% AR B) At B P RSB IR S, W R BULIAR AR, 124K
FRE LA R E TR, BRI, ETRE.
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HME: ZEMABAER  MindVLA, ME=G fRE (MBS, Wi WAERSEE), B OEE. SSRGS,
H 73 3 KA, ERHRHET A b4 HSHE
= E-E MR- R 5
H ARG WS ARGERRES hard
Ak FEEAMETL Y PomyWord2o oo HARIAME CRRERRIES hard e
Wrs cases )
FERL R 2 A A
$ 4% KR (DriveDreamer4D: World Models Are Effective Data Machines for 4D Driving Scene Representation 427
Fort, R RIESFFR AT

4.4. BALFT: NTAHRAGHHEARIERT

4.4.1. B F W) LRAERT Al HHE AL A

HF Al 592 Al HUBGEA EZNN %R, (2SR EF AT RBALFT
EREZAT A G, KI5 TR T 4 AEVH ETIA —F4E4, L3It 2
R 2T Hk ) IR BAR I KRB, BT IR R E; BF ] E L RpEE
Jext 5 4E32IE iR A &, DeepSeek HITA 2025 2 & T (AR IR R T, LR
BB B FTIR T 4h3RA0 3 3] B o5 K ARIRAT A, (24805 R & CIRAE R4 Z a0 4L 4.

B 3h725 Bk on B shAR R 69 LR S R LA B B, (2 2 T 2 RAKXY
BIR THAE, LR ERERHZITRHBERE. BATCLASALBRSAHR. 1T
A o e KA 3] e W IR 4] P 38 A A WK 21245 9 AL Ross 548 i R B AT-F 2149 4%
NENE R A AL F AR NN S A PR, R AR BAK. % RAWATT &
RAREGE — BT ——L4 A 35k A AR Lo EARMARK ML A KT KR,
FIRAHAF IR SAZ WSS A T R4t HIEA 249 80 2. A 80 2 #2HA £ 95 0F
Bi20F 5], VKA, VARG FAFHKFALIN, Mms BAFEARALN,
5 R EAK. A RER, BT ] G TROFEILREE K MR KAIRT .
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— T + SRS
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#4E %K : €A Reduction of Imitation Learning and Structured Prediction to No-Regret Online
Learning®, {DeepSeek-R1 Incentivizes Reasoning in LLMs through Reinforcement
Learning), # ZiEAMRFT

4.4.2. HRAER H B 5] R SR A XA TS

BRALE ) BB T REAR, BRATREL XA %I, Ml EERAEUR
X —f & A R LR TR, BT EME LI, AR
HENETFTREETIE, TEE, TIEALRFHOFIRIRE. AL EAE MindVLA &
R, A ) BB SRR, G RABE AN RAEA R E, LeFEA R
Go— R = R ERESFHAA L RES, EL EFRXIEMNIRRIE S &

AHE ADS4 AZ G| Ea v i BARR A R w, MV E BT AR KR
1000 12

SRR ORI RS FHAEH G, DB ARG R, RN FRX
T RS I L RADHT AN A ZACK TR AR T R ZAE RN R, B e
7 HAT B BRI O B R B ALAL A W FAR R, X — S MR A R A T
RAEFM . HAERRELH R, Momenta H/FPSTE § AR ELA RT i &+, FnZE
RS AT, SRR R TN R AR RARERDRBERESRRAZ,
BAVIAA , HFAER S 38 32t A 52 B8 09 TR 32 3] M 3B AAE, B oAb 8 43R03 3] 303,
A RPN F AR R R IRSLRAE . S ®oh A0 F ) 7 b
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REMT HEERAFIERIZARE“HBERE L4 Robotaxi HEHFEH.
FERPEM, 5k F|shZ LB ARG I B G EARELA IR HHEFSD A vi2 A&
3%Ab3% 354344, Elluswamy £ 2025 4 ICCV A T T4 R 8 BARVLE B . EAMILE
fHag 3 3 BRI ZS I SR 429 720 AL AR R R B % 30T )
5RMA AR, BT EH A RO RAERE A iR F T )4 3%; Momenta &
3% 3 5n ek b FINGRALE 3] I R6 RAEAAEA!, H-F & HSD KA “— B Ko 5 sm+i&4b
F3”,

L4 Robotaxi M #ZFA#FAHUIBS G ARG AL L TER: NEFTH LK
Robotaxi YA PonyWorld # AR K T3R5 ) TE XARBA R = . SREGE 5T H7F
1, BERIRIE 2o R RALG I A AAL”;, Waymo 2H B 12 & % L K2R 5 K AL
A L4278, L4 fTMERI. HHEL XX G AL, KNEAEFT
b ouk: HHAETRERT BHERRAE LB S 93 mARR, B R AR2A5 A. 5%
L o MERARRLAMGEARLE; 2B I ERAERTUEZT AT, BT
SJWE R AL, ABREE)E M ERLR 14 2F, MASRARMNERE, ik
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