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u

- GNN (Graph Neural Networks): 24 HEQR, 22 #+2 § LE9 X2 0|20A

JefI GIo|HE &4
- PINN (Physics-Informed Neural Networks): Al9| &t& IHH0| Y5t {A|HsH 59
=2 H2(0|E LZPA)S HY U= 2I6H0, Wst/sstd AZY 0|4 =S

[
=0l 22

O m={Cty & 7|8 27 Z0f
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- Foundation Models (I+24|0|4 Z2E): Yist 2| 20|2 gl= GIOIHE A}
(Self-supervised learning)sto] &
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- World Models (2E 2E): A7l FH 339| 2|4 Yzl olntaty, 37243 s9dsts
Ugzoz A8 o|Matn o&E 4 UAEZ ot= 2PZ OO|UEI} #5S AHEst=

o 22l Vs

2) 27| Q! MM3 Al (Perception & GenAl)

A 2 4d¥ Al 2o0k= HAE, 0]0]z|, 22| S HO|E|E Ofafi(1A])st1 A=

O Ao & mEZ|E| 2 2O}
- GenAl (Generative Al): GIO|E{e] EXE S&5t0 ME R BIAE 0|0|Z|, H|C|2 &2
ILSojUl=E 25 Al 7|89 23

- LM (Language Model) / LLM (Large Language Model): QI7te] 0| O|ali5tn
Meste 24

- SLM (Small Language Model): O2l0Ef F7|E 0 EZF =00
2HY 217] & AlstE SFHOM & 7Hsotes 285t 2o 2=

Jim
ou
=
N
il
=
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- VLM (Vision-Language Model): O|0|X|2} HIAEZS ZA|0f| O|a{5t0] O|0|R| ZHMY

orC cCo A - C
AZtH OIS 52 23 2Y

- LMM (Large Multimodal Model): EIAE B|C|2, 2C|2 S F 7§ O|Ao Chek

CIOIE HE{(Modality)E SAI0| YHLL 22|5k= At 22

O 4489 O7|8lx Z0f

<

- GAN (Generative Adversarial Networks): 42t} TWHRIIL M2 AMstH 2Rt 22

% C0[E{E 2USojUie #=

7
- VAE (Variational Autoencoders): @21 G|O|E{E 2z}
S| 22l5te YoM CIO|EQ] E&H 22X E SH5510] AMER G|0|EE MY

- Diffusion Models (C|Fd Z%): HO|E{of| O|2E &
CHAl A Aste AHES Staott 1EZA9| O|0|A|Lt H|T

3) 22 O0|HME L 22|A Al (Autonomy & Physical Al)

S7HLatent space)2 2 Y=t

AHo= 2II5H &, 0] LO|=2E
|2E MH(0f: Midjourney)

=

CIAY E= =4 MAOM s (Action)S 2

A2 O0|ME & =23 Al 20k= H&t BE ddS €0, 2242 AHES MR

O TAY 2484 ot
- Agentic Al CIOIHE| Al): SHI} RO AR A2 25T, HMO|Lt
So| S7S BN, BT HSUBH YRS A4FE FEH A

- LAM (Large Action Model): AFEZte| S|=& Q10|12 Olslist &
E5f S R2H= S A0l ADEAMO| 'SiE 02 Halsl=s DAl

[«)

- Autonomous Al (AF& Al): Of|0|HEl Ale] &tz JjEde=z ©0IZto| 7§el Qio|
S5 AAEHE 2HStD 2|HStol= £F2 AIE |

O 22|44 4=28 F0f

- Spatial Intelligence (&2 A|s): 3D U2
Olalioto] did MAE ClAE2 REYotn A4S 2AESH= s Al

=2 o
- Physical Al (T|Z[Z Al): S 252 BIE2=2 A 2214 MAMM 2tsste

Az 59| e Al

- VLA (Vision-Language-Action): 2EEEIAQ| SHAMO=Z  A|Zt HEQL A
2or 21 To| &4 Aol 5 AYAQ '22|H WS (Action)' TIOIEE

Of

Hr

[=

®
Lo

e W

- RL (Reinforcement Learning — Z&}atE): O0|MET} 8HF LOIM =S 2|5t
Fon| z[Ho| WE HAME ShE5ste L2S2=2 A2 Al O[A|ZE Al9| s

2X,
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1. 7|4t o} 7|l 2! m{{2{C}R! (Foundational Architecture)
%’a":! °|'7|E||*‘|

fo  Om?
V_E 2

61
. ~ f=p.+ a
RNN Transformer NN PINN . Foundation World Models

(Recurrent Neural Models (Graph Neural  (Physics-Informed | Models Internzal physical
Networks) Networks) Neural Networks) environment

Section 1 nables
2. 2IX| 51 MM3d Al (Perception & GenAl)
olo] & RE|E| IH MM ofF|ElN

LM LLM SLM X 7 Diff
(Language Model) (Large Lanﬂuage (SmallJIoLgnﬁuage G / f Ifﬂoizlseli.;n
e

= | GAN
a "".“"’ Generative (Variational
“in { versarial Autoencoders)

Networks)
LMM VLM GenAl .
(Large Multimodal (Vision-Language  (Generative Al)
Model) Model? Creating-new-

& =2-& = 2 P /N images
N ————
Enables inputs !

3. X} Oj|o|HE 4 E2|H Al (Autonomy & Physical Al)
CIX|™ K=o =2 AdSE8

Agentic Al LAM Autonomous Physical Al 37t XS
(Large Action Model) Al i A;:tio i (Spatial Intelligence)

Hands youss Control your Independent Robotic robotic Self-driving 3D maps
ending tools app icons system arms cars

sk e
RL (Reinforcement
Learning)

Enhances Trust On-device/Sovereign Al
4. M|, =|A5 2 = 2k A (Trust Optlmlzatlon & Infrastructure)

MM Y XA 5T

Causal Al Edge Al

e

Search and Explanation, Cause-effect Smart devices Smartphones Country-flag-
Augmented of ex Ianatmg cause-effect | on small edge on model with shapea datra
Generation explanations chain devices \ Al chips L centers

RAG XAl
(Retrieval-Augmented  (Explainable Al)
Generation) =

(23 3) dEiA 202 Al 7|2
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4) M2y, 2|A5H & B A (Trust, Optimization & Infrastructure)
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d2ld, 2Hs L HIE 8 20k= AIE 2A oY 2 24
ot7| flet 7ls HEHA

O Alzid U X4 57 20}
- RAG (Retrieval-Augmented Generation): 20| 2&0| HHS 4Ms
Al2Igt 4 Q= G|O|E{H|O|AOA Z[A/HE HEBE ZAMFIH &

St (Hallucination)2 Z0|= 7=

H(H
- XAl (Explainable Al - A% 7ts8t Al): APt &8 2uE &£ 1d2 O|fE Q1740
o & UA=S AlZzlstAHU dFsk= 7=

- Causal Al (12} Al): th5t C|O|E{ ZtO| AbntatA

2o IS g0, "A7t Bo| |QlIeIvtet=
A E FE5t0] 9|*Pé‘%§9| HeElde =0le 7'

O HiE 3! QlZet 2Of
- Edge Al (UZ| Al): 3Y 22k2E7F OfH, HO[E7t st UEAZR 7134t
(Edge, Of: 2t2E, loT SE)0M Al Hits H2|st AH AlZks 20l 7=
- On-device Al (2LHIO|A Al): AOEE, PC 5 AREAL 7|7 WROIM APE 2Y 2s
e Ve, MUEE Eset 20201 2=0| ZH(SIM 2HsH Z2&HE)

- Sovereign Al (&HZl Al =7ILE 7|Y0| 2t 2REL 222 HH3 2=0| o=
SFA| g1, AfA| Cf|ojE{et QlOetE Hige= SO Al FHS HEste M= 2 Vs
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- Transformer Models / Foundation Models: 29l Rl A&S £3M5tH, 2
HIAEQL Z|AZ APM S&5t0 BE24Q 29| 7|82 A=

- GenAl / LM: HIAE 7|89f F}1|20]

OE
‘:U
n J
)l
0x
Mo
>
0]
19
on
ne
0z
>
40
Rl
0
il
=2
fufok
o

O A@Z oiciof 44 U WY Lof

- GAN / VAE / Diffusion Models: BtARE O|0|Z] &y, AY o4l cjziel, o &d
S AlZ ol & O|Eof MHOM MER H0IHE Bdste ol 2&

O ts &7 48 A& =0t
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Hlzo| ZS 1% U U 24, 12 MEfo] YelRg

(L

- VLM / LMM: O|D|Z| &M, FAt
2 HAE O|0|Z))E SAIO| 2|5t MH|A0 HE

W% S ALl Cierst ¢

Ciagt AL} 0[0)7] M4S g, ¥
| IS B MY Sato BN E7

— —_-d =

oI

- GNN: GO|E{7} ¥dsle|z| ¢i2 R457F A2 AV iy o, d19f HE(EA +=

of OIF), &8 HESRZA A| A, T 24

- RNN: GO &MYt S2Y W, 28 Alde F7t
280t o2 2 S At 50| T2 HojE 240 &

— —0O

=2

- Causal Al: OHA|& ROI 24, 9 S
2R 2|Z9| 2 HRIRIVI?"E FHSHH H|RLA QAIZHES| ZAHE

s 4l F2|A MA Ao (Autonomous Action & Physical World Control)

o

o

3) 2

pN|

B ds Y =¥ MA Aol 20k= el AAIS 7[Che|A] ¢, Sid MIALE TR
|.

=
AN AAR MBS OIX3HT SHE S| A WS- 28 I

ol

O CAE I3 =22 A=t 20F
- Agentic Al / Autonomous Al: 2ot ERP A|AEI 22| 280l E2F ZEEZ|Q
2 = B2B ALZEQ0] FHAOA % 220l AR DT2NA 2ESHE o™
USHH APE AH YEHIRAL 4o UIE

- LAM: AREAPZL "HIdY| BES Ofofs] "2t 2
| i Aof 7[e2 28

=25t0] oo E t=sts S HIAIE HIMS

O ®d MAHZ & 2EEA

HT
°

- World Models / 82t A5 A2FdaLE E20] £ F=29| 2|4 HeS oS5t
3D &¢te| ¥oi=S AAstE UiH[A0E & Al=2|0]d A|AEI &8

- Physical Al / VLA: 2%°] Az 2&,
QIASH 0_101(Language) AAE O

Of
- RL (Z8&g): ¢ 2E O0[MEL 2X0| =
:

o
Foy—
HE WS ST o ABES B4 2 W
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A Hojo| Al AR ¥ 5 e B
7|dt Al 7= (Foundation & General Al)
Transformer Models Foundation Models
2. TS £2 9l £HQl S5} 2N
GAN/VAE/
Models

1 BB 51 K| A CHE 242t

| i"LMMNLM ) GNN
P o (=)
28 ., BN
4 .‘!‘_j‘

N

" LM/LLM || SLM
e = EL:OE:’aI‘ized
==%" || E] 3+
AR XSS OjCjof MIE  AMZE A
i, (olojx, AU il (oo, O PINN
Eargty) Aol REREME) | p_ o NvierStokes
fh } ao e ﬁ iﬁé
Navier-Stokes (i.0)
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MAESIEM  QAEHZAHNZS
(OHHIE! ROI 24,
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IE XM 2A 89
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14 time
5 it
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(Mef e, SAl/EE AlER0]H)

Autonomous Al

]
t@ g
RL

Agent_ic Al
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Spatial Intelligence

3. 72 &S 5 S2|= MA Hlof
World Mode_ls

3D mol predictions
. Physical Al
AtE s sts WHE
HU W ol 2HEIA
(B8 =3, 2R 28, EFTY)

S M| 21X 3 =8
(R0l 214, 32t BE)

27 physical Al

CIX|E {3 E22 X538t
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£X ZEE2|Q 2%, 2 Ul Ho) AN

4, AE|TEj0| X Mzl 5 XX} Hi X
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4) Ade{Z2to|R Al2| & 2|43}t B (Enterprise Trust & Optimized Deployment)
Alejzeto|= 4Alz| 2 2|AS} HiXE E0f= AIE 7|¥9| Eot #d, H|E ste, =7te| 1A,
ClHIO|AS| SHA|0f Sk%| otAMstn AMEHO=Z QR2IA|7|= Ql=Za2t & 71tH'-.j£

O 4y U EHY 35 20}

- RAG: AfLf 20t FMLE 2[4 DiRES Al Hs5H0, 2 A|HO|M (82 Slo| H&tst
AL ROGIATLE HE/QR A2 A|AHIS 22T f T4 HE

- XAl 28| TE MAF HZE AR, 2= A9 & It 27 & Ale] 20| §4/&2|4
ZALE E0Hlj0F ot= Al AY SOIM &2

O B84 75 4 2Ot Hix 20

- SLM / 2CJH f & Al: AOEEQ| MAIZE 2IO2101 9, PCe| 2Z Al HIM & Q4
HZ glo| QIS JRIHEE HS5IH HHUHCZ AIE fSote o &8

- 2] Al ABFYaL ADE WEZ| MM & & Y2|Z(ms) TRl 2 B8 £&7}
MEOI HHOM S2HRE R|HAH QIo] 240l Al AL 3l
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3| 8% Xs X EE T2 gL TXIE AlIA2| &

e a2t 2= (Spatial Intelligence) AH
* A7t 3219 3ZtE A Zetn, O 37 W AESQ flAl, 7|5t &4, 4% elut

Mg | BAS olssol, O1F HIHOR 28, #S, Ol HEIE oj3sh 53 = Vs
(WO[mo| 2|(Fei-Fei Li) R4 OIS "Ale| Tk 2|2 Fo
* 3D 74 2D O|0jAI/HICI20A 3D B2t YBE 22 U DY
Lhg |+ B2t 22 AR 29| 2|, %, J242(Occlusion), 21 Q1YY
* AE20I4: T2+ Bisjol T2 2t JpY AIBOIM 43
- JI5tet 24 22/ 3710 Hehot BIXE HEF| modts of 2
£3 |- #S @A Uad| e 28 Yo, ¥E2 A5t +
- YE|DY S5k A2}, 10|, YE CIO[EIS SBIH0] B2 Of3
[
=

~

« 2HEIA;

ECTYIENY T

HE |- ABFY: 2T SA B U4, 7

20 |+ AR/VR: B4 B710| CIA|g 30| H= As2tg
- CAY E9: 4 =40l 33S A1 2A

ORI

« A7} 3XH 2242 X|2keta, O 27HLU AR ES W 230] 9J4]
21x], 715ketA &4, A Qln} HAIE o5, | Hal, 5 ofsy St L 2
O|S HIEICZ X2 = D|2f AlEfE , A (91/012H/2t/8t S) mpe}
» [=7] [=3 = . A
OiEst= 3 E= 0|8 %
(HOITO] 2](Fei-Fei Li) B4 0|S > . \ .9
“Al°| CI2 7HXX|"2 Mo Z7HLY A 203D -
\%_"IE*_ EI I_ = '_‘) o lourcerd] ) sxsido=m shxt SX 370 &%

[source: 10]

I ?g Q_ﬁ [source: 11]
[ | LH% lil ‘=E.'§ [source: 4]
3D 914 (Perception) | 27t EH « 3D Hj7-4: 2D OJa|/HIEI 201
3D S PE F5 U ZH (SLAM §)
o 37t Z2: 2|, W, 7124 (Occlusion),
B2|H o x
o A|E20|M: St 3} 74 Al [0|M
o 715t 34 g2 St et 4

\I|

3D 2l4}(Perception): e
Depth, Point Cloud, it ?i s;ff: NBRE 3=, o WS HA: AE A= % A
M“““‘”[Eo"ﬁrce;u; ) e fsource: 13]) 8l I—[rsgl.!riﬂe 1) ZEIRE ST A, 0], ¥S HlolE| S§

I E'.lg- -E-Ol: [source: 19]
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ZHEJA: AEFA: AR/VR: CE Navigation ADEHE2| CX|H ES:
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Dr. Fei-Fei Li
HIOIE|O] 2|(Fei-Fei Li)= 0IF AMMEC Cifst HFEIZSD @4
OIBRIS(Al) O} 53| ZZE] HIKTH 27t X5 HOIE ME3l=
MIAI=el Afstol 1, AELER! "HE BA(World Labs)' 25 &8

From Words to Worlds: Spatial Intelligence is Al's

NeXt Frontler TIOWPRT Wi <
FEI-FEI LI understand '
@ NOV 10, 2025 the real world

rather than born. That insight later launched a relentless scientific quest called

Artificial Intelligence (Al). Twenty-five years into my own career in Al, I still find

myself inspired by Turing’s vision. But how close are we? The answer isn’t simple.

Today, leading Al technology such as large language models (LLMs) have begun to
transform how we access and work with abstract knowledge. Yet they remain
wordsmiths in the dark; eloquent but inexperienced, knowledgeable but ungrounded.

Spatial intelligence will transform how we create and interact with real and virtual

worlds—revolutionizing storytelling, creativity, robotics, scientific discovery, and

beyond. This is Al's next frontier. St K52 227} S MIAIQ} 71 MIAIE ot &=

> EZote YAS HUEOR HIlAIH AEC|]MT FolY,
. . . 2R ISR UH § DE S0/ HFS Lo 20ICE

The pursuit of visual and spatial in 01210] BFZ Al2| CI2 JH&XIOICE

I entered the field. It’s why I spent years building ImageNet, the first large-scale visual

Rial Warld

. e 1 7y clements enabling the birth
g i B .d modern compute like

¢ lab at Stanford has spent the
Barning. And it’s why my
gldenhall, and I created World

in full, for the first time.

1y it matters, and how we're

» 0:01 pact that will reshape creativity,

embodied intelligence, and human progress.

(2% 6 ) &2 A5 : Fei Fei L2 ZFM|CH Al
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=1 2Cc 2% (World Models) A9

* At = 2H39] 22| @2l Ao (Dynamics), =0l TE Eit S M0l s
HE | ste YAIS WSR2z AS20|48Y & AXE SEE 7HMA Fx

(2F E2&(Yann LeCun) W7t AGI(EE Q325)E Qo did 242 )

© A2 ZR(V): 23 YHEE ASE BIHEA 3hHe= HEt
HE |* 71 2Y(M): AlZHA H&4ar it disS 7|sta 02 4Ef oS

* Alo] 2™(C): & Yol AlZ20|d ZNUE HIECZ HE 2Y

« QAbY/st SY: 22 YR(EY, 0 )0 WSO TE MY HEE oS
£ |- 44 Y A dE d ez oY AlL2|RE 'gg%m BIAE

* 27| 2= §&: YOHEt H|T|2 C0[E SOIM AAZ MO 2 SHE

* 22 7S OO|YE: AR gl= ne8 Zeteta( &4 U atg)
HE |* 28 dig E I At AU2[RE 7WO§ AlE2fo|dste ot WE RE
=20 |+ AMMA Zel= 4 S2| f20] BHYE 1EA Hio U Jhy oF 4

* CAY EJ: 22IH2s AEs ¥y AIEHIOI*"OE g A28 SA|

AD} -’:‘-
HeH(Dynamics), AS0| WE 22 S
lil’é,’ol ISsh= YA S WRHoR

2Fel 22| Yy,

AMEH0|ME = UCE SHEE
7HM|A| x| (2F 23 (Yann LeCun)
w47} AGI(HE 213%|5)E st

| 34l ofolcof

A Ell(state), 2 S(action),
Z}(outcome)2
HAE Es ’-ﬁ

A QAR =T ~ i wa
b “AtA(simulation)’ 2 & 7Hs
-_r"é',i A [source:34) [source: 25]
x|zt o 7)o o | o 3RS B4 22| WY(FH, 01 §) &
(Perception model: | | (Dynamics/Memory (Policﬂgl ﬁ?ﬁer o Aol m2 Hst oflS
model: M) ' I8 Y SR ALIZIR S L HAE
i) [ﬂfllﬂi | Future » Arg#oIY B2t | o MR g HIC|2 HOIE SN 74 dE
E;,’;“ce,_(;t,:,g | % BEE | g 35 oloie: NKe ok TaE Aes
) | g, lsource:37) o B 28Y £
Wigs e, - 918 4% 4K 49 BYQ
b o 7 o 37| Jfﬂit(Long-term planmng)ﬂ'll ze
PO K= —— % =
=] "” Ao
s A\ 0 X =6 @
$I8 ol 3 3jn| &ﬂ’ﬂ 2Hx 8y CxHEEN  2HEA  XEFE AYAI %E}Q*a‘
AD AlE2fol,  Ea2| HA vy E2ENNE FEA =X
UHPS R HICQ/7HY 83 84 DY AE0]H
(28 7) ¥& 249 7iga £8
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- -
Meodelling the physical world I nte ra ctlve EnVl ron ments
Experience the natural world from desert to sea "th G s 3
—i:jr' witness extreme weather up close. WI e n Ie
Transform text prompts into dynamic, explorable worlds in real-time. Experience

Try Project Genie breakthrough Al technology for interactive environment generation.

Genie3 Cosmos-Predict2.5

AP gole BE(F /) glol BEol Foige o
FEEE) T2 S vlzf e o5

#E ZU FE§ #14/49 ol o &8 274/494

from

WA= B o B ek o EA World

Models

RERLRELE R 48] oje) e 2/ % to

Spatial

2} H¥(Representation)& |z Abe] ol &k 2E-S 9)3 lnte" igence

1% MY 71 oA vl

<A NVIDIA

.

A Z . II
i i 2 kge-ScaleGenAll  City-Scale NeRF
A48 ,_ . .

Ly
| s

fVDB - Building Al Ops on Best-In-Class Graphics 1 - - 1£
Infrastructure Unlocks - e
Large-Scale Spatial Intelligence LE%I +Physics Mesh from liunts

(8 8) €& 28l : RZ Genie3 vs. AH|C|OF Cosmos
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1) 8 szt & ZE9| 2{0]

O Al dEfASl o2 714 24 =0, O2Z AIRIEAZR, 28 L AE23d)9| Y 242
BAstn Q= €E 28 (World Models)2t &7t A|=(Spatial Intelligence)2 '=2|&
NASl olafi'ete 38 SHE 7tAH, ‘B2 A4S o23)"2M &2 235 gilx
o4, &= opd
T 3 As gt 28
P = 7|t.'_f' “O]EH %'“:1 AlZt 2|8t “01|% E%‘"’
= =27HSpatial intelligence) AlZHTemporal intelligence)
=4 S 2 O[5 Oz e o=
Ello][=] 3D/Geometry AEl ZO0|(Time series)
A AR EE e s AlZ280| M
23 HY F=E SF B == 4 A
O ZEZQl 37+ QA(SLAM, Simultaneous Localization and Mapping) 7|&2 7|5kt 9]
HAHQl 3D A= AM0|| |ZCHH, St 52 20|t WS Olsfisty, €& 22 1
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I EE
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220 57 AFE0| 3318 572 Olafiote Alst S22l &S LAHSlsHH T|Z|Z At
A2 252 4 Jqon, olof Al 7|t 22|¥2lS Ast 372 £2/401 713 E0RI=9)
Geniee LWM(Z2|H2|+32t712 4328 gg), HH|CI0Fe] Omniverse & COSMOS
SHES WFM(E2| 7|8t 714 3D 4+A|E2 0] &

O 2X0| E= A= HE(OIA)

- &7t 2|5(Spatial Intelligence): Z2| 2Iz|, AH2|, M| ofL|2t R stADLO| 3t
= 2l

A E QAlStD AMEHE 2

- €& ZE(World Model): 22 T2 S2%2 of 1ol &=, d, 0 5 224 4=
2422 12510 Z1 AEfE o=

- mZ|A Al(Physical Al): Zd24(Policy), ZZ A= (Planning), A|0{(Control)& £&5t0]
7t t¥H0|D HE &E0| =2 grasp deS MEH L Al

- &2 Z%(Spatial Intelligence)' apd, atek, 22 otLet K=, A2l At 22|
% ol P3|

- £ 23 (World Model): 23zt 2t 50| 02 s AS2ES A|ZH0| T2t 32
0f|=(Trajectory Prediction)

- m|Z|Z Al(Physical Al): QAT o2 Z2 J|Hte =2
MO AARES Edf 244, 3T, 2k HE §9| s

O mZE AlRR/AZ2FH)Ae] AA|: Filet MAo] =5}
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4| Mgl 2010l HH Al AAY P o

7} AtQ Z2ORo| Al AlARY 7Y

Al 71819 AR 5 4 F20F A|AHEIS] 1Y 242 CR|Y ER(Digital Twin), 32t A&
(Spatial InteIIigence) %E 2&(World Models), O|R|Z Al(Physical A)E = & U2,
=

0|S Yoo| RTHS E3l AAR 22|14 AL ofa5tD 2/AHo 2AHS X2510{ |05}
'RUZ| Z2Y AR DY UKJIAE 27

=229 M 7|¥=0| Rliﬁf" 712 O|AZQl 28 AH|Z(Autonomous Manufacturing)
OP|EIM= "CIAE EY + 3¢ s + €& 22 + OIAE Al'SE 2F 8%l 282
Of 47 H<2 OiHslE £= "OI OfL2h oS QA[sta, OS5I, 24| S22 F7l=
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1) & =200 E2s Al AL

O CJA|Y E2l (Digital Twin) : CI|O|E] S8 4 714 MEUHIA
- Yo S A, 2l dElf, 27 252 A MM HolHZ2 HEst Tt 52t
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S)0ll olaff o™ Znprt LIEtER| JHAez o=
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At S} 2N A

CZE EY - oy 4 & &4 %7I§F 2ol HA, ZH| HO|E7F Z0l= |

el "E=3t2|'0[0] Thest E(Point) 22| O|0|E{Q| RIBt

E
-]
L
Jjob
rlo

3¢ As — 3D e L 90| QAR|: =35kR| 2(9| HO|E{of 'o|ojE2A YH|E'S FOoi5t0]

[ B = |

0| 2EO| GO I2= 525 U FF0|12, A HO[Hs 2EE =X HOO, F

o

22| Atole] AHel= 1.5mO[et"etd 3D 7Istett A2 YA (Affordance)S a4

YC BY - A3 O3 U AE: 37 AS0| TS 3D U2 YoM Akl
(Oymamicsf §2) WS, 22 DI )8 G NEAOUE Sustn, 22
SES Fow 32 § OfF 2213 0| MI'E AMSIO) Ko Ho| B 4

© o

g
oy |o|n

o212 Al - 22|& Ao L A&l M 3CHA o] AT A LS HIEICE A MAH«<2
E20|Lt AMR/AGVZt 22t Ql0| ZAUE £dstn, 10 Z2UE CHA| R E ERLZ S
510 W4 22X (Closed-Loop)E A

40 FHo| s Al A
ClZ|Y E@l (Digital Twin) « "d49| S7|8E SA 2t &8 &ah)”
- (98 A MAQ MA|, AAE SAS AAIZE MA CO|EHE S35 7t 370 S¢

StAl it 3D 22 L C|O[Ef OFF|ElA

- (EA) CAY ER A= HO[Ee] AS(Mirron¥ #, AA2 ZSHALE 0|S5t=
Az FZH, o7[0] 52 Foist7| flah 'St As'D HE 20| &Y

3¢ As (Spatial Intelligence) <« "3D 39| 2|0|23 O[5(Q2| &3)"

- (98) AP f 3D 32| 7|5kst L2 (Geometry)2t 24| Zte| |, Z0|(Depth), el
M%OI 2 M(Affordance)E Oldtists =3

IY E2I0] BHS0] &2 3D 714 &S T LAHO|LE ZEAZE Of, "0

—ErOII'_ 1 A2 Hoi=0[0, 017|“ S £+ U 30|CHEt APt =2|H 22 QA

rr o

YC DY (World Model) «— 22| H2 7|5to| 0j2f A2 OlE{CI2 U HE )"
(@) B2 252 S3 more BN Of0|HET EH WSS HYS W 22|Ho=
Of 2Tt WarsHx| QABEA|et S5HDynamics) Alg30l4

9 EQO|M 27t A0 MBS THolE ¢, WS DUS JISsol 1 0 wes
ULt O|S31R 102 5| 0| O{EH| WIS JHO2 AR E|AE (Planning) 43

n

24
- (9e) 22, AEFdz, E2 5 2|49 Z(Embodiment)2 7HA|L AL M| A|0f| A
214 e(Force)E2 7totl S20|=

—~

2H) HE 20| =25 2H9| dE A= (Action Plan)S A0 HA, 2Lt M2R
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S 2|%9] MA| AR, 0[0j2|, EYA S2 B8 3D LU/
| 22 0jz) Y== 72, wieo] ‘27 A|s + YS DY J|gko]
2 ‘MMH Al 7|Y 52 B3 It A 72

o

ZEE 2H Al ALEIOMO| ddd TR EY'2 O 223 YA IR 7 2

7tA] 81A35| CH2 MICH(Generation)2 A|ABICZ &

A= SIZO|LE ADE AE[O|M Tot= "LEHY XY B}, 5
(o)

O Al 7|=0] 48&|BM Fety A2 ERI0| dES HF= "dA2 AH=(Static Mirror)'
OltR, 2|4 Al A|ARIS] HEH LAY EJ2 AAZ W25 DI2{E Wdsd U= Al
2

Al88|0|E{(Cognitive Simulator)'2A I|Z|& Alet Hs 25t

CE 1D 28 DAY Ef vs Wd3 CAE EY Hu

b S ety Cz|d EQ e O " EL
= (3D = L A 7|8 (S As + €= 28 78k Al
e M MAC AZA D Fe|d 'BEXE | 22 Y2 578 M-S 0lsfsty,
(Concaept) (Replica)' 2= G|O|&] 2LHE 2{F2| “a”é_t'éle or2 O2{7tR| Y s5t= 9.'3_(|
7 S dAIRE 29 | &7HCognitive Sandbox) %
3D 2E2l/aHE, CAD/BIM, q‘?.—leEI MAME  AI(NeRF, 3D Gaussian
= /Ae|d Azl /MY, ARl = | Splatting, Diffusion &), 3 A&
(Technology) | (Photogrammetry), T#2 7|gHRule- | (VLM, Semantic SLAM), ¥E 2%
based) loT ¢= (PINN, Transformer) 7|& A&
a2 HEZ7F A ARI/EHE Hige=z | M8 AIZL 2D ARRI/AMIA - ©|O|E{ 2t
(ConstrtTction) +S/BRts2E 3D SFZ CRAIQ | 22 MA|Zt 3D 322 As dd
ofn O (HA, =35 Zh) L o|n0|EH 2HHIH(SH, A7t 2Ist)
AIA|/7 A A7 (TS 1), o HelE | HAl-7HS (@A ), 7H0| 02kE
27V1C L ZHEMA SO 'R B (Delayed | MG SAlIQl TR AIE EA
(Real/NVirtual) | - =™ .
Mirroring)' (Sim-to-Real Control)'
e A A, MM AR S, AZHA Rf% s 24 =H, =24 ==
(UtiIiEzl;tion) SEf =l 2 V8] AHeH AlE | ol 2 3O, IFeH/AH AlLig|2
0]/ d L 2t 44 (Synthetic Data) & CHES

O 7ig(Concept): A H2MA vs AR| 7HSMA

- (29 02| ERl) sidd MAo| SAisk= B[] 2t s JEi(2
Y0 20| 20F= O 0| A28 =, WA YA 4R o
2Ol 27| HotA 2= 3D HAE UHI0[A SHO| Al=20]d

24 coe HAB|UB|E| Al AFY T2t
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- (MEH ORI" EQ)) 7|AH7F 3249 7|5HeHA olo|et QInAUAE O|5H5t= 'kl (Brain)'
A2 %fD# Z 250 23X re 1 I OtL2t, "0 A= o 2|4 S48 713,
SlS J13is ©f Ol2Hof] O{EH BiE ZQI7P"E AlAtst MAMsH e Xs8 AlE20/H

7I2 (Technology): AlZt 222 L 24 AR vs HHEEH Al & 22| 2

- (YHEHY C2|" EQI) A AZI(Unity, Unreal S)0|Lt 3D 22 ATEQOE Esf
Azl "AG7|'E HEHYsH, 224 SAYS AX|L|0j7t ApHo| YAt ATEE
(Script)Lt 48t 2lof| o=

- (4434 Y E)

*MMH3¥ 3D Al(NeRF &): 225t 3D 2EE 2 Qlo], 2&80| A2 & &9 2D
AtRIBIO 2 HIo| BRAIZIR| AAtEl 2 3D Z7HS QJX|s0| S2Ho=2 MY
(Generation)'

&7 2 s5(VIM S): HME Z7F U9 A S0| RARIR| (ISR, EEQIA|, At
QIZ|) o|O|E AAZ met

- €E DPINN &) AHED ofLiet A, |FAYs & =0 20|17 ¢b= =2 "2l
AZAYS 3D ZHA[of 2o

+= (Construction): £+s4/44 Y4 vs Md&/52 2ist

- (YeH 1Y EQl) 32 22 i =H(CAD)S HIECZ 3D oAl Yol BH=,
MM HIO|E{E APIZ otL HAZSHOF 510, 32 2RIt HIRH JHERIIF CHA| o522
3D RS £HoH0F Ste AR A

- (MAHH ORI EQl) 218 Ol 220|Lt E20| 3ZS SOICHLH, MHH AIZF AAZH
o2 3D &7t A2 AGH0|E(Semantic SLAM)SHH, A2 ZH|7F S0{2E VLMO|
AAZ HH[O| 2]} 7|52 WAste] JHA BAHO| Szl (Context)2 SHLE IS}

Al /714 (Real/Virtual): SHEMeF £ vs Sim-to-Real H4| &I
- (YErd CR|Y EQl) oA9| MAZf0| HotH Jtat MAQ] de2fZLt AHAO| Bst=C|
SIA0] HE0|1 7Ha2 OZAet 2 4+ U2, 7Hd9| si¥g B 2F MHZ W2l
A AARIZIA/EA|)E 22T [ AMEO| &0
- (MEH DY EQ) 7t} Si40] 558 FAZE A4S 24E6HH, 7ty SE(EE 22)
OflM AL} WE L5 =2 DI2HE Mdstn HAESH &0, O ZoHRIAS Ao dH)2
o=z A9 mA|A AINA WHEWE =, 71l Ait0] d4o] 22|14 dsS A|HY
3t= 'Sim-to-Real'?] 2teist |2 22X (Closed-Loop) T+&
&8 (Utilization): Al 2L EZ 2 24 vs 26 AlLj2|2 dd 2 28 Ao
- (2ury CR|Y EQl) ddo| 2|4 HH|E 7t =710 3D= £Z0| 1860, AH|o
WZtE0] SOIE Tf LS SHFTALE, FHIQ| A s 7|52 3D=E CHA| S3EE
AT B2AM O Aol EEE &
HAZIHZE| Al Al TEF eee 25
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- (ME4 Ozrd EQ)
+ 8|7 clloje] A4 (Synthetic Data Generation): 243 Al 2 (Diffusion §)& £
SIMOME Aedsly| fIest &0l 3 Y StAf, 2 it Half S T4 2ASHA|
SOt 3221 2| 5)2 7H 2FH0M 255 4

AH24k(Zero-shot) AHE &tE: OX|ZH Al(ZSEHS O0|ME)= O|EA MME Zs5to
7t AlL2|R £0M EHE HR|O|, FAOM S S T ZHOEZ U2 Y ME
OIME AAZ TIAE £ = A8 Ao sHS &

2) Yura Y EY A4 CY Elo| HlD

o
ety C2[e EJ0| 'ty HA(VR)' 7|29 AZHOA 'SLS LofLt 0| EM%P-I-
# 2= AUoro dF °”Ef Y83 tAE EY|=2 '0| Sgst =23 &3S oF/
TofHo=2 Olsfista, OjE %7\15}01 2|2o| 2= W AA%fo| BSst= 2I3°4 A2t
g Aeh, UEO| A =2|H YL YO0| 27 HT ASAILEOM 72| St

- (BEF) £ ALY D5 HA MAH MM, 10T 7171, Ftojzt SORRE HoEE 23
5101 Jhy B2IOIM AAIZIOR AI2taHstD %_%; MEIS Tiolsis wlole 47 BT
e

- & 3
(U CIY Seo| 83 L2 N2 B4 (Representation)of AB3H01, -2
32folo] BE| 2=k 85EO[CK, "ASIO| A ZEL X, YOICFRHS 1:tAH HES

CHAIEEQ} 3D 30| =2

- (MdH A ERel §4) AlZ-20] 22 (VM) 3¢t Alss Sl ZLEHIEE=

GlO[E{e| 20|24 Si2t(Semantic Context)g IYsSHY, Thes| 27t 85&Q AS

Hof, "0 2=& QS R WEO| SHAXE st A AE{O|H, 3D STHA

2Gatel M A UCH D o XA Z QA
=

- (2}O|H) Lerd CR|Y ELQIO| 4|O|EQ| 'the AlZtSH(Human-readable)'of O{ECHH,
MMEA CAY ELQI2 H|O|EQ] '7|AA O|af 2 21X|(Machine-understandable)' 43!

O
Ofm
X
o+E

7|8} (Control & Synchronization) &%

i
- (BE) 22 HA MARL Tt CIRY M| Ztel el 2UxE z4stsin, 3
Z7 SAIA| J|ZLE AHIZ HOf5t0l AlABIS] OHYA 93|
)

SYLE #EE0, Hols
= °E|71'—f 7|74|§ gA]

26 coe HAZ|UB|E| Al AY T2t




Physical Al 91"_3

!

(MY CRIY EQlol E3) QS Haf 2T ZI|SHEE — 77t F2ELD EE
DHo| =25 2|M9o| sjZ2MS LAM)E Sdff I|X|Z Al(ER, oI Mt
5)2| Ao BHO = =2 HA5I] © E
5t= 'AH2 A0 (Autonomous Control

:‘T‘:
ol 0

O ot

= D ofn

Ny

— 0

or =
ro
[
i)
=
158
£
=]
>
|>
0z
o
|>
[>
HU

O Al2¥0]M (Simulation) &&
- (384d) AN AE HAESH| fIEstALE H|E0| B0] E= AeE Tt
0l2] 3o 2O, oHH M AAMHE &2

- ( )
< (YeHY ClRY EQIe| £3) HolfRrl w2l 7|22 22| A0 Unity, Unreal)ol
Z5t= A4 E3H(Deterministic) AlZ2{|0]42=, AHRIL|O{7} AFHO| ATTEE Rz
MSHEl AlLt2|2 LHOIMSH 2rEstD, oA SHojLt Ba~(HIEfel OjMst #st, H|IZH
HoilE S)7t YT AlZ20]Md SHA
(484 D" Eo &§4) =2 2 UFYU(PINN)2 48 Al(Diffusion)E Z2¢
SAEE2, 4434 (Generative) AlZ2[0]H0|0, atA0j| St HE EHdstA| QQtHE FTHA
At AL2|2(0]: 22 & OFF £5)8 ool dMal W, 1 QoM Zetet&RL)E
Soff IX|Z APt Aaz M2 U 30| YHE &3 (Sim-to-Real)std] 2tE

t

ol
ox

Of| A

Jm
oX

-

2 1o

0:

- (@01F) Yer CAY 20| AIBOIHO| YA U WP 7IRKScripted) 2t
MHH Y EQI2 Rt ksl IS YUHD AAR U DCE YN

(Generative & Exploratory)

O 0|& (Prediction) &&

- (BSH) B AUl CIOlEIS EA5H0]
So| 23 Ao Tpe}

S —

-(§ 3
- (YUY C " Elo| E3) X2 EAA 7|HO|Lt T THAlZ{Hof 7|8kt My A
(Linear Prediction)2 #+3dslH, "A £529| s H0|f MEHS £ 3¢ § 2 Y
BE0| 80%0|Ct"2t= Alo| JHYE MH| HHl9| 0|2 RAIEL(PAM)Of| HS
|

Al
£3) €& 2% (Transformer, SSM)E &&510 A|AER M9

oot
fi
fu
0:

0x
ox
N
n
]
m
|m
Jo U

9|

=2 —— =/ [==]
QINTAE Albtete 94, =& 6S(Dynamic Complex Prediction)E +35HH,
"A FHI7F F2B, B FH[Q| Cf7| AlZto] ZOjR|, Ol MY 27 580 €52 7Y

4 4 QoM 2E AVt H422ESH= 'E2lA QI
#A|1o] 2 (Causal Dynamics)' A& Szt
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A9l Eofe] Al AAT 73 oHoh

3) LEHY 2| Eu 493 CRY EQ Al

HEZ diAlo| QHEA C2|8 EQID} 27t 2|5 U 2T DEo| ATHE AMAA C|2|E EQL

S = =2—

?:(Constructuon) YoM ZEHQI m{ctYol 2fo|7t U20d, 0o ttrar Ak
ADFEAIE], AM Aof § BlZA DLER A9 BA| Al230|Mo]| 2|1, S2k= 22
2l 50| 235 25 JU0|L FWE HZE I 59| A2 AlAH| 24%

—

O et CIAE E0| Aldd SAHE fIt '35 Y A 0o 7HZCHHE, A7t
LA e S92 TR EE2 =24 Wl 42485 242 Ofsste 'Afsstal A

i e |
S Aol 28 50 5 U4, S 89, 4& 7I=0| e 20|

I-J

CE 1) 2erd OAE Efl vs 4494 TAE EY 30 24 Hu

AHLA C)z2|e E MM C)2|E E
(BA/A LA =24) (SA/UAY 44
T/ Ats 22 HAIZt 34 4d
(Manual/Rule-based) (Generative/Semantic)
oz oupa | ° CAD =8, d& AR, 2{0]A * g EE/2RCQ| 2D F4,
A 7|gt 2fO|CHLIDAR) AA[ZH =¢
e QIZF AIZ|ILIO{7} 3D OAlIE 21 | ¢ A7t 3D &57t2 Ats g &
ClAFQl L HYZ| o|0|=24 2t (VLM)
CHEEl A7 ChE AAY oL S8t
(Segmented Scale) (Seamless Multi-scale)
27t 4o |° £2|Z(Polygon) StAZ o 2120 &7HLatent Space) Y=S
°= = HA(ZA)QF DIA[(RS) 88 2 | Sof TA| QIZ2tRE 7|74| =9
* GIS(=A])QF CAD(BEE)7 = =c|& OR2tA| stLte| 2 %401|H
SAHSM L5 AL Stf/E4A Its
MEE 27t Al & 22| AEY
A3 A2 & B DB TSR mon gy PR
=z !l
~ | * Unity, Unreal Engine(A|Z+ ¢iIZI) Smos ot of .
A2 7 / o =2 AR
48 7le |, RDBMS (e MM 2 22h Z:_I\XTI\;(E—T'—LI_XF—)) Semantic
. =7\ G|o|g] &2 o ‘1o
RESTful API(F7|H CIO|e &%) |, Vector DB X&) 5G
E35l%/Edge Al(ZAA[HA)

O & YA (Method): d3 223 vs 53 2fdz
LYY CIAE E S Al

2y
- (44) 2 SBHCAD/BIM)OILE THE AR 2 (Photogrammet) BiEo2 3D
Clzfol4et ARILIO{7} 4202 JHy BHAS PE510], 2Y 200 WAL o

CHAl J2/3 3D 2YS 4+502 Yjols

28 cee HAZ|UB|E| Al AY T2t




* (A g2 29F) T EO[E A=A 24 EES PSR Fe|9lnt 0f=9| 3D 2E=

A2 (Unreal, Unity)OllA BHZ[SHDH, ZA| OF=0f ZEO|H7t 2292 4O0|HetE, SfE2
AlM 2B Thep O]2] RS0l "AE|0|H 2 J0j2|'E OlsAl7le Ao =1t

- MMA C2|8 EQI0] HHAlD} Al

—_

 (E4]) F(Video)t ZIO[CHLIDAR) AMAM GIO|EE HA|Zte=Z 2op Hdd Al
-
=

NeRF)7t 3D B2+ AAR HCIYSHD, VLM(AI2-210] 20|
O1HS HY', PAHS B8 2RO OJ0|S AAR 2puY
(M2l: J21 ADIE SHYEA| BUE) HYSAIL P2 00| S20|Lt F9I Muto
S22 S0, AAZICE HEES Y4 CIOES HEre

Tds 249, d2=2 IiEol =0f, YA Y
OlME =2, g8 S Al 99| 27t {22 3D AHTE0 ER SFS LAt

o2 274 F+&(Self-constructing)

O 3D &7+ ¥ (Spatial Scope): tHd vs A&

-
o

ety CIR|E ER9| EHelet Ak
EH
o

* (YY) A2 A £5H(Polygon Count) TR0 HA|A HR{(ZA|, =2)2F DJA|A

HACIA EE, BF WF)E stLiel ALE 2] Z5tH, HAl S22 GIS(RI2[ZE
AMAERNZ, OJAl 372 CAD {8 JROI2 22|51 115

(At2fl: A0LE AlE] & AlE AHO) Z=A] 24| HE StHOM =20 29l o4
MEFZ = & AT, EF 29 A5t U= HES| UF YR=A(SME) O SEfLt

7 =8§S 2ol LE AlES2 AL (FMS) 223 2FSAIHO 7ts

- WY CAY E2l0| HIlet AR
(o]

o
(M) VAE(HE 27|2=2317()E S8 0l =1 Transformer(EHAIM)O| F9|
S (Attention) 7= Soll, GOl 235t 0| HA| SELEE Lt T|e| O|A| &
A stLte] HEE 20N F=
(ARl Al M8t 2 71H FH]) Self SQ1 AoiS Mol 2x|et At EAI(HAl A1)
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informed neural computing”, Physical Review E, Vol.110, No.2, 2024/08/06, pp.
025302(1-12).

- Socaciu, T., Pascu, P., “Physics-Informed Neural Networks in Pricing Financial Options”,
BRAIN(Broad Research in Artificial Intelligence and Neuroscience), Vol.16, No.2,
2025/07/29, pp.474-488.

- Suleiman Tawil, Cosmos-Predict2.5: Inside NVIDIA's Breakthrough in Physical World
Simulation, Medium, Nov 6, 2025.

- Yongji Wang, Sam Blackwell, “Discovering new solutions to century-old problems
in fluid dynamics”, Google DeepMind, September 18, 2025.

4) O EQl 9! ADIE AR (Digital Twin & Manufacturing RL)

- Donggun Lee, Yong-Shin Kang, Sang Do Noh, "Digital twin-driven deep reinforcement
learning for real-time optimisation in dynamic AGV systems", International Journal
of Production Research, Vol. 64, Issue 1, 2025/08/25, pp.106-124.

- Khdoudi, A., Masrour, T., El Hassani, I., El Mazgualdi, C., "A Deep-Reinforcement-
Learning-Based Digital Twin for Manufacturing Process Optimization", Systems
(MDPI), Vol.12, No.2, 2024/01/24, pp.38-55.
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- Lang Dai, "Intelligent manufacturing digital twin creation based on BIM and
reinforcement learning", Proceedings of SPIE, Vol.13691, No.1, 2025/07/08,
pp.1369134(1-8).

- Lee, D., Kang, Y.-S., Noh, S. D., “Digital twin-driven deep reinforcement learning
for real-time optimisation in dynamic AGV systems’, International Journal of
Production Research (Taylor & Francis), Vol.64, No.1, 2025/08/25, pp.106-124.

- Tsai, Y.-K., Karkaria, V., Chen, Y.-P., Chen, W., “Digital Twin-enabled Multi-generation
Control Co-Design with Deep Reinforcement Learning”, Northwestern University,
arXiv:2510.10694, 2025/10/12, pp.1-13.

- Ying-Kuan Tsai, Vispi Karkaria, Yi-Ping Chen, Wei Chen, "Multi-Generation Control
Co-Design for Digital Twin-Enabled Systems With Deep Reinforcement Learning",
ASME International Design Engineering Technical Conferences, Vol.3, No.
VO3AT03A006, 2025/10/27, pp.1-15.

- Zheng, H., Xie, W., Ryzhov, I. O., Choy, K., “Digital Twin Calibration with
Model-Based Reinforcement Learning”, arXivi2501.02205, 2025/01/04, pp.1-28.

5)

ook

ot 282 2 AGV (Port Logistics & AGV)

- Lianhua An, Jungi Li, Hongchen Li, Zixuan Yang, Mi Chao & lJia Hu,
"Energy-aware dispatching for automated container terminals", Transportmetrica
A: Transport Science, Vo. 23, No.1, 2025/10/17, pp.1-20.

- Lu Zhen, Qian Zhang, Zheyi Tan & Shuaian Wang, "Scheduling AGVs in ports
with battery charging and swapping", [ISE Transactions, Vol57, Issue 10,
2025/04/07, pp.1245-1262.

- Songle Leng, Yan Wang, Yanjie Zhou, Xuehao Feng, Paul T.W. Lee, Ruibin Bai,
"The growing role of artificial intelligence in smart container ports: its application
and future research directions", Journal of International Logistics and Trade
(Emerald), Vol.24, No.1, 2026/01/06, pp.1-35.

- Xurui Yang, Hongtao Hu, Yuren Wang & Chen Cheng, "AGV scheduling in
automated container terminals considering multi-load strategy and charging
requirements", International Journal of Production Research, Vol. 63, Issue 23,
2025/07/22, pp.9269-9297.

- Yuxuan Zhanga, Liang Chena, Moshi Zhoub, Xiangyu Baoa, Funing Jiac, Changhui
Liu, Lei Zhangc, Yu Zhenga, "Deep reinforcement learning-based dynamic
integrated scheduling of automated guided vehicles and yard cranes for container
terminal loading operations", Engineering Applications of Artificial Intelligence,
Vol.163, Part 1, 2026/01/11, pp.1-22.
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Fei Fei Li SBS Z&: https://www.youtube.com/watch?v=bgeTK1J7UXE

World Labs: https://x.com/lucas_flatwhite/status/2006033891828850921
Marble Labs: https://marble.worldlabs.ai/

NVIDA &2tA|s: https://www.youtube.com/watch?v=6JCp0hXb354

Genie3: https://deepmind.google/models/genie/

Genie3 &2+ PH=7|: https://www.youtube.com/watch?v=PDKhUknuQDg&t=59s
Genie3 d9Y: https://www.youtube.com/watch?v=mMKIlyxw3H9Q

NVIDIA fVDB: https://blogs.nvidia.co.kr/blog/fvdb-bigger-digital-models/
Cosmos-Predict2.5: https://research.nvidia.com/labs/dir/cosmos-predict2.5/

- Genie3, Cosmos-Predict2.5: https://www.youtube.com/watch?v=Ymij4cO0gzZHA
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@ Al Core Stack(Al 2{I/21Y Jl& AB): 22 4 + As g +dots 71

Al @3 72 BE 7IR(OAsE BEE 7, @AsE A8Sie 718)2=2 EFst0] g2

® Al System & Ecosystem Stack(Al &/ 7| A&): MH|AQZeL2F-9F A|AH

1. Al Core Stack (Al A4 7|=)

1) Al Ij2{ctel / 2|2 (Al Paradigms & Algorithm)

- ANI (Artificial Narrow Intelligence, st Q182|s): £ 2O HY, 4 5)0f EstE

AIZ, AStel He| LHOMOE 2|52 23§
- AGI (Artificial General Intelligence, QI7t £ HE 2Z|5): Q7tA3 CIUst 2HE

S22 4 s YR ABAS

- ASI (Artificial Superintelligence, ZA|g): 217t 2 E X532 2YstE £=F2| 0|24
As

- Generative Al (M43 QI22|s): BIAE 0|0Z], 84 S M2 H0|E{E AM5t= Al

- Multimodal Al (HEIRE QIZA|s): HIAE, 0|0, &4 & CHFet HEfS| HO|HE
Olsli-{2|st= Al

lE

SAl0]

- Agentic Al (0fjo]A ?é AEZs): SHE 7|Bez AEs MR =78 2o =4
oz S Adhsh=

- Autonomous Al (A I—%@ RIZAls): 217t 70 Qio| AAZ LTSt SHEoh= Al AAH

- Embodied Al (Z2tE 2F2]s): 22 & =24 5= Soll SFut 45485t s&sl= Al

- Physical Al (T|R|& Al): 2&2, EE2, 2= 2 &5 A4 MAOM =2/4 231 AE
d228st= Al A OBt 224 AHAS DN2ste HsZ A&lsty slst= A|AE

- Spatial Intelligence (B2t Al5): 3t &E LHOIAM A 22|, AH2|, S2Y & 32 JES
O3t &25t= s, 28 L{H|A|0|M, AR/VR, 3D A|E3|0|H S0 LAl 02| 5

- World Models (MA Z2&): OO0|HET SEFo| 2 ||t Aef #StE YAHe=z st
St AlZ2|O|M5tAHLL OIS £~ QU= BE=E Aoles L 22 A|ARIOIA D2 MEf o=t
OIAEHO| &&

- Foundation Models (7|8t 2E): Ci+2 GO|E{2 ALM StEE =HEg Al REZ Chkst
CIRAES 20| A2, LLM, ZEIRY 2% 50| CHEAO0|0, MOo|stgat M-8 Al &2

2) 29 of7|€lz] (Neural Architectures)

» 7|12 R

- DNN (Deep Neural Network, A& A2Y): 03] &9 AMEYE Soff 24T MEHSE o5

ot= 7|20l ey 1R
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CNN (Convolutional Neural Network, E4d& AlAY): 0|0|R|Q} Z2 Z7HA CO|EE
22|ste o EstE AMAY

RNN (Recurrent Neural Network, &2t AMAY): &=t GIO|&(EE, AAE §)E *{2|5tH
O JEE 7|5t 2

LSTM (Long Short-Term Memory, &¢t7] 7|19 HER3): &7| o2y ZAHE of&st
RNN =&

GRU (Gated Recurrent Unit, A[0|E &8 ®FY): LSTMS Cheeiet 2840 &8 2

Transformer A<

Transformer (EUAZD): Self-Attention HAHLIZS S €3 2t BAS YHHo= a5
of= 29 42

Encoder-Decoder (RIZG-CIRAGE FX): 2AS O|af(Encoder)sty £222 MM (Decoder)
o= 2

BERT (Bidirectional Encoder Representations from Transformers, &gk QI3E EH
2d). Fos Yo = Oldist= QAZRH 7|8k Ao 2

GPT (Generative Pre-trained Transformer, /M43 AlMStES EaMARD): CLS HOE
O|&5tH HIAEES Mdol= Cl2H 7|8t 2E

T5 (Text-To-Text Transfer Transformer, HIAE-E-EHIAE EMALD): D= NLP 2HE
HAE Ql2d-22 JEf2 E55 2E

Vision Transformer (ViT, H|H EMAZD): 0|0|Z|2 I{x| T2 LIL0] 2|5t EAMA
IO 7|8k HH 22

Diffusion Transformer (DiT, &4t EHAIIM):
S

4y 2y

GAN (Generative Adversarial Network, A2 2 MZAY): MH21 THHEZIIL AZGHH
HOHE 4 d5t= 22

VAE (Variational Autoencoder, HE ERQIZH): && FXLE skgoll M2 G|O|EHE
Mdst= QA2H-C2H 2

Diffusion Models (&4 2&): 0|25 HRIH o= X Aol H|O[EE MM =L =]
Normalizing Flow (A8t €8 ZE): 7t9 Bel2 Sof &8 2EE d&s| R o=
M grAl

A BT EMATOIS Hals 4 B

J|0|I

g R

Graph Neural Network (GNN, 2= AlZQY): Lo} Gz2 RAE d2fZ O|o|EHE

stashs oo

Neural Radiance Fields (NeRF, 41d &ARY): O 2t&=9| 2D O|0|X|E O|ZsH =&

3D AHZ A Mot MEER AHO| O|0|RE nEAZ otes Hid 7|8t 7|
|I:| o

CFY HEI B

=

o

Physics-Informed Neural Networks (PINN, =2 =4
oM 22| H2lo|Lt £8td AlekZ Sgste] RES o5 utst Al=20ld, A, +
M 5 HA =2| A siZ0l| AR

N ooX
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- Neural Operator (A7 @IARD: B4 710| OHLE Bi&3i0] 2243 SAE sZsts 2

» B2 PR

- Sparse Models (8|4 R2E): AL =

- Mixture of Experts (MoE, &7} &8 ZE): o2 27} 2 = U2ot MeEizoZ
gdstste 12

- Memory-Augmented Networks (22| &3+ AlAQN): o2 0j22|E &25i0 27| W&
2—|2F al 3L9_0| 7|. o} EE‘"

3) 22 23 (Model Classes)

- Language Model (LM, 210 2H): BIAE G|O[E{Q] &t XS S50l &S OlahsAHL
ddste 72 22

- Large Language Model (LLM, CHt2 ¢10] 2%): CiZFo| G|O|E{et m2t0|e{ 2 ShEE O
g 28 4 44 s8E 4& A0 2E

- Small Language Model (SLM, &3 Q10 R&!): A2l 1RZ W21 28201 220
2| AotE Q0] 23

- Large Multimodal Model (LMM, Cit2 HE|ZY ZE): HIAE 0|0|1%|, 34 & CIYst
YA=S S0 Olsiste ddst= e 2

- Vision-Language Model (VLM, A|Z}-@10] 2El): 0|D|Z|et HIAES SHA| 2 2|st0] MY,

orCF Eo AS C
ZIOouI' = —,—oof—E'”

- V|5|on-Language-Act|on (VLA, A|Z-210{-3is S&): A|Ztn} 0] HEE 7|gte =2 Al
ASIA| sdste 2

- Large Action Model (LAM, Ci2 A5 Z2R): E3ct 4y WS 2l A5 A= L
Al s¥E Statt 24

- Speech/Audio Models (AudioLM AHE, Sd/202 2E): 34 QA 4y, BHet 52
FdstE 2L 7|8t 24

- Code Models (RE 24): T2 724Q = MM Olsl, 44 S 43lst=s E5t 2

- Decision Transformer (A% EHARMN): EMATN JLRE S50 A|IEA
24 2ZAE &8ss 22

- Diffusion Policy Models (&t 2 2EH): gt RES 285 2X A0l & ALK As
JAg dgote 24

- Embedding Models (¥HIY ZE): CIO|EE BlE J7te2 HHetet 9|04 RAIESE B
Ste 29

- Retrieval Models (84 2): ti2 HO[E{0M 2 YEE AMSIL HElist= O] 2|4t

C
2%

4) st It (Learning Paradigms)

[
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!
i
Q'E
Ir
oz
>

Supervised Learning (A= &&): 2at ZH(labe)S &7 AHESI0 22E L HpAl
Unsupervised Learning (B|A|= &5): AE 10| CIO|E{Q| 2L} THHS AAZ ShEohe WA
Self-Supervised Learning (At7|A= &&): HO|E] ZIA|0M HEES 4450 stEote EA
Semi-Supervised Learning (EA|x &&): A9 2t ¢|O|E{Qt Cfo| H|2tH G|O|HE
SN gEot= HA

Udtet /| AF

Transfer Learning (H0| &&): AtMetEE ZHS CHE 20l ZMAEStH a5 222

=0l g
IT — od

Meta Learning (DlIE} 8t&): "st&ote 8™ AAE SHEsH0 M2 20| BEXH AS
St= 719

Continual Learning (A% &5 / B &8): 7IZ AMS RAISIEM MZ2 HES AE
SHSEH= HEAl

—/ — =/

HE0|E] Bt
Few-shot Learning (&2F ME st&): A2 49| OA|2te2
Zero-shot Learning (4|24 &l 2l

One-shot Learning (A4t 8f&): © stHe| OlAZ @S S5d= WA

yeretgy

Reinforcement Learning (RL, &StstE): OO|MEV}L T AS225tH WS MEHSHD
BYE ZlU4etsteE stEste Yn2E |4

HES A

Deep RL (Deep Reinforcement Learning, A2 A3I8ts): B2t AststessS ZAst
HEAI
o

RLHF (Reinforcement Learning from Human Feedback, QI¢F L= J|8t Z3lsts):
Q7 WIS BEAOR I DS JjMSHs Hi

RLAIF (Reinforcement Learning from Al Feedback, Al D= 2|4t A355+E): AlZt

Al F
AMSE I EEES 525 DES SH56H= HhA

Offline RL (2Z2tQl A3iels): &1 4248 §l0| 7|& CI0[E 22 stgsk= detels
HEAI

o

Multi-Agent RL (&t O|O|ZE Z3IetE): o2 Of0|MET}L 4=22E3IH Stgdh= dst
Sk HEAL

lH o

Q

Cjolg] S4
Data-centric Al (GIOIE 34 QUSA|s): 2YEC} GO F& 7h4d0 2dS Y& Al 82
A

Synthetic Data (2‘d ClIO|E{): 24| G[O[& il QM2 MHE SHEE HO|E
Data Augmentation (G[0IE &Z): 7|2 HI0|6{E HYsI0] S5 g

% o bl —]
Active Learning (5 &g): 220| 23t HIO|EE MEls 2fH2ls 26 st&ol= BHA

>
}
n
Q
n
m
>
>
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5) &2 / 2z| / At HHLUS (Reasoning Mechanisms)

ol

e

Mo

- Prompt Engineering (ZESZE HAIX|LOE): Hol= Z2oE 7| ¢
2| Xstst= 7|Y

%DI-

o

A

- Prompt Tuning (ZFZE RY): ZEZEES sig /tstt dEIZ =50 22 55 i

Ste W

- Fine-tuning (TIQIEFY): AtMSHEE RES EF 20| UA 27t &St Y

- Instruction Tuning (RIAIE §4): CHYSH X|A|Z CIO|E{E Sdff 270| HHS & 2=
stoote 'Y

- Context Engineering (HEIAE QIZ|L|0R): 22 0| Zotzl= L (EW)E HAISH
NS =0l 7|H™

- Chain-of-Thought (CoT, At Giff fE): S 2 NFS tAHCZ MM 24
ME 552 THAZ|= &

- Tree-of-Thought (ToT, Al E2| £2): 03] 22 HEE EMGIH 2[Ho| H32 2= &4l

- Graph-of-Thought (Z2HZ 7|dF AlD): 225t ZAIE 2iE HEHR ERRISI0 225t Y

- Self-Consistency (AI7] aHy): 02| 22 ZAE HEsH ¢ 713 L2E 22 MElsSt= 7)Y

- Planning (A& £&): 012 SHE 9H4517| Qo s A2t XS ARMO| dA5te 1+

- Reasoning (F2): 02 JEL} A 7|Htez =2/ ZE2S TE6t= Al 1+

- Tool Use (&= ARR): A7t 2IF AZEQ0, API, 2| § 7|84 =7 &&dl &4 siZ
O|L} 2t £+3ME St &

- Function Calling (& &&): A7t E4 22 sty Qo T2y eLt API
AlSiStE 7154 QIE{HO|A A2 B

- Long-context Modeling (F&% 2| 2EE): 72| ¢ S RA5tH Olof-2=2S +

ol g4
M © A

6) 214 & AN B 7=

- Retrieval-Augmented Generation (RAG, A4 =Z MAM): 2|2 HO|EH|0|ANA HEE

[== R |
B 3 0|2 J|UoR O AT BHS WSS WA
- Semantic Search (/0] 7[gt ZAY): 7|9t O o|0| RAFES J|FIOR R

2= AM s
- Vector Representation Learning (#!E H3& k&) G0 =HE Z7t0| UH|E St
HAE 5ot 7Y

- Knowledge Graph Integration (|4 2= F§): 74|t A=z FLdE R|A
2ol #24 FES Yelote YA

7) Olo|I™E & 22

0
Ofn
fujo

- Al Agents (2182l OIOIME). SHE 95| s &E& A4t
g AAE

58 cee HAZ|UB|E| Al AY T2t
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LR b=

][]

Autonomous Agents (RF2 O|O|ME): Q17 Q! Q0] AAZ Mt
Of0|E

Multi-Agent Systems (MAS, CIZ OO|RE A|AH): Of2] OO|MET} g E= FWsHH
=AE sf&st= &

Swarm Intelligence (@& A|s): Cteel HE O0|MEY AHACE S HES PHE0
L= ghAl

i)
10
u
o
rhu
B
00|'
Offn
mjo
T
T
_O'L
=2

ReAct Framework (Reasoning + Acting, *&-3s =g

=AE sliZst= Oo|HE =

Digital Agents (C{R|E OO]HE): 2ATEQ0| SHFO|M AR 2YEES CHil +AlsH= Thed
HO|XE

Copilot / Al Assistant (ZIHS / Q1ZX|s H|M): QI7te| AP E ER5tH ditds e

AZ|= Al A|2E

Synthetic Agents (& OO|AE): Al=2(0|d 2tF0A MHE QSX|s O0[HE
Program Synthesis (22121 §d): X180 L= HMZEEH Zso2 REL T2

ddsh= 7=

8) && / 2t / 2AEY

- Causal Al (212 QBA|s): B Zto] 2Qlut At AE ShEote O d&st QAIEEE
£5l5E Al

Bayesian Networks (H[O|Z|2F HERT): &54 & HAE =2 HIAGH FE5H=
24

Probabilistic Programming (& ZT272(): &5 RES F= JHEfZ Folst A=2=2
ZE5l= g2 YA

Markov Decision Process (MDP, OI23 X OAAZA MA): AEf, dis, EAS J|Ee2
24 JAg e oA 2E

Hidden Markov Model (HMM, 24 OI2310 Dd): A=g|2| ots MEIE EZC=Z
Zdst= AAE 24

9) Mz|d 7 dE / A4HY

Explainable Al (XAl, 4% 7158 Q1&A|s): 229| o Z1tE AMHO| Oshe 4+~ JY=S
dE5t= 7=

Interpretable Al B 7t58t Q13A|s): B2 UE A2t A5 H2lE A Olsid &
A= Al

Trustworthy Al A2|& £+ UAs AUBAs): 384, odd, EFY 52 £Fcl= 4E
7tsst Al

Responsible Al (Y U= QABA|s): 22|A-Ate|d 2AUS N2qst0] AN 2FE= Al
Al Safety (R1BA|s QHH): APt 2|=5tR| otz feddt dsS

At 20f

>
}
n
Q
n
m
>
>
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A9} Hojo| Al AIAR! 1 1okt

- Alignment (Fd, QIZt 71z 48 A4 &Zg): ARl 3He} Q7te| Jix| & o= UX|A|7|=
L |

- Robustness (ZHA): L0|R, 22, G|0|E] HEIO|E Qt¥HoR A5t 5

- Generalization (8t8}): at&5H2| 42 M= GO0z & CSols 53

- Hallucination (2t2} 34h): At CI2 JEE O S0 Mdste HE™ AIQl 24

10) Al 7|2 28 53 (Core Capabilities)

» Vision

- Object Detection (Z{A| ErZ|): O|D|Z|Lt MM EX A9 22|t B2FRE AlHs= 7|&

- Image Segmentation (O|0|Z| &gt): O|0|R|Q| 2t L/dS EI5t0 A FAS JLUSHA

T=d5tls JlE

- OCR (Optical Character Recognition, && &2} Ql4]): 0|0|2] & HIAES 2E5I0] Cf
28 2212 HEEls 7S

- 3D Vision (32t H|Y): 0|t 37t FEE EESt 3D etFE QlAlst Oldhste 7I&

» Speech

- ASR (Automatic Speech Recognition, A& S4 Q14|): S48 HAER HHEst=E 7|&

- TTS (Text-To-Speech, HIAE 34 P8l HAEZS 20ALR SHC2 Mdst= 7|8

- Voice Cloning (844 S4): §38 Atgfel =42|2 5510 RASE 84 M= 7|s

» Physical Intelligence

- SLAM (Simultaneous Localization and Mapping, SA| 92| 23 L 2= 2}4): &
ALE UHSHM SA0 2HLle| 22|E 2Yste 7=

- Motion Planning (2 AI&): =& A|7A| 249 Ols d2& Alttste 7=

- Manipulation Learning (22 8&): 220| SX& &1 0|ZA|7|= 59 2|4 2YUE

stgote Jls
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2. Al System & Ecosystem Stack (YH/EE 7|&)

1) ClIO[E] AL 0™ & HH

2) 22 WY & o5

Token (E2): 7T 210{ RE(LLM)O| EIAEZ O|afistm AASH=7IZ 22 C|0|E /2]
TR (A, o0, B2 ol 3)

Tokenization (E238}): HIAEES CI0|, MEQE, 22} 59| C(ER)2 &&6H= 14
Chunking (¥3): 721 ALt HO|HE L¥ 37|29 20| T2 Lee 22
Labeling (2f2l): CojE{o HEH2ahA, EfO S)S Hoist0] st50| &85t 1A
Embedding Pipeline (YHIEY I}0O|Z2}Ql): HO|E{E HIEZ2 WHalstn AZ-E25H= A
He| 55

Data Pipelines (GlIO|E{ IO|Z2tQl): C|O[E] ¢, HAl, B8, X7 Atsste 2| 2HY

%

Mo

Training (8t&): CIOIEE O|&cH ZEo| m2t0|eE 2[Aslsts 2

Fine-tuning Infrastructure (I}RISY QII2}): A(XSHES RES £ 20| 2 Aas
St7] 2t AlAE o+

LoRA (Low-Rank Adaptation, &3 AHL): A}
284cz 2Eg Fdote YY

PEFT (Parameter-Efficient Fine-Tuning, Oi2t0|E &84 LRIF): A2 42| 20|t
C0|ESIN st 284 o222 AMES 2|Aetete mRlRd 7|

Hyperparameter Optimization (StO|T{I}2t0|E| 2|&3}): SH&E, Hiz| 37| & dHU2

2gol 22 ds= Hdsts 2

Y
Q'E
f>
Ho
[
10

&5 Dffole{2h 2Ysto]

3) 2 & AH[£ 2|0|0f

]

Inference Serving (= MY): st&El REZ S MA|ZE = HiZ| YA 2 O
Mot AAHE

Model Serving (2% M{): DS APl HEH2 BIZESIOY 2|2 MU|AOAM AEE £ YA
ste 71&

APl Deployment (APl HYE): 2& 7|58 REST/HTTP S9| QIE{H0|AZ AH|AO| HZA
Ste oty

Batching (Hix| #2]): 042 = GJO|E{E Gt HO| JF0f *2|st0] AL =
=0l 7|4

Caching (F#4)): 0[0] HAMEl ZDIZ Xash HARBIOR=M S50 2 28 JHMste /4

I

7=||.§
= =

o
i)
_>|J_I
L)
of
njo

4) 0| =22

Decision Tree (JAFEELS): CIOIES| =2 &7[E 7|22 ZNE o|Sshs 2la2o|1
oflq 7tse 2

HAZ|HEE] Al AF
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- Random Forest (MY ZE2AE): 0f2f QALZYLIRE EE0ol0] 0|5 =S =01

BHES 20l YA DU

- GBM (Gradient Boosting Machine, J12iC|HE £A& M4l): 0| Z2EO| QXE A4
o2 He5H0 oS 458 TdAl7|e BA- HAlol odE

- XGBoost (Extreme Gradient Boosting, 2AEZ J2iC|HE EAEN: HH x|t FHst=
ol 52 o ds2 3A iH4s GBM 7|8 2

- LightGBM (Light Gradient Boosting Machine, 2t0|E 2iC|E HARl {Al): T2
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- CatBoost (Categorical Boosting, H+d £ AEl): HZY HIO|HE 2MAHC=E 2|50
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- Vector Database (HIE{ H|O|E{H|O|A): AUH|TY Bl HEf=z HetE HIO|HE E8dl=
A&stn HAMsl= E3tEl H|O|E{H|0|A(DB)O|H, CHte Al 2LR0IM HH=l HIAE 0[0[%],
QLR 59| HIEE 7|82 QAL ZAM(Similarity Search)2 W2A| 43

- Indexing Systems (QUEIA A|AED): = ZHAHS 2[ol| H|0|HE FRefst MOlZ MMsH=
AlAE
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- LangChain (&AQl): LLM 7|8t OjZ2|H|0| 42 F=5t7| It Aol & of

- Llamalndex (ZIOIQIEA): 2IF G|O|E{Qt LLME HZSH0] ZAd al 2
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- Orchestration Systems (A|AEZ|O| A|AR]): 02 Al HEHERL AMH]
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- Agent Frameworks (CllO|ZE Z2|dQ|3): Al O0|HMEE M- 1&57| st Y =3
g 2z

- Tool Integratlon Systems (=7 S§ A|AH): 22 API, GO|E{H|0|A, ATZEQN S
A|9f = A|¢E-II

- Task Execution Engines ({2 Al QIZl): A==l 2HS A= Alstn HditsE 22lst=
AlSH A|AE
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Quantization (RKS}): 20| 43| FUTS L2|(0f: FP32 — INTS) QA S0t 022
582 JHMsts 71y

Pruning (Z2Y): 2251 %2 71E2ILt F2S H25l0) 9Y Ajel iMEe Zol= Yy
Distilation (R|A] Z8): 2 RU(RANQ| XA ZHS DU (B0 HTF| ASS SAI5HIA
Harstste I

Model Compression (2% /&) Chst 7|¥e 83l 23 3|9 ¢At H[BS S0l
7|z0| 2%

Compilation (Al Compiler, Al AOAY): RES SI=AN0| 2|ASt=l JEjZ HESHY
A 452 =0l= 7=
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GPU (Graphics Processing Unit, 2% 2| &z|): ti#2 EF AL Z-™2 7121 Al
StE 4 228 i SHEQIN

TPU (Tensor Processing Unit, BlIAl 2| &xz|): EHIA ALMO| EStEl Al 7F57|2, D%
Hejd dig 2|4

NPU (Neural Processing Unit, AlAQ 22| Zz|): Al HAS 25 AA= M2 oz
DHIY-GAIZ| SHOAM SEE

Edge Computing (2R #HFE): HI0|6{E 227t Ot CHIO|A ZXOA 2|6t
=4 AFE g4

Cloud Al Infrastructure (E2IRE Al Q1m2h): Al 22 SS-HIXE 2|5t S2tRE 7|8t

ZHIE| 24T} ZHE

Distributed Training (24t 8t5): 02 Y2|L MHE Ed 22 slgs YE=2 sHst=
HEAl

Model Parallelism (2@ H&E3}): stLiel 2 ZES of2] Az|0f| 2&6t0] HEZ SkEstALt
ZF 2ol @A

Data Parallelism (CO|E HA3%}): 52 ZES 02 Z2|0|M HO[E2] M2 TIE HIZ|E
SA0f Stgsts g4
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- MLOps (Machine Learning Operations, H{4l2{d 29): 22 HEEE BIE- 277 A
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LLMOps (Large Language Model Operations, CHt2 A0 22! 2A): LLM E3tE B,
2UEHY, 2(A3t 2F A
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DataOps (Data Operations, C|O|E &%): ClO|g Oto|Zz2fQlnt EAZ XAz e
St 29 @Al
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- Model Monitoring (22 ZUEZ): 2F S 22| 451t HEiE AFHe=2 242
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- Drift Detection (E2|EE E&lR|): O[5t 2 HE0| AlZtof| w2} #Halel= NS &
At 7=

- Evaluation Systems (7} A|AHl): RO HMsil ES HAHZHOZ =25t HA=5H=
A|AE

- Benchmarking (HIZ|0Hd): B& 2Bt CO[E{AS Sdf 22 d5= Hlu-Bistk= ¢Y
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- Al Governance (QIBZls HH{HA): Al 7HEa S20| TS 2, 7|&, 22| AHE +8
St= s

- Al Regulation (132l 7#4l): B2t H=E Sali Aol rdgut UAYS == Y
H2|

- Al Ethics (2325 22]): 384, F34, 2Mdd 5

- Privacy-preserving A 7
St= 710 Agdets, 229

- Sovereign Al (FHY QUBA|s): =7tLt 22{0] HO[EQt Al 7|25 SEHALZ 429
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- Autonomous Systems (AF8 A|AED): 22 712l ¢l0] SHEFS QlAIGtD AAZ DHChSHE
Sh= A|AE

- Sensor Fusion (MlA &&f): Ciyet MM CO|E{E Zgloll ¢ d&st QlADt THEHS 3
St= e

- Digital Twin (C|R[& EQ): 3
St= 7=

- Edge Al Applications (H2] Al 8&): T/HIO[A0A Y AIE AAls= S8 MH|2~ (O
¢D|-E£ |OT)

- Al SaaS (Al Software as a Service, Al AH|AY AZEQ|0]): 22REE &5l Al 7|52
MH|A HEHZ HZSHK AFEZI7F M| QIo| &#EE
- Al Platforms (Al S34Z): Cl0o|g £&, 2% st5 bY
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