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o WAl Jla

) QIR & MMH3 Al (Perception & GenAl)

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

O ¢o] & nEelg| =& 20f
- GenAl (Generative Al): H|0|E{2] 2X & St5510] MEE EHIAE 0|0|%], HIC|R 5=
IES0Ue 25 Al 7|89 23

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

- SLM (Small Language Model): Of2t0jg{ 37|
2HY 717 & AMstEl SE0M 5 JHsctEE E83516H A0 2
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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 - (e
AZH oIS 52 23 2

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

il

CIOlE HE{(Modality)E SAI0 YHLL 22|5t= At 22

O 4ME ol 2ot

- GAN (Generative Adversarial Networks): A42tQ} TRHRIIL M2 AMstH 2Rt 22

7
- VAE (Variational Autoencoders): /21 H|0|E{E &
C

% C0[EE 2SojUie =

27HLatent space)22 =5t

FA
Fl =dste YoM CIOIE{o| 2tE2 2XE SEot0 M22 H0IHE d4d

- Diffusion Models (C|F3d Z%): HO|E{of| O|2E &
CHAl A Aste AHES Staott 1EZA9| O|0|A|Lt H|T

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

3) Z}2 OO|HME L 22|A Al (Autonomy & Physical Al)

g
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OlojME 3 =2¥ Al 20l tedt E.*._ dds 90, 242 A=2E MR

=

g E= =2A MAOM B (Action)
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r
OII

O HAE 224 =0t

- Agentic Al (MflO|HE] Al): SHI} FOR|H AAZ A2lS Z8sti, FA0[L AL

- LAM (Large Action Model): AF2ZtQ| 9= & 0|2 O|afst
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®
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So| ETE BEHD|, YL HBAUBH0 YSE U4dE FEH A
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= T
E5 e R2sH= S QI HIEAlO| 'SHE'C2 HElste Qo
Autonomous Al (A2 Al): O|O|MEl AlIQ] & JfEe=, Qlzte| Iy gio| 7|zt
S5 AARIE @Yot z|Aslete £ AIE 2|0
2|1 AS2E 20f
Spatial Intelligence (B2t Al5): 3D &7t2 QAISHD, AH29| x|t 22| £4S
Olafisto] 4 MAIZ CIXE= @5t A
Physical Al (T|Z[Z Al): 57t X 52 HIEHCZE M3 22| NANAM Asste 2L,
Aledzt 52| HEf Al
VLA (Vision-Language-Action): 2EEIAO| SHAOZ A2t ZHEHQ} o

Eo=i=

2oL 21 Ho| E Ao 5 AYA '=2|H WS (Action)'
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& gys

- RL (Reinforcement Learning — Z3&}stE): OO|MEI} & UM #SE 2510 EAS
gton z[Ho| iz H2MZ stEotes YA2SL=E A& AlRt OR[Z Al a4
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1. 7|9t o7 |l 2! 12{C} (Foundational Architecture)

A3 o7 I=A

93 | 2B | XX E

RNN

(Recurrent Neural
Networks)

Transformer
Models

(Graph Neura!
Networks)

am?
s o

PINN

(Physics-Informed
Neural Networks)

Foundation World Models

Models Internzal physical
environment

Section 1 nables

2. 91%| U WA

of 3! IEIE| D
SLM

of

[ -

LM
(Language Model)

LLM
(Large Language
Model

@5

lllll

VLM

&E2-& W

Enables inputs

3. XA Z OIo|HE A =

CIX|E =4
Agentic Al

(Large Action Model)

Hands youss

Control your
ending tools

app icons system

(Small Language
Model)

S5

LMM GenAl
(Large Multl)modal (Vision- Lan?uage (Generative Al)

&‘g 2]

Autonomous

Independent

Al (Perception & GenAl)
Mdad o7 |ElN
VAE

(Variational
Autoencoders)

Diffusion
Models

GAN

GAN
(Generative
Adversarial
Networks)

Creating-new-
images

2| Al (Autonomy & Physical Al)

22 4558
VLA Physical Al

27t |5
(Vision-Language-
Action%

S
(Spatial Intelligence)

Robotic robotic

Self-driving
arms

3D maps
cars

RL (Reinforcement

RAG/XAI
Enhances Trust

4. ME|Y, =|X=f 2 oy

NEREEINE=T
Causal Al

RAG
(Retrieval-Augmented

XAl
(Explainable Al)
Generahon)

Search and
Augmented
Generation

Explanation,
of explanating,
~ explanations

Cause-effect
cause-effect
chain

Learning)

Deployment on Edge/
On-device/Sovereign Al

Z (Trust, Optimization & Infrastructure)
HiZ 3 olzxa}

On-device Al Sovereign Al

(e

Smartphones
on model with
Al chips

Edge Al

3
Smart devices

on small edge
devices

Country-flag-
shaped datra
centers

(2% 3) YeiA 202 Al 7|&

MA|URIE| Al AR Y oo
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4) M2y, 2|AsH & B A (Trust, Optimization & Infrastructure)
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- RAG (Retrieval-Augmented Generation): 20| 2&0| HHS 4Ms
Al2let 4 Q= G|O|E{H|O|AOA Z[A/HE HEBE ZAMFIH &

St (Hallucination)2 &0|= 7=

H(H
- XAl (Explainable Al - 2% 7ts8t Al): A7t §4 Z2aE =26 2Z1} 0|RE 2740
ofaiig & UA=S AlZzlstAHu dF5k= 7=
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= 32
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e Ve, MUEE Eset 20201 2=0| ZH(SIMI BHsH Z2&HE)
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- Transformer Models / Foundation Models: 29l Izl A&S £35tH, 2
HIAEQL Z|AZ APM S&5t0 BE24Q1 29| 7|82 A=

- GenAl / LM: HIAE 7|89f F}I|20]
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Mo
>
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- GAN / VAE / Diffusion Models: BtAEE O|0|Z] &9, AY o4l cjziel, dd &d
S AlZ ol & O|Eof MHOM MER H0IHE Edste ol 2&

O ts &7 48 A& =0t
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20| 24S A2 Y LS 24, T2 MElo| YeElRY

- VIM / LMM: 00|z &ifd, g4 =
AR S ALEAS CheFet %!Eﬁ.(%’éi HAE, O|0J))S SAl0f *2[ste AMHIA0 H4E

2) ek 22 9] c0jQl £8F 24 (Scientific Reasoning & Domain-Specific Analysis)

=

eE 22 U E0Q S8 24 2OHs Tl HAELL 0[0[2 ANES Ho|, S
GIOJEIS] QIR YEIAL DEYBIIA LA B A Sstol 24 =7

- GNN: G[O|&{7} ¥dslz|z| ¢i2 f457F A2 AV iy o, o9f HE(EA +=
of 0lZ), 28 HESRA A g 2

oI

A =
- RNN: H[OJE{e| &MIt S2¢ O, =8 =
7

r
2EE 0f BH S AIZH 550 BE clojef 240 B8

AIZ S0} W20 YekstH tiAste o 28
- Causal Al: O ROI &4, o= A&t =AF SOIA T JEEAE 0l "&F 94=0|
A 29| 2R ARIRIZI"E #HSIO] BHIZU A SJAFEYS| 2HE AS

2 s 2 S2|4 MA Ao (Autonomous Action & Physical World Control)

o

N

14 MALE TR

12 S U 223 N Aol 2Ok= oi7to] AN JITRIA| o
CFA (o]
A

A o =
SN 2AZ HEts AUXotl SRS st fld ASshe %%

08 f°"

O LAY I3 S22 A=3t 20F
- Agentic Al / Autonomous Al: 2ot ERP A|AEI 22| 2480l E2F ZEEZ|Q
2 = B2B ALZEQ0] FHA0|A % 220l HE TENHA 2}E3HE o™
- LAM: AREZPZL "HIYY| BE ofofs F"2tn LstH AL AY YE24RAL de| UIE
22510 oofE &=ot= & CAIE HIM M Ao 7|==2 &8

O dd MAQZ & =2HEA 2O}

- World Models / 82t A5 A2FdaLE E20] £ F=29| 2|4 B3-S 0|55t
3D &¢te] ¥oi=S AAstE UH[A0[E & Al=|0]d A|AEI &8

- Physical Al / VLA: S&9| A= 2&2, 28 29| 8 Z20| AlZH(Vision)22 =4|E
QIAIGHD 0_101(Language) A|A|E grof 4

- RL (Z&tetE): ¢ 2E VO|HER 220| £
M IHES SEote HI AEElE e EH
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Transformer Models Foundation Models m
A 2. E'-E.*’E*.-’F- % 9l St =AM
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3 Diffusion Models
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HHZS
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Causal Al

::;data
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World Models Spatial Intelligence
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4) Ade{Z2to|R Al2| B! 2|43} HYZZ (Enterprise Trust & Optimized Deployment)
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e a2t Z|s(Spatial Intelligence) AH
* A7t 33t 372 Alsia, 1 32t W AESe] |, 715 S4d, 4% Qlst
= BAIE Olsfietn, O|F HIE2=Z &, &, D)2 HEiE o&st=s &8 E= 7=
(M|o|m|O| 2|(Fei-Fei Li) w4= O|F "AlQ| Tt HAHZ["2 Q)
* 3D A|7+d: 2D O|D[Z|/HIC|L0|M 3D 37+ EE & 2 2=
LI | 3 FE: A= 2te| A2, W, 7t2{&(Occlusion), =2/ Hdd =&
- AIZ2jo|4: B2t isjol T2 23} IHA AIEOIM 3
- JI5ter B4 2212 30| Fehet HiXIS YB3l Diofts o 2
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(2 5) 32 A5 N2t 53
O Q [source: 7]
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Dr. Fei-Fei Li
HIO|HIO| 2l(Fei-Fei Li)= 0|2 ARHEE CHSH HTEZ8t0} W4
OIZXI5(Al) 20k E0| EHFE H|Ft 27 X5 202 M6t
MNIH=QI Msto| T, AEIEY "BlC B A (World Labs)' 35 A¢d

From Words to Worlds: Spatial Intelligence is Al's
Next Frontier T

FEI-FEI LI understand
@ NOV 10, 2025 the real world

Q 2,501 ®) 5 an

CHSOIAM E71: B YouTube

|2), 9= ¥S= 728

- » 0\ |0
(e A A e

2l =
%%k h — ‘- _r}\,k_g\ %-...ﬂﬂ,\'i‘ 1 u‘_l_-()“ 5““%}"5
ga < = 1231325

pmated arithmetic and simple logic,

_ _ . .
| gguia 4! Fates today: can machines think? It took

#Ed |

rgTiation to see what he saw: that intelligence might someday be built
rather than born. That insight later launched a relentless scientific quest called
Artificial Intelligence (AI). 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 AI's next frontier. 37F X|S2 L2[7F S A 7kt MAHIE B X6t o=
> AHEols THS HUEOE Heth A AERHT, H2lS,
EX 39 1S YA § 2E 200 "FS 22 Zioict

The pursuit of visual and spatial in 0|20] HFZ Al2| CFS JHEK|OIC}

I entered the field. It’s why I spent years building ImageNet, the first large-scale visual
L= - ‘ _ﬂL"‘ 1y elements enabling the birth
T 2 A m

1d modern compute like

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

in full, for the first time.

1y it matters, and how we're

pact that will reshape creativity,

HAZ|ZEE| Al MY T2 eee 17
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Lt @ 229l /gt S8

=1 2c 2% (World Models) A9

* AUt =8 Fo| =23 ©3], Ast(Dynamics), ¥S0 T B3 S ME0| A4S
Nd | ste YAE UEHSE A2 0|8 & U=E SigE 7HSMA Fx

(2F 2&(Yann LeCun) u=7t AGI(EE ASAIS)E ¢lot sy RA2 F)

* 22t FE(V): DAY YHS EE BAFH 5hH2= W
L& |+ 719 2—(M): AlZHY A543 A BSS 7|st Dl HEf oS

* Alof 2H(Q): = ZEO| A 0|d 2NE HEYSR dE 2Y

© Aabg/s S =2 YA(SH, Ol ) B0 G2 Mol HekE oS
£ |- 44 s ZH A W VYR oY AlU2|RE 'Yd'stl HAE

* 27| A& st YOt HIE|2 Cl0[E SO0IM AAR MYol #2E St

* 2k 7S OOJHE: Az gl= NEs FeielsUid &8 W sta
HE |- A" oIS L SO At A|U2|2F TSR AlZ|0|H510] ot AlE RE
ZOF | ° AMY ZHI2 4Y: =2 ©20| gYE 1Y HT2 U JHY 2F 4y

* Y E: =2|¥2S HE0 1YL A=220|HoR A8 AAH SA

AL g0l 225 W,
&} (Dynamics), S0 M2 2
HiAo| Eohs WA LEXoR
Alggjo|e & A St
THAMIA| x| (2F 22(Yann LeCun)
1471 AGI(HE 213X|5)E ol
M QAR FE)

s

| &4 ofolcC|of

AEli(state), #S(action),
Z 3} (outcome)2|
BAE &E f>
%;Ilill "IIHI
£ 0j0|RE
0[2HE Oiléi >
Al = HHdss : AlR| &1 Ty Al
o HMNIA R ey AR 174 Tl

F ;g A Isource: 34]

“MAk(simulation)’22 3t& 7Hs

| [source: 25]

Xzt 24 7| o

o OlTpuy/elst F4: B2 HA(FH, 01 5) 2

G e
(Perception model: | | (Dynamics/Memory | |, . H/Igi %éﬂ " S|l S =3t o=
| model:wy | |(PolievContollen Oy car sht A el atat mEjAE
DARU0ER [T pure » ' N0 ZHEY | xpy| KT B HIC|Q HlOJE] SOIM 74 ot
;’p’;"cf@(';ij'; } = e o g 715 00| HE: Aj#AQ gl= 15 8 AststE
T ) L spmas, ) . 4B 584 52
2 HE 7|,
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[source: 371 * 571 A2 (Long-term planning)oi| Zgt
| ot A & D 4 = EF
AP AN MAHBHXMN  CREEN  BEEA  REFE YAl 2R
NDMEEols, galENde  gaAwme  FRAY, Y pIos
OHMiE @ H|C|Q/7FA &tA MM T A|S|0|M
(1% 7)) ¥E ngo| JiEn £3
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e e
Modeling thephysicalword Interactive Environments
Experience the natural world from desert to sea 'th G s 3
- or witness extreme weather up close. WI enle
Transform text prompts into dynamic, explorable worlds in real-time. Experience
breakthrough Al technology for interactive environment generation.

Try Project Genie

0 DeepMind

Genie3 Cosmos-Predict2.5
A Ho)R W5 (ZT/2) o) G50l FoIHE 1)
BERE(AT) FEE A oje) AelE o %
o) ol 5e 2/
from
LRI World
Models
2218) vief el 57/o0 % to
Spatial
%5 58 (Representation) & uje) e RS HEE AT Intelligence

A Hd B4 opxraz el

<A NVIDIA

fVDB - Building Al Ops on Best-In-Class Graphics
Infrastructure Unlocks

Large-Scale Spatial Intelligence "%I + Physics Mesh from 1i’i”t5

(8 8) €& 28l : 1Z Genie3 vs. AH|C|OF Cosmos
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BAlstn Q= €E B8 (World Models)2t &7t A|=(Spatial Intelligence)2 '=2|&
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T 3 As gt 28
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=4 S 2 O[5 Oz e o=
Ello][=] 3D/Geometry AEl ZO|(Time series)
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O ZEZQl 37+ QA(SLAM, Simultaneous Localization and Mapping) 7|&2 7|5kt 9]
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Mz 252 & A2n, o[of Al 7|8t F2|H2IS LS 37+ £2421 742 HorReIE9|
Geniee LWM(Z2|H2|+32t712 4328 gg), HH|CI0F2] Omniverse & COSMOS
SAZE WFM(E2| 7|8t 714 3DEA+A|E2]0|d gg) HACE Hdst US

O 2X0| = &= HE(©IA)

- &7 2|5 (Spatial Intelligence): Z2| 2Iz|, AH2|, Mg ofL|2t R stADLO| 33t
Z 2

A E QAlStD AMEIE 2

- 2 2E(World Model): 22 T2 S2%2 I Z1e| &=, &, 0 5 224 4=
2428 12510 Z1 AEfE o=

- ORI Al(Physical Al): Z2H(Policy), 22 A&l (Planning), A|0{(Control)& £&45}10]
7t otdA0|1 Ha EE0| 52 grasp XS MEH L ASH

- B2 A5 (Spatial Intelligence): XM, 212, B OfLet 4&, 2|, 40 93| S
S BHS EEE 33 A2 oAl U 23
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O IZE AlRR/A2FH)Ae] AA|: Filek MA2] 25}
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4| Mgl 2010l HH A NAY 7Y wor

7F &g 0S| Al A|AE] 1Y

Al 7|8te] A2 S At 20 AAHIS] 1 24a= CJRY Ef(Digital Twin), 32t A&
(Spatial Intelligence), ¥ 2&(World Models), I|X|Z Al(Physical A)E = & U2,
Ol @Yol 2= Soff 242 2|4 2ES Olslistn 2[Ae| 3HS R E35I0 A|0{5t=

A2 AEY A=z ZHYA3IE =7

=228 dx J|YS0| A5t 7HE OldAQl 22 AH=R(Autonomous Manufacturing)
OP|EIx= "CjAd EQ + 32 A& + €E 2Y + ORE AlI'S 25 £8ol= 2Fe=z
O 47 FHE IHSHEl £2/40| otL|e}l, &S QUR|st, O|S5tH, M4l sz JF|=
't A T4 EZ(Autonomous Closed-loop)'E M

rx
1%}
Hr
i)

of TSt Al A|AH

O Cj2|Y EQ (Digital Twin) : CIOIE| S8 L 7tAF MEHIA
A

- oldo| = 24|, 2l HHi, =F £ HA HIOIH2 ASsHo] 7He St
£Z0| =Ae elxetE =2
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—
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At S} 2N A

C2E Ef - dolg #8 2 &34 37Iek | MM, 28| Cl0[E{7} Z0|= X

H = <
AEHO| '=5}12|'0|0 TSt M (Point)2t M(Line), &2 42| C|0|E{9] RE
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Uz
|0

v

32t A& — 3D ®Ej Y 90| QIA|: =3k7| 2{9] HIO|E{0f Q0|23 UAH|L'S F 050
"O| ZtEO| 40| A= ¥a32F AR EF0|1, A o= REE 22 TOo|H, &
23| AtO|Q] M2l 1.5mO|CH' 2t 3D 7|5t8tnt AF29| Ml (Affordance)S &M
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0
D{I:I
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S 23U - AIB7H 02 U A 27 2S0| Tielst 30 W2t oM Alzke]
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ol Al
FE2 YU 3% & o =24 HYo| dL"E At z[Hol Ao ¥
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F

I
4> 7
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OZ[E Al » 224 A0 L AsH: ot 3CHAQ] 2kHTH AAHS HIECZE SHA MAH <2
ER20[LL AMR/AGVZt 2t QI0| S £lstal, 11 ZUE CHA| CRE EfICE HE
510 W4 22X (Closed-Loop)E 2t

40 FHo| e Al A
ClZ|Y E@l (Digital Twin) « "d49| S7|8E SA 2ty &4 &ah)”
- (98 A MAQ HA|, AAE SAS AAIZE MA CO|EHE S35l 7t 370 S¢

ot ++eist 3D 2 & H|O|E Of7|ElH
- (@A) HAE EZ AA= dlolEe] AH=(MirronE &, £42 AL o S5t=
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- (248 AP f 3D &7t9| 7|5tet LR (Geometry)2t 24| 7| 24|, Z10|(Depth), 12|11
AH22e| #QAf(Affordance)E 0|5t 5
- (3A) C ELQI0] PHS0{ &2 3D 7t SHEE T THO|L; 2EA7E OfH, "0|H2

E T
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YC 29 (World Model) « "B2| ©2l 7|5to| 02y AIOlECIZ U T Sk))"
(1) B2 A52 Sl okl B0 ooy} £ WSS Ang ) golxom

o1 54
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=
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Lt CIA|E EQIo] 1n&s} - Ut DT vs A DT

1) detd CZ[2 E2a MdH X" E19| I

ot C2|H EJ2 §F Aol A ARz, 0[0|R], s 52 &8dl 3D R/
S 7IEHeR Fd MAI £ZE 0|3 2EE 1=, YHHo| ‘32 s + ¥ 2 |gko
MY CAY EQI2 UL Al 71 S8 HES 7t4 MA =

Mz SEO|Lt ADIE AE[OfM DSH= "YUt C2|” EQI'Y, 37t 2|5 L = ZEHO|
ZRE z2[H Al A|AEIOMe "HEH CRYE Eel'2 O 2320 FAERY 7|3 22
7tA] 81A35| CH2 MICH(Generation)Q A|ABICZ &

O Al 7|20| HE%|HM Uetd O ERQI0] dHE H|z= 'FAQ AHZ(Static Mirror)'

ol=t#, 24

—
484 R ER2

Al A|AEIQl 44

CR 1) ety CRY EQ vs 444 C|AY E2 Hu
HD s ety Cz|d EQ e O " EL
= (3D e L A 7|8 (S As + €= 28 78k Al
JHL Sid MAQ A2t 2 22| 'BAE | 22 Haln 57+ HelEg olsfist,
(Corljcz H (Replica)' 2= GIO|g] 2UHE 2{F2| | YdistR| QL2 D2i7tA| d/dst= QlA]
PU 1 o1t 2210t i |EE 2 |2 @7HCognitive Sandbox) 7%
3D 222l CAD/BIM, SLUE| | 4443 AI(NeRF, 3D Gaussian
Jle /2| Rl 2@, ARl &% | Splatting, Diffusion &), 82t A&
(Technology) | (Photogrammetry), T2 7|gHRule- | (VLM, Semantic SLAM), ¥E 2
based) loT ¢= (PINN, Transformer) 7|& A&
P HEZ7F A ARI/EHES HiEe=z | M8 AIZL 2D ARRI/AMIA ©|O|E{ 2t
(Constr?fction) +S/BRts2E 3D SFEZ G | 22 MA|Zt 3D 322 A dd
st dAH(HA, =5 &) L o|n|EH 2IHIH(SH, A7t ZIst)
AR/ A A7 (CHeE 1), S HeE | HAl-7HS (T 2, 7Ha0| 02kE
(ReEaINirtSaI) JHAMIA SO 'R BHH (Delayed | 444510 @AlQl mz|H AIE EA
Mirroring)' (Sim-to-Real Control)'
" A A, MM AR L, AZ4H | X2 ds DY =H, F2H &=
(UtiIiEzl;tion) SEf =l 2 V8] AHeH AlE | ol 2 3O, IFBH/AH AlLig|2
o] Q2| 4 (Synthetic Data) & &
O 71" (Concept): A HSMA vs AA| ZHSMA
- (EHy R EQl) 4 MA(O| 2Aot= AH|Q| Y A MEf(RE, &€ 5)E
SIHAG £20| E0FE 4 F40| JAn =, 'SA YA MHD o™ MENRIZF'E
AMEO| E7| M™3SHA S 3D ZAIE QIEm0o|A 49| AlZ20|MH

MAZIZIE| Al AR T2t
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g= ﬁfD# 2 250 SA5ks
73 H

IS @ Ofefof oA

to| 7|5tetd o|ojet AHAE Olalst= 'l (Brain)'
ZdOI OfLl2h, "o] A= o =24 £d& 7Hi2,
gt e Asd Al=201H

o

—

oo 19
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=

7% (Technology): AlZt BHY U CIY A2 vs H4Y Al Y 22 2

(YeH Ciz1E E¢l) AlY A(Unity, Unreal S)0|Lt 3D 22 AZEQOE S
AZtHQl HHZI'E ACSHH, 2214 SAHYS ARILOZE ArHo] et A3EE
(Script)Lt a2 2{of 2|2

(443 O E)

- 4HY 3D Al(NeRF §): B3 30 DU ¢ glo|, 20| A2 & 9l 2D
AlziRte R dlof BRAZ] AdtEl 2FY 3D IS UBASO0l SHH2=R 'Y

(Generation)'

3 As(VIM &): d-EE 57 Lo HUAHS0| RARIR|(7|SQUA|, EFQA|, At
Q17|) o|0jg AAZ Tt
2t Z2E(PINN S): 2
AALZ 3D Ao &

120k ofLzt A, A9t S &0 20|17 ¢be =2 g2

_9 ogh

O 7% (Construction): £=2/d24 YH vs dHH /54 215t
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(e C2E Ed) &= Ae I =H(CAD)= Hf%*
AlM CIOJE{E APIZ St f
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(494 CAE ER) A= Ols 2XO0|L EE0| = SO E, ddd AIZE Az

©=Z 3D & A=E YUH0|E(Semantic SLAM)SIH, MZ2 ZHH|[7} S0{2H VLMO|
AAZ HHO] TR 7I6S MOsto] 7H4 BHFo| e (Context)S SHRE 218t

O AA|/7t4 (Real/Virtual): EHE EAH vs Sim-to-Real H4 ST

(Herd CAE E3l) 2o MAMgLOl HstE 7ty MAS| JdefZLt M40 Hot=d|
0| =01 Ty At & 4+ A2, =
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E 29| =24 2H|E Jtd S0 3DE £Z0| +8istof, 28|o
= I 2Es SHFAU, U9 AA 7t 7I5S 3DE Ol =3Es

-
L)
Q
n
m
>
>
184
™
m
[ )
N
ol




A9l Eofe] Al AAT 73 oHoh

—_

- (

0z

43 O2g E9)

L]
lOII

| M CIO|E| 444 (Synthetic Data Generation): 443 Al 22 (Diffusion §)8 E3H
I

AOME AlSl5H| QIEsH AFBHO: 22 OIS 3R 22 Hij A Z8b J|AF ot5tA

OOII ol

[oF 320l 23] S)2 Jta BEOIM D5H5| AlA

A 24k(Zero-shot) A BHa: WRAIZ AlZESHS Of0[HE)S 02| NS kol
T AUZI SOIM EUS AT, AN T B WE o=z g 9 A
OME AAR ThHE 4 U= A8 Ao 2L &

2) YU Y EY A4 CNY Elo] HlD

o

ety C2[e EJ0| 'ty H4(VR)' 7= AZHOM 'SLS LofLt 0| EM%LI-
# 20F AUvro| AITUCE, Y4 CAE E/}2 '0] [4T =224 f& 015”71I
lai5ta, OltE %7\15}01 2|2o| Y= W AA%fo| BSst=
, 10| HME Fe[d JLF0| 8E s AT A= A|IAHE0A 7f2| :LEHEF

I.I']-I-
1
$0
o o

- (BEF) £ ALY D5 HA MAH MM, 10T 7171, Ftojzt SORRE HoEE 23
5101 JH BZIOIM AAIZIOR A2taHstD %_%; MEIS Tiolsis wlole 47 BT
e

- & 3
(U CIY SEo| 83) L2 N2 B4 Representation)of AB3H0, -2
32folo] BE| 2=k 85EO[CK, "ASIO| A ZEL X, YOICFRHS 1:tAH HES

CHA|2 22t 3D 3HEHO| EF

c(ddH CAE ERe §3) AlA-20 2R (VM) 82t 2lsg S RHEIE=
Cloje{e| o|oj22 42f(Semantic Context)& Ifstl, thes| &7t 85=Q Zg
g0f, "0 2E= AYH 7Y LEO| SAHRE LUYSte Y JEOIH, 3D S

O L- O
AgAe sUd B ATt J& AAHE AA|
E

ERI0| HlojE o gt
Ed2 i|0|E1°| ‘7144 O

AZtgH(Human-readable)'off H&CHH,
21Z](Machine-understandable)’ &

(BN
L
al
=

O
Ofm
X
o+E

718} (Control & Synchronization) &%

- (SS3) =<4 od MA Thdel BRI MA el B 222E z[aststl, §Y
24 ZYAl 1AL 2HIE HOfsto] A|A”RIS Y RA|

SY2E #EE0, Hols
= °E|71'—f 7|74|§ gA|
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c (MMA Oz EQIo| E3l) ulsk T4 B2X Z7|13HE22| — 7Hh7F 251 YE
DEI0| =20t 24| s Z2ME HAUSZH(LAM)S Sall I[RZE Al(RR, el def
5)2 A0 HHO = F2F HAGIY SIET|0f, QU7te| JHRY QI0| A|AHIO| AAZ EX

l= 'Z8 A|0{(Autonomous Control)' 7

o1

ls
(2H0]H) LBt CIR|Y EQI2 Q7| EXE &&= '&+54 EXR T (Passive Tool)'0|d,
Hot= 'FEA 00| E (Active

O Al2¥0]Md (Simulation) &&

- (S3d) dE0lM Y HAESH| 2ot HIE

O 0=
- (BEH) oA A9 Ho|EHE M50

2
=)
o
[N
rr
L
fot
mjo
J
0
1o
rio
ox

oA
Oj2) FE3 2of, AT FHNYS £2

& 3

ok CRE ERo ) gy w2 7189 =2 A Unity, Unreal)oi

I.

|25t ZHE(Deterministic) ALBOIMOR, AZLIOPL Az0| ATUES R
A AlLFRID LOIASH ZHS50], 42 HOju HAHIZY OlME s, bHY
Hojg )7t HUSIS Aol 5

C (443 DY EQio| §7) 22 Y2 NFYPINNI Y AlDiffusion)
E23, 447 (Generative) AIZ2|0140DI, 20| 5 WE LB QUoLE 2
At AL B2 & OF 258 265 445 UL, 1 0N ZestsRIS
S DRI ATF AAR ME U BT HHS E(Sim-to-Real 30| 2HS

N lo » JIm

r_l‘L' i

(Zto[d) L CIRE Elol Al==|0H0] Fatizl 2= Wefrts 7|2 (Scripted)'2tH,
MAMZ C2|Y EQIS B5I5H JsA0] Z7HS EMEsiD AAR 22 Ol 'EFSA

(Generative & Exploratory)' &&

(Prediction) 24
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i
U
0

S 2AIE Ardo| Ihet

So
- (& %)

- (YetY CIR|E Eo| £3) == SAHA 7|/0[Lt T AlZ{Ho]| 7|8kt YA o=
(Linear Prediction)g £&istH, "A 29| s ¢0|g IHEHS EL| 3 & 12 Y
50| 80%0|Ct"et= Ao JiE dH| T2l oS RFAEL(PIM)O| S

- (W84 CAE Eflol £3) 2= 2E(Transformer, SSM)E 2&3t0] A|LH HH|Q|
CINIUAIE AHAtste =St 2| o|&(Dynamic Complex Prediction)S £=385}H0,
"A ZH[7F H2E, B FH|Q| CfY| A|ZtO] ZOjZ|1, Ol dA 2F S50 ¥5E FY
StO] 2A17F & 2|S 2E 2ielo] STHEICH'E Ao AHMA A|ZZHA LH[E2NE ALt

- (2}0]E) et CIRE ERI2 HE ZA|Q| e ErA2tRl(Statistical Trend)'S @I%ﬁfll?‘i
MEA CAY ER/IE Adst 3D &3 20M 2 ZAVE 4=28st= ‘224
A9l & (Causal Dynamics)' HAE £2
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Al Hofo| Al AIAR! 73 okl
3) Y8y CR|Y E2nt Hd3 LY EJQ Al

HEZ ghAlo| QHIA ClR|Y EQID} 27+ 2|

-_rl=1—(Construct|on) MO 2242 mjctle

o = =2—

SO 484 A d Ed2
9| 0|7t A=2H, oo thj—f il

As
2eE

AOEAIE], AlD A0 & HwA ZLEHZ S49| 24| AlZ20|M40| &1, &A= 22
H2 SO0| 7%= 246 S2t0|Lt Fust MR Sd 59 Ats A|A-I0 31%

O utd CIX|Yd ELQIO| AlZd EXE st '£+34 2T =dHI'of 7HACHH, A7t
LHZHE M8 CR Y EQI2 =2|d ety 452483 AAZ Oldist= 'ASSHE QA
S dyo 282 FO 1= WA, S He|, A8 7|=0| AT 20|

CE 1) ety CR|Y Efl vs 44 CRY EQI 30 24 Hlw
HlZ Sl Aot Cj2|d ES ded O " EL

= (AH/ANAH BA) (S4/Q1R]| 4 A
T8l A A 34 4
(Manual/Rule-based) (Generative/Semantic)

D2 upAl * CAD =@, A& Atzl, &|0[A * Alg EE/Z2RQ| 2D G4,
TS Asd st 2/0|CHLIDAR) A2t 2
e QIZF AR|LIO{7} 3D OMIS AE | ¢ AIt 3D &7t A= dHa 2
ClZRl & HYZ| o|0|24 2t (VLM)
CHEE AA Y Chs A7 ¢s S8
(Segmented Scale) (Seamless Multi-scale)
27t 4o |° £2|Z(Polygon) SHAZ o 2120 &7ZHLatent Space) Y=S
°= = HAI(ZANLE DIA(RE) S8 =2t | Soff =A| Q2R 7|74| £Z2|
* GIS(=A|)2F CAD(BEE)7t €= =24 OR7IA| stLtel %401|H
SHEM LSE AL S/ Tts
MY 27t Al & 22| AAY
E-I|E|E| 01|Z| & _Tp_l_;_."@ DB * NeRF, 3D Gaussian Splattlng
(=49 o7k M)
~ | * Unity, Unreal Engine(A|ZF 2IZI) .
2 7 . 23| oflz|
48 7le |, RDBMS (e MM 2 22H Z:_I\XTI\;(E—T'—LI_XF—)) Semantic
. 27|14 golE] E& oL ‘o
RESTful API(_I_ | 1|0[ & E) e Vector DB(DﬁHQI- Z-I%DI-), 5G
E351Y%/Edge AI(RAHA|NA)
O & YA (Method): d3 223 vs 53 2fdz
- vk CIR|E9 ELQ19| AT} ARl
« (A A4 =EH(CAD/BIM)O|LE D E ARl =2 (Photogrammetry)S HIEC =2 3D
CIZIO|He} HR|L|O7t Ao =2 Tt et ES #5610, 34 210 HELH &
CiA| 22|21 3D R2EE 522 YH0|E

28 cee HAB|UB|E| Al AY T2t




© (A g2 29F) T EO[E A=A 24 EES PSR 3|9l Of=9| 3D 2E=
A2 (Unreal, Unity)OllA BHZ[5H0H, 2A| OF=0f 9*Eﬂ0|'-17f FARIZ Ho|HetE, StEH2
AlM ztEO Thep O]2] 2HS0{2l "AE|0|H d2iE J0j2|'E OlsAl7le Ao =1t

- MAMAH C2|e EQO| AT At

* (Y4]) Fe(Video)t 2tO[CHLIDAR) MM HIOIHE ZAIZI2Z op ddd Al
NeRF)7t 3D &tE AAZ AEHZSH, VIMA[Z-10] 22)0] ZEE0f =52 SA[Of
"OlA2 HY", "AAZ Y 2R"0|2fA Q0§ AA2 2P

AH: 32 ADIE SHY=A] SSHE) SHAZA|LE T2 2o E20[Lt 21 MEHO|
TS U, HAULE HEL = Y HOHE HIELE Q| 0|, YT Q
DIMIst 2, de 32 Al Mol 2x|7F S42= 3D L0 EQ FS HAZt
OF 27} FZ(Self-constructing)
O 3D &7t Y9 (Spatial Scope): Tt vs AL
- o8ky CIR|E ELIo| Biet Al
* (") AAA dEHEE F3HPolygon Count) W20 HA[A HRA(=A|, =2)2 D[AA

SOV W, 58 USIE H08 Aol B3| ZH10), Ahl B2E Gis(IelE
AAH)Z, 04| B2H2 CAD X8 Hojz galsio] 72

C (M2 ADIE AIE] Y A AOf) SA| B ME SIRIOIM E2YD UF| ofu3
ABZE £ 4 YA, S WY Aslof U= BT L2 YHRA(GHLIN) O ALt
QA 522 2B 12 AIMBHIANAYFMS) T2UAS HSAIHOE It
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Open-Source Vision-Language-Action Model", arXiv:2406.09246, 2024/09/05, pp.1-37.

3) 22 & HEY(PINN) F Al 78 Ao

- Barry-Straume, J., Verulkar, A. D., Sarshar, A., Popov, A. A., Sandu, A., “Ensemble
based Closed-Loop Optimal Control using Physics-Informed Neural Networks”
Virginia Tech Computational Science Laboratory, arXiv:2510.18195, 2025/10/22, pp.1-35.

- Farea, A., Yli-Harja, O., Emmert-Streib, F., "Understanding Physics-Informed Neural
Networks: Techniques, Applications, Trends, and Challenges", Al (MDPI), Vol.5,
No.3, 2024/08/29, pp.1534-1557.

- Lauten, S., Otten, M., “Physics-Informed Neural Networks for Gate Design using
Quantum Optimal Control”, arXiv:2511.09463, 2025/11/12, pp.1-11.

- Seo, Jaemin, "Past rewinding of fluid dynamics from noisy observation via physics-
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 22 4 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 ZE&: https://www.youtube.com/watch?v=bgeTK1J7UXE

World Labs: https://x.com/lucas_flatwhite/status/200603389182885092 1
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 AY: https://www.youtube.com/watch?v=mMKlyxw3H9Q

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=Ymij4cOaqzZHA
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Al @3 72 BE 7IR(OAsE TEE 7, @AsE A8Sie 718)2=2 EFst0] g2

® Al Core Stack(Al ZI4/2H 71 AS): 22 S + X5 AHE #Ys5t= 7=
® Al System & Ecosystem Stack(Al &/ 7| A&): MH|AQZeL2F-9F A|AH

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

1) Al Ij2{ctel / el (Al Paradigms & Algorithm)

- ANI (Artificial Narrow Intelligence, 2fst Q1 &2|5): £ (0. ¥, 22 5)0f Est=l
AIZ, AStel He| LHOMOE 2|52 23§
- AGI (Artificial General Intelligence, QIZt £ HE 2A|5): Q73 CtYSH 2H|E Olal-

S22 4 s YR ABAS

- AS| (Artificial Superintelligence, ZA|5): Q79| 2& X2 ZYsl= £F2| 0|24 Qx
s

- Generative Al (4dd QU3Als): HIAE 0[0/X], 84 5 M22 HIO|HE ddst= Al 7=

- Multimodal Al (HEIRE Q3A|s): HIAE, 0[0|X], &4 & Chet HEHS| HIO|EE SAlOf
Olsf-x2|5t= Al

- Agentic Al (0jlo|A ?é AUEZs): SHE 7|Bez Ads MR =78 2o =4
o2 S Aslis

- Autonomous Al (A I—%@ RIZAls): 217t 7HY Qio| AAZ LTSt SHEoh= Al AAH

- Embodied Al (A2tE 2F2]|s): 22 & =24 5= Soll SFut 45485t s&si= Al

- Physical Al (T|R|& Al): 2&2, EEZ, 2= 2 &5 A4 MAOM =2/4 231 AH
d228s= Al AN OBt 224 AHAS n2ste HsZ A&lsty slsh= A|AE

- Spatial Intelligence (B2t A5): 3t &E LHOIAM A 22|, H2|, S2Y & 32 ES
O3t &25t= s, 28 L{H|A|0|M, AR/VR, 3D A|E3|0|H S0 LAl 02| 5

- World Models (MA 2&): Of|0|MEY} stZo| 2k 212|QF AE| BSIE LYAHCZ 5t
St A|Z2|O|M5tAHLL OIS 4~ QU= BE=E Aolels L 22 A|ARIOIA D2 MEf o=t
O|AtEHO| &

- Foundation Models (7|8t 2E): T2 GO|E{2 ALM StEE =HE Al REZ Chkst
CIRAEZ 2o 4E, LLM, HE|ZY 22 50| CHEHO0|H, Molstslt M8y Alo| &&

2) 29 of7|€lz] (Neural Architectures)

» 7|12 R

- DNN (Deep Neural Network, &2 A13Y): 0{2] 29| MEYE Soff ST WEHE &

ot= 7|20l ey 1R
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CNN (Convolutional Neural Network, 4d& AlAY): 0|0|R|Qt Z2 Z7HA CO|EE
2e|ste o EStE AFY

RNN (Recurrent Neural Network, &2t AMAY): &=t GIO|& (2, AAE S)E *{2|5tH
Ol JEE 7|Ys5t= #2

LSTM (Long Short-Term Memory, &¢t7] 7|19 HER3): &7| 22y ZAHE ofZst
RNN =&

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

Transformer A

Transformer (EUAZD): Self-Attention HAHLIZS Sl €3 2t BAS YHHo= a5
St 2F £z

Encoder-Decoder (RIZG-CIRGE 3RX): 2AS O|af(Encoder)sty £322 MM (Decoder)
[<] i

BERT (Bidirectional Encoder Representations from Transformers, ¥&sF Q2H HS
2a): s Ao Z O[dlst= QIREH 7[8H o] 2=

GPT (Generative Pre-trained Transformer, A& AlZ&tEs EMALD): CI2 CHOE
0|5t HIAEES Mdst=s LR 7|8t &

T5 (Text-To-Text Transfer Transformer, HHIAE-SE-HIAE EMAILN): D= NLP 2HE
HAE Ql2d-22 JEfj2 E55 2E

Vision Transformer (ViT, H|d EMAZD): O|0|Z|2 I{x| T2 LIL0] 2|5t EAMA
EH 7|8t Hd 22

Diffusion Transformer (DiT, &4t EHAIIM):
7z

4y 2y

GAN (Generative Adversarial Network, A2 Z{cj AMZAQY): AMMH21 THAZIIL AZH5HH
GOIHE ddste 2

VAE (Variational Autoencoder, HE QERQIZH): && FXLE skgoll MEF G|O|EHE
MAEst=E oin'i‘l-':lf’-':‘l 24

A BT EMATOIS Hals A BY

J|0|I

.|

[eNe] —/
Normalizing Flow (’é*-ﬁ‘ﬂ SE E':é')i 7f°4 Mot S0l & EEE ¥ 2EISt
AWM BEAL
OO O
g xR
Graph Neural Network (GNN, J2iz MAY): Lo} dzjz2 /& 2 Ho|HE
stashs oo
Neural Radiance Fields (NeRF, 41 WAIY): Of2f 2t=9| 2D O|0[Z|E 0|35 =2&st
3D TS ATFHste MER A|EL| O|0|2E 1FAZ Ctes= Held 7|8t Vs
Physics-Informed Neural Networks (PINN, £2| 7|¥ ). 72 HERYA s& UuH
OlM 22| Y2Io|Lt &5 Aofg Seoto] RS ks, Ust Alg0ld, RA9s, 2
i 5 A 22| 24 siE0 AtE
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- Neural Operator (14 AR 4 ZH9| OHES Sh5st0] =el/+2| 2HIE di&ste 22

» B A2

- Sparse Models (8|4 RE): Y& nOi2t0|e0F 243lete &840 &34

- Mixture of Experts (MoE, A&7} &% ZE):
= galel o]

- Memory-Augmented Networks (22| &3+ AlAQN): o8 0j22|E E25i0 27| W&
& 4 20| 7535 24

3) 22 23 (Model Classes)

- Language Model (LM, 210 2&l): BIAE 0|62 && 2XEE S5t 222 O|55HAHLt
MMot= 7|2 24

- Large Language Model (LLM, CHt2 A0 2E): CHEro| GO|E{Q} I}j2t0|H =2 SHEE[0
g 22 4 MY 538 243 Ao 2

- Small Language Model (SLM, &3 A0 D). ZstE 22 H=1 2242 220
2| X5tEl A0 2

- Large Multimodal Model (LMM, Gt HE|ZEY ZHE): HAE 0|07, 34 & CIYst
UHAS A0 Olafistn MHsE Ty 2

- Vision-Language Model (VLM, A|Z}-@10{ 2&l): O|D|R|Q} EIAEES SHY| 2|5t MY,

o o A [
HoI8H 58 5= 22

- Vision-Language-Action (VLA, A|Z-Q10{-3is &) A2t A0 ZHE 7|Hte=z Al
HSIA| +H5t= 2

- Large Action Model (LAM, Uit s 2E): St 2 WS 2o s A= L
A s8s st 22

- Speech/Audio Models (AudioLM AHE, Sd/202 2E): 34 QA 4y, BHet 52
Fllsts 202 7|9 2F

- Code Models (ZE 2&l): T2 72jQl IS MM 05, 44 SS 43t E5t 2G

- Decision Transformer (273 EAIXN): EMATH JARE 23510 A=A
24 A E dll&ste 24

- Diffusion Policy Models (Bt 2 2E)): st DES 286 28 A0 & A54el ds
JAMg stgote 22

- Embedding Models (HIY ZE): HO|EE HE S22 WS 20|14 RAIZE BH
Ste 2

- Retrieval Models (Z4 ZE): Ci72 GOJE{OAM & HE
24

U
M
=

Q,E
EJ
X
ju}

Q,E

rr

in}

M

N

ﬂ

[l

4) st& It (Learning Paradigms)

» 7|2
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Physical Al T

Supervised Learning (A= &&): At HE(labe)S &7 AtEst0] RHES S&cte YA
Unsupervised Learning (H|A|= 8k5): Y 10| HIO|E{Q] F2RLt THEIZ AAZ SHESH= BHA
Self-Supervised Learning (At7|A= &&): HIO|E] 240 HES MG StEste &4
Semi-Supervised Learning (EX|= &&): A0l 2t GHO|EQt Cto| H|2tH C|o[EHE
S &&st= YA

Yutst / A3

Transfer Learning (H0| &&): AtMetEE ZHS CHE A0l ZMAESHH o5 2822

=0l &

Meta Learning (HE} 8&): "st&dt= W™ A E SHE010] M2 20| WEH A4S
st 71"

Continual Learning (& &g / B 85): 7|2 2AlE8 RASIHEAM M2 ZEE A&
stoote YA

AGole st&

Few-shot Learning (2% HME &g): A2 2| X222
Zero-shot Learning (AH|24A¢ &l 02

One-shot Learning (Y4F &t5): tf SILIQ| OfA|2

usists

Reinforcement Learning (RL, Z2&}5tE): O0|HEY} atF1} AS AR50 WS MEHSID
24E 2|US5tEs stEote | %

HES A

£
o
ol
N
%.]:l
(_J'E
>
%
Q'E
4
HT
0z
%
Y
on
o
ofm
:O'g
P

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

RLHF (Reinforcement Learning from Human Feedback, Ql¢F L|EH |8t Zalsts):
7t WIS BEAOR I DS JjMSHs Hi

RLAIF (Reinforcement Learning from Al Feedback, Al D= 27|dt A355+E): AlZt

Al F
AHA‘|0}- I[lEHHO QI'ROH EE-II% iggl-% HEA
Offline RL (2Z2IQl Z3glels): SE M8 Q0] 7|2 H|0|HZt st&st= Aststs
HFAI
o
Multi-Agent RL (C}S OO|FE Z&lEs): 02 OO|METL AT 2&s6tH stgol= st
BHA HEA
b —| o
4oy 34
Data-centric Al (CIOJE] 4 Q32|s): 22t o[ &2 7§40 =2EE &&E Al E2
A
Synthetic Data (8//d GIO|E{): &A| G|O|g] CHAl ez WMHEl SHE5E G|0[H
Data Augmentation (GI0|E &Z): 7|& H0|HE BdstY a5 =

% o =]
Active Learning (5& a&): 220| S23%t HIOES HESt 2fEds 2ot sksshe U4

>
}
L)
Q
n
m
>
>
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5) &2 / 22| / Al HIAHLU S (Reasoning Mechanisms)

ol

e

Mo

- Prompt Engineering (ZESZE HIX|LOE): Hol= ZoE 7| <
2| Xstst= 7|Y

%DI-

o

A

- Prompt Tuning (ZFZE RY): ZEZEES oI5 “tstt dEIZ =50 22 55 i

Ste W

- Fine-tuning (TQI&FY): AIMSHEE RES EF 20| UA 27t S&ste Y

- Instruction Tuning (RIAIE §4): CHYSH X|A|Z CIO|E{E Soff 2&0| HHS & 2=
stoote 'Y

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

- Chain-of-Thought (CoT, At Giff fE): S 2 NFS tAHCZ MM 24
ME 582 SHAZ|= &

- Tree-of-Thought (ToT, Al E2| £2): 0j8] 22 HEE EMSIH 2[Ho| H3 2= &4l

- Graph-of-Thought (22X 7|dF AlD): 225t ZAIE T2iE HEHR ERISI0 225t Y

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

- Planning (A& £&): 012 SHE 9M4517| Qo s A2t H2S ARMO| dA 5t 1+

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

- Tool Use (&= ARR): A7t 2IF AZEQ0, API, x| § 7|84 =7 &8sl &4 siZ
O|L} 2t +3HE St &

- Function Calling (& &): At £ 22 sty Qo T2y eLt API
AlSiStE 7154 QIEHO|A AR B

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

ol g4
M © A

6) 214 & A EF P2

= =}

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

[== R |
2B = 0|2 J|UOE O AT BHS M WA
- Semantic Search (J0] 7[gt ZAY): 7|9t O o|0| RAFES J|gIOR 2

2= AM Tls
- Vector Representation Learning (#!E H3& k&) G|0|E{E =HE Z7t0| UH|E St
HAE 5ot 7Y

- Knowledge Graph Integration (|4 2= &) 74|t A=z FLdE R|A
2ol #24 =ES Yoot YA

7) OIO|ME & 224

o
o
njo

- Al Agents (2182l OIOIME). SHE 95| ¢ls &E& A4S
g AAE
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o1

- Autonomous Agents (A}2 O|O|XME): QIZF I QIO| AAZ TGt
Oo|HE

- Multi-Agent Systems (MAS, CI2 Of|0|ZAE A|AE]): Of2] O0O|MEY} &2 = AMSHH
=AlE dli&ste +2

- Swarm Intelligence (24 Als): Ciel T OO|MEY ATHAe=2 Z46E W52 TS0
L= Al

- ReAct Framework (Reasoning + Acting, &2-ais LAUYD): 22 =S BH=E5HH
=AlE dli&st= Oo|dE L&

- Digital Agents (C|Z|E OO|AE): AZEQO] 2HFOA ARAL 2UES 4l F3MSH= 7F
O0|ME

- Copilot / Al Assistant (It / QIEX|s HIAM): Q7te] S HRotH HiHE
AZ|E Al AAH”

- Synthetic Agents (&4 OIO|XE): A|Z2|0|M &t

- Program Synthesis (2213 gHd): X0 &= FMZREH A5z ZEL Z2HS
Meste 7=

0
0%

oM MAE 21B2IS ofojHE

8) && / At / 2AEY

- Causal Al (21 QIFR|5): B4 ke 2Qlut 2t AAE 550 O Z&st AHEE S
_/Iioort AI

- Bayesian Networks (HIO|Z[2t HES|T): &4 ol &AE 12Z=2 HASIH ZESt=
ed

- Probabilistic Programming (&8 Z212jY): &8 2US IE JEfZ ot R=o=2
F 2ot g YA

- Markov Decision Process (MDP, OI2Z3 I OJAIAZA MA): AEl, s, EAS 7|HeZ
zH ZAg e 94 22

- Hidden Markov Model (HMM, 24 0230 2dl): 2A=25|2] U= MEE SEZO2
Z45tk= AAE 22

9) 4tlzld / dE / Y

- Explainable Al (XAl, 89 7I58 Q3As): 222 0|& ZUE ALO| Olsfet &~ U=
dF5t= 7=

- Interpretable Al GiAM 7ts8t Q3 A|s): B2 UE HA2et A5 H2lE A Olsfed &
A= Al

- Trustworthy Al (A2[gh & Ue AUIAs): s3Y, A¥Y, EFY 52 E£3Fot= LE
7tsst Al

- Responsible Al (MY QU= QUBR|E): &e|X-AtelH 2MAUS 12450 AL 2F5= Al

- Al Safety (13| QtAd): AV Q5| G2 2dst dsS
=t 20f

>
}
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Q
n
m
>
>
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- Alignment (¥d, QIZt 71z] 8 A4 &Zg): ARl 3He} Q7te| Jix| & o= UX|A|7|=
L |

- Robustness (ZHA): L0|R, 22, G|0|E] HEIO|E Qt¥HoR A5t S5

- Generalization (8ts8}): at&56H2| 42 M= GO|E 0= & CSols &5

- Hallucination (22 $4h): ALt CHlE 3B S O S Mdste ME™ Algl 24

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

» Vision

- Object Detection (Z{A| ErZ|): O|D|Z|Lt MM EX A9 x|t Z2FRE AlHs= 7|&

- Image Segmentation (O|0JZ| &gt): O|0|R|Q| 2t L/dES EI5t0 A FAZ JLUSHA

T=d5tls JlE

- OCR (Optical Character Recognition, && &2} Ql4]): 00|z & HIAES 2E5I0] Cf
2|8 2212 HEEs 7S

- 3D Vision 3zt H[Y): Zolet 37t EE HESH 3D &FE QA5 Olalsts 7|=

» Speech

- ASR (Automatic Speech Recognition, A& S4 24|): S48 HAER HHEst=E 7|&

- TTS (Text-To-Speech, HIAE 34 ©eh): 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 CUHSHM SA0 2Hble| 22|E 2Yste 7=

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

- Manipulation Learning (£2} &&): 2X0| SXE &1 olsA?l= 82 224 YS

stgote Jls
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2. Al System & Ecosystem Stack

1) ClIO[E] AL O™ & HH

- Token (E3): AL 210] 2L (LLM)0| HAEES

tRlE4 2o, F&2 2o 5)

- Tokenization (E23}): EIAEES CHO|, MEQIE,

- Chunking (¥3): 21 ALt HOIHE 23

- Labeling (2H#3): ClO|E{0l FE (222, Bl )& 2050 550

- Embedding Pipeline (YH|Y Io|Z2}Ql):
22| B2

- Data Pipelines (HIO|E| ImO|Z2}Ql): TCf|O|E

2) 23 i

& B 29

Physical Al T

(SA/ZE 7IE)

ddstE7td 22 HlolE 2

3719] o] TR Lirs
|

GlOJE{S HIE{Z BT A2

=4, YA, He HYNA| AksskE 22| 2y

- Training (85): HIOIE{E O| &3l 2&9| mj2f0[E{E 2|A{Slots by

- Fine-tuning Infrastructure (WRIFH QIZa}): AtHStE RS £ ZH0| 2UAH Aets
St7| ISt AlAE” 2
- LoRA (Low-Rank Adaptation, &3 A E): AlXMstES 2ol AL mi2t0|e{8t 2 5H0]

52 dle EL|SI=
2842 223 Fols YY

- PEFT (Parameter-Efficient Fine-Tuning, TI}2}0|E] &8 IQIEW): A2 40| nj2}0|E{ot
YOO|Est sy &2 K22 AFES2 2/XSlet= ORIEY 7|

- Hyperparameter Optimization (SIO|T{I2t0lE] z|&As}): St&E, Hiz| 37| & BHUS
2Pl 28 Hds2 Mste 2HY

3) 2 & MH|A 2|0]¢]

- Inference Serving (RE2 AMY): st&E RUS Sdfl AAIZH = Hix| HACR o2 Z0E
Mot AAE

- Model Serving (2% MHYl): RS APl FEH2 BIESIO 2 AMH|AOM AtEE £ YA

ste 71&
- APl Deployment (APl HiZE): 2& 7|58
Ste oty

- Batching (BHz| #2): o2 = GO[HE
=0l= 7|Y

- Caching (PH4): 0OI0] Al4tel BatS Aol AHALEZ22M
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