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04. ERHAXIH E5] =5, D A|Zl &=A

| 72 719 @MYo| =2 2l GPT WHEC MY

2017-05-23 2017-10-27 2019-10-22 2024-01-08

7= 7t = 7158 0= S5 A=

US 62/510,256 US 62/578,358 US10452978B2 us18/407,299
Encoder-Decoder A|g 24 Decoder-only A€ 24 Encoder-Decoder 2K ES] HH AG M THAA

2017-06-12 2018-06-11 2023-01-09/ 01-17 2025

== 30 OpenAl si2.0|2 52 o2 E2
Attention Is All You Need GPT %X HH KR102486348B1- US11556786B2 US12217173B2
MY 20¢ = arXiv 371 Decoder-only 4 0| 21 KR 5, Decoder-only US 52 HHAE =5 S5, AF 20 7
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04. % Ed{o| LHE T2} =2 Figure 1

| Encoder-Decoder 79 Decoder-only 7%, 2 FIG. 1 12 (USPTO SE2&, Google Patents X2 PDF)

Qutput Neurai Network System
Probabilities 100

Add & Norm

Feed
Forward

Add & Norm

Multi-Head
Attention

Add & Norm
Masked
Multi-Head
Attention

LS
L —

Add & Norm

Multi-Head
Attention

A )

J

Encoding 9 b Encoding

‘ Pasitional A L Paositional

Input Output
Embedding Embedding

Input Sequence ¥
102 T 1 Input Sequence
102

Inputs Outputs
FIG. 1 (shifted right) FIG. 1

US10452978B2 FIG. 1: 213 (110)2} C|ZEH(150) Vaswani et al. (2017) Figure 1, arXiv US11556786B2 FIG. 1: C|2{(150) T

2017-06-12 274 2017-10-27 ML
2017-05-23 M

£(2)0| US10452978B2 FIG. 12| @12 (110)-C|2E(150) 01 CHE. US11556786B2 FIG. 1€ 1% L|ZH E£0t HR. 7l=Eflede
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04. 5 FLZ2| X}0|: Encoder-Decoder?} Decoder-only
| US10452978B2 (2017-05-23 A1)} US11556786B2 (2017-10-27 42)9] cit]

= US10452978B2 (Encoder-Decoder) US11556786B2 (Decoder-only)

2= self-attention Q/ZEH(110) =X =hy)

Cl2H Q1T &3 + 0| &= (shifted right) 2 EZ + 7|MAM EZ9| combined il
sequence(108) ;

C|ZE oM OfA3IE MITOEIM(172) + QIZH-C|2 OfAIE MIO{EIM(132)

o HEIM(174)

Hpgk19l @+ CIACet O =S "= LA combined sequence, masked self-
” } ‘ attention, score distribution, E& M&i
CHZE CHAL H|F Q1A A VLM/VLA X712 ds ES MM 2
US10452978B2 US11556786B2
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ol30: self-attention encoded Cl20: £ = =3 A3
0|E_1|A -Iﬁ ="l : e T =T =1 *E_IA -Iﬁ
23 A subnetwork representations A M Chial

HIEI ?_Iil:'l |_-_|q|:.| LLM S E3
F}H|2} o|o|x o|0|X| THX| A|RIA ' i o2 HIE - co T
toi[2} of o] x| |0 K] THX] AJ SigLIP + DINOv2 (ViT) MLP ZZH|E] g (74121 % 256 bin)
r _________________ \
. waezmgne | [ gr s gz (y78 22 o/ojx B Z2)
] 17
( )
Q13 subnetwork LS (8 19| Q-K-V $HH) THQAE S (3 = 7|F)
U ARA 21T, Q-K-V, encoded representation: ViT X2t 2 LS
- C|RCQ| AL Ta|ZA E3 Q3 Mg 12 £4 Whiof| A5 (AZAHEHMES 54

L

[ = e self-attention Jh =7 93 o|0|X| K| F22 i

" (comparison + 2K i =H 5 . I3 =2 MO FS BiA R
oM PRl el | VS e
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04. 3l == 7= ¢/2| tiS: m0 Of7 &K

| Physical Intelligence 0 =& Figure 3: H|™ QIAE(VIT), ERHAIH EH|[(Gemma), &S M E7t(action expert)2| HiX|

[at I }
—

— LA
T dataset T 14 DoF
> & . - : : : : Bimanual
\3}@:}@ ¢ (cool|[lcool|[lcool[lcooco) Jalala Manipulators
pre-trained VLM action expert

'i L@ SigLIP (400M) + Gemma (2.6B) (300M) 18 DoF

s \{ Mobile
Internet (D(DC) C)(D(D (DC)C) (DC)DC)J pCpC Manipulators

pre- tralnlng

S TR
JT@ F CoLP / VAT \/ ViT \ “fold Shlrt s
. JD ] t 7 and 8 DoF
i q¢ noise Single Arm
Manipulators
4 -
.

Z£X: Black et al., "m0: A Vision-Language-Action Flow Model for General Robot Control” (2024.10), arXiv, Figure 3

2l2 AAA, ol Clacie] 441 WE H2o| HA

ZtH(2t O|0|X|(Z4= AI™)7t SigLIP VITOHA THX| E2 Gemma 2.6B 2X|7} o|0|X| EZ1} 210] X|A|("fold action expert(300M)7} ¥4 s t ~a_t+HE
O Heh MY 19| self-attention QIAH A0 CH shirt”)E StLtC| A|ZAZ =41, Q1T E3 4=40f| flow matching@Z M4, EZ M= BA(n0-FAST)
=3 =) 1h CHE He| 40|
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04. AXMES| US10452978B2 HAsH 11} VLA LX9| LS

| 271 =2 3= 71%= 21 cix. Fsl BHHto] of! HE Q| TA|

OpenVLA (2024)

10 / mO-FAST

U 21X UIEYT S W Y AR~

QIFL: self-attention sub-layerE %= encoder
subnetwork A& A

E
=

X[ =0l M query, B 2IX| LKA keys-values

H1
T o

N

F 21249 encoded representation AM

C|Z: encoded representationsE =416 £3 A|#A
A

O|0|X| THX| A|RA (patch-as-token)

SigLIP, DINOv2 H|™ ERARH (ViT 50|
subnetwork)

ViT self-attention QA

| S HEl (M2 28

Llama 2 7B7t MLP £& IiX| E22 Qo2 £
MAEs EZ MM

7|2t Of O] THX| AR A

SigLIP H|™ 21FH (PaliGemma)

ViT self-attention QA

O|O|X| EZ AUHIT

Gemma 24|77t O|0|X| EZS T2[TAE
Al BHE Z=ad
L, oo =
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04. AXES| US10452978B2 X8t 19| 1™ tHe|

| 271 =2 3= 71%= 21 cix. Fsl BHHto] of! HE Q| TA|

Neural Network System
100

"7 10] g4

rir

o (B5E0lM =71

s QITC-C|EH A= A0{EHIM 72 19~23
:«ggnlronrsasedNeumlNetwork - Dl‘ﬁﬂE Eli[ﬁ %EO—I %il*l_:' ic;l?.-cgl‘ 24~25
176
g
ij HE[S| = H7eho, 11,12
soquancs el il Xt712]# MM X113
152 Jﬂ
=] ¢om softmax, 27| 0|7|X (comparison functionZt 7|xH)
f ) .
ol
{ A E M2 Decoder-only LLM2 QI2H 22 0] A&l M BojLt= X, H|H QIZACE ZEst O|X[ZE Al 2 &
i 2 self-attention QIZEet O £HS W= C|ZHE 2F B/, & 4=0]| FI7I&|= =71 71§62 N Hgo| oy
FIG. 1 Z Moz 59

US10452978B2 FIG. 1: 212 (110)2f E|2E(150)
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04. AXE0| L= A| ‘8H- CHA 71X

. AA| HEAL . x2HE] JiEH . no AHE HS M

=2 BNME IRAHEHINMOE 24 VLAE T2|H MLP E&Z2 %l E310| encoded representations flow matching C|'=O|&E2 EE EXE MMSIX| 0}
A EZOE AL HATH 1 22 4 iAof| RF(2 o sHSt=XI. Z42 3(0FX[2} subnetwork £3) 2t Decoder-only £35 1% 12| score distribution 2
ZAOEHINE Z43 19~23). MM AAIED 7|F o of A A%t SUK| 7ts. AHES = I HE
A WA

5l E2 X5t 1] o] AlEH Xle oH
ot S5 Y+1¢ He|Xte] AE X9l ™
-~ = N = ax JI=ER = Al S AlA| =
KR102486348B1 ¥71& 12 L2 CHA M1 M AL, H|2 RT-2 £ 112 X}H| VLA EQ. Ha|X}7} of7 |ElX E3 S = X 7|E 2 UE0|H, A 7o, A =K
AZIO= JA. T 20 42 $Eo| o oo 2 Al HKIO|X} WX|Z Al AR AOIXI 1x B2, OIS, Ra AS S0 et 2 0l SEA
AFTOE o= HPg 7|Z Hix 2R =2| Holf Tt OFd
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04. Decoder-only 55| d11& 12| 48 Foot AdF EZ Ed
| US11556786B2 714t 19] U] EHAIS OpenVLA S A4 Exjof| b

@ T £ 4+ 7|4 S £20| A8t AIFA QMEDECE Se'f;jf,_‘le““” CLELL @ M4 2E M4 ® E2 Mo
: AHAL AR . - -
combined sequence (< AlE 1) self-attention decoder == E3 Fgto| 2 s E3
O|0|X| E2 HIAE E3 [31 ] [ a2] [a(t—1)] (masked self-attention & =) score distribution a(t) MeH
| |
MEHEI ESZ AIA [off =715t CFS MM A|HO R His (7412 S = 73] HHE)
OpenVLA nO-FAST 10 (flow matching)
= 7XHIS 256 binQ 2 0|Ats} 04%]2| A|NEIE 256 E =2 DCT + BPERZ EZSISH 7|33 MMH. @~@ HES HSUCE L 0|E MM, @ score
SS s EZCZ N O~@ MRS MRS distribution, @ E2 M&l B3l 2IHES|('978)= &
NHEE
x|

0%

S2 0| EZOZ XPI[9] 7| WHdt= HE2 Decoder-only E7ete| | BHA|2t 71 CHE. B QIR EXi= H7e 24 HiH| 247t ot
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04. Decoder-only £6] ¢ 12t AE M 2o CHE
| US11556786B2: @M 2017-10-27, S5 2023-01-17. =% US11886998B2

US11556786B2 M1t 1 (el OpenVLA 11{0) nO0-FAST
2h A4 AJEO| 2] EZ + 7|44 2 E30| combined = TELE 4 MME HE £3 S QIS (ZRlTA HQIT, WES Gi47)) | DEIE + MME S £2

sequence 74

=29] masked self-attention £2 7}7%! self-attention | Llama 2 HE (M MEJ} 1X) Gemma
decoderZ Xz|
£ E3 TI5to]| CHSt score distribution AHA 7XHH x 256 bin s EE2 22X | 213 (flow matching C|=0|%) DCT + BPEYS EE2 22X
SXZHH OIS &8 EZ MH Xt7|2|? next-token AEH els Xt7|2|? next-token AEH
( 1\
78 azo| £ WS A4 WA 02 ]
He 2130 RF0 2SS, QFH e A|ARIE C|2H S&H0| 20| sliEshH = =S o|A EEOZ X}|3] 7 MAst= AE (OpenVLA, mO-FAST, RT-2)2 Decoder-
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