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oj2L|o]d 22l OfsH

H 2d 22 SY2Z J|E USAS2E URY| o2y E 20, FRE H|IY, 89 9 HYY

GOl ZOMHME ASRs ALAES 2 4 U =RUCH H 21'd AL ©

& A, 2| Ef2], 0|0j2] MM, 34 Q4] 24 B S TSt 20iM FHojth 458 B
olg{st 5HE 0|g8¢%t Atz Y, A AIAH Al 218 STT(Speech To Text), TTS(Text To
Speech), AF2FA A|A8! S 22 CHSE 012 2|AH0[HS0| 22| AlR] 2L220IM MB|AE2 ATt
SHH, 2|tk 2= A ALO[Of] E 2i'd A|AEI0= 2 Hebt YoRT A, 20179 X8 &
(Transformer) 2@ [Vaswani et al. 2017]2 1 O|ZWA| & 2 RE2 AL W 45

AMAY(CNN)Z} =2 AAY(RNN) 22S Chx|st2 QUCE NVIDIAOAE 20223 4E 7
2E7E OF70| E (arxiv)of| AIRE! Al 2 =29| 70%0] EMALDI} S5t UCHD B3O H

_ o = ye LS
Ol= e Ml 3l dloj2t FIHsich )
Peer-reviewed Publications Vs. Years Arxiv Publications Vs. Years Key Terms % Split over Years
100
@ - 1000
2 60 & <> s 5 |
= & < T S 500
Z 40 & R 5
& o & ES o8 & 5 —H -
;o » : >
2 e O 7 I ’
z 2017 2018 2019 2020 z 2017 2018 2019 2020
% Peer-reviewed publications in CVPR, ICCV, 4 Publications on Arxiv (including both Peer-
ECCV, NeurIPS, ICML and ICLR reviewed and Non peer-reviewed) m BERT m Self-attention Transformer

(23 1] 20174 Ol%0| EMAZD U 2| A=stes B AT S8
(&]: Transformers in Vision: A Survey, 2021)

02|, EdARN DOl S0t H|st A|7]0f, Th2H|0|d 2Z (Foundation model)0|2ty! 22|=
M2Z2 Tf2{Cto] 8 20| SE3MCt Hoist 22| CIO[HE 27| 2| =38H5(Self-supervised
learning)S S3ll &5t =, 25k= 20| =0 O|M| 2 (Fine-tuning)S Sh= DH2H(0[E 2

SQ0 8 W2 M5 T ¥ Ot BB ABAS AA| S ofHCH

-

Ol =04, BERT[Devlin et al. 2018]2| < $7|T|C|0F M & 4 THO| 22| HTiSH GHOo|g =
AFM &5 (Pre-training)A|Z] Tt 5iLIQ| 20| H|nA e

e AlZHSQH DI 2YS 435 A Bteze
87ol M2 CH2 Tasks BHE2 GLUE #2I0I2 L o] ST G0JE| 419 SQUAD SOIM 25

1) https://blogs.nvidia.co.kr/2022/04/01/what-is-a-transformer-model/
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2020] 52 O|M| 2F=At 10|, = ot 2 Aot Z &= Few-shot learning

U MHS k7t 2715H= Prompt learning BFO 2 REI0| SHAE SHESHE 2 Qi 2 45|

4 UASS EXACH T2H(014 2HO| 20F= EHAQI H0|E Ofs) s} Hiwt2 0l &5
7

Computational Requirements for Training Transformers

10,000,000,000
Megatron-Turing
NLG 5308

1,000,000,000 6PT-3

100,000,000

opT-2/
Megatron /
XLNet o/

10,000,000

Wav2Vec 2.0
1,000,000

InceptionV3 g
100,000 / BERT Large

/ ® GPT-1
Seq2Seq 2ol Transformer

10,000 ResNeXt
VGG-19

Training Compute (petaFLOPS)

1,000
AlexNet
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

(23 2] ARIO| T2 | 2 U EUATD) DY S50 L A
(E4]: https://blogs.nvidia.co.kr/2022/04/01/what-is-a-transformer-model-2)

SHA|T, 2|20| DRRH|01E 2E2 AR sigE RS WEst| 2l 4 7H| GPUZ 4+~ 2~ &
7tts| stgAIAHOE 51| W20 Stult A 2o AR M= LEY| dSH, 7=, HOolAS
S MUYAIE SHM A1 U= S ECt E& 10| B2 E 2{dS 0I1&8% 01E2AH01HS0]
22 o4 JHe| TRH0lE RS V(¢ A0 AA| MH|AEL 7| TR0, Ste| IHRH|0|
A 20N 2l 28] O RS ARESts 2E 01S2/3014E0] 22 BEE 4 Attke 2APt
UL

o

AEHIZC Cfshmo| mRH|0|M 2 AL MIE{(CRFM, Center for Research on Foundation Models)
2021, “On the opportunities and risks of foundation models’[Bommasani et al. 2021]2}
EOME S5l TH200]4 20| =2{2 Aolist m2(Cty Hats d3st, 1= Qls YdsHA
2 M2 S8 20F L 218 2453 =A% B UL 2 AHAS2 0218t OI2H0|1d 22| E4

& Olsfotl, Th2L|old 29| L2 A+ 8 & & FOol| Chsh Dfefstilat ottt
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mheHo|Md mEo| Hoj

O}24[0|d 2&Oo|2ts 805 S A|otst AMEC CRFMOA = OHRHI0|M 2&0j2ts 0|28
=90 0|RE 2Y5I0, ERQl &R 2 2 HiZe= EME gttt =, I2H0jd 2E2
Loist 2ol ZH2 GI0IEE AtEstH 27| 2|=stgS Solf Yot LR T2t0|eE 2| 222
S5AZ1 =, OF2] HestA| £~3oloF o 20| HoHR|R| b2 HEHZ BREE|0f, ARZAL7} J5h=
=20 U Ch22AES 2o thsl O|M 2F0|LE 2L & (In-context learning) &1t 22
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Tasks
" Question 7
&'4 Answering  ° .

Data S ' Sentiment

. % . . Analysis

I - ! =/
Text ‘

_’1 %%b' . | %J‘ ; Information

@)

—
J/ fmages ' Extraction %{‘
- Y < Adaptation
speech/\l\ﬂj\n Training Foundation sy, Image
p 4 Model % Captioning :l-“‘.
" Structured \
*  Data

45 3 Object

= AWV i

3D Signals o> | r' v ‘ Recognition
—

N Instruction
%ﬁ Following ... "J
(O3 3] OI2G014 ZHO|2 CHEEC| FE2 G0z SHEE0 540 2=

CHRAEY 20| 228E 4 e 7|2 22 ojof3ict,

(&2 : On the opportunities and risks of foundation models, 2021)
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CRFM2 EJMOjA IH2C|0|d 2HOl2tk= 7HE0| 7|20 A& E0{Q1 AtMsh
(pre-trained model), ZF7| A= 2% (self-supervised model)0| 7}2|7|= CHAS ZLE6HZ|ot,
Glo|d 29| 53} 2 7|2l HIOMC HEA| 47| 20| HE=o| 0] Ho7t

e
H 1
Ho n@

)

=]
0]

2021]% SUSH, 2% *FM AZE U= A7| A=shg 7|Ee= /\Wd" & 2Zo|tt,

g

o201 22 50| AFEEl= el HYEQ A7| A =&&2 M0| st5(transfer learning)2l
A
& 2

HEfOIH, 70| SHE2 OBt AAS S5 StEE 24O

o

SISy |AS CHE 2ol 285t= &2
20| AFEE 2, &
0[0]2| ZOiM= Chrt22 00|12 &5 ClIO|E] MRl ImageNetS Sall RHS ARISHSAIZI & AFEZ
CIOIEIE Sall StEAl7|E EYol 22| AFEE[O] RACt T2t DH2H|0]d 2HA ALEEl= YThE

CIOIEE AP7| AEtE0l 71y 2 EY2 H0[E2| OkH|0|E ¢S A2 AYSITH= Hlof
UL =

T

— =, o
AlS o|0|3tCt, 0| S HHHZ ztx|= OHRHo|M 28 O|MEE o

0
ol

e
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[ N e

20| € To{E of|235H= Autoregressive language modeling, GIO|E{Q| L=2t&
Masked language modeling Szt 20| H=2 AF0| Qo 25 2 3|7 S8t
te AAE OO|EL 4 S5 LHS0| AFRE|7| TZO0f, THSH 22
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LAl 29| HOjE{et 2 37|25 E{ F0{2|= G|O|E{(0|0|2|, BIAE) pA|0f CiSt Ofs] 53
Al OHRold REE Folsks F2%t 240|C} EE_HAEIH [=[=T]e) %g |70l ZAyic
Word2Vec[Mikolov et al. 2013]2} 2
22 27| A =S T8t A0 2 HA| 2t
tl= f--'11|0|*4 DESO| UMl £
Word2Vec 2% E2F(Lilleberg et al. 2015], Z{A|Y €

A 2
Cloet CHRAER] Zigo] 2853
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B mtedjold muol £

UM 1ZSH et 20|, 0] BHE2 HIAE 52 0|0|Z| H|O[E] ZEA[0f Tt UBHQl OfHE &S5t |
25t TSt o| HIOIHE 27| 2|=sHEE 7|8tez sh&stQit. olE £0, BERTS &R
BookCorpus?) GO[E Al & 2|7|I|C|ot Y2 EME &H & 339 0|2 0|20{7l H|0|H Mg
St ¥, 8t50] 0|85tRiCt. AZ|0f GPT-38 &t&Al7|= Clolle 2 5,000 Thof E20f 717H2
HIAE H[0[E{7} AFEEIRCH, HIAERL 0|02 HZZlE ZYQl CLIPR 4% 719 (text, image)
Mg 0|83t stEEIRACE ol2{st WSt ol HIojE M2 =2 g S £=0, HlolE 9
HHdS A A | st MA2| 2ol ZaHE 4 ULt AL of5 LYS| OfL=E|0]440] 0|20
2|2l oLt

Lo —

4
I> A

O|F F=& GIO[E{=FE LErHQl ClO[E O3 S=3E st&st7| 2lsto], 240 37| HA| Bl
o2 L}, Oh2E0)d E‘Té_'QI '-H—‘?'— HFEFDIE = e = 917H(GPT-1, 11OI\/I)—‘?'—E1 12 7H(Switch
=

4% ettt 32) HESIOPE HAHOI, 20k 291420 el GPUE AL 52, 4 -k
oo HxA SBE|IE BICH J2iLt 3 B PRE AIHSSE UL T CHeAEY 2ol
AEE £ A0, 0] HHOA Lot O|M| 2E9| 22 2t 4+ At E=9 sh522 =5,
2 §50| ds] L gle Zero-shot 2222 £ME7|& SiCH
Machine Learning oHD ]
Deep i/ %
e Foundation Models
Emergence of... “how" features functionalities
Homogenization of... learning algorithms architectures  models

\ 4

(32 4] e (emergence)t #sHhomogenization)0f T2 QlEX|s 2EO| 52
(24 On the opportunities and risks of foundation models, 2021)

O[2{gt st 29| st52 MO0l ZHA & 72| 538 205ttt CRFM2 0|8 a4
(emergence)} #23t(homogenization)2 AYSICH 2t 0|2t ZEO0| AAZ 0T 242
siiZsty| fist A4S EEote s 2l0[ett. 0Al 21d 22 oF502k= 78S Sdl ClolE =
= YHE =59 + AACE 22|10 © 2d 220 0|22{M=, HS ¢ Yot
Gllo[&] Al Z/0j2l ABY 2 E Solf AAZ [|0|E{Q] featureE =E3510 feature mapS k=
sES 4 =UCL ol25t sEH2 © 2'd 220 Az Fel= A0l ofHzh, ZEo|

g|
FOI g Yy 2 OF7[HA oM HIO[HE 7[Ee2 AAR2 EE3fLls AO|Cf. O|0||Lt

2) https://github.com/soskek/bookcorpus
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BIAEQ} 240| Tt 1Sl O|Ate| feature engineering0| ZRGHE H|ZE C|0|E] A0 QAU0|A
Ol24st B 2 2Ho| M2 2 =S FUL, ImageNet 252 242 2AHOIA =2t G

o
HE & O'ﬂEHKrlzhevsky et al. 2012]. TH2G|0|M 20| 0|2afME, RUS A~ 850}

U= G2t G2k oo 4 o 'Eo = J&% o|olEtt
MM =, MZ TE BAHIE 71 AFBAIE2 24 24l M= Z12|SS aste it 4 N
Lielo] 2 F2eot sy YN2|E F StLE IS 242t9| B0 E SEAIZL, Ol ASAs
=OfOfM L1250 #2stE OF0HCL § 2i'd 2&9 32 0|02 £0F SOM ARZEE 24Z
HEF4d T, HAE FOOM AMEZE THIDF S Hof B Y S Cist feature

engineerings Salf HO|E{2FE featureE Y= THO|Z2RIS HAGH=E CHA O B2 2| HIO|E{=ZEE
feature map2 A4 &cte YHE FYEMN E40| L=C2t: Y G|O0[E] FEHO| Cishie
Yot AZY LHES 0|8 £ UM #USE O|FOFUC OI2H01M 2FH9o| Z2, 29 1
A7t stLte] HUSHE O|R0{WHCH 2022'F 12¢ A 2+Z EMAZD 7|8t L} 0[N 2FE
RES ot HiEst Q= HuggingfaceOlli= OIM| ZA7f2| et2El RS Zaksto] 2 97,0007H2]
20| HAE|0f Yo, 29| 7|8to| El= TR2G0|4 R OfF el Z2R= 165Z0] E1tsiCt,

l

1A
|'0||

b OR2C01d 22 7|82 M & 0f, EFHARD OB F2E J[Hteg 5t QU=
Ct. EAZD OF B HIAE, 0]0|Z], 4, T T0|H, TR0 HI|MY
24, 4slets 59 M2 T2 2o ChahiM FHiotH 2810 US &ek ofLat
| M2 Ct2 2Y2[E|0| Z2I CI0|HE TR = HE| 2Y 2Eo| Jefjz L¥otn QUCt.
CLIPS| HR HIAEZS H2|5t7| £I5t Transformer 2@}t O|0|Z|E 22[57| 2[5t Vi
S Z8t=|0f, O|0|Z|E &Fst7| 2lslf 0|0[2|-2{0|= M*% &&ote 0| ot 2o|=
St THO{9| o|0|E OlaHst0] Zero-shot 2FE +&at| PaLM-SayCan 2&9| &%
MR 22017 HAEZ FHE W2|H 0|F siiAsto] £-3isloF & a2 2, 2RS S2/0iA
#=atdoz sy SHES oS £ YA Sitt 0|2 25 TR0 L&l PaLM[Chowdhery

et al. 2022]0| AtEEZ|UCE.

L2 Q H[Hr Jm
U 2 oX g
un - opy Uy
2 du oW
1o rr
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Human: | spilled
my coke, can you
bring me
something to clean
it up?

Robot: | would
1. Find a sponge
2. Pick up the
sponge

3. Bring it to you
4. Done

Language x Affordance
Combined Scare

(02 5] PalM-SayCan U2 HIAER BAS Q2T AAR 2UF HS

find a sponge

100
go to the table

os

find a coke can

os

go to the trash can

oS
find a water bottle

ool

pick up the sponge

100
put down the sponge

011
bring it to you

s
go to the table

apo

go to the trash can

apo

bring it to you

100
put down the sponge

0.47
go to the table

0.21

go to the trash can

0.00
done

0.00

done

100
go to the table

ool

find a coke can

opo
find a sponge
oo

go to the trash can

1, O saistt

(&*]: Do As | Can, Not As | Say: Grounding Language in Robotic Affordances, 2022)
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At 7|&

OR2H|0]4d 20| EojF= Fo{d Y S #2st sH2 1ds ARYS HES= Y

T o
0| HIO[E{Rt O|F SIgAIZ 4~ Us AIAH, 2|1 2P| X =shg 7|8, 2% 0

W2 E7, D200 29| #IZ|0t=20M Shg C0[E9] &2 29| OF7|Hl, 37|, skg AlZHat

LS '

SOILt &1t TEet 2AHE 4= 2400 d2{E2 0{LH|0lE 1Yo B §l= A7| A|=stkg9
S44Y, TR0 2EE FE57| flsiMe A 28Y 52 U2 2Tt B2 A2l HoHE
225t A0 28 AAO|Lt oS S0, BERTS| &% 2f 89 T2 F8%E BookCorpus H|O|E

A9 of 259 HO{2 Y SI7|T|Ejor SE 2ME 5t SHE0l 0|83t GPT-39| 3=
CommonCrawl? HI0|E{ A& SH22 of 50009 o £E20]| 7M7H2 HAE HO[EE £25t0]
5150 0|25t¢on, BIAE 0|0[2] HZ ZEQI CLIPS 49 749 (text, image)¥S 0|E5t0
SEIACH &F=0f 0] T2001d 28| Z2 2|7|T|TI0F §t=0] 2A CojEf, 28 &

|AtlLee et al. 2020], U297 S e=0{ 91719 A GIO[E{4) SO| HEAH22 ALEECt

O BHYOlM B 72| S2%t 12 AE2 CI0|HE M st= H2I0|Ct AMZO| 2|y sk 0K E
W52 o= BE, 2RE H2CZ £UE HOIHE 222 stoig QST AE, W U, It
w2 & o% A28 WEsH E 4 UL, B45] B2, 2|1 oflde 4~ gl CRAEE EfAS0
28E £ U= TI2H 0l 2He| 544 of2{st st =2 2|HHo=Z 2ge 4 Tt T2t o
HIOIHE +ag AR H2lS stz CI0|E A EHA HJA S8 MAO|CL o E S0, 210
E%'?_' I\/I[Scao et al. 2022]8 7&5t7| a8l BigScience ARRIS2 2021H 12¥€EH

E
}N'

5TBO| HIAE C0|E{7t Eetel ZACY E1|0IE1 AE FESIFAL, O F 65%0 otz

—

'HIOIE1%% HAASO0[ LUSsHH YT HOIEH +8 Y22 2E +HA20, 7He YE TH

'

S Cioset 289 ejot Glojel B AE S8 753 T ABYOR YT Holef YA BIIE

.

74| HIZ}E 02 H0|E{2 At MHS A5ty

n

® A7 AEEHS 7|
YITHSH kol G|OJE{7} TlOJE{Q] PR WMot & ZAXOI O[5S S, AAl £2S JH55| Bles
o, SCHEH CIOJEO] LHREIO{RIE RIAIS RO FQIAIZ 4 Qe g#e 2P| 2SS

Soff FAECE IH2H 0 27| 52 0|0 = ImageNet2t 22 Cirt2 O|0|Z| HOJE ez

3) https://commoncrawl.org/the-data/
4) https://github.com/monologg/DistilKoBERT
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AtdstgE 2"l 0[0[7]| oY 5HS &= Al %l?i'if. 12{Lt ImageNet2 1000742
A

iy HIOIE 2 Stge 2E2 HE 72 =7 7IE0

0

'

=
=
F02 3% 840l oAl AR{7t U&7 °”EHRadford, 2021].

AHEg0I2tE E2l= TH2H0ld 22| 27| A =skg 7”2 CI0|EQ] F2of 24 R[4

=

2S517| 2I5t, AAZ SHEE 4 e ti2l(surrogate) 2AS Folot= ZOA AIREICE 227

mjo

10

47| =eE5E 0|85 AMsHS 7|82 210l 2HOA MAKSM, Autoregressive language
modeling0|2t E2|= F07 22| 20| 2 HOE 12= Yo EE(UC GPT-114
22 ZES2 o2{sh A4S stEet 20| S5S ofR| 42 Jdtize| DR} Ot CHRAEE
2H0|M O =2 deS EACH, O|M Z2Ho|| st otg A7t JA| HA45IASS BACH L3,
Masked Ianguag modelingO|2t1! ot= MZR AtHSHES S0l STt BERT 222 2429
St 7IROIE HI2 §, T 2U0S B0 ofig gl 2Hof] S04 TS OSots Yoz ool 2Es

|04, Ctyst oH2HolMd 2& 7|8k OIDIXI A4

ShSAIZICE O &2 0[0|Z] “4d E%OHE
DdS0| 0|0|X|E 2] 79 mjz| 2o =2 L
tie| 22= Salf 0|0[r[2] HEfet 125
Ramesh et al. 2021].

BMAZH 0|

2104, 0|0j7], A2| S ClO|E{2] HAlS BFZst Aol CHRRO| MRC|0|M 22 EMALN OF [HIHE
AFE3I3 QUCH Ol EMARDY RE0| 721 I Of&l M (self-attention) 7[#0| 71|11 Q= 46
A2 Clloje] &M st 8P|, AlZA H[O|E{0l| Cht HEHAQ! S50| 7Hsoii7| thzo|ct ESHARD

29 AIZ=2 2017, FO-=Y0 7|A #HY 20M0M 7ty 450| 22 2, state-of-the-art

RE=Z H3|HM 25 LAUCE O] G| EMARDN = AAG-C|RE LRE 7R JUARH, AHAHO
ot 22 AIZA OHE YHRZ B A|EA HO|HE £t AIZA-F-AIZA 2EO(UC

7|20 71y el AMEEE AIFA-F-AIZA ZHQ RNN 20| 2, 0| A|HA0] Cist 2=
=30| Lhg AIHL0) CHE O Z0f AFEE|0f0Fsts F22 Qlal AIEA WOIM M2 27t Zof
W 7els e 77| oL, E5t 22 U sigof 22l AlRE SAl AlEA ZOJof| BI[EHA S22
CHE CHRMOIAT CNN 22 RNNAE &=2p2Ql 128 7RA|R = IUA|2, 1 #20] E44 #Ee

7
3717t @A ZOo|2L B B 2E %Eiai ol AABAE FE2 + B, HEQ TVIE
t

AEA HOo|ECt 52 42 REo| 37|17
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EMARHE E2MY 212 (positional encoding)E Sl AIZA US| &M HEE AIEF2A CO[E0]
gotn, A8 OfflME Soff 2f 7kel 72lE 2Yst dHUAE 22 + ULF HSUCt 0|
Sl AIEA HO|EE HEHL=Z shgAl7|1, 22 £ U S Ol S50]| Best A
L= O|OFC} 210 2EIQI GPTRF BERT= EMALN ZDHO| AE 431t Foid g 2842
0|835t0f 22| 37| Htietets O d3stAD, 7[A HAo| Iot=|R| e 2RES #5517
olsh QIAGH-C|AL P2E |51 242 EMARD CIRCQ QIALBIS AIBSI0] RYS 755
At
Ouiput
Probabililies
Add & Norm
Fead
Forward
| Add & Norm :
~= Add & Norm ) il -Head
Feed Attention
Forward 7 g M
RnsBEL
N Add & Norm
Add & Norm NN
Multi-Head Multi-Head
Attention Attention
T S,
\irr——] v, o E——,
Positional psition:
oo 4 @ P-..J\.|.|(l;.|']:i|
Encoding Encoding
Input Qutput
Embedding Embedding
Inouts Culpuis

Ishifted right)

[O1% 6] EHAZD OfF|ElX
(£: Attention is all you need, 2017)
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SHH, 0|0jZ|2t 22 H|O[E YAI2 HIAE GO|E{et CHEO = 216t EMALMO| AH YUY 53
o=z Qs E2 0|0|2] 22 5HE EOELt o|E S0, DALL-E[Ramesh et al. 2021] 22|
8% 256x256 27|2| O|D|A|E 32x32 AfO[20)| 8192 SF2| 72 71 & U= “0|0A| EF2e=

Y= =, 0|5 02| 8192712| THO{7t Af%%' = A= 32x32=1024 Z0|9| A|FL H|O[EQl HAH
A

_ Cof =
o ZARY ds9| o4

EMALH OF7 [Ex{7} 712 Z3st A7 UE d& Y20 T2H0ld 229 37|= 1 st e

N
ﬁ’:

_|
il
el
:
0w
9
|0
L
B
=
d
2]
rir
o
o
=i
m
i
d
C >
fim}
oQh
=

1
o
o
P
K
in}
10
[
N
=

E1I0IE1 Alof| EHEH °FAAI9I7I eiMe BRE del 2Tt BEA| %'Rﬁflif
Model & Hardware Growth
10000
== Model Parameters »
_-:EJ 1000 =+ Model FLOPs 7
g -+- GPU Memory
'8 100 -a- GPU Throughput
N
=]
o]
% 10 ’
z ----""""-*-.-:‘ /
- '.f
1
2016 2017 2018 2019 2020
Year

(O 7] TH2G0|d -9l 37|t GPUL| &

(£]: On the opportunities and risks of foundation models, 2021)

CHF=2 Clold 2= CPUTE 0|88 8% FEots AltR2F 22 Z2| =i, stg2
Aol 27150 71U Wt E8 Aol 2| MstE GPU, |IM ALt 2[XstE TPU S Chefet
Ex AL SIEQ0IE Sall AUS 7HSAIZ BRIt /A2H, 0]2{% StEQIOSS SLHYSH
st s AIARIS FE3ts A0 S23ILE 0SS0, OpenAle| 9 GPT-38 SH&A1717] 2t

285,000t2] CPU2F 10,000C2] GPUE A& 1 HRFEE ZE3UCIL ottH, Ol= stite| GPU

oz UG RHS SISAZ[HAT AtdSHE0| oF 288H9| AlZt0] ZE Zo|2tn Bt
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285t7| 2loll Pytorch,

El M
S =

CetM OpRold 2"Es &5 flaiMe ol ARE o
Tensorflow S2| 2{0|E2{2|E O|&35tA =04, m2f0|E7t 49 71 O|Y0| == FR0=
¢2 Glolg Tio|&

Megatron-LM[Shoeybi et al. 2019] 2! DeepSpeed[Rasley et al. 2020]2} Z

njo

etel, ®IM Sefold EEsh 59 7|s0] ZEggE

HyperClova[Kim et al. 2021] 2% 7§20 A100 GPU 1,024CHE
2 et AtI7H UCE

megatron-LME 223510 2 58

SIASH DGX A|AHIO|A

Stg AIAFO0| HRSHRICE IUoME
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oj2Ljold 22 A I

Clojd oMo oA A7 SeS ATE N2} Sttt I20|01d 2ES &5t
Qs LTSt ZHEE 22i0| AR%|E= PR SH50| LS OHE, 72, I0|AS, O|0|32ATE
slello| So| 7| @ OpenAI Al21 Labss?| Q525 AEIEYS S22 AT e,
SHAIC| 0= MM 22 A2t HO|CE ZL{O|A & = U&E sh=0] Ao

M
(0
=2
>
J rlr
Ho

rir
ol
H
<2
ie)
gg

Prompt Engineering: GPT-3

o

2018 OpenAlojA 37H5H GPT(Generative Pre-training) 2E2 H|Z|= AHSHES Soff 2HA
AO| Ols =S SSAIZ|2 M= CHE 2o Chalf OjM| 2E0H bt =2 s 2o 2
22 #Holst| El= AY-F# 2 (task-agnostic model)Z MERACE O] 2lah GPTE 2
ode EZ U2 Folst = 012 22 o320 =2 E—E% O|=3t= AR(auto-regressive) 2
k=3 o

011} AHO| 2 (causal language model)0l2}t E2|= YWHE AIRSIRCt 0|2 AloZ HFEH

rn rir

I

2o

Ly(u) =Y log Plu; | u; s oov ;13 6)

= B 2|9 HtZ o EECZEE kEHR| AR EZ0| —7,‘—01
O|83t0] it <=0 HE E292 7t S¥E
&5ot7| Qloll EHARD C|FG AZ0HS 40t 22 2F RS *f%?ﬂSD:I, &5 HolHze

BookCorpus H[O|&{ MlE O|&3tRACt

2019 37HE GPT-2= of 159712] T2t0|EE 712 RE=2M, 7|& GPT EE*'EEf 106l OJ4

TR A UM HS G 2Y Y sHE EE5I0] 0|M 2FE W S-S g= Zeroshot

SettanE AMESHHEtE B2 AYSE v + ASS AL Zero-shot setting2 ZE9| LWF

21YgE o st= Y22, ClolEE HY
S

2 £5 24
23} S5 4 Q7| TR0 HRASS Y HYS HAER B D0 YAsHe

J
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517) 4SS BYORK 50| MY THsAT B oM 20| WRgts MEL Hefol st
Yol Jts4g HoIRC

"cola sentence: The
course is jumping well."

on the grass. sentence2: A rhino

"stsb sentencel: The rhino grazed
is grazing in a field."

“summarize: state authorities
dispatched emergency crews tuesday to
survey the damage after an onslaught

of severe weather in mississippi..”

"six people hospitalized after
a storm in attala county."

(a2 8] T59| Zg|AU¥=
(&2]: Exploring the Limits of Transfer Learning with a Unified Text-to-Text Transformer, 2019)

2019 230 S715H T5 2E2 Text-to-text Transfer Transformer2| AZI2M, 27|90 EMA
20 2EL OREIRIZ Q iE‘I |:|:|:-| TZE 7HA2 UCH T5 2EO| ZHE 7|A B, 24 2
3 ALAO] 2t 2AofM BIAE HEfZ Ao E&E A0 20
AA| HIAE YEZ SHSIER Q224 O|M 2 glo| stitel 2Ol o2 7He| 2y
ot &~ QUES PtE= Z0|QUCt 0|2 loh T5& & 750GBO| Yot 0| 24220t 0[R20
C4(Colossal Clean Crawled Corpus) CIO|& ME AtEst¥ Y, 1 & GLUE, SuperGLUE S9
HIAE HIX|0t39| o5 CO[E AlS HIZ|0FE =2 HE o stite| HIO|E M2 OlM| 23 sk&o
AFEStRACE 29O 37[= 2(cf 1109 I2t0[E{O[C,

E

S

i

™ o

20209 S71E GPT-3 2= 1,7509 74| W I2i0EE 711 2-=ZH, 2 50009 E22=2
O|F0{2l Hfist HIAE CIO|E Aoz stE&(RACt. Ol2fst Hrhst 5ol Zutz Qls OplLY
Zero-shot & few-shot setting0ilA FOit eS8 E0= 20| 7hsaHZCE of2f &2 THo{olA
=ER% 7|ZE AHstk= 2HEret 2Hol| thistod 2-2| 37|0f| e zero-shot, few-shot &=

Bo{F1 QUL 07|A few-shot2 2A|-dE A= 220| 5010 D20/ E YAG|0|EsH= Z40]
Otel, 23 CojE Qo HATH 2A|-4H 42 |-3-5PO1 ZEO0| JHS Lo|==E Fol= oAl
& 9J0|SiCt O] AEE Eoff 2O 37|17t E45 40| SEIC= AL, Zero-shot settingO|

Ct= A2 = & AUt

H|5IH one-shotO|, one-shot2Ct= few-shotOI 0 =2 488 2

ro

14



o260l 2| ofsiel of2f MY Digital Insight 2023

Zero-shot One-shot Few-shot
175B Params
i it L
Natural Language . I e o
60 Prompt et
P
\ e
_,—'-_‘i e
5 kN
E No Prompt

0’
Mumber of Examples in Context (K)

138 Params

~eme————=— ] _3B Params

(322 9] GPT-3 2& 37| 2 few-shot settingdl| h2 M& HHS}
(& Language models are few shot learners, 2020)

9 7 ojde| WF Oit0lHE
t

AILE2|A| AHCet 2ZO|C Ch2hA 2

41 A AL ZEZte| =8 L H|O|E{of &
OpenAl= GPT-37f 7

HE35p7|ofl= 22|17t ACH £,
GPT-32 APIQ| ¥E{=Z Al5E &
Mu|£9l F2 OIM =21 22

Step1
Collect demonstration data,
and train a supervised policy.

A prompt is

sampled from our Seast
prompt dataset. landing to a 6 year old
|
A
A labeler
demonstrates the @
desired output 2
behavior. Some Deéple went
1o the moon.
This data is used SFT
to fine-tune GPT-3 .,}?-9:5.
with supervised 7
learning. 2
BEE

[2& 10] InstructGPT 2 Chat GPTQ| Sk& &

L= Tet0lHE StistAl=s

e 20 2ESES L AE
I

dthst GlOJE|R ARHISHS $ 1
SRS as

A

njefole| YH0IES
Step 2

Collect comparison data,
and train a reward model.

A prompt and
several model Bkt = e
outputs are landing to a 6 year old
sampled.
0 o
S s
Lc] o
\ - S . J
v
A labeler ranks
the outputs from @
best to worst.
0:0-0-0
]
This data is used -
to train our .&?.5:\.
reward model. v
0-0-0-0

_|
OI-OI-EH ,

AfLt 7f
260l 2o
26loli 2ol

O_L—|——|—

SOl 4&8E VtsdE

Step 3
Optimize a policy against
the reward model using
reinforcement learning.

A new prompt

is sampled from w....?sm.v
the dataset. about frogs
\j
The policy -
enerates 58
: D
an output. W

The reward model
calculates a .0

LR,
reward for '\?;(.,'
the output.

Y
The reward is
used to update I
the policy
using PPO.

I:II:H

(&*{: Training language models to follow instructions with human feedback, 2022)

ol AR BEEH|0l
HEp= Hhzslo],
5% IiciYS
AIAFBHZIAL
O[S APl HEHZ ABsl=
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—o—= =2 =

ol2{st é@OﬂH ‘HAS TEOES “ﬁl% Eofl S5 10| AFRAIt Yots 20| 2| Astet
o2 GPT-39| few-shot setting0l| CH&HO]

U
OfH OlAIS AlS3HoF E?éol C 2 2HIE Ol 4~ A=AI0f tist ALY, GPT-32C #4212
2ES M2 LE ZEEES YE5t0] L2 2aE YdEscts A7 S0l UCh E8 OpenAl=
7|Z9| causal language modelO| 7t2[11 YU CtE THOf O|F YYO| O P24 AMO| O
=4, g2 Bd, Ro|0/ 23S YE5t7| 2SS AH5H, Aol 2la AHE SEe H4Ed
Clole 2 Zet s52 Sdl “Rel0lsie =380| £le” 23S 4de + U=E EHE InstructGPTS
20229 3% =222 S5, 0 7|52 HIEL= 2022F 128 ChatGPT MH|AS SIHSHUCE
T RE2 242 Yo, S50 ALEE GIO[E9] 20|17t QAT e RUCEH

L
zr Please describe the history of natural language processing.

Matural language processing (MLP) is a field of artificial intelligence (Al) that
focuses on the development of algorithms and systems that can
understand, interpret, and generate human language. NLP has a long
history dating back to the 1950s, when resesarchers first began working on
the problem of how to get computers to understand and process human

language.

In the 1960s and 1970s, researchers developed early MLP systems that were
capable of performing simple tasks such as translation and question
answering. These systems were limited in their capabilities and required

extensive human input and programming.

In the 1980s and 1390s, advances in machine learning and the
development of neural networks led to significant progress in NLP.
Researchers were able to build more sophisticated systems that were able

to understand and process human language more sffectively.

In the 2000s and 2010s, the development of large-scale language models
such as GPT {Generative Pre-training Transformer) and BERT (Bidirectional
Encoder Representations from Transformers) revolutionized the field of NLP
and led to significant advances in tasks such as language translation,
summarization, and question answering. Today, NLP is a vital component of
many Al systems and is used in a wide range of applications including

chatbots, virtual assistants, and language translation software.

[ 11] ChatGPTRte| 2HElQ| of
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B =2 233

BIZ C© %2 lO[E{et Ii‘l = 2% 3717t ORRO0]d 2HO| [ =2 22 58S EoFEHE A2
02 S+1E Sall YSU2L, el Aof L Bl 2Al= 2 2AI= 5Ot GIES0, GPT-39
E? ARdetEE 2l 1O,OOOEH9—I GPUE #8320, Lambdalabse GPT-32) —L.f%% Ed=
PT-3E o 2} St5AI717| Slol BRE AHUT22E of 4602 2, of 60 &S
HCHS). HA[0f O|F7| Aohst ol HFREO AEEI“ = a2

EAMCZE 7ttt o~ Q= =20 IEiiEHStrubell et al. 2019].
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= C
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F; 1[0
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=

QICt el 2A35} 7|81 3H Z|Al % (Knowledge dlstlllatlon) Pruning,

F2}3}H(Quantization), Sparsity S0| QUCH.

Nl

o
e
4 N
g o
oy nZ
(o]

0!

B

>
ol
Ju

Ir
o
=]

A SFE 50| &tzE Aohgt 3719| Teacher 2H2| “Z[AS Bl 22 Student 2O
SRJ5I0] Ysh= NE22, 2014 NIPSOIM HF HA=RACE 2 SFR= SIH22 Teacher

a
e
njo
=
=
rir
N
o u

20]7| f20f| HH AL (Park et al. 2019)2 H|2ISIH 7|Z Teacher 2
A g2 etel, ZHE 5iA| b 47t ULt M2ty o5 HIEREL =

OlM 28 = BiZ SAOM 2RO 37| 20|41 28 £=& SHAI7| A5t 7[”ol2 & 4

! Teacher model \I
‘ E:" iz”r — —>‘ Laver P—» Softmax (T=t) — soft labels —l
S e e e ——— -
Loss Fn

f o e = = mm = = J soft

I Student (distilled) model 3 Softmax (T=t) — predictions

Layer Layer Layer

I 1 n I

- — - - —_——— = = hard

Sl (121) " prediction
Loss Fn
hard
label y

(ground truth)

(23 12] 2N 89| g Y

= OTT:

(£3 : https//intellabs.github.io/distiller/knowledge_distillation.html)

5) https://lambdalabs.com/blog/demystifying-gpt-3
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I

|SiM= Teacher 20| d/d5H= 05210 st A=S50|M ot
© StLo| 242 7tAl= OfR! C0|E{Ql BHAH, teacher 2EI0| £35t= Of
| QF% 2f0| EICt. O|Z soft labelO|2t 5tH, student 28
oHH, SAl0f| teacher 220 0|5 SHEFEE SYotT SHSEICE AAO 22| &A 7|l
HuggingFaceOllAl= BERT 2EQ| AtHMstE 2ol 2|A SFE &350 7|2 BERTEL & 40%
A2 37|2 60% O WE 22 £=5 20|HME BERT2| 97%d =2 HTE 7A|= DistilBERTE
TEoI20, 0| 6.4Hf 21 9 4H WEHAME 96.8%2| HETE 7HA|= 2f9l[0[2] TinyBERT
9| ¢7=2 O|0fFCt.

_|0||

lolEf7}
24e 01

& HI0I8 A E st&st=
o

_||)l| Iy

N
_Fj-'_
r|5
2—\0

InJ

o
|0

1o Bt
|__|
ECt.

=
b
=
P3|
Al
I

Pruning2 AtdstgE 2 2 0|M| 24 & E':*'Oﬂﬁ =220t M2t0|E] 7}22|E 022 B=
C’“*Ofll OFQOEW g2 20|12, ££5 W22 2te= 7|¥OoIct. Of o f g &8t A2 of

20[Ct. 07[0fl= AEY ZHOM EEAo= J1F2|7t 00
2SS 1 FYHO0| 0|0f5iCh= HE 0l8dH 00| 7k 7HE2|E 20t 022 '?JE._ Magnitude
weight pruning &' [Gordon et al. 2020]0|L}, OJA| 24 IHHOM 0C28E HOZ|= T1ERE
20} 022 == Movement weight pruning[Sanh et al. 2020] S0| QUCt.

JP

oiN
Rl
N
ni

01
x0)
rob
N
— mlru
=]
d
o
_o'ﬂ
rr
u

0|21t pruningE Sali BERT 2&2| 3~40%2| 7tS2|= F&=0| S FA| b=CtALE, 5%2
7tE2| Oi2t0[E{2HS 7t D& BERT 2&9| 95%9| JETE AT 4 QUCH= AMAO| Y2qZiCt
Pruning 2+80flM 2E0| ZEst & OfL|2t TR2H|01d 2-0| 711 =2t J42|0] Clist OlsHE =
7% STt O|lES0, Sajjad et al.2] HFOIME 12742 2|0|0{E 7t2I BERT-base 2&0| 2 CtEA
Ea 20| T2t M2 CHE 21002 28 23S O S0t Ut 2= 4o, T2t tRAEE

2ol wet ek 0]42| 2f|0]0fE Otoi| AMESHA| GiTiet= 1% D|2o| Yot Hol0ho| 2l

N

HIE EAMAZN ZHO| O |HH= 2E I24|0[d 20| 23M 7ol #HEglo]

A
EMARD 2™ 2t 20[019] 37| 2|43t X VIS2| &7, AV| A=sg ZH HE S| ¢ES

ol EMARY RHO| 89S JHdsts A7/ 01022 QT

Ij|O|ASO|A HSH RoBERTa= BERT 221}t o2 FUSHLE 2k 160GB 27|29 &5 C|0|E
12 0|83t &M O Y2 CIO[EE &g & UES otL, CI0E dA2| L HiZ| Ato]2 2
o yHoto2: DE HIZ|0t30|M BERTELC 3| O Holdt S HSFUCt ALBERTO|

2 EZ9| factorized embedding & EMALH 2E LJEO| HE| 5= Of&d L feed-forward
network 7tS2|E 2E 2i[0[0{0f ZXAM SRELZM IR2t0[E{2] 5 1022 10IA 2022 17H4|
29 & QI9IT, CHA| 7|2 BERTECH O 2 D AjO|RE ZE=2 A AL sto=M GLUE
&IZ| OF2.0f| A %Oa' Oj2tole] 4 7|2 BERTECH €4 FHojdt HtE 20Ut

oﬁ oin >>
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ojojz] MA U 2=

RE B 20fe] 2 A AE T At € 2R 280 ERS Al YE 2|, o=
ZOMOfA 37 2% TES I8 00| 24 7|5, d2|1 00|13 & Jd 4d 7S HHEA2=2
o

&= & ULk 22|10 028 2AASS SHESH| UM

=
| — —
segmentation), O|0|Z| &F, 0|0[Z| & o MY 59 Y 50| LslCt.

ImageNet} 22 2fAIE 2 0|0|A| CO[E] MO| 24| TZ0|, 27| =35 titl Of2{gt
Cht2 CIOIE ME Soff stge 2¥Q| T2t0|ES 0|&3ts Yol S22 O80Tt 2Lt

AfGOf ZOt0i|Af L SHEHOIHE 27| A|&=8
Z|BA, ImageNet O|¢2| EIO|E{E Sgd + U
OR2HO0ME 2ES2 S5 A0k THE 221 Tdo| gl
FYAZIE GO ool ChEEt A=S UL

(GO S TRE0M 0| 432 A
= LT, 0[0]2] 20t
ERIATD| DHO| 25

iGPT[Chen et al. 2020]= OpenAl0ilA] ZiiEfst GPT-22| 0|0|Z| Y 2HZ4, GPT-2 2 BERTS
2% A2E U2 JHAet 00|12 4 U & Ol HEAIZI AROILt. Of HFOME O
AHOOA THOIE EZ22 AT AXH 0|02|9] S E222 H1, 0[0|R] HAZ 2fAH
AL 20| /F LIMRE 2QEZ OR7tR|Q] &AM7t A= AlEL CIOHEZ SHMSHAC
ImageNet GIO|E{2] E& 37|= 224x224x32, EHAZD DEO| 20| 7|0l Z|Lx|AH| AR
20| ZO|7t 47| W0l Aailde= Hetshe 2YS D._W TSI, 12|11 0171 LA T30

=2 LMAZ O&ste HHORE Y| = 50| £HL(ACH, 22 HACZ 00|28 H8E &+
UACE 0]0|2| 22 E oAM= OIM 2EE HR2 EH iGPT 2&0| d/gst= feature map %Ol
linear layerg Z7t5t & Z|=&t50=2 O|M| Y S o= BERTY #AIE iz x2sIRALCE

ImageNet ClIO[E{RtR 2 SH&E iGPT-L2 GPT-22t 20| & 14 7He| W& Oi2t0|EE 712 2
A, HolM +8E 20]1S0] gl HIOIEE F7t5t0] O W2 CIO|H2 StgAlZl IGPT-XL2
682A712| T20IEE 71| = ALt iGPT= 0I0|R|2] 2212 E4& A3 12iota| g 4 dst
ZHOIAS0E, 7122 0|02 Hd/2F 20| Fots dUE HE22MN A7| A|=stks HY0|
CIOIE{2| HE{Of 2E5tA| i EHAHOZ AItSSItE dE 20 FULL
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I 2 (a) Autoregressive {b) BERT 3 {a) Linear Probe
s} / Do
00000000
20 _ o co0e ~| soe G
& o9 O (b Finetune
00009 @
]

Target

[22 14] iGPTY| OF7[El3| T
(EA: Generative Pretraining from Pixels, 2020)

ViT(Vision Transformer) 22 1 =& A= - “An Image is Worth 16X16 Words: Transformers
for Image Recognition at Scale” OlM 205, O|0|RE 16x16 T2 2|2 2ot &, iGPT2

ORPIZZ 2F FE 28X Ohi7tR|] &ME 4E AlFA HO[HZ dliMsto] EHAIL QIR
20| YHsts YHES AE sr Ct 2k2] A iﬁ" AEst= EH*J 0|02 25&F AYS T+HI=F
ARdetES dAen, tidl skg HolHZ 2 dAs Sl +8E of 39 39| 0|0j2|1= 4

=
JFT-300M H[O|Ef S ARSI

-

Vision Transformer (ViT)

Transformer Encoder
* Extra learnable
[class] embedding mear PrO]eCthl'l of Flattened Patchcs

ﬁm m ——IIIH@?% Wﬁﬂ

| r?
2o -dddddddide

Embedded
Patches

(£2]: An image is worth 16X16 words: transformers for image recognition at scale, 2021)

[22l 15] Vision Transformer2| 72

ViT[Dosovitskiy et al. 2020]= 2|t 69 7He| OI2tO0|E{E 7HX|2 20, ImageNet, CIFAR-10,
CIFAR-100 & %2 0[0|Z] &F 2I0l| CHoHM state-of-the-art £+&2| &S EOFUCE. SAl0|

39 7C| O|0|2| EO[HE 712! JFT-300M LAl of MTH H=O| H|OJE] HZ 7IA|= ImageNetZte=2
SEAlZ 4% 50| sttEls 2568 20F dS Safl 0[0]A] 2ol 2 Al o B2
CIOE{ 7t BR3itts HE 20U, 2 T2|Q| 12| YEE LAY wof 00|29 22+l

|- =24 l:l
E4E Ist 3Lt SHA A2 7t E2 20| 0|7 fbe S0l ZUE EoFULL.

- O —/
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BJ oiniz-gAE E| 2 oy

DALL-E[Ramesh et al, 2021] 2€2 E3L}I0[
LMIo|Lt O|0|R| THR| CHAI discrete VAE(AVAE) 2ES AR3H0] 256x256 O|0|2|E 32x32 A7|0f|
81927H2] 22 712 + Ue EZLZ Hetets YRS SHSAIZICH VAEE QIZH-T2H R,

2Ef O|0|R|E Wdst= ZHOItt. dVAE=
DALL-EOIA MEAH| Qe E% 2M, Gumbel-softmax 7|8& ARESI0 AZREI} 44d5k= HIO[EQ|
oE(32x32 EF)E 0|4t g2 455 e Z2E0|Ct DALL-EOIM dVAEE EFLIOIMZMN ALE
T2 SH50| =25 C|20E 22 APHESHS0| AFEStA| bt O =, 2(0f 2567H9| E3c=
TAEl HIAEQL 32x32 0|0|2] E2E 1x1¥o2 LIS 1024742| 0|0|2] E2E & 1280712
EZo=Z O|F0f2 A|HA HO|E{Z Hetst = EEHAEEH Cl2H 2Eo| &5 HIOIEEW ggotrt.
O| wje| sts =He= GPT 2&u & 201 2 = OSot= 220] Fof

YYOIA 210|S E2QICt. HA 0|0|Z] 0| E

QARCIE 0[0jx EEE 2HsR C|RCe 2Ez

[

o C

-

DALL-EE= 1209 7H9| T2tO0[HE AL QU2D, oF 2 540t J§o| HIAE-0|0[Z| C|O[HE &0
AF23IQCH 50| 2AREl D0 256E20| EIAE H[O|EE Q2i5tH QU2 AAR 3T EIAE
O|=0f L}Z 0|0|1Z] EEE Wdsl, O EZS CIA| dVAE CIZHE Solf SAI7|H MEAH g

O|0| A7} 2+S0{2ICt.

TexT promMpT  a@n armchair in the shape of an avocado. . ..

&

(12! 16] DALL-ES| HIAE 7|dl O|0|R| 444 OflA|
(£ : https://openai.com/blog/dall-e)

CLIP[Radford et al. 2021] 2€2 0|0|X| E2E 2|5t II20|0|d ZEZ24 M DEIIE=E AR
CH2 W2 WAIZ ALBEITH CLP2 7|2 0l0j2 257 2YS0| 0jojAE S S22 Ao| cfs
SRHEE AT B zero-shot 23 450 HORICH: A 2|2{512iA, S2HA 20| olof

o|0|E ER0 EE3t= 7|IYS AU

CLP2 2AHOR A2 T2 & 70| Q1AL DUO| Skl TROIC, YAE QIDCRE EHATO
QITCIZ ALSBIHOD, 0012 QTCIZE Y ZR0| T2t ResNet-50 E ViTo ABEISC
ol

NZHO| (0]0JX|-EIAE) 0| QHSIYS T, Zt2to] QUTC7} 2te| HlOE{S QURL5H0] HE(=Z

=/
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HH
ret
o

2, 0|39 AR FAI=E 50 NxN =2 QHEC} 2|1 o HHO|A 2+ ol 7+
240| 2212| O|0|A|-HIAE #O| 9I2|E Jt2|7|=8 2RES SSAIZICL 27 20| +AE
Tjoil= o|ofx|2t eH 2F0M| AFSE SeHAT0| HAER Y&, 7+ 0[0|R[QF TARR!I FAEIt

£2 2PHAO| 2Z TwoR MefEct

Hir
ro

(1) Contrastive pre-training

Pepper the
aussie pup

I

(3) Use for zero-shot prediction v

1y LT (LT | Ty Ty

) | T
Image 1 Ty | Ty | 1T, I Ty | T
E—» Eia 3 (MBI BRI ] 1IN Elmg; ,_b I LTy | 1Ty | 1Ty )
1 IN I-“ TI ]N T: Lx Ts ‘[N TN .

(3 17] CuPe 2tz
(&4 Learning Transferable Visual Models From Natural Language Supervision, 2021)

Diffusion 2% 7|gte| HE|RE 2 AA| =S &2 ATt unclip[Ramesh et al. 2022] E£=
DALL-E2 2t 22l 2Y2 CLIP 221} diffusion 2 Q! GLIDELS| Ot0|C|H{E ZATtst RRZMN,
CLIPE 7[€to2 0[0jZ| AH|YS st F, AR &2 diffusion 22 7|8t| prior L& 0|E3t0
4712 &, S "HIAE CLIP HIAE YT, timestep embedding, '=0|27} 27}l CLIP O|O]Z|
YYo= 2E] LLO[27} A AHE CLP 0]0|2] YH|YS ZAOHHE=S &&5iCt 1 =, GLIDE 221t
Kot YH2 =2 decoder diffusion 2ZFES 0|8sH O[0[A] AHY L HIAEZ 0|&sH 0[0|2E
o

221511, upsamplingdto] SHAES 256x256 B2 1024x10247HA| =QICt,

CLIP objective

"a corgi

playing a
flame S
throwing _ :
trumpet” 188600 5 O S ¢
7777777777777777777777777777777777777777 L —8+-
&
prior decoder

(2 18] unCLIP 2&°| 2 unCLIPR HA CLIPYt Z2 FEiZE HIAE QTGE SHESH F(FM 2),
diffusion model &2 autoregressive model2t Z2 prior, decoder Z2Z2} 20| Ct
(X Hierarchical Text-Conditional Image Generation with CLIP Latents, 2022)
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Qe 12 OI2G|0|M 28 EH2 A2 Megatron, DeepSpeed?t 22 A|AE! Ol PyTorch,
TensorFlow?} Z2 2t0|E2{2|E 0|&51A| O|R0{ZICt. CRFMO]| =™, 0|2{gt AT E. JI01 INES=TSS
20| S DS E8HOZ SHGotY| Qo F2|E HHEA RR|SIHAM 2|2t EAIS A|§HSt

- O -

o
11}

A|AE

o2

njo| el HEst [Huang et al. 2019], 22| ALE2E S017| et e AP SE[DIO|A], AL
O E 2|AStet= JITUust-In-time) A 2{, cuDNN 2! NCCLZ} 22 2|5t 2t0|E2 2|2t
U2 Ao o|Zstct. Tk Megatron2t DeepSpeed= £ 49| H2
I£ S0 Megatron2 12 7H2| Of7HH4It Q= 2&I0IIA 2F 3000712
EQl0f2] o|22 Q1 Z[Cf 22| 2| 52%7tA| S0{d £ UR|T, ¢
T2 GPUZt = O 2 2E=2 &dst= A2 A5 ALt Ol EEet 10| ¢ U2 GPU
”\7f FOI% % &% HiA| 37|, 29 2|0|0 4=0f T2 To|Zafel HEH He|, Y MHS| GPU
23t S0ilM Aet20[2| TiZO0|Ct.

MZ2 oStEQIOE2 BREY He8 THAZ|AAIC, Y 2HO| 2|AaA Q7 A2 stES(012
SEMECH 24 B2 275t UCHBrown et al. 2020]. 22 29| Ot £Q Fg 2510
24 F29| 2EE QURstotHH T Ye|F, 2E, ATEQ) U StENE 35 HA
(co-design)ste 20| HH o 22043 A9 = Yo &

oI, fListH ds& A A7l &

HZ5| whZolct, ofE H2 U0 fp16)0M 2AS AlotH 2[4l ot=

TJI0101IA1 Ae|l¥E =0l= o =30 EE' o UAR|TH 2[Hzt FoMel o= FFES ORIt
et al.

2017]. DRRIZIR|2, 7FE3| sparsityS &H835HH 22| 00| Ot

OII
uu
nn

[Micikevicius

£ dits fElElcz=N T U 2 AZLE I SFHAZE 2+ UR|TH E =l

LRSICH 85 A (co-design)2| CH2 Oflofl= SIEYIO{0 EC E22 O 2 OjEE= 2& OfF B,
E820 ZEOO[X, M2 £33} CHO, S| HAIE SIEYO s SSHE, 2A5tE 7182| YH0lE
A|GHEIS AMESH 24t HE3t ek 50| ULt

E3El BERT 224, 15V |=d2E4FQ ITPL| HAHE =
D2AEZ 221 Z01 AABQl AES Salf JHLE UM, AE7|AL L WIS Z3IeE 23GB2]
BIAE 479 JH9| HEfAE 7|82 SF55(RUCt KorBERT= =0 22| &t HIZ|0i3 efA3
5Z(Q0|F QA V|AHI=5H, Tet £28t 28 A 28, M FAEF)0IM C=0] 2/7|T{C{ot
2 |0|E{2 &S multiingual BERT 21} Hlw IIIst 230 W3 45% =0 ST SHde
2.

6) https://aiopen.etri.re.kr/bertModel
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SHLOEMEfAT IS ElA S =Y/[EMEREIAT SE0iEN 1A =5h e A2 | | EBIZMEREAI
(0J0|B2I4 451 85.77%) (KorQUAD dev1 94.18%) (Sr2a&2(5173.73%) | (oo a5 51 as%) (KorQuAD devA190 68%) | | (CIZIAZSI5H66 3%)

stoyy & 25 =y
iy HEn gy oy

EN Lk
| [ | st |[#3 |[ods || § | | \ =
Er=| =5 xm l%gw (Mum head Self-Attention Made\) EEI MIEZPr "%E"—“ (Mum head Self-Attention Muden
=) 0i/ %w EN 7]
= [ [ H \ ] [ | ) o] | | | 2 \ = || \ \ i | \“‘“ | (=]
& = = 2 E = [az || [ e B | |
Fen iy oy ; Sy | miy  zmom o el 0 il BN |l B B
ETRIZEE] 2 7|¢ HojnE 24 &2 T29 AHM2E 2M T

0l 2: 0] o= efla2 FAECH
(ETRIZE A 7| A0o| 2 a2 Q10{ 2 B )

[22! 19] KorBERT 22!(Zt&)1} BERT(RZ)9| Hw
(&4 : https://aiopen.etri.re.kr/bertModel)

KOrBERTO| 74 2 Ealo2E 5H20{o| A4S BHAst HElARA J|uto] EALL0|A J|HoR,

7|Z BERTZ} &%t CllO|E] 7|2k BPE(Byte-Pair Encoding) dAIE ALESHA| g1, SH=0{ 202

SEfA CHRI2 EZS 22/otUCH KorBERTE die HAIO| Of2f EfATOIA OfF 7|8t 2102
2o 2% dss /e 2R

SKEI2|Z20f|M 2715t KoBERT?)= $+=20{ BERT 2&I0|Ct EJLI0|H 2= 7|2 BERT2| BPEQ} 2
SAFSH 7]'80l Sentencepiece(Kudo and Richardson, 2018)& At&3SH, st=0{ 27| G0l
5400 CHOj2 AM25HRCH KoBERTS| EZo2= DHO| HYSIE 2|a THo ALl O3 42
8,002712 24, Ol= KorBERT2| 30,349%+0{, HanBERTS| 53,800CH0{0f| H|s 23] A2
2fo|ct. O] Salf BERT 22| mzlojg &5 110MOA 92M22 ZAA|Z £ UACE

KcBERT8)= ot=0 Si= GIO|E|E 0|83l st=0f FOIHE siME 4+ UA=F F=& 2Fo|ct
KCBERT= H|O|H] FA2| Ci= H|O|EIE /IS P52 2 15GB 22| HO[EAe2

BPER} FAFSH WordPiece EALIO|AE AFESIRUCE KBERTE 782 ot=0] & EHIAE HIZ|0I3
= HojH g3t 27 2FRINSMOOIM 7t 22 J&ES5 EQFA=0, 0|F Sdf 701 & Si=

=
e Ho[EoMel §&0| atE Y - UL

7) https://github.com/SKTBrain/KoBERT
8) https://github.com/Beomi/KcBERT
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Lfo|H 9| 5t0|HEZHHHyperCLOVAY))= GPT-3(1,750% 7H)2CH 23 G AHUiSt 2,0409 712
Oi2t0|EE 7R [= EMARD T|RE 7|8 2FO|CH BIS GPT-32| &5 C0[E{0|= §H=0f H|O0[E{7t
ISIE|0] 7| St e=0{0] 2| 2t=|0{AR] S50t eh=0] oM S=H= BOZICt B SHO|HEZH[|
IS ol E et=0] H|IS0| 97%0]| ot= =00 Satel GPT A€ ZZO0|Ct St0|HZ 28}
Stgols 9 56009 719l E2E 7HAlE stg HIOIE 7t AL, siY 2RSS stgAlZ|7]
flsl 700 HEZE(PF) d59 +HAREIS =Yk, ES HIOE %2|S 2let AIZ2tS 2T,

KoGPT10& 71712 E2{|Q10M 7S GPT-32| 8t=0{ Sat B EEOIEL ol a2 #2= 712

GPT-3EC} 22 609 7{e| mZI0[E{2 O|R0{A U2l && H[O|E= 0] 4IOJE{2 2f 2,000¢
7ol EEo= 0|20{4 °'E+ E%J KoGPT= 64,512712] Of3|2 ALE érD:I, T2 A 230 siiEst=
YNAT EfATOM oLt o HOIFRACH KoGPT 22 =20 7|52 42 GPT-3 22 S0(A

£ oELrz AYEOl Slo0), 2 Tt Hof Yol AolE ZEE AOIME Haol 715

20| Solct

KETS1DE KETIOI 7Hi2iet T5 RS sizoiet 20| & SRe| HO/ES 283 Arisisst U0,
KE-TSE 52 2 @Ol 23| £33 Goje 4 U 22 201 REQ| XS GOJES T3t

72GB H29| 5t=0f H|O|E{2}t 2f 21GBZ O|R0{l RealNews H|0|& A12)3 ArEdH Shg&|ACH

EJLI0|A0fl= sentencepiece?t AFREIRUS 64,000712] O13]2 7tA|2 QIC},

Ohu

Concatenated Token Sequence

—

Dialogue Encoded
Context Independently

Ly Encpder Lyl

I (Retriever)

|- > Cknmvlcdgg [’NLL
D]]_—“j/m:emmn

Token —_— Score
Sequence Encoded Representation
Vector Vector

Encoder Decoder
(Generator) (Generator)

—> Response

Max
Value

v

Knowledge

[2Z 20] KE-T59| #£&
(2. A Model of Cross-Lingual Knowledge-Grounded Response Generation for Open-Domain Dialogue
Systems, 2021)

9) https://www.navercorp.com/promotion/pressReleasesView/30546
10) https://www.kakaocorp.com/page/detail/9600

11) https://github.com/AIRC-KETI/ke-t5

12) https://github.com/rowanz/grover/tree/master/realnews

26



o260l 2| ofsiel of2f MY Digital Insight 2023

ET5= KorBERTR} Z0| 2fet7 | EEAIER} (ITPO SAAMZER DR2AEZ 22| 20| AR

—

r

AHE £ HEEA 2D, T52] Masked language modeling2t GPT2| causal modeling AFMSHS
AlZI 40| EZO|Ct T5AIE 22 & o0 X2| efA3 5F (7| A=l

A
=
29, HE woloh el B4, 2YRAE FE)OA dgst 2, Y =2 ds= 2

' o 2

= [ZoISE] [10f44] [EEZA] [Ho1=A] [E&0I0 24]
= JIH=dH SMIY Ee ] 2l SARQUTER
Al Hub 22 e SHe: 41,465 2EY
K AD v1.0 SH5145,521 22 HIE 2SS -
GIIHI0IE A?,r\gu v (5~-abstractive) . il sha- s =2 lc, . Bk 3,181 28
721 51451 60,4062 A 2006727 ok 1,000 22 8y 135,238 23 ety
o 7} 57732 (devAt o (B2E B ETH ) 7t 4,800 2% “‘; -
8IS, (dev) 71 30,1217 (testAl) i Bt )
I Exact Match!l//F1(2 ROUGE-1/2/L13! Precision@Topl F1 Accuracy
(KETD) 2]
KE-T5.ko base 91.35/85.40 49.15/21.97/46.78 81.8 N/A 79.54
(Google)
92.86/85.14 49.39/22.03 / 46.92 81.6 93.82 7731
mi5 base
(2E2)
94.26 / 86.37 50.05 / 22.98 / 47.37 82.0 95.25 84.43
ET5 base

_ AugVAE M

k\, l E Yellow
X s .

=17 mn " — R

Visual Codebook

CODE 76 yellow CODE 98 field

Flower

CODE 34 flower Red

Yellow flowers in the open | |
field

Text Codebook

e
@LGAIEFY

[2Z 21] EXAONE Multi-modal Model
(24 : https://www.lgresearch.ai/blog/view?seq=183)

EXAONEZ LG AIZTL0IM 7t BIAE-O[D|R] HE| 2 2, L-Verse(Kim et al. 2022)E
0|2310] 7H&El 27{ch AIO|CH EXAONES 6,0002f E2 F29| Y222 221 50002t 29| 0[0Z|
-EIAE 4 C0|E{2 2|Cf 3,000 m2I0|E FR2 SHS3UCH EXAONEY| AFREl [-Verse 2EHS
DALL-EQt RAISHAl VAE HAICZ 0|0|2| & EZS}E 7, HIAE EZN} §ix EHAZD 2EO
QI5tCt O I, AugVAEZH= cross-level feature augmentationO| AFREl Hierarchical VQ-VAES

AFESI0] 0|0|Z|E ES3siH, EMAXD BDEE  BjART(Bidirectional AutoRegressive
Transformer)7t AFRE|QUCE ZHAS2 ImageNet® CHAISZ St VAE A5 H7H0|M DALL-E,
VQ-VAER}t Z2 7|& VAE ZEECE of HEot 0[0j2] Ay ds8 2YUS HEez =T

o 20

ol

HC}.

s
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20271 A7FA] NLP
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of
BERTZ &70E =, NLP 20F
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S

o

—

GlolM @elo] A}

o
L

I}
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FM generators will quickly
adapt to create new misuse
content in diverse topics and
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High-quality misuse artifacts
will be prevalentin much
largerscales.

FM detectors may be able to

identify some FM-generated content.
Manual techniques For tracking
misuse will need to adapt.
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