creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

w.ﬂ
joll
oo
ujru

okl
=

<r

oy

A Language Model of Morpheme Unit that

Ensemble Knowledge of Language and
Syntactic Information

or
jor
——

E

jor

ke

<0

JE



w.ﬁ
joll
ofo
fujru

KO

okl
=

<

5l

A Language Model of Morpheme Unit that

Ensemble Knowledge of Language and

Syntactic Information

2023E 8¢

M._
jol'

B
or

ke

<0

o] =



amp)
&

20234 8¥



ZHALS]

o

ol

A
o

M|
oF
ol

AZ17b ERAen, 2ol L&0| of

=
—

A S&st

gLtk M& XX|ofiz=1 @

Al
fin g

| At

At

4

2 SEAA FAEM o] Chs ot el

LICt dAF 2HFoIM K|

LA

13 2, 2B DaY

AL L =
weg, o

Jo!

{oH

O 2 =50 Z[ASLICH

olJ

L|Ct.

St
=1

MtebE =HIES0A HA

=
=

M2 MAZ

=
-

10| oftl &

OpX[HA StLtel o &0 OFHES

=
=

o
T

b

A 8

I

H
=

B

= e Pl

=

ISR

AbghLCt.

3

~d



2= RbH|7F K

|
2 X0l Ma| SHoM HZE|0foF St=

Of

=]
=

AR @IK[Of Ak

—

o
O

M=z Ab2| ERUACH AAHE &
0]-&3

=

i Xto] X2

(2 29

=
—
L=}
-+
[¢]

ujo
ol

o0

=

=

= =A

7] o

.
o

Ol 5

o

=

i

—

e
[

o|ojLt, &

F

o
—

cf Etoiel ofofeb Cf

ofof cH

)|

e

Efet ofoj= G
k71 o

4

160

-
ot

3

o0

Ct

114

O]7| %loi M

=
IT

o ofshzie
=3

of CH

=
=

Bt %2 HY

B

ml

10

or

ofg{et HSXIS

1

SHX| o

-
o

Jo!

o/
ol

iy

Kir

ol

ol

ol

ol

o}
L

<

100
0l
ol
o

i

Ct. UKnowBERT

b

—

e
o

A et

=

=

UKnowBERT(Ulsan Knowledge ensemble BERT)

o

—

= A&

HEAl
o=

(multi-hot representation)

<
o

<t =

=
S

wXIoH7| @5 Et

otLto| EFOoZ

=

=

Ef &

]

o

o
[s}

Of&t.

<r
170

b

"
!

0o

of Z&o| YUHH At

o<



< OrAZ &&(Masked LM)OIA HEC| =7+ 17 0|4

7C:)|

Al

<

Jod
od

t

ZO0IA A

4

Al
=

23} BeRT R EDIO| H|w

| &

0

ds& ERALE otX|Th 714 =3, 2ojg St

gt
o

2Rt

Z21E

x|
S

JoO

3

o0

= Cf

HZ3t7] 218§ UKnowBERT

=0 of

10

of Z&0| OfsH

4900

-
ot

| o|0jY2l UWordMapOllAM F&

-
[e)
T

-
St

Mt

e
(<)
AA

H AtH Bt& (pre-training)

=
M

f

Eq7

crojol i3 ey

CH
=]

SR E
10

|
—

Ct 9101 Y29 32 A7 7t

ZbE EoE| 28 E ORE

=
=

i

jo
10

4

—_

Bl
ijr
o
[
H¢

At (dictionary)Of|

ag|n

H ML
USenseVectorg &-835t0{ THO{7 7t

M
=

=2
=

i

wjr

oju

ol

YAre| YIRYEE FED

of 7]

CC it
xX=

mjn

7

mujny

T

14

1

10

I

< 0l2] s THofof chst

o1 =20 v =2

CHE

X3 Erolof

| A
— 1

o

—_

Jjod
%0
w|r

F

od

FX|

10

= LIEFHCE

.l

X0

o/
He

S0 By

=
-

Ol A Cf

ar
8o

ot

Ko

o|0| 7t

-
St

CH

o
T

od
uj

[=H]

_

o

3

MHr

o
Jlo
0
o/
K

-_-—

ar
8o

mujJ

oF
RO

jod
K

_

od

<r

ol

small 27|°| 2

b

-
()
—

dss ERLh =

o/



At

=

=

M=ol ZIE

b base 37|

—

K| O
t71

7|Z=0o| BERT EEHECL}

= 3o 210 X|40] df

)gl'é'

1

e
o
O

gr
=
Y
=

Al
30l CHHISHM §s2f oF&f0] HRALCE

PALE R2 S9H0|

-
o

1 §50| A

cl
=

2 IOl Eof

BERT &

=
—

Cf
UKnowBERTS| M&0| & YA AiCH

o
-

—

—

4

4

b

Of| A
2
BERT ZEHEHLCI 4

=

=]

=2
[S)

S o O K o ol
1 N O — o
¥ uwihw T
ok g o o F
T ol K KO afl <}
1 He i K° T E,
o U oMo Fm
{n ol 51 % m o
o X W, @0 OF
T = o oy
= T o ki s
T =.___= pl Jol
S m on X % U
o T om o _ Ao
o) 0 - B 5
o Bl o 2
ol - H o ou__w o
L W3 R 2
MW | ol
d
oo Ko o =
m < T = &l i
o= TS Ly
Jlo = NG
o [ S T
...AlO =< LLl = ._OL
“_mA o {0 _|_
(@) {0 =l H__l
— E._ 2 _H_ ]
Y K 33
o T S5 oo A
2 - A 3
ooz ol Ol g
oo ol m L <+
A
< B3 o oF au
" %0 = U I
ol ol o & o ]
2L - H1 o Jo
of o o z Ol
< ol 3% |1 ol .-
o oM H @ & A«

o, 88 SHOIL}, A ZE A

A

(o]
Atedof ojsf s "HOolM A dd REME 20 X

28 HA0| CHSHA UKnowBERTZ} At
7t Easiot.

EO|Lt Al

AL
T



At

8l
o
=

..10

13

EWARDY CIRE 7|8 HOl EE e

2.3.2

.. 16

18

gl

—

._|m._
=

.23

.24

2.4.1

26

010 o C

=
—

S AT

ol &

10

H

210

f

.28

33

!

o

164

..35

&
Jo0
il
4

Hm|_

ol
o

Bl

..35

S
JoO
ol
4

K

H

.41

ol

41

1ol

PRl

ki
ol
oF

—

jod
o
o

M_u
ol



..45

O

i
i<
o

4.2

.48

ol
i

.51

.. 54

.. 54

Toi!

54

o
o

=2
[S)

f

A

o
T

ol

511

.57

IH

Ej22| off] /XIS

x|
S

51.2

.61

.. 64

..65

... 066

67

..69

0

523

w15

70

5.3

.15

ol

b

il

H

Ruly|

UN

St
H —

olof X|4 Hwot 2

5.3.1

.76

= B

M=
oo

b UKnowBERT = & 1t9|

5.3.2

.. 81

ﬂm

o

ol

il

ol
NGB
=

b

f

oA UKnowBERT &=

o

—

she| 1A

N

533

..85

.87

)

T



o

—

b b o p
o

o

o

—

==

a8 X

11 EZ B LA 2T BFOIQl E 2 O Al coooereererrenersesnessssssessesssessesesesesssneeees 2
2] Xp0f EHOA D78 HE BEHO BT 4
3] =% MZATI O{Hld HAOl F3 Zh v, O M R 6
4] ERHAIIT SHIO| LI oo ossssssseeeeee s sssssssssesseee s 7
5] EIMOl ME FZQE HE[-HE OfHIMO TZ s 8
6] L TRt HEOf Mt WEE A ELE e 9
TIBERT TLEIO| IR L eeceeceeeeeeeeeeeesessesossssseeeeee e sssssmsssssseeeee e sssssssssseeeeeeee 10
8] GPT(Generative Pre-Training)OllAl AFESH= EEO| T2 e 13
9] ChatGPT AR Z2&("“What is ChatGPT"2HE EE 2| B e 15
10] GPT ZEZ AFES BingOI A2l BA ZIf s 15
11] BART, BERT, GPTO| St HEAIO] HITL oo eeeseesseessssessesssseeessessssnene 17
121 T5 2Ol L HIO[EQ] AT ....ooooooooeeeeeeeeeeeeeeeeeeeesesssessssssseeeeeeee s 18
13] SenseBERTE| BHE BEAL TLIR et sesesseee e 19
14] KNOWBERTO| BEE TETE oo eeseeseeesesssssee e sssmssesssssesssmssses s 20
15] LUKES| AP SEETF 2R BHE TE T sessssssesses oo 20
16] DICE-BERTE] BHE TEZE oo seeeseseee s ssmsssee e sssmssses s 21
17] COLAKES] RUBHIE BEE IR oo ee e e e ee e ee e s se e es e e eeens 22
18] WordPiece Model, Byte Pair Encoding®| Z% &AL HILl e 25
19] CharBERTS| Noisy LM BEE BEAL oo 26
20] Charformer2| GBSTE S8F subWord E T oo 27
21] HEfA EHR|o] RX|7F A0l ZEO| 7ML= BT HIW ..o 30
22] EZ MUl EX RF0| M2 ¥ EZO| M WA KO| e 31
23] HEA TRl RXIE ot OFE-3 Y3 MHE7] EADh e 32



[18 24] Ct5-3 52 Ao n7E Zo|o QIHA HHO| FHH ., 33
[12 25] Cha-3t &2 @ HAIol AX3E (ot QA B ZADL 34
[12 26] |- B CHE-3 Bl OFAZ SE0MO| KHOIF ... 35
[23 27] HHO 0 ME St FHE ZEQ B8 s 37
[O2 28] ZF TEO| A Zh AHIAE O F oo 38
[ 29] FHEO| TAT T OlAl oo seeeeeee s 39
[12] 30] UWordMapOfl Al BAE ‘RIE'Q| HSE ZHA ..o 42
[TIR] 31] ALY AR O FEE GG ...oooooeeeeeeeeeeeeeeeeeeeeessssssssssssseeeee s ssssssssssssssseeeee 44
[ 32] 2t KEHOQ] SEEO|Q] T e sssssseeeeeee e ssssssssssssseeeeeee 45
[Z1Z] 33] USenseVector THE T ThIR oo eeeeeeeeseeeseesessessssssesssessssssssssessssesssssesees 46
[O18 34] USenseVector ZEO| ‘Atd}_05'F SESHE I O A e, 47
[12 35] 013 XEO| 7|8t HEO| A0 BEE GHE M Al .o 47
[23 36] 9 '2Ct 010101°0 CHSH UWordMap2l 20 M ME e, 49
[13 37] 89| QOHATEE &8t 02 Zto| 2tA HIOIH e B e, 50
[2] 38] BAUO| BHAHE BEHE O Al oo 50
[O2 39] &2/0f =20t SLZ0| J[BHO] HIE] G O Al 52
[12 40] 89| O|M S O|8% ot&1t OtAY, T2 2% oF &9l OA......... 52
[12 41] UKnowBERTS| ZEHO|Af TFOJO| QO[] S A ....ooooorereeceesinnenseseessinnnnnnne 53
[13 42] * SHACHA/NNG'2Hs HENAO| CHBH 7|EQ| Q10 REHo| EF Z2| WAl .57
[1E 43] OF5-3 2 RHOM E2 R[] Mo e 58
[13 44] 7HAE lAlar oO|Y QlAlol MHS o AFETH RO Al e, 62
[O8 45] ZF b A ARBTE DEHO| JLI e 63
[12 46] 7|A =8 SHoNM &5 2Z0| e ZF A0 RO Mo, 83
[13 47] 2O0|F Q1AM &g 2tF0 MHE ZF A0 HEO| Ao e, 84



[O18 48] mBERT-S@F UKnowBERT-SQO| Zt AtM st& ZTIgH A0 2 KorQuAD v1.09|
B LB T oo 85

[O2 49] mBERT-BR} UKnowBERT-B2| AMM stg Rl CHAIO| HE KorQuAD v1.02| Z2
b LB T et s e 86



B X

.11

Jor

[# 1]

28

=
—

[# 2] HE20 EZ HEO|

29

43

A L2 28 A

it
[

[# 4] MO "27r0 Cisll 50|20 & &2Iof

55

[H# 5] 252 XM FAZ IR SAH ettt

.56

59

7] YEE HEao IE

H

[

60

HFA
o

KoM ArEE EE

=
S

oF
=

.61

B O[OJE{ O] Ml THEL...oooreresersssesessssssssssesnssssnne

e
[s)
—

72 ¢l

|
=]

9] 210f Z&Q]

H

[

.. 64

=9l E

(& 10] 7|

..65

... 066

.67

..68

1[0

(& 14]

69

KorQUAD v1.00Al FESl EZ2 740 [ME d5 e

=
-

+0f|

!

-
o
[ |

[# 15] &4

.70

70
3

Jjo

-

IH

K

.70

il

JEfOl 2 35 H

o
[s}
o

[E 17] 7|4 =3 oAl FE 2

A

[E 18] E

w12

H

.13

._|n_v.|_

[ 20] E2 &

74

75

| E......

ol

=

C

2

b

jod
olo

o A0 At

(& 22]

76

of X

[# 23]



77

EEI

Zt
]

of ot

of X

[E 24]

.78

ol

o

[# 25]

.79

80

.82

oA e1of X|

4

70
Jol!

wd

3

[E 28] Mot



oI Y

1.1

i

ol
~

ol

StCh AZEME AAO{0f L3l Of

—

=)

of 7t

S80| &[RACL ISX|s2

70| g

5
ta Ltop7h eIzh o] ¢el A7t 7hsdte

Aol tigh 2td2 EX|

| 2 (Deep learning) 221t SEQ0{9

-
(o]

F

H
o

2

oF Atol M| 2E

oo

Cl
=]

= ZHXA EIRLE

DAl
[EL - |

Hoz QI8 LAl

ot
=

L2 AHES AMESH

—_
[=)

Ct. O|=

2
*A

I d5& 7IA

=
—

A
(il

o SALE w3 Z|HtEL JHd

olof =2

=

se 7

o SE2= X0 XE

5]
=

a4

al
o
=0

37|

0o
| B9 A8

—

=)

| XteH0] ME[AZ A
ENTE

AL
= T

Ed

ot= ZAO|CE o|OjX|e] E% otLtel
g2 4% ClA|

4

—

e
O

EHE =

Arol M2|ofM 4B 0o Bt

|-

—

5t

Q=
o

= Ab

K

L|
o

oA A THE
2

28 A
EI:II
Bt o

o

=

rn
O

[\¢

o

SFCh gLt At
I5t7] oLt Ao

B2 2 7ts

7Hofl CHo & Al
Oof et 2foj7t Zetk|H, M=

= A9 ¥

(o]
AA

AL
T

A AREH7E ola

2l
=

o

X o
o-—

¢l

OfCf.

=
=

olsistn =

=

w7te|7] o
=

of 2k AFE7F AHE

—

Ho17 A

C
—

o
e

!

ey
o
(=]

|5}

x
(]

7t 2t

I

=
=

=

.
o

}

2

olgz xt

F

—

-

o
ot &9

tojo] M O[L} =

0]

1

C
=

SO ket

3

jod

Ofgflol= == EelZ AMEECE O

=
=

27380, ARE7t A0

Jlo



o

Xt
of el ChE B4

=
=

—_

L
So

ooz A&
HOf 7t

=

H 2% (Transformer model)[2]2] &1t O

tof7t o

—

2 &
c =
I C

o

2 Word2Vec[1]H

{

O
—

A0f 2= (Language model)O|

| Aro] =
UA = UEt.

o

8l

10 2 XtM|7h A}

Mo =

A
e

H

olct. EZ

=

=]

ol

o0

1

M_u
ol

H

+
o

o
T

M2
o=

ctelo|ct. EE9l

20t 3ALE €20 ofE L}

ol

Ol

ol
Ul

Xteiof

m
olo

Ei= Al

Mt

A

-
o
A

== 24

_
@]

0[-&3}0] Ofsf

=

=

=2

md

o10] REO| A8 E

C}
o

g2} of

O X

-

o =x [ ]
¢ FHO &

4

3

==
=

H
—

Xt
(e}

HolEo S
tLtel THof7h o2 EE22 22

Ea
=

_

517] 2of
(o]

8D
7t580] =Li.

=
=
ofof =273 A7 Ll 22l

=

¥

H
—
=
=
C
L

| 237t

ol

=

=

of &

od
Jo

siie THofof Ch

ol

2| OflAl

=
T'__

Hof 2

C
—

b

-
()
—

1ol 2

FA
al

H
o

ofjo| =22

of of
ool d72 0j=2f tiEHOolLt.

morpheme
unit

Tokenize
Original Text



<0
._|m|_
oF
i

=

[ 1]01M "o 0]22{2

=

O[L}. stg IPYOA '0f 0] 222

md

—_

jod

E

i
Ok

M_H

M7t 2d5HX| H=Et ofA

=
[

of Tt S|

Oleks oo A HE0| X2, [AF 1]

t

=

H

[ |

b ol

—

.
()

2 H7|

27t ofol=g

O| ~
—I ©

H

u]

0
(L

A
tHH, THo17F ZhE EA[eF T

2

3

Ol A 2]
S

2leb Bo{7h 7k H

=
—

o] O

ol

oM Atz

=
e

M7b -8R0 7| o

ot B2 &

ots

xS

=
—

o M7t

2

!

X
of s ¢let A 180l

o
e

8

K

oI
i

tH, CHe

Kir

ZolAet A

g

o

oLt

Moil CHoj Ao 2

opof

(= <) e}

o
o

Y]

2
=

7K

=

=

= 21t

(=13
Sl

sl

—

]

20| E

=]

=
L

ofLt,

F

e
o
o

Mxtel 4

o
e

.Ar_u
ol

0%

<

10| O|3{SIRHA], BT
UKnowBERT(Ulsan

=

C

£HO{Of
Knowledge ensemble BERT)S X|QSHC,

hot representation)

7t &2

160

o
mjn

{m

=71 $2 FEi20) Cf

o, gl

3



ootk
[ |

NLP Model
St =2 O AlO|C},

@ o 10 % © T Wl T o W mr mn__ o
F S w U S B & T O H O
8l . & 2 = 0 o3
o = T < o B up H
i o S oop B S S B owm M
T © o ow z o 0 H m W F
g0 =2UEygn g w
T N~ X ° ol ol "om o m B ook ROX
= ®§ oo g B o7 F OH H ® o
T Mo S H N g oy oy w R
T N e o & T T = 0 nE
= rd o .M — o K u u WM 3
x T oy 2 2 8 5 H R oW o O
o 3 _— . = I
dg s - xBdgFsE:
—_ ()] ™N o ~ v
KON 1 & zZ ¥ = = ot I Kl Rl
& E = 2 = mW N o
W._m I__I ._Hn.uH <C © M ol © .__.w_o w“H_ _n_u_
v v ® = E U g o RO wm T .
N go ® o =0 2 ¥ o & _ H = W o :
8. < M LR R T =
DN - ® T oo ¥ o R =
™ o Wy Ho & W oW % £ K 4K g . 3
e o7 RN . s LY w & o o2 1 > —
2l T B Fo o 5 M _ om & 5oy w3 o
il - K LH S 0 o R = T _ \p— — -
mh! = SN =R oS c N
or — i =g I T = 2 N 1 1o .9 A
~ O g dw® F<mgPicopE® g
S 3w o WMET ALY dow <2 T
oy I —_ ~. ™M = 0 — X ~
= =2 0 X M S U = TR S N BN
1] Bl x5 w S o F g agE g2 o =
T HE 38  x gy oo o 2
4 TSI~ W E oW,y e o
S ®mg<%F wg® ST - S X
S S X o0 n o=
Bl H B m © 10 @ H ol m_._ K ur__._l Wo nnv v..
>3 w R W o Hos N R VI
K = =m0 & = T Moo 8N T
[ 5 O & — K - K0 OF
g o o8 2oy o5 o N oood RO
— K of N~ T - K § RIS © o
ol o <+ or 3 z o < H oo w H m

HFAH
=]

12

3

3

-
o
=

4

o
O
—

2 B

Ny o2

|
—

Input Text: 2 CtE 20 AtdLE 2O}

| o

°

2]



THo| CHelel ngE HHE BH A2 B2 TS HHZE HEASIALL SiE THO7b Tt

T Ciget obojE HEHZ BAHSHY| foiM= Chaet o0z AM8E O|MS0[ =zl o

20234 SMO= 201730 S&H ELMo(Embeddings from Language Model)[6]S Al %
o=z H 2id ZY XH7F XA E HEASH=E LA0] CHM7F FHCEH ELMoe =2 A3
(Recurrent Neural Network)?! LSTM(Long Short-Term Memory)[7]2 YUEFOZ ALE s

ol
=]

1E

o 20 met XHoE H#EH=Z #osts ZEOIL) O

_<'3_
(transformer model)[2]2] S&2Z OfHlM(attention)= AP A0 = ZH(Language

Model)2 CHEXNQI AtGOf ol HRYO[ MLl HENCZ EMAZDN ZAS ARESH o

gl

O] Z&0f= BERT[8]2t GPT[9]7t ULt O|F CiAst AFLEZ S HLH A0 ZE(Large

Language Model)0f| CHSt 20| O|FO{ &L

22 Edlazn nd

EdiAzn REPRIO SE2 0 ZEH Z BSIE JtNIACH EWMAZN REE Ol
(encoder-decoder) HEHS| ZE = OfH M(self-attention)= AtEst ZHO|LCE
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Qutput
Probabilities

4 N\
Add & Norm
Feed
Forward
e ™\ Add & Norm Je=~
_ :
Add & Norm Multi-Head
Feed Attention
Forward I Nx
Nx Add & Norm
f—>| Add & Norm | Masked
Multi-Head Multi-Head
Attention Attention
At L
k_ J \ _JJ
Positional D @ Positional
Encoding Encoding
Input Qutput
Embedding Embedding
Inputs Outputs

(shifted right)

(12 4] EHAZD DHO| 71X

(ZX: Attention Is All You Need. Advances, Vaswani, A., et al[2])

[18 4= EHAZH ZHO| JAXE HOJEL}E 7|Z9| Sequence to Sequence 2 H X

|0

2 950 Uk EMATH
HEZ OHM0ElE YHE A
o YH Ads df&st7| 2o O
Of il (multi-head attention)S AF8dl 02f RE0| =5 O[FEF FAMULL HS2

EmfAzi ZEO[ ZE|-SE OfHM} ORIl MF F=F moieh O8OOI



Scaled Dot-Product Attention Multi-Head Attention

Linear
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Scaled Dot-Product JA h
Attention -

[l H |

[!I_inear ]_] [T_inear]J [rl_inear]J
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[ 5] ORIl MF FxoF ZE|-E OffHlde #=

(EX: Attention Is All You Need. Advances, Vaswani, A., et al[2])
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sCf EAZMO| QIAET AMESHAL, CI2EHTE ALES 2E, DX = EZHARH

I BE2 TEY 4 QIth RYol TXO met TEE oo BSLS 4kt

— —
of B FXOM & oS {sh Cryet AF7F FAE[QUACt ofefel O22 HEHE
LHE ALEE REo| x| ZF0 MIE A0 REES HOFCE
Transformer
Model
RoBERTa
| ALBERT
Encoder BERT |
base | KnowBERT
1 SenseBERT
Nt ELECTRA
debcoder GPT . GPT-2 GPT-3 E GPT-3.5
ase
Encoder-
decoder BART 7>
2018 § 2019 2020 § 2021~

(18 6] 22 F2ur HA=0f m2) faE 20 23

20180 EMAZM LDEOl QAL HES AL3I BERT(Bidirectional Encoder
Representations from Transformers)[8]2t C|ZLEH 2&ES AFESH GPT(Generative Pre-

Training)[91& AIZLZE Chst o10] EEO| SEIUCE BERTH GPTE Qld X0 X2
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Output
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Input Embedding

[13 7] BERT 20| 7=

(£X: Bert: Pre-training of deep bidirectional transformers for language

understanding.[8])
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o CHet RH| S (token embedding) ZtO|M, S,
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HtZ FOf AMESH B8RS EEStE o50ICh BERTE 252l 50%= #o 28t ¢
S 2HE MEILH, LIHA| 50%= ¥2le 2¥& ARSI

BERTE & 7HR| 3152 ALBSHOl AT St&(pre-training)S MAIZCE S&E RS
2 Qo 25 S(fine-tuming)2 S0 2Wo| 452 ASUCL BERTE 4740 25

= OF(sentence pair classification task, single sentence classification task, question answering

oot

task, single sentence tagging task)0|A{2| S &3l 7[EQ| EHEL} =2 52 ER
Ct.

EAxl QI3AH J[Hto] BERT ZEO| 2= Qo) XtAH0] ME|ol 452 ks
ZPM L SER|EH ARE stg aPE0M X|EHL
L, ChtE =32l o|=0] 210 ZHOl O[5
MZEHO| ZA[RUCE Ol2{st BERTZL 74X EXMTEES 225t {6 Crdgt @49l REHO|
M| O = AT,

RoBERTa(a Robustly optimized BERT pretraining Approach)[12]= BERTEL} & &t& [
O|HE AtE83tH, & OFAZ(dynamic masking)= AtE3t0 &t5 CIO|HE M- dstict 7|
Z9| BERTS| &% ot& OIO|HE vt=dt= &% Otad & X7t BoHX| g=Ct. SHX]|
Of S8 O HAZ ot S0 0[O s 10Hi2 =XSHY StLte| &30 Chal
Creroh IX[7 OtAZE stE OIo|EHE 4dstd stEULh. 2|10 BERTOIA AESh Lt
2 =8 0F(next sentence LM)Q| H=H0| CHsH AF7F TIHE|IFA2D[10, 13, 14],
RoBERTa2| 8% &= &4l Chg 28 O
H ULk

ALBERT(A lite BERT)[15]= 210{ &S| 7|7t Y AHZ2Z2 QdhHA T dSt= StES
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BERTZt ArE¢t 8 @H|E2 7|8 =SO0|HA, EMAZDN ZHO| M2f0|H & (cross-

layer parameter sharing)& St0l= d50| HotX| = Ha ZEO Mo 20 ZH3S
MLt 16, 171 22|32 7|&E9| CtE 2% 0= (next sentence LM) CHAI0| SOP(Sentence
Order Prediction)E At&dH AN &t&52 ZTIMRUCE SOP= ALKE F EFO| S50 O
2 A8t 422t =ME HHE ERE ot&5dts YA



ELECTRA[18]= Md = (generator)at £

%
H
i

(discriminator)2 7AEl 9o =2
Ct ELECTRAE TA OrAZ XN2|E 2HZ 44 ZEo| SopAI7ICH MY 22 Skt
ZAUE WE DEo| YHoE AMBSIH, 2(FT S8I= AUt JFEN YA R E o5
20
= —

o ZHO|CE ELECTRAL| otE A2 2IEX|S0| ditel ZutEs E7ho ot

AfotH HZx= EEHSHO] M2[5hA| 2 ELECTRAOIME ddE &

Mr do
|0
HU
N
sk
Ot
e
1o
o>
ok

bCt.

EdAxl C|ZE 7|gke] Q0 ZE2 Q3H 7|gro| HEI; Ea| XA d4d0fA
WO| ALETICE A0l e ZE2 0] ZEO0| £ 0L FEO| s X0z
ESt= ZEO|Ct GPT(Generative Pre-Training)[9]&= CHEXNQI EAIZM C|ZAL 7|Hto

Arof 48 ZEO|CE GPTE= BERTRM 22 Q1R A€ol 2E H2| YoM MEE E

Transformer
Decoder layers

Input Embedding E; E, E E,

[l 8] GPT(Generative Pre-Training)Ol A A23l= EEO| X
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= 7ol 8% E= ol ddE Y2/ ZeE[X et A2 1,0 ddE EE
2 E;5 Floll Ar8Lls EA0[LY.

GPTE XA e E25S HE2R O30 4928 E2s 0S5t A s

= MEJLL oE 50 "Ltz 2="0l2k= YH0 ol '2s'2| 7o S8 = A= E
Q

0, 47kX] SHRASEO Olol, Z2SHE, E8 #AtE, 27 M) E7tel tidez M3
UL BERTR OHMZIX|Z 7|EQ| ELMo 7|8Fe| ZutECH =2 ZuE EIUCh

GPT-2[20]= Ctet 210 M2[E flof 7|1E2Q MM st OIM Z=F(fine-turning) +
THAZ O|RO0|T Z2NAE ofLtZ dxct REAOICE & BHAZ 22l oo ZEol F
7 Ciget SHOIM Mgt flaid 2t ottt oM =85 oo et AFE <
Cl

A 28 otg0| LT 2E2 O =¥l tiyol &= SHT MR + A= =X

Z2i7t SHO| £ =F ot5 HoHE FdUCt

GPT-3[21]= GPT-22t =

ne

ot Axo| BHES AMERLCE GPT-3= GPT-29| SHARES =

=5t7| fIsh ROl 7|t && Olo[Ho| &2 =T ZEOICE GPT-22| 4% 1509 i
o mElO|H2 FHE RHO|H, GPT-3& 17509 7io| Li2t0IHE ARS8 X0 A4
S EOIC} GPT-3= 7[EQ| GPT-20i H[sH X Foi| Chsl 2 27 St&S TASHK
AHEtE LEO| OfAl(few-shot)Lt SILEC| O] A|(one-shot)E T LTt HWEfO| HO|
ot &2 St G90ME E2 452 EQLL

GPT-3.5& GPT-30] 74Xl CHEE JiMst REO|CH GPT-30ME YM0| =2 EHE
MASIALE, [ASHR] b2 HHE ddste 47t 2dy = ot ol Bedl stE o
O|HOIM ALEE FEDICZ ShEM7| =0Tt SHX|ZF, GPT-3.5&= InstructGPT[22]0f A

X2tk RLHF(Reinforcement Learning from Human Feedback)2 AtE3SH0], ALRIAME B



|_ o - =

Of 7SotEE X0 E g5t ZRHOICE RIHFE AMHE22 Hdot SEO| CHsll ALE

O B7IE Ui2|H, "7t ZutE AE8d 4= =h&(Reinforcement Learning)[23]12 £

Ct. GPT-3.58 7|t 2 FME(Chatbot) HENS| AH|AQI ChatGPTE S7HRUCt CtSel O
22 AH MH|AZ|D Qe ChatGPTR 258 EO &=L}

What is ChatGPT

ChatGPT is a conversational Al model developed by OpenAl. It uses the latest
advancements in natural language processing (NLP) to generate human-like responses to
user inputs. ChatGPT is based on the GPT (Generative Pretrained Transformer)

architecture, which is a transformer-based neural network designed for NLP tasks. It has

been trained on a large dataset of text from the internet and is capable of answering

questions, carrying out conversations, and generating text on a wide range of topics
with high accuracy.

[2! 9] ChatGPT A2 E&("What is ChatGPT 2= 29|

0
=T —

L

[12] 912 AH MHA ZQ ChatGPTO “What is ChatGPT"2t1

e 2
ChatGPTO| SEE HOIECL MR ALBAPH MAHE ZMo| Cfof WIS MY + o
o, HYE HmE DUg JjMHSE AZECH O2fg X0l M4 Jlwg HiEoR

- =2= =

MicrosoftOf| A= BingOi| EA{ot A4 ZEZS MEJICE

what is better about an aircraft carrier than an ageis ship?

.~ Searching for: aircraft carrier vs aegis ship
~/ Searching for: aircraft carrier advantages

~/ Generating answers for you...

An aircraft carrier is a warship that can launch and land combat aircraft. An Aeqgis ship is a warship that
has an advanced command and control system that can track and guide weapons to destroy enemy
targets ' . They have different roles and capabilities in naval warfare. One possible advantage of an
aircraft carrier over an Aegis ship is that it can project tactical air power over long distances ? and fly
over land where waterborne ships cannot * . What are you interested in comparing between them?

Learn more: 1.en.wikipedia.org 2 japcc.org 3. scifi.stackexchange.com 4. navy.mil +5 more

[12] 10] GPT ZHE A3} BingOlA 2| 2444 Zxt

("What is better about an aircraft carrier than an aegis ship?”)

[A& 10]2 MHE[AED Q= GPT 7|8 Bing A AMH[A00 58 220 Cigh A4 Z

ME HOECH ChatGPTRF E2| HY Ao

25 gajolo] HMolo| et MM
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MH5Ho] ALEXIO| A ™ E O

Ol2fgh X0 e Z=-2 OpenAldA 7HEet GPT A€ O[eo: B2 7|¥S0| At
A0l MY REES o CHFOl REE S5t Aen, W2 AFIF Tl QUCt OE
(Meta)O| A& Xt10f MM 2EOI |LaMA(Large Language Model Meta Al)[24]5 QE A A

2 3L LlaMAE GPT A 21t 5ot o5

0%
rE
mjo

-

&2, o5 Ho[Hel +4

1

O[L} ®od A0 Xto|7t RUEE. AFHZEEOA]

HJE

HDE Alpaca(An Instruction-following
LLaMA Model)' = AN St&El LLaMAE ARSI CHztd HO|HE €8 2&5HH

ChatGPT2t Z2 CHsty dd ZENFH

oo

O JhsBICtD wES BUOICL E3 T2

-

M= CHatd MM ZEQl LaMDA(Language Models for Dialog Applications)[25] 7H'Z
2, LaMDAE 7[HIC 2 St= XA dd RHQ Bard*’E 37K MHAE MHSdt

AL,

2.3.3 EdiAamn 7|8 0] 2H

EHAIZN 7(4to] A0 EEHE2 2311t 232K EWMAZDN ZDEHOl UEE ALED
DEO| ot EAZMO| QIRM-C|IRALE TEE AFESH 210 ZEO|CE Xl
Z BART[26]2} T5(Text-to-Text Transfer Transformer)[27]7} QUCt &= 2@ RE EMAIH
DEO| QIAEQL CIREHE AMBSHX|RH CHE HWE{Q| st& HIO|HE ALE%tC)

HMX BART RE 2 7|EQ| BERTS| OfAZ H|Y gAML GPTO| Stg HAZ & At

S3Ct Of2fo] 12e BARTS| St WALTL BERT, GPTO| &g Hlmet 12o|ct

' https://crfm.stanford.edu/2023/03/13/alpaca.html
2 https://bard.google.com/
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SenseBERT[28]& YOI E 7|82 FHE U2l WordNet[29]2 AtE2H ZEO|LCE

WordNetOf| 752 THojo] 28 HE(supersense)S A2 $HCE SenseBERTE O30 U

= cHojo] BF HEE olof BUO| Yol FIjstD, ST THof7t R 2F MEet ot
A% M2 E22 90f BUO| RFGEE BET DYOICL O1F S0 WordNetols

ntol o|ojE Xl ‘apple’d| CH3H ‘<nounfood>'Z 3 MEI} SEL| JoH, ‘oY

SICHO| o|0|& 7HX|= ‘travel'= '<verb.motion>'Z2 &&F HEI} L=E|0f ULt
) Wzt Mz  p
L -‘ Transformer | . Wi— yw“”h
SenseBERT IMASK] Wz +SMa®|+ pV — encoder S
B Sy
™ Wi Mg p

[2! 13] SenseBERTS| &t 24l =X

(EX: SenseBERT: Driving Some Sense into BERT[28])

[12] 13]2 SenseBERTS| &t ZE EOFELL & £0f ‘apple’Ol2tE EHO{7F O

m o
ru _L|

Z MeEl7t &|of fled, dig XIel =3 20| ‘apple’Ol2ts EES FFOIEA

it EZ0| £33t 27 HEQ ‘<nounfood>'= HFEE DEZ SHSIUCL SenseBERT=

2
o10f X|ADp F7HHQ ZE fxZ ARES Q0] REZE KnowBERT[30]7F RULH.
Y

X-‘-

KnowBERT= ¢|7|I|C|Ok(Wikipedia)*Q] &A1 MSFO|AM ==t FE2l WordNetO| 2Rt
A2/0] YEE KAR(The Knowledge Attention and Recontextualization)O|2t= FZXE AtE

SHC}

AN

3 https://www.wikipedia.org/
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Prince_(musician)
Prince_Motor_Company
Prince,_West_Virginia
Purple_Rain_(album)
Purple_Rain_(film)
Purple_Rain_(song)

Rain_(entertainer)
Rain_(Beatles_song)
Rain_(1932_film)

Prince sang Purple Rain

P

[12! 14] KnowBERTS| && +

(EX: Knowledge enhanced contextual word representations.[30])

[18 14]= KnowBERTZb AFE%H KARS| #Z2f HA st52| OAE 2O EL) A0

-|IZI

M Purple rain's 97| CIOtOA ‘album’, ‘film’, ‘song’'@ 2 EA| M-S0 E7|Z|0f ULt
olgfet YEE KAR 7Z2E & &2 ot FHEet Zeldte #2E 71MCH, HF
FEE A0 ZHEO| olgigez siE EZ0 FI/tEel 7L FYUEH

A=F A= ACE

I]|O

ojshet ==

Ct2 2 2= KnowBERTRE |AMSHAl @{7|H|Clotof] =& HEE ALESHX| T 210 2
of FZXE HZASHAHL FIUISHK| ko o FIS5H0  &&%  LUKE(Language
Understanding with Knowledge-based Embedding)[31]7F AL} LUKEE $I7|T|ClOt0) S
E JhHl(entity) HEE AMESHY, i JHA[Of CHEE F7HEQl HEE A0l Z=O| ojshg

= AT A E[RAL.

("Question Answering \

(Named Entity Recognition \

(Prﬁrai“i"g Predict lives Predict Angeles Predict Loszngelss\ Relation Classification \
f A A 1| 7 Enti i D)

Em— ' Entity Typin
IE' Ps Py | o] [ Pias o H P ‘ | he, H hes i y Iyping Predict LOCATION
L B Ry ai——
q ——— I N s ] i
Token Emb.; A[CLS[ ABeyoncé A! JASK] A[MAS q A[SEP[ BUpg,, -|[BU MASK]|! | Transformer with Entity-aware Self-attention |E
) + * + + * * * ] o
Postion Emb. i €7 |62 || 3 _|[€a][ s ][ %6 ][ C7 D, |[-DePe | (Aot [Ageyonce] . [Arser] [PUmmsial:
: = A s - :
' ] HHE D5+D5 |
Entity Type Emb. | Lo 0 e | ([[fi-er]l €2 I-L€7 | [ =22k
[CLS] Beyoncé [MASK] in Los [MASK] [SEP]  Beyoncé  [MASK] 1 :
Words Entities J

[12] 15] LUKEQ| AtM &t&at 22 3

ok
rf>

Px

(EX: LUKE: Deep contextualized entity representations with entity-aware self-
attention.[31])
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=

o
>
oo
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a

St= EEO|CL LUKEE 2F/F <&(fine-Tuning) 2PE0IM = 74X &
HZ Tt entity-aware self-attention® EMAZD QAL 0| X8 ZEO|CE entity-
aware self-attention= AL&9 EZQ| | (YUt T, JHA)O| mh2f OJHIMO| ALESH=
Query HIE{E H2[510] A 4tSt= 2AIO[CE O|F &df ¥ &2 EZ2 /Y =0

2t (EHd BE AE3fettt

Dict-BERT= BERT2| &5 IPIO|A Mgt = Q= 3|4 HO 50| CHet 2XE o2
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Task 1: masked language model ~ Task 2: mutual information maximization Task 3: definition discrimination
S g e saRs ||
' ! ! [MASK] : !
! Covid-19 g[obal viral ) ——>®® | @/X ‘//®
Pre-training ; : | N max( %) i i i
tasks i i : |
%----smm . © ©
“ ! Covid-19 ; 1 [SEP] for Covid-19 [SEP] for SARS
""""""""" ><’/’/"
I’ﬁ
mgum_-ﬂm"um.'m-
BERT
T Transformer Encoder
Token Emb [CLS] [MASK] has become a [MASK] epidemic || [SEP] Covid-19 is disease [MASK] .. [SEP] SARS s
Pos. Emb 0 1 2 3 4 5 6 7 8 9 10 11 21 22 23
Type Emb 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
=q =p =q == =g
input text (with masked tokens) definition of Covid-19 definition of SARS
Input text [CLS] Covid-19 has become a global epidemic [SEP] Covid-19 is the disease caused by severe acute respiratory [SEP] SARS ... [SEP]

[12 16] Dict-BERTS| 3t& 1=

(ZA: Dict-BERT: Enhancing language model pre-training with dictionary.[32])

[A8 16]& Dict-BERTS| &5 F+ZXE EOELCE X< €8 E&?Ql “Covid-19 has

become a global epidemic"Of CHSH ‘Covid-19'2| S£E0|2} 'SARS'S| SLEO|E F7HMLE,
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&£ CHojel XEO|E W=t EE0 EXFO0IAM OrAZ M| &l 'Covid-19'2te] #AEZ <
&(mutual information maximization)otH, Zt S==20| CHO{=0| O oo ™MOlQIX| &

o= st (definition discrimination)Sh= HAl2 AF23MLCE 0|23t atE WAZ Soff &

= AFERUCt DictBERTE ZEZ|X| AN (Cambridge dictionary)s AHESI0], THO{Zt JHE
SEO0IQF R9l0f, Hojof HEE ZEIMLE AN Sh&(pre-training)0| 2tZEl BERT-large

£ EHE2= AR8oiDf, MTHO| SAHE THoj7) 7HE ®olof, Bte|o] Aot THojzh T

A (Dictionary)dl #+== 0] XA MEE FIIE 55t A0 2 0|0 Tt

wand Lily Potter enemy of
MLP MLP MLP
Qutput | [cLs] ‘Irﬁ:‘;ﬂ“ﬁmms " his ”[msx]l[ at ||,‘j&;‘fm|| [SEP] || mother ||[ms1c]|| spouse ||[r-u;sx]
: ‘H’,'!":'-':.’.{-'.-.-_-._ _— T'k\ 4"__ ' _.---_.""_77.7-7':;55' E
Transformer : Masked Multi-Head Self-Attention & FFN (x N)
Encoder
Input | [cLs] I E:;:‘ |I paints | Il MASK] | |m| [sEP] Il mother " MASK ] ” spouse |m| MASK]
Token : Harry _ Lord : Gy '
Embeddingsi [CLs] IR | Points his [MASK] at sl [SEP] . mother  [MASK] = spouse Weasiy [MASK] ,
I + + + + + + + .+ + + + +
Type i wo |[ent |[wo |[ wo |[ wo |[ wo |[ ent |[ wo ! mec |[ ent |[ rer |[ ent |[ Rew
Embeddings i
3 + + + + + + + 1+ + + + +
Position :
Embeddings! © L 2 |2 [ 3 [l a [ 5 le [ 7 i 2] 3 2 [3]2
' Word Graph (with mention words replaced) Knowledge Graph

[A& 17] CoLAKES| Y=t st& #X=

(&K : CoLAKE: Contextualized language and knowledge embedding.[34])
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A3 CH2 210 ZEO0|&= JAKET(Joint pre-training framework for

Knowledge graph and Text)[35]7F RACt. JAKET2 ColLAKER CrEH =0 X[A] dzfz o]

YHE SUT DU ABSIO AN BHS MK %1 XY IHZE sty 9
¢ 2Ug Pmoto] J|Z0| Qo) UM ABSHe YAS ASHUCL SUE BYS A

St7| Z0| ColLAKERM E2| X[4 =0 MZ2 LHE0| F7tof= TH Z=-OAM £
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o7t ¢t 7if oj¢el B2t ot Hojel BAE FEot= Y40 SR5ICt
EdtAzm QAFE 7[Ho] ot=0f Q0] RH=Z ST ASHUATRETR)OA 2019
K

of S7h%t
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orBERT*7} QUCL KorBERTE 421t Z2 20| 7|Ht9| H|O|E{ 2t BERTE At
sk53t DHO|CH KorBERT= YO 7|HEO| BERT A2 ACHZ A3 DE b $HE0]

ol S42 13| Yok WElA £MS JlEoE B DS FAYMCL 12D SKTBrain

HZ 223%t 0] ZHO0|M, KoELECTRAE= ELECTRAS 7|Hto 2 3H=20] HO|HE 2|

st&3t mEolct. eh=of HlolEet 7| 2Y

njo

fo
o
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o
i}
Of
e
2

2 ooz

= 0{o] EYO| StF 7|EQ| HhAlnp XtA CHR|O] XA HMZ ATt KR-BERT[36]7t

4 https://aiopen.etri.re.kr/bertModel
> https://github.com/SKTBrain/KoBERT
® https://github.com/monologg/KoELECTRA
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RIC T3 3BOIL, S8, WEOl S 0| olo) 2| Cfgr AT} 9UCk[37-39)

$0| J|to] EMATD CITCSL EMATD RY MAE A o0 RYUE B
ATIL QUYCL EMel EMAZG CRGE Jlpel RURE HolHold S
20 oz o

O[HE AMSRLE Hlxgt 49 REA2E 7712 2 ANM SI4S KoGPT? 7t ULt
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HyperCLOVA[40]7t RACt. HyperCLOVAE GPT-39| 2@ JXE AE5IH

KoGPTZ HyperCLOVAR} St #+XE ALEIUX|TH ALESH O|O|EHCe| &ut FZFO| XtO]
S 7I7ICt OIX|Sfe 2 EfHAIZM QIAGM-C|ZAL 7|80 oht=0f A0 REE EX| s
Ct. SKT-AIOA] S71et BART 7|8to| ot=0 A0 2R QI KoBARTERI St ™HALS A A&

oM S7liet T5& ~|gtez stget ET5%7 UL

Lt, DR 8A S22 23 Oj=7t S0{Lt U2, EXdte ZE HOE #SH| 2/
Me B2 NS ZRE2 oty fE 0 EEI0{AMT S ®EHO Hool #&
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0, Ol sflaxst?| fsiM= oo &t st& HIOIH o0 ol TR HEO0| S
7tot= BFES ZHTICH 71EQ| Hof EelLt 52 Eelol B 4o HESS 35917

" https://github.com/kakaobrain/kogpt

8 https://github.com/SKT-Al/KoBART

9 https://aiopen.etri.re.kr/et5Model

10 https://stdict.korean.go kr/statistic/dicStat.do
" https://opendict.korean.go.kr/service/dicStat
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Qs EZ0|2te TRt SEAMCH, EE MdS AT ChYst BHHO0| M Qe ULt
AAOE EZ22=z mUHSI= faHQ wWHYo=z= WPM(WordPiece Model)[41]2f
BPE(Byte Pair Encoding)[42, 43]7F RUCH BPE[42]2 EHIAE AZHS 2ol MOtEl AO|X| Tt
A0 RHOMEe EZ9| +ES s AFSRCE WPM, BPE 25 M0 SE3TH X0
HIEE ALESI0] EE2S F4d5ts YWAOICE BHAN EAM0M SETH ZE THojof CHgH H

=& At ol HOE SFE HelZ 22510 S R0 o5 Ay tides o

vocab frequency vocab frequency
L o w =/w= 5 L o w =/w= 5
L o w e r </w= 2 T2 F(;:qe”)ency L o we roo</we 2
n e w e s t </we 6 n e we s t </w= 6

Byte Pair Encoding

vocab frequency vocab frequency

L o w =/w= 5 Lo w </w= 5
Merge

L o w e roo</w= 2 L o) Lo w e r </w> 2

n e w e s t </we 6 n e w e s |t =</w= 6

L r Character Frequency

vocabulary
WordPiece Model

[& 18] WordPiece Model, Byte Pair Encoding?| Zgt &4l H[Il
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‘ [SEP]
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(&X: CharBERT: Character-aware Pre-trained Language Model[45])
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Charformer[46]= EZ2 YA0| Ot A5 2te| =g, f|X[E 0|8%t A0 #H &
B AL Charformers THOIE AIEE 37|S2 E2ot0 2 ZAotCh

2
HE3Sl= GBST(Gradient-Based Subword Tokenization)2 A3t 910

of siE HOiE
=]} Ol |:|.
c h a . f ° " m e r c h a r f ] r m e r
e DEEDEDEDEREEE ()5 b6 6 [0 b)) 6 b
2Blocks [ % | [ ) [ [T ) (% T ) [ 1T ) [ T ) (% ][ Pig Ps Pet Prs Pso Piirz
3-Blocks [)¢|”}-(2 [xﬂl[x‘Hxs}_xﬁ][x;‘:xﬂ [xa][xHxllx] Pia Pas Pz Piarz
aBlocks [ x| [x ][ x J[x]) x| [x | [x ] [x ][ T2 T ][] P, Pl
(a) Formation of subword blocks to be scored by Fr. (b) Block scores that have been expanded
Offsets and/or pre-GBST convolutions not shown. back to length L. Softmax is taken over block

scores at each position i to form block weights for
constructing latent subword representations.

[2& 20] Charformer2| GBSTE €%t subword H ¥

(&K : Charformer: Fast character transformers via gradient-based subword
tokenization.[46])

FCh ‘Charformer'2t= EHOIE 471X A7|2 Z2|3t0], 2 SZ0| Cfsi HHE Foict.
Jda|m ZH 37|10 CHel S| K|S BRI AZEMA Ztnh I UPES O

1
S HYdols MEEZ g0, 0|5 A0 2= ARERCt. Charformer?t THO{E &S

i

HFA

Ste g4

rlo

=00 Cist MSHS A0 RO 7tE = s LHOIL,

rr

27



wm_mﬂ%ﬁoﬂﬂg_i 5 o
&4 K N ©© — — I I oF KO - 50
- ol ROl W | E S o
Mm._ L_._ 7 10 A._ _._._._ _._._._ _”__L Tl e T _
Wl o2 o 5% ® T ol o 4 T | |y o BT
ol 0l Ho® momF AU o A=
11 H = 3 H W P T l W of oo x oF
=0 = 5 M ol - Kol x| = MR
1 H X © g O # o T o & o | o A ol
= Posow ok B 08§ R =X B T oy om &
10 = - o ™ o —=— == od | Kl = ~ = Iy rl
oK o g W N — OFl S || 2 IH
== ok = O oF T ouw < KR W ol |oF| <X o7 __
_ U T O— IH | <0 T = O
54 of g m o X oy o3 o & _ o= N 2
10 K S Z 10 70 olo = or N-
I AL B T U A xr ok 2 ok od
K N R T g _ow Foor R
=] © g OoH B T N F i oF oh RO ofn
—t Hoo1 2 0 = jrell vl s
ol = b W . x O ¥ S gl || ® gl BB S
10- T F T o T L ost L. I o e e R R
ok 5 op B Bl BN 4 = % - . T TR
3u K © do u <+ o> m| YT = o o
. R S L S R - mJ | o ol X[ W g
O__._._ A °© :__._._ < H = _._._._ _._._._ H__ — | 10 pu} T 53
T X om W2 T oz 5 o 0
K{J oz % 4 > mos E Ko - = |22 _ @
S zr X< ¥ o oF K ol - = o <k
H s = L, oot o g W < s Ly
_ @ Wz o of of M = Bl or W
= Koo Lo e <y w y Yoo
8 = oI KO U — - — [T
ol Bl Mo w5z W N ol I U
ol ) N 1 ol m = &3
K < ol Hd pyr fo IH = =2
ol oo O RO om0 H Ik = ok W = o
— = <r ull e - K o) o —r mju FoX
<1 S ° g o o Woo o oMo | T o
== o TE & W o .- _ I SN = T d 5 =
.__._4._o ol 8 @ 5] % o m Mu M >3 | :.__ TES =y El
-, & I r K =1 Jjo| © ol
10 o B T o 5 W5 = & =3 X LI
o T % O _M_u ol Bl & o md ui _.ﬁ.ﬂ ol
— T = T 0 K N S
« I R N R B oo,
H T F K - S W = H ol
M & - o T o W mw - K X &

THO{O|Ct "M =1f

—

—

| —
T

—

of ket 2|oj7h =etk|

HEAl
[ |

bt et et
28

FA
!

e =29/ 27

4

8

’Ql

|

=

o

OfME 'MEU=E



[# 3] 24 8 HEx 22|9f HE

ook 20| LEA 7O TS x|xx 9|7 |m| C|Op++
S
= S H|8 S H|8 S Hl8
A JENA | 2,168,016,947 231,095,121 99,648,473

=L =1 B

(B, E9)
7|Et 20,758,692 | 0.96% | 4,100,028 | 1.77% | 2,953,364 | 2.96%

x oo REO| ZEX|129] MUET|AL 2 Cizt HEX

ek SEO] Q|7|L|C|Ote EF HIAE

7|EE: BAF B2, 7=, A}, FO, otAtE H|eleh LIHA| FAt

103,823,377 | 4.79% 6,587,635 | 2.85% | 9,461,074 | 9.49%%

[# 3]s BEFo| TEX|Q dZ7[AF ESX|2F BPEM42]E AMESIY &0t EE S50
CHo Zh2hol HSK|oM HEfAZF & ool EEL=2 Ze|E HlE2 FE ®HO|Ch &
2 750 AL 20 ZEX|= TNl 47%2| HEfATt 2E(kl= dd

O ZdUCt Bt 0o ZR A3 AFELl= Of2(7F B2 o2 7HAs=7t Ho| 22
SEfa H|E0| A LIEFRCE SHX|TH 7|D|ClotME ARO[ AL F=0| AL
ot FSX[QL 440| CHE E% dEjao #2| H|&0| =4 LEtECE O &3 EE22
Aot FSK|2 40| CHE 4% AFEE ZEXQ| HEfAS0| o2 EEL=2 ZE|E
7ted0| =t 2 £ QUCLE HEj2o| 22| =017] ®IdiMe O B2 EES AMES
= YO ALt opX|2, EF 9| 0| O{LtA E|H, ZEO| A7|7} HX|= THEO| ULk
= =e0Me dElaTZE ZHE oJoje] |X|eF 20 X[Alel #2 &S fldl LE-3t
H A (multi-hot representation) 2A10] ot ALAE MIHO = TIMAMCL SHLEC| HEHATE

otLie] EEo = HEL|X| 2 FR0 sl JEiAE RASH| flet GBS HWER2O

CHE-3 E¥ WAS Siaste WHof ofsh 9IRS At

2 ZYUFO AN A= LS X|(ZL O|X|: https://corpus.korean.go.kr/request/reausetMain.do)
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9.47% (1,423,020)

73.35% (1,043,787)

8.59% (127,920)

72.39% (92,605)

5.56% (191,029)

76.00% (145,175

5.55% (47,567)

76.20% (36,244

5.45% (178,925)

76.29% (136,501

5.07% (42,358)

6.80% (200,661)

73.60% (147,696

6.74% (66,555)

73.59% (48,980

6.25% (1,219,011)

)
)
)
76.33% (32,331)
)
)
)

67.56% (823,568

6.15% (144,261)

68.76% (99,196)

5.28% (211,449)

83.99% (177,586)

st& HIO|H 5 HEfA
st& 15,019,855
KorQuAD v1.0
HAE 1,489,542
s 3,433,515
WA
© HAE 857113
o|0| el 3,285,176
o HAE 835,151
NSMC = 2,950,238
HAE 987,361
st& 19,494,545
MNE ZSK|
HAE 2,344,731
_ _ sh 4,008,364
DEo| AFX|
HAE 496,836

5.18% (25,760)

84.76% (21,835)
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KorQuAD v1.0
HAE 1,489,542 25.14% (374,424) 24.28% (90,908)
5 EIe= 3,433,515 22.08% (757,957) 18.45% (139,814)
° HAE 857,113 22.07% (189,125) 18.47% (34,938)
S =1e=7 3,285,176 22.29% (732,317) 18.07% (132,314)
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HAE 987,361 26.38% (260,435) 22.70% (59,125)
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Y Qs IS B S| A T THX|(small, base) 271E M A &
T2 JdRen, Lot QoM CHE-3t #oiel NMetds AU orgfel #= H¢
of Arget & ZHR| 27| Q10f Z=0oj| et 28 =O|Ct.
[# 13] O5-3 #9 22O MdE flot 22 4F
28 3R small base
Training Corpus DEOl HEA| MEZ7|A HSX)
Transformer layer 4 12
Attention header 4 12
Hidden layer size 256 768
Maximum token length 256 512
Batch Size 128 128
Training Step 1,000,000 1,000,000
Learning rate 0.0001 0.0001
) one-hot 49MB 436MB
Model Size -
multi-hot 33MB 389MB
Machine TPU-v2 TPU-v3
(& 13]= A AFSH & Z4K| A 7|(small, base)2| ZEE9| HES EOFELL & 7t
x| BEe EMAZD| #ojojo 4+, 24 Fo| 7|7t Cr2M, ASH E2 EH YA
et E20| fnt REo| A7Vt Cr2rnt oot 37|t 488 8o tE- 5ol U4
O 210 20 O/X|= S THEHIC
522  LCH&E-3t YAlE ArEeh Lot &4 2+ dd AN
CHs-3t H#o2 ALE%H R 7|F BERTRI| d& H7IO| &M CiE-3t 23S ALE
o Qo] REol k&0 Metol &4 g8 UESY| flot dde TARLCL oE-3t B
S oA I3 &4 B MY MY2 DAY S5 (YO IUCL MES U
Huzoz 4ot &4 g BERTOM £4 Sz ALEE AZEMA JzA AE
209} CtE ME! 2X|(multi-label classification)| Al AF23St= HIO|LHZ2| A 2A AHEZI|
£ HERUC 371K &4 g0 oijsf vl FIHE TARUCH ArEet REO| V= (&
13104 small 27(0|0, & EZO| ZgtEl 20,892712] EE2 AL,
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[# 14] &2 =0 IE CHS-3t #3 Y49l 45

EHehs . Softmax-Cross
Binary-Cross Softmax-Cross .
ntro
N Entropy Entropy i py

SEeafe: e (multi-hot base)
Exact 43.38% 69.81% 73.62%
KorQuAD v1.0 ° > >
F1 55.80% 76.30% 80.11%
NER F1-macro 75.49% 79.79% 79.81%
F1-micro 84.45% 87.43% 87.39%
SRL F1-macro 41.51% 43.83% 43.18%
F1-micro 51.86% 54.39% 53.21%
NSMC Accuracy 86.25% 87.69% 87.62%
WSD Sejong 93.70% 95.29% 95.46%
Modu 90.26% 93.75% 93.68%

[E 1412 C}5-% ES 290 24 sia0| mat 4% gojol Byt ZAufolct A A
o ADpoA Hlo|Ua] 22~ AERTE LU & 24 S4Ert BE BIH Yoo

eIE X0[§ EOf

el

M R2 ds5= 7IEUE. 714 =58 90N F1-Score 7IE 24.1%

b AXZE 3A HEFRLD, HHA] SYOME 1%~3% ZIE X0|§ EIYCL o2 st
ZitE ol Ho|HZ| A=A MEZTO FF OHE-3F BEHS Ar8sts ¢of 220 X

oA WLt = 5 UCh S9HH =8 HE5S 28 AZEUA J2A dEZD &4
A
=

oM 38% ZQAE AMLCE LHHA| FHo| Cf

AZEMA J2A AEZT 7|Hel & RHOl 5 HIINM Hs2 HAX7t 7t &
714 =8 S0 Chsf HEC HEHo ME Hes OfF XO[E MLt YEHE #4
E "EjAT7 22 EZQ AL OF0o ME F &4 ol XAo|FE 2A%ULL fE =
o '$h=/NNPEH= HEfATF KorQUAD v1.00A HEo|™

53 Zeet YUE/NNPHE ‘@9, ‘@4, ‘@F'T 20| el 8% =2 Yoz &
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e 4zt 74E Crst olojut, B

Jeh o 52 otgot| XRols ZMES =l

Ao X|AE 8=t UKnowBERT(Ulsan Knowledge ensemble BERT)2| H& HIIE 23l

470X A S0 s Hlw M-S TIHJCE UKnowBERT ZEH2Z 10
XA A &&85t7| fIoh 5232 MM SHor OE-3F 7 HAS ZHO| AER
Cf CtYst o10| X|ALf 7|Ee 2 JEHE AN & (pre-training)® UKnowBERTZ} 7|

AHE ol 5.200A ot 27tX| A 7|(small, base)

1o
Q
2
K
in}
0
>
el
|0
=2
o
o>
< T
>
ofo
rot
e
2
Rl
1>
(02l
I-[[
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DHo|E ==t Bl Transformer Hidden layer AE Sisdl e
layer HolE &&F*
BERT-S** one-hot 4 256 O
mMBERT-m multi-hot 4 256 @)
mMBERT-S multi-hot 4 256 O
UKnowBERT-r multi-hot 4 256 DG
UKnowBERT-w multi-hot 4 256 DOQB®
UKnowBERT-S multi-hot 4 256 O2R®0G
BERT-B** one-hot 12 768 D@
mBERT-B multi-hot 12 768 D@
UKnowBERT-B multi-hot 12 768 ORO0lO)

*  @: Masked LM, @: Next Sentence LM, ®: hypernym LM, @: USenseVector LM, ®: Verb relation LM
« 7|Z9| BERTS| at& HAS OME A8t 2
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ZO|Ct mBERT-S2F mBERT-BS| Z%2 LCtE-3t B WAIZ 7|80 2 OrA sh&ut CHS

0= 52 AtEPH 2EO|Ct UKnowBERT-r2 BERTOA] AHESH = JHX| sh&1t 8

Mo

e
1o
e
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GAIDL C}E-8 BHES ABYX %S BERT-SS £2 E22 o8 Hejx ©YS 9K

o 1 AL
2 = 7] M=Eof 2ol &2 S0 ot deS TASHA| AT

o KorQuAD v1.0 NER SRL NSMC WSD(Accuracy)

(F1) (F1) (F1) (Accuracy) Sejong Modu
BERT-S 81.23% | 86.54% | 53.78% 87.19% X X
MBERT-m 65.84% | 87.24% | 53.59% 87.89% | 97.50% | 93.94%
mMBERT-S 78.89% | 87.20% | 53.79% 87.71% | 97.45% | 93.73%
UKnowBERT-r 80.28% | 87.08% | 53.93% 87.77% | 97.44% | 93.55%
UKnowBERT-w 7723% | 8717% | 53.69% 87.80% | 97.45% | 93.80%
UKnowBERT-S 79.55% | 87.24% | 54.37% 87.64% | 97.47% | 93.55%
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[Abstrat]

A Language Model of Morpheme Unit that Ensemble

Knowledge of Language and Syntactic Information

Natural languages, as used and built by humans, have diverse and complex structures.
Natural language representation has become a priority problem in natural language
processing to represent natural language in a form that computers can understand. Many
approaches have been used to represent natural language. Today, Language Models based
on deep learning dominate natural language representation. Language models change the
outcome of a natural language representation depending on the context. The various uses
and evolutions of language models have led to significant advances in the field of natural
language processing.

Language models use units of representation called tokens to efficiently represent natural
language. A token is a unit of expression greater than or equal to a syllable and less than
or equal to a word. However, tokens are generated using a frequency of occurrence, which
makes it difficult to learn the meaning of words that occur infrequently in the training
data. And, if a morpheme is represented by multiple tokens, it is a proper noun or
neologism that has a low frequency in the training corpus. In this case, information from
the surrounding context is not fully applicable to the morpheme. In addition, If the tokens
that make up a morpheme comprise tokens that have been used in other senses, they may
be interpreted as meaning something different from the original morpheme. This is more
likely to happen the less often the morpheme is learned. To solve the problem of
morpheme separation based on token representation, we need a training corpus of natural
language in various forms. However, it is difficult to secure such a corpus in various forms,
and it is expensive to build.

In this paper, we propose UKnowBERT (Ulsan Knowledge ensemble BERT), a morpheme
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unit-based language model that fuses various language knowledge and contextual
information. UKnowBERT uses a multi-hot representation to solve the problem of
morpheme segregation due to token representation. Multi-hot representation represents
morphemes as a set of syllable tokens when they cannot be represented by a single token
and preserve morpheme units by the input generator. Since the multi-hot representation
approach allows for more than one correct answer in masked LM, we used a loss function
that adjusts the target probability based on the number of correct answers rather than a
traditional loss function. Experiments on the loss function confirm that the loss function
proposed in this paper is suitable for multi-hot representations. In addition, through a
comparison experiment with the BERT model using the existing token method, the
performance was 1% higher than the existing token representation method in the areas of
object name entity recognition and sentiment analysis. However, when it came to
understanding the relationships between words and sentences, as in machine reading
comprehension and semantic role labeling, traditional models did not perform better.

We pre-trained language knowledge to solve the problem that a multi-hot
representation that preserves morpheme units is not enough for a language model to
understand the different meanings and expressions of a word. We used UWordMap, a
Korean lexical semantic network, by extracting hypernym information, relational
information using semantic constraints on verbs and adjectives, and information
represented as a vector of word meanings. In the case of hypernym inference and lexicon-
based vector learning, we applied it to the vectors representing the words, just as humans
do, using prior acquired information. The language model is designed to interpret the
context of a word to find the appropriate information among its many meanings and to
proactively memorize information about a word if it has not been trained often enough.

In various experiments, we have shown that using the semantic constraints of verbs and
adjectives outperforms other language models in machine reading comprehension and
semantic role labeling. In addition, in the case of hypernym inference and lemma vector

learning, it outperformed in areas where the meaning of words is important, such as person
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name recognition. However, language models that only added semantic constraints on
terms performed poorly on object name entity recognition. Similarly, hypernym inference
and lemma vector learning performed poorly on machine reading comprehension and
semantic role labeling. However, language models that used all language knowledge
performed evenly across all domains. The small-sized model had areas of similar or lower
performance than the traditional model, but the base-sized model outperformed the
traditional BERT in all areas because it could remember more information for more
parameters. In experiments with limited experimental environments, language knowledge
helped to understand the application domain, resulting in less performance degradation
than the existing BERT model and higher performance than the comparison model. Finally,
we compared the performance of each pre-training phase and found that learning
language knowledge led to faster convergence of the language model and outperformance
by 1%.

The UKnowBERT proposed in this paper has the advantage of reducing the size of the
overall language model by reducing the number of tokens, representing more words as
tokens, and maintaining performance through multi-hot representation. In addition, by
pre-training language knowledge together, the language model was able to acquire
insufficient information that could not be obtained by corpus learning alone, and it had
the effect of learning various expressions and meanings for words, resulting in higher
performance than the existing BERT. The results of this study suggest that the multi-hot
representation approach used by UKnowBERT may be a solution for a variety of other
natural language processing applications that require morphological units. The cost or time
required to build a corpus for an application domain or for pre-training a language model
could be eliminated through language knowledge. Furthermore, research is needed on the
applicability of linguistic knowledge to natural language generation models beyond natural

language understanding.
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