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£ 5°] s, ZolAd 2ude AEs A9t B oA oA ZapE 2EF0lE
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24 28 Zls= Aleshe o4 e geia 2471(Kiwi, OKT, ghts,
ARk, 2%, HAuhE gider 4 29 45e Bk Bk A
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203t 4 A3 (web scraping)28-2 &85t FAVIAME £HSIL £,
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[ 2-2] dxd FA7)AF &=

kit FAIVE S
2005 7,416
2006 7,847
2007 8,262
2008 25,694
2009 33,191
2010 33,787
2011 52,739
2012 51,383
2013 95,803
2014 87,431
2015 95,459
2016 89,830
2017 78,595
2018 82,170
2019 96,164
2020 105,396
2021 96,517
2022 111,216
SHA| 1,158,899
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2tz 1) https://konlpy.org/ko/latest/morph/#id2

2) https://github.com/bab2min/kiwi

_40_


https://konlpy.org/ko/latest/morph/#id2

o [17 2-51 2 dEa BAYL Fod U nsy BAS
st @ sjasteA S WAk Adelch. ol7]4 Atz Woh B ojE) A4
o BAF 2o HEe olu@tts) Brt Avel A n-gram 7|9
Kneser-ney 910] B@< AMgal= KiwiZh HMMeolt} CRF 59 38 29
2 Agste 02 Fea BAVEG ¢ 5 AT Byon, EA 28

o] 71 WE Tise] ALolt esle] 4 e A5S et

ne

O

(29 2-5] Fefja BA7] no Hop)

100

90

&0

70

&0

50

40

a0

20

10

i}
kiwi

=E3L 796
o 1) OKTE #AF B4 BZo] LR Hof 3 B2} dlold2t Joms SAsk fatgon,
Jﬁﬂ glo]g48)2 wlg Fxsto] Wrlstale wl oF 44.1%9) AstE2 Ll

L oF 109 7o BEAE Ao ZF FE A

&5 vt Azttt 109 7ol BAE AEsiHe o

%, Kiwix 1.505%, OKTE 2.476%, Th}ee 5405%, BAadts 21,

FRFL 2206729 Azte] 225t &, A7 & ZdoAE iRy

e

oo

47) A2 Bol ‘SHxd Ut AFA T BN U THBAD+HEEAD R 245
& Beloha, ‘SN & B e el

48) 77 9 277 FR SAE THE B4, It 5U¢ 54, 9841 wAE pReE B
3 so= *35401 ok,
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o] 44 Holt 452 Helonl, Kiwigh OKTE 3 9%
Ao ekt

e
ox,
or
tlo
K
S
rr

(13 2-6] Felia 247] A2 £k =W

-m- 2HB9) = kiwi OKT SH = ARALL S N
25.000
i
0 5
r
20.000 ¢
L3
e
¥
L]
f
__ 15.000 '
2 ]
I
.23 J
H I
E ;
10.000 3
J
5.000
. 14 =" &
- e = - P . o -
0.000 i B T .\.‘sﬁ'ﬁﬁ:: ______ B
EIF:E 1 10 100 1000 10000 100000

Number of Characters

2 dFolAE AR ARl Ul Satt e SRR FHA 247
2 ARGA AR O] B8 Ve Ade AEY EaUt . ol fsi 2 Al
Me ulsEd @olE ARgA ARl S5t &, s dolol it FAF &4
o] A&s] +AEJUAE &Aloks FAer dde AAskH. dd did

2 2o BrlolA ¢ Ao AT Kiwi, 2

K
=
_E‘



555 dojuct o e dolulgs A sl wolg o $HoR ww
Zolck. ¥, SHTAT Kiwik olefet Bolulg ke 2L 4 = 7%
o) AlZHol MNIABT wolo] INE SrlE EAL B4 FoE Q8
% 99k
[ 2-4] ele $47] 4R AR I
o] R} Kiwi 2l
orn oot olor olotEs
i @534 @594 @594
AgAgrel | Am@mgps | oA i
(@A) ()
Pl
[ wR@Em | A el 1
SR g | ol@ed wbe | o@3d a2 | oo E
O LA 2

s Fgeid, A9 4 2 A8A A B8 A4 5
ol
T

Wol At edstelel, B4 B ZuolAi Kiwiel Aol $4¢ Roz
Q0KE 4 9tk B Aot LATUR Kiwid) A FE Hol7t A
Fe AL meste] Kiwig B Ao AF Feja BAvz Agstac o

ok Kiwie tho]d thojo] ofjst AR&A} ARH AHQo A7l 9lomz o]
us] 98] Helnr] sk YL FHE 5P

49) FejE BHE NIARTS, AT A F 3 Zo] Holms} T Golg AR T2
Hol2 QAith olef & AToAL ALgAL Abe] 52 GolSe] 7] BAS jEoR |
AE V) §F Bols] HolnslE FUske Aitel 49 Sashir
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51 wlolEl4l

Lo
ml>

qole e 24 75T 24 dolH F oF 2uhE FEs el
o8z, A 208 @% doldz TAst deolgAle]
e} HAE dolHt TE5 g gAl AFH k-fold C
Bl Bgstel el ehgHT NS AL EF oY
golgsle A47t Ad A% 311015—‘?— A4stel b (13

23%7t 37, 33%7F $A, M%7t FYOE BRHUL 2t o4 o]

=0 =3I B¢ o= delett JJrEoPﬂ Stadtal & dole2 &

1

(0¢)
(@]
N
il
(el

filo El>

L
N

1
VAR

al

-
d
I
ut

b
e
i
i
ogl

8,666 (43,22%)
8000 /
6,705 (33.44%)
6000
4,681 (23.34%)
4000
2000 \
4 Z N
EE 2% CFY]

50) k—fold 22} A2 B Iutel see BrIsh] ol AHgEE YHOR HoHE k]
fold2 ol k-1715 sk diolez, Uymz] 1715 AF HloleH g ARgs] RS kil sh&a)
AL @7RE deks WHolth ol s stud wnitt o AT HlolHE ARSI w2l
E‘*e‘gl ‘do= s WK ¢ 9lor, 59] & A7AH S HlolHYE A2 ARl o
& 8% B7F o] Arh. Eek ASA k-fold WAt AF2 foldg U= o fold 1Fe] o]
= H&s A dle[sAle] Flols vt sl Wirs WiE 2t

51) & Floleel o w2 7RIS Fofste] Hio] A Folas o F IS A5 &
b= 7ol Olﬂﬂ 7FeAl= E}"H YHoR AEd 4 et & dFelMe ZE el
=0 el slgol| SdsH| 71ofstes w9 7FeA|(Balanced Weighting) 4= ARSI
ol (A dlolg ) / (&g Fe20] dlolH = X glols )= AEdt
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g9l ot deolHg myel dor Agats] dsHE A% Amgw
W9 (padding) HHE Ao} @k A4 ATLL WolE WELoR HAsH

Bl et 2t wolo] 1gd 4T @RetE WHolth 5, mye)
Qeighel QMg Mz W] 95 GAE dolee PREF HUT
S 9k 24 dolEE MEs) i Aolth. T3 o HloleE Byl ¢
doz Agal7] SlslAE A2 HolH ol 27\Ghape)7t AAT Wast Qe

= =
H7l 607 ool Sol7t dltte e maEd) c0o= mWY Zols A4sq

L =
Boxplot
1250
1000
* 750
[y 1 '—D—_m@ o o
2
o 500
250
0 100 0 20 40 60 80 100
22 20|

52) el et kg2 the Aol A8 TR 9,
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A7 5y

3.1 @] dHgd 2P (Word Embedding Model)
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e gAg AHo
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H ¥ (representation)

2019).

< 2ue(e]714,
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3.1.1 ©o] dHy HHE HE
3.1.1.1 Word2Vec

Word2Vec(Mikolov et al.,, 2013)&= = "] 7Bt oHd 7o
T do] Y 2y F 7P dY 2]l Sl RYPolth. Word2Vec®] ot
HFAle CBOW(continuous bag of words)@t Skip—gram 5 ZFA|7F Qi
CBOWE FH &= &9 Tof(context word)E 7HAAL FAlo &= EFA
Hof(target word)E Al5ot= gol|lA ohsEE ®Ao]al, Skip-gram Ef
7l TolE 7HA 1 W ol E oS5t MAoA ShEEH= Aotk

Mikolov et al.(2013)¢] Aetet CBOWS} Skip—gram?] 7]& Fx= thg
(19 3-113 2. of7]4 CBOW+= &, 5§ 4709 &% "ol 7Hx]|1 g2l
oS o Eshe BG5S HoFw, Skip-gram ERZl ©olE ZRA|A o H
4710 EW ol o Sots BHEgS HoFE ojuf el do] hH x5t
= v @olo HE =% (window)= gttt & 5o 9=% 77t n
o EH ©ol] 4= 2no] HW, B2l Hol7t £ W gko $1XIst
ol B3 gl Hel g 2709 "ojrt "o EF, Skip-gram 22 %
A Hlolge] tisff CROWHT ¢ @2 ok dAlE Atttk 540 2l
ot &, 9=¢7t 291 49, CRBOW+= 4 dlole 47H(w(—1), w(—2),
wt—3), wt—4)2 & dlol8 1M (wk)E shte] o5 dlolE % (pair)
< FAok= WA, Skip—gram {w(), w(—1)}, {w@), w—2)}, {w@),
wt—=3)}, {w@), wt—4)} 2t Z2 4719 st dHlolg A2 /et whehA
AL F7)of Agglo] g Ho] k5Tt 8st= CBOWHH A= =7]f
mal gHE gh5o] 7Heeh Skip-gram®] WY EHo] © £2 Aol L

o}
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[19 3-1] CBOWS®} Skip—gram F+2&(Mikolov et al., 2013)

INPUT PROJECTION OUTPUT INPUT PROJECTION  OUTPUT
w(t-2) \ 4 M2
\
wit-1) wit-1)
\ SUM / /
4
3

/ ! > wit) w(t) —

: N

P NS

wit+1) N wi(t+1)
N,

w(t+2)
cBOwW Skip-gram

CBOWS] #A412Ql st ¥ ol [I11 3-2]¢F &t WA CBOWS]
©

E A (projection layer)53)-2 21 Toj=9] -3k HE (one—hot vector)54)

=
£ Yo r whert ol A (3-DIF Zo] AoHH, 7|4 Ve dof
& Vo Z7I(H-3t WEol ADE, m2 x 7t B2l @old wiof] dxe 2
715 oujRitt. FARGol f=lo] EojeW ZF 7 "olE2 JtSA ¥E
W eRY ¥ 9L WA (inner product)S AAtste] o] WEHE AT ol
g-at welsh Wel e (st welsl 54 delzoln 19 g AR

2) W o ¥ wi Iz glojer AF(ook up) FL3It olE =Y
Blo]E(lookup table)s)ol2t st ¢lHlg =HE Q] 2ol ¢ @ CBOWY]

i

53 s st gt e gt
S AAst= 2 et} A5 3
e ohsd 4 A== HAY %‘—’F% *}%ﬁiﬂr‘“ E3& 7““tﬂ E/\}%*%
g glo] 7HeA] PEAe] FATE olFolA HAYZ(linear layer)ol=t FE7|& ol—\:}

54) ¥-sF WE E= 94-3F dFY(one—hot encoding)2 To] FH3Hvocabulary)2] 27|15 #HE Q]
AFho® so] o ©olf QlElrofl= 19] gk, 18l thE QlElAol= 02 Folshs ol
e 3¢ olch

55) ko] Ao ARgEE AREAQ] AHESE o] £Y HolES WolH, ol ol ¥-3t |
= 1A99] 34 W (sparse vector)ollAl Aake] R #E|(dense vector) =2 HRE o] X
of. 181 dHEES FHRE o] WY HEE oHY H—“ﬂa} HEth

g ol B B 243 23 el

r of
3
Nk
;j
1o %

N
O
g
_\;
Hﬂ
o&

L o
I, i
in}
il
n
et

_48_



29 golZe 4 (3-29 ol gt o|FA 42H wof AHEL 2o
0% BUAY] S1s A (-3 Zo] Wit W wek'z WHuHm, £

ZoAE o] Bt WEHet E b2 JHEA P W eR V509 o] A4t

Zo] #E 9] 7t QdlATt 0~1 *MPJ AFE X*T"Fsﬂrﬂﬂ} 0471*1 z= z9
AR JAAS Tt ol web w (W] jiA d WE)o YHor 4t
ZHch. CBOWE A& B o y(=PE X, X, 10X, X,
)NeRVe] A B gl y(=x,)eRV'e} 7171 Zh
O oleff y AR shfe] glElAamt 19] g2 2= ¥-3t WEo|Eg y
jQlEAst 19 g zterd AR CBOW BxE y.2 Islste
o] "ot &, 4] (3-5¢ A" CBOWSE cross—entropy =4 45
sk517] Sl Al B-4)] o8] AEEE v Sejskslor et 18w
y-2 U] A web woo WA ghe ZI9iok st T e
1:141

filo

N

N
rr
PO
o
1
)
o
o

SO

P

W2l gre] Avhe A2 & F #HHY FAR] A (cosine similarity)38)7F 1
of 77k = Zetal sS4 Qlvh ohA] Hell WA gre] A2 ¢
o7} ‘3“51 53t )

3 7 94“1_% 4u1o1 ol T dolrl fAR o,

o e B Y ShaE A7 o

rN
)
N
o
o
o
o
o
=
e}
s}
o
aQ
=,
o
2
W
N
o
Zi
8
o
s\

56) W2 W 9] ZX|(transpose)tt <aigo] ofe} AR Sl P Qlo]| Foajof ity

57) ATEWMAE 35t 2]4g<4(normalized exponential function)2tilE ]-U% ol g <]
HaE0] = 12 BESfolo] WHO| AAES SEEER Heshs A
Ea e yHs =

58) FARl SAE L HE] 7F SAE &4 7|Ho] dxog olgf Al Zo] S
MEje] 2712 PR ghe Utk A9 fARE —1~1K019] 1S e, gl 1o b
258 £ ulE|o] Hiako] Wl fARES oJmISHL, 0o] FEeE T wEE AR Eg#olA Lt
ZYe7F 0%l Ao g 7iEsith 181 gro] -1 7R T H-ﬂE17]- v WleRe 7ha]y) o
e uleith

>~l

Xy 3 Zn XY,

6) = =
e P N NI I ST
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o] YA Irjsels Web W B 7ol Hr] shgo] ghaEw Wit
aA91e] Qg wEE A48T SE QI Web WS Hairu Web Wi

2 dZ(concatenate)ste] AFRS 4 9t}

_ Y
(3 1) Xc—m’ ’Xc—l’xc+1’ ’Xc-‘rmER

(3 2) X¢*mw ’Xc*lw’ ’Xc+mW :Wc*m’ ’chl’ ’Wc+m ERd
(3_3) W _ Wc—m’ ’Wc—l’wc+1’ ’Wc-‘rm ERd
2m
exp(z;) exp(ww’;) R
(3-4) softmax(z;) = Vi / =—m =y,

Y, exp(z,) ¥,o exp(ww’,)
(3-5) L= H(y y)

= —Zylog

j=1

exp (Ww’ )

= —log(
Z,"ﬁlexp(ww .)
N4
= —ww’+log ) exp(ww’,)
F=1

(18 3-2] CBOW ks 4

05 | 21 568 1.5

Lookup table

T T+ To]~ - [El=l T
2 23 0.7 -
08 5 34

v
X g C RV

o[1]-[o Projection layer Output layer =~y
. W e RIVIx4
Xe 1 ‘2«“’\ \ S Wem € RY We RexIVI
Lofol-Told ] zeRM

M

H
i
|
H
We g I w, , crRE W RY |
; = N S 5 |
Xer CRIVI a H
DEDO R — — |
_ = } |
: V] {
Back propagation Cros:
L Entr npy
¥

ST T To

59) %ﬂw% &4 @20 thgt v 7127 (gradient) S AXISEY ©] 71275 E4| 7} wiAp
glo]Este Tholct, oluf ujfHige] ¢Julo]EX AL 513 (gradient descent) E

<1 SGD, Adam So] AR},
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ot [1¥ 3-3]2 Skip—gram® <5 A& HolFroh, CBOWZF &4
dolES Bl B2l @olE dS3UTtH Skip—gram B2l @olE S0 &9

ol5g &t Skip-gram9] @4t IHE CBOWS iz ZAT =
1A 9] FQ ool k. A WA R Skip-gramS FAREO] Y EHE -
st W el gl x eRV)7E shbtel glo] B WEE Fehe wHyel gl
ot ot 22820 gEe WerS Vo @ ug wot 1 £ dAE
Skip-grame Shte] B}zl golo] wis] tho] B golE d&sie], 7t &
W ol M2 EYHoR oZHrt o5 98| Skip-gram®] £5L
o o wol tal 2mAe] 250 WEE PPt ofuf 2ol

@)
o]
@)
=
©
=)
2l
N
R
il
€
o
%
1o
=
%,
(o]
!
2ol
i1
1
i)
N
N
|
kU
<
15
A,
rr

HE SUg g ZAET dE 5ol c—mHA Axo] HESL c+mHA A
Fol Weol jHA AdA z oz, v BF weh w o WA gt
ey ZF AFo] WHE ADEWA JLE B 2mf9] y(=P(x,_,, .
X, X, X, x )ERVE s, olo] wet o&H el ol
Ve Ve Vo Yo ERVESY jHA QA A (3-6)3 FolH
of. &g CBOWE shte] el ghet Soislely = glev Skip-gram-2
2m7fo] QA S IFigtejor it &, AA| BHEl ©ol y ey,
Yorp Ve, ERVES E OE Qg 204 19] 2k 7ixBg 23|
OF BF= y, Y 1 Verp e Ver,, ERVES] QEA A mE =
o}, wabA] Skip—gram®] £4 @ A 3-73F Zo] HEH, s A

A g7 2 B gejBol 19] ezt QlEA A5 ojujgit)

E?l

eXp( c—m+lj> )
x,. exp(z,)
eXp(WW c— m+l]>

Y expww’,)

(3-6) softmax(z,_, .;;) =(

:3;c—m+z,j’ where | =0~ 2m,[#1
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(3-7) L= Hly,y)

2m V] .
= H Zyc—m-‘rl,jlog(yc—m-‘rl,j>
1=01%1,=1
2m
= _log H (yL erZ] m+l)
1=01%1
2m exp(w-wc_mﬂj*i )
= —log H ( T ok
1=0.0%1  X,-,exp(ww’,)
2m [V|
=- Y WZ-W’C_WL].; +2mlog Y _ exp(w,w’,)
=0.0#1 r=1

(71" 3-3] Skip—gram g5 4

********* Projection layer Output layer

Zieem © RIVI

W e RIVIxa

x. € RIVI

[61o -] o e —wrewe -

Back propagation 5

b 4

3.1.1.2 FastText

FastText(Bojanowski et al., 2017)= Ho|AEA 7t Word2Vec 7]
gto] do] duy ol FastTexto] 4 EAH= Word2Vec o5 Al W
Ftol(subword)E 83 Ao|ty. &, FastTex+= ohHe] ©olE n—gram)
—rx}(charater) Sz 270 YRl WEE2 A4Sk, of AdH Wi
of WiHES RF TIsto OHD} ojo] tho] Wl E RS dE 50 n&
302 2 tri—gram®] ¢ StRUzFE Tol= ohg Al (3-8)3F o] 57

Heho] WE 9] 9tow AR

(3-8) Wapnuz =Zoan FZany T 2nus TZuss FZogunas

_52_



o714 ¢ i AEAe FRAE TS S5 wolo] AdT Bo| AAS
bl FastText®] S47150]9, (GHRUZHE n-gram o] glo] Ho] 2]
2 5717 9 FlEe B Edolnt ®@ A4 BY SgolAE n
o #Hazht Aol WE AHGDE FastTextd] @ol wgt thg A
(3-9)¢} o] ojgrt.

(3-9) Z

A7IA G B2l Fof toll &3 £ 9] n—gram 9 HFLS SJvlsiH,
= A ngram¥t 7HEA] YL Hom AHEE WRd
2|1 FastText= ©lE ©]-&oto] Word2Vecdt LgH w4
gt ZolH e woll &3 BE 24 &9 n-gram HE(2)ES dHo|ESE
Zoltt. wr2bA FastText®] &4 o= A (3-10)3 Zo] HoHH, o5 4
G-77 vws] HH w7t wi fAEASS & 5 Sl

N
lo &
1=
i)
il
2
iu)
-

2m V|
(3-10) L= — Y Ww’ﬁmﬂj;m“+2mlog2exp(ww’k)
1=0.021 E=1
2m V]
— i
= — Z Zzgwc_mﬂ’j: +2m10gZexp Zz w,
[=0,l#19EG, E=1 9EG,

FastText®] olefet o5 HH2 Word2Vec®t B3-S EQJ, e ¢

Al M4 S Zheth AA, FastTexts ©ol9] Jej24 725 2|digh
A ol HEge} Word2Vects ©olo] i F2E %A]s}z shLtol
Tofof] Mgt WEE dgsty] wiwo] @olo] JHied 545 whdskA] X
S E°] go, goes, going®|et TolE Word2VecZ 3}

Al Sole (FHA 242 To B+tet e AAA = W) A=
StaS Al A= AR 3 Z2A "ok

Fefo] ol Word2Vecs 8h5
=HIEA °LA°}717} A&t FastText= ©l& 919

E =
7l GA Bolse SAE HERS 1 & YRR BA 4E gHE

[
ri
)
d
T,
3
)}
o
2
N
N
|
ru{n
)
i
Aul
e
rir
oflt
i

oflt

e
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=4, FastText= 54 of(rare word)ell tieh Hi-g-0] 7Fssttt. &of
& el &9 Hk7t 42 doje H1g o e B9 a7 Ant By A
oA dHld =2 & 7Hs/del Ak SkA|NE FastText= 39 ©@olk 5
F ©ole] n—gramo] HE ol n-gram¥ FX|= ¢ v FEgt
dHE HEE 4 & Utk &, LEHypoHt TEHol 1 Tojof thsfA
T FastText= €A 59 A2 EY & Qo

np29r o &2 FastTexti= OOV Aol tHet of-8-°] 7H&stth. Word2Vece
Azojet Zol tho]l Het yo gl ole dHld HEHE ¥ 47 fith
SEA|GE FastText= RE ©ol9 n—gramol Az dud HEHE AFAstn
& o|F o|&olH shEEZA| 22 "olof HoiAE FALEE ALFE 47t Sl
t}. o E9] birthday, place, birthplacest ©ol7} Q12 o, birthplace”} st
FE A 2 TolgtA FastText= birthe} placegt= WHHOE ©]-&ctd
birthplace®] ©o] ¥y HEE A=t} ol= OOV Aol thAstx] *s}
= U8 o] oHd BPE7 F25E FastText®] 7 2 o]

St gHEo]l Park et al.(2018)7} Zro] FastTextES A-85H7] st Al
7F AT Gole @o] oF olshe] HHE FESH] flof dubdl d9=
n-grame FE5h= W, gh=ole 24 oot AR &l(24, 54, T4
dPE n-gramS FEL F Yot dE = ‘U“”E} 2= ﬂroﬂoﬂ o ff
tri-gram= F=oIH TS ol & .

25 F9= AA 7R tri-gram2 FE3AT

=2

F

i
i
()
rlr
olr
ey
1o
UQ
o
B
o
_l
N
_O,L
kl

24 &9 {a,q,7,0,4,»#,c, } e}
, {4,7,0), {7,014}, (e H {44, {Fed!
|

gle =22 flsl F7hd defol EA<geltt)

ok

mebA 2R @9 54 d9ET o AlEetE n-gram HEE o

s
T
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3.1.1.3 GloVe(Global Word Vector)

GloVe(Pennington et al., 2014)= vl= ARMEZEE ofjsty A-FEHA 7T
oF To] dulg 7ottt GloVer A eJn]E 4 (Latent Semantic Analysis,
LSA)60Xt Word2Vec®] @& =&ot2 Uttt LSA= Ta29 A4
 FAFS E8F & oy, do] 2+ §5 A (analogy task)elle 350l

= A Word2Vect= LSARTH #5 2 Ao o
Holu g, e =37] Yo 22 FWM(ocal context)¥t oF55t7] o
e 2] AAAR FA AEE ¥rgstA] Eethe @30l Utk GloVes ©|

A3 71z PEESe] FAS Beelr] 94 LSASH Word2Vee 5 714 %

deep learning.”, “T like NLP.”, “T enjoy flying.”ol2t+= 370e] &30l &
o A= 2717F 19 FA B FF XeRVV(V: g FHtel 27)=

o2 (13 3-4]9F Zo] thA P (symmetric matrix) 2 A H Tt

60) LSA E+= LSI(Latent Semantic Indexing)x= ©ol-&4 P& (Document—Term Matrix, DTM)
o|u} TF-IDF(Term Frequency-Inverse Document Frequency) d&ol HtH(truncated) £o]
Zt Eal(Singular Value Decomposition, SVD)2h= 7|H-& AR8sle] xH1S 45101, °l8 &
3l Brow)te] ol Qe TolEo] A (atent) ORI EEoh= WHECIH
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(19 3-4] 3A T4 PB(Manning, et al., 2017)

I like enjoy deep learning NLP  flying
I [0 2 1 0 0 0 0 0]
like 2 0 0 1 0 1 0 0
ejoy |1 0 0 0 0 o 1 0
ey 0 1 0 0 1 0 0 0
learning 0 0 0 1 0 0 0 1
NLP 0 1 0 0 0 0 0 1
flying 0 0 1 0 0 0 0 1
000 0 0 1 1 1 0|
olZA AHE A LA YL2 2y stx A T4 B FES Altet
71 flsll AHgdnh A T FE2 A T P A e Fee 2
B2 st i kde] ge AR o golvh &, F BA ©@ef, et 2
dofehd Bl ©ol 7t SAYE W 29 ©o] 7t SAE 23R FE
P(kli)& om|itt, ofgf [E 3-1]2 Pennington et al.(2014)olA AAH
Al H ZES dAE Bzt A7IA Plklice)ot Plklsteam)= B2 T
d=(ice), T716team)et =9 ©o] 2] FA T a5 vttt o] g2
EtZl Tojel Zu) oyt weddol w5 W 2 e AL, #Eddel gl ™
A2 ghe et 221al Plklice)/ Plklsteam)= 7 FA 2 &9 Hl&
olct. o] g2 ZW ol ko] wet 1Ko whe IAY 22 s M s

AL 1ol 7R FE M = vk &, k7t de BRIE dof(solid)=t
HOlET 2 g A =, kb FT19F welE dojahd 1R
2 =W, k7F 5 B2l o] B9 o] 9l
(fashion)oll= 19l 717k 3k

A A e HEY

[u—

rir
o
o
)
=4
By

g oz ° g o=y
r2orr ot Ho o
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i)
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)

o o
il

tlo o
H

£

N
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[ 3-1] BA ¥ &F=3} I Hl&(Pennington et al., 2014)

k= solid k= gas k= water k= fashion
Pllice) 1.9%x10 4 6.6x10 ° 3.0x10°° 1.7x10°°
(large) (small) (large) (small)
2.2%10° 7.8x10 ¢ 2.2x10 ° 1.8%x10 °
Pk|st
el steam) (small) (large) (large) (small)
P(klice) 8.9 8.5x 10 2 1.36 0.96
Pk steam) (large) (small) (close to one) (close to one)

GloVe wol 59| sio] A W4 8o opd 1 Hgo| Hojof
2 B4 WY BE H(aio)E AESHE

23, o] P42 ol B2 wol wEe} Bul go] WEo AL A
Qg WEE gEL ol ol

= T-— 1

=20 'Q'% H]7]- /\ﬂ %ﬂ(l,],k}oﬂ

mu o
N

1

[e)

|

B R s
_O|L
2
|
)
o, -
offt
S~
i
=)
ok
N
o
H1
Ju

T

T

2z O
|

l GloVex & A 3-11)3} Zo] HA

gt ARH =012 A

[¢]

o714 FHe] S w,cR’, w R dxtle] AMgE Bl go] W ol
T, W, CRE gAge] dMEE B9 tho] wejolth 1o S

Pt P B4 SR FE PRIDS Pljoltt dF AL wEshe @4
F2 37) 9I8lAE WA PRl PO Mg AR WY g Qxd
wojof et o3 W grhe RAHOoR MY FEE AADE oF 4
Wt b Adsele WL WO FfolE olgshs otk 3, wet

w,o] ol Fo fdElog ARgStH 4 (3-11)2 tha #o] | ",
(3-12) Fw,—w,w,)=P,/P,

o714 Fol date HWEAR ¥ 2ZEgks 7RI o8 AREAZIY] A

Sk theksk HhHo] Qlz|Ek GloVe

e r
Y
ol
4
EN
i
Jo
R
ol
N,
4o
:Iog
o
lo
1>



oL

ol GloVe: zak/ake Fiw] w, /w] w,ﬁ Helstel 4 (3-13)8 thew 7

(3-14) Fw,/w, — Wj-Tv~vk) = F(w;v;k)/F(w]TvTrk)

N

ojmj 4 (3-149)& A& A= eI F= A7t o o
A

2A FE A5 E5 expet B7)|5HH A 3-14)& o= o] AojH.
(3-15) exp(w,'w, —w/w,) = exp(w;, ' w,)/exp(w; w,)

St FE Zfod= oA o|F o|gsto] Ep7l o] WEel W tho
HO o] FA WA HEo] HEE HYPS shEofof k. thA] Ts
exp(w; w,)=P, 7} Hl= AWy ¥E w.ol w, S Zlotof girt ojuf o]
o siFst= P, A % FE X o=t P, =PUli)=X,,/X.E 4At&E5
o2 sk tio] HE exp(w;'w,)=P,E FHo] 215 FHstHEA o33
Zo] el

1=

[t

T

61) ZERL sl ASEE golz FUT tipd Tx X(QAE S v(@a - )7
A 1 BE zz, e X Uz, + m) =Fla) ¢ f(z) & VHAE G 1 X VE
SJuigiet. 7K ST BANADE 859 AR DA F5e FAR', )08 e
5ol
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a9 A (3-16)2 FA dFeEEC] wot w,o Y37 ol "ok
z7o] "dgsitt, =, logP, =logh,; — logX,, —logX,; =10ogX,; —logX,7} 4
HofloF 2ttt ojuf logX,, o logX, = A 54 dE X7} tdAddoln=
A HA Zdout £AE logX; #logX, 7t Hrh. o]= I3 GloVer logX, &
08 #o= tiAsteA A& ot W o HASH F, logX+= ket 5HZA0|
Bz olF w;ol tigt " b= thA|s

L @, Wl o BF b= 7t
sfo] opae] thg 4ol BEHTE 42 A

o,
ol
O

(3-17) w,/w,+b,+b, =logX,

g AA SHe FA 57 AL Fa olv FL Y g 3 Aol o
ujstol, #de] Qe 49 G A& B AelolEHE tAESE o]
g o] ol

A
7ok Wl glou, olF Agstolk X, 7h 22 e ZAY 02 %ol
e 7Rt Rojdte 247 Eeth X, S §A 5 H=sE A2
Fe Aete A2 IvE A2 ARE YxE ou|dith Aot FA F
Bl 0BT oyt FA T RlEF A2 e de Aok gon
2 BA T Nkt 22 oo Bols TA 5% WErt & do] gt #
2 7MEAE HoAT "Hart 9k GloVe: ol& d1dst7] Hal X, 2lal
FEFE e A T F(X)E A g EYstalon, o o A

<x/xmax )a ifx < Lmax

1 otherwise

(3-18) f(x)=
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AZIA a®t z,,,= RF otF Al AMEEE StolmniEtuEolw Z] =g 7t

ZF 0.75¢F 10001t} e= ©o] B9 A T4 Hlko et 7SS =45t

£ 9 stH, Pennington et al.2014)olA= =121 AP HHAEY «=3/4

A Aol ¥ v Aee Hlual AR = A 58 RHlEo

HAPor ol ol flx)e 1= ‘?_T_"_?}r/}. =, AUAA w2 H=EE
=]

A olgA Aod f(x)

N
o]
ol
ON
E‘
o
_V,L
I
_YE

R [

4 el BAAEA AEA QB2 o) %u}. wraw
o]

(3-18)= & AF BA=R AAsta, o479 fX,)E =

@
o
<
o
1o
N

[\
(3-19) L= Y f(X, )W, w;+b,+b,—logX,)?

i,j=1

(1714 VI o] Hgte] 71 ouigitt)

=

312 99 59 7% 9 Bt

A

3.1.2.1 oHE 2 +=

Y By skl AHSE BBA dolee 2204 FET A
27\ xpolek. i Elolel oF 15008 Ao RO olFelx glow,
e BAF RAR GHaE Y Uk B RAR gHas
2 8T olft Fgolelols THeted YWY e Ao

L wolt YAHchis), 3 AKGooth), 4:AHiwo)

sl FRE S QAT BAE RASA g2 A 9 AeE o
A e Qug WeE gPths BAZ 2T olg B
Aol A ol (MM)', ‘©l(NNG), ‘©l(NR)'9} 22 ez
& 2Pspgom, ol@A BV RAE FHa F FAGH),
Q&2 W (Z_CODA), siAEfL(#abed), YA S(W_SERIAL) 52 EA}

o
G g N

rg
o

i
=3

>
el

1> Ho
X =
e

jug
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e Feht Shadld ASHED 1 Fxk AA TR SHF §
B0l Sk of 39 74 s A2 Uehton], F2E AAT FHLY 4

7)) 529,58970 2 LiEbtT.

29 otgol AMgd F8 stolmuttulE = [# 3-2]9F Zth. Word2Vec
9} FastText®] B3 o}7|€A4 = Skip-gramo]il, ¥lg 2w Y=g 7]
L HAY-46402019)¢ AFE FZuste] 3001 6082 st EIH
2y shgo] EFs tholo] Ha RlESE JEY 52 dAstgow,
FasTexte] #H% 4] n—gram—f—z— RatE A5 nste] 13~292 4359
t}. GloVeo] ZA¢olle dud AU 300202, A HA FF A4 Al 1
st A= 271E 62 AAstgen], 7HEA @5 stolHuatuEe «
o . = 71837kl 0.759F 10022 A5,

(3 3-2] 4¥d 29 Stolwufetule

Model Hyperparameter Value
vector dimension 300
Word2Vec ; :
(Skip—gram) . .wmdow size 6
minimum word count 5
vector dimension 300
FastText window size 6
(Skip—gram) minimum word count 5
n—gram 13-29
vector dimension 300
window size 6
Clove alpha 0.75
maximum co—occurrence count 100

3-3]13% 2t} Word2Vec®] A%, 7t
1S ekl vhE, Ze wEa a2
W ol A7t 2 wlme 2712 ueb ol

62) FElA E47]= 225904 dEst=Rel Kiwig ARHSota e, KiwiolA A==
222 ok [&E 2-3]7 Kiwi 23] E(https://github.com/bab2min/Kiwi) |4 &elgt

Bt 54
% gk,
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https://github.com/bab2min/Kiwi

FastText7b ©@ole] ¥l WlE ook dolg HA4sh= n-gram HE7HA]
A= Ao 71915k, AAR 3.5GB % 2.2GB7} n—gram HEZ <Qlgh
md 3718 YErdch E5F GloVer & 2y3 @, A4 254 dolga
SHEE 7] wfEof FastTextEoh & md A7|5 UepA|T S5 AJ7to]
FastText@} H|GE o7 Hop ks &L ZHo|AE GloVerl 71 S5t
Aoz mmamch uixeto 2 Word2Vec?t FastText= E-20]2]o] 10,4217
7 Z3hE 218370709 AWl wWHEZF MAEeH, GloVelr F-2o]o]
40,091707F ZFHE 529,589709] QIHd e 7E A/ =] ATt

(2 3-3] M3 29 = 23

TE Word2Vec FastText GloVe
ok A8 AIRE oF TAIZF 102 | <F 1AIZF 302 | oF 1AI7F 258
ot 37] 1.3GB 3.5GB 4.5GB

o] J3t 27 218,370 218,370 529,589

3.1.22 A9 B9 #7}

dHld BP9 s F7iol= WL A WAE Hriel oA Hot
7} At (Schnabel et al., 2015). A4 H7t= ohad dHY HEHE 23HA
o7 Hrish= HAo g AWdof ou|2H (semantic), T-F-=4 (syntactic) ¥
AZF duty & =of J=AE F7iote WHelt. diE4]
7tet ©o] fAE Bt pdE oA Hrhe shaE Tol dHIY
S B4 tR2ER HAT| AEsto] A0 Ades H|wshs WAlolth

B AL 7 277} ol st
D gl 45 B7}

"ol % WM Word2Vee 29 2 @7Ae] AN B
Z

2 7
HPgole). ol ak bel YelA o R 2§ (analogy) £



£ AgSte] ©of 2 ofuld, A wAZE AW dupu ot QA
£ AdHor Hrlste ot A& 5° ‘man®t woman®| ¥A= king
3t queen®] AL} Zr¥El= EH2 ‘man — woman + king = queen’¥t
T AMAQMer 2ET 4 QleBR, olF olgstd MY EPo] 75
wAE F= Aol 7Fsstth =, ‘man - woman + king'9] {¥d HE S
A &, s WEge] A AR 7R &2 T@olE Zot ‘queen’ Tt
YA[St=AE 2ot HAlolth

B0
2
Jo
v

B7HE fIRt HIAEAZ F=2 A7l AAE GATS(Google
Analogy Test Set)& W9siA Agshe 4971 Wot. GATSE on24 4

AR AESE F2EH AA AER FAE0] e, o] T QnEF HAF AE
S

= H&EE =ofoe 7 glo] A8 4 ot Iy 24 HAF AE
+ =olo] ddi= AEst7] ol A9t Bk dE =0 ¥l @4F
1 B4 BAE gh=olo] AEstew —Eolehs WARPIERAE &
Sk o el FAS Fdoof sk wAIZE WA o]F Aleste] &
AFolMe B4 FEE(2018)0] F=¢ KATSE &-8sto] ol 75 B7)
£ P59t KATSE BATS(Bigger Analogy Test Set)635 o] EAJo]
WA AQFASE Sho] 85 HWIF HAEASR ou|l2F o] 2 746719t
B22 2ol 1874702 FA=]o] QUct,

i
rlo

% W7k Ashe okl [2 3-519h 2ok o714 Ag

_'Q]_
g Agos By 2P weL oujste, Wb gt

n}
rir
R
__)H_IJ‘
Mo Ho
ol ool

w3 5 2 A9ES HERHL

Bl orn
_O|L
@
filo
=)
rir
=
O
=
Q.
N
<
8
N
N
i
2
3
(@]
u
HL
o
1o
=)
i
2
diu
oli
o,
=
X
rir
oL i

R
Ao

1
= Tl 2dolMe 2 AdES vElt o,
o

2 Ane wj= Word2Vec?} FastTextXETh

=
X
Hir

Mo
ox
EE, o
i

filo

i
Aul

63) Gladkova et al.(2016)0] GATS(Google Analogy Test Set)& 2Fdslo] et To] G5 W7t
HAEAo|Th
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wom, AY 7 2ol Tl Edste] & HY THe] s Zol= mw|gh
S0 et
(3% 3-5] §% B A%
35
A 23 HYE S|D|EX 2 HYE = F2EA 2 HUYE
29.76%
B177H) 28.71%
30 (7837!)
25.78% 25.63%
11917} \ 11847)
23.28%
25 / % e
21.13%
19.96% (3967H)
(3747H) 18.34%

& (8477H)

-

8215

%)

11.10%
(20874)

A\

10

Word2Vec FastText GloVe
2) el fAE Bt

o] fAtE H7he 4RO ©ho] Aol dis) Abgrol A IR {AMS
Aa-of Ay W= AL fAMS A5 Atel o] AA(Anofrt 9] 4
A, wol& AAT)E ALtste] @] dHgd o] F4& B7kshes WHo
o}, ol Atgo] HrE A Ao 0~107 A= 2=, olHd )
B o] FAM e dof HlE Ato]o] ZARD FALEE Foff ALt

o] FAME HI7LE Qe AFEEE HIAEAZ WordSim353(Finkelstein
et al.,2002)0] F2 AFEHT o] HAEAL F 353749 o] tho] Hog
TR, R0 WAL FA0] o] Bo& o]FolA Qirf. B AZAE

o|F jt=rol2 Wste] Frto] &gt on, M Al AFe] onjrp HEL
A FotAY [b=ro] A AAI A A FetshA] ¢be wol A 4271 B
7F Sojof A Al 2Jst3itt

]

—_

rlo



FAE H7F Aybs ofg] [I9 3-6]3 Zr} of 7|4 WA gt A
olRt(Spearman) FAFE, otet uvtti= T oj&(Pearson) A TS 9Ju
st W7F Aot 75 B2kl A UEbdeh GloVes Al 29 5 7}
F Fe A5S HAoW, Word2Vect FastTextEth JHid o=z 7Fsh A
HAE vergled, 1 atol= i F4ASH e

(23 3-6] A= B7F A

0 Ezz1 Amjojet ML moj& M

0.5394 0,5343 05238 0.5277

0.5 /

0.4

0.4386

0.4013

A

5

o)

C‘ZO 0.3 \

0.2 \

.

Word2Vec FastText GloVe

0.0

o = % = -Hﬂ:%' -‘;‘—6-5]'19_' = L ?:1 =
(input layer)092 TS5 dHd RPor x7|otH dHE JE= dgdo=r

64) &g By

FTH=
]ﬂ
65) el HlolelE Al AlEste] thE ASe] 2HSer HEshs J%E it



ot mlAl 274 WS AXh olnf] dWlE Z7|8F Al 'TASH= OO0V Tof
e He ol HEO Hdox HYstlom, FastText®] Z-%ole
n-gram HMEZ OOV ©ol& AZgt 4 gloma tho] HES] PFe &
& 7399 n-gram HEI S FEF BSE FRobe] BYS FEHAGY

o2 2YZ(hidden layer)602 17§12 BILSTMZFCo =g AA51om,
AEjo] F7)1= 32, 64, 128 HlWste] BHE ALy =o g4z A}

o} opAe 8= (output layer)672 thE Ba BEAS Z7] Q& AZE
L

ot
o 1]

flo L

2 ¥ 10 e

A(softmax) 5 AREolgom, o] U’Jra} &4 == categorical cross
entropy’} AFEEIITE E3E HolE Ewty ZAll t-&str] I8l ElelE 7t
FAE A ol wrgstaoH, JXJPJ(Optlmlzer) dnelE2 27| o5
A o] Bt A-E sfdsty] 9ol Adame] ¥1@ <l RAdam(Rectified Adam)
= AR&SFlT

75 Afe (3 3-4]9F Aok o714 BEee A5 S5-fold CV

o] 43 ZAE Y8 FastTextet FastText n ZVZF n—gram HEE
&85t 2 Ao &89 B59 ¥t AWE vehdoh ®7F Aae Y
2 Wriel mp A2 Word2VecZt 7MY &2 A% 7IEs3Al, GloVe
= Al B9 F 7P E2 Aee et Ao E Word2Vecs o] o
Fo FYoHA] oS o] HEL(T4%)Eet oF 8.5%P FFH 82.5%°] A
g} st em, GloVe oF 5.1%P FdH 79.1%9] A= E 7|55}
Fot. HH, FastText= #o| gh5S £lstA| &2 AL Hoh oF 7.2%P7}
FIE 81.2%2 AL E 7|=5t9 1, n—gram HEE 83 FastText_n
oF 7.7%P7} FAE 81.7%°] AELE 7|25t} FastText] o]#gt Ax}
AA g7t FastText®] 3ol #2d Ant= oiAd 4 Sk &, 34l

A FAZIA] YERd OOV dofo]]l tisiAx FastText= n—gram #EE
g-goto] At o] HEE AT Ao= FriEoh

©

o
H—1
i
N
Ju

66) A4 dHlolel9] mEoly SHL S5k ATt 2452 o 9] wHom A=,
%E}%O] T 7R ol FE S 4G (Deep Neural Network, DNN)ol2} 2ir},

67) 29NN T2 JHE Higom AAFHe] 2F ASoly 7 2E AEste AlSelt
68) B7F el it ARt A2 3.2.2.10 A= oIl
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(& 3-4] A4 B7F 2

3 I &5
Word2Vec 82.5% 8.5%P
FastText 81.2% 7.2%P
FastText n 81.7% 7.7%P

GloVe 79.1% 5.1%P

o9 ol AWy Hrt AnE Higer 2 A= Al 7HA] Bt
REFoA 7HY 435 HA5S el Word2VecsE 2 Aol 2F dHld
It FastText= WAA H7FolA Word2Vecete] A
A5klal, AA Bt Qe Zol7F 0.5%Pel &t
5] 2 AYR 2 HIHER. 55, A4 Brto] E8E
2 A9 g5 HolgAlol= OOV ©ol7k 29071= =36] AgtAolql7] wi&
of B} Wit 2o S5 HolHAS &8sttt HrF At dEtie
7t &= }—Zﬂﬂ‘q’ E}E}i TFF 9 B2 o w2IAPE e Ee] Axoiet
7} gl 20 FastTexto] &g o
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3.2 A B5 23 (Classifier)

A4 BEE myge RNN, CNN, EdfARO o A 712 g8y of7|d4 &
asto] FER 2 oM Z opr[EA 9 o224 Wi +x24 E4e

=
AAE DA, o|g Agdtel AAY WA BR RIS A% Hi-

2~
7t 1gHo] 9o wi 4o} Ahaaq delelz iaw S el g
W 7aR Qs @A Qg W QEge] BAS sl S ol

olz s AL Zolef AT A[Zte] uwret WelstE dlolE ] wEs
=2 ool A=A, ot a7l H-&57] As| At <l A7

S0 Zelgel A 039 gages A4ssHe 7
S8) ot [17 3-7le RNNO| 712 722 =Asjetact. shb A
B, WA RNNE (%] 271, A4 4, 98 499 5ol 3D HAZ 4
doz wheth o7 WA A7l bacch sz @ Hel shaEE AE 4,

A9l 4=(timesteps)= AlEAC] o], dF 2h¢o] S=(input dimensions)+

69) AB~E SN YdE dde] AAES, NP2l Lol o] AEe] Ag e,
o7, shpel Bge] Aserd NP4 ol 2 BRE TSR Beldl 471 Hrk
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iy WE o] e ojnlgitt. gelo] Sole Tl wWme] A A
Ao Apzre)ell A ol A Hme] AoA U gt gl AAFgHs
AAH BEol Saw=d, ol 7t wme] o] Zezke 24 A (hidden
state), W2e] A oto] gl R £8 oY A 27 (uits) 0t S,
= ol ¥ A WA Yol Solew A WA LY HHG )7 4E
H1, 5 WA dE(z,)0] Solew A WA 24 AHet £ A gelo] A
Aslo] £ oA oY AE(h,)7h AEHE 725 RelEth 23w
Ao upxar Aol (FF A9 270, wjx) 7)) Y He(h)7t &

A1, o8 FHSOR HY F o5A y& AEHhT2)

(18 3-7] RNN £R&

dimensions

Xt

timesteps

input
dimensions

70) Z¥zZtol Alduitt §AER= &Y AdE) WE el AHS TohH, o] Fol Byo] 7T 4= S
AR oF & 23| BF(capacity)o] BFHT.

71) olnf &9 29| F(output dimensions)= 24 AEe] 27|71 Hct.

72) ofgh RNNO| ¢=lat &9 e 214 ol EAO] uet g2ich oAad, (23 3-712
744 25 EAlo] ARgEE ol (many-to—one) %2 RNNS Ue AT 7] A}
B4 9, E= RNNS o8 A A= 72 &8 43D Deep Recurrent Neural Network)ol]
A= itHmany-to-many) F+x2] RNNE AAISlof gttt 181 ot x4 = H2e

o] 7k Aol (M7 Z7), Ael 4, B8 AU )9 o9 FHE FAF0R fudnk
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RNNE] A& At 742 A (3-20), 3-2D)3F Zoh((18 3-8]). df
T AA x= tAF0 Tol oMY HWE, f9} 9= BAES T4, W, W,
W, = 715 34, b,et b= B (bias) HEE oujgitt. W, W,, W =

= ARt 22 3= ARESHH, RNN Fo] 27] oY wi= Sttt o
E W= ARgR R Ao &35} ok e dubA o g StojuEE HAE
(hyperbolic tangent, tanh)73) 7} AMSEH, &€ Aol whet
A ERAE AIdRolE, thE EFAE AZEWATY 47t AREEH

LB T ASATE AEEE &4 S5E So AA AS5A 1t
ol SAstedl, ol &4 o A= R/ wAOl wet oFl FEFollA
bmary cross—entropy, % =F0lAl& categorical cross—entropy7> &4
b7t AbgE T upxuto 2 ujsf# S (parameter) SH5S 9d) $HEE o
Z‘iﬁ}(Backpmpagation) g wEe Al Afne oHduE —’F’E‘ﬁﬁ}%
BPTT(Backpropagation Through Time) W2]o] 4=d&r, ojnf Sh5E= df
M= 712 W, W,, W ¢ #HeF b, b oltt.

=0 H=
o1 wT

r{n

rlr_&_mg

Ol

73) tanh VHL 71E0E P 2 54 @ A RNNO M4 2ol
sol B ofest AE EAS BG4 YRS EOFE 4TS Tk anhd] S
~1~1 Apololnl, 542 Aol chawt ek

)

2l
Bul
1o
s
oS
oflt

74) F gael 248 e 2ok
sigmoid(z) =1/(1+e¢ ¥) = yAt
K
softmazx(z, ;) =ez“‘/zez"j =9,
(A71A 2, ;&= o1& ol g %Eﬂ §7\1(oglt)e oJa]gitt)
75) 5 el 2 et g

— [s10g(5) +(1—y)log(1-3,)]
(714 = 0 Ei 19] uk% ZH= AR #ojBolH, g 0~1 Ao]o] Fhe K= o

A

ghgoltt)
c
L, =— ny,clog(?;z,c)
c=1
@I CE ool A, 5, ol col ol 2ol S|ZeHE, 4, = Aol o st
A-3F 217 (One-Hot Encoding) #E¢] Q4o]lt})
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(3-20) h,=f(W,h, ,+W x,+b,)
(3-21) y, = g(W,h,+b,)

(78] 3-8] RNN <4t 114

Back Propagation Through Time (BPTT)

L;

Categorical
Cross-Entropy

Ve

RNNE| odnt A4b g2 [ 3-9]9F Erh dHnp AitoA 71
A7 Sgshe A2 &4 el A yv,9 71870 (gradient) aL/9y 1tk o]
E AZEWA Fx(y,, =¢"/LE )9 Categorical Cross—Entropy &4
F(L, =L 1y, Jog(y, NG el e, d=x9} AA] o2 A
AE 070 IR E o8 WA gy, 2 AL oy, = BA k=g mEt
FAe] OdiE AgEe] 259 "W b9 71=71(0L/ob)E At=E7tTh
21 F4 =52 Aud 850 £ g2 uids W0 7.7t ay,
o} &4 A h,9 214 (outer produc) 0.2 4AHEHH, oy, et W, o €70 ¢
Ao mre Az ddEoh w2e] dois AE¥2 oh7t tanh EE

AUAA tanh 440 vl gH((1—tanh? (b, )3 W&ol =], o]7]A]

~

o

N

76) €4 WH(Chain Rule) F8ajo] £4 g% Lo g £3E wa 4o 23(ogin) 2,
of Wwle Fshw chewt Zol A,
a:l/A i Yii af’; i oA ~
oL _ BAL X — where 8{1 =t b =y,;(1—y,,)
921;  dy,; 9% Y, Y, 9%
aL Yu,i
-7 < Y l(l Y z)
9z, Yy i ' '
dL
2, Yii ™ Yui



h,,= tanh 5 2EsH7] Aol A
oh. 183 4H=H oh
o] 71&71(9L/db,)E a,

x, 0] oA o=w w7l W, o] 7|&7|E AEttth whA9te s oh,, 7t 9%
A EEE Holrb A Aol 29 AH b, AS st W9
71&71E AFEStA, oh,,, 0t W9 &&& o Ao wHe] g Hgs
of 9] }g-& WHESHA Hrt

@- %}:’ é Whhtfl—i_wrxt—’_bh O]
g A Wreko 2 MotE|o] W b,

i
B
i
_O'L

[718] 3-9] RNN 9du} A4t w4

|" Wh by
| 8L 3
| o O | b
oL; = e i 0wy oh.. = dh, (1 — tanh®*(h,.,,))
Opgr * Wy | X raw + t raw
ahy o E u tanh

By | OLe

W 17 D

vvvvv

}
!
{

he—q | X¢

1 29"el= yeb 9o, RNNO 7o}t v4g-2 tanhet 2919] FE &
ono] %02 434517] o] Ao] AolA4% 7187171 00 77494
L 7]€7] 24 (Gradient Vanishing) A7} WAttt £35], tanhe &8gt
o] —1~1 Afolo Fr& 7IXEE {iggto] ml IAAY A2 ASole 9%
ub Aol B AR Ay mlE gre] 0o ZPAA wEoh whEkA RNN
1yde AAZ = tanh ™Al ReLU(Rectified Linear Unit)7D2 &3} g

77 RelU &= & & 022 WEAT, = gholl diside v g 12 {45 71871
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TE HASAY, w2 Ao dde AFe do|g Uro] JHnE 5
= Truncated-BPTT(Truncated—BackPropagation Through Time)E 83
1271 &4 Al -k Hoh Z2uh o] A ARt a2
H2ol7] 2o 71&7] A4 EAE RNNO| 8 A= oA et
717 249 7P 2 BAle 71&717t AotAHA A ShEdld A
H W ARepRitks Aolot. &, A 53| AE7F Fl2 S35 AEE

o]Z4 (Long-Term Dependency)2 SH55H2A] Hol= &
s

2) LSTM(Long Short-Term Memory)

LSTM(Hochreiter and Schmidhuber, 1997)-& RNN9Q| Z7] &4 EA|
fdstr] Qs At B4 X9 RNNoJth LSTMO] siAle 7]&9]
Y JH Qe A AdHl(cell state)eb= F71719] FAE FI1eE ] ok A
JEl= A5 APAQ0 Ae2-&(linear interaction)W-& <
A3} glo] Oddi2 Se7tes st giHolo] WESL T2 oS
, 717 2o F5 ddo|ld B4t E AXA fkob dxdwt
Al AH Ao Ao MASHA] b= Zlo] EAolth. SR o] Ay HiE
o] ARE Oz FAst7|vt oy EEett JHE 9 FA w0
JHO| Mol ofshd 4 It o]E H
{5HAY Fa% ARE 24T 5 A= W2 Alo]E(forget gate), Y
°]E(input gate), & Al°|E(output gate)et= 37FA] wW|AUSS ARESH
A7, G2 Al E= Al AE] oA ZHE AAshs s Seh(1dE
3-10D). ol&= ofefl A (3-22)& w=t dA) A9l = x,oF o] A9

9 A h,_ & AORE ool FHAA 9 {5 AR F, o€ ©

=
=
o

~—

A

b ox

e
=

N
e
ol
i)
N
do
%
=
wn
._]
<
rlo
Mz
o
Buj
1o,
oM 2 > &
oo o o o

Mo

—_

78) olE Sol T Agu ol SHT T dolrt A2 Fuslel Gl 2P o F Aol 9
4L Sslor it 7187 A48 o] oF4 Sige] BAT PR E YolMel] wEL,
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A Ao A A ¢, 3 Fote] SALt ol £ ALROlE F4E A
i 0~1 Atole] ghe 74xH, 0ol 1esR ol AW 9 ARst o B
o] AAPL olulgict,
(3-22) f,=0(W, « [h,_,. x,]+b,)
B, x,0 o Ao ey A, wel gulg g

.| = - L

ht—l

q-o Oi 012:1 74] ] EL 7‘H /q;gg] o1aﬂ ;GEE }_143]_% oGl

(2% 3-11). ol 4 (3-23)3 (-24)0] oJs) SaEs, 4714 i A

AolEe] 2282, ¢t A Aol TR g oua i 9 ¢ B A

Aol 4 x,9 ol A 249 A h, & Moz AMHH, ik A

amol= gho] 98 0~1 Afolo] ghE, ¢, = tanh o] 95 —1~1 A}o]

93§ ol 2= o2 g @4 AR 4 A
7z =

=]
A i Lol TPk e JHESE @A AHe g

o,

Lo
=
rir
el
il
>~
=2
)
s
|m
lo
a0
i)
)
1=
n)
o,
rel
=
>
)
lo
2,
)
Bu)
o
i
R
i
U



ok ol= A (3-25)9F Zo] AHoEM, 7|4 o= 84 H(element-wise
product)& oJn|gtct,
(3-23) i, =o(W, « [h, ;. x,]+b,)
(3-24) ¢, =tanh(W, « [h,_, x,]+b,)
(3-25) ¢,=f, e ¢c,_,+i, ° c,
h,_, x,0 o] AFHe] 24 A, Tol dHd #HH
W., b;i 12 Alo|EQ] 7I52]et HEF
W, b Al A =K o] 71529 HeF
o, tanh: A|J1Ro|= 3= tanh T
i, ;0 48 Alo|ES =4, ¥ Alo|ES =¢

c. ¢ A AEe TR ZE A A

[Zd 3-11] 49 AllE

R ey C
Cr 1 (X)) & t
i, |input gate G
| sigmoid | | tanh |
heq g he

=]
Aste g (1Y 3-12). &9 74101 Etx ol 4] <3 26)%L 7*01 %
12 x,9 o]l Ao &Y A h,_, & A1
Sol= goll BIAA ZGS AAT B2 AoES} A AolES B

[e)
o AEE A AE o ohe Ao dolrls BA6] oY Ad 452
% (3 %



~1~1 Apele] gho AFSEL, of glo] 22 AlEe] ZEn aid §
2 Zaste] 24 Aerh Hek Jeln olgA AEE oAb 4
o vlme] Az ADER, tt FEAE FEEoRE el Ak

MO
rid

lo
Ei

(3-26) 0,=c(W, « [h,_,, x,]+Db,)
(3-27) h,=o, - tanh(c,)
h,_, x,0 o] AFHS] 24 A, Tol dHd #HH
W, b,: &9 ACIES] 71522t W
o, tanh: A]T1RO|E 34 tanh T4

0. ¢, b &7 AolES] £, A AE, oY 4

(17 3-12] &€ A°|E

Ce_q @ @ Ce
[Eomeamr] o, i

ht—l sigmoid X
\ lg—l ocutput gate g

3) GRU(Gated Recurrent Unit)

GRU+= Cho et al.2014)°A Atd ¥ ATz, LSTME F7] 9

FASHAA AL 5842 Eol7] A& A=A GRU
TMo A ARGEE A Al E AASEL, 3712 Al°lE Fx
(reset gate)?} YU|O|E Ao|E(update gate) 2 ZFA45t0] 24
A S £ ° asdo= 7HAAZ] Aol

ox,
o
u:l>
Ir
)

(¢}

o
= LS

o> o
N

Hﬂ g

oo
2,
N o

e

ox M 1o rix

£
=2
e
ok

79) %4 THONE QhFetsol theftt TR 2y At FUFoRE P
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WA, @A AelEs %91 Aol A Aug AAN] §IF Az
of) 4 (3-2907 (3-29)el o) AFAHLY 3-13]). FAHCR, A
Aolzo] Eele @A wfﬂ 93 x,9 old AH 2 4 b, A2

molE o] BAIA AZEN, Zgt r b, 7 948 FE st

(3-28) r,=o(W, « [h,_,, x,]+Db,)

h,_p, x,0 ol A 24 AH, ol gHg HH

W, b,: 2Al AolES] 7hE2] et HYE

he 4

I~

g4l AolEst 1A ARE dnh} BATAS 2FstArkY, deolE A
olEX WA ARG BA AR EF HES AoIFTH(LY3-14]). ol] o
g A Qi L o) 4 (3-30), 3-31), 3-309 Tk 94, 4
(3-3002 AHEY, YUOIE AoE A B AlESH sHrHE A
Al 92 x,9 ol AR Y A b, & ALR|E Foo] FitA

rol
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A =94 2,5 AT 194 o] z,0f 848 HS st w2 oA
Aol ey A h, 7 &4 Aol 38 Z holth he A -39
ol &4l Z h, ¥ x, 5 tanh Fo EIAA AEHY, o] B GRU
37 AEet a4 Jeg AU AR RS A4 2 o9 4
B ht 24 (3-32)5 wat h,_,E 2,9 hE 1-2)9 848 F& $3519
APEHET ol YHlolE AlP|EFY 19 JWkR dE A=t
o 34 FHE FeAstL, B 0o At e ZHedw WA Aunc
A2e HHE o FaAdths 2 ougit,

(3-30) z,=0(W_ « [h,_,, x,]+Db,)
(3-31) h,=tanh(W, - [h,_, x,]+Db,)
(3-32) h,=z, - h,_,+(1—2z,) - h,
h, |, x,, b, 0 oA Al 29 Ad, To] Adug wlE, Al 7t
W_, b.: HElo|E Alo|EQ] 7IFx]et HEF
W, b,: 24 A= *H g 752t A
o, tanh: A|J1RO|E gt tanh g

z,, h,, b, AHICIE ACIES] &8, 24 Ao $H g 24 A

[ 3-14] dHlolE Al°lE

ey e

Z¢ update gate

——l sigmoid
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4) BiRNN(Bidirectional Recurrent Neural Network)

i
of
ol
el
N
do
e
2
[
©,
i
-
EX
I
i)
2
>,
m rlo
1o
EO
1%
gE
2
o
o
iw
I
A
&
>,

G712 d&e] 7] 4 vk ofeld

A [ 3-1519F Zo] Z2 Aol dish F 7H9] wi=e S ARSt=
Zolth, &, A WA wxe] A2 of AH 2Y e (Forward States)E 7
ditol Hzje] 24 HHE Adtcta, & ¥ wze A 5 A 24
‘el (Backward States)E Agwirol Aol 24 A

o & 9k 24 el 47 5HH =R of5EH

AEE FoE 08 B EFYFoR HY 2HF o

[ 3-15] BIRNN 2"

1) #AH Ef BA] ARgEE oY £29] BiRNNS e

BiRNN®| ¥ Fx& LSTMI GRUOE FdstA H83 4= it
o] A%, #AE BILSTM(@Bidirectional Long Short—-Term Memory), $AH&
BiGRU(Bidirectional Gated Recurrent Unit)gt FEt}t, BILSTMY} BiGRUE=
271 A2 2AIE A FAlOl A AR} ulH FHIA] A 1

g 4 ks Aol gk B3], EAE dolge] A8 e olsishs A
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o] A% Aol oF BUL meld 4 gt PUY 727 Sl &
9T ey e e pEsh e pEET U Ade] s
ASE EAG AT, Qo] PAZOR FolA nle ARt EAsH
A P AL F7t i, AR AE 5), Br JE7 2402 A4
A A AR B ool 9XsHE A0 27] AR Be AEA
£ Hofshs Wl 727t H UL %S Ued & 9k mebd P
F2Q1 BILSTM¥ BiGRUZF @&F %91 LSTM3} GRUKTH @4 93t
e BT Qs S glow, B4 deolge] S4u a7 B
AP 2FZe A FHAE 2 o lEAY xS wmBstte B

%A 271" RNN EEE=2 44 27 23S 75¢ T AT, 997
of oldlld HAYUSS F7tstH aid 239 5= o =Y & Ut odA
2 Bahdanau et al.(2014)°f|A4 A& S&S ¥, Luong et al.(2015)°] 2|3
A5 ofoltje|z, L UiHl HEE ARBEHI Sle EfAZMO 7|Hho] &
+ ofo|tjojt}

ojel o] Hall 225 RNN 7]HFe] Seq2Seq(Sequence to Sequence) M
FsDo] J5S wolE Aolodrt. Seq2Seq BP2 dHS whol AHsh= AR
et 89S AAshs difs F45et, RNN 7]9H9] Seq2Seq 2@
AFHRNN ADoflA A Q= AAAE shte] HEE fSste] TS,
HEHRNN A)= o]F dglom whop &8 AAAE Adste +2E 7H

o). =, 9lmE RNN 49| npxer 4o &4 A7l oz RNN Ae] 3

80) o ol “TEAAN A B710] o 29 A4S J|Ssher], ol 4NA AF 271
ot & i_LOﬂ Z1Q1ghe "o 22 B2 A AHolEs 58 AME WA QIXRE 3, AH]
2k 2123 2 S7HEE AR FEE & pHos yehdich

81) Seq2Seq HF2 7]1A M (machine translation)o]L} A (chatbot) Zro| 2 A|PAZEH
o2 THjle A EAE & Zao = Bofol|lA ARgEE HYoltt
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2 shte] 1R Zolo] MHE GEehd AR e AR~ I A

271 izl Al dol7h AojdeE 1Yo g5o] AstEe wdo] ik
oA o5 B 9ol tEH7t £9& ASshe ARt Q1FH 9
AA APAZ F1s= EAo s AHoA o=doF S thoje} elwto]

<
AE 48 Tole & o HZF(attention)s|A FAThE ofo|tolE 2=
ofeff [1® 3-16]2 7]& RNN RPE=)7 ofdld 719k RNN 29 (¢
d Aolt, T1foflA Holxo] 7]E RNN R mz
9 AHE S edcke W, ofdld 7|8 RNN 232 of
dld Fp(attention function)= AFEH 9 9 E(context vector)E E-&5}
o = AT 5—3] FEE H2 oA oot uhAE A O] 2Y A

=
Y AHE dgoz ghere ol
% e}

<

=]
T =
H AR %Oﬂb &5 AEE0] 2 4 oy e A &Y HHE

)

ThA] g Faste] 28 Sk o] ofdlH ofolc]elts

[ 3-16] of€ld 7]k RNN 2

82) FAE o7l A B RRL bS] UaE FEE ARRA, Seq2Seq
£ e} o] AER drl o B MEE B4 A 490 298 o:nézm}.
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o’ ghe= Vaswani et al.(2017)5& 2t ofgfl 4 (3-33)x} Zo] BH
= Stk o714 o'l d g4o] gl A2 (query), 71(key), WF(value)
ny AA] wet e oulE 7H 4 gled, dEbAQl Seq2Seq Rl
A7t b3y A Ao 2Y AHE, 719 WRrt dEE A BRE A
o] 24 AHIE oun[gitt. Hop ddrd o=z Aottt H= A A st
Ue BZlS ZHshHs HEHE, 7l Hlu tiido] He oE AlEAY 7

Mg ojulstnl, R 919} SR EMEiEP Bolg 4

R A | S )
rr

ofdld 9tpol FAAQ Ait HAHL vt A2 Al HAE vE & 3l
ok ®A, A BA A E offlde] sifolzt & 4 Sle offlAd Ao
£ Aitetr ofdld AFol= S0 FPof sl ZF 7171 duhd B9 Qe
A5 B A5 ouleitt. &, A=t 4 719 fAEE EolH, o] AT
TE S35t HAS o2 A G-34)00 AAE 2Fof Tpo] FRol whet
EExils)

query 'key dot
w scaled dot
(3-34) Score(query, key) = queryi—szey general
v "tanh(Wlquery:key]) concatl
v 'tanh(W query+W key) concat?

HFA]

A B-30)NM dor2 E<=3] Fzle} 719 WHoR FAEE SA5= A

A, scaleddot=2- dot9] WA gho] AXE A& YA fJsf 7] W] 2
9 w4 no AlEZe WrolFe BAelth ER, general> #E|9t 7] ]9
o e 7Fe’t 7HsA FE WE A AEStE BAOIM, concatl2 7HEA

B W ololel] st et 7HEA WH vE W Agshs WAeltk uhy

Y
rr
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WO R concat2+ concatl S 2FF WHATE HAOS R concatle] HH et 71E A
ZA(concatenate)ste] 7Haa] DS o5t AR D], concat2= F =<t 7]
o2t g 7S] 8-S ohattthe Aol Atelzt ek & dFolAME o] F
concat2’s B85t} oA tpE FASIACH, o] He AFo] Fro A
ARl AFE 2 o A (3-35)9F Aot

o714 s HHel slidsts utAEr Al 249 AHE 9u|etH, h Y]
| sigstes tAHS] 249 AHE onlttt. wheF GRU= 2
A so h= 94 AXE 4] (3-32)5 wat 2FHG. 1
Be BPS /MR Seq2Seq RFAE Heoll sfitst
o] t—1 AR &Y AEE on|gt= Ao Folsfjof @E}.
thgog T 7 dAAE A (3-35)5 Fof A4t
olflM Alo]of tfsl] AXEWMAZS ﬂ%}fﬂ O1E q BEXE 3t ol 4
(3-36)7 Zo] Ao=, 7|4 4=
7t gt

2

.

rﬂ
rln
rlo
1%
o
Su)
1o

_4
_L4

ol

(3-36) a = softmax(e), (e = e, e, - ¢,)

npzato 2 Al A A A= FHEet 719 fAEE UEYE o 71}
W Eo] Q= ZHzte] WFo] Rrdeh & o]E M5 Tisto] oA e ALt
gttt &, Al 1A SA= o A (3-37)3 Zo] ZHzke] wiFz(h)oll FARE
7} dtgE =2 715 weighted sum)2 Afste A4S Wald, o]ZA At

29 ofdA g xdel AA B mgsty grka ste] T9 wee;
H=
T

(3-30) ¢ =Y ah,
t
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1) 61—&%% /ll_]7gu1- 7H_9_

CNN o|u|z] go|ge] 2], = AFH HH Zoks flsf dAd o5
Aot CNN2 %7] LaNet(LeCun et al., 1989)0] AA|=%S AT
si= At wgH doly FF T olf= g AgHAE &Fdeu,
AlexNet(Krizhevsky et al, 2012)o]2l= CNN R3] ILSVRC(ImageNet
Large Scale Visual Recogmtlon Challenge)8)oll A HE=HQl A5 Ho|FH
A FEEr AT ARl AlexNeto] A3-2 VGGNet(Simonya and
Zisserman, 2014), GooglLeNet(Szegedy et al., 2015), ResNet(He, 2016) &
TSt CNN ob7[El A 59 A2 olE%= ?E” ofyzt, CNNoJ oJu]z] <l

4 olgels 24 A4, Adel A, g 4 BA B ekt HoplAx
449 4 95 AN PElFa. Bel, dAE deldels oA ol
ol 2o B, A7 HuIL A80] TATWASY, Kim(2014), Zhang

and Lecun(2015)%} &2 "HAE AHYE At et dts0o] AEEAT
1 A3 g AE gloJgo] A CNNo| 83 EAHE 5T & U39|

S0 Aol Az Zopl Mk de] A s of AREEA F A

CNNeoJ| tjefgt Fopeol] &-8EAA CNN2 A 2lot= dlo]Ele] xpef u}
g2t 1D-2D-3D CNNoz FEEo] AREED Qlrt, o]uf fHo]ele] 22 b
oleg] el A& 9ulst= o] ofYyzt Hlolgrt 7R = F7HA-AIZHAE A}

95 "Wtk &, g G4 2ol Eol, yH], ZHol(Axhe 33 FH|
7= HlelH+= 3D CNN=, o|u|A] dlojeet go] Fof, 1|9 221
HE 72 dlolEE 2D CNNE AREstal, HAE doJgu AJAE HolH
A 1349 EAS 2 HolHE 1D CNNS ARt} whaba zpddo] A&

il

0912

83) 201041528 AZhe A3E W Bopold AP gl gk el A o8l % sholdt

84) <& E°l 240l Bols] At Hidol 54 2 FAske A2 olmA| Hole
_quﬂ uﬂoﬂq. _'_I_/\}—o‘j- _3_7 153 :rL/HO o]_ﬁr,]- EE?_]' 1_01 ?:1, ]Eol 7]§o] HP;HO].EF]A-] 1:]-01 A}o]_q
ofnld PAE SAIslele o] M5 SR, ol ONNo| BIAE tolee] fae Q14shs ]
o0 e3t A1ZtE ARE AlZshA sk
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stal, ol& Tl 478 & &2 Ada

ofeff [1¥ 3-17]1& 1D CNN9| Fx=E HolFt, oie 182 4983,
24F, 8502 FAHY, 24T 4TS5 (convolution layer) 371, &
FZ(pooling layer) 37, 18|11 A AAZ(fully connected layer)o] 17H=
AAE Fxoltt. of7A AHAETY EFSS dUE HAE Holgo £
2 EAoly oA mies FE5h= 54 FE(feature extraction)®] g
= ofH, &HAETY E852 5= 54& ER(dassification)sh= g
S 3t} olgto A o]2jgt ID CNN 125 7|50 2 ZF AZo] g H
N _

|m
i)
o
An
il
2
,
ol
ol
rr
D)
o
=
ol
i
&
HT
N
fru
&
)

(19 3-17] 1D CNN +x&

Input layer >> Hidden layer >> Output layer >
b———— Feature extraction ] Classification ————
[Convolution Iayer] [ Pooling Iayer] [ Fully connected Iayer]
Input e
dimension 2| Bl Trummeeea—a
-y )
,"/ ’,’l \\\
- 48HA = -
<space> = H .
o522l H o & -
= Convolution “]D
= | operation = [ 1 ~
Sequence | <spaces Ll " - ;P O D y
length |- L] Y 1
15 H H — |\
o Mo | L \(
o o RN
< L - | W, J
ot L - s
4 R - | % z
L <pad> H Tl; — 3, ,/ Concatenate
I G | H L /
G S e J || 7
Y% T g = il L
0
&

Feature maps Global
pooling

2) Y483 (Input Layer)

ID CNNE (Nf29] Zo|, guld WEo] e Qo yrectss),
O

ol 9fAl AmE RNNO| gt 22 gefjolx|qt, of7]o] A d(channel)©]

85) o7IMFHEE Wl A ZA7|= 12 7HEeitt
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o zpglo] sht o F7bE 4 lrke AHelA Aolvt ek AP e oln
A Ao|A olulAe] A4 ARE ehft U0 AurHos HiE
A oM AHER] = 40|t} :LFHL} Kim(2014) ¢ [29 3-17]%%

| = Ao 2do] 90 1D CNNL &gdlo] 7+ BEx mygs 1=35
At Kim(2014)¢] d4ellA 284 U*F% Ad CNN2 Z Ajdof] A=
e deld #HEHE ARgste] F gHd HEHE AP dE gHd HE=E
Z7131et =, g AQdet gHutR Shgshs WAelrh o]t shte]
Al HE = ARk ofulE fAsHHA ohE dHld HWEEs 54 Haa
of dish wAl 2A4E & Acte o1l At ok, Kim(2014)9] A+ 23
AMde A2 Ad 72 98 Aqd Fx9 Aol Az EFE ugten
=87, g2E dolgof dsid= e Ad Fx27F A2 A FrRED
g5ol Hold A2 obdell g Bart i

Ty
— Mz
(]

FIO ol rUE

operatlon) 0] T

uls
)
[oF
N
N
N
)
g-l_l‘l
e}
filo
)
o
]

g5to], = dolHE Ao ~E ﬂO]E(stnde)

=
R=)
)
>
)
s
ol
B o
H
o
oL
>
lo
i
B>
)

E A (local feature)=& F=ot1l, ©|

=W (feature map)oll #7sh= Hgolzt Fod 4 Ut o8 & o +

AR g dstr] 9o ofefols H dite] FalE= 4714 dAE [T
A 3-18]~[27 3-21]e AA AAsHA.

A g oAl [18 3-18]2 4x3 2719 9 HlolEle} 3x3 279

2HA R Uiro] HojEn s 1

Hib go] 72 dEE dolge E4S F3E5] Hsh AgEe A

ﬂJ[ﬂJ

86) dl& Eol S olu|x]9] Ad L7} 1oj A ou|2]= HM(red), 5 (green), M (blue)2]
ArQA) zsto g o|Ro|zBE R Afd 47} 30| Hoh

87) Kim(2014)olA= O]Eioj ANE QAslr] S5 HE A A A AEe ARestn, 1 o
Al 27190 P2 fAIsHEA AR Aol HisiARt 5 el wMl 2AEES F7H
 A57F Hasitta ‘ﬁ%ﬁ}‘ﬁﬂn
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FES oulsi, SAWE o] 7de] AH dlolg AE olFchHA Attt
WHES] AWNES onjgitt, 181 # Jng 5d9 #Ade 37, =
QLo oA 7HAoZ mTIHAE o|EstHA LS sl HPAlS &
chold glm et mAstE, ojn) ALt olFshe AL AEwolEet
o} 51:—5_1', Exmol 7+ QA7 AdE &I ‘B QL wh7bA So] HHO
48 J9(receptive field)olzt E@st=d], EAWL o] 48 IS A
A= x A 4= 271, A

ox
e
Hd
P>
)
A
o,
o
2
o3
ol
)
mﬁ F_Hl
=)
A
X T

(3-39)88 wet x—n+1 279 WEs} "t wAEeg oj7l4E 1D

CNN& 7Pgstol 7de] & wo=nt 2oy BIASIAATE, #d2
[29 3-18] stgho] uet gl= AA™ 1D-2D-3D CNNoj| whet gZoj=
ol E2td 4 Atk =, 1D2D-3DA D Adol 3ol Wk 24

£5 ou|shH, o]g 2ls] 2D CNN} 3D CNNojJA= EAwo] 22191
3 32 EE JHIE FHoH ks weEbA 1D CNNojAE #Hdo]
Fognh 2ZFojng 7do] Zol= A AP dlo|g o] Zole} Ego] A
Ho, Ade F7E & ALY HolE ulsiA Hr}. 183 1D CNN2

o] AYY] &o]Z AT n-gram® F4 2 EAL FE5HA Hr}to0)

rol
o
o ¥

o

3-38) 0,= | (,—K,)/S]+1, O=|(—-K)/S|+1

718 BESP] 8 EYe HEHE sk 2ddoltt ojnf EXWe %
1 (zerop padding)o] £3= o] 022 FhE AeA =, fido] 49 5
(wide convolution), o] £AEA] ke FAHFS F2 FAF(harrow convolution)©]
27 "ot fid(P)S 1t EAW] 37|& ok Aut o] AEHrt

(]
iy
rlo

315
2,

(4, — K, +2P) J (4 — K +2P)

S S

89) mekA 1D-2D-3D CNN-2 As] Totd 42 dofele] Fejo map FRE| = Ad
o] X5y Hieke] kgl Sof wt FEHT A & 4 qlok

90) A& &ol A9 A7|7t 201H Z+ 4 q #Falok= To] {32 bigrame] i, 49 2

717} 30lH Zt AitollA Farsks To] Fa2 trigramo] Hrh

0,= +1, 0=
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S. AEgho|E

(27 3-18] M= T HlAll

Input data Kernel Feature map
T i ——— I el
2134 i (e 3
3(4]|5 a¢|1[1 "~
48 Bl 1 [1]0].

1243 e 1 | Bl I

234 0. BINEF— .
345 1{1]o0 TS
A e s

Ex1)+(Bx0)+Ax1)+(3X0)+(4x1)+(5x1)+(4x1)+(5x1)+(6x0) = 24
1D - 2D - 3D CNN

- C—

1D CNN 2D CNN 3D CNN

= WA ARl [ 3-19]1 A dHole e Ade] 271 A
die HolEd, ¥ dHolHrt vld 285 7 Aeele 718 A
g dlolg o A sof Fgo] AREY. Hg 7Ady HEHE

€ 97t wey, d9s] wetd "Hele 7do] 271 ol
459 Ad= wotH A9 e BHO Ade U9t =, ot I1H
7H 3x3x2 =A719] "EIE 2 ARE AeE EolFT

el
=
ol S4WL g2 dloleer Weo 7 Ad7lY PAF QAL AT 2
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[T9 3-19] 95 AAt HlA2

Input data 2 filters 2 feat
with 2 channels with 2 channels eatre. maps
HO| 1|1 _
LU 1 -
‘40| 0| O
3x3x2
*
. 4 I o I
—o]1]0
4x3x2 L | = .
—1 D ] S
3x3x2
T ]t k
20
i ol 3 | B =
24
1 | || e
3x3 + .
0
* 1' j: E 31
— = |36
o1

A A dAel (17 3-201e @A AAE (13

o hel WES A7 24 AFST A9 RAF QNS HoEn =
2717} 291 e 270, 2717} 391 We| 2K, A717} 49 We

of AA 6740 EAYL AHT Fxolth o A% 5

Az o2 278 27 51, o B9 BgL ket wEelA F44 54
2 sy d 9

el FHE

oM
filjo
>
ofo
s
4 T



o

oJlA13

3 filter sizes: (2, 3, 4)
2 filters for each filter size
totally 6 fillters

IA
B

Mo

0

__OH

X

(713 3-20]

each filter size

-

2 feature maps for

Input data
with 2 channels

- ]

—

—

=

—

g 195

jp=i=S

)

Elo] A7|7} 2x2x1¢9l

1
=

o]

—

=42 AZA(ocal connectivity) &2
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B
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=

A
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Hel 4

i
=

go] Ado] ohfat

s Al Bl B

91)

_90_



(3-39) ¥ Ao +xEE Eo|xd

TEETE B W oWy
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= = A (3-40)1 o] 4HEHTH92).
(3-40) ¢;=f(W * X;.;, ), 10)

o714 fi ReLUSt 2 w4g F42 Watn, st HMapolth, Telx 54
W A (-39 wet w—h+19] A8 ANBE A SARS kg A

(3-41)1} Zo] c eR* 1] WEF} At

(3_41) (e [Cl9czs ’Cn—h+1]

4) Z%Z(Pooling Layer)
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R
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i
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H
2 Fol7] 98] WHY 42 SelAY ofe o] FHBES A8
o shtol 94 dolHERE Sue SAWS A4S Brk 1oy
Ao £ AstRsHoR S wEe] AT overfitting) 9]
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R
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92) web A2 lolelt 2he) G AR & ThaT} o] Az

93) [19 3-22]&= 4X4 EAWe] 2Xx2 A7]9] e (Fx 29 IS 2Egfo|E 22 83

58 HojZzeh o)Ay ExWel ZF d4avt oF HAnt £ dite] AR EE AS HAA &
= E3(non-overlapping pooling)o]z} shH, G2 AEzlo|EE HE|Q] 7|Ht 24 4F
sto] EARO] 7F ¢4t o] ¥ At ARl WAE HAE &7 (overlapping pooling)©]
gt oA AF5HAE AlexNeto] A= E& AHEsISTh
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[ 3-23] Hesls

Flatten layer

1
2
Pooled feature maps 3
1 2 5 6 Flattening 4
314 718 5
6
7
8

ey mEst e SRl AN Qld F3HE 3] FEE AR
otk &, oAk EAHo] 14 HlE 2 W2 WA 7t £
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FAESY E95S Tl 540l FEHH 1 o]% L HE dF A
BEET 2o &, 59 542 dEoE AMgdteE A s # oS
MEZMultilayer Perceptreon, MLP)Z} Zro] ARSI &8 FE A8t
of 2R 2l 2AE &4 "ot ol HAZEFTE ol AT e wH
v dAHo] Ao wifHeE T, 2852 dHdESY 82 o
gox Wro} AxEWACL Zhe G435l F4-E 285 QSAE SRttt 1L
2lal £8959 AEAe &4 & Fo LAt AxtEA, ALtE eats
kil

o el A A AEAE Sioks o A
3.2.1.3 E;AEZH(Transformer)
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Vaswani et al.(2017)0] AQFet EdfjAxmo] L3k = ofgf [119 3-25]
of Zt}, EsiARm O] QIFTe} HAEE N 7l9] U3t Fojojz o]Fofx
aom, Ay e 942] Q13 (positional encoding)o] Hafidl g2 U=
o5 AMgRITh dFEHO 7t ojolx WE ol A ofdlld(multi-head
self-attention) 53 x| &d A2 FFNN(position—wise fully connected
FENN)Z o2 FAEHH, o] F 7je] A HZF(sublayer)> ZHz} A2 (residual
connection)¥} & A4F3H(layer normalization)”} A-GHth = T AqBHZO]

E32 Layer Norm(x + Sublayer(z))olth. Y3iH 9] Z--oll= Z+ HoJo|7b 374

Ny
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o] NBZOow FAHT A ¥4 AHZ2 AFE] Fy |t Ax ofdld
S FYT A4ks FEopA|Rh offld AFioje] F-offt wpAZ
(look—ahead mask)7} A-&Hch= Z}fo|7} o, & WA AEHF2 Al of
glido] oftet= Zpol7t ok &, & WA ABZ2 ofdllde] 7t tA
o A WA MBEZFO EYo| Hi, 7]¢t WlRe QIFHO E£Yo] He £X
of Ea Al WA ABZ2 QAT & ¥ ABZT 2 9Xd o

4 FFNNZSS 2ty

QOutput
Probabilities

e t ™
Add & Norm  Je—
Feed
Forward
s I ™ | Add & Norm IT:
/—ﬂ&&,ml Multi-Head
Feed Attention
Forward g 7 N =
5§17 %:
N Add & Norm
Add & Norm ke
Multi-Head Multi-Head
Attention Attention
L At #
| I
. > L 7
Positional @—63 Fositional
Encoding ¥ GE’—@ Encoding
INnput Output
Embedding Embedding
Inputs Cutputs
(shifted right)

Q1579 (Positional Encoding), ¥1*] ¥H|d (Position Embedding)

2) $1A

o]
A |

o] ofq7] wigol Huld HWEE g mYPe] qHoz Atgsid
=] A H(position information)7} HHIE]7] ¢t} wets] ERHARH
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ol¢] 912 AHE HEx= A

ol

djoF sl=d|, Vaswani et al.(2017)2 °]& ¢

o
o=

AR Q32 offf 4 (3-42)¢t o] ARl Tt FARI F4
A

1914 pos= AHIE HE O RS Sn|siH, 4,

Mo

=

(3-42) PE,,; , = sin (pos/lOOOOZi/d"@)
PE,. yier) = cos(pos/100000°" ")

A AFGe] Aol Hojd dE Fol A HERE FASAHE 9
A eI (position embedding)> St52 Foll YA HHE FAshH= Ao

o =, d8e A dHES olelel 9A

o,
HT
fr
1
ol

A 97 dge ol gel ENAEN nye HAsch

We] H= AL olMAA AGEE AL ofglde oA AuE ojud
B ge A, ), BRAF BE 2e 9 Aficld ngHchs 542
e %, A9 AfAch gAelEY dg B4 T Golse] e,
7], MR wo] 7 ol Atolo] FAE(IRA AFo)S ZHsHs WAl
T3 ERAERE olejdt ofdld WAL B 7 dEH BAS e
afHoR sjdsrl Hrk. Sol LSTME Aol Fojd42 41 Abgo] Sof
b gl AR SAEAG G5 5 g, AL oldae 2t Aol g
BE 79 §AEs QR0 ANHDE olsd BAZ $AT & vk



ATt LSTME 24 2] 145 Bojo] ARE moksly] 18 2 AHe]
AA A AHo ARE Adsor AT, AL ofdlde ofe] Wal wWojzl
5 gojo] YL § Wo] Ao werd 4 glo] At H§ ZHeAE
LSTMETH &2 o]t}

A o RHe SaWs] S8 P WA Heshe

e Q). KO,
VeER) HMEE WEsts Aolth oA e 9 AEs

o] 7t wof W7}

]_%_i‘l 52));5 WQER A ta X dy, WKERanXdk

N

Q, K, Vol &d=H9 Q, K, V&
WVeR™ "o} FejAe Aol FHL oluf Z} slEA P A7)k:
Doda X Dppg/W)7F FH, A7 d, > DTG HEHO FLe, e of"
Ae 3T o ARgHE HEHY LAY sl H)E onlsH,
dpa/h=d, =d,7t At A& Eo duld #HEo 24, )0 5120]1
n7} 8olgld Q, K, Vi 649] 3715 zk= wg g #ghdc)

QK-V7h ¥ oA An2 ofdld vAYSH vz Qofl digt
BE K9 ol AFolE Aok, o5 Vol ¥rgs] ot (& #H)S
Asretet, deja ojuf AREE= AFo] bp= A (3-34)9 scaled dot ©]H,
2ALH F(/n)e Jd, 7t Btk ol wet oA g Al (3-43)3 2o

>

of,

r{r

Aoy, o714 @ 74 FoF AL Q, K, Vb et okl A o
Hlghe Rolck %, A4 We H= A oMY A4t WS 7 gholof
e of|lA ahe shbH AMsHs Aol ohel, WY A4S Fa) dHo
2 Aege. o] Za 24 ve] wols shb QKVel @@shs Aol of

[e) R
Uz}, B3 Zol(seq len) x WD 29(d,, ) 3719 BF FPo] T QK-V
b =3, 7)ol A1EA #E WO, WK, W'E Esle] QeR“
KeR™“ "% yer™ ' "2 ggac. gty QK T/ /4, & MEEJ%
de 7+ g3t o] AFo] e 7+ Hu, HEHoZ AEHE ofdlM gt
seq_lenxd, 719 §Ho] =},

o

o

rlo

(3-43) Attention(Q,K,V) = sofz‘max(QKT/@)V
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=
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5) 2t A2 (Residual Connection)® 3 4t3HLayer Normalization)
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(3-45)
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o] WE|o] 94g ouldith wab woh 2 7} wol wE|o] Wgah B

S gote, o]FA AEH w0 o= A G-4DE " x5 Atslete

7|4 e BE7F 00] Ei= A& FASH] el ARSEE Al 10°)9]
ot mAgte g 4] (3-47)8 B AEE x4 3-48)1 o] sy TS

& ARG yeR9t peRE B3
°
=

she 7o) 2713 loln BF 4T

322 44 B% B3 7% 9 9t
3.22.1 RNN 28 7% 9 w7}

RNN 7§t 232 [O7 3-26]3 Zo] 4749 By¥S F=ot] LSTM,
BiILSTM, GRU, BiGRU®| 5= Blustart. 2t 239 A=52 dA

=3 Word2Vee oz z7|8tE|m, o I Al mlA| X :
24ZF2 RNNZ, ofdldE, HddZd5o] shhy s s AA ST o]
o RNNS2 27HE &2 42 8 AdWEY I AS of o =2 4
o= UEW oY, oull A5y} PHAESS FUTEA] 2 ASHET F7HEA
2 1 ¢ 52 A2 UEWH. &3, ofdld = A (3-34)9 concat2E
ggotgom, ol met ofgldFe] AFo] g, odlA 7tEx], 29 HEE=
A (3-36)~(3-38)1t Zo] FALES) npA|eto 2 EHFL ts B =4
S E7] {o AZEWA 7t ARREQ, £4 e categorical cross
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ol ol AHFAE Wt
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(18] 3-26] RNN 7|8t ©71 2g ofz7|=€lA

LSTM f GRU

|
/'
[LSTMHLSTM]—'[LSTMJ [GUHGUJ—'[GRU}
g |

[Wt—1J {Wt J [WtHJ Word Embedding : {Wt,l] {Wt ] [Wﬁl] Word Embedding :

...........

[ BiLSTM s B s BiGRU

Output Output
Feed Forward Feed Forward
Attention Attention
R

Y

'—[ LSTM J*ﬁ[/LSfM\l';[ LéTM ]‘* Backward Layer 3 '7[ GRU ]'—/_,[’GRU j«—[\‘ GRU }7 Backward Layer
® / 3 \ L3N 3 /, ¥ \ 13 >

\ " il - X | \
—-L“LS:I'M H{ LsTH 1——[LSTM | Forward Layer —{ oru | oru Jf iy | Forward Layer

7 7

Wer) (W) (Was) wWordtmbedding (i (Wex] (W] (Wor] Word Embedding |

[ 3-5] Zt}. Word2Vec
63 52 AAstyon, dHld

o

By pFo| AHgE F8 sto]wufety]
o] Ars A27|9F Folof FHa ks
#E o] 2H-2 100, 200, 3002 H] w5k
staltt. 24 AdHol 2719 ehdd =
w3t Ay, oY AeEe 128, $HAESS 64¥ M P =2 e ES

L o
o, HiZ A7 64Y W st £ oS A I dFol 7MY kA

-

(T
i~
N

Jr fe
R

[e) jLAN
. H4s duEe 27 5 B9 BegAe didshy] el Adaml

Hg ¢l RAdam(B8, =0.9, B, =0.999, € =10 ))& AME3HY, 27| THES

0.00052 AAstArt. AF] = Hix] 7] 64, 85 Hlolg 16,0007, o=

- 102 -



(epoch) 30& 7102 7,5000] Ao, oS ulgoR sHsEo] AF

(warm-up) ©A= d7Ast

2 99
1A Watel £4 B52 gojeln

of sl 27l WAT 5 Ak B4
4 sheiet
[£ 3-5] RNN sfo|mju}ztnlg
Category [tem Value
Word2V Vector dimension 300
b orazsec Window size 6
yperparameter —
Minimum word count 5
Model RNN units 128
hyperparameter Dense units 128
Tl Batch size 64
b raining Epochs 30
yperparameter
Steps 7,500

29 ®7h= ots HlolHrt 537t de st ASA S5-fold CVE

Astgom, Bt
o]
AA

T

g5t
el o9 AFer 2% oF & o} [olH =, 1|

T= A% HlolHz ARgstel AF dlolHoll Hijt g&k(accuracy),
I (precision), @& (recall), F1 ScoreE ZHottt. 12l o] 14L&
& 152 17 & oAl § REESEY, s A #EE0 Hdite HF

o2 ARgsirt oldf Yk, AL, Fl Scoret:s tha #HolEd o]

olt
o
o>
iin)

o

ox i
e o ofN md ok

ZF 2 (early stopping)ote] a o] WA ®2|ot 3Tt
37t A= [E 3-6]o A vRep Zo] BiGRUZF B B7F 2 ZoA
7P 4t AeE 1SSkt AR R, BiGRUE FS: 85.48%, AH

T 85.59%, A& 85.48%, F1 Score 85.48%% 7|=st3om, 11 HE °]
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°] GRU 84.65%, BIiLSTM 84.09%, LSTM 83.45% =22 F1 Score7} &
A vebger olel@ Azt 2 A7e] ZARA a1 el LSTM A
@Ech GRU Agel, Bdd Fruct P 1271 o A@stchs Fe A
Atettt. 53], GRU 7]9h ®go] Jfd 42 GRUZF LSTMET nt=to|
B 7 A3 FRE HEete], R s dele #e o A A
ARE o= St EE log loss GAl BIGRUZF 0.3999

& 71Sstged, ol Bgel A7 dolB o s 52
sk

o d
Eoh A AR P fARS SRR

dgHor Rololy, 4% E &
G99 el RNN 7 295 ZoA BGRUZ £ 979 34 mae
2 moEch
[ 3-6] RNN 2§ 7} A}
k) LSTM BiLSTM GRU BiGRU
At 83.43% 84.09% 84.66% 85.48%
A 83.66% 84.28% 84.72% 85.59%
Ade 83.43% 84.09% 84.66% 85.48%
F1 Score 83.45% 84.09% 84.65% 85.48%
log loss 0.4380 0.4267 0.4137 0.3999

1 1) AYE, YL, Fl Score= ThF Fo|BER Q4 HHgter AL, o|nf gt o
O]H S 19| Ve HdoE S4H

3222 CNN B3 72 7 17}

CNN 292 Kim(2014)9] dAFollA 2718 2 5 ohdet HolgAld
s Aoz AFuo] 4519 ™ CNN-non-static®t CNN-multichannel
= 7|Hte g FESInh. F5EH £ B9 obr|g A= of [1d 3-27]%%
2ot WA, dFFL A FEET Word2Vee BES x7] 7FHSAE AR&a)

—~

94) Ao o5 Holg | o] AL wie miziuige] ol A2 GRUZF 7 § YWl 35
glolele] o] we AHLoll= LSTMo| 27 H Wity defA ArhH-da= <, 2022).

95) 21 #llog los) o] 2H&4% o) e Lah A AT LSt AL ol
B, g0l 3% ol A=k WA B2 dole] 8 HEE HolBE e olnlat
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At olml CNN-non-static AR Sk tho] WE[Z} g AT 0] BHA vlA|
ZA =", CNN-multichannel> gF g9t njA] 4= the Hde 44
(static) o2 FAHH. thzo=z 2452 dAES 3, 45 371, &4
a5 V2 451, a5 27171 5, 3
£33+ Ao A &Fo =
o2 AAE penultimate layerol A= AF2Hregularization)E $s] EFoH:
(dropout) T} 12-==(norms)o] H-gxo] 7152 27|7} At} npz|uto g2

g52 Os 27 wAE &71 Slsl AZEWA b ARREAL, &4 9

=9
= golE 715]7F ¥r9 5 categorical cross entropy”ZF AT

[73 3-27] CNN 7|8t B} »d of7]eEd]

Input layer b Hidden layer Output layer

( Convolution layer J [ Pooling layer ] ( Fully connected layer )

e ¥4ﬁ\ — - ’I_I ~~~~~~~~~~~~~~~~~~~~~
e —H Y |
o429l ] ml] :ﬁ_ ‘\
: 0 11
CNN-non- e O |
sta;:n ﬂi B 1_,,’)’_— - H % |:| Y
3 T 1 - \
h mE _TT \‘
pad> L ] \\‘ D
- g T G Ii B - \\D
po | || e
has
CNN- ‘7_7 :‘\
multichannel :77 ‘:: \ |:|
a——p D y
il
i) \H
...... \\\D g
______________ L1

stolsuetulel 2t 74 a4 4% nE Fo HAgstgon, 1

= [E 3-7]°] AAEAAAT. Word2Vecd] Ax$ 7|9t Tole] FAi

Tl 61 52 TSI, Y slEo 2L 100, 200, 300 % 300

o] Vg Be BF HAEE Rych B A DA G, 3, PHE
zqe

A AT G, 3, 30 M 'S A5 U
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efflon, de St 507 100 5 50004 o &2 Aol IEEA oA
AZo wd = 32, 64, 128 FoA, EEokx HE2 0.1, 0.2, 0.5 5
329t 0.27F HAF o2 AHE T, viz] 7] 64olA g Set o
7r #@ol 7MY 4ottt A8 = Hix] Z7] 64, St HlolE]
16,0007, o1& 302 7]&o=2 7,5000] AXEL, HA| Aq]9] 27] 10%
£ 99 A= AAsin. mrete s #AHs}t dueE2 RAdam(B, =0.9,

B, =0.999, € =10")& AgatAom, 27] SHEL 0.00052 DA

=

[¥ 3-7] CNN &lo]mju}z}n]g

Category [tem Value
Word2V Vector dimension 300
— Window size 6
hyperparameter —
Minimum word count 5
Kernel sizes [5, 3, 3]
Model Number of filters 50
hyperparameter Dense units 32
Dropout ratio 0.2
o Batch size 64
poire Epochs 30
hyperparameter
Steps 7,500

% H7h= RNN mfje} apiriz2 AS4A 5-fold CVE 434532
T Ade (3 3-8]o] AASHTE. ®7F Aol A= Kim(2014)9] Aol A
7t E th2 CNN-multichannel 23 o] CNN-non-static ®2gHET} Z9k
Horg Q45 A= el FAA 2= CNN-multichannele] ASe
85.23%, AU 85.21%, AL 85.23%, F1 Score 85.21%% 7]|55I3.2H,
CNN-non-statice] AZE 85.06%, AWE 85.09%, AL 85.06%, Fl
Score 85.04%% 7]=ot3tt. E3F log loss A|EOJALE CNN-multichannel
o] 0.4455, CNN-non-static®] 0.4547& 7]=5}o], && 7|4t o|=9] AU
(confidence) ZHOJA X CNN-multichannelo] © g3t Aoz eyt

=
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[Z 3-8] CNN 23 m7} Az}

B CNN-non-static CNN-multichannel
e 85.06% 85.23%
A 85.09% 85.21%
A& 85.06% 85.23%

F1 Score 85.04% 85.21%
log loss 0.4547 0.4455

T D AUk, AFE, Fl Scorex U dolE= s Bugtoew SAHEM, o Bg2
olE S 1l 7HE Buor S4H

3223 EdAEY Ry = 9 gy}

Edaxn] 2y of [I27 3-28]3 22 2719 of7|HAE A5t
Hl w5t A WA of7|g A<l Transformer—-NSI= A4 2](2022)9) 4]

AtH Fxolw, T HA of7|€lX<Ql Transformer—FPUx & A4 At
& Fxolth F R S UM #5537 Word2Vee R o= 7|5}y
o, k5 Al B4 A o] £PHt. ojuf, Transformer—NSI&= ©o] | o

Az eldgS Titste] 8 B PE-S AASHA|RE, Transformer-EPUE

ol gulge] 91X QAMlPS Fistel P B WAL YYATH Aol

ztol7t Qity. EfAEW EE=2 Transformer-NSIZF @ ¥z /444
HHH, Transformer—-EPUx 2719] QIFTE &Sl HEZQ B9 TS
St ¢ =S Hﬂ"kﬂq 1@1 7t J3de EE OﬂE A ofell A5t

o]
H =
= 9t TJH 3 U]'iEL(Paddmg Mask)96)7]- F7t2 8" E%i&lﬂ =
|

3 25 B933 NAAES A ER A9 Susin)

96) WY nlrat 4 AL Y =2 ,
S SI6 oIt oI, A e AL a1 Edol 17
8% P2 gol L Holtk. 3, 7] Fofl — 199t Ze 35 e Kol
5 A 5 We AEd Bl 2l 0o Mo o A ol 2 SAES Adlehe
ol wesl gheck
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7}52]7F Wrg = categorical cross entropy”’} ARg-HT},

[19] 3-28] EAAZD 7]HF B7} 1Y olr]eElA

Input Embedding Transformer block: 1 Encoder
— — e P
w0 2
£ 5 = £ QB E &2 e
= o m £ = = @ = = m
= & o O (=} = = o <] E
Transformer- o i T = = & = = & =
NS1 uEJ I:II:II:I :_g é 5 o3 8w od = -
o s = o £ o o o 9
2 = s < o 83 o ) P
§ g < 6 < IG) i
(=8
S S = iy
Input Embedding Transformer block: 2 Encoder
— — — —_—
o0 g
£ o
= = - = = £ £ 2
o "g m C = =0 e = ©
B -1 @ o o Z z 9 3 z
Transformer- o ':E:' = o e = Sk =z & =
EPU 5 it s g ]2 S w3 = =
i 5 S £ o s el o g
=2 = s < o 8 g T © -
gG‘ g < fodt =< [G] et
a.
p—— e e e

Padding Mask

stolmufetu]El= off [E 3-9]¢t Fo] AAstAtt. Word2Vec?] Hx-¢-
19} tholo] A4 WS Z47F 63 52 Ao, AW HE ] Y
128, 256, 3002 H|Wsle] i AHsrrt =0 30002 AA5Hct ¢lA

\l

=

= oFA AAES Y2 Transformer—NSIE= 171, Transformer—EPU+ 2712
AAston, o] SlE 4 pe 1, 2, 3, 4,5, 6, 8 F 4004 M &2
sol HEHAL. $AE HdAZE FFNN9| R& 5 4,9 SHdAZ
A F= 32, 64, 128, 256 FollA 1280] FAgroz HHEY, HjX]

+ 6404 st £kt AF AT I ool P fSknh 2] 4
Hjz] 27] 64, st ©lolE 16,0007, o 30< 7I=2=2 7,5000] A4t
AA 259 7] 10%= 99 DAz AAstlt. mpx|ete =z 225}

[¢]

A}

 n® ¥ o W

!

o
V&L RAdam(B, =0.9, B, =0.999, € = 10 °)S AgdlHom, =27
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E2 0.00052 A5t

[¥ 3-9] EdiART Slo]muletu]g

Category [tem Value
Vector dimension(d,,, ;,;) 300
Word2Vec . :
h Window size 6
yperparameter
Minimum word count 5
Encoder layers(2V) 1, 2
Model Attention heads(%) 4
hyperparameter Position-wise FFNN units(d,) 128
Dense units 128
S Batch size 64
raining Epochs 30
hyperparameter
Steps 7,500

g7 A= [ 3-10]17F Zo] Transformer—EPU7} Transformer—NSIH
o b ow et AsS U FAFC R, Transformer-EPUE 4
ST 85.23%, AHEI 85.21%, AMAE 85.23%, Fl Score 85.21%%E,
Transformer—-NSI+= A&T 85.25%, AUE 85.44%, A& 85.25%, Fl
Score 85.25%% 7|&5tAtt. E3E log loss HA] Transformer—EPUZF o Y

=
2 e 7155t =9 AFEE SHA T Transformer—EPUZF o SHA =

[ 3-10] EAALY ng P} A}

2B Transformer—NSI Transformer—EPU
e 85.25% 85.61%
AU 85.44% 85.69%
A& 85.25% 85.61%

F1 Score 85.25% 85.59%

log loss 0.4182 0.3945

T D) AU, AFE, Fl Scores O Elole® s Bogow SAHH, o gk @
olE Evd<E s 7S Buoer S4H
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323 @4 E7 By AA
A4 B By AARL Q6 [E 3-11]ov ZF ol7|dxoA 7FF @435t

A58 7]E3t BiGRU+Attention, CNN-multichannel, Transformer—EPU2]
= At &l wel ko], Y 452 Fl ScoreE 7|2
2 Transformer—-EPU, BiGRU+Attention, CNN-multichanne +°& =7
b ou, Al B he] Apol= 18] =27 ¢krh. 53], BiGRU+Attention}
Transformer—-EPUQ] 5 Zlol= E3F 0.11%PH YERA]
2 A3 HAE Holg7t HuA F2 AEL dolE 7 HolA 7
Avg siMH. 5, ofA AuEgtRo] EfiAzmo A ofdlde
o|7} 71 Aol 11 olfol BAE 4 e, B ALt Fol 2 Al
dolE 7H dHole+= BiGRUe| o€l HIAUSS F71_F AWeze
S ARl A7t 7t Aow Hln, Anrt
= ®E sl= o"dS
, ERHAZHO| ol5
Attt ot [& 3-11]o A=
YA A7HE
+ BiGRU+Attention®] Transformer—-EPUETC} 28} W2 A2 S5
oh FAACRE, 109 M9 S st AH2d ol BiGRU+Attention>
B CNN-multichannel& ¢F 62 40%, Transformer—EPU+x 9F 10E9]
AlZrol 2=t Wb A R AR ofyzt AE £k oA 1
2ettd BiGRU+Attention o] 2 A9 2 oz gehect

ekedl, o

o

—_

Hol=o
IR

l

off L L o
> >

Y

=

w o o A

5

(¥ 3-11] £87] =9 H|W

= BiGRU+Attention | CNN-multichannel | Transformer—EPU
F1 Score 85.48% 85.21% 85.59%
log loss 0.3999 0.4455 0.3945
FE AR 0.003z 0.004z 0.006x
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B Aol B @7 uLAE A4S 9I5) BERT AGY PLME 28
& Ay BR 299 15 13 dEg TAH0R 3313 332011% A
o] S%3t BERTS] MBS AMRi, 333004%L o] BEAR SH
90 PLMES BESlel o150 Ae] o 49 FAE A

BERT
787 olF NAOIAE AYE v oY BYT B 4F ngoR EPU A
S8 A4atn, 1 ARE v

3.3.1 Ho] <5 (Transfer Learning)

3.3.1.1 #eo] she] Ao

Goodfellow et al.(2016)9] AAX DEPP LEARNINGO|AY= Ho] a&5S
o2 Zol Aeojsitt,

‘o BN SEE S ohE $49 dueke Ads] 98 2eshe

Zl(the situation where what has been learned in one setting is exploited

g

to improve generalization in another setting)”

>

o] BFolE olslistr] sl o [17l 3-29]¢9} 7‘% o] st g o
AHEZE g 2"l A B2 =#A] ofu]z] A4S I8l AR Sty
1d Hgoldl, B By WA oju|z] QAE s M= 55}
Folet staf "deld By 8 B4 F shite ohsol AT
Th= Zolth. &, A 239 HetE SE52 "HA| FEoltt HiFe]
durA Rl (genera) E45= FEohe WY, 9 5
St T2 FAAA(specific) EHES F
2YL uprbA|th B BY oA A
olyg

FE52 Wao FRolt wiHe Fef 2 Al

AU
)

=
=2
1=
H

§Y

H
ofl
il
o

Mo m
i = Hu o i

o ml 2

Hu
N
v
w
_V,LE.";OEOBR
>

™
L
L
rr

R
4z
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1 = oeka

&/
ol

Zo

st dlolEell SHA A<t

o

o NFAE Az

_50

WS EA ZEZ(feature extraction)o]at

1o, E21o] Wi mA| 24 (fine-tuning) o] 2}

S

EIRLS

<|m

Tor

o

& dolelst e fabsiet

S}
ot

7} A mEo]

go] Aol u)
R

5 Al

Sk
o

[(1%] 3-29] Ao]

Output layer

Output layer

B layer

A layer 4

> Trainable

A layer 3

A layer 3

Reuse

A layer 2

A layer 2

/~ Freeze

A layer 1

A layer 1

Input layer

Input layer

B model,
which is similar to A model

Pretrained A maodel

Pan and Yang(2009)°ll4 %2 4

-
1—

sh 4o

g 34

< =Hlld B3, ey

Jtt. Pan and Yang(2009)

o
S
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E(marginal probabilities)?t Z7H &= (conditional probabilities)= AH-&-o}
of Aojgiet. Mz EHel D= Al (3-49)9F o] EA F7Hfeature space)
Xt B 3gANA e 1 &E EX PR A9

(3-49) D= {x, PX))

oA7|1A Xi= A B Wl Jda'As [, & X={x[x,€X,i=1, - n}

£ 9ujgth. & S0 #4 &F 2AE e A%, As BE o] HH

=W, x,= ol" 249 sidste (M4 &o] #HE, X= 1 A

H &% W<(random variable)7} ©th ooz AT T+ 4
=

=7t(abel space) Yt &<(implicit function) f(«)

w2t f( )% SGE=4 %:VS ]/\1 _%Zﬂl"i— gE X [(YIXNEREE sl 5
woH, ojn & = S =
ot &, "HATrt ol A4 EREE Y+ EE dolE A {Treu, False}o]
1, y+= True®t False & ofoltt. 181l o|zldt XAF & EIE o]&
StH 4~ ZoQl(source domain), EtZl T¢I (target domain), A2
(source task), EFZl EjAH(target task)= o=t Zo] AFojd 4 Sl

AN THRl Dy={X,, PXy)), B ZHl: D= {X,, PX;)}
A EAT To={Vs P(YlXy), B "B12Z: T,.= (Y, P(YX,)

O]Iqi s Eﬂﬂ(?_]_‘o’] _a'jl-% Eﬂollﬂ /VC\}% {(Islvysl)’ R (ISMS"Z/SHJ}, lﬂ';l EU’ﬂ

_O/] —'6:];% EﬂO]Ei Ag-% {(leﬂyTl)5 ) <xTnT"yTHT)}O~ID1’ xS/’ ysi’ .Z'T[, yT/JE Z]'—

ro
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A rg€Xg, ys €V 2 EX gy yp eV pOIT I8 AWHOR nT=
nSETH @A 2o 7k ZFethH T < #S). UpA|Rte g2 o]Are] Trjolyl efA

29 AHo)g Fa do| e theat Zol Aojgr)

Mol sh&: A& EHol Do A2 HlAI Ty, 121 g§2 &HQl D9}
Bl Bl T,7F FolRe W, Ho] otg D¢t 7,9 Aol 7hsdt

ANE gkl 7,9 AE @4 Sl

IS
)
olr
filo
o,
T
2
ol
ol
rr
N,

R
of
i)
r [*]
iy
o)
4
ol
i)
it}
1
ol
=
o)
rlr
H
=
ro
)
Suj
|~
Hu
1o
o
o,
o

2
(D =Dy, Ty=Ty), Hol st 9] Aolst Zo| wollglo] Esut glaz
b oe BAE 0/ B0 =Dy B Ty £ Ty, uebd o] sl
W TPse Ao sen Baae] 74 e gty Az 7
28 5 gk A WA AdEes 22 Eust B2 mvdde] 54 g

AN
BT T X=X Rl Aol AE 50 B4 27 H&AoNA o] Al

Ol

-,

adaption)o|2tE L&A glow, BA BF ARAoAE T EA7 A& ot
2 FAE °F

=
A =
2 "z dolz g7l bE A, =

Vs CBA BR
AAGIA o] Adaler & BAe) BF ZUAT AR O 4% o,
HE go]E F7to] tEw AP W AR #E Buk tf2r] i A
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oz QwWMEH (over-sampling), AHME" (under-sampling) = SMOTE
(Chawla et al., 2002)2} 22 Hwo] I ARG

3.3.1.2 o] 0] W3}

St o] Sh52 ofy kA W5} Aol AA ot 1% Pan and
Yang(2009) A= o5 [298 3-30]7 Zo] #AEA Hol(inductive transfer),
M3 Ho](transductive transfer), H]Z]X Zo](unsupervised transfer)2t=
Al 712 ’lFE do] staa iRt WA Adgd Mol A2~ HAAS} B
2 B3 B201( T = Tp), B2l ZHdle] gol& BE7F Qe 4% o

T 283 ol 22 EH]le dlolE AR e A fle 9= H

MEset = o, Mzt A= tF BlAZ Sh5(multi—task learning),
A0l B¢= A of5(self-taught learning) 02 27 4 QU9 th&
Oo& Hghy Mol A4 HAIFS Bl HAds oy Hdle] tEll

B2l Qo= glolE AHE7E glod 42 THRlole #olE AE7E ‘21%
e theth o] Aele Tl g2l EHQle] B4 F3to] e
BASX =X ) B 3 ARt FH O Rxvh g AL

adaption), ME A" HIYF/FE4E o]s(sample selection bias/covariance
shif) o] @7 AFF ARSI, b2t o g BIX|E Hol= A2 B2} B
Zl "Hj2327F g2, &2 =Wl Bl HQl BE glolE HolE7t Qe
B & Ts# TPRIHA Yot Yot BEEA e As teth ° 45
ol 7 ®Fo] B vud ¥E A4 A2 #HolH, £ ST AHT,

19 E4 B QY B9 2L uAE S A8stel deld R gl

97) 7l ZHQle] #lolE HelE7t vk A2 44 THdlat Bl =HQle] ol Fto]
20 AL oujsith webd ol #lo]2 wzto] TrErie AASI(ER EHgle] FolEo]
AU a2 THQld Bl THQle] ool thE B9 BEs skAlvle A ohs AA
jo gAlslt) SRA|N thE BjlAT 5L A4 HAAS} Bl HATE TAo| ddle] T
Bag0] Asg nE ,5%1;}_ ol FH FHolng A~ BiAToA SRt A4S ARgste]
Bl Bj2319] A5 ol Al AFste AEA dolet ofgte] Ajolrt ik
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B2l =]l HiolH &

(1% 3-30] Ho]

/

staste Ao TS =1

/1 (asel

i No labeled data in a source domain
H )

| Inductive Transfer ‘
Learning |

in a target domain

Labeled data are available

] . H
¢ Labeled data are available 1 a source doman i

k5 257 (Pan & Yang, 2009)

5 Self-taught

Learning

\, Case 2 "

Source and

target fasks are

learnt

Multi-task
M Learning

sumultaneously

Transfer L\ -------------- "-'i s ———- ;
S cdum e ' Assumption

i
available only in o

—» Domain
— Adaptation

Transductive ]—J different

Learning ‘
. |
Transfer ]__eammg I*_! domnins but

smgle task

No labeled data in
both source and
target domain

Assumption: single
domain and single task

Unsupervised

: ; Sample Selection Bias
Transfer Learning

Covariance Shift

\i

Pan and Yang(2009)c] Z=H|Ql 7ko] [AHJHt
o] oh5s EFolHttH Weiss et al.(2016)2 #lo]
w1l fAHES VlEoR Mol shsg BRI of
o] 8t&(homogeneous transfer learning) ™}
transfer learning)©] E}% = JHA] HEg BEEHg =X Ao
2t FolE 7t 2 B, F X=X, V=V, A3

A 5% Ao Bh4e Fu %E st A,

=
=
7

o]F o]

=
T

H

&
o,

iz

o

B
TR
=

b

&

N

+

L
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ol

3-12]¢F o] vl 714 A

ik

wat e [

<]

2 7]¥k(instance—based) HIHE A

1

AU, A4 T

25

A

Fod (re—weight) B3l &

©

b ol A4

J—

= F= =1

Z

P "o 22 o 7k

235

o Ak

] 79k (feature—based)

QI M= AR

i

A~
T

S}
=

T

5}
=

2H(symmetric feature transformation) 22 Al&2}

1l
W

<|
<

o|]
o

o
=

A EA -57Hlatent feature space)

~H
!
Ho
ol
o
g

wjr

)
~
o
el

B
H

—

wir
of

wjr

=K

1o] A

o

tt. Al HAE oj7fHS 7]¥H(parameter—based) HEHE A2 T

Holot, oA [I9 3-30]9 AXE & Hol(layer transfer) = & U]A] X

Sl
ol

X(layer fine—tuning) ¥ Z-2 Ho]

ol

19 i

Z

olet. o

A

17 -



(soft weight sharing)®} st= 715#] F-f(hard weight sharing 2 W& 4
oleh, AAb= 7 djaTe] the) HEe] BRS seArHA BE 7HY A1
A7k SANAES £4 ol Aokel: 12 Ast DL 2lels ol
A, S By AR F& ofg gl Ffote] ojde shxd THEA]

b B 2] NBAR AGHES S Poldh spseR wA s
(relational-based) HALHE A4 Ty} 7l THQle] F5ZA WAL

XA HHE Holol= g5 HJ@-OW}. %, dold 242 flo 1 g 7re] A

7} Hw, o]of wal IA 7HEe =

distributed, iid)7F ofd dHlo|HE AH7stA Hot. A& Eol &8 HEYA

golgE Ast7] Ya Tz A3 (Graph Neural Networks, GNN)¥}
<

A
-
Ze T A FIWS A48T 4 ek

—

F5 EE(independent and identically

[E 3-12] Ao] sk&o] M2 ul H=g

=] HL H X QT
Solution categorization
Problem categorization Instance Feature | Parameter | Relational
based based based based
Inductive
v v 4 4
transfer
Label-setting | Transductive / /
categorization transfer
Unsupervised
v
transfer
Homogeneous
, & v v v v
Space—setting transfer
categorization | Heterogeneous v
transfer

98) 44 HELA dolEE AgAE0] AR BAS W Q= ¥ 4
NEe Egdolx] oA, AT B2 5o PAS Bl 4oL 9 F whert,
S e AL T 7x colEE Aejstn 24els] 919 dA ﬂ 3 E’é‘ézi
I =S (node)ot AA(edge) 2 TAEH, kT A HolE ZIES
QIE 719 AR el o o] A4 YEYA delez 1dm Ague } }u}rﬂ At
BAES wrw A48a 49 BAS A2 sk Teh AYEE, 2 (Rl o
F AHgAe] ﬂwm B9 F2d QI WHE 21 S Sl TRl3 Jen A ol
o adme] 125 B kE 7o) RS Fagon S5g St

o>-9
i—’.
£
o
=
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o] 9Jo|& Ruder(2019)= Hi2~= B =H[)lo] B4, T8l Sk5 =A<
otk Zple] A=lE A%t o] k5] E% AAE v [ 3-3113% 2o
AAGE BF ot sl EFE= Pan and Yang(2009)2] ®HFstE zpelo] g
Ayl ool BHA A% Aor Fo WA AR tha Al ZRR|olth. AA,
t}=o] g5 (cross—lingual learning)olgh= 2pdo] Ao B4 WHEdts =
7Fstdth. ole F= o7 JH9 o7t shtel AW FtE Ffote i
H/d A9 (universal embedding)& 5dh= Aol $3& FH, BERTS ot
o] HAel Multilingual BERT(mBERT)Y XLM-RoBERTa 5o o] ¥

of &t & & Ao &4

Helo] =Rz el A3 HFo] sfgstal, /Y W HygS /Y

o RYo| &8ttt F B HiAds Zou Rl oyt ERR
WA Aol shs HFo] siEettt. npAlger oF BiAI ShEvke] AfolE
Zzxst7] sl £xH4 o] Sh5(sequential transfer learning)olets HEE
okt &akd Hol ohg2 AL H2A9 Bl BiAart thEWA ol
of #atHor fPHE= AYo=w HodH AE 5o F H2Z T T,
b A7 [t ty] 9k [t 8] AR B AR, 4 <4y, 1, <40, 4 <ty

>

2, ofF glAag s dutAog ¢ =t, t, =¢,0]th THA] Do =
kil

ok g HlAZ ST MWL © LA Aol sre 2 A A A
deeod §85th () F Elade] dolHg FAd A8T 4 gk A
D (b) &2 WA Sk dolH7t B2l Blaae et delent w4

I

_?_

B A9 (O o B2 dade] gg ot Bag A9, F, 2 duet
Zol AP 5T wol Hld 2L B, BERTH GPTS Zol A
A S&E Qo] B@e BEste] B4 gAa]: &Y £F, 714 We, 3
o g 5ol Holsh A9k BE wAbA Aol shgel it
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(19 3-31] #FAo] A2of|Ae] Ho] a5 E-F(Ruder, 2019)

Domain
Different domains adaptation
Transductive
Same task: |transfer learning
labeled data L
only in source Diferent langmiages Cross-lingual
domain learning
Transfer
learning
Different tasks; Multi-task
labeled data Tasks learned learning
in target simultaneously
domain Inductive
transfer learning
Tasks learned
sequentially Sequential
transfer learning
A3 SFA0 5 o3 o) .
=22 o) g5 AP E#(pre—training) TAI®F Z-S-(adaption) TA|
2 FE=HEHRuder, 2019). AFA Ed DAL= giiiR flolHE &3 27] 7}
=z 312 5LA=L L = =] |
SAE o5ote How T ATH HH B Aol A FofolA= d
=]

BB 217] R L Sh5(self-supervised learning)e] ©]& s AMEHI QI
k7] Ak st "HolH A4 dlolEe& AAste] st dlste W
o=z fol& dHolE7t Ba gitk= Mol dolA+= HIA = Sh5(unsupervised
learning)®] st¢] ®WF2 272 4 AT AHH Fol=o] dis) 5= =
Agkeltt= Foll SlojA= Ak Sh5(supervised learning)t W?F T 0]
SITho9) 5] A2 H W Bok Fold AWE Mol gl 72| BERTL}
Open AI®] GPT, &= Meta®] LLAMA(Large Language Model Meta Al
5ol BT 7] Ak ShEom AP EREH HyEo|H, o|F BERTY AR
= HHE of 33.2004 F ¢ AR CE HuEA Ho

rE

99) A% Szt A7 AR S5 § o £ARSE B A5 A4S 9 JIE%EoR
o A%E g doleNol WashA, A7) A% e AL s del dolo] A=
e dPIEeA 1Ee 2E2Y 4 JEG ARt B9 UAR Sk A7) Aw sae
£ of glolo] gz dolele] YA AuA dds metsio] shirg SaA, AL
Shre A7) A% sheat 9 J)Ee] Yl st Hlaslel AnE 24ek eRrkel:

Zel~e, ol B4 U A F4 ).
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AT HA] 27 0] 3]?4 32 A5S HY & 1#‘3%(Dhmgra et al.,
2017), Peters et al.(2019)oX= A& EfAaet 7 A7 FAFE di=
A 2Ao] ¢ U} A5 Holxut &~ HlATe} g HlAart de] d

olx & "t EA F=°l ¥ U2 4= Edve Ae TAET v ik

3.3.2 BERT(Bidirectional Encoder Representation from Transformers)

Ramulo] S olF, 20189 FI|AE ERATU ] AHE A4
o= gt BERT(Devlin et al., 2018)7} AAIE At BERTE= 5S4 A 4

ge Aol M BAIold AT AL BelxelT, 71E SOTAGtate of
the art) 2 o] ELMO(Embeddings from Language Model)(Peters et al.,

20199 A%< 27 FA2E S, v 2AVORE WEHel B
A B A5 SAT 5 Atks 7FsAe BolFork ol met 24glo] A
g ol Al PLME $§3 Ho| shgo] 78 PHEOR A A HY

A, FHI7HA =

PLM(Large Language Model, LLM)&

,U
=
<
filo
ok
o
H
oflt
e,

glolg =719 2t 9
s A== FAloIH.

\_/
—l

=°| A%

BERTO] A& HIZ2 450l A5H Edf2Z 255 AM83S B of
yet 2] Lo FYFE AP Aol st of [1d 3-320=
Devlin et al.(2018)¢] BERT o]&e9] 7]& HEdel GPT-1(Radford et al.,
2018)¥ ELMO®] ztolE AlZelet Zolrt, GPT-12 EfAZH O] QST -
Hie 727 LSTMED $2 ds= 97, RNN A9 A7gelA 2

sty EHAEHO fFEE 127 &L FX2 PLME F5ot¥th 18y
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I
f
]

™ ol TP
o ] )
ol 100 N =<
__of,_%mmﬂmqum_agﬁ.zﬂhg1
CAPTR AT ) ol < Wy o
XA o ol o ol s = = oy o
v T W RE T R —n W My & N <[z 1o
AaLﬂmanEwﬂ%o @%@@L_:_;o
W E S el R Ay %o w2 5
o E B X o™y M W o & UK
1mEL_LﬂEﬂo_E1o N Moo & A ° = T
umlmﬂ% ﬁMo%ﬁiﬁﬂ%uﬂ_zB = R
JW@Q%@mqwgmwgm%%wm ) 5o
Al __o_u_ [~=e} ,_ﬂl..._ = F . — I~
T o EL_Lmoko%oﬂMﬂL_OQ%L_LDMM% = g
z_ﬂmmio_OOWOWOWL@%%X;%&WO - g x @
o O%\)ML_LH ]ﬂm_uﬂ_l_l _z__ul.ﬂ_uAT = B3
o I~ M S~ ar o:c T 0 I —_ m.A T ~5 = 2t ot oju
R o = M > . o = o = ~ oo L O Be
ATHB.Aﬂﬁé%%%ive_av%__q 2 g ®
ng__d,Q%Mwﬂm%Emwﬂmﬂmm,,m < = =
wwwzfd%_%ﬂoiﬂ_o;}ooa_EL_Luﬁ%Al%o z 55
o_uﬂmxmﬂ;ryangﬂa% ST > E2 1
EO_EEEemaﬂ._@%ﬂﬂj}ohﬂ%mmﬂwﬂ@% o &Mg
) —~ 1|0 0 —
maﬂwuao%o_eﬁLm%ﬂlj_@mﬂM_%uo%e_moﬂ Q & o
mﬂo%ngao K AT%C_ELQW,_&LE i3 g o H
R %m%iﬂo_ﬂ w = ) 2 S B
ﬂlﬂ__mo LH% ﬂEMﬁwrm,__.ma,WE ,Eﬂﬁﬂﬂ_ﬂﬁo_a N = _z_ﬁ%oﬂ
g RS i 2o B 3 ol /I~ = o TS AL
E_;ozma@ﬂamﬂqamﬂm R O T Vi - T oAb %
Y ﬂ.m]taum__mmﬁ ﬁMﬁm%ﬂEo & |5 %o gy Y
Rmﬂfrwn}omzm%%mzte%ﬂﬂc_aoi_u = |° oA | M
M%%@Mwﬁuﬂw%W%Wﬂmﬂﬂﬂﬂ.wmaul 2 o |3
z,_lga.mm\wm ° o A_u}Lmbo_L,ﬂKaou._ = T o | 2
ﬂq,W_o___ﬂH,‘_Ele ﬂﬂrﬁola ﬂﬂl%qo ~ RN
N R J_miaoz_ﬁoﬂﬁmﬂ_%aLMz_.1 ! 0 Il
L_LWQEE_EE.wwqo_eﬂmmamm_ofm i Sy F
]]W‘_ﬂ,@l ,Dl__oﬂjﬂ_mmob‘_]”m o _ll_JH_E ToH MO_ﬂ
o N T B 0 ZR J R ol | §
oﬂ%@qwdwﬁﬂEMMqﬂﬂlzTﬂlm n M_.ﬂw
7u_.LmM:i%wumomaoEo_a}_ W_%OT
I __oD._q_%ﬂow_._%mnu mﬂﬁo
s
b 8
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HAEO 15%5 F29]2 AT (masking) S FH, 2o
o] 7}e&f7# o]E-S(masked words) &5 Sl "2 o2 SH50| _/Fagg
o & o A= 15%9] doles AF 7he= Aol ofyel, ofdet &4
2 Al 7HA Aol wep A E| o] Shgo] 4T

Caa Bo] % 8% [MASK]Z HAET, nge o 9179 A @

o7t RAUANAE 5Tk ol @47 MASKIS] Folgtet. — 7H
w227 ol

Z 10%s B9z dojrl AR, 2adLe g 9% 9]
A Tol7t FARJMAE dEttn o A AFfE] ozt — 7H
« mA7) Ho] F 10%e IY2 £1, 238e T 9x]o] A oyt 7
o012 of| =3ttt of: YAy} [FHAlel] Szttt — 7

J213 olelF Be Bol BPL offet 2L AnE A 4 9/ At
[MASK] 9170 A9 4o oF 29 9 & 9/ A
Gt PPNl Selztek et @Ak (AR Szt S vlmshA

Fola B ofuly B By vlEelA ofdAE sleld 4 9 Bt
Rge olw Holsl njay) B4 REEE BY 4 RE do] Aol o

o] BAoA BFL shH ol AR #o]E(NotNext)S Fojgith 181
E AL g4ER Agat AR s S5 GER MSgdr
NSPE 8t Hj2a7k Uf 49120 22 %] $18) max_num_tokens(Z
EZ ME AT F, s dlolE9 90%E max_num_tokenset AHGA7E
olgt max_sequence_length(A|A22] |t o))z} ZotAA AHsta, u

™M Z] 10%+ max_num_tokens”7} max_sequence_length Rt} Zolx| = A
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o

Shch 727 o]Ho|| moe = } max num_tokensE {X]|
d 72 & 2 F "ol U B o 4 W oju i F ©o]E
50%9] &= st AARH. BERTE] ol o5 A2 ofgfjel &2
ENE 7Y & IA siFH, olg Foll 29 5 (Question Answering,
QAo #Fdo] FZE(Natural Language Inference, NLDIt o] 4 719
ol A7t TG thE2ER HAAS dvs =Y & Uth

rﬂl

l

T 2ol ool A ofdAE WhEZ o R ShEste] 4 Atold]
ojn] PAE ol 4 At

w8 Wk B W RO dolE AR AARE g 2% Wl 4% 4
o] gloj: A omE olsid 4 Sl

k5 dlolH e 10%+= max_sequence_lengthRrth %2 Zolg Ao
nel, sts HlojHof A2 o] EFEE 5ol AA HolAA| =t

$H BERTY| 7|2 #2= EAEEZM O] IFHE o2 7] ot 29 3
o]t Devlin et al.(2018)9|4= BERT BASE®} BERT LARGE F 7}#
HAS AASHAE, BASE HAJAE 12709 AFHZ, LARGE HAA
+ 24719 QAZEE Aot Tt o] o & #A oAdAS = F(h),
dyoaa® 271, & THetulE o= tha [E 3-13]3% Zom, & HHE B
oF 30,00071¢] ©o] Hetat 339 (917l tof 259 ©@o] + BooksCorpus
8% ©o) 9] o5 Hlolel= AR FREQIEt ojuf BASE A 9] Sho]ufule}
8= GPT-13 Fgtd], o= GPT-139] A5 H|wE s 245 ol
™, BERT7} Al 71552 5% LARGE HHLS F3f o|FojHh

[Z 3-13] BERTS] 37]

BERT BASE BERT LARGE
Encoder layers(V) 12 24
Attention heads(h) 12 16
Vector dimension(d, ;) 768 1,024
Total parameters 110M(1¢} 13d9h) 340M(3%] 44gh
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I0DBERTO] EfiARH E52 ofdf [17 3-33]3 Zo] Al 7H9] Hd
< dgo= wh=tt WA A HA AHge] EF AH| Y (token embeddings)
M= WordPieceE Tl &€ 2 E2o A7t dHE HE7 S
T WordPiecer= BERTOIAM AMgH= EIUC|AE ©stH, ol ©o]
of gl @& F& dolGubword) = Eejdtth= E4S Z=th A& &
o] BERTE] o] Hgto| playingolets ©ole ¢lal, play, ##ingste &
dojEo] ZAFHA playingS play, ##ing= 22 Ech. E3F BERTE o] ¢

o EAo] AZE UetdlE EE [CLS], BA9 =ZAS U=
[SEP], mtA~=3 EF [MASK], #j9 EF [PAD]S] Yl 7H#] AHd EES At
g3ttt ot 7|4 [CLSI¢E [SEPIE =49 A& £ dehdcty 4
Bt AT AARE ] ofyet wdolu #A47F H £k ok & BA
AHd el A IHE g (segment embeddings)S F 7] A FES5]
s ARgEE &, ofl 1™y o] A WA Y RE EFole A AL
HE dHlge] HsiA, & ¥ £49 BE EZoE B AIHE oHT
o HsiAlE= WAlelH, F 78] AT VHEHEE AMGEHE oHY HEE
T 707F "o gyt o] A thRAER HiAF| wet T o 242 F
Mol 74 e HAEZE E 4 o, 2 Aot &2 A ER HAF9
A 7t 719 —EJJ”} ot E AIIHE Y shte] AdHETh HoiA|

| 4l (position embedding)2 EZS] A
@ES 5}%3}71 et dug e £ eld 4 EFS] fix]of wet i
gt QHgo] Tt olof tisiAl= 3.2.1.30014 At vF ¢lem, BERT
o] 7% Al 512712 EE7HA] 12 Aol AHHet. olet Al 7o) ¢
Hgo] @4 (element-wise) 2 TISA L Y, ZZte] wEHE = Ao}
EFobzo] AgEo] EfAREH 559] J PH= ARGHH oE 5o of
B " Zo] 117H9] Efo] Qv w&elEtd 4= FEY AV|e=
11x10247} 58], B2 AIWE, 9% #HEZ
A & oA thE ot metu|E e o dHo|EF

")

ESE

-llj

=

101) 94714 H el BERT_LARGE?] T25 7|Fog2 Mgt
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(19 3-33] BERTS] Y& (Devlin et al., 2018)

Input | mﬂ ( mywaag ( is (cute]([SEP] ” he ” Iikes” playM ##ing [(ESEPJ‘|

Token ! ] | ' [

Embeddings | Setsy || Emy || Baoo || Bs || Bone || Ersery || Eve || e | | By | | Boing || Ersen |
-+ L & = -+ + + &+ +* + =+

Segment |

Embeddings EA EA EA EA EA EA EE EB EB EB t
+* + +* i - +* 5= +* +* 4= +

Position | [

Embeddings Eu £ 1 Ez E3 E4 E5 Es L 7 EB Eg L

ofe} [2% 3-34]%= BERTS| W& FTZE HojZrch BERTE 1,024%9
o [CLS], [W, [&], (92, [Gekeks b4t Ao Qg W8E qeue
) QAte AA Qe Qg 2e 10247490 Tl Aol e
£ EYdT 3, BERTY 7] 93 gAo: 9es] 94y 58 Aq
9 WEGAT, BERT 52 A this B4 o] 2E 2w 3
QY e R WG, o TelHE 2t dolrt B o] =
of WSS Fuohn et LS Wy Fiel SR EASHY. 1

= E

b RE DM—E— ﬂﬂsm el 43 5:4% 2A4to] up

5:

i)
&
i)
o
=
i
2,
N

o[)ll
L
—LLLJ
i
¥ g %
>
o
4,
i)
Ir
2
=
lm

W AEH(Vaswani et al.,, 2017)9] —.47\]‘ﬂ3 A 94 FFNNC*]]/\L_ 435} ot

42 ReLUZ} AFEEIARE BERT= GPT-12 w2t GELU(Gaussian Error

Linear Units)(Hendrycks & Gimpel, 2016)102& AF-3Ith= xfo]7b Qlch

T3+ BERT sh5oll AH8H warmup_steps®t A3} d12]&2 k2 10,000

7 Adam(E5E: 1074, 8,0 0.9, 8,:0.999 L2 7152 Z4: 0.01)o]H, Z

Sol AHgHE EFoRR HE2 0.1, 35 &4 MLMO| Ha &47 NSpe
Aol &

102) GELU: 2% 7o Ajot Bao] xu mgs
Bkt vl4Y @48} geolck. ol RelUS}
F919] kg T/ AR Fo] RelU] 7

(Cumulative Distribution Functions, CDF)E A}
o] Jd8E 0 B= 9 gte= A=A ¢, 0
AL o5l Frh= Ado]
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[1¥ 3-34] BERTS] Wi +=x

47w

1 4 4 4
| I | |
( Add & Norm

BERT Layer 24

)

&
[
[
(NN ) (NN ) (CFENN ) (CFANN ) FF?N )

A T N N A A I
)
J

( Add & Norm

i
I | I I
f

] =z

( Multi-Head Attention

f f f
| [ |

—»

sjre AR A 24 o] 5
97

EMOF OFE‘r BERT®] mlA] 242 BERT B2g 9ol F7H4 F& &

2 S0, ol [38 3-35]¢F Zo] B2 {3 wt ¥ 7k

gAz 722 4 ok A WA {§3¢0 (@) "g2E ol dit £F #H23
_/l\_

NLI¢} Zo] & "AEQ] =213 TAY AB|EL metotr] fla] $34==
2ol o] A% RYL [SEP] EEoz EnE T 7o HAEE QY
oz wom i dAS E5 BE EZo HHs YxH [CLS] EZoZ
5 2AE A 9o wEtA A iR /92 Y30 B A5 §19
AAEE SEC] 2% [CLS] EZ fo fxgt. & ¥A 492 (b) skt
o] gAEd digt &7 HAIE 2 A7 AH EF HAIAH shte] =
AER 27 5e sdctke #90lth o] B 94 [CLS] BEZoR Z7
BAE EX dgd "92E £ Al zol7t Stk

r{n
a°
c
o
&,
@]
8
i)
40
N o
o
=
o
aQ
—
jos)
o)
=
lo,
_l
A
-

=
BIES O]E‘r 1 d-¢olle 2= E?:FE—E Oﬂ%% FPstnz E835o]



(219 3-35] BERTS] vlA] 24 o184 (Devlin et al., 2018)

Class

Label

BERT

[sa]le ] [ ][Em][ =] - [&]

=3 -1y

Sentence 1 Sentence 2

(a) Sentence Pair Classification Tasks:
MNLI, QQP, QNLI, STS-B, MRPC,
RTE, SWAG

Start/End Span

« G E=)C] -
BERT

=l [

1) L | &) LI
Tok | T Tek
(=060 - (@

Question Paragraph

(c) Question Answering Tasks:
SQuAD v1.1

3.3.3 Hl tiA =

ofl

35 2t

-c I T _ Ty
BERT
E|M_ | E, . E,
(o) o ) ms) -
I

Class
Label

E’ L

Single Senience

(b) Single Sentence Classification Tasks:
SST-2, ColA

o] B‘-:I-ER *
G
BERT
] = || = |

] b = =
Fa M [ =1
IcLs) |[ Tak 1 Tok2 Tok M
I

Single Sentence

(d) Single Sentence Tagging Tasks:
CoNLL-2003 NER

BERTS] A% o|F, e=olAE thFe] ghato] WEAE SH&ES byt
PLME°] 3713l 1% t#E2 o= AME+= BERT A€ PLMZ ot
(3 3-14]9} Zth. KorBERT= A AIATAETRDAIA 7det 2=
o] gt=po] BERT BP0z wztolQl gh=tolo] EAS vhet Jeis 7|k o
A WordPieceE ARESH Aol Qlot. & WAL BT w2t wiypARd &
oAl &3 23GB WHEA(FHA 479 /M2 SHEAoH, To] 3o
=271 30,34970(@E A9 30,7977 (WordPiece), mHebu]E =7]= 100M(1
o)oltt. KoBERT+= SKTOllA 7Wdsh mgo=z f7jmroltef £33k 5000
gk 7Re] (54,0008 7He] To) o2 Sk Gty 5 Ea2 ol (971

¢
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—

EF1}o] A (SentencePiece) & A&ttt EF o] 9lo

& 271%= 800270, wEfulEe] A7) 92M(9,2009h) o]t
HanBERTE EEHAIOA Z7h5F m@doz oul 9 Es EiA] 70GBY] |
olg 2 sh&H maolch A st EI ol (Moran)E AFSSItHE EX

%

—_

—

Aol 271 54,000, shatulE o] 271 128M(12,800%H
o|t}.103)  KLUE-BERTE #ixat=  dloJejQl KLUE(Korean Language
Understanding Evaluation)(Park et al., 2021)1099] wjo]Aztel-& 95l 7id

H Eger RF9
it =7l A ollA

W2 A]109, 4297, &
FE3% 63GB2 HlolHZ ShEE It FEA
B o] Edyo]H(morepheme-based subword tokenizer)107)&

ENE R0

=2 0>

CC-100-Kor106),

%
7|9ke] R

Agted,

o] gte] 271 32,0007H, THEtu|ele] Z7]& 111M(11,1008h0]t},

[# 3-14] BERT A¥ PLM =1

PIM | 5% dolel | Eaueld | el A 2] | weele ]
L o 30,349
T R
KorBERT WAL Morph§me, (Morpheme), 110M
(ETRI) (25GB) WordPiece 30,797
(WordPiece)
KoBERT 9l7]m|t]o} .
(SKT) (SOM. B24) SentencePiece 8,002 92M
HanBERT | ¥4F & E5
=g 54 (J0GB) Moran 54,000 128M
KLUE-BERT | 57H¢] gF=o] | Morpheme-ba
(KLUE) 2ra2] (63GB) | sed subword 32,000 M

103) T2yt s 22 A 3717 S8 dHie Hoh

oict. & 8719 Hi~Ie s B7IE 4 e uloleler s gt

105) Foigo] M FHo] WA Beow RolAz ® HAE(rA U AR)eh PolHz

| e So| mgulo] gt

106) CC-Net(Wenzek et al., 2020)& ©]-§s it th=to] ¥ &9 YeX= KLUE-BERT+=

o] % wto]

HO

s ARt

107 Mecab e BH/lE Bof HrES Paz ¥
(Sennrich et al., 2016)5 A8l 2F o3&

ja=

iy
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o] PLMS2 971 &4, &iF w2, & Holx % &

o
52| (general corpus)® oF5E 7] wfFeo] H-EAHQ1 Qo] tisfiA

:OL_I‘
ofl A i ro

3

T4EA ok OOV BA7E W
= (o)
N

ojo] TAY A W F=X]of Higt ofsf
olg|gt #AIE WAt YoiA= sid Z=H<d
shARt, A= APdEEe] E0l7ke HFE H-Eolth Devlin et al.(2018)¢]]
A= BASE ®{A9] AL 4719 Cloud TPU(E 16719 TPU )E, LARGE
HAol AL 16719 Cloud TPU(E 6471 TPU S AMR3Sto] 497 o<k
ARor=g BASE HHE $1,712($34.5(TPU v29o] A7t H|-8)*4(TPU
4 *24(AZD*4(85Y)), LARGE "2 $6,912(34.5(TPU v29] Azt H]
&) *16(TPU 4)*24(AZD)*4(8H5)) o] AHASHE H|-go] ‘WAL 108) B
o] B miZHsy FRH7F 94F SEs S W 29 Adsol 24
Bk ofuet dYe] BT A3 E ST A AR PLMolA+=
T YAE M2 5 (emergent ability)o] UEFUYZ] wfE(Zhao et al.,
2023) FHoll= 719x2r Adstr] f5 A= LLMeo| 7= gleh
wheba] AR H-go] BEEE A A4AES A BYS 1501
Htl= ¥ ZRA0] A EQlaf fARRE B Fol ALE 4
o= H7t , B8 E FZol= ozt 80 WH 54 Rl
S3te o] BEE NEskE A7t Eofuil St tixdor ol Fok=
Med-PaLM(Singhal et al, 2023), W& +°F= Legal-BERT(Chalkidis et
al,, 2020)7} glow, F§ Hok= FinBERT(Araci, 2019)¢} 2| EEH 1]
A 7HEFeE BloombergGPT(Wu et al., 2023)7F F9stct. Sl o]
E4 ErQle] Bate Qo] REE FE5te+= A7 Sl 15 2 dF
oF fAE THele 7Hd Rygogl KBER29e] KB-BERT(HE4t <,

o

—

m ook

ne
&

)
ol

i
fa
ofN

ofl
4,

55
il rlo ofk

108) =z e 571 =99 Chat GPT(GPT-3): 1,750 7f¢] mfejnlelE 7H1 9lom,
APASHs vleak g 12009 Gefof Gttt
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2022), 717t a2°] KF-DeBERTa(d-2% <, 2023), S=Ad&2XSAH
KPF-BERT1097} 9Jth. o]% KB-BERTE: ot =& thAl BERTS A
el ALBERT(A Lite BERT)(Lan et al., 2020)2 a+549 1}
Ao, ojmtAE HEO| 5715 Frotof AR 4= QL] wifol| 2 ATolA]
£ ZslBet 517 HolAE Fol AREA AHEY 4 9l KPF-BERT
KF-DeBERTatt AMg-ate] o] sh5-& Pt

KPF-BERT$} KF-DeBERTa®] 8 EAL [# 3-15]o A= o]gich
KPF-BERTE 2000W32E] 202149 847pA] ] Hlz}Ql= R A7|AF oF 4,0005F
Aog sh5E FA Tuel Est PLMolt) g REe 129 BERTE 7]
sto 2 AMAsgon, AHeH EIo]A: WordPiece, To] 3t A7)
32,000741100]c}, KF-DeBERTa: DeBERTa(He et al., 2020)11DE 7]gto
2 F5% 58 =Wl E3F PLMolth. EdvolA= FEA Q4] BE ol
(morpheme-aware subword)(Park et al., 2020)112) w24} , &
A A71= 128,000700lt. ERE, ol AREE TWEA = 7]E o
PLMOlA AMSEE HE ool TEXx|o] 3§ T W7t F7Hd 742
2, A 116.3GBe] F °F 28%(32.4GB)7} &§ TH EAZ FA=
o}, FH Ao 2 Common Crawal(35GB), B5°] @W22](14.1GB), AHUB
T2 A(11.3GB), 2 HZ(12.5GB), FA71AH4.6GB), U+2171(4.8GB),
7|7t o(1.6GB)7F ®-8& =] EgtE|n, o Zlztol=eofA AFT &
B ZE(5.9GB)Y} 2§ ¥ F27|AH26.5GB)7F 2§ ZHelo] ZgH 113

109) https://github.com/KPF-bigkinds/KPF-BERT
110) B5F2] g2], Common Crawl 5 570°] Ha2oll4 oF 20GBE &Lt 15T

111) DeBERTa(Decoding—enhanced BERT with disentangled attention)E O] ZAIZE A A
¢t o2 disentangled attention¥} enhanced mask decoder@t= & 7HA] WS AR8-otod
BERT9] A%-& 7l4gtet. disentangled attent10r1~ 71Z BERT7} EZ dHd} 9% IHd
o] 3l ol HEE ARESE A ], EES content®} positionS2 E2|sto] F ““151-4
SHcontent—to—content, content—to—position, position—to—content)°]| E}E]' odd HAYUESS
Z-g5k= ofo|t]o]ql, enhanced mask decoder= MLMOJA utA7] EES =g o 7‘4\3]114
$1A]@absolute position)I= &7 &stat= otoltjoict,

112) KLUE-BERT®} nE A2 G| AES Pej4s Halst 5| BPES 2851 dh4]olot,

113) %32 KB-BERTS) oy 92 $i7iriel, s 1 £4 50| 5yl 18 wolel o
) S0GES) 6 A AA 2 A AEE Sol 2H 08 2ol 0B 4 J
wei, olg] F§ el WRAL A4 sjute] 2R 57 HAL SaAs Gepolch
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https://github.com/KPF-bigkinds/KPF-BERT

[ 3-15] =H|9l B3} PLM H]W

T KPF-BERT KF-DeBERTa
- B el WE2](83.9GB)”
512 ] v S 2 .
=] EﬂO]Ei l:_l‘y].(?_]_l_ Tl‘i\—7]/\]' 4,000?1' Zj %% Euﬂ?l ‘?—_-_1_%"7\](324GB)2>
1y of7|H|A BERT DeBERTa
Eol WordPiece Morpheme—aware subword
o] gk 77 32,000 128,000

1) Common Crawal(35GB), %9 W-2x](14.1GB), AHUB T3x](11.3GB), F& Hia
(12.5GB), F271AH4.6GB), UF971(4.8GB), $1715tJoH1.6GB)
2) 28 BEZEGIGB), 28 w2714H26.5GB)

o] Bhgoll AR mAl 27 obF|Hl = [1" 3-35] AXE (b)
Ft 2ot &, 4 2gL shte] 2 dEd2 FH Ui A AA
[CLS] EES £¥o2 YHUH, g ETL HAZTo 2oz £of
7V g EF Hado] &8dch Rt sl ARRE HAHS daEEse
RAdamol™, 8z =7], o|&, A¥] = 242 32, 20, 16,0000= 27453
oh 2y B@rie oo A B3 v R ASA S5-fold CVE 4335t

of oAl 7 Hrt AR HHgoer FAstler, THQl 5319 HadS
gel5t7] Y3 KLUE-BERT REx A4 H7IE Pkt

KLUE-BERT, KPF-BERT, KF-DeBERTa2] o] st Axp= ot [E
3-16]ol AAI=ISIe. B7F Aol Al P2 BF 90%7F He =2 4
52 H9om, KF-DeBERTa(92.52%), KPF-BERT(92.37%), KLUE-BERT
91.68%) o= £ Ads< Uetilth. ot KPF-BERT®} KF-DeBERTa
+ F1 &35 7|Eo= As Aol7b oF 0.15%PHroll Uehz] gratoem,
] & 2837} KLUE-BERTY A% o= Zz} 0.69%P2} 0.84%P= LtepL}
71 o7y 9] A7 ¢ Ao® UERTh oY HE THely THd &
3} Bo] Ae Aol7t A7 2 AL AR Araci(2019)9F A2 £](2023)
o = Yehd ATl 114 o] & Aol HAEAC] AR}l olfE 9l
DA, Zheng et al.(202D)3} & Aol A 45 HEel Zo] & Aol HA
A dolrt AZtHT 412 AA Z]Qlet Axt= A

]

T
114) Araci(2019)°4+= FinBERT7} Vanilla BERTETH 1%90] &2 4%5& HyloH, Hed ¢
(2023)e]4+= KF-DeBERTa’t KLUE-RoBERTaXth B2 02 1.2%2] &
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+ KLUE-BERTE 1,280%F Ao] Sh&5E 7] wjEo

2 H9on KF-DeBERTa’} 7F¢ =8 £E2 vebich 2A2o=2, 10
M) BFL A A2|d o KLUE-BERT®QF KPF-BERTE= oF 347t
o], KF-DeBERTa: ¢F 4A|7F 4080] AQ= gt oA oz H AZs}
o] & AFodE FE At "¢ T8 1Y 84 F Sholty. mEhA
KF-DeBERTa7} 7V =2 Ae< WeldA, 2 AfoAes o
A% et A 22 A7t w2 KPF-BERTZF B dATto] 2|2 mgolat
sttt

0 B
Ml Hr =

IS
T
M
=

e

(£ 3-16] H|Z A 29 H|W

B KLUE-BERT KPF-BERT KF-DeBERTa
e 91.7% 92.36% 92.53%
qHe 91.81% 92.4% 92.58%
A& 91.7% 92.36% 92.53%

F1 Score 91.68% 92.37% 92.52%
log_loss 0.2412 0.2183 0.2149
= AIZE 0.131% 0.135% 0.166%

T D) FYE, A@E, F1 Scores ths dlolez sl Batghes S, onf Bk @
olf Evde 1LHd 7IE Bder S4HE
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law)
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dlolg o] FRE oF 35uj7teg o grh o]gt Ajo]2 H]
A BHIPHT}E F 6.9%P =2 Fl Scores 7|Es5tl QUAHH F=
A mgo] oF 40u o4 wWE £LE YERa Qlth. AA EPU
dots oA E B A 2P oF 3AFF gl AA| HolEE
A Hw g B Hix] 2715 5128 AASIASE oF 10Y
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(4-2) EPU small, =

. where X =

3(

X 10 + 100

Y (X — X7

/ml

= 2008 1¥+5H
Aol nebd g o
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mol'

4.1.2 24 2

EPU A|4=9] 24 Axt= [28 4-1]3 2o} of7]4 EPU smallo] &
oA ZASH EPU A|42 HolFm, FPUL EPU KOREALX ZHzF Baker et
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al.(2016)x} Cho and Kim(2023)°] 243t EPU 2|5 HoErh WA EPU
HE AmHEY, EPUE Tolddt AEAPE f2iuete] APE-E F829] 1els
2] Zotr By 229 F897|9 22 Eg4A0] B2 A7l on] gl
& &2 UEA] Eota ok Aty EPUE v|=t9] Al-§-5F0]
2011 8¥HTH 5T oF Aol FEIEUE 2016 11¥9]
A& o =4 Brtotal e, o] A% 2016 1199 B4 A
BT XY B0 R Aot Aol § Edeith AAE
& AZE HU|EAR]S0] FolE AMEH, vl= 4l
= AHERA L7 LDy 7.1% At

129 ALhH] 2.7% A+
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2 dXsts FE YA o2 Q& F A= 3AAR ZAL Bol
P AZlol F=sigt A& YeEtlAl Xotal glew, 55| T A2y
Heglo] WAPA Al7lofl= EGHAY 52 HaWrlohs BEgE Hold
Atk oo} g AA EAS &89k EPU_smalle F21} 19470 f-2ju|gh
=2 7S Yehfz glow, IR wiAl Zolo] AZEIE A]7](20208 129)
& FAN7E AFo2 3000 ST A171(2021d 19)ole 2244 H

|t

oH,
N

O

= o)t} E3t EPU KOREAZ} A FaE dEol A&
sHo] 294 A5 A7](2012¢ 59t njE FAHAo] EASIE A7)

(20189 71190 EPU smalle E&3 & ZHS VRl 9ok
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[719] 4-1] EPU A5 A AT}

EPU

e |
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ol [1¥ 4-2]= E A mygoz ZrAsH FPU A4=(EPU_small)e} H]
W A Bgog ZASH EPU Z4(FEPU_BERT) 2] AJAIE Fo]E H|wgt A
oltt. [F 3-17]olA AHER] & A3 B2 Hlw i RPERTh o
6.9%P F2 A= HEFstal ¢lo], EPU_small®] Al=]Ado] Aty og "ol
g ok w27 A71E 4 ek ey oljt feje g ok 19
< 5 AF 7¥9J AREAQl Fol7b mie fAbStH, F8 WE AL &
=1 2] Gethe AE AZAcR HolFr ofjt At & AT
d2 ST shes Aye diAE 4 ok ont A7 A= = A9
5,‘— OFZt Z U i 3EEng, olgdt Zo|7t A4 EPU 7|
Tt

—
nAEAE AsEHer HEY "e

)

(19 4-2] EPU_small®} EPU_BERT H|i

130

120

110

’X
0 Wr\nww\ a\ A HVAVFL MJA« /\ rﬁp\&fj\{
SR i

.02 0812  09.10 10.08 11.06 12.04 13.02 13.12 14.10 15.08  16.06 17.04 18.02 1812 19,10  20.08 21.06 22,04
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ZAAA = A 4=ESD, AH[A 2 2]

A A=e

A

£(CCSD, 71447142 4=BSD, 4714

VKOSPI, VIX, & W5 Ao|c} o]

e

£

2 F

=AY el GDP, Wi, wlzbam], du)F

A, g sEolm, RE ARE 41, AR,

o

tod GARCH(1,1) &

©

=
1

tae 2718 AAEA A=

S|

1~2022¢ 1249, E7] 5419
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H A A 2008¢ 1
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A2 2008 1E87]~2022¢ 4E7)olH, AH|AAEASE 2 AFoeZ 9l
sff 7] Aol 2008y 7ERE ot}

A BASA AESE EPU A 7Ho] wapgahdA A= [# 4-117%
#ot. #ZolAq HS Qto] s=2bs HAAEEAR kS QvIstH, ZF Ao dis|

71 o ATMTAES HQ FPU A4k 29oz mASHYc B4 A
G0

= dHY dEEAE, & =9 AEHEAE detd Aol
29 FaolA] o= AiE Hth. EPU_KOREA& VIXSE 7M=& 4
TAE uEhdlal, VKOSPISHE 7HE w2 AaatAE yebd EPU_small¥}

Hjb o] AATE verlt. ovt, EPU_KOREA+ VIX@E VKOSPI
of dish APAS HolA ¢rfrt. FPU_smalle VIXE A€t RE 79}
7P =2 ABEAE Ueten, BE A% tial] 1~571YE Adst= AL
2 BAxct. 9tH EPU_BERTE EPU_smalldt HTjAYTHAIA7E 53510,
FBAS oA 2 2polE Holx] it

[ 4-1] 99 ZASALL] wapdees AnY

FRRES EPU FPU KOREA | EPU small EPU BERT
ESI -0.23(-5) -0.38(-3) -0.57(-5) -0.55(-5)
BSI -0.2(-1) -0.35(-2) -0.51(-5) -0.5(-5)
CCSI -0.4(-1) -0.67(-1) -0.74(-1) -0.74(-1)
471G A S 0.19(0) -0.39(-1) —0.68(-3) -0.64(-3)
VKOSPI 0.15(0) 0.58(0) 0.61(-1 0.58(-1)
VIX 0.22(0) 0.63(0) 0.58(-1) 0.55(-1)
ke HEA -0.16(10) 0.39(-2) 0.52(=4) 0.5(-4)

Z: 1) FPUE Baker et al.(2016)°] ZHAJSt EPU A4, EPU_ KORFAYX Cho and Kim(2023)
o] 24t EPU A4, EPU_small> £ A7 mgo= 24t EPU A4, EPU_BERT: H]
o i Bgoz A4S EPU A4E 9]

2718 BASARS] AT EY Aits [# 4-2]0] AAISHEE. o714
= T ¢t sAks HWARAAF kS QuistH, S92 24 el dish 7t
F w2 AUEAE 29 EPU ASE ouiitt. 2718 AAEAte] 24
At A EPU_small¥t EPU_BERT+= 2 ApolE Ho|z] Qkgtom HE 7
#F7F EPU_small?t 78 &2 G¥HAE E3ioh. E]V EPU= AlSt +&3
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Azt =dofl F(+)eo] ABHAE, FPU_ KOREAE=
G0 F)o] AVIAE

(& 4-2] 2718 AAS

Lt Aol 2el et

TALY] mA A Ay

ZdA|I A 3 FPU EPU KOREA | EPU small | EPU BERT
BT E -0.20(0) -0.43(0) -0.55(0) -0.53(0)
RIS -0.23(-5) -0.30(0) -0.51(0) -0.50(0)
1 7k4H] -0.23(-5) 0.27(-7) -0.42(0) -0.39(0)
v F2} -0.27(-8) 0.37(-4) -0.41(0) -0.41(0)
e} = 0.23(-4) 0.21(-4) -0.24(-1) -0.24(-1)
2}t 4= 0.17(6) -0.31(0) -0.42(-1) -0.42(-1)

: 1) EPUE Baker et al.(2016)0] ZHAISH EPU 24>, EPU KOREAY: Cho and Kim(2023)°]

ZVJ@ EPU A4, EPU small& & & mgog z
A nygog A EPU A4

5 9]
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4.3 FA 22480 AXFBA vAE FF 24

EPU A4:0] 9842 Blshe & o e g A49) ogde 9
3EIL, 110 AXAAMEoke] BAlel GlolA] A ojnlE AUA selst
L Zoltk o2 §l8 B AolAL EPU A42 B4 teuse A8
sto] ZepAo] ANAARSe] WAL GRS BAstw, B4 it ol

7
2 A o] Fefet=AE HESH.
4.3.1 B4 g HE 27|59 (Vector AutoRegression, VAR) 29

nEaTE B4 8 2 aeML
o [39 4-3]3} gor, B go

—1

[21% 4-3] VAR 4 Az}

o8 =3
(VAR/VEC)

=HHIS 52 A
E._I"?"E' ?:'Pé‘,' T Bl — e ey |
B AR A

4.3.1.1 @92 AAUnit Root Test)

D92 AAL AAD AE7t HAAIA (non-stationary) AAD IR, HAF
A (stationary) A|AIEJAAE o7 9ol === HA Lot ojnf 4

116) Jurado et al 019l W2w B84 A5l o2 FRse HRo] mesld BeuAo] v
EaA) 24 A A,
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BIE AAA B BAL T A0 Wk WA U A 27
ot 1D, qgref AlIAE =7t A1, A
29, oA% 59l gz e MRS 2o a4 ARG
3] (spurious regression)!18) BAS WHAPA|71A] A}, whebA AALD JBRE
44T Tl 4 WA v 24
stH, s AlAgo] BHIAGSA AAER %’f‘?_% B85, A2, AR, AEXE
g &0 S AA A AA9E Hgsfof it

gol AA WHoezR= F£2 ADF HA(Augmented Dickey—Fuller Test)
¥ PP 44 (Phillips—Perron Test)o] ARE-EIth. ADF= @A49F 7Ho] AAE 4
WS 1EgE A "9 olw, PP eagto] oF F&Ad(weakly dependent)&
Zt7AL o] BAHd (heteroscedastistic)= ZHE= Ao AMSEE H[ESH HAY
olth, 2 AFoME= olF ADF HAS ol&sto] &9l AR
At ole o A -5~U-7& Foll FAEM, A7A ev A5, 6=
AR FAE oulsta, ¢7F 1oleks AF7HES AEsHH sid Al
Ao 2 mashA Hr

X
0 ¢
ol
ol
o
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oX
£
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o
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ot
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A

o
ON
o
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o
ol
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411
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o
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=
(0]
-

(4‘_5> Ayt = <¢_1)_Z/t71 +€t
(4_6> A]/t =a +(¢_1)?/t71 +€z‘

(4=7) Ay, =a+68,+(p—1)y,_, te
4.3.1.2 1A JA3AA HAA(Granger Causality Test)
VAR B2 ®g59| H

o A

A dehtee W .
AAe] Zol= w4 Aore] 91zlo] wet H4asisiol 519,119 o}l

statlonary)° 74114711 QE} SkARt

2L okt AAAS AARA] o] Ity
118) HAAF= *17410“‘77131 IFRAS AT o Woke ZAR

2 obF TRo] gAY £<19] 2 ATIAE Hole @S “E*ﬁiih
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=
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y
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Hl RS- (white noise)o] & w7tz S#of gty AWt o 2= AIC(Akaike
Information Criterion) T+ SC(Schwarz Criterion)”} zéi—%;f—% ol= L9

A MR AAE AREE, AICH SCHY weHE £ o v s

-{N'

ol o] ey

3 WS RAS
| e w02 WhE ol ohy

sjg4gel a7

4o
%
o
rhu
)
lo
Hl

rr

37
o

DREE , 12 wats v
TF S e ol EAS ot BAY @AV EAT. wetd o2
2AZ Jh gEe oy JdA e AR 6 948 £98 2
HHOR sl ol £F AHGET Utk

JA Q] AAe F ous 719 2dA st 9eAg B
SHe A4 WPHoR o714 IdA st Qlrks Ze  Wge] 3
SATE HE WA @A £AE AWets ¥ 9FS WAt RS gujg
thi2) % g A (-9 WET O 2t B IWA A gt

(4-8) Elyly,_;x,_;) = Eyly,_;)

A7V Eyly, x,_ ) v 2 2,0 3Hst] 4L g9 FHAE S|t
W, Eyly,_ ) yE5 v, ;° 2Aste] ¥ 4,8 FAHAE ou|eth122) whe}
A z7t y B TA QJIS=AE ARG feide o A (4-9)eF 22
IAAE F4 F, Hy e, =0 2 AFIMEAE At g AFTH
ol F A2AY-S ot \ohHAFZHE 712F Al 38 Q9 AZE EA4).

119) AJate] dolzh dojz|d R Aot Eobx|ARt F4sof & Rart wobq A{Trt
ZolET cjZeln e g,

120) SC7} AICHTH R o] B d(RHrmoll dish of 7t siidelE Fastet. g 501 239
“Jrﬂ"ﬂ‘ﬂ TE k, BEA FE nolet A AICO] midE 01'2 2k7]’ w31, SCO| g 7
= klog(n)o] Hrt. w2bA AlGe SCEY AR dod 7ol o, SC= AICHG
A4 (underfitting)& o 7Hs/4do] =t

121) I8A Qe Aslaetld Wk slmkiAel the Adolth. A <lmkAL olrk
L AL 29 3] At 8 oESte o RS FoTte S Sl =, a4 <zt
AL 1A QS RelFAT AP IS HoiF AL ohr

122) 2748 7|dx)= AEAT | Ad o2 T (linear projection)T+ Z13}+ Ztt,

or
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(4 9) yt Za’lz‘rt z+231]yz‘ ]+€lz‘

W2 g0t 22 20A AWSHEAE A AL Agly .z )9
Blzlz, )7t 22AS AMEd P02 g 4 G-10% 2L ANe &
A 5, Hy B, =02 AR Gste] F AL Saskd Het.

k k
(4_10) X, = ;a’%l‘t,i'i_ ‘ZIBijt*j—i_eZt
1= 7=

ot Ajz}e] Aol AIC EE SC7F HEZS Hol:= Axt2 ZAEY, i
AN @2F ey, €,)2 BAREolofoF Sttt

4.3.1.3 VAR(Vector AutoRegression)

VAR ARIMA 2@t AHEAA] 29 (Simultaneous Equation Model)
o] Hlgto] AZ|EHA Sims(1980)e oJs A2 AAIH TR A|AE Bmyo
2,123 o 7j9] WAYH(endogenous variable)E AR Z@go=z ZTAJ W
Foltk. TR 4 WA HAL e Pk WA, X vee T A
AMAE dHelH7E e W, VARS tha A (-1D3 22 F237484] AA

(structural form equation system)& 743,

(4-1D) X = oY, +8, X, T8, Y, +uy,
Y, =0X+ By X 1 T8y Y, tuy,
where uy, ~ wn(0,0°), uy, ~w.n(0,05), Cov(uy,u,,)=0oy,

129) ARMAL Sltfe) 8a) o 959] 3101 Sas oIl clashy] del ofet 27

WAE 2] 45 AgS T 4 Qo 9ol glov], AUy nge ATt Hst
& Aol ot mee] T8 Aol Wes] 2RIl 4584 Folohs wol 3

2 =
o} Sims(1980) o= wels) AAWAE 7o) 4T PAZ WG 4 oy AelEow
BE 24422 APPEL YL ANt
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ol SEAF 0, 7F S48y A (4-1D 22 2T AA] A o
HYAA 9 S(solution)E F517] o#H¢E= olE FEFAA A (reduced
form equation system)Z $Ash= Aol sttt o]F Jdl A 4-1D)=
e A (4-12)9F Zo] BE JHl= FAITh

(4-12) X =0 +8 X  +8, Y Tuy,
Y, =0X + By X1+ By Y, Tuy,

U

X—oY, =B X 1 tBL Y, tuy
Y, =0X =By X, 1 T8y Y, Tuy,

U

i

= +
Y, 521 322 Ygfl

Ztlt}
Ugy

N b I e e s I

o] 7] A [1 _0}1[511 512}_1‘:_ [“11012}i7 1 —p

-0 1 Bo1 Bay Q91492 —01 €9y
H, o33} o] ZF ®gAle] AR Wi f g A A A2 A H
X ay ap || X €1
(4-14) [ = +
Y, Ayy Qg | | Y4 €94
X a1 a X e
A [yle 2 [0 a |pole 20 [B)e B2 A
Y, 91 Gy Y, 4 1 ey '




g 3 !
AHosRe TEPPN] BAE 2] AL NN-DAS A =
2

= d@ab] 98 T A Ve Agat A A FEeEde) o
Fol TR Z 4 (4-1D2] 0,7h 002k Aol T, T B AFASY
(lower triangular matrix)°|2t= 7Fgolt, oA 4] (4-11)
Sims(1980)9] 7p7gel ofsl] vha3t &2 25 Adot

o mi

(4-15) X = BuX 1 +BL Y, tuy,
Y =0X+8, X 85 Y, tuy
where u;, ~ wn(0,07), ty, ~w.n(0,0;), Covluytty,) =0

Aot T2 Fxo] YAAS FZAPLA A A A (recursive equation system)z}
=
__q'

AT A 2RY X 5 A Aol gelstel ¥,

o O 71
£ FA%h ot AT AL YARSO] A (order)oll oo £A4 A}
7F GEbAH, o]= Qe Sims(1980)9] VAR 232 AFHAA RPAH o]

H
2= o191} 125)

23} o2 So] A (4-14)9l|A

e
e maein, 3ea 98 @)
2t

124) o714 N& HAS0] /45 @it o2 So] 4] (65)2] TR Folof ol =
S oA A] (69)9] SEAANA T8 4 ol et TAe] glome 270 mao
e 714l Basitt,

125) WSl XS AAoke €2 A7ApP FHHoR md Shk) G, A& 2745t
= oA 29 F AHilo] Bl o] Zof met A AAsHA "ot olof Wt Sims(1980) ©]
Fol= Sims(1980)9] & 7HA] Ak 2 th4l ofd]l BA olZe TAst] AloF AL Falot
= 24 9E2718F(Structural AutoRegressiv, ©]5F SVAR) Igo] A WHZEoz FF

28530t
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rr

o o
EEE] = L;‘l ;Z‘IZ}ZQE} 2 o, Cholesky &dll= o= Zo] Q&

('’
, 12 ,2

0, 0
tfz+d (diagonal matrix) D= l o }E U F= old staddd Ps

0 a,,
o YNE ouiat,

(4-16) PQP =D

a9l oldy eargrel FiAt B Cholesky #afit VAR Rt
Sims(1980)9] 7H= we FAAEA RPLS 2= 22 Ed= onleith

A& 5ol P=|l| o= et 4 @-14) Pel PR Fohe 4 @-14

= o=t Zol 3 H
10][X|_ [10][@n @
w1 (W= e
10

ay i B 512} 10 [eu}
714 61 [%1“22} [521522 ' [51] €1

che vt o] SAH

10]|%| By Bio || X1 Uyy
4-18) [8 1] [YJ_ [521 ﬁzz} [Y;J—i_ [%21‘
U

BuX 1 T8 Y tuy,
—OX By X T By Y Ty,

e B

rr

rr

X
Y,

AvEY o5 —o2 HhHgle W
oItk 7 ofe) A (4-19)9F Zol 9] BRNA eAkere] TR
L7

_/[\_
PPL P F oG FiAte] 00] o
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(4-19) Var(U) = K

A (Cointegration Test), VEC(Vector Error Correction)

4

4314 38&

o] 714q]

AlA

VEC+=

n3olt}t, o7

JREEOES

b1 91

=k

s

oA AlA

AL H

H Zt4=(order of integration)126)

i

2 71

g aae o

S

B2=

AA

MU
L]_L

Oy o $E(level) W47l BIAAZ A

5

A% 24

ALl 7 =9 A€ $A

B

T Ao, AlA

S}
=

374 EG A% (Engel-Granger two-step

cointegration test)¥ QM AHX(Johansen cointegration test)©] ATt EG

A verd

S

%

A% o

o]
=

<3

Ho
or

L
__01_

id
-

JJ

T

o AREET, HRlE AAE 24

ujl

o

Ho

,_01_

sl
!

1=}
e

]_

%
I(1) o] ARE, = AJA

2z

5

126) covariance-stationary AE|7} E|7] 9

127)

1
L

AAD V9t X,

g B0l &
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(4-20) X, =A X +A4,X ,+E

o] thS A (4-20)1 72 VAR(Q) mgo] 9t 714

e WaR afo] YAESE FAE gk ae3 9 A

)

17]

,_._mo

=]
&

AB'°] 3

Gote WP 11

ZHAH ofuf #

=

F= Zo] o], wiob o] WAt 3t 2

°

nxr2 7]
a4

s
1
=

t= 2ol

°

AX=IAX_,+IX

A1
7

X—X = (_A2)(‘¥71_‘¥72)+(A1+A2 _[)XEAWLE;

AB' oA ASt B
|

B2}

T 3717t

9l A (rank)129) »(r < n)

i
H
g
H

1

o
o
g

B

—_—

Sl Fd AlA

H O
L=

7

il

TR o7 YAHSTE (1) AlFo]

5 VAR 2Egs 74

o
2] =)

s Eeh det AR ASE AAY A=Y F7)HS

[¢)

o glrt. hA

)
)
BN
“n
oo
r

Tod

;.A_l
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7o)
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SHAl = Ay

A5

Z
]

o 7 )
(shock)o]

_(?._]-_

A7t Ay

al|

1)
Ife]

sk 25t

d HAE xZ

371

el

ol

i

T
o

°f
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~
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QAZF AZA HAL, F

1
1—

Alcolumm®] A4S rank(§1%, A%t HEc
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ok A7t ARG o] @Ap7F HiE 2 E = Zo] ofyzt AA5] 24N
+ Zo] d¥FAo|th 1300 -y F H4o] AE AA9E VAR B 574
SH HH2 o]e AE 475t At ste de ThfsHA "ot &, et
olsf oz ol EESHAE AskEHl ofn] Wl =FFHIL FAIE E°
Hels @FE WHobA ok

olggt BAIE siEsH7] flsl VEC 2g2 VAR Lo AF-HHE
(Error Collection ModeD)& =8ttt =

.

14 SAAe T Y] SRR FAT 4 UEE VAR LA5A
AT mPo] VECeIth, VECS FAIHQ 42 thg 4 (4-22)9 2ol &

S @A ngoRRE £EY 4

(4-22) AX=IAX_,+IX_,+E
AX,=ILAX +tAB'X | +E

AX=ILAX_+AZ ,+F

ANH AT SRAEAAS, 7 & LALAFolE FEn|, oRZIASE
WSSl A#gel AR O AR ARHE S5, 5 o
A&5g ougtt, webd eAEAASt S0 e THAok Br1#Y
wgelA He), 1 Adige] 242 4712 FoR HBHE S5 WE AL
oJujshA ek,

130) o2 Sof 7hde] A5atel Tawre Trke S7ksHe Zlo] ohel S See o 2
e A, TP Aol A Sl £ . S el Sl e EoRe
13) VAR 8¢ 50l A 4T G Fdir Hel 2ol pan 2709

B of o] Wahh Akl wlet sl WHset e o
T .



Al VAR BFL WAE Aolel BAS sersh] )
< VAR Rl 4 AuE 7|ite s of

o, ZF WARHS7E AZte] Zdol whet o g A WHals) 7t

= Holot, ofdf] AR o] Hstet @algteA o] WSS 9

njeeh132) &, eatgte] 199 $4(HE 1ZEHA=R

A2b FEZ(memory structure)E T Z}7] ZF41dE VAR *

HyEo] AAFE Tl o]BA ¥stst=AE EA e

FANS S sk WAL F 77 ok A HAlE VARP)E

o AR Fxo] olg GREA ot Wee s

Zoltt. ol =0 ol A 4-14HE A ghst

ol Al sEAL onf AZ 2 Ax} d4FAHlag operator) L& ©]-&5t

of ALZS] FHlz YEd 4 qlon=

e 714 VMA(0) FHIZ LErd 5 gl

X,
=
ru
=
0%

(4-23) =AZ_,+E
(I—-AL)Z=E
Z=(I-AL)'E
Z=(I+0,L+0,[*+)E
L=E+0FE TOE ,+

€2,t—1

l
L) o]
l

X =e T emer 1 TPl 1 TP 0 T a0l ot
Yi=ey v @€, 1T Pra0o 1 T Po01€1 0 TPr00ls 5+ o

P11 P11z | | €1.t—1 P11 P212

P121 P122 P221 P222

ol2fet o FEiE FANH-SE(Impulse Response Function, IRF)2} ot

o, o7|A ARPE 21}e] Ag o7t WpEe] AR whE Ko HERd

130) A3} 942 AMgsly] HRe] Ztzhe] Amuse] Wsl qltka ARelr) o2y @Al
R} ol 7.



o, 22y ot WAl eakd Zhe] T4 ¥AE AHsHA] Ro] Wi

o, VAR B@AE @xq 7te] ZTEAto] 9 Ao
S

7h ol@A Zh WSl A vAEAS AuHoR olsfsrlst |t
ol #lsl Cholesky E3iE o8t + WA WHS earde 24t dde
g At FANSEAS S =, Foll A (4-18)% (4-19)
o o, 0
|4 AamE 24w 3R BY o= | e gy p= |
63,12 632 0 632
HHY SHZtegd PE 19 Hl, ol& VAR Zad] Heh SApgg4Al AA

-
2 W50 SAd e FARE] FEivE 540l At
A (4-18)9] XA u, ol F40] solttd Evt= X7t HEsial
FTAFS ovlewE wWEol WAt i
BuX T By X (o WEE AL, Yol WE2 1AAF Hell 8, Y T
By Y, 19 WEE LAY WA, YolA w0 A0 SolHH Y=
ZHE FAYTE WS, X AR FolloF 8,wF WEsH "t
TFAHeRE Yo WEol AR Hell B,Y 3 B,Y = :
B Y 9 We2 X5 WSAA o= s X, 3 0X7} HEstA Aot
kA ghA QIFEtEEe]l VAR YL MSE jdeArt mle Fast 2
Az ohRoiAw, ditoz= :1%1% AIA E= AACI2] 75t
A= 2AsH dt.133)

StH FARESEA Sl Avt= AHY WhS(decayed response), A& Hh-S

HEAI7]1AL

(persistent response), A9 Wh-g-(delayed response), F713@ Whg(cyclical
response), 7% Hhg-(overshooting) o2 AHd 4 Sty £2HY whg2

F7o] WAY F WY A7t WA FolSe] U FHE Soble e

133) Pesaran and Shin(1998)-& o]zt A& 183} M4 Ao Gk Wz

o
52X (generalized impulse response analysis)& ]/\]O]-‘}i\'/}. o] 4<% 4
%7—3' b2 R jHiA s 7P Agel w1l SANSEAS 4386 doh
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4.3.1.6 BAMESE4 (Variance Decomposition Analysis)
WA oA 4

o4

54

fife)
A

il
5

<k

—

g

o

54

A A E
Cholesky

Hbdo g2 VAR 29

T
. b I

oA Ztzte] WARrE A #gol 7]

I Cholesky
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5

2] 9]

S At

O

A}
=

‘I_

AHe=

QApEAFES] (forecast error variance decomposition)2talE ST}

=

(4-24)° dvpar

o

134) 9

=
I

Al
1



S AL ol 8dl dZS SATTH e gL Alo] m2HT

(4-25) X z‘+l =Xt Y tu = BEX . 19)=8,X+8,Y,
Yo 150X t By Xt By Y Fuy = HK+1‘@>:6E)Q+1‘Qt]
+ By Xt 85, Y,

bl ket 2.

ol

9 AL olgd Azon AL =&

(4-26) ‘X;+1 H‘X;+1|‘Q)_ Uy p41
Y, — K +1|‘Q) [‘X;+1_H‘X;+1“Qt)]+%2,t+l

apxgoz ¢ AelA oZexte] Bare FohH gt 22 Ao] ZEH

4-27) VarlX,,, —EX ,|Q)] = Varlu, , ] = o]
VarlY,, , — E(Y, | 2)] = { (X — E(XHJ‘Q)]}"’_ Var[%Z,tJrl]
+ Covl ]
=00 +a,

A G- e R A WS 1
A9 eapgre] Batomgt AAHE W, F w4 Wl 27
A W5 oxgre] Baom AAHE

AN ZAPAA AAS BEHY] R

shuvpel wet 1 Al tes ekt i)

135) Zm2 3 WA Wgo] 42 AW Bl Avke theat gk

Ko =B TBuY i tuy,
|
E(X, ,12,) = B E(X, 112,) +B1,E(Y, 112,)
Var|X, ., — E(X, 1,1 Q)] = 8%, Var [X, ., — E(X, ,|2)]+ B3, Var [V, — E(Y, |21+ Va”[”l,Hz]
+Cov[ « ]
= B0t +BL,[0%0% + 03] + o}
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ARZA A BEHAL Bohnsl WAk @AelAw Baadel vt
S¢ Shthe 42 AAd] 2Uad A8 WYL 53, wd] et
zoz geld MBS Wt AAFASS BEAHOR Q5 HLS

sy 2 & =dAo] Mgt BAE ASARIHE °olF
o€ HAESHY, fuete] efdde S V1€ AdAT=Y A

%Q’é/‘éol ﬁ\—‘ﬂ]% AEATHE o248 Z7&= Leland(1968)°] <Jsf +
2Fo} (precautionary saving) 7oA 2HE &= St}
& 7Hdo] =W AEE 47 EF(convex)Rt AH|AHO= H|F 450
et EstdAdo] SotdeE e 4Ho] HAER ZIHA7E STlste] AR
a =8 vHE diHS oln) UK A2 &%
of tirjstr] sl FAH oH|A] Ao =w, A5 FA FH Hit &%
Aets Stk wEbA] ouA] AS 7P wEw AAA
ANAIRE mEe] EFAEE AH|ARO] F(wealth)oF &F(+)9] BAE 7HAH, &
aHlek= 500 BAE, v AHleks F(H)O BAE A=
ole} ¥#Aste] Dardanoni(1991), Hahm and Steigerwal d(l999), Carroll
and Samwick(1998), Wilson(1998)2 o[H]& A= 7S A Aotz AFE
A AIE AASEH T Dardanoni(1991)+= 9= 714 #& ZAHUK Family
Expenditure Survey)ollAl 43H dH dlo]HE Agste] F= 7H A=
ol 60%7F dHA F7ll EASHE AMdE AAlstelen, Carroll and
Samwick(1998)-2 PSID(Panel Study of Income Dynamics) A}=2E AH&-5}+o]
THA B9l 32%~50%7} AlH]A AHZ= PES Hlrk AL AZHoz A

136) 919 309l AH|Ae] G834 37} njEo] R} & G8FeE fiHer)

)
ol
i)
N
>,

Zi
é
)
ity
)
A

S}A]

2 2

Rloox
on

£,

a

=

&

o}

(@]

e

N—

:ﬁ‘:
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AlstAt. =R Wilson(1998)2 4:H 9] 2 A& (Euler) B4 S F4T 2,
o= Fo] Adh A7t oH]Z F7]o] s ddttil Hiske o™, Hahm
and Steigerwald(1999) Al o8 WS T 24ddo] thx A
aH F7Hs EQve 24 29E AAlsHIH
U AT oA =0 EA ofFof gt tho] AFAT7E HFHSL
o, gifio] ou|d x| EAE AAste HFEA S AASHL QL
ot o]PE&-HH+(20000+= ARCH BFolA 17
heteroscedasticity) 2 2¥H=HAS5e] EAH-S FAT F, 4H9 Y
Ao RRe BT 4v) 27180 PAE AZHoR B4
A AieAe 2844 g7 dA AHE daArle Aew
H, o200 ¢ HEXAF A=t AH|O] E4t TIEY @
Alo] AlEeat #4ta ARESH] ZHE AHEHIE Qe
Fou, duld A=o AFH FAE ZA ESHA o
Carroll and Samwick(1997)¢] WHES w2t A5 FFS ©]H]|
T FAL GAA FHLRE Fdfste] 7o EAtE
T2 AMESHE 24 Ay, #O Hsh= o
ERA|TE, AHo] QlojAe oAHIA AFHS A[A[Sh= Wk

o A-ERIEQ004)= AR dseztz 4%

o)
r~ o
BN
|
A
: s M
{TQONSHE
— MY N oax o ¢
B TR e rlo S ooX rE A

I

=

)

)

A

)

o &
)

i

rr

)
N
k)

Bomx
)

=2

o2 o

ok
L
o 75 &

5 &
st 25 S4AA4Y 7o #AE 24T 29, 244y Fe W ¥
A BRI, EdA9 F4A AT sigg2ololM ZatdAdel o
St oulA Ao Hhgol e A e TS, M FHZole fd
B4 7202000 2de WS E8stq oHH AS F7] 4FE A
Hotot, 29dA Hige A29-H29Q2007DT nRiviA R AU A=

ZAsto] ggston, B4 AaoAe
2SLS Ak b FAFBE2SLS) Q] B¢ AHA ASE=F AA v oz
A% Pei7t HARR] YA, 2SLS FEREI FPTFRESLS)S ofH|

[¢)

(coefficient of relative prudence)&

2



A,

= YHI7t EA5t= A o= UERTh
ST B2 #A= A At Expo
PHE EAHoR tpFolx gty x27E Yo =2 7]‘?5%
ZAH]&(adjustment cost)©] 17| wEo] = &
, ARt AR A pE2 AR AL ZFEO] ARGAL H]
cost of capital)1370] Zropd wj AAH. 18y F RYPS FAY oArE
A& A9 4 Ave 7HeA, & FA A A"EE 5 Qv 74

AL ek AlcrE @A FAA Fxbel thiet oAFEA 2 olAkE oy

29l

-

Ik
]
PN
i
Fl>

i}

(Jorgenson)

& [
ol ol
©
1o
1
2L

R

o
PRI REREE e 51}303% AN, %
29 slge Frd gg 5o B AUELE A, AR o
YA Hmarginal revenue product)2 AR 7HAC]| 5] E=3F FE)
2} 138) 5] Hartman(1972)olA= 719do] A= ’%‘ﬁ% 714 o] @@ﬂ
7]

Aol Ao g WA Fokw wE

rl

Jfol rl
>,
o,
o
ol
P>
i,
_0,
H—‘
(o]
O
mlo

gtotal 7Pgsta Qdck a2 o]HY ko] z}%it} E% *1%—142E tﬁi}
& 4 otd 7|ge LE-AE HlLL WHEA 7] Yo 5] oS A5
A =, ZHEo] FAFPPLE BAHE 7HA 0] A K o 27 Wlel
Hrh webA] o] e ALY A AAE THE EES FHIE
AqUH, oz I mi 7HA] digh EZAA] St Ao Jdigole

Eolal FApo] S 7PH A "t

Zx27L nygBat otz A7 W (net present value method)olt
ERI(Tobin)9] q B@} 22 As4Q Tl 7|del & 242 A
d Itk &, 719 B2 AAo] Ag o]
FOIRAY o] FolA]A] d=the A AEE 7St By 714 A
AR EGAd]l EASH] wlwel 7199 oA EA N ¥ B2 FR

137) o]w] Hall and Jorgenson(1967)0] A|AIGH ZHEO] ALgA} H]-&S o|2g, 77t AlA S
9 AR 74 Wi ol dere W

138) A2 Harman(1972& @A) 719 Satdgo] Slekm st I, Avel1983) B
710 &4 AL 7S UthE Aof Afpolrt 9
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: T ek olH# JFeAde aEsH
Aol o] FAolE2 FE HE54(real option) o8-S FHOE YA

o] $tth(Bernanke, 1983; McDonald and Siegal, 1986; Pindyck, 1991;
Dixit and Pindyck, 1994 &). A&24 o|22 F20] H|7}4 A (irreversible)
EA190]| FEsto] 7]¢o] Ex} 7|38 Z-&A(call option)1409] T o] A]

ARt A& S0 of® 7Ide] Wl Ao Mz g4 44T Aol 3

o ol A Aol met B4 AHe] B4 A4S £UY 5 A Ao
(&S BT AT 2o 29T ojn) T AN WASHE T2 uge
g0l YA 2L oug e, g WAHEAE Hl7helHolt
= Jlde B4 AHe SAY & ol uredde Adue Restn Qe
Aolth. wetd 7lle] AR EAY rteAe mels] S22

A 5
2= ESHEAZY g7t 7199 T, 5] H7tg Aol 117
£ HAAaA7|= a9le= zrgalrt
F2ro] mZpediat obyzt 719do] FsAl(financial constraint) A
BT B2po] BAE A6 = 5a% aio|th 4ol gdE
H AHO] HhAd(information asymmetry)©] F7tote] FAAES 714
ol YA3 ZHu|Y(risk premium)S QoA Fil, o] Qs 7HAY 71
v A2 A 8o AgsUHge] AsstA "ok At A0 =
AZlolle dEHEE B4doa Hdst= a§7|8s0] solUHA 7

o
w719e] B3R A0] Bt Bol thE 4T Seo| Ak ALEE

139) FA40] H7kdS T2 Hl-8C] A FZo] miE Hl-8(unk cost)®] AL 27] whze] &
o FAE oo U olE ] HEFY] o 4ES Rtk & H[diA
(asymmetric) ZHIGO=2 Qo] Fapo] 7= Hl-go] FA1€] F7} H[gH: ¢ Atks Zoloh
E5| Al 11 544 NE 1Yol A7) o 8= Fufsh] wiizel AHEAE oA A
off mizfohs -9 A §=rt AltEle] o AR DU W2 T wizksof gtk

140) F342 EAAolAl B4 Aol nlg] el 7HHo= ks Fuig Helg FE= o=,
Ak 2k Afobd 42 H7FAo] Hrk
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A7]gell it AAZIEe] dASNAHA 485w sttetAl =i, 4
et Aol A8AMe Zdsto] 7HAS ot 7o) FEH|go] s
Hct, ole} TWHAG] Fazzari et al.(1988)2 FgAFo R Q3] WEAE
W QRAF O] 2 H|-G Aozt MASTHY 5119 ™, Hatzius et al.(2010)

< AE WA S 7199 Amxgel #44 dde nIAAL Ao
A

= Eo|1 o|= Qs 714 FATF HAajtths ASAF AHE A
™, Hakkio et al.(2009)-2 th& HAF AHo] 2AtmE o]&ste] FFAEH
227t Asste A7l ae71EEY dEHert Eedos Bt A
Aog HolFEgl

d ESAAT FApo] o224 A= Rl

- 1
Sn QA Ffe] AFATE iRl BEdgo

=

o

R
)
o
i
2 m

| T2l FH4YL 9F

mttE A7 2HE AASL Ao, o]F-8(2005)2 FHrelEe] BEEAL
T °ol8st] Aol FA mAe = g9Vl dFr EA% 2
Lgre)7] o]F 9] T|Zheet S84 o] Bt FoT ddE mAE ALe=
Uetdod, & 71 FoAAE AT Aol B2 7oA et 73
A FFel A FAEUJH. AHA-de+ 2009 FHAee] MEsds =
Hagol iz ARSSt 2=dAdo] ArjRAt nAs 9T FAT
29, 2244Y dugats ()9 ZHEAE M, I 849 e
7] olF =SS RS 7MY FZele AT 4+(2020)
7t el 2EdaE 224 diElvier ARt 2 ) v
7ol et 24 AHE AASHH. 24 23 s A4 vrre A
o] 2ol A avE SEATI= Aor yayen, 7Y R
€ =449 744 avte diZlddel FA71dE Y 8 IA e

olge] ==Y Tl BAC AHAST AFTH dFs2 FAe ¥dd
=74 AAezRY 284S SA5t 245 #¥ska sled, FHZole
AAZA A Hit 280l BAtel njAle e 24 d+=0l F
S o|F vk =AWI(2017)2 EPU Zl5ef 71 FAe] #A o et AF
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A @ Baker et al.(2016)2]
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o
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o

7|9 BAHCR

=]

—

, BSI= 1~5%7]

HEee dEhdth o, CSle 1~2

L=
—

.
ol

=0

H

12021)2 <Fof] = AL} FAFSH Haddow et al.(2013)9]

.
Eah!

1717
Foiet.
7] a4

S

BSD=

°

A

=

A
0~5

-
1—

Axd

;_(ﬂl
A<
_[_’
VAR 23g

s
T

2= Y4 (2016)%t 1t
7] @4 % Z7} BSI

o2t Ag A=, HE AR, dH]
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o] 49

1T
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=
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FAF-=Z12])2] 34 VAR 29}
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2 Bloom(2014)
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$ 371, AgAmAEE 0~687] 37 3 Ak, dEUEE 0287 g
% Zlole Rag et olm CSEe 0~227]9) 5~787], BSIE 0~3
57), ADAEL 0~2877 BAHoR folgon, dEHst @A 7|7

g
= 4% 4= °]5¥3'°]7‘](2017)°] 9»1‘4 s 9= T 2He= 7
AHSTEY F52%0S F4T 5, FH9 Qcls0] 3t 8l &3 HE
271319 Y (Factor Augment VAR, FAVAR)9] ¢ ext BA4LS 0|85t
Sanete] BRANES SHoAT AZRAL BAUY A%, AU 2
7He, AMR EVVESER AAE 3WS VAR REos FATIEAS &
Jgotgon, B4 Auto|xs Aol 3ME7A] Hasith SUSHE Ba2,

271 WA Basi S Rag depith ol e 1~/
o] EAHoR Sojgion EVl:= 17H$;Ju} E;—ﬂx%gi _IQI_pq—aﬂq_

Baker et al.(2016)¢] "
ATFEE G4 oz W T;L’a}

d, 44 ﬂ%ﬂ*ﬂﬂ 7, 4 A

o] Z3E 49H45 VAR Bgoz dutst %751“?}%—5’91—% —’F—"%ﬁﬂoﬂifﬂ, =
A Ao A= A izt AdE HAAZIA, BV a2 STHA]
= AoR Uethth owh ABite] e 2~470E, =7 1370, e
1~270egt SAH o2 G2t} Cho and Kim(2023)2] Z-¢-oll= &7 Z
2| -84 Brlskalem, &4 Aelx= GDP, 1&g, o|*a, &H|, F

9tk ThEl GDPE 0~5E7], 28 2~387], el 4~1087], Ak
0~487], BAE 387, 882 0

733; 0_0/]6141:]—.

upREroE [E 4-312 olge] APATEL QoK olk. Fa AFE
4 Az aopst, BIAYL AAFAS Hel ofd), Fe1Be dEd

=
= Q7eh elad meule sl A $54 Al SO A G
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(% 4-3] Saluete] A7 o4 247} HREIE BT Fa HPAT
At w4 71z | =S 24 9 A g FANSEAS A% 75"
T4 16 | 20039 1] GDPTIE GDP: A2(1~3%7]) — =71
I 20159 327] aut BAMSE 271 420~587)
A AR A CSI: Zra(1~287) — 57}
20034 157 Axd A= BSI BSI: #A(1~3%7]) — S7F
AU AT 20160 121 Agie s 2B = S7H1~327))
C Haddow et al.(2013) 4l EH%_QE EH_%QEO HD): ZAAa(187]) — 37}
' 71 diEse | dEEEET): da0w7]) — 371
AHIZE AEAS | CSIE A (0~287]) — Z7H5~THE7))
20039 187] Az 42 BSI BSI: ZHA(0~387)) — Z7}
AFN2D | 90y 1] Agrmae Ame|E: Z7H0~2%7))
T - M) iz fEd=CH): 42 — 27
719 cHEE dEHE( 1) da — 371

o]-8-0]%1(2017)

20004 1€
2017 6

Jurado et al.(2015)

MR 37K
vl B7MIEE

Ak ZEa(1~209) — 37t
=78 gald) — S7t

o]Z3] £](2020)?

1990 14
2020 44

Baker et al.(2016)

LB S8
st 258

/e B ke

A 4 (0~4709)
7t 57H1~3709)

e S7HI~21Y)

A2 GDP
-8

o2hg

GDP: Z4(0~587]) — Z7}
Vg #AQ~3EY) — F7t
a3 A (4~1087) — 27}

1= H
R Bcrie e Be | 8 S7H0-17]) - AUs)
A AZefol 27k 71~ 24087)
REPY Rl 2 0~47) — 27H
44 =4 3 242087 - 71

- 166 -



D SAZCR FosH vehd Aite 4252 BI|8H92H, Cho and Kim(2023)9] ¢ tf2 A71Ex} 2] A1=77H] 90%Y

2) GDP ¥ FA} A 7P =2 EPU KR 6& 7|08 ZAFE o, S2ATSEA 2 Wy oA 9&stA] ge gutst &4
WA 8 AaE UEhd

3) Cho and Kim(2023)9] SAYSEA At EPU Sl gt 2|9 o5 (ocal projection)] 74 A

- 167 -



AFEAL GA ARG AYDTE vt 9 AANSE ol 8F Bl
571 AAESE o8¢ HAOR Uio] Sudth 9 AANSE o8
g Bl AL olgE-ol(Q017)3} o35 (20208 et BEHge] A
ARG A GeEe B, £718 AAESE ol 8% BHME
ol @A HAH2016), FAA 91(016), P02 wheh Bl )
FAE 9P BATT

B0 AMgE 9 5A Ame [E 4-4]0 AAEUHY. &
ﬂ‘%ﬂ += Baker et al.(2016)7} Cho and Kim(2023), 12|11 & A4 2+

S EPU A58 47 ALgsith B4 dide] B ANAAESE ol g
SHRIQOIDS o128 G0N T Y A, AR
/g9 shgoln], B0l 27 Wl 1ol WXL GFE B 915
KOSPIS} YAt 4= BA tiifor wasignt. 2w &3 7|7he 2 o7
o] EPU A= 2] 717t} 22 2008 1€9~2022d 12€0

[ 4-4] €8 A=

fisn AHE Wi 7] 25
EPU EPU EPU AtolE
B LAl A EPU_KOREA EPU_KOREA EPU AitolE
e EPU_small EPU_small A7y =3
EPU_BERT EPU_BERT A} =4
AR A ] 2
B iy e, A i e
=7t AHIAETHA S CPI el =
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e Age he(Ed) ER =23y
7} KOSPI(®+h) KOSPI =25
ag A2 =(AExH) EMP =27

S92 AR ARe [E 4-516h 2ok 99T ARE ADF A4L Sl
1D Y A SCE 1FoE MRSkt @3 Fi EPU A4k =
% FAsEANN BTl EASA Y A AADR BHLow,
o B 5% fAFFNA HFH AAL
A%, AHAEIAS, KOSPL #Ada 4

_‘_T—'_ o

o, 13 AR AR E B

oX e i &
rﬁ@HH

ng
f
rE
o,
"

[F 4-5] ¥4 22 &9 A4 Zdat

e ADF A% o= 717} %
EPU -5.445 0.000 Yes
EPU_KOREA -4.563 0.000 Yes
EPU small -4.467 0.000 Yes
. EPU_BERT -4.553 0.000 Yes
o IP 0,294 0.922 No
il
CPI -0.172 0.938 No
ER -2.941 0.042 Yes
KOSPI -1.827 0.366 No
EMP -0.185 0.936 No
EPU - - -
EPU KOREA - - -
EPU small - - -
) EPU_BERT - - -
12+
2 IP -16.204 0.000 Yes
CPI -10.207 0.000 Yes
ER - - -
KOSPI -10.537 0.000 Yes
EMP -13.246 0.000 Yes

141) PP HA ML E2 A7} e,
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2) 284 AzkPA A

2 7} EPU Aot o A 2he] TaiA] IaA HAES 4
ﬂ%‘it}. EH‘%% AW AyE 2712 EPU 259 9/99 g8 & He
fow, umza ALs2 BE H7|HH F7H& =S5 ARSSHTh
) 3414 A2 1~1271E Woll SCE 4= she AR st
WA 1A e [® 4-6lnt Zom, ZF AAHS dis] <
el 71 FSistHAl Uehd EPU Aee §9o= BASHAT 94, A
AAE F7Fe2 EPUSH AL T)iA] At gle Aog Uehdon, EPU
Q35| AL Z7120] EPU KOREAo]| d®t&el I <l
1= Aoz vehygth EPU_small?} EPU_BERT: AFIAAF Z7b
%—, AT oeke Fyurte iz @AY} UEhgon, E35] EPU_small
& 1% FoFTolA A A AREATL Q= AoE UEETh 2
VJS%S EPUS} EPU KOREAZF A% 7te] 1214 AatdArt 9= Ao
2 yehted, EPU_smalldt EPU_BERTE 235|8 E7M45E0] T ASH
oh Qo] ARt Zer yekth /g &2 EPUSH EPU_KOREAZF
AupAel TJAA AWBAES Yedew, EPU_smally} EPU_BERT:E A%

.
=
2
e

= i)
QP FU= 2WA AnPATL Qe AeR dehdeh ol 1% §9%
EolAE 1l DA ATBAS e

o

—_

el

1A ek, Tﬂw
a9A ATAS e

EPU_smll =} EPU_BERTE Q
EPUL 10% Q9]0 Aut olurA
E2 EPUYF 10% -Fo4ZFofA

£ .1
24

F

ne

juy
O
»noM
ro

EPU_KOREA+= AT T3z QAL gl AR Usyth W,
EPU_small#t EPU_BERT+= F7holEe] thofl HAQl 13| AupkA7d
L Aoz Yehgth mixjetez HAzr & Z7He-S EPUSH EPU KOREA

o] A AT a:AH ARIAYt ¢l oz uyepgATh EPU_smalli}
EPU_BERTE= HAAF & S7H< disl]l d&Ql 314 AATAZ e A
S5 ueRytT
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[# 4-6 98 A= T4 Az B 2

Chkisn AF7H F A% o=
EPU =+ [P 0.001 0.973
IP # EPU 1.677 0.197
EPU KOREA =+ TP 1.476 0.225
Ip IP # EPU KOREA 13.487%*** 0.000
EPU _small = IP 7.341%** 0.007
[P =& EPU small 4918** 0.027
EPU BERT =+ IP 6.186** 0.013
IP % EPU BERT 4.556** 0.034
EPU = CPI 1.021 0.362
CPI # EPU 2.015 0.136
EPU KOREA =+ CPI 1.067 0.3
Pl CPI == EPU KOREA 1.350 0.246
EPU_small = CPI 1.873 0.172
CPI -+ EPU_small 6.146** 0.014
EPU BERT =+ CPI 1.447 0.23
CPI # EPU _BERT 6.347** 0.012
EPU = ER 3.004* 0.084
ER = EPU 2.654 0.105
EPU KOREA # ER 35.545%** 0.000
ER ER = EPU KOREA 0.397 0.529
EPU small =+ ER 29.832%** 0.000
ER = EPU small 3.97** 0.047
EPU BERT # ER 28.899%** 0.000
ER = EPU BERT 3.639* 0.058
EPU = KOSPI 3.008* 0.084
KOSPI # EPU 1.83 0.177
EPU KOREA # KOSPI 0.002 0.961
KOSPI KOSPI = EPU KOREA 0.377 0.539
EPU_small + KOSPI 8.036™** 0.000
KOSPI = EPU small 0.946 0.39
EPU BERT # KOSPI 7.386%* ** 0.000
KOSPI + EPU BERT 1.16 0.315
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EPU = EMP 0.003 0.952

EMP = EPU 0.507 0.477

EPU KOREA # EMP 1.33 0.25

EMP EMP = EPU KOREA 0.06 0.805
EPU small == EMP 6.364** 0.012

EMP = EPU_small 0.072 0.788

EPU BERT + EMP 5.822%* 0.016

EMP #+ EPU BERT 0.01 0.92

FD K, R R A7 10%, 5%, 1% TERIA el o

3) VAR 23 A7

VAR B3 AgATLE —5}04 VAR-A9} VAR-B 2719 23@-& A7
Skeltk. VAR-AE =Wl AALE w2t EPU A4, A4 71, &71
BoE, 9/EY g ﬁﬂﬁ& 44 VAR 2oz AA5Hon, VAR-B
+ Baker et al.(2016)2 w2} EPU A%, 4484 S718, HAd9A & 371
&, F7HolEe 18T 494 VAR Bgor AAstgrh out #4545 A}
olo] @743 FHE Tot= dHeole VAR RS &8ot= tﬂ & A7t
AR AXT VEC B2 1okA] gdrt. ool EPU 247t
BT o el @—% 125 VAR Rgo] VEC RHtt ¢ Fough
AME EEF Ao Tohlet.142)
3 7l h—‘i— 2008 1¥€~2022d 12¢€o]H, A Alxf= 1~1270
E FA4aR 5= AR AAstTh W40 sjd4As VAR-A
AYATES w2t EPU A4, A4 3718, E7H5E, 9
Fom, VAR-BE Baker et al.(2016)2 w2} EPU
2%, F7H0lE, AG 4 S8, A SV o2 AAskE 1

A QA AAoMe LA AR 27MeES A8l H A&

\l

142) 5% WOl Beldo] ZAGHA o ARE 14 AR oY Awst AL Y A
AH our} 24" 2 glon| o] ¢ (1) A9z 3= VEC By 24 Anr} 79|
njg 24 duz 9EE 4 9 147} VEC 22 @4te] 7|4l Azt zgoleke
3 AR8E e, 299 /A *é | 27 e85 Qe B A,



S LiebetoLt, B Baje] Bajo] Bapuyel Wgans F4stn 24 2
e gadTe} Musts ) ol &8 wet was

o APATet AA
A2 AAskoct. olo] mak VAR-A R@} VAR-B Rde] 27 A2 A7
2015 12 1SS W ohe A (4-28)3 (42909} o] Holso, ofu)
EPU= 4719 E944 #]4(EPU, EPU_small, EPU_BERT, EPU_KOREA)
27te ofnict.

(4-28) VAR-A

EPU =a, + Z B, EPU,_; + th] -+ Z(ShCP -+ ZghE e,

z—l z—l z—l z—l

IP, = af2+ZBZZEPU —i—ZyZZ] +Za CPL_ +Z§ZZE Fe,

z—l

CPJt:a3+ZB3Z.EPU;,Z.+Zy3/ +Za CPL_ +Z§3E e,

z—l z—l z—l z—l

ER =a,+ Z B,EPU;_; + 27411 =" Z%CP 4+ ZQZE Fe,

=1 i=1 i=1 i=1

(4-29) VAR-B

1 T
EPU, = a,+ Z B5,EPU._ ; + ZySZKOSP +Y 8EMP_.+) &,IP_;+e,
=1 =1

i=1

1 1
KOSPL = ag + ZBGzEPth + ZYGiKOSP[l‘*i + ZaezEMPtﬂ‘ + Zé’Gi[B‘*i * €,

i=1 i=1 l:1 i=1

1 1
EMP,=a,+ Y B,EPU_,+Y v, KOSP[_,+ Zé\wEMP + 2%1 . Te,

z:1 z:1 l:1 l:1

[P—a8+2,6’81EPU +2781KOSP —I—Zé\siE]WB,i—l—Zé’silf},i—l—est
i=1 i=1

i=1
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w4 A

il

HojFn], Z} O o] Wb HAHL2 95% A =TS ofn|jict

(b VAR-A 2@o] FAugEA Au

HA, [O1¥ 4-4]= EPU_small& ©]-83F VAR-A 19 FAHW-GEAY
Aitolrt. 2 o FA0] WAFS W(FTA &2 5.75P), AL
S7HES 1€ 71 & she BEom(0.19%P stEh), 29 S/ 7
NE7H2] A&5E et E2F, 4] gk B2 FAske] AmEd, E2H44
< AL ST A71AC R 0.51%P7HA] SHEtAI7l+= Ao YErE
ol TAACRE {Fojt P FANGEA S B 1Hd 3~57Y, &4
FATSEA ] e 1~1071€elth. /g8 a2 74 WA Al 67]€
1 2 ASS BHAom (8 239 AsoR dstel Bridsh), 49 &
Y= 14A0E7RR] foet Ao r ekt T8y E27MESES Afole A
T o g foldo] A Ukt AR oR, B o 40 T
e o, E7MEEES ATt folstAl 0.056%P “dotdlal, olFol=
Q58 A7 E7VESES St o2 Usth tfFEe] A
A= BG40l &7 st 24 29E AAst o, oA o
aordlze] =7t 48 Hdia= Qe s oE Tw fSeE T
A Eo] BAlO 2-ggtth §9], T A=y WY )gtol= A4t T,
ER BAL, =58 2% o= o 2RI UYY A5 (Global Supply

Chain Pressure Index, GSCPI)7} &%5t3al, ©o|&2 Cls) = E7MtSES
20209 SYRE 55ty AlFste] 20224 7olE WSt 6.3%7H4]
Aeohath(Z e, 2024). 2ol & A9 EPU Aoe TI13#HA A
AAANME E7HEsE sl T3t o

o =
ol B WAL JFS AP PR F o FF TR S5k B
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7
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[1% 4-4] EPU_small®] VAR-A 2§ FZAULSEA A}

Response of EPU_small to EPU_small Accumulated Response of EPU_small to EPU_small
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4-5]= EPU BERTE o]83%t VAR-A H39o] FAUISEA Aol
o 24 Askt EPU smallsh oS GAbsich FAA0R, 2EAA6] 5.92P
Z70] W o, AQgtel g9 ZrkeL YRR A%E9 17H°J
18%P 1), 70| M-S RAGAL wi AL Z7lgo

I HE

0 0.49%p71A) SherelIE, ol FAACE ol TUE FANERA
2 %

4

r°"

)
o

o AT 340Y, FAFARGEAL 1o Yolt B,
o Yol A 2 A4S Uehlon(WEE 239 Ao

), BASEE 1Ll §2l81 0.05%P AH%atart.

[2% 4-5] EPU_BERT] VAR-A 2¢ Z24-SEA Az}

Response of EPU_BERT to EPU_BERT Accumulated Response of EPU_BERT to EPU_BERT
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Response of ER to EPU_BERT Accumulated Response of ER to EPU_BERT

28 ™. 0o
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(1% 4-6]3} [18 4-7]2 EPUS EPU_KOREAZS ©]83F VAR-A 23
o] SANEEA Aifoltt. EPUS EPU_KOREAE /g8 a2 ALt
U 2] AXABARS0] ghgo]l A 7|3te AA FAHCR {ootA] %
of d/ge 2o B4 Aunt AuEW, EPUs 5944 S4(51.71P)0]
a/ge &S 1~THE fYstA AeAFaL, §Eol A7)+ 57HEe] 7P
A Yehgth(EEd 129 Asog dste] 3rpds)). EPU_KOREAE
44 FZ(15.07P)0] ¥/2d F&S 1~140E FolsiAl AsAAL, vt
o] A71= 670l 7V A UeEtH(dEa 249 A5oR A3te] Pl
Sh. T3t FPUS EPU_KOREAE EAZ o7 {oJgt Aut= o lA|qt,
A4 g7t EB7MESES ASAI7le AeE EAE

—

m{m . oo me

(19 4-6] EPUS] VAR-A 1y FATRSEA Ay}

Response of EPU to EPU Accumulated Response of EPU to EPU
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Response of IP to EPU Accumulated Response of IP to EPU
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Response of IP to EPU_KOREA Accumulated Response of IP to EPU_KOREA
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[ 4-8]7} [1¥ 4-9]= EPU small®} EPU BERTZ o]&3%F VAR-B
139 FANLGEA Ayto|ty, = EPU A4+ BF ESAHA g7t 5714
e HAA 4+ TIHEE FooHAl TaAXIts B4 At AA = A
?iﬂ@gi, EPU_small2 =24l o 4(5.9pP)°] TAstde o 7t

FdES -3, FAdA = SR 2~E wesl daAlzieH, o
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o F7kpelEe] ¥ A7 RE -2.57%P, 2709 -0.8%P, 37HE -
0.42%P, {4 = S7H9] W A7l 2708 -0.05%P, 3714 -0.03%P,
ANE -0.02%P2 HEHRIT Eot FHFANGEANN = FrplEe] B
1Mo 537%P #ASYL, AL & FHeS FrIHoR 0.25%P A4
< w4 At AAEY. =2l gl
54(6.07P)°] TSRS HH FhER 1Y, H9A = STke
2~3708 #sH gastglen, FtedEe] e A7+ MY -2.6%P,
270 -0.82%P, 37HE -0.43%P, ;G2 5 S/l W& A7e 2
-0.05%P, 3709 -0.03%P, 471¥ —0.02%PZ Yebgrh. Eot #2352y
B2 Frtgolgo] A7|1H 0= 536%P AActYa, AR & TS &

7Aoo 2 0.23%P A5t

[18 4-8] EPU small®] VAR-B 25 Z7AuSEA Az}

Response of KOSPI to EPU_small Accumulated Response of KOSPI to EPU_small
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[2% 4-9] EPU BERTS] VAR-B 2g ZZuleEA Az}

Response of KOSPI to EPU_BERT Accumulated Response of KOSPI to EPU_BERT
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[2 4-10] EPUS] VAR-B 2d ZZurSEA Az}

Response of KOSPI to EPU
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Accumulated Response of KOSPI to EPU_KOREA
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(& 4-7] B714E A=
S AHGHS v g
4 Wl 20089 1827]~20199 4827]
EPU EPU EPU €ixtolE
251 4] 4] EPU_KOREA EPU_KOREA | EPU @AtolE
e EPU_small EPU_small 2} =4
EPU_BERT EPU_BERT 27t 24
BRI
BAVEE (7, jjej 24 ; ) GDP srod)
=] =5 CR =23
T #2008 1427]~20199 4571(, Ale] 4= 20099 1271~)
AHZ} A2 2] CCSI o235
Al Z.0o] ZAual
A ] A]Tﬁ%i %;351 Bl son)
A3 majo] _/ﬂ%ﬁEEﬂE SPREAD SHLoa)
B A - =572 S
] W71 =S BLT o
&= .
ZHA(LHh) S E 2] BLTh oh2-58

ADF #% ZAit= [3 4-8]3 Lt} 144 of7] 4 BLTE®} BLThe A4S
AHSHA] 2, = A (4-5)00 ot @elE AA AVE HolFw, Y] ¥
FELS A (4-6)9) Q7 T2 AA AuE HolFErh14d) HAA Ay ALA
ZHEE AL Be HP7E 5% o aTolA @eldo]l EAISHA = ¢
A NALZ wyEglon, Agamdsl 15} 2 AaelA HAH AA
d= wPEelo mebd AgAEYEE AL BE Hae o M7 7
Ao ALgHM, AgAnYErs 12F A =7t E40f AMEH.

144) PP HAoM = 22 A} yehgon], A4 ARks SCE 7oz A4kt

145) F=20] tEHEA = 02 7IEes A7t Fholw digw= ekt 3Het 3§
71444 w7} ZeRta ‘3%@ %7144 FHT Bk 2e ovlst, S()9 2> 11 N
S ottt mebq e As S Batol 091 REYE 7PYske Aol Attt
I gdsigon, Ymz Hess e maelA ook A4 A 2t
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(& 4-8] 2718 A= el A% 2t

ADF 3AZ | ®9%E | 71 oF
oo Ha 20089 1827]~2019¢ 457)

EPU -3.233 0.024 Yes

EPU KOREA —-3.347 0.018 Yes

sz s EPU small -3.108 0.032 Yes
EPU _BERT -3.184 0.027 Yes

GDP -6.12 0.000 Yes

CR -3.422 0.015 Yes

EPU - - -

EPU KOREA - - -

13} 72 EPU_small - - -
EPU BERT - - -

GDP - - -

CR - - -

T #2008 187]~20199 4871(, Agx4E= 20099 187]~)

CCSI =5.177 0.000 Yes

BSI -4.853 0.000 Yes

5 BiES SPREAD -1.337 0.604 No
BLTf -2.16 0.03 Yes

BLTh -2.048 0.04 Yes

CCSI - - -

BSI - - -

12} 2H& SPREAD -4.961 0.000 Yes
BLTf - - -

BLTh - - -

2) A A 474

TR AMTA AA Ad= [E 4-9]9F Zrh A ARE 1~4E7] F
SCE Haz she Atz AAsialen, b ¥4 "ol dis| e84l 713
T vehdt EPU AeE 5922 BAISHH. 44 23, EPUSE EPU_



KOREAE RE T4 WS Ao T34 AndAr gl Aoz Uehgto
™, EPU_small?} EPU_BERT+= thi-2ell ¥4l ®#igof tho] draQl 1304
Tt A7} vrebydth, tAA o2 EPU small?t EPU BERT: CCSIO| thsl
1% FolgollAl Al TIA ATAE Hebdlom, BLThe] disiA=
5% ro5Zol|l A, SPREAD, BLTfY] ﬂl%lw—h— 10% FelgzolA Il
TO#A AMPAE VeRith ok BSIO] ALolE 10% §olEolA ArS
dFe FagtE I:A ATTATL UrE}klEUr, 5% Hol4Eo 4 EPU_
BERTZ} L2l I3A AATAE ettt

_J

[E 4-9] B71E 2w JHA QA A4 23t

7B A7 F SA= rolgkE
EPU + CCSI 0.105 0.746
CCSI + EPU 0.528 0.471
EPU KOREA =+ CCSI 0.446 0.507
CCSI + EPU KOREA 0.032 0.858
Cel EPU_small = CCSI 7.964%** 0.007
CCSI # EPU_small 1.605 0.212
EPU BERT =+ CCSI 8.523%** 0.005
CCSI = EPU BERT 1.723 0.196
EPU + BSI 0.03 0.862
BSI + EPU 0.127 0.722
EPU KOREA =+ BSI 0.433 0.514
BS] BSI + EPU_KORFA 0.624 0.433
EPU_small = BSI 4.000* 0.052
BSI # FPU_small 3.961* 0.053
EPU BERT =+ BSI 4.268** 0.045
BSI == EPU BERT 3.551* 0.066
EPU + SPREAD 0.279 0.599
SPREAD =+ FPU 0.393 0.533
SPREAD EPU KOREA # SPREAD 0.390 0.535
SPREAD = EPU KOREA 0.148 0.701
EPU small # SPREAD 4.035* 0.050
SPREAD = FPU_small 0.564 0.456
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EPU BERT # SPREAD 3.843* 0.056
SPREAD = EPU BERT 0.434 0.513
EPU = BLTf 0.022 0.882
BLTf + EPU 0.153 0.696
EPU KOREA = BLTf 0.163 0.687
BLTE BLTf + EPU_KOREA 0.024 0.876
EPU_small + BLTf 3.661* 0.062
BLTf # EPU_small 1.234 0.272
EPU BERT =+ BLTf 3.571* 0.065
BLTf + EPU BERT 0.894 0.349
EPU - BLTh 0.329 0.569
BLTh + FPU 0.239 0.627
EPU KOREA + BLTh 0.019 0.889
BLTh BLTh # EPU KOREA 0.187 0.667
EPU small == BLTh 4.631** 0.042
BLTh # EPU_small 0.565 0.455
EPU BERT =+ BLTh 5.635%* 0.022
BLTh = EPU BERT 0.345 0.559
FD) KRR RS AT 10%, 5%, 1% SO G oju]

3) VAR 23 A7

VAR B2 ESHAgO] mtF FFS BASH] flo D4 W
A A7) SR 271 57H4 VAR Eﬁg(\/AR Ca, VAR-Cb, VAR-D,
VAR-Ea, VAR-Eb)& AAstct. 9 =5 EA46IS wiet &2 ol
2 ZAE AR VEC 2L vesta] ggron, W40 vjdedn A8y
AT Fgo] AAsHAH

VAR-CE= /qa] 7:1;2 _l:j_/ﬂop] H
¥ VAR-Ca¢t Alxy A% BSIZb 23t
+ EPU A%, AAEE, Sa9, 24 4
0|1, VAR-Cbe EPU A&, HAAARE, &

Ha VAR 2go|tt. VAR-D+= gAF g

g, Az A BSI MH 4
e ARE BEA517] 9t =9



o2 EPU A&, AALGE, A8ATHE £A°] 3¥H4 VAR Boz A
AstAtt. VAR-E= HEH: F2E E4517] §t Bz ti7|¢] dEH
L2147 25 VAR-East 7HA(YRD) dEd =247 258

Lro]Ztt, VAR-Eat EPU A%, A B &= 2] 4
=49 494 VAR Byoz AAstga, VAR-Ebs, EPU A4, AAAR
g, Zad, 7HEY) dEHEAS A9 4814 VAR Bgo=z HAA5H
o} B9 24 717F2 2008d 187]1~20194W 4E7]0]w, VAR-CS] Ao
L A4 &4 7)17re g Qs 20099 1~20194W 487]olct E3H B
A& AAEe 1~4827] % SCE AR st= Atz A 23, nE
o] A AApL 18712 AAESGI olof wep 7 myo]l A A2
Al (4-30)~(4-34)%t Zo] Aomw, o7|N EPU= 4709 &4
(EPU, EPU_small, EPU_BERT, EPU_KOREA) Z}Z}-& oJu|gich,

E
_VH
4
N
e
4
ri

—‘1PE1

p

9
3
©
1
A
T

1

(4-30) VAR-Ca

1
EPU, = al—i-ZBhEPU —i—ZylZGD +Zahc ;+) £,CCSIL_ +e,
=1

z—l

1
GDP, = a2+ZBZZEPU +2721GD +Zazlc 4 8,.CCSL e,
=1
1
CR—a3+Z,832EPU +Zy3GD +Za3lc ;+Y 6,CCSL e,
z—l i=1
1
CCSI = a4+ZB4ZEPU +274ZGD +Za4lc .+ Y ¢,CCSL_ e,
=1

=1

(4-31) VAR-Cb
1 1 1
EPU=a,+) B EPU_;+ Y 7,GDF_;+ ) 8,CR,_+ ZQZBSI ity
i=1 i=1 i=1
1 1 1
GDP, = a, + ZBZZ.EP[]t,Z. + ZyﬂGDRf,i + ZS%C ;T ZQ BSI,_;+e,

z:1

CR =a,+ 2,6’3ZEPU -+ ZySZGDP -+ Za&c .+ 2531351 e,

z:1 z:1 l:1 z:1

BSL=a,+ ZB4ZEPU -+ Z 7,4GDP,_;+ Z%c .+ ZQZBSJ te,
i=1

i=1

- 188 -



(4-32) VAR-D

1 1 1
EPU =a; + ZﬂuEPth + ZVyGDRfﬂ' + Z‘SySPREAD;ﬂ‘ ey,
i=1 ;

i=1 =1

1 1 1
GDF, = a, + ZBmEPUtﬂ' + thGDPL‘ﬂ‘ + ZamspREADtﬂ' tey,

i=1 i=1 i=1

1 1 1
SPREAD, = a,+ Y _By,EPU_,+ Y 7,GDP,_;+Y 6, SPREAD, . +e,

i=1 i=1 i=1

(4-33) VAR-Ea

1 1 1 1
EPU =a; + ZBIiEP[/l‘Y*i + ZVyGDRfﬂ' + ZalzCR;fz + ZQ{BLTJ[tﬁ tey,

i=1 i=1 i=1 i=1
1 1 1 1
GDF, =a, + ZﬂmEPth + thGDPL‘ﬂ‘ + Zamc&ﬂ' + ZQiBLTftfz’ tey,

=1 =1 =1 =1

1 1 1 1
CR, = ay+ Y ByEPU, ;+ ) 7,GDF, ;+ ) 8,CR,_;+3 &BLTY, ;+¢,

=1 i=1 =1 i=1

1 1 1 1
BLTf, =a,+ Z&zEPU;ﬁ + ZﬁzGDP;ﬂ‘ + Za4iCRl‘*i 0 ZQ[BLTfhz tey

i=1 =1 i=1 =l

(4-34) VAR-Eb

1 1 1 1
EPU, =a, + ZBUEPU;ﬁ + ZVhGDPtﬂ"’" ZaliCRz‘fi + ZKUBLYY%*Z'"’"%
=1 i=1 =1

=1

1 1 1 1
GDF, = a, + ZﬁziEP[/;*i + 272iGDR‘fi + ZSZiC]etfi + ZEZiBLnt*i ey,

i=1 i=1 i=1 i=1

1 1 1 1
CR,=ay+ ZBSZ'EPULZ' + ZVSZ'GDPtﬂ' + ZasiCRtfi + Zg&BLn%ﬂ' ey

=1 =1 i=1 =1

1 1 1 1
BLTW =a,+ ZB4Z'EP[/;*Z' + ZMGDP#Z' + 2841'0121‘71' + Z%BLn‘tﬂ' tey
=1 i=1 i=1 =1
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4-15]%= VAR-C, [1¥ 4-16]~[1¥ 4-19]= VAR-D, [1¥ 4-20]~[1¥
4-23]2 VAR-E g9 BX AuE HoFH ZF Jgo] Wikl HHe
95% A= 73e om|giet.

b Hd2 4=

(1% 4-12]% EPU_small& o83 VAR-C R@o] ZALSEA Ailo
ot 24 43, B ddis 4H 9 B2 3 AYARE FYoHA 5
FA7l= AoR2 YERTH %Lxﬂﬂoi oA AL AHAYE 138

7] FolstAl stEtAIH M (5.76P SA et ¥hge] A7)+ 187] -2.25P,
287] -2.83P, 3&7] -1.94P), EXAE L 1~4877HA] RfolotAl sHHAIZ

TH5.68P ZZo] gt B I7]= (7] —1.24P, 287] -1.85P, 387
-1.98P, 487] —1.47P). E3H =

HAEE A7t 7.91P, EAAEE

Response of CCSI to EPU_small Accumulated Response of CCSI to EPU_small

A W N B O R N oW
E

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 7 6 77 8 9 0 11 12

Response of BSI to EPU_small Accumulated Response of BSI to EPU_small

O N A o B N oW o »
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=
I B4 Ae EPUsmalld 26k, FAA0%, BaHA ol F4ol
TEHAG o, S 1371 FAA AP S

@ =

2 2] 2
1487 ROl UG A dE wee 2k 1
-1.21P, 2&7] -1.8P, 3&7] -2.01P, 4&7] -1.5P). &gt =
AL BEAA FZHol 2uAE AT T.97P, FAAE

g7 Ao vehe

[ 4-13] EPU_BERTE] VAR-C 2§ ZZurSEA Az}

Response of CCSI to EPU_BERT Accumulated Response of CCSI to EPU_BERT

Lo
A W N B O RBP N W

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 0 11 12

Response of BSI to EPU_BERT Accumulated Response of BSI to EPU_BERT

b N A o R, N ow s

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

3 4-14]9} [1% 4-15]%= EPU9 EPU_KOREAZ o|&
Hyo] FAMEEA Aot F A4 A Ak 2 Aol ¢l
T 2944 g7t anet Erl} A RE skt 24 A
£ Ao, B2 Aexge] Hgols AA| 7|3te] SAHeR folst
2] ¢koftt. thuh, EPUE AH|AlE|7} 1~2f71 of folstA stetstl ouH(51.7p
oigt ¥heo] 97)= 187] -2.37P, 287 -1.59), EPU_ KOREAE
HA 7 1E7]elRt §olstAl sttt Afol7b AeH(13.2P Ao of
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et

o] 7)== -2.29P).

(13 4-14] EPUS] VAR-C 23

Response of CCSI to EPU

Response of BSI to EPU

16
12

4 5 6 7 8 9 0 11 12

Accumulated Response of CCSI to EPU

Accumulated Response of BSI to EPU

[ 4-15] EPU KOREAS] VAR-C 2% ZZuke5s Az}

Response of CCSI to EPU_KOREA
12

4 5 6 7 8 9 10 11 12

Response of BSI to EPU_KOREA

20
15

10
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Accumulated Response of CCSI to EPU_KOREA

Accumulated Response of BSI to EPU_KOREA

3 4 5 6 7 8 9 10 11 12
3 4 5 6 7 8 9 10 11 12
3 4 5 6 7 8 9 10 11 12

7777777777 12



(th 223 z2ny F=

[1% 4-16]~[2F 4-19]= ZtZ} EPU_small, EPU_BERT, EPU, EPU_
KOREAE ©]-83t VAR-D R9| FAN-GZA dufolt}. 471 EPU A4
= BF B 7P AgAamgE(ad mejnjd)ol ko] ks v
the BA AnE A stk thel, EPU_small®} EPU_BERTE 1~3E7]7}
EAHoR §oFd WA EPU_KOREA: 1E7|9 EAHog o649,
EPUE SAACR folot A7t mEA] 49k

[1¥] 4-16] EPU small®] VAR-D Rg ZFAURS-BEA Al

Response of SPREAD to EPU_small Accumulated Response of SPREAD to EPU_small

il

1 2 3 4 5 6 7 8 9 10 1 12 1 2 3 4 5 6 7 8 9 10 11 12

[2 4-17] EPU_BERT?] VAR-D B¢ ZAukSEA Az}

Response of SPREAD to EPU_BERT Accumulated Response of SPREAD to EPU_BERT

1 2 3 4 5 6 7 8 9 10 1 12 1 2 3 4 5 6 7 8 9 10 11 12
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[[13 4-18] FPUS] VAR-D 2§ ZSAu-SEA A}

Response of SPREAD to EPU Accumulated Response of SPREAD to EPU

[=J =S R IO R

123456789101112.123456789101112

(13 4-19] FPU KOREAS] VAR-D 2& ZZureEA v}

Response of SPREAD to EPU_KOREA Accumulated Response of SPREAD to EPU_KOREA
4 8
3 6
2 4
1 2

1 2 3 4 5 6 7 8 9 10 1 12 1 2 3 4 5 6 7 8 9 10 1 12
(th diEdi= 3=

d 4-20]2 EPU_small2 ©]&3F VAR-E 9] FARSE

oh. 24 AdolAs B g7t 287189 EHEE dAsH ©E
= Aoz yeEt fAHeR:

= o, d71d dEH=Ae= 127190 1

stom, ZHA(YRED) S =4 12710 2.77P, 2871 3.53P, 3&7]
o 2.39P Fol5tA sttt S FAFANSEA A3, thr|d dEH
EA4= AXF 6.47P shESilal, ZHA(LYEH tEE =A== AXF 10.25P St

e
Lo
il
o
2
oS
1o
ofy
)
)
W
w
=
o
ik
0%
ol
o
8

(@)
N
o
N
Bl
N
=2
=
O
(@)
o)
o
1o,
ol
L
iy
ol
o
it
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[71% 4-20] EPU_small®] VAR-E 29 Z22uSEA Az}

Response of BLTf to EPU_small Accumulated Response of BLTf to EPU_small

20

10

1 2 3 4 5 6 7 8 9 10 1 1 1 2 3 4 5 6 7 8 9 10 11 1

Response of BLTh to EPU_small Accumulated Response of BLTh to EPU_small
6 10
4 5
2 0

-10

-15

-20 . |
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 1

[ 4-21]2 EPU_BERTE ©]&3t VAR-E Zgo] SAYNSEA Aut
olt}, B4 A: EPU small®t & zpo]7} §19ich. =, EPU_BERTE E3H4
4 o7t dir1ge dEH At ZHA(EEh Y] EH LRSS Fol5H
(e AZASHAZ]= A2 BAEM FAHoRE S &
57 (6.7P)°] WAsIAE o, 71 HEHNEAFE 12719l 1.67P [t
stetetdlal, 7HA(YRD) tEH A5t 18710 2.76P, 2E7]9 3.81P, 3&
710l 2.48P F-ol5tA otstitt. ES FASATGEA A= 7Y tHE
=247 A7 6.17P stEfebelar, ZHA(YREh diEs =4 A%t 10.69P
stest it
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[ 4-21] EPU BERTS] VAR-E 2§ ZZuleEA Az}

Response of BLTf to EPU_BERT Accumulated Response of BLTf to EPU_BERT
6
20
4
2 10
0
-2
1 2 3 4 5 6 7 8 9 10 1 1 1 2 3 4 5 6 7 8 9 10 1 12
Response of BLTh to EPU_BERT Accumulated Response of BLTh to EPU_BERT
6 10
4 5
2 ]
. -5
-10
-2
-15
-4
-20
1 2 3 4 5 6 7 8 9 10 1 12 1 2 3 4 5 6 7 8 9 10 1 12

(19 4-22]¢} [19 4-23]2 EPUS} EPU KOREAE ©]&%t VAR-E &=
4 eIk F B ARE 84 bt W 212 1 A

[18] 4-22] EPUS] VAR-E 2§ ZAure2d Ay}

Response of BLTf to EPU Accumulated Response of BLTf to EPU

6
5 20
4 [ s
3 — 1 10 —
0
-1 10 D e S R e
2

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
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Response of BLTh to EPU Accumulated Response of BLTh to EPU

8
15
6
10
4
5 | —— 1T
2 .| |
0 B ™
-2 - \\

[7 4-23] EPU KOREAS] VAR-E 23 ZZukg5 A}

Response of BLTf to EPU_KOREA Accumulated Response of BLTf to EPU_KOREA

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 1 12
Response of BLTh to EPU_KOREA Accumulated Response of BLTh to EPU_KOREA
8
16
6
12
9 8
2 4
0 - o
-4 .
2 I
-8 . i
-4 Wl T s
i1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 S5 6 7 8 9 10 11 12
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AARe] WA oz olgHE GDP FAL Y Bt B the &
= Ly

HATL 345 Fol, FAAT} T~8F Fol TRER, B8] LA 2] o}
Aut 9 AeE olgalx] Fatw WMAE] GEe] Ao)go] Wolxk EA7}
wAgRT o)z s AU 9 3o FUATIBES 9 AASAS &
23 G7]9Z (nowcasting) 146 7]¥o] A2 0w EET 9lont Ad 4

Kok

GDP¢} WA fo] gt WA AFEXA -1/08 FL —2709] Eg
o] 4 A= A7t WoldD 2w oo Aoko] EAFIC wEkA AT
AR AEE 2 A7 EPU Age SRS Zte IRIE FAAEZA

T8t &84 4 qlon, 55 EgAo] GDP WX

441 B4 1y: Fe§ 222 (Dynamic Factor Model, DFM)

GDP ©7|9& 232 Banbura et al.(2010)2}+ Banbura et al.(2014)
o] AFE F85t] DEM2 7|§¥te g FEs9th & B2 AAA4 714
WEote AAE Hold x, = (2,2, - x,,)7F A& o, o2 Zo] &
I 2] (observation equation)¥t el A Al (state equation) 22 FAAH A

o
57t i (state—space representation) @] POz Y OlE T,

N o ol

I

Su)

146) nowcasting= " A3E& A&53H= forecastingZH= ] A (now)E ASTH= gjufolot,

147) A%, AREARAS 59 49 B 9 A= -2 Jide] AR o8 4 glom,
=7h F, 7Y O g9 SASES o1 /Y] AT o8 4 Ut T 719,
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(4-35) {SA: x, = Af, e,

€, = ae,, e, ¢, ~iid NOd)

)4
(4-36) Al f, = X;Ajft, g u, ~id.dNO, Q)
=

AZNM zq= nx 1 2719 SHEZE »7]o] W5 7Hs7t AR RS
5 M9 F5 82l (common factor) 22 ZOF3t r x 1 A7]9] ddlgz T
Zo] B7HsSt A a(latent variable)o|th. A& n x» 37|92 Q1A A
H(factor loading matrix)°|™, &,(= (e, 6, e, )= nx1 A7]9] G4
Hz 7R aQl(diosyncratic component)= 2Jm|etth, &, 4 (4-35)9 &=
A2 F5addy /iEaclo] Agdtos o|fofz|m, ol 7HAql
+ AR(D) 2 m=r BE A3 AHAA foF AT it ERE,
55829 f= A (4-36)3 Zo] VAR(p) = WEMH, 7|4 A= rx7
3719] 2718 AA IS (autoregressive coefficient) FPZo|ct,
DFM= %%?l EH‘—JFZFO 71E Oq?'EO AA| A A x

ol

AR o, E5ER F5ades FEUT ojnfl 252 Bok et al.(2018)%%

2](2022)5 w2t 22 (global), A= (real), A4 (soft), =5 (abor)&
2 7Rsgom, ol Wl 1,/ ¢ HeluE 4,4,Q S e 2o
TEE ZA Hreh148)

xt i Aeg 0 0 0 0) (&
.= zf 7 " 1 Apelrr 0 0 0] |
! xf P fz‘ ’ AS,G 0 AS,S 0 0f 8;9
xf f Arg 0 0 A;0 5f
148) ZF B2 uty AAAEEC AR YRS 4420 AXEeglon, ZF AAXFE F2Y
1

Solt TS S 22 25 02 ohfe] H2ol SAd| EgHc
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Ac 0 0 0 Q:0 0 0
A —| 0 Ae0 0 onQRoo
J 0 0 45 0 0 0&0
0 0 0 4 00 0@
(4714 G R S L= 77 228, A=, 94, &5, 244 &5& o0

A (4-35)8F (4-36) Awe] MO U WATE olgat AT 2
2 Jpgstglont, A AFRANAL A-27] W 30 =

dSEA N = ot AAElstt 2Y
o] AbgH T}, ojuf, B7] Az o] ¥ Eoll= Marino and Murasawa(2003)&
AMes S, PR G W FYBE Gt 4Tk W
=7] W9 gro] o 2] 39A o] S (assigned) Hrh= HEE whet
27| GDP(G’DPQ)E o 4] (4-37)3 o] ¥ GDP(GDRY)e] do=z
T A3} 149

(4-37) GDP?=GDPM+« GDP", « GDPY,, t=3,6,9

)

100 < log (GDP?) = 100 <log (GDP,") +100 < log (GDP, )
+100 xlog(GDPM,), t=3,6,9, -

o714 100x1log(GDPR) = Y, 100xlog(GDPM) = YM=2 A ol5ld, GDP]
B8] AFE (S = V- Y2 )2 o2 A (4-38)7t Zo] Addin] 4%

S0 = AV el % e,

(4-38) yf = Y= ¥ = (' v, + Y1) - (Y + VY + 1Y)

=y 20 + 3y 2y,

149) Marino and Murasawa(2003)+= 98 W9] 7|5} Ht(geometric mean)22 H7] WSS
A OISIAAIG, Banbura et al.(2010)¥ Banbura and Modugno(2014)A+= 4] (4-37)x o]

E
g W] Fo8 77 W4E ARl
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1 (4-39)9F &2

>

@l | el el ~ii.d.NO, o)
Sl

S
a9y
(4-39) 4= Ayf, e’
e =
= T

N
My &
2
-
Ay

JE0 A (4-398 A 4-39)0] YA thg A (4-40e B

(4-40) yf?:Ath+ef3+2(Ath,1+gf?,1)+3(Ath,2+sf?,2)
F2(Aof, 5 tel )+ Agf, el
oF AHlE 1
= T

’

shetoz, ¢ A& olgshu
o % oot ClE So A WA
o F1getE, AREt nee og 4
714 6t:<61,t’ 5;1,;})/’ et:<el I "’en,t)/o]r%)-lso)
/i
fioa
fios
Jios
, Jio4
_ x, A 0 0 0 04,00000| ¢
— =AY = t
(4 41) = th) (AQZAZSAQZAzAQ012321 5Q
)
515)72
5;?73
&4

o] ®olE flsf 271 Wk Ui BeE
QL n
= Ng

A H(zero matrix) = A EC)

= A%

oML B W4 n Ak BRI, o] B2, 40 el
x 7T ng x ny 2719 Wo] Wk EF A (4-4DT} (4-42)°] K= 2zt
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150) a2 o7]A

a,= 7_]"7_|]' ng
=2 FRBA(dentity matrix) EE

7PstEARE, A A

x 1 27)9] W7} 57, 4,9



A0000 0 00000 u
ftfl ft72 4
i L0000 0 00000f, | [o
2l 10000 0 000007 | |o
ftfg fz‘*4
; 00200 0 00000/ 0
i—4 t—5 0
i 00020 0 00000[,
(4-42) A=A | G =] 0 00 00diaglar, ~wa,) 00000 G [
¥ 00000 0 @g0000] | %
€1 00000 0 10000[%-2 0
e, 00000 0 01000]&’5| |0
e | (00000 0 00100} | |9
; 00000 0 00010 o | ‘0
&4 &r=s

z7}2, B2 ojs) RabE Aere wtejotd sabule 4, A, A, @= 3}
Z

Ze 722 Zrhis)

Ace 0 00 Aes 0 0 0 Q:0 0 0
A Apelpp 00 |0 A0 O 0= 0 Q0 0
Age 0 Agg 0 [ 71 0 0 A 0 [ 0 0&0fF
Are 0 0 A 0 0 0 A4 00 0@

(714 GRS LE 717 3ud, 48, 94, =5, 2844 258 o)
ole] whet meo] Aok sHz mhetule g ket At

6 = (vec (A ;) vec(Ay ;) vec(Ag ;) vec (A, o), vec(Ay ;) vec (Ag g)s
vec(Ag gV vec(A, ) vec(Ay ) Ag s Ao prAr oo A e Arsr Al s
Al,U’ QG’ QR’ QS’ QL’ QU’ a/l’ Tty a/n’ a/Q’ 01’ Tty Gn’ GQ)/

mtetulE] g9] FH2|7F FojA W DFMe] Zgh dE (Kalman filter)@t &
J (smoothing)-& 7§, sl TLEQolo] A2} of|22]E F3F 2= 9t} o]
6% FATE B A7E EM duelE sue] Hex

= o= =4
AR5 152 EM %E_Fﬂ%—fﬁ— 2% (likelihood) &5 = 7153 ¥

il

m[o =) {D

o rE

151) & d7tellA 27] Axe 27 A S5 &b, AR 82 4.4.200 AA=]



HAHSEZ A th2, E-step(Expectation—step)dt M-step(Maximization
—step)= YHE(iteration)s] = FHXE A4etth, A5 S0] A (4-35)
o (4-30)7 T2 FHERGo] FoAAL, X= (), -, x,), F=(f1, = f)),
t=1, -, 79 A% 21 S&& (X F;0)8} BdotH, EM dag|E&2 o

1,
o] & GAE HES] =9 29 St (local maximum)C = #1593

© E-stept o] whEolN FAH mehuE 6()E Agste] AR 21 9
29| 79zke AET

(4-43) L(6,00()) = E,,) [1(X, F36)|2;]

* M-step: o] HHEoA AR L6,0(7))E SHhalste] oiefuEE thA]

FAL,

(4-44) 6G+1) = argm;;lx[,(ﬁ,ﬁ(]'))

ol 7] mttulE 4(0)+= Doz et al.(2006)2] HHZ(two-step DFM)S
2 TR &

Hg Jtew PojAr 24 ARYT 0 ro BEA7
L)

IFHDE Q. < Yot}

o
1 1=
oz olFolAthish Jex 9 HAL Fol 09 FHAL =EHY T

152) EM €a18jE-2 dolgol] ZSA7} Sl Aol agxoz miepneE 4T 4 Sthe
Aol Sl 53], Banbura and Modugno(2014)E AZA|71 4] fiEle Hol: g3ofA
T EM ielEe 488 4 ol sgelaon], 2 Bok et al(2018) Sl FrllE A
TRy FA AgH olF Z= FY2PME 8ol Al7E 51 ATHelER 2, 2022).

153) EM €1g&2 E4 AFA ZA(regularity condition)ol|A] 9E9] 2|9 Ftjgoze] 43
& BT, Ao FriH(global maximum) ©29] 8- HASIA] o=t

154) EM €215 o AAISH Akt dxtel 5k G 3L Banbura et al.(2010)2 Banbura
and Modugno(2014)E x5t
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= [#F 4-10

—_

Global & L} E]-E ';% o % oz 3Tt Real
B WASl wE M4V} BEHE BE6l0), Soft 25
T} 412 vehps ﬂz}fn(soft e 2

P

ﬂ
rr
mlm

o
= E= 37HEE HaET X3 Real 53 Labor 850 &3 H4E2
SAZIEANA TR ALZEAL AT AMEET, ARZAPA D] TH

[ 4-10] 7195 RE H BS0|FF 9, 2022)
5% 3%
Global | Real | Labor Soft

rk

rlel

-
ML
rE
>
o,
o

GDP(E71)
£ SIS DA DASAES
/‘Mi‘?& AR =
Az EotA]4
A QA4
At A4k 9% BSI
(12) @J%ﬂ = BSI
AxY A% BSI
Xﬂi‘?ﬂ* % BSI
Az LHTﬁ}UH BSI

l %ﬂ 7153 BSI

NSNS

ANANANANSANASNANAN AN NN
OO0 OCOONN—NOIE

NSNS SASS

155) GDP @7jelZel AMgsls Atz 2 A4Rhard daw)et AR TR A4%
2 GDPO] 74 f4olALt GDPet WA Tlo] Qs =S ojnlshe], @AAtEE GDPY
A2AR ] A ARE Agehs ArE olet
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ARZSE (R
ol 2|
A aplel 24
A7l Csl
S S
® AR5
(542 2 495 A9
AHARETH A%
(2% 2 oA Ae)
WA A
AR
AEE A
AR E)

TG0
A=

<] pos

T d
& e

AL
FHIAT
88

L=
© Fo8

Felu
498
AN
42 EPU A5
@) (EPU, EPU_KROREA, v v

EPU small, EPU BERT)
F D 02 ¥R, 12 A, 2= 20 222 9y

AN N N NN
\
N NOONO

£}

©)

ANANANANAYAN

'SANENEN N

NIN SN SN SNINSNSNSSNKNISNNISNS S
O, P, L, NN N OO O N

-

2514 35820 5042 vlwste] Global 25-& 37, Real, Labor,

Soft 52 e FZdtden, A% A= SCE 7122 Global &5

2 27]&, Real, Labor, Soft =]

Aot 1 A3t Global 254 F&49 3719 &
Z

2
4
ol
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(% 4-11] 718 350919} 7 ¥i4o] A
Globall £¢19] Global2 £2¢19] Global3 £2¢19]
T8 gH T T2 JHEs 92 AH@S
AZAYIBSL | 092 | FE=AAG | 041 | @AA/WDCS | 048
AAAABBSL | 090 | FUBAS | 034 | AeREEAS | 046

R? R? R?

AZ[7FsEBSI | 0.88 EPUZA] 0.32 | =7 | 0.33
A ZAAFZBSI | 0.88 A ZA5=BSI 0.20 EPUA|$ 0.29

A R 087 | AAAuE=ERSI | 0.18 | AHAEAAS | 0.24
F D N F580E SHHSER Slo] 4 HEE ARt A9 Atk (coefficient of determ

ination, R?)

S A FE8ee SHHSR Sto] ZF W0l ARteE ERle A
(29 4-24]), Real E53 Labor &5 &3t 47 HaS (A B AGB4A
T, AxdA LA S, amjEmdz]e, ddE, A8, FJAdE )2 A
og vo HILE YeplAnt Soft EF0 &% HISES BE 2 )
=2 Uehdn. 53], 2 dFtolM AR EPU A9 AgdEs oF 07622
UEtY, 37195 ZoA 87t dERHsR &8E o Q= s At
SFAT.

(17 4-24] A FF207 7 |40 A3t
. Eg» ) snan - S } . z@a
5 = | |
5 == NSNS

B

N
o)
28
ol
X
fo

25 A A9 AL (coefficient of determina
tion, R?)
2) W), HFON), 25(——) o] wfj= 2+ real, labor, soft 52| &3 HE

2 very
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[# 4-12]% EPU Z4=(EPU_small) §tQol W& 58 4 avs el
| 9s FEZUW ol=(n-sample forecasting)= 485 Aifoltt. o F5}
= RMSE(Root Mean Squared Error)2t MAE(Mean Absolute Error)& 7
o7 ZA3}Yom 156) FA 7|7+ FZ1E9 Al7]of R|ES] HEA]0]
HA" e aste] Z2u9 7Ite 2R 4920088 ~20229)9F 2
obr] g2 A-9-(20089~2019) = F&Eskeith. B2 Aol A= EPU A4
(EPU_smal)E =ZFSH DFM_EPU”F EPU A|4(FPU_smalD)E ESHol#] &g
DFM_BASERTE A¥td o g vro o525 7|Zsqitt. FA2or A2t
19 717+ EgshA] 432 w, DFM_EPUE 0.442(RMSE)¢F 0.351(MAE)
o] #2& 7|5t e, DFM_BASE+= 0.453(RMSE)¥} 0.362(MAE)¢] <=
A5 715skAH. ES, AA 7I3be tide=® §F RA4oA: DFM_EPU=
0.521(RMSE)¥  0.395(MAE)9]  #3]5, DFM_BASE:= 0.533(RMSE)
0.408MMAE)®] 2|5 7|55te] EPU 247t G7]5 2o] F-87t AHH
o

52 287 5 9 AN,

5194

—_

= ofNorr
Lot

ol

(& 4-12] 22 o5 23

gl =2 717} RMSE MAE
o BASE 2008W~2019¢ 0.453 0.362
- 2008 ~20224 0.533 0.408
2008W~2019¢ 0.442 0.351

DFM_EPU
2008E~2022'd 0.521 0.395

% 1) DFM_BASEE EPU A|4:(EPU_small)7} E@s]2] ke mdolsi, DEM_EPUE EPU %]
Z~(EPU_smal)7} Z&H g

4.43 9= @7}

156) A4l GDP &2 ¥, GDP 4FES] AZAE vet 2 o, RMSESH MAE= of&3% 2

o] At
RMSE = /%Z(Yt—fi)z, MAE = ~ 2] -7
n=1 n=1

- 207 -



2 FolM= A5E e ol F29] S (out—of-sample forecasting)
S BT AN 62 F17he 20179 187]~20224 4872 A
A 247 Bololol(@ag W A5 3d), dEeAt Ry oZ3) njzb)
A2 RMSESH MAER ARtstglet. El, Rgo| o= Aluz|es o5 43
AAe) wheb oheFst 71o] FHsakARE, B Ao A ol XA (forecasting
horizon) & F271= Hste] &£7] & sk EA4o] #aqdual M5k
th & &0 20189 12719 GDP &A= 2018 34(27] &) 28U (st
)l Ao el H 31| FHE= Aoz FPASHH 198 o] wet ¥
E AR et 4 Wesl] At 7HE Al v 2ol ARlEh

c 1 € 2R, 2RISR R ARs Ae), v
FASAEE L A ALD, PABIAAS, AEEAA S, $E R

=
=
B, SRS, 25, 59, FAYAE, TS, AYE, FANS, AAE

© =2 A AdAS, AElad AR, AR ESsHAE, AR

H
ALA%, ofpohel 2% A AR5

StH, HHQ] o =& 43otE WAoo gE =4} oS (recursive forecast)y}t

£% 95 (rolling forecast)o] Utk F2} A5 oS Alfe] P45
A9l B HolHE FAste d&5S #sks FAola, B9 A5 18"
2719] g5 FH(window)& EA HAHCR olFAH AE5E Ffcte W
Aoty & AFolM= EPU A9 248 717og Qls) mygol 4 7]3te]
Ao HE 1Hste] Faf oS WAooz BEQ| =S £d5tnt ES, A

157) A e BEY 5L BE ARE 7MY 4 gty S, A4 Bl 4
B o2 S Aol uet Aol shgelde] thes] uiRe] o2 WdT 4 9l ¥
29| dzo] Pl m@e] f84L WHSks Ul o del o]gww ek,

158) oluf 28902 Aol AREe| FE AT BPe] F4 AL W BE AW 5L v I

ofet.
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Ao N F2} o Fo] B9 oSHT T
AA =it =4 A, EPU
(base ine)2 RMSE 0.9107, MAE 0.6346&

= 4710 BYPe mE RMSE 7|ZA 9=

RMSE 0.8925, MAE 0.6294% 7= o}
0% o] &} H° ARt @l%ﬂi% Lrebith, Bt EPUS EPU_KOREAZ} BH
H B3-S RMSEE 7|F°2%E BaselineEt; AZ
MAEE 7|#F02F 235]H d=¢
A 2t EPU A7} 7
F7145 2o {83

2o ke A1Ese

1

(¥ 4-13] BEQ] o= At
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Economic Policy Uncertainty Index Using
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Uncertainty is a major factor influencing the formation of
expectations, decision—making by economic agents, and the real economy.
However, as it is not directly observable, various efforts have been made
to measure it. In particular, the Economic Policy Uncertainty (EPU) index
proposed by Baker et al. (2016) is a representative example that measures
uncertainty using big data. It calculates uncertainty based on the
frequency of news articles that simultaneously contain three word groups:
economic terms, policy terms, and uncertainty—related terms. However,
measuring uncertainty solely based on the frequency of specific keywords
may lead to overestimation and fails to capture the diverse contextual
information embedded in news content. To address these limitations of
the existing EPU index, this study proposes a new EPU index that

leverages machine learning—based sentiment analysis.
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To perform machine learning—based sentiment analysis, it is necessary
to construct a sentiment classification model. However, building such a
model requires large—scale labeled data and the use of state—of-the—art
natural language processing techniques, which impose significant time and
resource burdens that are difficult for individual researchers or small
research teams to bear. To alleviate these practical constraints, this study
proposes a sentiment classification model that utilizes small-scale training
data (approximately 20,000 labeled data) in combination with transfer
learning. In particular, considering the high computational cost and
inference latency of pre—trained language models (PLMs) such as BERT,
this study focuses on demonstrating that useful models can still be built
by using word embedding models for transfer learning.

Meanwhile, this study argues that, because the downstream task in
this research is relatively simple, the difference between the EPU index
constructed using a high—performance sentiment classification model and
that constructed using the proposed model would not be significant. To
empirically verify this claim, a separate sentiment classification model was
developed using a BERT-based PLM, and the EPU index generated from
that model was used as a benchmark for comparison. Various usefulness
evaluations were then conducted using both EPU indices to empirically
support the argument of this study.

The research process was conducted in six stages: @ news article
collection, @ text preprocessing, @ embedding model construction, @
sentiment  classification model construction, & comparison model
construction, and ® usefulness evaluation. For O news article collection,
article titles were gathered using the keyword sets proposed by Lee
Geung—hee et al. (2020). After removing duplicate and irrelevant articles,
the titles were searched on portal sites to collect the full texts.

@ Text preprocessing was carried out in five stages: pre—cleaning,
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corpus definition, sentence tokenization, user dictionary construction, and
morphological analysis. In the pre—cleaning process, unnecessary strings
were removed, special characters were converted, and words within
parentheses were deleted. The corpus was defined at the sentence level.
For sentence tokenization, various sentence splitters were evaluated to
identify the most suitable one for this study. The evaluation criteria
included processing speed, accuracy, and the Dice Coefficient. As a result,
NLTK demonstrated superior performance in both segmentation accuracy
and processing speed. The user dictionary was constructed using the noun
extractor from soynlp, resulting in a dictionary consisting of 71,126
common nouns and 16,787 proper nouns. In the morphological analysis
stage, various morphological analyzers were evaluated to determine the
one best suited for this study. The evaluation was divided into
part—of—speech tag comparison, ambiguity assessment, processing speed
comparison, and review of compatibility with the user dictionary. As a
result, Kiwi was selected as the morphological analyzer for this study.

® The word embedding models were constructed by comparing three
methodologies: Word2Vec, FastText, and GloVe. After building each
embedding model, performance evaluations were conducted to select the
most suitable model for this study. The evaluation was divided into three
parts: word analogy evaluation, word similarity evaluation, and extrinsic
evaluation. The extrinsic evaluation measured performance improvement in
the sentiment classification task. The results showed that Word2Vec
achieved the best performance across all three evaluation categories.

@ The sentiment classification models were constructed based on three
deep learning architectures: RNN, CNN, and Transformer. Various neural
network structures and hyperparameter configurations were explored to
derive optimal performance. For the RNN architecture, model variants

incorporating attention mechanisms were considered, including LSTM,
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BiLSTM, GRU, and BiGRU. The CNN models were designed based on
the CNN-non-static and CNN-multichannel structures introduced by
Kim (2014). In model evaluation, the Transformer—based model achieved
the highest performance in terms of F1 Score. However, the performance
difference with the BiGRU+Attention model was only 0.11 percentage
points. Moreover, the BiGRU+Attention model showed inference speeds
twice as fast as the Transformer model. Therefore, BIGRU+Attention was
selected as the optimal model for this study, given its strong performance
in both classification accuracy and inference efficiency.

® The comparison models were constructed using transfer learning
with BERT-based pre—trained language models (PLMs). Specifically,
KLUE - BERT trained on general-domain data, KPF-BERT specialized for
news articles, and KF-DeBERTa specialized for the financial domain were
employed. In model evaluation, KF-DeBERTa achieved the highest F1
Score. However, the performance difference with KPF-BERT was only
about 0.15 percentage points. Furthermore, inference speed analysis
showed that KPF-BERT was faster than KF-DeBERTa. Based on this,
KPF-BERT was selected as the optimal comparison model in this study.

©® The usefulness evaluation was conducted in three parts: correlation
analysis with economic statistics, analysis of the effects of uncertainty on
the macroeconomy, and forecasting performance evaluation using a
nowcasting model. To assess the appropriateness and robustness of the
EPU index, the following four indices were used: the EPU index
constructed using the proposed model (EPU_small), the EPU index
constructed using the comparison model (EPU_BERT), the original EPU
index developed by Baker et al. (2016) (EPU), and the EPU index
proposed by Cho and Kim (2023) (EPU_KOREA).

In the correlation analysis with economic statistics, cross—correlation

analysis was conducted to evaluate the leading property of each EPU
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index and its relationship with macroeconomic indicators. The results
showed that EPU_small exhibited the highest correlation with all
indicators except for the VIX index, and it was found to lead monthly
economic indicators by 1 to 5 months and quarterly indicators by 0 to 1
quarter. The EPU index showed a positive correlation with the leading
composite index, a negative correlation with exchange rate volatility, and
a positive correlation with goods exports and imports. In contrast,
EPU_KOREA showed positive correlations with private consumption,
facility investment, and goods exports—results that do not align with
established economic theory. Additionally, EPU_BERT exhibited the same
maximum correlation lags as EPU_small, and their correlation coefficients
were found to be highly similar.

In the analysis of the effects of uncertainty on the macroeconomy,
Granger causality tests and impulse response analysis based on VAR
models were conducted to verify the exogeneity of the EPU indices and
to determine whether they have policy—relevant implications in relation to
macroeconomic variables. Referring to previous studies, the analysis was
divided into two parts: one using monthly economic variables and the
other using quarterly economic variables. In the Granger causality test
using monthly economic variables, EPU_small and EPU_BERT showed the
most distinct exogeneity with respect to the industrial production growth
rate, stock return, and employment growth rate. For the KRW/USD
exchange rate, EPU_KOREA exhibited the most distinct exogeneity. In the
Granger causality test using quarterly economic variables, EPU_small and
EPU_BERT showed the strongest exogeneity across all variables. In the
impulse response analysis using monthly economic variables, EPU_small
and EPU_BERT were found to significantly reduce the industrial
production growth rate, stock return, and employment growth rate, while

significantly increasing the KRW/USD exchange rate and the inflation

- 238 -



rate. In contrast, EPU and EPU_KOREA showed statistically significant
effects only on stock return and the KRW/USD exchange rate, with the
other variables remaining statistically insignificant throughout the analysis
period. In the impulse response analysis using quarterly economic
variables, EPU_small and EPU_BERT were found to significantly lower
consumer and investment sentiment, the lending attitude index of large
enterprises, and the general household lending attitude index, while
significantly increasing the credit spread. On the other hand, EPU and
EPU_KOREA showed statistical significance only for consumer sentiment
and credit spread, with the remaining variables remaining statistically
insignificant over the entire period.

In the forecasting performance evaluation using a nowcasting model, a
DFM-based nowcasting model was constructed to examine whether each
EPU index contributes to improving the nowcast of GDP. In the
out—of—sample forecasting results, the baseline model without any EPU
index recorded an RMSE of 0.9107 and an MAE of 0.6346. All four
models incorporating EPU indices showed improvements in forecasting
performance based on RMSE. In particular, the model incorporating
EPU small recorded an RMSE of 0.8914 and an MAE of 0.6273,
demonstrating the best forecasting accuracy on both metrics. The model
using EPU_BERT also showed similar performance, with an RMSE of
0.8925 and an MAE of 0.6294. In contrast, the models incorporating
EPU and EPU_KOREA recorded slightly lower RMSE values than the
baseline, but their MAE values were higher, indicating increased forecast
errors by that metric. These results suggest that the EPU index developed
in this study provides greater real-world explanatory power than existing
EPU indices and can serve as a useful informational wvariable in
nowcasting models.

The contributions of this study are as follows. First, it quantitatively
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compared and evaluated the performance of various text preprocessing
tools based on news articles written in formal written language. Second,
it developed a word embedding model specialized in the economic policy
domain and conducted comparative evaluations of different word
embedding techniques. Third, it compared and evaluated deep learning
architectures to derive optimal performance and presented meaningful
implications. Fourth, this study is the first to construct a sentiment
classification model by directly creating labeled data based on Korean
news articles and utilizing small-scale training data in combination with
transfer learning. Fifth, this study is the first to conduct an
application—oriented comparison of the utility of PLM and word
embedding model. Sixth, it overcame methodological limitations of
existing EPU indices and developed a new uncertainty index with stronger
real-world explanatory power. Seventh, by employing small-scale training
data, it provided an empirical foundation for constructing sub—sectoral
EPU indices and laid the groundwork for the development of various

information variables based on news articles.

[(Key Word] Economic Policy Uncertainty Index, Small-Scale Learnin
Data, Transfer Learning, Big Data, Natural Language Processing, Artificial

Neural Network, Deep Learning
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