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Abstract

This research aims to develop a data analytic model to forecast a labor market of the regional
ICT industry showing relatively high value—added outcomes compared to other industries. By
doing so, we probably support political decision makings to resolve local extinction and low birth
rate crisis. To achieve the purpose of this study, three analytic tasks are conducted. Individual
tasks are consist of (1) development of ICT labor index, (2) constructing a forecasting model for

a regional labor market in the ICT industry, and (3) a firm survey to validate the forecasting model.

Though data—driven forecasting studies in the labor domain, particularly research based on big
data, are hardly observed, we consider that labor forecasting using big data would play a
significant role for a scientific administration under the evidence—based policy—making context.
Hence, the purpose of the ICT labor index which was developed via this study is to produce a
proxy that precedes conventional labor statistics. As an index should use a database that
frequently changes and represent labor market related events to achieve an antedating proxy,
news text data was adopted. The algorithm which is mainly considered in this research is a BERT
as one of the latest large language models for artificial intelligence architectures. Specifically,
we adopt the KPF-BERT model which is pre—trained with Korean news data and publicly open
by Korea Press Foundation. The process to create the ICT labor index is basically similar to a noise
filtering process. (i) a set of ICT-related sentences is initially distinguished from pre—processed
economic news sentences, and then (i) a sentence related to labor demand is identified among
the ICT-related sentences. Finally, (i) we can get the ICT labor index monthly by calculating the
sentiment ratio of a month which is classified among ICT and labor related sentences. Based on
the time-lagged cross correlation, the derived ICT labor index precedes the Economic Sentiment

Index declared by the Bank of Korea with about 80% synchronicity in advance of 1~2 months.

For the development of regional ICT employment forecast models, various databases were
first compared, and then one variable was selected as the forecast target. After reviewing
various databases, the number of workers in the ICT industry in the Labor Force Survey at
Establishments, which was selected as the target, was significantly higher in the metropolitan
area than in other industries. The forecast model considers the regional employment

characteristics of these ICT industries. Focusing on the SARIMAX model, other univariate models



(Seasonal HW, SARIMA) were also set for comparison. In the the SARIMAX model, national,
regional, and ICT industry variables were added to exogenous variables to reflect regional and
industrial heterogeneity. As a result of in—sample forecasts, the forecast error of the SARIMAX
model decreased in areas with a large proportion of workers such as Seoul and Gyeonggi
Province, indicating that the overall and regional economic situation are also an important
consideration in the outlook. As a result of adding the ICT news sentiment index, this
unstructured information slightly increases the forecast accuracy, and it is expected that the
regional employment index will provide useful information for the outlook. In the out—of-sample
forecasts based on SARIMAX, the ICT employment in the metropolitan areas is expected to be
relatively good despite the slowing trend, but that is expected to be negative in local cities.
Therefore, it is necessary to implement regional policies to revitalize the ICT labor market, and

we hope that this forecast information can be used in the design of this policy direction.

Through a survey of ICT employment by region, the current employment situation, short— and
long—term employment forecasts, and the reasons for this were examined. In the short-term
outlook, the majority had negative forecasts for the overall labor market, while the negative
outlook for ICT employment has relatively declined. However, these negative forecasts were
more answered in non—metropolitan areas except Gangwon, implying the difference between
the metropolitan area and the provinces. The main reason was the ICT industry business cycle
and the financial situation of companies. Direct government funding is needed to revitalize
short—term employment in the ICT industry, and fostering high—quality professionals is also
selected as a major necessity. In the short—term outlook, the results of the quantitative model,
in which the employment situation in the local areas was relatively negative, and those of the
survey were similar. In particular, since various hidden ICT employment information can be

obtained, both analyses can have meaningful synergy effects.

Keyword : ICT Employment Index, ICT industry, forecasting model, survey
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92.9%°] Egtth= A5 OGS o, 2023)— A a5k AdHo g2 AH Qlxate]
51 9 P st 22 3 EY A7} gloks A3 AYo 2 AAAHA ofofXITH( 1Y

)
:a
0
i
o
1
>

AEA(2021)2 AEA AP2E A4 22 a4 8/l Fd A== it 429
3

AHEIE B2 R ASA Ao sfEd2 AT Ad LA 79,2‘401] HEoord B8

7} e FAshe Aot B3 oF871(2020)00 WEH, -2uEte] Eitel AIAH R R4
glo] W&olle &9t A Q8 Aol A g2 ARoltt. A q #FLA ] SHA= 23]H
SAEENE BAA & AR Z4F, 52 U A veEdOR A5 FA45H]
S7oke ALE st vle] HA 7P 2 AL olopr|ett. ol A Y AAR, W2 AL I
ek dietl=e] 24 S8 A A 242 dAEE e, Fde g 2E-E4te

1) gAEAES Folz= 71U7] 0Jd(15~49A) 1HO| 7HI7|7t SOt S AR OlM == Bt SMot 2, Q7 sd
A AEE SER F7XIEMA (K-indicator) ZAIO|EO| A 2HQIZACE
(https://www.index.go.kr/unify/idx—info.do?idxCd=5061, 20234 62 12 &)

2) KOSIS 11gol7t|g A48 &1
(https://kosis.kr/statHtm|/statHtml.do?orgld=101&tblld=DT_1YL20631&conn_path=12, 20234 6& 12

F2)

3) AKX |== 6HMI0 TR 4= HH| 20~39A4 H-gRIT 49| HIEZ A MBiY.



{48 T2 vhshe Zlo] 7P ol 429l saR o Aoksta gt

(23 1-1] A2 7IZXIREH| K|

(7t} 2000 (CH 201064

(2 2020 (o 20221 38

A= 0]45(2022) p.21.

oA Aoo] IS FEIHE AL BA A0 Ao Fe HE/HE0] Uk U, A

1o U,

S o g A gAE FHo] glE A2 ofytt. 20184 6ER-E FHUAR =2 S
AE AGFEY FAYAARI ] R oW, T8 FRAME "X JAurEd Izt
A2 2L 93] AR S o] HE2S A FHs AAMLS A3 Zolo)”, thul o] st AHME

o1 =

9 agLe KA, 5478 A&(evidence-based policy making)®] oA A

4) https://www.idaegu.co.kr/news/articleView.htm|?idxno=327294 (20234 62 12 X=)
5) https://www.mk.co.kr/news/economy/10597350 (20233 6& 12 X<)

6) https://www.mois.go.kr/frt/sub/a06/b07/localyouthjob/screen.do (20234 6€ 12¢ &L)
7) https://www.moel.go.kr/policy/policyinfo/create/list15.do (20234 6¥ 12 X&)
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A2 Hl(decision-making support
7Hto 2 St A By, B= F4 H7F 5ol

(forecast) = AZ(prospect)= ZF

5
system)o] A4 & ZHEE= JF EARE, &

L

18

o oEsHe AL oF1e Aol o2 Sol, 98 1§ WY A2E ol AL, 4E2 7|
Srog sHe Al 24P, BARE 71N 24 £4L B 5 247, BE EARRE 710

o7 HAE7 oASEE B3 A7 AP (AL eBH, 2023) 5 H= Al A(time horizon)7t &
I AFZQ JHIF AAE A G BAARE F2 E-83tth= A o] EA gt theFst glo]

= o
EI7F A B A HAL IS AS & HolE +4 dalgEo] Ho] w4l 8%, Futt BA 4
d % A g avke] HYEHS AsiAe fAl0l 7Ht A <9 HlolE |dS dmutof
& g aXgol e

A Qarele] FEol A% FHLAL ATAE A4S AT 74 YHOR T2E S 9
A5k, oleig e oW Arkel S YAFHA ESF |51 Ilsol & Wast ek o
o, A0 Beaka wE YA YRS Aol A FEIET A A AT fe]
U S48 ATE /RE Sk gk 94 FE, P9 49, 28 L FHOE ololAk Had
F22] o] wol el Aate] AL v R wEA} Aol (SR Ro] BR2A

o]7]
27, 2021)0014", Fdo] Axte] Alguto] A TojRS o g H X ALY FHE 7|90 B
3} 59] Qe P22 95t 5L FHI 4 9long ujQ ZQg3sirh

A 9 TN A HRFZA(CT, Information and Communications Technology) At
Jt Tt A= B4R Bl s FEO] YA R I 4 s A7 g A e
29| A5 o] ARt TICT 4hd A472] 8 54 9 A71A Y Ao vA& dF, ELL
A(FAFY, 2022)= 200087 20199 Bl off ICT Aol A 4HY] tiH] = F4HE(7.4%
9.3%)3 F7P7HA] 71%(4.5% — 10%)°] Al&81A ASAlell 1L, 2020878 202142 4
PAYAE F7HE0] B8 "t 2.5%2 A AF4(0.3%)E A3loke= & A FAEo] e ot

[e]
olop|atT Qlek. Wk Ao} AR FEE [CT A Y% 2 5 ke, B 2R

|

8) https://kosis.kr/statHtmI/statHtml.do?orgld=203&tblld=DT_20308_20130404 (20234 62 12& &)

9) https://m.work.go.kr/emplnfo/empGuide/2023/empTrend.do?kind=1&pageNo=1 (20234 6¥ 12& Xz)

10) OIXiZ 2| (2011) & LISt at& A+ g

11) NYSYS FT AATANE 2Ist HEZAIS EH, 23 U] XG0IM 2307t AlE 2 HS0| 713 AotTt
(45.2%)11 QIAl5t QlCt,



9] Az 7} AAAHA uE 4= 9= 7|uto] RAEE= Ao g B 4= Qlth TS 20199 A=
AFAIRARS 71 S0 2 &, ICT A SARE = HlE2 4.4%= 71714 (10‘%)4 Ao X

0] 2]&= 122 Fo] Q1SS 18sHH, A9 ICT A 118 Edi(i.e., A AE)= AS]- A H 2.
2% 1 9u7} 3ok,
I A ICT AHY 9=Re )9 22t 22Folth, A9 ¥27](2022)% 2L dout =

ICT AFIA 27F 71.7%, SAR= 73.5%, F717H= 73.4%° @5t 5 ICT AF) AEiA o]
Aol FEET} HlEHO| F=3 o] TR BSEI ASS FIP A= ol 22
AFAA| HFo] @A T SFSHA] =t Folth 4Hd 9] WHbEo] H= A B Ve e
HollA, ZAAGER AFH|(2028 712)%% =2 531(20199 7|%) HlS= AHEH S A
Uk Zk2} 45.4%, 55.9%, 50.5%%, A (36.1%, 19.6%, 33.2%)< ALst vl HL 1 7|45k
upA] uf-9- wlokgh Aot

A ICT 4H 118 A2 S/ekE A gt A JAa4E AsiAde A9E ICT 8= A
L5la o] RYUEHE B AH £US A3t S (evidence)”} B o5 T3] 71 HE
T o

A AT Aoz E ottt H3" FE ICT A 24 7]ﬂ1°}7l 7t ﬂ’q 271
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AEX|T N

1. 18X|+ &HE g+

ETE ARS]-BAA RS kel olshskal siAsty] fgt A& AN At L QA I
At & XHWW 7J T AR (B 7HEe 2 F20] & (trend monitoring) A7 A #7F AIQE
4 e = A9 B, f2s B3R 4 d(e.g., 49 4, 189 A, A5 )= A
Tl HOH ‘Q@f" Zolof| A tgRt HolEE =28 o m 23 | ALls | = jiet. o

= Rt "ol AlgE L, I 24 HER WA 54 59 49 HlolE 2o g
Eu 94 A 22 83 AR, B AR HolE 22 =11 FEQ HHo]HE A AL A4
£ 4SS = Bttt dlE B9, 914 94 HIolEE 7N R St A9 AIAE A () A5
(NDVI, normalized difference vegetation index), T]=F A0 A] E-‘H‘iﬂ(twitter) AXE €
AES 7IWIO 2 F8AY A=Y AEE welshs ESE S8 BAS(TESI, twitter

financial sentiment index) 52 S 4 JtH[OY 2-1] &X).
[ 2-1] HIC(O|E] 7|HE X|&4= AE O|A|

l = S8P 500 Twitter Sentiment Index ——8&P 500

LT

NDVI=0.7-0.75

NDVI=04-045

a4 y \#{ Q&
ody | h 4

Slem Leaflag
rmde emergence
1553!1) (GS32) (6537)

100

80

Jan 2018 Jul2018  Jan.2019 QL2019 Jan. 2020 Jul2020  Jan. 2021 Jul 2021
RETURN VOLATILITY RISK-ADJUSTED MAXIMUM

(ANNUALIZED, %) (ANNUALIZED, %) RETURN DRAWDOWN (%)

1857 124 087 3054

INDEX

Wid-lowering
(Gs65) S&P 500 Twiter
Sentiment Index

Three consecutive wheat growing seasons S&P 500 18.00 05 084 -3379

(X NDVI 7|8t ZEaMEY FHX| (R) S&P500 X|4=2t QAISH SE8 HO0|&= TFSI
AtZ: (& Aranguren et al. (2020)
(2) https://www.indexologyblog.com/2021/11/18/introducing-the-sp-500-twitter-sentiment-in
dex-series/ (2023. 6. 13. ®&)
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8T AT A4S Hohug, TS UEST R 18 AAS s et A4
Areg 189 ol B4, 3L 54 FA] 18] BAT A5 AstaA AEst H ol
Q. ol 318 AA7E LEEolTHE TSI Wa o dhEE 4 9|

o
il
b
o, o
i)

2

)
=
)
L)
s
5
of
X,
N
ol
Al
N
1o
oX
22
o
>,
il
N O[l'l 1
ok
oX,
1%
Jo
X,
et
o
<t
o e
s
2
)
%0,
myorlr e
S
2
oft &

K oHo
il

o= QF-FAHcensus)?} B &0 W2 UtoA] Zo] A thF= Yo R &
yebdtt =2A| =5 7]74(ILO, international labour organization)o|A] ¥3]+=
9 1.8 B4 HY= A A FA A =i} (9 2-2] Fa).

i3
®
)
‘-l_t

(03 2-2] 18 H =& SH2 Helet 1=

Enterprises Working-age population

- Ownership - Sex/gender - Nationals/migrants

- Size - Age - Disability status

- Economic activity - Educational level - Rural/urban areas

- Location - Education attendance -

- Establishments (number, size

and characteristics)

- Occupational injuries

- Unionization Employed

- Collective bargaining i bl hiph

 Strikes - Status in employment

K - Occupation

- Economic activity Persons outside the
Z - Private/public sector labour force
: V"":.a““'“ - Hours of work (hours actually Unemployed persons - Reasons for being outside
|— - Skills ““]“‘“fj 3 worked, hours usually worked) - Job search methods the labour force
- Ecnnomgc activity - Earnings - Duration of unemployment - Desire to work
National output and - Occupation - Informal employment - Qualifications - Availability
income i - Occupational injuries and - Previous work experience - Job search

- Gross Domestic Product diseases - Previous occupation - Qualifications
- Gross Value Added Jobs - Unionization - Previous economic activity - Previous work experience
- Labour productivity - Pay - Collective bargaining - Receipt of unemployment - Receipt of benefits such
- Labour income share - Labour costs - Strikes benefits as pensions
J - Hours paid for SR - 5

Employment creation, Employment creation, working Characteristics of employment, Pressures on the labour market, Labour market
productivity conditions, skills needed working conditions access to the labour market attachment
Potential labour
Labour demand Labour supply supply

Macro Micro

AtE: https://www.ilo.org/ilostat-files/Documents/Understanding%20labour%20statistics_FR.pdf
(2023. 6. 13. ILO T)

2ol 18Xt shd 189 A A $(EES, 2011; ©o]24] 9, 2011), 118 HLAf 7]yt

]

F(37gH, 2013), 18 A2 A 9, 2017) 5 =54 @8 oot 9Hist
g A5 AFEo] ok tjREo|th o R, 18FFY I He 52 v|F gelst
7] 1%t 28 A A(Eg, 2014), AY =5 A

= at
2011) & AT % 43 +4 5 FH AAHEA APE A% A= =0 En

R

AT

oL
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9 1550 § HlolEe} ghe, AREAL BARRT} et Latel s BeEo] AT e
APISH € 2T S B S0 5 9l HlolE S omjsiet.

) SASIRA, ARAA ol9)e] AATA =8 B2l 2A] M A5 3 vt k.
(23 2-3] 222! =S XI5 2020
o 2 Al v & Download Data
J

India -
Pakistan
Bangladesh
United Kingdom -

| g 1 United States-
Philippines
Global Share (%) Russia
00100.1 Ukraine-
011002 Egypt
021005 Serbia
b 05t01.0 Sri Lanka -
' 101050
b5, N2 Indonesia -
>l 500100 p
3 10.010 20.0 onya
20.010 50.0 Turkey
v A
50.0 or more Vietnam -
RS 0 10 20 30
- A Loafiet | Ties © Esrl — Esrl, Dolorme, NAVTEQ Top 15 Countries

Source: OLI 2020 | onlinelabourobservatory.org

XtZ: Stephany et al. (2021)

oA = AR A H ALl 22 544 A4 (Stephany et al., 2021)F HrgL=
= 28 EHFONA HlolHE Aok, A, AFE =y 22l s A8 531 ICT

A Z™(itstat.go.kr)o Al o5 S/HSHIL EHCISH7] £, 2022).

12) 710|LE AFBALZE 220 W2t JAIZ Aof2 S0 =52 S50t WVIE X=oks ZH| e
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XtZ: https://www.itstat.go.kr/itstat/kor/labor/Labor.html (2023.06.14. &)
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A, 8ol digt FAl= B &t 3
o] 7] $YHL otk B3] PR} FFLAL o} AYS HHHo R} PJEHoR
AR o2 A1 glom o]F F3f a Aol A= B84 (uncertainty)Z 0|11
Ap LRttt 71 Aol AALAE oo ® et A ARl At it ol= 4
2] lgo] YAEEZ SHA| Folal U= Qulstal, 7 FAAEZ ol 2Rt FHAA A
ol=k(discourage workers)s}7| = gtct. ojof] Y E = 7| F A} A QEA| Q] A7 5= A AT
A= T A et v & HE og A sto] =AY EEAES Y 4 AT o=
T8 718 7|l = upRrbA] ot At Qg S A8kl A-85Es FAISHIAL S -
Z72tel 719 7ko] A H Zpol= Qs LA wiA 9] of#Z(frictional factor)o] UEHFE &= Q1L
o|2} oA AEA 81l At AA| ] F= Hsl 59 vt 3Q1E= QISf AL-80] of 22 A=l
AAS 4 QU o|AH Tttt FAEE A sAFo] a8 3w FSAIA A
(stability)= PFsH7] o SHo] L, o]=gt A9 Adhs aARe B84 g
sk 8Rlo g A-89 4= Qv AT =2 o]t BESAAS A =N ASH FHo 7
= Aot il et

olgfgt ¥ W F StV s A Adoluyt 18] tht A (forecasting)olH 9%
(prediction)o]t}t. @7} A7 A2l g AR of thst Hast A2 3% A v =5A H
A AAY B&S Folil, AVI(RIE Qe H-G = Ak AU
o AYsts FFAY F8AF FSoA & FEE AT E9F ofye, o]of tigt APHA

rir
o
)
rlo
2 R
-
B
N
N
to
o Y&
f
[-'O
4
filo
-irl
rr
N
é
0,
H
0,
2
rJ
St
re
ljrt
rlo

-

nh

(ex-ante) & =¥ 383 Qo] "}, v|= Y22 A= (the Fed)> S3gH 9 51
2 E7RQFg 8t ofy et &Hd 1-8(full employment) GA|E EHZ 51 gloH, -7 A&

=B AEARY S AT AR 7HA = AL Qv oA ™ BA W 54 ool A
o} g Aol Hiet A

ZAG] ol T8 8902 FE HIFS FEs] wshe AolH (g, 2011), ol
EEARO M e w7 A ol H. A ol Al AL, olHet &
0l ojuet ez yoprkal leAl didste A, 1EaL ofet ¥stke] %—E(Speed of
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2023 Attt 2023 5t 2023 217t 2024 212t
KDI(2023. 5)
R SUE D) 34 21 27 17
HYE 3.1 2.8 2.9 3.2
ot 2e(2023. 5)
A= SLE DY) 35 15 25 18
HYE 3.1 2.8 3.0 3.1
=3|0f AP R (2023. 3)
A= SLE DY) 18.9 10.6 14.7 -
HYE 35 3.2 3.3 -
A2 KDI ZHMY, st228 ARMULZ TN, 25(0|AFMH 2023 ZHMFEL I

3| APIAA = 2022900+= 20239 9 571 AAAYS BEstla, 2 202349 349 4

AAe] 18 BB fjgto] &3 AHty]= 18.94F §, sHl7|o& 10.6%F B S7HE dAkel &

A & 713800 vofA = tha W2 HAA F F7HE Aot

HYL 347] A8 A2 9l A HIA = A3 2 4, A% 35

Rom, 20239 ARH7] F2 AT IR A9, FAA G AEeF A

g AYAE AlFokaL Ut

Zp g2of tf gt A2 of i, BARL FHJAFFAE Bofl FF A+ o

T e Ao tiet A& Akl vk A 71 5wt o] FoixH <l

2 QI-EH o FAQlFolE BA 52 ol&sto] AHATLFAE LR

th 20219% TR L3A: zozo~zo70%iJ o A= 207097H4] FF 5097+
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+ 5 A7IHeE 3y e 1Yo S st 20224

AMEE 7IEC2 AHAFFAE 2050W7HA] dst=Hl 20508 Al=E [l 371,
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A7] ot} HE] A S| Ho|EE AALRE AL A F55teH 2 Hl-go] 28 FET],
oo W ofHJE FAIZ 4= qlrt. 12sto] o]t AT HlolE= AAA7F T uf
UGO8 AR = AL o EX5H, o] 23t A4 9] FHoly EAoHA] g ThE A
o] BAIR Qs T A9 AP = of 2L Zlo] AMdloltt,

A B Ao s = =230l £71E3, 6, 9, 129)E AJBALILAE F715HL
At "2 ZﬂEJJLL S5 157] AIGERI7F AR JA LY E Y Zi} 2 45 7hsgh
BA 52 v o2 mpotst A3t A9 X AA AE B s EuAolth AHAFAEL
Ao t2H FAE A FF A 9AFA AT Yot glom, AGE P4 4H]|, 18 E
7holl gt FEE 22 itk 20234W 39 THH EIA B2 1~2¥8 F YA (HE57]
= 36.1%F B 376K, AYEEs S 9 ZYdoA 571 Fol &= |, Yz
Ao M= F71 Fol FAEASS Bo{FL Qi

F| T 2ol A= X7 A GShe dhe A 97143 -ASRECI: regional economic
conditions index)E 7/H#she AF AHE AASIAT.” 17t =P A £5(GRDP)
EA7L Azt gt A5 FAHE AATL, AY F7IAARS EVER wEA gofsiE e
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g A% WYYt 3] Aul2da AMY 2, GDP % GRDPYY FFH 55 59 &
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1 1) 20199 427]= 100 7|&

ESSE gn_|¢ Q|, BOK 0|#E(2023.3) EX: X[t 1 g,

B A7 Aelgheiant ohuje Al el ICT Aklo 2 dhake Alsksla 9tk 1CT Akl
9 71% WA £E9} Jo) hE APSgo] A Mask 1o ol B2 4Fe ¢S 3

% =

o) AuE a7t Qlrt. o= HiEA ¥slel= ICT A-8AR el tigh Aol HR] H4 43
ol EAE =Y & W, olE AT AYRY A Hasite A 3¢ A ICT Aol
et @3 9 A2 B 455 F2 Adske 2 N 7HES FHLE YA .

KISDIE= ICT AFJol et A% #A opefst A5 3okl ot ICT A 57871 A=
2 ﬂ

%%Aﬂ HL/:, 5259101 of Tt A A &
qEEA 7lz‘ﬂﬁﬂ7} (IITP) €7t 22 ICT AHY) B3-S sk =, ol §HeA]|, o
&gl fid & F5E 29 700 F 8 23& w3 ok £ B4 Qo= ICT Be
I, 39 ICT R&D B4 5% 5 53 <l thet 54 A 4 L FH3L Yot A=42
PSP B/ ICT A e rde LEsta glov, vey, gagdo], & &
Lol dizt AIAAPG T 744 59 Weke A, HAskal k.
ICT 18 #AAE T BEAN TS| (KAIT)ONA ICTAH
EE T Qlom [CT A& AHlo] ol 9 125 % |3} 2= Jd3 5
B2 JAs] FESIL ATk 19 olQloll ICT7 9737124 &3 €2
77100 digt AR GA] AFlaL Utk ICTFQEESF AN A= S 50 ZAR; =
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2. X|% L ICT SAIE 221 HE MY 0l

F|T ATU A AEQ1E ] =4, ¥4 ICT 7|dSol digh A1¥ 52 ICT A2 =71 34
Aoz gdste AH-o] AJAH g shgor it o]= ICT A9 AZAGZ dHE7] 4
A= wE g5 G| FolE A
U A g3 eE A=
Zbs] A E A} gkt

ICT Atdol] gt 2 & 0|52 T J72 Aol ¥2 AP |ed LT T 18E
oA 2 ol AIFEAL Ak 20179 129 IH = Al4AE A= 1ol A 20229
7HA] eb7ledt ICTE 83 QA& 267 S RhEthal S35kl H3 ARd S Al i S
FAITAL Ao AT 42+ Aol mistal, WE EEC] F435] FAtsl= S B oF
et v sl YA FE ofgo] 2 H5|& - ICT ok AlA H 1L =59 R&D T4, J4144%
A S vz S A 2] 98 oz &8s ot d A = <
et 24, Iobrle 7Nt QA AL, ICT 71t QA A2 5 44 005 140 A5 A
< AlABFAT.

202049 7¥€ol= AZEH 9 XJ%‘;’:‘%‘S 42t EESE F3f 44 A9 Aol B8t A &
ZEojitde BAHE o Nl
o] QA Hof 2| H 2] m]zh

/\uEO]o1 0/\424 HO rA

A AZEH 7Y AL A
Z8 432 127 A g0 2LEF o] S22

A9 AZE O] A 7]k
T/HER&D) A1LE & e S7F, 18 FE 55 A9

202049 10€0l& = 2 AEE 9% Ta7279 A4 A% A S SRSl A+
2719 FFATLT T A2 ARIStel7] 915 AFALET o] é%% 71%13@ o
A 77| o] 7| ST IARAIE Yol Mo 9l 222 7|&AIdst ThHo] A2 oz ﬁoﬁ z
ArGet mElg oju)gict, e 4| H4l 4% Aol A s 20259 7]]-x]
#(2,0007) A8, K-A% A74719 Al 10071 4, 93] 32 10,0008 er} 3 221
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A% AAed N YAAS TSI BHIAT
TEEBRE 202249 109 790) AHE A28 FGALELo]N K18 B3 A
2 ,& wEslAT A9 1§ T AL A 2hH BAR dakshn o Awad 9]

o] 41 942 % 7t ‘x]om F2 QA B30 QIrke AAsle], AHDA L A4 A He

AR AGS FAT 5 AES JF A A AAS B
219] 58492 SoldA 0] A Il HEE AT A2 BHE 3L
cleh 8 A 1A 2R FHR 2251 902 B3 L AL K4S LAHD, A 2
& 971 YL A3 HAE 3 Poh, A9 FEo| A FE TS 2YIE AL A
orshaiet.

B2 202349 39 WAV BARH PHOT MUY 4 Yot AE}
At 67 B4 AF WA S HOHOR ¥F UG BEE
E3p7} ool et ol HAH 02 B8] S8 20224 WY

oyl ul

=
o, Ul 322 £ T8 AL THATL WA Al 52 wE @ APL AWt B
Heow AE-AxY YL AT LEAHA BES 93 FANLLE A4 SO At A

9 1A & 75 5 5o 95 WL AYek 8-S TEoLt.
oA ICT AFIS) HHE /1% AE B SAH0 = Tl 912w} Akg] 84 o] 728 A4 L
55T ow], HT ATgAet A4 ol whA WPl whet A A TSR}

oh‘,
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3. LY A 7|8t X|40] TEAR)

& A A9 A8 AYRY Q| JiE] 3o B Y tolH 882 2 A= sl 3
H2AE flojH, #A222E NRC ERAES 58 w2 olEHE &83to] A9E ICT L&A+

£ WA o] Ao 8T 4 JUEAE E A9 1A AE BEE 6}1 ATt IR SE of
Yt KISDI= oA dAof|A] FATolEE &gato] ICT FAHEAFE F+, o]& NRC Ho]
H ZHE| F7|H 07 FHSIL QL

(33 2-7] ICT ‘FAE| K| 715 2Py

Gl0JEf Fi%fe) et
== Segmentation {-'-'IAHEQ)} .[ A /2 HE] ]
Hi0fEf $3 Al
" Pipe ol01% 28} i
‘ ICT A X2 }.- N2 }4— [ 212 0|0IX| 1

NEYENDYHE

EX0ICT MY 25 7 2 ICT 0|H{Y 0| Y= V&3t

[ 2-713F o], ICT FAAE| A= lol¥ FAHolEE &8st A= 2 MED &

A28t R 9] YHF — BE ofu] ] #2 — ofu]x] FYAHY — HFAF3} 1)

AR A5E WA GAEE Y Hole9] B, KoBERTE o8 olu 275}
5o) Weo]g WHES A4 70| BESIGoM AYRFL F ICT-GDP % At
S84 35 5 39 ol E U2 8 AT BEL st
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EX: st=228 HEXt=(2022.2.9.) £X: KDl ZHHEME(2023.6)

[ 2-10] =718 EPU X|&

e

¥
Economic Policy Uncertainty, EPU Index
o]
EX: KDI ZHEEME(2023.6)

E OE w2HRlEE 28 AFASE F50ke HEAR 71He s =237 KDI7F A
o =282 A4 AT A 2E mAARARNSDE TR e, dHY ZEAF
o|29] HA) Hol fr2 VIS VMo R BEFAS 223 7 7 Bgol Ukt 34, 24, 59
o H8E 7AIsks o R Bt 543 774 28 59| Aol & Atteto] Wi At A

14) 717352 018t wAYR|XI(NS)O| 21t 28, YA 2|, 2022



24_ K98 ICT 18 MY 2™ HE

—TLX%P@ O 2 A4 2T 22 20059 ©]F 5091 7] A2AM] A EoF w4 714 2
¥ 10,000719] HEEFS FARIR FE3t0] A 42| HalkE A& XAt

540l o, T dd wAHEAeE ZEY19 St AS T4 stEskley 2020. 108
o|%F A7|H A 100 A3]otY 53 HHEste BG5S Holth ohE v|w tiA; FA| A E2He]
H o Ayt 1~271E APsHA =2 A7 e

KDI+= FAE 835t AAESHA A4 (Economic Policy Uncertainty, EPU Index)S ™
A A 55t o]F 3l AAl TES welstet ke T Uk 2271 ABARE &4 e R
A (Economy), & (Policy), EZ4/d(Uncertainty)°ll i33sh= 7| HEES &1 9 vl
T, BF2HA 55 °0]&5t0] & A4 F5TU oli= Baker et. al(2016)9] W ES g Tl
Blof| ZHA] A%t gho 2 k=8t ofY 2t = 7PE EPU A5 A =3Fsto] B A H = Al55kal
AUt

4. 2Z

Qo] W2 A ot AREA| &) F43 WA AT ICT Aol Bt BAS
IR Z7H8k3 Slek. SHAEE ARATOIA B S Qo] AGolLt ICT AHY A B RINEL
WY} 20| 4l2] o] GREE 0|27 glon] o] Egt AAHQ A7 Hete FEEE 5
T 9ick R ICT 419 1§ T 32 ol 50| gol WEHE vh, A4 B =544
ulef ol¢ri} Aol T AT FE) o] oA Fak1 k. whebd, Y dolet Heo]
97108 BET & A7E B AN ICT A AT 18 AY BuE ATAS 5 3

=
o oo

Bz Ao 25 B048 AUGHIAEY S 0L @ 440 £0 TAAAEAE D99 9
o] glof AT Aol FA 74 G4 B 5 ek BekEc,
TR AOIAE & 7o) ZAYAE 7hes] AW o]F 9 ICT LEA5Y 73 %
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A TEMA

& A7 A2 A AR SO R ATk oA tEA SFE A 2
A9E ICT 18 A= A v D % 49 dioleE Al E8dt= 327 A% Z3= A
otz o, olF 98l NRCHOIEH EA| A7 o) S48 A HolHz 18 3 o Pﬂoﬂ
F= UAE B Ad G B AA dAE] 8 5 Rl Abel - AGA1H S5 Ytk
AXNZBAA 1} P TRN(WorkNer) "ol 4] Fishs D7 A4E AR 5AS & 03}3’_ .

U o2 Al 7HA] ol f =, & AFY] S A AL 2 AAE o] EA45HA] ekl (1)
ICT I8R5 7, (2) A19E ICT 18 Hio] ZZt o] Ji}(ggﬂﬁ)ﬂ‘ﬂ APt A WA=
NRCHP|H P HA| 2”0 SAE 72 Ho|E7F 20219 7¢ 197 35| o], time
unitZ St Z(a month)Z 3tEHE 2023E 714 23719 HE35t =X (observation)t A& 7}
5ot AABA RGN &-E5t7]of Alefo] ot = WA=, 4 18 JHE &-851] §
A= AN ST Do A 27 FEE &5t 2o agty|, & EFol =gt
A} A E F7o] $-HE ESFAL Qlof YT HH FZof| Aleke] AUt Al RIAZ, AU 54
A 78 AE Wgfo] 2R3t 287} QtHA A A, 2023).

ole} 22 AoF Al (constraints) S48k, AFIA] H7] 7|50l 9 2y s gE
5t7] Qo 2 A= v FH|olH & &85 ICT &A= 7i 3 A9 ICT 11§ A 1Y
M Z SAlol 33 Ag AL A 2A Dbl B2, (1) 9349 oAl o2 11§
T RS S83t= A, (2) v ZHelHE &8 18A5 /o] AYAo|ZF9 =&
(le., B0l 87== Algto] Q3 A2, ICT AFY 2 1180f g B4 U= w42 74 =9

=
algo] ufe- Fof A 2|47} oy} A= A& stk 4,7 (3) ¥gFdlolE 719
15) 199851 MHIAS HHAISH YT (work.go.kn2 DB SR} SRS B0 2Pots 18 B EE2, 7
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HSE LUl ICT M 544, 1,7000 742 2 XYL =2 o= A2 HEG0| HHE £ A= 2
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Aot Y tlolEleto] AAIE BTt tlolE tztelrt WS A| B %t $AA BFA ol7t
o], AT el A -2 opANE AF A0 2= 22 Ao BEAH R =0 a7} lok= &
ojct.

[T 3-112 AA| A+ Z2AIAE EABKE 202, b&6H A2 o] YA THloosely
coupled) o] ¥}t o] === 1Y N SES APt WA, ICT L8R5 /A (i) H]
A@lold &, (i) 9AE AA, (iii) golEE, (v) EF2F o, (v) A58 2 &2
FoEnh A9E ICT 118 AR () 18 & ol &4, (i) Ag=HHS A%, (iii)
ICT 28AE & 2 54 w9, (iv) A2y A4 E A& v, (v) A9E ICT 2847 <
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1. HHHH|O|E 7|2t ICT 18X A=

HZ P olH SolAE & 7| HAEE E-8517] o], L8R5 4HE5 5l &-85t=
YHE § 7MY 383 S 8E2 A2 A HoA w4 7S AR SEAIA PRt
KPF-BERT®|t}. BERT(Bidirectional Encoder Representations from Transformers)&
transformer®} attention technique 7]HFe] Adjddojrngoz E Aoi= E3] £4
(sentence)9] t-&5F= sentence BERT(sBERT)E F=& &85ttt X 9Y ICT ZEX|$E At

st7] fIsiAl 7 Aol He AL, wAHClH 5 () ICTe #eE &4, (i) 118 489 ¢
H =T A Sl Blelth 7 AFolA = ICT 75 913 sBERT 29, 128 2.9
o] #eI A4S gHolsly] 93fl sBERT 2ES Z+7F E&(fine tuning) T 2H4 &21201 HE Y 7]
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M4 HIZHHOIHE &&%t ICT 1&X|+ & 33

AEX+ A5 2t

1. 0| ZH]|

NRCHlo| B4 B A Ao 20219 795 E dlo]H 2 A4 B g 7202 sHe o 7]
A7 ZA 0] Qlek. (E 4-1)7 Zo] & 857) ABA v 71AHE AAZEO.R S393kT 0.
A A, AR, A8, AR/ ZSE, T/33), AA Y 6 A47 08 FEEt,

25 SEAZ A
= AR, UYL, SOIUE, B5IUE MSAE, MALE, ZNUE, SUUH s, st=UH
PN EAY SAA, HEeA HE=ATY, RHDA, B2 AHTV, JTBC, KBS, MBC,
cele= MBN, SBS, SBS Biz, TVAM, YTN
25 OHYZA|, HUEG|0], HIELARIX| A1%7§X1I. 0MI2P&X1L o|Hge,
ZMH|IR, ZNUE, THO[HARA SHEAN|, SIEEZA
QIEul LRRA HHE, HiY2|ot HLIS, OJC0RE, O0|'FA24, 200|FA, ZAQt
T OXEHYe, OXEHEILA, E2H, MXAAE, ZDNet Korea
o4 a1|o;|<c|7g§,;r, THZO0|Z 0], AJAHN, AJAEK S, A,_I%;OL 47t t_r 0|ZLO/AE,
ZASE FZHE0F, RN, ZUSUNDAY, $H742[21, $HAH|IRL A
HMox| JINREE, STME, 1|7rﬁE|']%|'. SOIALO[AA, 01%__;&%, ULy,
- F2|orEYnYa], 2ot EE, IHORA, BAXM
NE %*%JE;_I%'E. ZRUL, SRUE, HTMBC, tHELE, M2,
BAMAUH MZEMBC, CIBAFHE, JIBS, kbeZFd
nE MBIAL HEHSA  APOIBHZA  EPAQIBHSA

Atz KA 2

£ AToIAE (9 18] B G2 they] Mol WA 44 F HA A melw A
Seh, DFOIAE ARERA IAE 847t 2 AREA|, B4, F71/8H 714K Agsi,

)

17) NRCH[O|E M EA|AE J|Z 20213 7LHE 20223 4ALNIK| 6709 MM MX| MA|, ME/25}, A, A3,

IT/afefez BREX|, 2022E 5EREE FR|, MA, 22t FH|, M2l IT2 EFLHHUL. 2 AFHME Y
/23K IT/REl MH0| 22} Bef H 1T Mt SYet Ao ZRIT

i}



34_ X994 |CT 18

NRCHlPIHABEA| 280 20239 697H] +2H HA FA

" =

[is

og

I

4-113F 224, 202149 7€9] 73-%(58,22971) =& A171(2F 40t

7} uf9- o] B Ao A= 20219 8EHH ICT LEAFE A&

714

5

ok ri

o] 22E UHEE O
ol’dell Hlsh

& 1A

(E 4-2) NRCH|O|E{ & EA| Al = A F0|E{ 5t
EH0l: 74(%))
A A-IIAI_=I
7|2t _ T _
Hx| M7 23 ZH A3l T

20211 74 13,971 14,030 2,914 10,975 14,312 2,027
== (23.99%) (24.09%) (5.00%) (18.85%) (24.58%) (3.48%)
202114 84 78,598 41,502 34,459 111,996 142,246 21,450
=r= (18.27%) (9.65%) (8.01%) (26.03%) (33.06%) (4.99%)
202144 9 70,748 23,600 30,641 98,803 123,114 18,932
=v= (19.34%) (6.45%) (8.38%) (27.01%) (33.65%) (5.17%)
202144 10 82,518 25,326 35,388 107,705 132,520 21,817
= u= (20.36%) (6.25%) (8.73%) (26.58%) (32.70%) (5.38%)
20214 11 77,135 26,479 37,494 116,404 134,292 22,590
== (18.61%) (6.39%) (9.05%) (28.09%) (32.41%) (5.45%)
20214 12 77,927 24,033 32,856 110,943 131,401 21,061
== (19.57%) (6.04%) (8.25%) (27.86%) (33.00%) (5.29%)
202214 14 89,551 26,901 33,556 111,297 136,192 20,057
== (21.45%) (6.44%) (8.04%) (26.65%) (32.62%) (4.80%)
202214 294 86,754 49,037 29,561 100,674 121,952 19,780
== (21.28%) (12.03%) (7.25%) (24.69%) (29.91%) (4.85%)
20224 32 97,229 36,257 36,352 109,441 141,423 23,564
=vE (21.89%) (8.16%) (8.18%) (24.63%) (31.83%) (5.30%)
2022\ 494 85,434 25,206 32,030 103,944 136,694 19,689
== (21.20%) (6.25%) (7.95%) (25.79%) (33.92%) (4.89%)
202214 54 80,256 21,389 21,964 85,062 110,640 16,162
=v= (23.92%) (6.38%) (6.55%) (25.36%) (32.98%) (4.82%)
202244 6 66,3895 18,934 22,163 90,562 126,139 16,943
== (19.58%) (5.54%) (6.49%) (26.51%) (36.92%) (4.96%)
202244 74 69,651 20,282 22,303 90,290 137,525 16,112
== (19.56%) (5.69%) (6.26%) (25.35%) (38.61%) (4.52%)
202244 8 69,709 19,312 21,641 90,089 142,798 16,333
=r= (19.37%) (5.37%) (6.01%) (25.03%) (39.68%) (4.54%)
202244 9 59,174 19,641 22,490 88,789 139,825 16,069
=v= (17.1%) (5.68%) (6.50%) (25.66%) (40.41%) (4.64%)
202244 10 65,781 20,722 21,625 88,324 136,587 16,820
= = (18.80%) (5.92%) (6.18%) (25.25%) (39.04%) (4.81%)
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20224 11 60,247 41,145 20,902 92,701 150,457 17,868
== (15.72%) (10.73%) (5.45%) (24.18%) (39.25%) (4.66%)
2022 129 54,755 36,126 21,889 88,203 140,961 16,432
== (15.28%) (10.08%) (6.11%) (24.61%) (39.33%) (4.59%)
2023 14 53,800 20,223 19,846 83,770 133,787 15,083
== (16.48%) (6.19%) (6.08%) (25.66%) (40.97%) (4.62%)
2023 294 52,745 20,208 19,086 80,821 124,353 15,475
== (16.87%) (6.46%) (6.10%) (25.85%) (39.77%) (4.95%)
20234 32 56,164 21,152 23,227 92,234 145,774 16,635
== (15.81%) (5.96%) (6.54%) (25.97%) (41.04%) (4.68%)
202344 4% 56,165 19,613 22,250 84,983 140,274 15,809
== (16.56%) (5.78%) (6.56%) (25.06%) (41.37%) (4.66%)
202344 5 55,418 20,613 22,737 84,345 145,719 16,883
== (16.03%) (5.96%) (6.58%) (24.40%) (42.15%) (4.88%)
2023 6 52,448 21,077 21,720 81,208 141,870 15,480
== (15.71%) (6.31%) (6.51%) (24.33%) (42.50%) (4.64%)
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E3 7)A0] Wt YAE glo] Huk TYToE thAEAL”, SEskel QopR ot Aok 7]
AFE Wi gel wtet 2858 AAX YA AAHE 7 5 B Null text® 055 B
ol 28344 erolet.

TS A 714 EXAL ZIAME R AA FlIAE Zol7F gEbA, 7|4 S &2 FAE corpusE

-

714+ Aolol whet M4 Hak(contextual bias)o] WA¥sH= 10| Hol YL BE o5 275}
Q string¥t Fol= WHO 2 7]

<= Zrgo] Fasirh. dutd o == 7|ALY] A A|ZRE A4 #7149
£ ARsHAT, o= (1) 34 £ &2

T2 Algof7t Floll YRR e £ & 5444 et 4o ARk 2
St guE st AE Ik wEbA], 2 Ao @ttt §AE Ef(text
trimming) 2.t} A4 EA-S FE55F= WO 2 7| ’\} L9k

a9kst7] ol 7IAPER | 3719 4 F4= AR o, o= page rank €8S v
02 EE text rank YUFEZO0 2 HAE Ef(text token)d FALEYE AFo|FHs1, 3

F EFo] o 23 42 I 2= FHIE 2Pt

3. C|OIE] |0I=E

[T% 4-113F Zo] 99 ICT L&A AR 32 ‘A, 'ICT, ‘187 #A" E45 &
Eol= 4% U HE £ T, FEH o7 dob e B0l - 148 oofs 4 717t
g HlES gRIst= Zolth whEkAl, At Aol AHH <
(labeling)¥ Zoltt. 2A Al 7149 THE <5

FFE vAE ZPG2 HlolE FolEH g tlolH
(labeled training data)7} 2 3te], (1) ICT o7 &21& Hlo] ¥, (2) 1§ o F =21E Hlo]H,
(3) BA F2& 7V\H 4 345459 UL dolg7t o] siggitt.

WA ICT 55 gRlete FolEd2, FE83 9(2022)° /s NRCHOJE| A HA| ARl

A & SAICT %iﬁﬂx]—’?— g shgHolHE 83t ICT wAHgAIS 7S {19t
o532 2, ICT o &, A o7, 34 - FH 2= U=t 0|5 ICT oo tigt FolE3
1 289t 53], KISDI A7-%lo] Ay #o]&% 3t 28,634719] =787t KPF-sBERT Sh<5]
Z&3=tl, 6,883709] B(24.04%)°] ICTS TH 4ol afgsict.
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V 1t fine-tuned KPF-SBERT 2" fine-tuned KPF-SBERT 3 fine-tuned KPF-SBERT

ICT B8 7{A} O} (1 0r 0) g B A OB (Tor0)  EWE LW (pos/neu/neg)
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O ]

T2 A /A Financial Phrase Bank
Hgg EHGOEH Malo, 2074)
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21) https://github.com/ukairia777/finance_sentiment_corpus (2023. 5. 3. &%)
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o] KPF-sBERT22E &-83tt}. BERTE= 7| EZ 02 APHSH: R (pre-trained model)o]”]
2o, £ £ 9 djolg F7o| et 52 5= 7| <= Ath. KPF-sBERT= F2& &%
= 7|8to = SR5317] W2, & 71ANE &85t & Aol miS- At AdilojEg o= 1t
TG 5 ok 34 FH)E FolE9 FHE &89 fine tuningE FRFCH, o] tfgt 52
(I 4-4)2 2o}, AR08 B7 JT L= F 94%0] 4 96%°] E3oH, F1 A4 E3 FA =
0.9073 =A== 0.9448< Hoj51l Qlo] Ry o] 50| JET Aoz woter
(H 4-4) KPF-sBERT fine tuning 2123 ds
- Precision Recall
T= Accuracy (PPY) (sensitivity) F1 score
ICT & 22 0.9686 0.9270 0.9439 0.9354
18 HH 0E EF 0.9407 0.8938 0.9212 0.9073
4y 25 0.9651 0.9360 0.9543 0.9448
=4 % 10,000719] =42 109 & =
EAH(CT 0% 25 —~
=2 10

5. X|3:5}
Ao A ICT &AL WY HAF23) A
WS 1, F5&%E KPF-sBERT 23<
1:1 1:1 = _, 7114 H E)Oi X-LQ.:Q‘_]: f?‘ 71—71—g Tﬂi£°1] rﬂoﬁ O]'EH /\/q (DQ_ Q. H
4)(1)

o o=

=
Z35to 24 B R E(subsample)2
I8 HH
At
SATAHE - FAT S
SR E + FAT G &
olZ|et I AXH w¥ F 10719] L&A |4 ZRJIEVL AFEE =], 9 10719 ZJAEE
7122 2 IQR(nter Quantile Range) ®¥4]9] 0|4 (outlier) AAE 3y 3tct. o] 71 A|A
FTHANEZ SAHLE 25HA WEL|oA IQR H919] 1.581& wh glat 75817 =59
oA IQR 919 1.5417} B gt ZHSIER, ol A& ALt B FZHAE ALt
2 A u+30) 2 5F3Hu-30)S ICT L8R5 fa3t HY= 7H3it
FHET Ao = Eotal EEHARS] 3ufutE
AERE ST B

g 540
8 B AU|ALY 38 Bt

6H oﬂ'(ﬂ)
15 2 A A2 A 104
, ICT a2

H
sleist 4e S ol
22) https://github.com/KPFBERT/kpfSBERT (2023.05.03. &)
) MX{2| U TextRankS 7|2tOR 3tz A J|AME | 3749 HE 2% =&
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DEXIS AARY Y 341

1. ICT 1 8X|x S

2 Aol A At ICT 84149 4
T 52 ATt 1 & TR TARIA =5
AHICT BSI, ICT Business Survey Index), (iii) $F=2342] A4 2] A]4(ESI, Economic
G RAL O A= AA AR FolAE ICT Abdol| sf
=& E A A2 S

ShEEE N

g 371 915f (1) €8 FAA 5 D 8l
2ASAAR, (i) A& EEARY ICT 3

e
Sentiment Index)S %-}%—“E]- TAAA ==
5 DI Az 25 AFEH, 94,

el A HE XA (FRA
Fok= A RS 7\45‘93‘:}.

[J3 4-3] TLCC HE

Figure P.1 - Overlapping Sine Waves (Channel-1 — Blue, Channel-2 - Red)

XtE: https://www.chegg.com/

bl o Sol, ol

EAh

AAE dlol8 9] BA]A(synchrony)S &%k WS o2 71A]7
AFA Z(Pearson’s correlation)® T Ho] € WE 9] JTAL AHs)E 4= 91 Ao|tt. thyt
| A AAE S50l RIFET I BY]= 504, & A4 41S o]E(signal theory)2]
TLCC(time lagged cross correlation)& HFE O & WAMAIL-S AAILH TLCCE F A5 AF



M4 HIZHLHOIHE &&%t ICT 18X ME 41

A]

o|9] " 123l A4 Al G (lead siganl)7F ¥ A1ZSHA H Al S (following singal)oll
QoA HFEE = FAM(leader-follower relationship)S 4@sl= WHHO R A& 5o [1¥
4-313} Zo] T 79 ARl FAl Al o= ZHzo] MAYRE A7 Apo| & alEfet wAMIH gk A4t
st 1.002 &3] AEde 7Ide o U

A 5= sl A A A(forward lag)e] = HloIE &} = Aol A 4H=E3F ICT -84
g 719 TLCCE ERIgt A3k, FA 470 A= Atmet Fofu|eh waAdae eeld o At
HA i ICT SAFAE 429 - -0.6225(1719), -0.6348(271H)et 22 F-o] At A=
I, AR Ffof thigt ICT 4 712AF FA] -0.6066(1719), -0.4723(271)oleh= F9] o
A}
=

-

FEATE FUT = AV ICTS} A2 o2 Hdd glolget 7o wa A +E 2o
Adke= 29, A4 3715 295t ESIehs YAES] 49 0.7846(171€), 0.8042(27114)
olgte Ao WA FuAeE, dALAN =43 HEES AAY BSI =@HEA=
0.7177(1714), 0.7373Q2 /1 @)°l2k= 8o 4 FBATE BAFAT ICT 442 A&l o
A& ANEHEON = 235]F ICT 4G9 HlolEehe 72 A A, AA Aol it
gojg ks Ao nA s BET = A H2 FF A E 28 Ao= wd
ot ofgt, B ICT Aol Higt a-8oletal shejets, 31820 544 574 A2l AREY ALY
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[CT F-8A2E TextRankS HFEFO 2 LA 7|Abd 3719 qEEAS 2251, 7izho] 24
ofl dish ICT ¥ 2%, 28 ¥ 24, 474 E7E 9190 851X KPF-sBERT Z@& &A1
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XSl |CT 12 H|0|E| ZE U 515t met

1. 2& 7t HOIE|H|0| ALt HY=SE M2 HE

TR ol A QI3 4 o] & ATE AL AT} 41O AP T8 T ol
helrPssfot ow} SAjo] Aolgts Ao 28E PRI FAdolEee AP HE 3
7 S8 2o A Agdo g 11 . HEHOR ICT 49 Q19
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oYL F7HEE IS5 HEE £ LR HHE ok HgS BHlon, HTolle 1 4E ST
7h A b A 20219 124 8.0%7H4] 715 Y S7He2 202349 3 4.3% H= R w5
g ZFolth A SHoM = WHY 9] gFer TV 3 T usste Has ioﬂgb} A9
¥ 3718 3ol qlolAles tha AolE UEHTh 7MY SARTE B2 e d ] Ae, M2
A=t A FARE BgS Bl wH, 4719 AL vk & 2 |2 oy 5@,&% %x]—]—%
o

N
)

S< 2tk A7]=20234E 39 8.7%E YWY A5 w2 1-&57HeS UEH L UTth
I 9302 SARRTE H2 ARl FAE AA] 2T AFES] w38 UEhioHn, i, o+
9] A4$ vlaY F710) A5 AL B1E 7]E A G0 A YL FAAGE A FThe
o] JdF FA Rl HHo] WEEHY| L SR, oy AE 22 A HojlA T mlojr A
AR 7| S5t AL FE5 st} 2023¢ 3Y l% Y2 0.9%, AE2-4.3%= 715513
ok o]l#gt 7R A A= B AR H| I E SO AHFAIYY] 1 &GS S U B
S+5] Totst 4= ok 7P Wl EARSE ZH = ;q]_lx_c@]o AGE FARE S7HE @S AT
B A9 HE X oA FI7HA] G473 715519, AT AFEE JESAIY H|stH
A6l B2 £AE B lth A2 -1.3%, 371 1.9%2 22 7|7 FEFAIYG v
S 37 %%— et et o]= ZE2H9E <l oH &5 7HE0] AIHRI AL HYov A
W0 ® AREARIY B4 at w2 S Yee 5 9
(H 5-3) £ MAE9| 2} X|HH ZAHKI HIS
(12€ 7|1Z&, ©9: %)
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Ax)
NS 55 4.9 30.2 31.1 60.5 60.8 344 37.1 20.1 20.0
B 4.9 4.7 7.3 6.9 2.7 25 7.7 7.3 7.2 7.3
th7 4.0 3.6 5.0 4.4 2.1 2.0 3.7 3.9 5.2 5.0
QI 6.1 6.1 4.4 4.3 1.6 1.6 4.1 35 5.3 5.7
= 2.1 2.0 3.1 2.5 1.4 1.4 3.1 2.8 3.6 3.7
th& 15 15 3.0 2.7 2.4 2.4 2.7 2.5 3.3 3.2
A 4.6 45 1.6 15 0.6 0.6 2.0 16 1.9 1.9
BES 0.5 0.5 0.2 0.3 0.2 0.3 0.2 0.3 0.5 0.5
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47| 32.8 33.1 24.3 25.3 18.9 19.5 16.5 16.0 21.5 21.4
AR 1.4 1.5 2.0 2.1 1.4 1.1 33 35 3.2 33
5 5.3 5.6 2.8 2.6 1.0 1.0 1.8 2.3 3.1 2.9
= 75 8.0 3.0 3.0 1.0 1.1 2.7 3.0 39 4.0
N 2.8 2.8 2.4 2.4 1.2 1.1 4.0 3.6 4.2 43
g 2.8 3.1 2.6 25 1.2 1.1 3.7 3.2 4.2 41
as 7.9 7.6 3.0 3.2 1.4 1.2 3.1 3.1 5.0 5.1
4 1 10 10.0 39 4.0 1.6 15 5.7 5.0 6.3 6.5
NS 0.3 0.3 1.2 1.2 0.7 0.9 1.1 1.4 1.3 1.2

H 5-4) TH| ThH| 2t AAE SAtK HIS
(128 71, ©21: %)

e 2018 2019 2020 2021 2022
2A(05~08) 0.1 0.1 0.1 0.1 0.1
C.HZ(10~34) 20.3 19.8 19.9 19.5 19.4
D.AY|, 7tA, B7| H 7] 2H SEY(35) 0.4 0.4 0.4 0.4 0.4
E=k, o 3 H7|E N2l H= MY (36~39) 0.6 0.6 0.6 0.6 0.6
F.2442(41~42) 7.4 7.3 7.3 7.1 6.9
G.Z0§ 2 ADi(45~47) 12.5 12.3 11.6 11.5 11.4
H.24 2 219(49~52) 4.0 3.9 4.0 338 338
l.=58f 3 S A R(55~56) 6.9 6.9 5.5 5.7 6.1
J HEEMA(58~63) 3.3 3.2 34 36 37
K28 % 23(64~66) 4.1 4.0 4.2 4.0 3.9
LESL68) 2.1 2.1 2.2 2.2 2.2
M.EE, dtef Y 7|s MH|AR(70~73) 5.5 5.7 6.1 6.2 6.4
NAFZIA|A 2t2], AFY K| 2 QITH AH|ARY(74~76) 6.3 6.3 6.2 6.0 6.0
0.33dHE, = H Al2|2 % AWH(84) 3.9 4.0 4.4 4.3 4.3
P12 MH|A(85) 8.7 8.8 8.7 9.0 8.8
Q.2 3 At=|SX| MH|AR(86~87) 9.5 9.9 11.4 11.6 11.7
R.OIE, AXX U 0723 MH[ARI(90~91) 1.7 1.8 15 1.7 1.7
S.3| 3 HA|, 2| L 7|EF JHO! MH|ARH(94~96) 2.9 2.9 2.7 2.6 2.6
o|H g FEFAIY AEAFY A9 4 dE g B H| W E ol AHEY AA Lt oA
of 48517 289 4 At} ICT AH9) A n-gAAe] 54 melsto] the HoA: A
GERHSO &S 5 23 Ao AYA], FLE 53 WRTIe] =517 2 Fh
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Py rHoks 9o S AA Y BYES V| Eo R A 4L AP, T2 Al 7HA]
"y AFE 7120 = st

7 WA A8 232 34 eI recursive smoother)E AMESE AT A
ojtt. & A& E B2 F& o|FoA Y YAt 8ol ol F AFEA &
Aof & Atolx= AdA(seasonal) Holt-Winters B3} HZ 58 A0 S| EUYT.
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(smoothing parameter)= FEY d&Q2}9] 253 A S6l= HIgFo &2 AdE 4= Qi

O]H]—X—] O] Holt- Winters H}_/\]"‘I Oﬂ = 1__ Zl+1 a; + blt‘gl %}/}_}9_; O]_?_Oi XLI,- atJE-_ /\]Z—]:Oﬂ tq—

2t Wskotes HH o= b= AZE Folof tigt AleE Auidtt). 2,2 2,2 ATA| oY A=
st7] YsiAe 4,2 b5 Tk S, o= BESE Al o, goll o3 o2 Zo] Fsixl
a,=ax,+(1—a)(a, +b,_,), b,=8a,—a,_,)+ (1 —B)b_,. Ol F &5l to v A7|E 7}
A AGAE AL 4= ot AEAS 1183 Holt-Winterse] $#(multiplicative) W
SR A AEAH 999 1kTF FUkE RS 1% Zo=m ole HA
2= (4, +8))S, 1+ 6 ; 2 HAFE 5 Utk o & BXHS, g5 AT die 7PHEA, s 1
T, S= 1Y AERR], = 2AE Rt

7 HA el Al HiA > AT oS0 ti #2491 Yl ARIMA 2goltt. 7|24 91 ARIMA
Hgolre °E A9Hs glol F5HSY AT|SHART Aol FA4HY. HimAo=®
ARMA(1,1) 282 y, =a+oy,_,+0c,_,+ 2 732 5 3101, ARMA EF2] % 3lo]A
AAAAS Ad  WH4(stationary observable variable)®] JEj7} Q7tHTE  H]AARA
(nonstationarity)& Ad M4E2 F48S 2171 ) F0l1& AANT= 2d< ok sh=Hl,
Box-Jenkins FIHol =, TE5H BF4E 2 ¥l o|A) Ao WA o2 o]gtt A &
Hale Aol F H °‘HPX—1 2 ARgET) 2ol 978 o ARMA(p,q) 282 ARIMA(p,d,q)
HPoz thA] 220fd o= LAl o714 d7F AHE9] Sl4-E u]dit

ARAA e 5 24 A=The] ICT SARE Wl Aldol QAR a7t AAATE, Ltz o
B #49] S7loke 2E5S UL Ao B2 AHE0] of27t A4+ S7Hexponential
growth) FAIE ol glom, o]t Al7tof| wh-E B H/F/dS AASH ] A3l & 23 A 13}
AEE B3I, MA(l) 474, & ARIMAQ.1,1)& T4 gt A Holt-
Winters?] A9 A&AQ 187} " Q35lo] o]& T3 seasonal ARIMA(SARIMA) 23
= AAste] ol F WA PR AYSIAH. & £ ZFoM= 7 dEAQ SHY
SARIMA 23 47421 (0,1,1)x(0,1, D1, EBZ AFSHAL, ol= 1A E AGAY A& XYs
o AAplnz, =a+ 86, +Bo€ 15T Bse_ 13+ 6, FEHIZ T34
npAle o 2 919] T BP O] FL HHEHS AAE E-8oto] Ad= sHSHA L oot
TS O O E ¥ 29050 93 IS T2 ¢ AT E5] ARG Mk
Ay ot Ao s = e AAE ARIMA Y GA] oj2fjt AHs-ES
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ARIMAX H3gol2} gttt (Rp&o] o]Fo|2 7] ko 7hhs] ARMAX Loz} gitt) 7Has]
ARMAX 230 & Fejd AGA & AT EH oh-S33} 2t} g, = 8, + Bz, + ¢y, + €°NA FAIH
off il &3 v, = By + Bia,+ by, 1AL, FHIAFN R} ASAE 4,y = B, + Bizyi s + by,
o] Htt. o]7|A F 83t ML » A Aok Aol tiafiAl= gho] st o]of wE HA ]
7F 87" Motk o714 £ A+ A9 EAL defsto] 71221 SARIMAX A2 F 2
FAE o3t o] 7/ttt

At ICT AHF 9] 180 = vl = AAHTE Al 7HA] AFS L2 ot I A4
o1 A7 2 A Qo] I A} 11-8o] FF= vE = o, A Y 1go|BE AL 8
AEE F¥= MAE 800 = IFAA o= Ut o]= A9 1golgh= SH, S A 99| o]
AJ(regional heterogeneity)& EAI1E a7t Qlow, sjdEA 049 /i o] FA S EA3
F= AT A e g 4= Qi) SAlof ICT AbdRto] Ay = EXolut @5} AHA|7F 180
FF= = = 710 ol ICT 4t 9] Wk 23X 71 Stk o= z

np7 kA 2 AL 9] o] A A (industrial heterogeneity) A3HS &5+ Aol & 4= Qlc}. o
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