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dle]E] 7|HF FEoZ FE8llE 7 ArHGeorgieff and Hyee, 2022).

A ] 7k A

Ik 718k Hte] Al AT 2= Autor, Levy, and Murnane(2003)
o] Stk ALM(2003)2 21§19l 3y 5438 Alste], IFE 7lo] vhy
ZQ1 I (routine-task) AL 1A 42 A= B o=
RBTC(Routine-Based Technological Change) 7H3-& 21Z3&tith nj=+¢]
QA DOTE] A 39 ARE 28sto], HFEISE 19609004
1998 3714] WHE-A <l 3k (routine-task) & Z1EA] TEJTHE HS 8
ik ALM(2003)0] AH8-3F X137 2 9] ‘¥l(task) H4E2A non-
routine analytic, non—routine interactive, routine cognitive, routine man-—
ual and non-routine manual 5 57F4 AXE F-F3IATHIE 2-1 3x)2)

(¥ 2-1) Definitions of Task Measures from the 1977 Dictionary of
Occupational Titles

Task Example tasks from Handbook for
interpretaion Analysing Jobs

Lowest level : Adds and subtracts
2-digit numbers; performs operations
with units such as cup, pint, and
quart. Midlevel : Computes discount,
interest, profit, and loss; inspects flat

Variable DOT definition

L GED Math Sdegllcegglon al xﬁiﬂrﬁengf glass and compiles defect data based
: (MATH) development ——. on samples to determine variances
matherl:;laticsy tasks from acceptable quality limits.

Highest level : Conducts and oversees
analyses of aerodynamic and
thermodynamic system ... to
determine suitability of design for
aircraft and missiles.

2) ALMQUOB)SIA = 18] 2% 857} Adse] ol g 7pe e oh7] m
of OANET®] %1 Wit 45 198040 9ele] REAA 75 Mgl Fe vt

dato] 0-10 HER Askslo] ALgarsich
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Variable DOT definition | . Task . Example tasks fmm Handbook for
interpretaion Analysing Jobs
Plans and designs private residences,
office buildings, factories, and other
Sl structurps, apphes principles Aof .
accents accounting to install and maintain
2. Direction, pung Measure of |operation of general accounting
responsibility for . . L
Control, o nonroutine | system; conducts prosecution in court
. the direction, . . .
Planning control. or interactive | proceedings ... gathers and analyzes
(DCP) - tasks evidence, reviews pertinent decisions
planning of an . .
.. .. appears against accused in court of
activity X .
law; commands fishing vessel crew
engaged in catching fish and other
marine life.
Operates a billing machine to
transcribe from office records data;
Adaptability to calculates degrees, minutes, and
situations Measure of second of latitude and longitude, using
3. Set Limits, |requiring the routine standard navigation aids; measures
Tolerances. | precise cognitive dimensions of bottle, using gauges
or Standards | attainment of set tasgks and micrometers to verify that setup
limits, tolerances, of bottle-making conforms to
or standards manufacturing specifications; prepares
and verifies voter lists from official
registration records.
Mixes and bakes ingredients
according to recipes; sews fasteners
and decorative trimmings to articles;
Ability to move feeds tungsten filament wire coils into
4 Finger fingers, and Measure of | machine that mounts them to stems in
’ BeT manipulate small | routine electric light bulbs; operates tabulating
Dexterity
(FINGDEX) objects with manual machine that processes data from
fingers, rapidly | tasks tabulating cards into printed records;
or accurately packs agricultural produce such as
bulbs, fruits, nuts, eggs, and
vegetables for strorage or shipment;
attaches hands to faces of watches.
Lowest level : Tends machine that
Ability to move crimps eyelets, grommets; next level :
the hand and attends to beef cattle on stock ranch;
5. Eye Hand foot coordinatel Measure of drives bus to transport passengers;
Foot . Y| nonroutine L O [DEseEe
Coordination with each other manual next level : pilots airplane to transport
HAND in accordance passengers; prunes and treats
(EYE ) with visual e ornamental and shade trees; highest
stimuli level : performs gymnastic feats of

skill and balance.

A5 :US. Department of Labor, Manpower, Administration, Handbook for

Analyzing Jobs(Washington, DC, 1972).



253} E9= 93k Frey and Osborne(2017)
=3} 754 (automatibility) ol ™
%= 3 E(bottleneck-tasks) ¥ o ##H o]

Hox J|E ¢ HE

& A% Sl A
3 Q7L wao] W A5l Folvt

A 2 A

Brb AR 0 AR B BF A 2162 dAt olge Al vt

v)se] Az #elael OsNETS] o} F
WS ALgate],

a3

2ol el Abs3te]

(E 2-2) O*Net variables that serve as indicators of bottlenecks to
computerisation

Computerisation
bottleneck

O+NET Variable

O+NET Description

Perception and
Manipulation

Finger Dexterity

Manual Dexterity

Cramped Work Space,
Awkward Positions

The ability to make precisely coordinated
movements of the fingers of one or both
hands to grasp, manipulate, or assemble
very small objects.

The ability to quickly move your hand,
your hand together with your arm, or your
two hands to grasp, manipulate, or
assemble objects.

How often does this job require working
in cramped work spaces that requires
getting into awkward positions?

Creative
Intelligence

Originality

Fine Arts

The ability to come up with unusual or
clever ideas about a given topic or
situation, or to develop creative way to
solve a problem.

Knowledge of theory and techniques
required to compose, produce, and perform
works of music, dance, visual arts, drama,
and sculpture.

3) Al 7HA

o =

=gl o

2k}

L

ZZHperception and manipulation), %24 A|5(creative

intelligence), A4 A]5(social intelligence).

4) ALMQ003)o41+= 3] 25 57t 2hdgee] o
of O«NET®] A& At A&

1980 319

= M A

LI O

gl
XA 7+

oh1]

SRS

st 0-10 2= zighate] ARE-SITE.
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Computerisation

bottleneck O*NET Variable O#*NET Description

Social Perceptiveness Being aware of others’ reactions and
understanding why they react as they do.
Bringing others together and trying to

Negotiation reconcile differences.
Social Intelligence . Persuadir'lg others to change their minds
Persuasion or behavior.

Providing personal assistance, medical
Assisting and Caring for | attention, emotional support, or other
Others personal care to others such as coworkers,
customers, or patients.

Arntz, Gregory, and Zierahn(2016)= FO(2017)2] 228 AFE-3IA]
g AR AP obd ARlell digk AEFAL vlolEE &8skl i
g HolHE ARSI =M, wde A oA 7ile] FF miS-

2 A9 Fddths 4s 18 7 AR, AR AA A9E
9 2 yepd = gdoka F8 AGZ(016)E o8 B8 dEs
< (interactive skill)o] EA7} o5 7] wjiZ-oll(non-replicability) 7|&H
shol] W& Akl Edo] 2] offth= AS BolF3ltk Deming
(2017) 5= AFB) A sl A E e} WHEA o] %] b2 A4 3 7] oF e (non-
routine analytical (math) task intensity)' & O*NET<9] ¥} 54
= ARgste] FESEITED) Hl ol A 1980~2012 717F =
314 e Ae-Ss aTske G 12%p S7Ho Y, e ek olH
A @ Abe Q] dabEl= 33%p AT Flow BAEITh

W7t 9(2016) % sl Foke] MimrbEel dAl Al 20204, 2025

9 Aol 242t 7)1zl o] diAlE g8 disl AEAE sk olE

r
ol
il

5) FHA %S B34 347 k= (nonroutine analytical (math) task intensity)&
2Fo] 814 S QANERS gelshs Al 71A9] O«NET ¥5-E(() the extent
to which an occupation requires mathematical reasoning; (ii) whether the
occupation requires using mathematics to solve problems; and (iii) whether the
occupation requires knowledge of mathematics)®] B2 31913l A3 4 <
WS O«NET?| U] 7F®] % (i) coordination, (i) negotiation, (iii) persuasion,
and (iv) social perceptivenessS AH&-aFith
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28'lS G835t AFE0|UTh o 57HES] AT 7_4404 rlokel EAE
o et AR} ZAP) BE5190 7] W], AN ATEL 2] 2R
FAEE ONET] ARarssl Socel 0474]0}01 w43k g)

Dickerson and Morris(2019)+= CASCOT(Computer Assisted Structured
Coding Tool)92 &&3le] US SOCS UK SOCE wjAsle] 28 4

H =4 A EE Y] 2002~2016\ F=o] HE 8 W S 4]
sl FAAE AAEIATE B4 Adke B4 3 gidl 3] S99
282 A 7Rk AAl o] AR FHASERIAL, ]l WA sl
ek o2 B4 slETh Bk AJ7ke] Aol wE} F7kslar 9lom
53] 20101 o]$ell B FasA L vk AR S Bl Zlolt) o] A
oA H#e] Wate PR 1Y hRohE 1Y WellA] ddska doks

Xu et al.(202D) % 7579 O«NET9] <8 A %E &8t T <d
EFAAE TEete] msAge] deskE abdulkareem et
al.(2018)¢] WHES FFdte] o ST % O] gk 215l 3l
“Fash AFREEA o2 FAE a9 (corresponding revealed com-
parative advantage, RCA) A %5 7I<|aL Alxkslith RCA(o, s) > 19]

H, A4 Oﬂfﬂ el 9] frash AR ALK elo, ) =10]3L, T184] o

i
ol
%
2 &
Ir E

™ elo, s) =0 ©Jth onetlo, )= 2P o =0 3t 7|& s €S9 T2
Ho= ‘/}E}‘ﬂiﬁ}( o] = 9] Identifying Objects¥} £ 4HE 2E 7
QoA e o] ujsow Fams v,
RCA (0. 5) = OTlet(O,,S)/ZS’fS onet(o,s") _
Ycoonet(o',s)/ 2,0 segonet(o,s)
6) 1= el LEAFAoNA et A APREF AlHoR thg dojx] At
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(Online Job Postings, ©13} OJPs)E &-g3lo] 7|we] weAld avs
HAeE dA9tEo] vERAL ok

OJPs+= &A1 ®isHint ol 7|99] 7 a7 AKRNS vetd
T = 7135 Alget, s §A Alzdlel tigh T3k o4 K.
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(E 2-3) Description of Job Skills
Job Skills Keywords and Phrases
Cogritive Problem spl\fmg, research, analytical, critical thinking,
math, statistics
Social Communication, teamwork, collaboration, negotiation,
presentation
Organized, detail oriented, multitasking, time management,
Character

meeting deadlines, energetic
Writing Writing
Customer service Customer, sales, client, patient

Project management |Project management

Supervisory, leadership, management(not project),

People m ement .
. AHEEnLE mentoring, staff

Financial Budgeting, accounting, finance, cost

Computer, spreadsheets, common software(e.g., Microsoft

Comphirer Zeizicl) Excel, PowerPoint)

Programming language or specialized software(e.g., Java,

SQL, Python)

= :Shown is the authors categorization of open text fields in Burning Glass
Technologies data.

Software(specific)

At HSALS] SRS vlolst o=
ofGA MP=AE etdt = itk Aotk DK(2018)+ A
oMol ¥l WstE kel 22 AE (4, A19) oA =
Ur e T e HeeES SAlslaNE s 24 tEan =
WAL o]e gk s Q.9 zpol7t A Qe AlolE AR (St
LE} DK(2018)+= Burning Glass Technologies(BGT) H|°|HE &&-&
o] ARAE U S 7SS 1079 S WE2 BRsgly 4%
ol w8 54do] 9la AR o'l &S dh=A] BoFA:
kA, Deming and Norway(2020)= BGT OJPs Hlo|HE A}-8-3}¢]
H(AZL) WellA] o] ofgA] WHate=AE HolF dtolth STEM A
5o fEAE] 27| =EA A 2ol P E o Zerds
TR, o] T3] sfetelHA 7R kA dolA olgstar Stk

EARS wolFalnk Ve A3 EAES] JF Zejv|ole] we

]

i
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(E 2-4) Skill Requirements for Selected Occupations

Job Skills
» . .. [Customen Project | People |. .
Cognitivel Social (Character] Writing Service | Mgt | Ment Financial Computer]Software
Occupation(SOC,
six digit) :

Accountants and
auditors

Computer
programmers

42 33 2l 2 13 12 A1 05 21 &

Computer user

L 31 3 3l 2 3 07 09 )2 51 4
support specialists

Computer and
information A7 8 4 2 2 A B 2 20 %
system analysts

Financial analysts| .83 4 i 22 09 09 03 g B 3

Managers, s 2| o | als| o]l 26| 5| a
financial

Managers, generall - )y | g | | o | 2 | 2 | B | 2| 2| B

operations

Managers, sdles | 33 | 4 | 3 | 19 | 0| 0| 5| 8| N[04
Lawyers ) I ) N A VY O NN 0 5
Loan officers 2 2| % | 0| 40| 0| B B]| 6
la\fﬁesmem < T S (OIS /I O 1 O 7 N S B

Registered nurses | .19 5 15 07 B 00 1 02 A1 03

Overal professional

. 31 R ) 2 20 12 15 16 29 32
occupation average

< Postings—weighted averages are based on our full sample of Burning Glass

Technologies professional ads, See table 1 for defimitions of job skills.

A sk, 1 olfE that 2ol AWttt OJTeF <7 wha ke
Aol Avtz Yehds Ao] Aol tigh 4=2]ld] new skill-S w2 7]
s = 548 7HA]7] wiEolgls Aelt) Deming and Norway(2020)
= BJT "o|HE AREalA 2007~201907F 2 F2] & W3lE =43)
o olgfgt 7} ST

Deming and Norway(2020)= 57 7 A& Alojol] & ¥s)E
k= WS ot 2ol Altsldh “2007d 2 20199 2Ht 5

l

ol
D
e,

U
ol



o] Bl A (OJPs)oll &7H = s B FRRh 2F kel O

£ Hele) T FolA Sehs o] B

, s Skills Skills
Skill Change, = 32:]1 AbS[(JOTdSO)ng - (m)gom]

T3F Deming and Norway(2020)= 5@ 3} Al4dle 36k W
T AANEALE dE B0, ‘rEw’e 20070 OJPsell A= 1,000
o]% aAINE 20199l T o] EAHA ALY 1/5 olstE et
= Hdor Aogklar, ‘A&e e 201990 1,000 o] 5Hs= &
dold] 2007 dol EA3HA] A 20173 thv] 208 o) S718E o
2 Aolshs whleltt,

Blair and Deming(2020)%= BGT<] OJPs H¢|E1& g3lo] 229 &
9171 ol asd ol gk o S7PF 4714 Aol ofyet
Aoleh= HAS ATtk BGT dolg7F A2l v 2 tjis]
A o2 #4138 Deming and Kahn(2018) 7 2], 327}
A4 msEs gad F s

o

Hershbein & Kahn(2018)2 th&3to] 7|59 +22A4S

O o

T
T
o]
fr
N

g5 dadol=sle 7|38 Aletitls 7HdS BGT HlolHE 283t
Aotk 228 5891719 eHo] A3 A YA, RBTC Fd3

°l )
A E tiAehs 7sdste asd
23le-S HojFa gtk 43 A%

=d 58 HFE ARSE

Ziegler(2021)+= OJPs®] <

% = hE4
= AEstal o]F 14709 e sd iR IRttt S AE



pIESll

S 54

(E 2-5) Classification of skills

QOl OIXl=

Skills group

Specific skill

Examples(translated from German)

Analytical skills

Analytical skills

Problem solving skills, analytical thinking

Communication skills

Communication skills

Communication skills

Managerial skills

Entrepreneurial skills
Leadership skills

Entrepreneurial spirit/mindset
Leadership strength, leadership

Other hard skills

Programming
MS-Office skills
Foreign language

Programmer, Programming, Python, SQL
Microsoft Office, MS Word, MS Excel
English, French, Spanish

Other soft skills

Teamwork
Organizational skills
Self-reliance
Assertiveness
Creativity

Stress tolerance
Reliableness

Teamwork, likes to work in teams, teamplayer
Organizational talent, organizational skills
Own initiative, self-reliant

Assertiveness, ability to assert oneself
Creativity, creative

Personal resilience, stress resistance, stress
Reliableness, reliable

Zlole] 4, PR AHA 4

2 AEe} Qlol, A AuE the Aol A

AAF 7€ ArEdt 2] du ARE A detd o ATk

Bennett et al.(2022)2 7==r9] =&
AAstA 71E9]

= Hh:ﬂ 29

HT— 2

@ A8 Fo) e PAlskES wao
RIEEEER REE
¥ekE OJPsE B83to] stofel

Me= =3 W8t dA5-E(Almeida,

Corseuil, and Poole, 2017, Bhorat et al., 2018; Reijnders and de Vries,

2018)°]

<88 371 9

m)5 O«NET®] #l3)e] 349

d, ol @ Pee 2

7IAEE 7S A-8stked, 1470 W

- ARE ARste] B4l

Zo] Ad-=d 8ol wrPERE vEA dvks
7Hell 71%3%F Aolgtar vldstal itk dE
and Schotte(2020)°1 wW=H, 5
Z=e] ZA]del] vlsf FRIg 3¢ W8l o of&

Bennett et al.(2022)2 Aie7Hee] oAy} 71E A&
Fo} 147 39 M= e

S9], Lewandowski, Park,

0] @, ;51040];4.1: 7HHL1:/\L;|L_4 7<104 kel /\1

b= Alojth

7 kg ste]
11, BuscoJobs OJPs Hlo]E ol
of Age 719=¢} A5, 5 800

7) Autor, Levy, and Murnane, 2003; Atalay et al., 2020; Spitz Oener, 2006;
Deming and Noray, 2020; Kurekova et al., 2016, Heckman and Kautz, 2012;
Hershbein and Kahn, 2018.



(E 2-6) Categorization

2 JIE A

of skills, keywords, and sources

2z E3D

Source of the Souige o
Category Keywords/expressions keywords/
category .
expressions
Cognitive skills
Problem solving, research, analytical, critical | DK(2018)
thinking, math, statistics
Mathematics, adaptability, direction, control, | ALM(2003),
planning (from nonroutine
analytic tasks)
Data analysis, data engineering, data DN(2020)
modelling, data visualization, data mining,
data science, predictive analytics, predictive
models
Analyse, design, devising rule, evaluate, S-0(2006),
Cognitive skills interpreting rule, sketch APST(2020)
DK(2018) .
(narrow sense) (from nonroutine
analytic tasks)
Caluation ALM(2003),
(from routine
analytic tasks)
Bookkeeping, correcting, measurement S-0(2006),
APST(2020)
(from routine
cognitive tasks)
Information processing, decision making, O-NET Uruguay
generation of ideas, memory
Computer, spreadsheets, common software, | DK(2018)
Excel, PowerPoint
Computer | i onyg) _ ,
(general) skills Computer literacy, Internet skills, Word, DN(2020)
Outlook, Office, Windows
Programming language or specialized DK(2018)
Software software, Java, SQL, Python
(specific) _skills DK(2018) & Computer installation, computer repair, DN(2020)
and technical | DN(2020) computer maintenance, computer
support troubleshooting, web development, site
design
Artificial intelligence, machine learning, DK(2020)
. decision trees, apache hadoop, Bayesian
Machine .
. Networks, Automation Tools, Neural
Learning and | DK(2018) ;
e Networks, Support Vector Machines(SVM),
Artificial DN(2020) . .
. Supervised learning, TensorFlow,
Intelligence

MapReduce, Splunk, Convolutional Neural
Network(CNN), Cluster Analysis
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(F 2-6)9| A%

Source of the Souige o

Category Keywords/expressions keywords/

category .
expressions
Financial skills | DK(2018) Budgeting, accounting, finance, cost DK(2018)

.. . Writing DK(2018)
Writing skils | DK(2018) Editing, reports, proposals DN(2020)
Project
management | DK(2018) Project management DK(2018)
skills

Socioemotional skills
Clhemiear s5ils Organized, detail oriented, multitasking, time | DK(2018)
(conscientiousn management, meeting deadlines, energetic
ess, emotional Self-starter, initiative, self-motived DN(2020)

o DK(2018) o ) )
stability and Competent, achieving, hardworking, reliable, | KBHT(2016),
OEESS to punctual, resistant to stress, creative, HK(2012)
experience) independent

Communication, teamwork, collaboration, DK(2018)
negotiation, presentation

) ) Team, persuasion, listening DN(2020)

Social skill o .
. ) Flexibility, empathy, assertiveness KBHT(2016),
(including HK(012)
agreeableness | DK(2018) . ) .
il Advice, entertain, lobby, teaching S-0(2006),
extraversion) APST(2020) i
(from nonroutine
interactive tasks)
Interact with others, verbal abilities O-NET Uruguay
Supervisory, leadership, management(not DK(2018)
People project), mentoring, staff
management DK(2018) Staff supervision, staff development, DN(2020)
skill performance management, personnel
management
Customer, sales, client, patient DK(2018)
Persuading, selling ALM(2003),
(from nonroutine
analytic and
interactive tasks)
Advertise, sell, buy, purchase S-0(2006),
Customer | pye onyg) APST(2020)

service skills

Repetitive customer service

(from nonroutine
interactive tasks)

ALM(2003),
(from routine
analytic and
interactive tasks)
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(F 2-6)9| A%

Source of the Souige o
Category Keywords/expressions keywords/
category .
expressions
Manual skills
Picking, sorting, repetitive assembly, mixing | ALM(2003)
ingredients, baking ingredients, sewing and
. ALM(2003), deco;lgtwe tnrﬁlmng, operlz;ltlm% tabslatmg
sllgli]]i under routine | Machines, packing agricultural produce
manual tasks | Control, equip, operate S-0(2006),
APST(2020)
Repetitive movements O-NET Uruguay

Attending cattle, attending other animals, ALM(2003)
driving to transport passengers, driving to
transport charge, piloting airplanes, pruning

e ALM(2003),  |and treating ornamental and shade trees,
Hand-foot-eye

coordination under . performing gymna.st'lc feat.s, performing
. nonroutine other sports requiring skill and balance

s manual tasks
Accommodate, renovate, repair, restore, S-0(2006),
serving, cleaning APST(2020)
Reaction on time, fine manipulations O-NET Uruguay

Physical skills O-NET Resgtance, tlme dedicated to walking and | O-NET Uruguay

Uruguay running, carrying heavy loads

1 ALM(2003) stands for Autor, Levy, and Murnane(2003), APST(2020) for
Atalay et al.(2020), DK(2018) for Deming and Kahn(2018), DN(2020) for
Deming and Noray(2020), HK(2018) for Hershbein and Kahn(2018), HK(2012)
for Hecknan and Kautz(2012), KBHT(2016) for Kurekova et al.(2016) and
S-0(2006) for Spitz-Oener(2006). The O-NET Uruguay pilot project, which
so far captures 22 selected occupations only, is detailed in Ministerio de
Trabajo y Seguridad Social(2020) and Velardez(2021). The keywords used are
meant to be the most comprehensive possible to provide appropriate
definitions for categories and subcategories, but synonyms are not yet
included at this stage. Even if some skill subcategories are closely related, the
words used to categorize them are mutually exclusive. This allows for a
unique identification of skills categories. Note also that within sub—categories,
some keywords are redundant(like “math” and “mathematics”). This simply
means that more than one of the sources used that word to categorize the
subcategory and has no repercussion for the implementation of our taxonomy
as long as the repetition occurs within subcategories. Words in italics indicate
keywords included by the authors of this paper to complete existing
definitions.
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Bennett et al.(2022)2] WA & 4 o], FHE AdF52 OJPs |
oJ|oll A YERd i wH 7)%

Ll
ox
ox
ol
ol
32
i)

3
i

AQmesh Wshs Pol AASES Ageta ek 1ASG 7)Y
© wed 59 2l Ry sue] JER waska g o

£, Colombo et al.(2019)= SVM 7]'"H<
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T8 % iz 127177}X1 T 2ol A ICT =78 AR & =% ok

1‘4-01:6]— E’J = J-sPshq.

9) The skill degree is the frequency of occurrence of skills of a certain category
in a given occupation. 12 For example if an occupation is characterized by a
hard skill degree of 32% it means that 32% of the skills found in all vacancies
that refer to that specific occupation belong to the hard category.
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B.1 Details on the classification of automation patents
B.1.1 List of keywords
For each technological category, we compute the following share of patents:*!

1. Automat® patents. Share of patents which contain the words:

(a) Automation or automatization;
(b) or automat® at least 5 times;

(¢) or (automat* or autonomous) in the same sentence as (machine or manufac-
turing or machining or equipment or apparatus or operator or handling or
“vehicle system” or welding or knitting or weaving or convey® or storage or
store or regulat® or manipulat® or arm or sensor or inspect® or warehouse)

at least twice.

2. Labor patents. Share of patents which contain the words: laborious, labourious,

labor or labour.
3. Robot patents. Share of patents which contain the word robot* but not (surgical
or medical).
4. Numerical control patents. Share of patents which contain the words:
(a) CNC or “numerically controlled” or “numeric control” or “numerical control”
or the same terms but with hyphens;
(b) or NC in the same sentence with (machine or manufacturing or machining

or equipment or apparatus).

5. Computer aided design and manufacturing patents. Share of patents which contain

the words:

(a) “computer aided”, “computer assisted” or “computer supported” or the same
terms with hyphens) in the same patent with (machine or manufacturing or
machining or equipment or apparatus);

24x* indicates any word which starts with x, for instance automat* corresponds to the words auto-
matic, automatically, automate, automates, etc...
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*191 Al Xl—’F% ?fﬂ A Rhe areshs E

P

of v

5ol 53] #A49 oF Ql8o] = F
Eﬂﬂﬂr Toole et al.(2020)2 AIE 8714 4

Zbol| thafA] o] el AHgsle] Al w5

¢

fo
By
~
i
ﬁ
L
-1N
%
lﬁ

AAE stk
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714} 7)uko| & Hlo]E]-4=8. 7]Hlo]
ZQ17}e] F-A7} QL) o] A FEo| 7] ] =
YepaL wkedsh=rte] wAlelth 5 AErE Yl die =F
(exposure), 7|4 ¥ 1] T3k 4=8(demand), 7142] 2K deployment),
71429 F8(use) = o= AL vER=Lke] A7 9t

] 71 X 37F 7]=(AD =F E(exposure), 5, el A ks

3} 71579 (potential automotability)S S78F= A #Eekal g, OJPE

A2 A, walr, Al sh=so], 28k Asfgeld, Akde] Ag, maled, v, Al
213} EAl(knowledge processing, speech, Al hardware, Evolutionary computation,
Natural language processing, Machine learning, Vision, Planning/Control).
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AR, 71950l sdS AWsh] fa Az v dolu e AR
Sk Aol Atk 3L elearelA iy o] gl AR 2o
= = Ak o E #HTIsH Y, FlFardl A 8o ARdE el
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AFarrt Lefel FRITFA A Ed] ke = A
i, 57‘3 ZlgolLt o] et thEHAY HatiEd 5 U
TE ILOR020)+= A4 ¥ w2 g7 2elE S3llA] wiA s aL 9le
], ol gk A ekzdol A JFENA] = x| ko] 7FsEIA| AL 9l
thar B QIrhls)

ILO(2020) = 22ke] A}-8-824(Online Job Vacancies, ©]3t OJV)o] 7}

A= FAS} AR gy e vl sl Apo], weste]
AHw, TEAY A & At drk. ueh Hershbein and
Kahn(2018)2 7] Auo]AL=2(JOLTS) 9t vk Axp 2] 4kdwd
Aol el B A Are] Al & EA7E ficka Baskar gl
ol BlEo]El7F WiEA] ~ntEd|o]E = o X QHEAQl AR E WA
Aolal Z7HA o2 57 AREUE v el efdet Ry
I k= Blojth

Khaouja et al.(2021)-2 QJPsollA] &#-S vjotalal FFal= Wi o
g 71E ATes Biete] A =
(skill count, <38 &= A4h, Egrda] <=2 o) g(skill embedding), 7|
Aty 719 W 5 J] 7R E U itk Khaouja et al.(2021)2] 2
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12) Céardenas(2020)= T8-S AASHE WHoz 1) EAHE 7k H ) 79
§ T, BA FE T 9, 39l Tol BYs 34 =
n-gram 7|9t W PEo] SEHE IdES A Y3l
s WY 55 AR Qth n-13S HAE HfES JNie R & Ax
F Ao wye B4 o] e AF 19 @s ?4’5 = 3E ol

3) EUS AAEdAAAT )82 Cedefope] Hare] wp2d EUS| 74 223l
=3 Aztg] wfA o] AAe] oF 80%el E3cHCedefop, 2019). Tthek 2-g-i-i-o]
U A5 dAkEe 28Rl AT AlghARl Aem dEA gk



JleHo Sl 548

(F 2-7) 7ls 2 =40 OJVE

AREshks Aol FEnt

ol DiXle S

HE(ILO, 2020, p.5)

Advantages

Disadvantages

» (Almost) instant

» Big volume of information

» Time and cost effectiveness

» In-depth information on skills and
skill needs across and within
units(e.g. countries, occupations)

» No need to collect “new” data

» Online information declared by
individuals may be more “truthful”

» Information is unstructured and

imperfect

» Issues of non-representativeness

» Measurement errors(e.g. duplication
or extended lifespan of vacancies)

» Privacy concerns, ethical/
legal considerations

» Needs for advanced data analytical
skills(e.g. software, programming,
coding)

» Analysis confounded by selected
taxonomy of clustering method(s)

» “Partial” occupational skills profiles

ol 7]zt OJPselld %HE 3}
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1 =AFed gk SEES wEA AT = Yok OJPsolA H 9
W= EEok Zha boolean value) W29 o2 Axkd F= 9lar,
TF/IDF WA o2 7leAE g Walo] vy 2T E WAL 7]
o] Ee ddo] Tofslr] o# g, A3l T (false positive, &
4 519 7FsAdol Bk AV vk

=A, ESRUEL 54 FAoA Y do] F3E Sl A<l
5 ghgote HA =g eltk B A0A Qe T
£ YrlskeE Ao Rl ENS VP e E o= &
ek o] WHE HIX 5ol 7] wiio] Abd ~Zuo] 2~ FQ glal =
191 AE7F Azl tie) HEH o= sAls|or sitl Exm g by
O 2+ Latent Semantic Analysis(LSA)16)o]u} LDA(Latent Dirichlet
Allocation)!?) ¥ o] AR&= L 9t
2729u"gE J=duld(word embedding) 71HS &&3te] FAlS
HE5S she] S 2HE Adsks Aot 2 &
& tlo|EE &&ato] FAKEE 1 B sAl

p

E

15) T1F2e] 54 <9 71957t 9l |, ofHH 022 s 7 E Fodhe
o 1
16) SA(Latent Semantic Analysis)9] 394l Aa= o3 2k
D) FAES dol-%-A4 mlEE A (term-document matrix) = %%‘rfﬂ‘jr
2) SVD(Singular Value Decomposition)& 38}, A#IA7} w2 do] IF
(&, TANA A B dohu FAIATE =& BA(S, fAkeE dol
& xgelE AN digk AR &4 glo] TDME] AHS F43) SVDe
Al 2E7F B2 o] 9 FA9 Iy g EyEolt)
3) F&% do] JHES AErHEe Aoy BAEAS Sk djasih
17) LDA(Latent Dirichlet Allocation)= Ea3& Zdsl7] 13 v = A &
4 oz OJpsolA 7P I7Ide ¥ 719EE §EH R FolE V)
Holt}l, LDATE 7}t £A17F AAIAQ] B g 854 ¥ 2 3dE 5 x
RE B4 Ed 837} FE Dirichlet priorS &3t 7143k}
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E“Q_E’._/\ﬂﬂ oS e 4 Atk ok ‘ARl LF(false negatives)’
SRR S AQske) 4=
g 7] © 2= word2vec, doc2vec!®, Fasttextl?) o] Stk
Khaouja et al.(2021)oll4] ‘ML 7|9+ W’ o 5 wsl 2& Z xjad
o Aejell A w2 A 5} U ATAEE-HeEd 7|9k
sty ShollA AES WHEL H2 ovloAs ML 7k iioletar &
T W7l wEelth 91 H
Entity Recognition)©] %o] &85 11 9lth NERS Folzl gl AEA]
AA(MNEE], entity)E 128kl #lolE3 AAsk= HrH sk dat=
Aol A 7HX]E Adakal, g ’ﬁ.é}i(chunkmg 7HX]‘§ =
gl &, FE3HEA e
< Zbo} ‘:']F/] Aold WMFE st
th 1A E-HeEd 7Iv e o
o vl AEsih H w2 AFENA LSTM(Long—Short Term
Memory)©|v} BERT &9 W& 2-8ate] 7-91aaLe] vlg-zshy g~
EoA £#e FE3aL 9k T MLS 53 #l¢do] Ag] 7| Ee] v
G- WEA SRl QlojA], FRITAEAE 7\}»01]’*1 SHS E%é}%

Al A sl &%IE}. ols} el

R

2l < gofetal FEshaL

BEFehe AEo] H vi$- Wol AlEH 1 ek 2 Foll 2 7he] AL
#E 2/staz) gk WA AR 2Zwo) 2 7k AT E S &
F3h= Aol Ak 22kl T vkt ARE AlFEA| T ¥
2AQ1 B ghlo] Zo] A gorg dxE] WA Ao dig
7)%2(description) -] BlIAEZ AZHo] Al FFAYETF F=R

18) Word2Vece Wax)o] 2E %0101] gk B4 wEgE Alsiid, DocZVecL
LE3Re BE A0 dist £ =4 oc2vec EEL TA] 4=
AMEE gFsl7] gk word2Vece —4 ol

19) FastTextT= &4 713t do] 4 l‘ﬁr%% A3 word2vece] o w Mt
F7F U Al E A dold 7 & A -+ A, 375}
Al AEH= 01 59 % 4"540} ﬁs 71zl
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W3 (mapping)&t= Ax7F B asitt B 7k ZAIsks W ES A8
A HlashiA Ad3 dare]Es s Agso] ZEolA] e
S 3 Y20 o & £, Turrell(2019)2> TF-IDF(frequency-inverse
document frequency) S -85k OJPsell SOC Z=E mjAsto] =
=AHS BAET)

dapH oz FlFare] Agrgo] SOC 34k Z=ef AEstA mA s
A glstar, Q18 a1e] A15-7]<2(job description) Bl~EQ}F Go T
AQETFA «d 719 =5 HEstelal TF-IDFE €838t AR+
APEE SOC =9} G= ONS 7l as IAA7]= e 48313
THE 2-1 3x). o5 &8st =Ea, ¥MeA 7] H(beverage

= = O
curve), 724 AP} v A 5& EASIITH

i

i

[¢]

M
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Q
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Hu
0FL
ol
F[F
OlI
ie3

(a8l 2-1) #lz31(job vacancies)E EZEH

nown wonds
- detionary
Abbreviation
expansion
dicticeary

W

Chean b
desription

Combine job

Checi for exact
matches to clean job
itk [First 3 words)

eitle,
and
o

20) Turrell et al.(2019), Nasser et al.(2020), Amato et al.(2015), Ikudo et al.(2019),
Wowczko(2015), Boselli et al.(2017) 59 975 #Fxd 4 Yk
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thgos 2zl 2ello] AR R3= Firpo et al(2021)E & & Slth
o]52 Djumalieva & Sleeman(2018b)2] HHHS &-g3fo] txd %H
(digital skills)S Tpelslgitt. o] WhHe] Za A~ thaa) 72t}

15H4] - digital tasks<} 21402 #edo] )&= OJPsollA] 59712 t]X]
g < 7]% ==5 o7 FETITL

29t word2vec s &-83te] 59709 7I91=E AR SAES &
frob=(Rlszgt Wet A Yehte) thE tAd 3 719Es
S Zholdlit}, Atalay et al.(2018)2] WHi2D3} FARSHA, H1=<]
Y Rdls fAgE S-S Zohlls 3l

397 : ESCO, UNESCO, OECD 59| <+ 9]
2 AFshk= Zlojth £, Aok o]

gx ¥39E < 71Y9es AAskE WaloR Sa7e] 7}
=8 719=5S gt
sk FRIFaoA s Fetehs 7P Fshd WHS dA7kA] 7]
Akse] 7Hg e FEi]l HedrIHS E8ete] Rl aoA sHs
folstal SELFAIZRZEA] ol A7 ok
o
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o
i
g
)
k]
oo
>
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14121 CareerBuilder:= OJPsES &85}
AR A Q] SAA RS FEEETE o] Al=Fle] 45 R EC] Zhao et

al.(2015)9l] A7H%o] QAL o] & o FAH o' HolE Zlo] Hoang et
al.(2018)o]™, Colombo et al.(2019)% o] &7} fASE WO 2 <H S I}

o5 A7t 7l7 A2 AAQ) e aLe] HAE folEleA =
d3 vpetetarat & w) WAshs 7 7 Aol Weetar vk Aol
th shus $de o] v WAow B H= Al C and C
sharp)o]il, th shhs A2 e S U3 o2 1385 &4

(of : Java in Java coffee and Java programming language)©]t}.
Zhao et al.(2015)2 NER(Named Entity Recognition)®} NEN(Named

21) Atalay et al.(2018)2 $1=Hld RAS &85l AlFe] FRIFTLZNE F5
¥ tasksES St
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i)

Entity Normalization) 7]'-& &-8&3lo] S gelstal gqfslshe W
215 AASEAL Qlth 2Rl 94 E HlojEE 85t 1 7|9 =g v

28
o}a}al A7+ 8Hnormalization)3H= 212 “Skill Analytics™ 2kl F-231 1
WS AABFATE22) Skill AnalyticsollA] S8k A SE{o 59
7S g AEel WAooz zEslsli= Aok

NERo] & 5] (corpus) €] 2} 7}l (entity) 2] #38< 212)ah= A,
= o]25 7 7R Al(named entity) S ¢12]EHthH= Aot} ofW o] &S
oulshs @olg B o1 doirh oWl FAAE A4k Slolnk. o
Bl “frAol 2018We] F=wkakre] AT B o] S w),
AbeH(person), 2 (organization), A|7Htime)oll tall MAE <1418 5=3)

[e]
sh= Bdlo|gh “fAd-Alt 2018W- AR HENA -2 ) e Ay
Hola= Zlo|t Zhao et al,, 2015). NEN(Named Entity Normalization)&
Askslar ZAAMEH 4HS AF3Hnormalization)3h= 2= surface
forms#} formal entities Ake]9] 28t AAE gtetsh= ot} of7]
A skt 19 Wlol e dolES FEAIAA 22 dolE R
AL ou|gich
Zhao et al.(2015)°] AAE o] HHO] ZR A~ ohd) 2T

il

D SEEFAA A oA Adsd A 917]9 o} JhEaL
g & ggsto] SHEFAAE a‘}‘:}.

2) & e} 7 (Skills Tagging) : semantic word vectors®] SAES &
gato] QIEEAEo A A A Q1A st Aqts)sitt.

3) #7}: sampling-based end-user %7} Az}, EFAA AANA
9%, s B2 A 8% HeEE Gk

4) g o] A|2=8l> Workforce Analytics ¥l Bl tl|o]E] 9} H]=1]2~Q]
g2 1A H(business intelligence applications), L)1l CareerBuilder

oA e 34 elZe] 88 5 9

22) Skill Analyticst 4513 dAtg]o A3het 58S AddlgozN 187} 5

§ FHA} Alole] = JJ skill gap)—% Fo MAS A sha, wsFAx

zﬂoﬂ s 8 & detsta o £ YAk 7|8E AlFele 7101 4
okl Har ok
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[ Doc :

resume [ job 1

— : :
Database ‘

resumes |/ ]
jobs Identify '
raw terms ]
Raw skill SmpOUTe
o

) Filter irrelevant / '
Skills Ly ambiguous skills H
Library 3 ]

!

Disambiguate

g Return
multisense terms

normalized
skills

o] ¥H-2 Hoang et al.(2018)el 4] ©] AAX o2 A<= 9t OJPs

golut A7 )s H2E HolEdA s AR(SH 71955
o} Z&ko] BFA| 28 (skill taxonomy) S T-58FaL, o] &
=¥ SEEFAIZES OJPsol]l thA] A8k Wiolt) o]= =
FAA ABA(SkKill Taxonomy Generation) ¥} 4237 -0 (Skill Tagging)
S 3A F Y A~ FA9Th

flel el Collects= ol et FQ1gaLelA HeolHE 3
HAolal Cleane IHARHE wol= Ho|HE A7 HAE
2] #golrt.

Call-Validate-Disambiguatex= <%©] “gfSHnormalization) 2}
WA (de-duplication) & $13+ 53 A #goltt = HAE 279
7AW o R Tfebet Rl BojE(seed skills)E0] 217 @ g0
AIAE ASshr] flal, i 9] Ao Ak S, Be Ak
TA WA o] ASo] Aotk f7ldHote] A9t E, =
T, 283 V)] o) (dE 0, ghare] A A

e oo

o
3 ¥

==
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FFAGEFEKSOC), =g ndel rat=ddduzAl, 184
T HKECO) 5) 52 &83to] A5 2ol KBERTY NER®
vpobd seed skillsS 7HAal 71 EMES AA S, ~Zwo] 9] 79
== 7R 97159 category tagsE AEdte], Y3 tagsEhH

N
o
o

surface forms(FH. &H-go)) =2 13k

Call> YAl &o(FH el raw terms, surface forms)oll 3] nom-
alization and deduplication® $¢13F] Wikipedia APIE Callshi= Z-& <
n)gt) Validate:: 71559 AZwo] (A dAMAY S 83}
Wikipedia tag& #H5sh= #7g¢]™,2) Disambiguatet™ Tl oJH|E ™
skl I o7 WSD(the word sense disambiguation) 4S5 thHe
t}. multiple qualified Wikipedia documents®l] AAE raw terms(surface
forms)7} thFet ojn| 5 7FEA4= 917] wliEol Google Search APIE A}-&-

=

23) 9713 tJoHMedia Wiki API calls®} Wikipedia documents)Z AR&ate] <o
Ast goelx s FHsh= 2 Wikificationo]th. o] & 23 £-& 3o
2 o]Fojzir},
1) x4 02 seed skillsell thall open search actionS s}l o]z} o2 A
YFNENES 7HA AL query actionS T3
2) Wikipedia documentsE category tags H= Aesla 243517 93l rule
base systemeS WEth RS SOC(FEFAYEFAAS Aol Yess
7FA 2 RHET SOCY 719154 7HA 2 Wikipedia category tagsE 49
3HGustify)star Aelsh= 4ot}
3) Wikipedia category tagsel] &l keyword screenings 3to], =3&¥ 979
t]o} T4 9] A& skill entityeha 7%, seed skill& surface form .2
3 = 9l
71elE A2 A5 B> A71H Yo} Hol X9} AAlSHE textowiki FEY}
text2wikiol Al HAR $17] Ho|AE FAF Had f7|Hox] e} AAlsH=
wiki2skill module ®E©] AR&HT)
¥ AlEE] 1)) 9]7](SMW : Semantic MediaWiki)= $17] %41 2] Aluig
tofElel] FAE& oA o] B xFet= 97]E AlWE 91712 Wdkst
= Hoiglzlel &4 7lsolth JdzmdH HolEE /\]‘%HE/J A QA
]*Qje T o, Fox] o AME g QA A&, 2 :ﬂw} z
Proz FAIE g 9lor RDFSF CSV mhele] A8 Fa) vnd
th 9)7] Flolx]= v Ho|A R slo|HHAE AL AUk A= ?i
Ag FHoRAE Afelole uEH BAE 7HAH, T3 $17] slolH YA
aze AAMEY AR 849 F vk 7P gtk (Koolen, 2011). 9171
+ category, discussion, help oA & 7}t}

=

[

i& [‘10



JIEHODL T CE4Q0 DIXls ¥

3Fo] the highest Google Search Ranking(by relevancy)E A #lsl= H
Ho|t}24)

olelgh W e ® oF 39,00071¢] UA %¥ 7] =55 26000702 At
st =¥ JRAR Wgksl, ol S AA <E 2-8>3 Ee =d
|01 (Skill Library)e 7-53tck 7 < 70A(skill entity)oll = skill
ID, raw term (surface form), normalized term, its vector of related
surface forms, the corresponding vector of the cosine similarities, and
a skill type (such as hard skill, soft skill, and certification) 5°] X3
k.

2HAIE= OJPsell ™S Holsl= 23 o|th(Skill Tagging). Identify

= 1eHAlelA A SEREFAAC 2 wAste] g2 FA(0]FA)

|
oAl A= %@ (seed skills)S 23k} skill surface formsE key = 3}

(E 2-8) 5T dAIE{E| AlH|(Example of a Skill Entity of the Skill Library)

Skill ID KS1218C6MPIRN7WXMM37
Raw Term Business Analysis
Normalized Term | Business Analytics
{business performance management, predictive analytics,
data analytics, customer segmentation, technology

strategy, business process mapping, value chain
analysis,...}

{0.689818, 0.673068, 0.665908, 0.657712, 0.652762, 0.650666,
0.65039%,...}

Skill Type Hard Skill

Related SF Vector

Consine Vector

24) Word Sense Disambiguation 8017} 5388 79~ Google Search APIZ
g3to] dsk= Aol seed skillse terms with smgle skill sense(Type- I)
and terms with multiple skill senses (Type-IDY 4= Qith ]2 Sof g ju]
§o]9] 79, Pythone “Wol ope} ‘2 ey Aol = P3| ut th5ofn]
£o](Type D] EHEA FA7F d=d], o] A5, #1717 tjole] diambiguation
page°ll wz}, o] IS Felslo] Aeldtal, Google Search APIE A3t
Google Search Rankingsell we} #etsl= Aol
https://developers.google.com/web-search/docs/
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(3 2-3) O|M (AR HAE) Al : ME o|ZMo| BiTE =T 2[AE

EDUCATION

Georgia Institute of Technology, Atlanta, GA
M.S. Computer Science (Specialization: Machine
Learning). Aug 2015 - May 2018

Georgia Institute of Technology, Atlanta, GA
B.S. Chemical and Biomolecular Engineering. Aug
2009 - Dec 2011

TECHNICAL

Skills: Java, Android, Python, Git, software development,
Unix/Windows

Project: A System for Automated Testing of Android Apps
Design architecture of a crawler-based robot system to
automate mobile app testing.

Integrate various testing framework (e.g. Appium,
SL4A) APIs into system implementation.

EXPERIENCE

Developer Intern, AT&T, Atlanta, GA. June 2017 - Present
Evaluate U-verse data and apply machine learning
techniques to predict potential failures.

Developer (Part-time), BlueFletch Mobile, Atlanta, GA.
Aug 2016 - April 2017.

Developed client Android apps (implemented app
features, utilized APIs to achieve various functionalities
efficiently, refined user interface and user interface
flows).

Android Application Developer, Academia Sinica, Taipei,
Taiwan. Jan 2016 June 2016
Implemented/tested SmartHear 2.0 app functionalities,
and published to Google Play store.

Issuing Services Consultant (Software Development),
FIME, Taipei, Taiwan. Dec 2013 Jan 2016
Coordinated with clients to define/refine requirements
for software development projects.

ADDITIONAL

Fluent in Mandarin Chinese, volunteer at Atlanta
Shakespeare Tavern, member of Atlanta Android
Developers group, member of Taiwanese Student
Association

Table 2. A Resume Sample.
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= A R AgE SAEFAAS} vla-vig A, seed skills
S SRlshH= WhHolt) 9 dAEE fU13 EF(unigram tokens) 2.
WS Z7e vy, 71 i Al miA gk
Computex= "} E 7B surface formell thste] #gd4(relevancy
score) & AXFET} Alas JEEA(o]F Aol YRt B match-
ing surface formso] thalj(o]E EE=Z 3dlo]), #H surface formse
W2V ME 256 31% surface forms?] H]SS YERHATH

(a2l 2-4) List of Tagged Skills of the Resume Sample Presented

in Table 2.

Raw Term Normalized Term Relevancy Score Type

software development Software Development 95 Hard Skill
machine learning Machine Learning 95 Hard Skill
automated testing Test Automation 93 Hard Skill
Android Android (Operating System) 92 Hard Skill
java Java (Programming Language) 90 Hard Skill
python Python (Programming Language) .88 Hard Skill
mobile app Mobile App 87 Hard Skill
unix Unix 85 Hard Skill
api Application Programming Interface 85 Hard Skill
biomolecular engineering  Biomolecular Engineering B4 Hard Skill
chemical engineering Chemical Engineering B4 Hard 5kill
mandarin chinese Mandarin Chinese Language 82 Hard Skill

) A (HashMap)-> 317 (Hashing)¥ ®(Map)olth. W2 7](Key)9F 3k Value)
T o2 HolEE sk AlE TR0t 7= Wl &4 shunt f-dstA 9
ofof gt} 712 kg Zojof al7] wTolt)h e THE FhololE g wxE}.
Al (hash) & ThFeE dolg 7H dHlo|HE 14® dolg 7H tolg = wij
(mapping) ¢+ kS oJu] sk
Map

key value

Lto] 50

o= 271

=
T




H2z J|E ¢ HE

Filter= A fstd A&8d57F 10% o742 surface formS 3Fe}sic
o] AIA] T0%+= w7l BIe FFoldhal kst 7]Fo|k i
o] A9 FoIx o]g M) shte] surface formell, kel AatslE <
ANAZF BlzEnk ot R surface formo] $9% 2u]E %
Sh= 74971 WAskaL, o] 749 a relativity-based thresholding approach
= &-8-3}o] ambiguous skillsoll &l ©f &3t taggingS E&FdH= A
1=3
Returnoll A, FUZA (o] Aol A surface forms”} H%Zﬂ, o8 F=
a1, skill library® A5 W, dH9] skill entities”t F&%F Aoz &

Azl 3% skill entity:= a unique identification code, its raw term

o

(or surface form), its normalized term, its confidence score (or rele-
vancy score), and its type 5= X33t} o]2]$t tagging systemel T
Wb AR Aol S B8sle] o] FojRlt,
olefgk ui-¢- AAAR] WMo w s gof EFAA 75 SE T
5o) AzEle FEIE a 7, %] TR 24919 Felsel o)
A& o] 71 7AIEE WS E83te] OJPselA EE Ul ATE
ol i dhwsbl AR 9

%71 uﬂ—roﬂ O}Eé%‘ H%Xﬂﬁﬂﬂ AT EAZ YFAE F 2HEEHA|
F=th= 1S 18T dE S0, ‘"9 (teamwork) oY ‘2 (col-
laboration) ¥} 70| &gk ﬁ\_i_lé,/:?:lo]x] b o WAooz s o
otk Ndgol2 Hds e sty

FA Hparts of speech))el] W} T2 FHE 7% 3o} wehr, 7159
1= wlel] 7] 23 AZEAZ yloke ol i) AlAEE vk

g geles dotetr] otk Khaouja(2019)+= tR|¥]H oKDBpedia)2?

26) FAHparts of speech)w= 228 THAQ 7oy | ol uet 2 2=
Uie Aotk

7) T]¥]Z|t]olDBpedia, ©17]4 DB+ tlolgjHjo]| A5 on|)= 97|y} T2 AE
oA RHE AR zRE txskE 8 % FZ317] 93 Z2AETY, o ?Z@r
H AHe grofo|=98 Fall o83 4 ik tiulFtiol= AREAL 71E T



JIEHODL T CE4Q0 DIXls ¥

o W2VE &8st AZESY EFAAE 5ok WHE TaxoSoft
EkAt) social network analysisE &-83f0] 80152 ¢4 +%
Wk Zoltt. Wavel DBpedias Z2@ato] AHgshs Wios 54

zE~Zo| tha|A] alternative labelsS FE3h= Zlo|th

ol WHES [1¥ 2- 5]01] AAIE O] Aok ‘A HolE 7] -2

oA Xdﬂﬁl -39AlW2VE E8ste] @ Bolss

OJPsZ AHAl FH T} - 497 : DBpedia®ll A A3 d@olE F579] 314

W mim i

(a2l 2-5) Methodology overview

Online job ads

f L]
| Text preprocessing — Add Soft skill terms from prior work
|I | |
*
Soft skillterms =~
I

‘I word2vec DBpedia
I I
Word embeddings Hyperlinks

.

| Intersection |
!
Soft skill alternative labels

!

| Social network analysis |

Taxonomy

AAE Xt H71MI} Ao BA £48 Alwg st
71] XWGL T 9l 7ﬂ sttt ® Wyl gujels EkslE JAE dlolE

% 7kt PR 24351tk - DBpedia Z2AE= 917
skl A2 oZ WMt AME ¢ 7|eo] A8d ¢ Uk
A 7HLﬂ°ﬂL HE ’SE‘ 3, URL 2ltjgdAe| st
=83 2 golx 7&«] slolH g =7} 9l Auer et al, 2007). d& S0,
Wu and Weld(2010)+= Wlklpedla B Jﬂ 1212} 4 Od‘ﬂ'?ﬂ: Y35 AH85to
oo AEE Asoz FAICL
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(¥ 2-9) Extracted terms from DBpedia in English using a public

SPARQL endpoint

Term Page redirection Hyperlinks Backward hyperlinks
Oral communication,
Interpersonal verbal communication,
communication, interactivity, active
Communication | Communication | telecommunication, listening coaxial cable,
pathogenicity, signal, |commerce,

etc.

conversation,
pharmaconomist, etc.

Conflict resolution,
cooperation,
paraphrase, counseling,
artificial intelligence,
communication, etc.

Active listening | Active listening

Pseudolistening,
serious play, small
talk, listening, social
skills, etc.

(E 2-10) Final terms after intersection in English

Soft skill

Final related words

Communication

Interpersonal communication, oral communication, verbal
communication, interaction, active listening

Active listening

Listening, communication, conflict resolution, social skills

< AZIth DBpedias #
H golE Fofele Aol
Zol| A3t EH%V* gol &S At mpx ke
measure) =

Bastian et al. (2014 )oll A= LinkedIn®] < A|2~E]
Argstar 9ot LinkedIn X

Hzo] A EAT| ts}e]

A} AN A AZE A

3o

A4 A E(centrality

galo Sd 3 9ATEES ke,

e
Z23=1|(Folksonomy, Eﬂ%ﬁ‘—%\g) H}28)

28) ¥32 1] (Folksonomy, IEEF9)E Af5A4 AdE 7|95 0] &3] o
FOIAE 94 RS ok dzololc), ARE wie] fa Aol A
Ao g FEshs As oulgith *ﬂ ] A et BEM AH el
P Qth zAAETE WUFE gF2S EshE foks'9t BHIS Eohke
‘taxonomy 2} T @& FHA T ot} AW e} EAE A 1] (Folk
taxonomy)¥Fe] Ao that =T Qu) AR HEal= BE Hzo) AR}
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© 2 The Elisit skill extraction system< %= WHS 278k 9
th TH & oA e (2 Z2d tE s
T o] Yo = ) HlolHAlS AdstaL, B et e ohE
d S 7 Aolehs Aol 7| &2gT) 7 A Alol] BAl= o]
% 5ol frieshks Aol Ark dE &, “organ”olh=E o 4
-, “plano’ gk FHEo] etA omlol| A A vpehb= whA) of8hE| 9

Hlol| M= 7] YehbA] et
Gugnani and Misra(2020)4} Li et al.(2020) %= Hoang et al.

AR W 0 2 S gotstal SEAlAES sk WS BolFal
At} Gugnani and Misra(2020)= =FHE dud 7[HS

B 2do ZEshs WS AL L et al(2020)% Linkedin job

marketol] 53H¥ NER W2 ARgste] <HS —ir%@}% S A EEA

1, 714 FEE Al2=5S World Bankoll 4] &

0130
ol
_‘_,
29
T

A6 2okt A4

7)=RS7t e Al mAE G LjE AFTFAlol B ATt
Eo] FAF o gtk Ity oz 71&y B SHS Q8 A
olgpH 7|mwiste] wel A gart SrFE Aolar, Al BAlel =
At A a7t 24T Ao o=8 5= Q) sHA| vt 7] s}
54 AY 8ol PAl= G 7ol L AYs T el H
A= QS EalA] WA Autor, Levy, and Murnane(2003)& 2¢]
o] IS¢} BAS Ak, Y 7ol WAl 3] (routine-task)&
jAlstar 28x] ¢ Y= HeH o= RBTC(Routine-Based

Technological Change) 73S 2330tk
FHtodl e 7] =eAgEIE 82E giojgHd 7] xs8te] 2A8H=

oln, XALwHE AHehs AFRES o] £/7F T A&t ARl tgt diT



r2
-
et
s
I,
M e
P‘L'
k1
%0,
o
S
re
f
k]
>
b
o,
ot
all
N Mo
e
vl
=
o
oflt
o,
o°

okl r|r
=
T
[>
Il
rr
o
2
e
v
i
N
o)
o
+
o
po
o
S
e orlr od

o1 54 e 29l
deid 7Me Aegon FHHoR dE & gl $Ale] ot

o]
IR

_0&'4
il
N,
2
<)
re
)
ol
Ir
4
i
Lo
re
-4
f(rt
w o
n\l
Hﬂ
o
9%
;S
I
Q
rr
:é
it
Ho

N
o,
o |
o
folr
ol
rir
P
lo T
iy
N
)2
>
T
2
_O‘lil
i\“_{{

= 0

e, O )

oo
O

00

R

o

f

:
o
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g8, Montobbio et al.(2021)9} Ha et al.(2022)2 $]9] 4] =R al=
F 02 HES HolFa 9tk 53 dolH2RE wEdoky /|%S
AUl AN Webb(2019) 5ol 53] Al&3 Aol digh gl
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7IWro 2 ofe] o] EEATE =kl
(job title)¥} 25 7]%&(job description)®l] &
ol o] AHE &8ato] A A FF ARE
of| 71, Deming and Norway(2020)+= 574

5 sk wigA] HES AskATh “2007d 2 20199
ZQdel ¥l A& (OJPs)ollM 875 s BF
Oth= A8 7leaL Sl Sthe o] T4tk 7
= Ak 200797 20199, o] kel xfole] Aigte ALtE.
= A HlEael sAske BE s teiA o] g Avke
2kabA o] z2l9jo] Qs o] WMal JE ylotst 4= Q) 7 &
gk Adighs Ake ths, AR FHkste] dnbAQl wst Sk
as T+ Atk
Khaouja et al.(2021) E}Ol ol F oA £HE wtelsla
= el #3 71EAT

B

[40

of

=

2

offl

o

o o
™ rr
4z
o X o
o L8 of

=2
2

A
N
o B

e S

IH‘I
1o
=
oo 2 o

%
ol
i
N
x
o
Lo T M Homo o

f

obo U oo b
k)

IS E9], Colombo et al. (2019) SVM 7] = =

o FUB RS BB S HEE 23, 50O A5l )
W

FAFTAA £AL ERAUE U4 8 6 tob} SARFAZH
]_

Qe oA, Ml Wgh ;gAML

CareerBuilder= 22}l 71331 HAEE ghg3ato] A4 Q] i
A=8]s F5otith o] A=l = W Eo] Zhao et al.(2015)¥
Hoang et al.(2018), Colombo et al.(2019)el A =] e} F-1-8a10

”XLO}& Adoltt A7) H2E dHlolHolA s# FRr (s 719
= Fotstal ofel] 7)Zste] Al Z~Rl(skill taxonomy)e =5t
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F-oJ(Skill Tagging) & ZA 7 79 Z2AM|2=2 FAAETE 2 RiX=
o] AGrRHE 7]H A Q] olo|r]o]S AL o]E9] dATE FHarsle] o

AR 2 AAE wsith
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M 3 &
SSIRERZ 2 Jledep 180 =50 DlX= g

A1A ZAA7]

Zlewshe dAEloA] aE e A (task) W8-S WSkA|7]aL, o]
w8 EE SHE(skil)®E WstAZ Aotk webs 7lsWshe 54
dxj2] o] agF ol YIS wAE Foltk AP 53] HTE 7=
ko] tlel TR AFE3F Webb(2019)9] A7 A FFel A 2% 3}
7I€e] mEE S7PF Aol FAR1 ds wRtaL Haght vk
ol Mann and Putmann(2017) *F&3} #&d 587} 3189 v 34

Aol kS W st} o)A e o= 7|EHste] 5 2 uggy)
= Agxo g Asrl Aol ol Acemoglu and Restrepo(2019)+= 41
7o) aEa = Vs XEe el we) Adolsirial gt we

o 5319} 49 Jo 5ol @% s ol A
4 540 A gsio] Jlewsle] A8 2 nLEAE BAG A Bk of
]

A& Ak e Blolth 71E Aot g FHE V1A g 7IHS AR
sto] A 531 AASH: I A5-=(Webb, 2019; Kogan et al.,
2020; Montobbio et al., 2021; Meind! et al., 2021; Ha et al., 2022)°] 2}
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th fi(task) 719F Hs B8l AR AAAS =2 Aol ‘AY A
2 7] H3HRBTC : Routine-Biased Technological Change) 714329
olt}. o] 7}do wEw, HEA Q] QR E YjAsls Wekow v)&Walr}
o]FoA=H|, T35 Aol F= olF H&%"—i GTFE TR, 7]
W3l datg]e] SF5lE F st AoltHAcemoglu and Autor,
2011).
RBTC 7Hd2 W&t 449 49 ¢

—d
g
=
=)
)
]
w0
2
il
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ol
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i
N
N
=
—10
foir ©
o
)
(o]
)
kl
ox,
N
ol
=
o
Ay
ro
incs
-0
(nt
&
ot
ol

o] 3xo] 7H¢ o}
2] 9] %ol FolEo] 18 S8 UEFATHGoos et al, 2014; Autor
et al., 2006).

SHAHF RBTC 7HE-& A28 7]szo] dxteldl njzl a3& &3] A

i

WakA] Segith kel kst AAAAA 2 AP oR AAA =
ASFE] 7|9 AE3brE REEA] S8 AR o]ojx]#] F7] wiEo|t) dE
E9, Autor and Dorn(2013) 7=l A AFE 78 2psske] ()]
837 JeEhA] ekEthal Bk} Gregory et al.(2016) %= -3
oA FAFE] 7IRE AbEshes AL8S =91 Zlo] ohye}l SRtk KAt
= A 2t diAlEdE SRl ARd-mF gl AvE 71 ARk
TigE = A(+)olek= Aot

Acemoglu and Restrepo(2019)= A17]&2] 188 3= 7% 8] &
ol e} thE 4 vkl FEEE 15 Adolg f3e Vs JIEE
TEgt) Al Assl otk o] ZIAIZE oo QIzivle] aE 4
UE Q£ Saohe As 23tk 7= 4 3Hdeepening) oItk o]
A-s37t o {]f%‘ﬁoi Z1A7F olml AFEstE AN-E o] Hohe AE T
gl Al WAlE “E-(reinstatement) 0]tk o] =
Wi=(take over) 455 4=} 7]l B3l A7

=
FHAL HAT F QE SEAL £2F NEOIIL. ofF TEL A

29) o]Z ‘A Y¥-= dAs= 7)< HBHRRTC : routine replacing technological
change) 7Pdolg}a H27]% 3t}
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2 =4 gafeta FE2v) mabs 7lsdlsrl wsAldel v &k
A o]x] gk BElT) o)A Acemoglu and Restrepo(2019)+= ©]
of 2 gate] A A7)} 7 E F e dEago] 7)swHst
T Assb =sAl el vA= dA a3E AAgeicta s
o] 2421 ApellA B 7|EWsl = Asshe oA axhe) ALk
E9E FA doyjER Ao yisWsle] £uggys A
T flom AFRAS ESlA gt o Qlvk ohellA 1hefe] S A
ATE HES v} QloB g olslo| = it ] A& (e A
sho}, el - oM E 20212 229 582171 oF 2010~20184 713t
of AsA} - AANEE AMY T e R FAg Ay FARE 1:HE
25 3 (2R AF5)7F STk dld A o] A = S A
A= FsEo] Z7F 0.1%pet 0.3%p AL "ojxtkal X skt

4o

Kim(202D)2 2010~19'd 713%el] gh=rar§4gmele] )=l Q1R
TAZE I 2] E RREY ARE AFste] AL =T

-

259} =
FRE FAT L Aok e 28 E9)o] STk Al HA =
T8t FAEE sARE BAA R el ko, AlxY
FEh T4 5 (routine job)oll Al 23 E9]o] Eo U E
87t FolsHl 2ol Aow & ExF A WY 28] 19 T7kshd
Az} S A] ol A 91 F7HEo] ZHt 2.9%pet 2.8%p Hof
ki o= HWaskgith

g 9(202D = 2016~18 71FEExAke] A=At Aujag] 7]
4 ZARRE o] &ete] 7IYe txE Ag 7)o A - &8o] 7Y
o] g mA= IS A vt Atk 25 tAE HE 7] Y
- ghgo] WA ow ugakd 9IS FA o 7|E - A 5
/dol|l whet 31gof Aok S mHIths B4 AdE Bl dE
S, Firdlao] Ao v vgoA= gAY HE e At
shgo] &S FAANE FHddwol =& 7IYdAe 28l g
SRR Aot o] dEFFo® 5% & e AR =5 A4
of wet 7] Ji - &8o] a8l A= FaFo] olatrh= Ae AAL
K=Y 9], 2021)



Bt o W) Sus

1980~2014%1 713t vrehd 7] ste] u}

-

R

o 9](2017)

wmwo

Az A7t A

-

T

718}

-
R

13 glomw ofe]

o

-

ey

2]
=4

TC

o]

2|

oc

I TH( Bessen,

§ Frey and

=
=

o

A58 e
e} o), of

o
1
2]

xe)
il

A =
5}7]

7}8

T

]

3

1

)
A

3]
AEE} wEGR

=
=

=
T

3}

-

fu

8

-

A5 3he]

1

9
pal

Aow Welth shARl He

A stel Al
dol= W=

&8t

pul

1

o

],

S

=
=

[e]

o] tgAIel o

ErEr
o, Wb AEs

2019). Acemoglu and Restrepo(2019)

ik

S
Tl

}

9
pl

L
L

2
AN AL 1A

71A7} =E Ak

1

(o))

T =

PR

IHreinstatement effect)S AHF3sk=d]|, o]
3}



H3Y SONEE 2 JI2Worr 181 U200 Nitls I

Osborne(2017)¥} Brynjolfsson and Mitchell(2017) & =
Asst s ARbgeh ol#fgh H e ApsskE dAE H|FS oS5
 d fFolrgt 2SS AT A 7)) EMEE vkdEtal A=
%t} o= 59, Brynjolfsson and Mitchell(2017)¢] 1= “7]4] k5
o] Fols & ?)\‘Cﬂ”oﬂ ot A7 ﬁﬂoﬂ 7]”@@, 715— 7=
¥,

AR 2 :

5= AAlet F5 7]% FHe] WS defFe Aotk kAR
71822 A4 oy AE Sl Jsix® ool =], 58
olg]gk S-S WHshA] K3t wEbd 53w 243] 7EEiSs e
(proxy)shAl&= FstAh o] & Al & = &3 AR A &+
gek AlAolty & 53] 7jedsled dig 7 e AHE g8E 5
otk 3k PAkEel 53 AEE B3] Y3 EsEd TEo|
Fow O]—Er"oixl‘ﬂﬁ gk ¢Fo] Ss|AtsrE S49aL itk 53] 7=
ZiEe] #Het W8-S gofetal = ZE(abstract) 59 HAE ARE

JEo] M| ]Ei(blg data)= 78 4= Qlok

AR 2§ ARS| ) Ao A% 7] E5(machine learning)-S
A, 2022), 5819k A
T ARRBOS A - v)A (matching) 3t =EAI S 48R oj?ﬂ
AL F5& w9} oS 59, Dechezlepretre et al.(2020)2
Tope] 5o =4S FiL dad Ass F4l 1t
AS vletdit) o] 5L Lybbert and Zolas(2014)7} A|A|gF L%
uet 5515 Ak ) AAg) olefgk Ak d 59 1F AAlE
H gol5 7o 2 o] R Xk Ak U] 22t e S-S
SHAl = @tk o Ak AwoA] (task) 7t obd AtEE(output) 2H

AzkEl Gol7h EFHh= A2 oju @k

-
A

:.J_‘

=

g

__>d‘1

P

—'“[‘
=2

j s
a
=

—_—

B

M2

30) B39} 4k 7t Aol i) 53132 KSIC-IPC AAIRE A&t o] dh=
¥ A 2 F(Korean Standard Industrial Cla551f1cat10n o} FAESEF
(International Patent Classification)S AAAI3F A o] tHhttps://www.kipo.go.kr/
ko/kpoContentView.do?menuCd=SCD0200272). k<2t E3¢} A4 7+ A%
= dAEAE fith
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Webb(2019)2 E35]2] E3|9(patent title)¥} 2% (occupation) 72
A 71<=(task description)ell X EAFe} WAL -5 FE31aL o] & ARE-S)
o] 55jof A& AHAoR AAlEE WS Argic) olfgh Wy
AR 57—%‘% A 7leE A 53E wiAFsel=
o]gt TojE(words) 2 7= = Uk o]t l
+ ‘9= AlS(word hierarchy)' & AR&-ste] Told U] =& 79 &0
¢l Az wojE APt

2
Tn
r1r

Kogan et al.(2020)2 531¢] FAIE A ALt A9 71es &) =
o) x) @] (Natural Language Process) S ARg3It) o= 9= A%
AHof 7dte] YlA~E I (text embedding)S AFESHO 24 E2 9

o] ~E dgolEd 8] THF HEE 23] to]ES 2335

1 5o
% fA ol fAe WEE R 9= e gole] f414
o]

e
N
o
=

Q52 AN 5 Qow], AUg BAalo] JPsat) o)Ay Adols] A
Zoh e WS AFSEIE Webb(019)71% EAmAke] o] oz}
4oE doleld] o|EnR WeHcontex)ol B /&S O 2 T S
!

Montobbio et al.(2021)> =& HoFAQl =Y 7| AP =& 4
S(exposure) & A 082 SA457] 98l 58] 255 AHE-Sh= Kogan
et al.(2020)ov}t 53519 & AF&-5= Webb(2019) 2 E2] 53] /A4l
CPC(Cooperative Patent Classification) TA41& AF&-3le] 2149 4% 7]
=1 AA g

olHd 535]et A 1He] AAl= Aol Vel =EHe ARE AF
o7 ZAETH Acemoglu et al., 2020). ©]E Faf A oA EF)
2 Y8 H(proxy) 7IEHsP) Al v)Zl g3 APHow B4
3k itk o= &9 Mann and Piittmann(2017)-& A E3) ===
& ARgste] Asst 5671 ol Ak o®m A(+)9] aaE mH L
B gtk Webb(2019)2 o] As3t 7150l thet :mFo] A9 FallA

g A kS mFHTh= BA A#RES A3} Kogan et
al.(2020)2> o] 94 Al 7)) o|7le] 7]& dhs et QA4 A
ol O #RlEo] dvk= HolZEth Meindl et al.(2021) 5319}

;

s
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A9 IF AAE FEl 43 A ¥ A S92 Akl o] Frkek ()9
WAZE dem, o= 10~20de] AR e HolFal 9,1‘3}.
(20200 AT 580l =29 AgS 7 AFgAl= AL &
< O Wol ARFARY, JEAT #a A9 A4S o A3
te Als 74 Z3s Bagit

T M= 5818 o] &dto] ZIeHsrt iAol nX gk A
How A% A77F A9 fl= AHloltk sHAIRF Ha et al.(2022)2
2] A d5sr] f8l Al R L8ARE EA Y ATt 7
HEZAb 719bel= 71 A7) HAle] 7]e 242 A ow v
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rjz
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SHA| Zgtrkar vlastHA, ZFdoiA ] 7HE 9~E WY = C
o] B3] EFAAIL} O«NET2] #H7]%(occupation description) 49
Agsto =y dxE|et 555 AAst 53] 759 HslE RaA
ls

A8 gk ubsk gl
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=

A3 49 &

g3l7] 918 531218 Ha et al.(2022)¥} Montobbio et al.(2021)*
SelWolyt 25 A8E A} sk 3lo] oyl CPC =4 digit)e] A
o] & ARE3I) o) 53] 29| AR o] uhfslz 4
o] AH iﬁlﬂﬂ wolet. of2fgh WEtell A 24 Al7he Adeofshal
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2 CPCHk: ol 2013 1958 402 Ags gt /)& &
AAR o Awskn Aol /)&ust FAE nest
WU A A P14 Di5A A A

42l
O*Oii 24 EOJTHE AT 7 k= HoltHE3)7, 2020).
A olA ARRE = CPC AoM = AlRE(4 digit)oll A 2HdE Zlo]
Fhe3D Webb(2019)2 5517 2} 1104/\}x4
o] AEAHdY "dAE9l H|W
al.(2021)2 Zdel il E%ﬁ}% 2 QAL E—i‘iég *l'%o}h A
53] LAl digh A9
g}, ek CPC Z=vt o2 AFEo]
ES ARSI o] 7R o 717 s o] &
gk gAE @A ETE golsly] wjitolth
st EdE dRESHOA ARd Aow ‘EFHRILAN A
(KIPRIS Plus)32& SalM 50| 7le3ith 2 dAqtol = 2002\ 9]
?—4 555 A5E o] &gt =] 53 EFAlAlel CPC7t E?Q%
< 2015990]t}. 1 o] ARw e 535)o] 7IE ERAAE
]ﬁli "37311'5L 740]‘7} O}X]”} A= °ﬂ7ﬂﬂ 585 % th‘:—

u: >\f

A 18 A FAARS] 89S el Aolch 71, Webb
(2019)°]} Meindl et al.(2021) w|=79] 20~30d 2-8&At=ef A9 &
GARE Atel 1A REEAT PATAL, & AT M

A 2AAEIL HEEA gt o

48 @ % g, ol @ Al aellE o
S5 Z4Rs SRARE TRA FAE 249 WS A
BAge] AN BelE 2 B QoA Ak BAYoR 18 Rl

1) https://www.cooperativepatentclassification.org/cpcSchemeAndDefinitions/bulk.
32) https://plus.kipris.or.kr/portal/main/contents.do?menulNo=200024.
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CPC Aol o] Bl=Eet fAMY S vlulelr] fgh A]jAbde] gl B
1= O*NET(Occupational Information Network)9] 2194 Abdell 23
AEF 24 digit)e] 45 71%(task description)©]th OxNET- v]=
o] AJAFA(DOT : Dictionary of Occupational Titles) ¥} 1|=+ FF2] &
FHSOC : Standard Occupational Classification)®ll ©]A3l 2z} #2¢jo] g
2 o= Sy gEs sl H2E Aeehs A9 1529 DB

AAAH L 747te] A

N

2¥7ko] AQQe| A Fsh= SHRIAT-E Vst Jong
A AAge] B2 537 7oA Foldle Ble] rhssith &
A 71 53] Jore] "9lAES Hlwste] fALE ) o A% 7
gdo] Erhal B Aolrh dsgh npe} 2ol AQJeA Fashs S
o] 713 58] 92EF vushr] 918 O«NET9] % 7|<=S ARE-st
=, o= 7+ Aol il 20~407 JF-E V1St ok BE AT
7158 7t AellA allets Sl w3t JRE P gk dF 45
71 ZF AYelA BEH= 7T vl diE AFsE gt
(Meindl et al, 2021). ¥ #AJo] 2-g5)= 2L 1016740tk
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A= Montobbio et al.(2021)¢] ®gel whet 53¢k 2§ 1t A
2k e &, FAAQl AA= Ha et al.(2022)S 23 Fo|t) o]&2
O+*NET®©] Alg-3h= QAR Fol| A ‘A9 (job title) ¥} ‘A 714(job
description)” At&33)E o]-835la, A&dt nlj= 53] EFAAI= CPCE
o] &3t}34) 94 CPCeF O«NETQ] HIAE 71o] §AMA HlwE E3) o]
= 2 dllof gtk 1 % 54 A o] 7]sWstel drput
shA| e WA=AIE S 918 71kl deviaes Efﬂ‘“/k
A Aol 8t 1Y 3-1 X)), oY APHER 5SS

SZL‘PI

10
Q
)
o
1r
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2 Hr g oY

33) https://www.onetcenter.org/database. html#individual-files.
34) https://www.cooperativepatentclassification.org/cpcSchemeAndDefinitions/bulk.
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CPC 7| A==
1 (FastText)
23y £33 3£ 1 g 7=
xc;(gl E_|¢E =T |E
FAHS /
CEAIE
EM g SAHE O'NET
LYE oA
EaAs T AEAE pu
KSOC «—— |SCO —— 8SO0C

T SOC(Standard Occupational Classification : "] E=219985), KSOC(gh=

E2 975, ISCO((International Standard Classification of Occupatlon En

Xﬂﬁ—%’%‘ ?j—‘?'—%) CPC(Cooperative Patent Classification: 824 £3] ¥7),
O*NET(Occupational Information Network : 7] ZI4A X HEHF).

olgg A¢E sl s T V=] Wt wE A 1
24 B AYS vhm 7 ojok gtk Ak niel o] & Aol A
= 53(E) =] 7Isste] JakE vhdshe digviaolH, o g o)
guTE AAdsk] s 2 g AAdojx @ (Natural Language
Process) 71"< ol-&3dte] O«NET9] 2 gAbxol vephd 25 7]<&(job
description) ¥ 53] EFAA(CPC)e] AW 7]&S AASH=E Aol

O*NET?] A HiF+ vl79] 324 9E+(SOC : Standard Occupational
Classification)ol] 7]WtelaL oz o]& dh=ro] E =2 HFR-FHKSCO)
o 5.gko] o]Fojxjof gt SHAINE g ] EFAY K SCO)Q‘r )=
o] SOCx= ARAQ AR/ gloers IARFAYEFISCO:
International Standard Classification of Occupation)35>§ UH Nz )]

mlm

35) https://www.ilo.org/public/english/bureau/stat/isco/isco08/index. htm.
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SOCE KSCOSF A utel] glth(1d 3 #x). 2 Aol A ISCO+
20073 ILO A o)z 7idE ISCO-08 WS ARgslal, KSCO+=
201730 7RgE A7 WA, SOCE 2018 WS g-g-sht) ISCO-08
I KSCO A= EAAANA Aldsta 2om36) ISCO-083 SOC
2018C 1= s EAH(BLS) oA Al F-ata ek

53519t AYe AAlske A2 432 A F 7 THMeind! et
al,, 2021). AA= 714 st WHel @28 AW (Embedding)3® S &
d 5319} 21 F AAZF FF-(task) oA o] Fo A 4= k= Flo]
t}. dE E9, Kogan et al.(2020)2} Meindl et al.(2021)&= 2 Foll ojst
JFAE S AHEEIA olE sl HAER Ajtetal o]eldt HAE &

< 7P Aol e 539 AAlslr] 918l 5351 §~ES} nlagitt
A3t vpep o] ] UollA Ve =F9] At F 5HE =2

CHBrynjofsson and Michell, 2017). Acemoglu and Autor(2011)2] 45

71 Fe] AARSRE wish o, g 4ol vl4e] Axtele] 1A
£9E RS o ulg wnde,

SAl A9 57 Aee 5o Qubd wee PE 4 rke
Aot 2 Agie] Aolat e} Azkel PAF S5E AHTFIA U
wEEl oA B5E TR 5 Atk dF S, vl B8 g
e W AR e, 2 2 tols e A7 gasst %
2sp UEe, ol ‘maviete Edeks AFS Adel 59
SAbdo] w2 lolth oA AbAQl AA] S} zkE oA}
olelst B3} vl 317k selE 4 ATk S HlgAte] gJtel
og 1344 BE olslo] FAATY 244 B %

7 FESA AL, ojxbAola ARl Eyt AvtE = AAF

7} 2AtHMeind! et al., 2021).

36) https://kssc.kostat.go.kr:8443/ksscNew_web/index.jsp#.
37) https://www.bls.gov/soc/soccrosswalks.htm.
33) ol Ynkyo = WEFlolA 1 7he "2E(EE

E(EE do))9 ouE Qladshs At WEHe FEE el



H3E SOHNEE = J1aHoDt 181 Y20l 0Ns I

Al kg 7S o838t CPCoF O«NETS] Fit 8l~E 1he] fA}
< ’L%ﬁ}ﬂ M E 4 A ﬂa] (preprocess) & A oF g}
A2~ E dlolHE A4 AREE] flelAe 1 R 71E, 1ea
E-8-9](stop word) 5= 11]745110]: st} aga vl Expg exp 9 =
FEA} 55 wEk A Aok st} o)A HAEE Eag}g}}; FARS IR
A 37]#¢]1 NLTK(Natural Language ToolKit)S &-g&3hc} 7z} 4
= WAF JFoR FEgE Fofl A2 'IAEE( tensorﬂow)ﬂ Al E
“Tokenizer & ©]-83l0] A4z olzmdsit). tha] o] ESELS Al Zrto)
shiel dwd A(Embedding Cel)oll F3tch e AL 159 &
e st dol 1 BAE ek, 7 dolE WE R WEkEtHH
W 9, 2022). o]ZA A EAES = wWElR W)

<HE 3F1>E B4 gl O«NET gIA~EE a2 o] Aeel A
P2 n}z AEHES QAR HolFE1 9t} RV R <E 3= B

4 gpgel CPC B2ES oz glole Aulsh AxeE vkl s
ujsskan glek A<k Hleh o], ONET €l Ed= 1016719 4]
2= CPC g)2Ed= 1067871 53] 771 E°7F ATk

(Z 3-1) O'NET HIAE Xz MHMz| HF ofA|

O+*NET-SOC : ..
Code Title Description
A A
Determine and formulate policies and provide
overall direction of companies or private and
public sector organizations within guidelines set
11-1011.00 Chief up by a board of directors or similar governing
’ Executives  |[body. Plan, direct, or coordinate operational
activities at the highest level of management
with the help of subordinate executives and
staff managers.

Chief Communicate and coordinate with management,
11-1011.03 Sustainability shareholders, .cus't.ome.rs, and employees to
Officers address sustainability issues. Enact or oversee

a corporate sustainability strategy.




D J1ewo0t 280 5S40 OIXls g%

(F 3-Dol A%

O*NET-SOC
Code

Title Description

A F

11-1011.00

chief executive determine formulate policy provide overall
direction company private public Sector organization within
guideline set board director similar govern body plan direct
coordinate operational activity high level management help
subordinate executive staff manager

11-1011.03

chief sustainability officer communicate coordinate management
shareholder customer employee address sustainability issue enact
oversee corporate sustainability strategy

(% 3-2) CPC HAE Xtzo| M| M=F OfA|

CPC code

Descriptions

A A

AQ1B11

SOIL WORKING IN AGRICULTURE OR FORESTRY; PARTS,
DETAILS, OR ACCESSORIES OF AGRICULTURAL
MACHINES OR IMPLEMENTS, IN GENERAL (making or
covering furrows or holes for sowing, planting, or manuring
A01C5/00; soil working for engineering purposes E01, E02, E21;
{measuring areas for agricultural purposes GO1B}); [‘Ploughs
with oscillating, digging or piercing tools {driven or not}’]

AO1BI3

SOIL WORKING IN AGRICULTURE OR FORESTRY; PARTS,
DETAILS, OR ACCESSORIES OF AGRICULTURAL
MACHINES OR IMPLEMENTS, IN GENERAL (making or
covering furrows or holes for sowing, planting, or manuring
A01C5/00; soil working for engineering purposes E01, E02, E21;
{measuring areas for agricultural purposes GO1B}); [‘Ploughs or
like machines for special purposes (for drainage E02B11/02) {;
Ditch diggers, trench ploughs, forestry ploughs, ploughs for land
or marsh reclamation (machines for aerating meadows
A01B45/02; making furrows A0IC5/00; dredging machines in
general EO2F)), ‘. for making or working ridges, e.g. with
symmetrically arranged mouldboards {, e.g. ridging plough}’, ‘..
{with passively driven rotating disc-like elements for forming the
ridge}, ‘. for working in vineyards, orchards, or the like’, ‘.
Arrangements for preventing damage to the vines, or the like {,
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(F 3-29| A%

CPC code Descriptions

e.g. hydraulic (machines specially adapted for working in
vineyards A01B39/16)Y, ‘. for working subsoil, ‘. Special
implements for lifting subsoil layers’, ‘.. Means for distributing
the layers on the surface, ‘. for working soil in two or more
layers, ‘. Machines for combating erosion, e.g. basin-diggers,
furrow-dammers’]

A ¥
soil working agriculture forestry part detail accessory agricultural
machine implement general making cover furrow hole sow

planting manure soil work engineering purpose measure area
agricultural purpose plough oscillate dig pierce tool driven

AQ1B11

soil working agriculture forestry part detail accessory agricultural
machine implement general making cover furrow hole sow
planting manure soil work engineering purpose measure area
agricultural purpose plough like machine special purpose drainage
ditch digger trench plough forestry plough plough land marsh
reclamation machine aerate meadow make furrow dredge machine
AO01B13  |general make work ridge symmetrically arrange mouldboard
ridge plough passively drive rotate disc like element form ridge
work vineyard orchard like arrangement prevent damage vine
like hydraulic machine specially adapt work vineyard work
subsoil special implement lift subsoil layer mean distribute layer
surface work soil two layer machine combat erosion basin digger
furrow dammers

O HeeR FEAE he] fAEE 245 s ol o)
o ZIkste] el B A WEsh S3ie] 95 WEE Az

aafof gt Mg upel o] HAES F3FEV} ofsfstal FAEE S
oAl st HAETF Adg AR @ WE R gkEojof gt} =
2 o]"y $x12 sl ulel AjedojHee] A5S AA Afo|r}
‘/}7] L‘HEOH 01% UH—Or Z 93t} Hoto= tol2 o BAAY S B
= Y= Iud(Word Embedding)o]2kal sfal, o]
A¥ES Juld ME(embedding vector)2tal 3hct
A

ol Y= wEF7HA| vl (mapping) 3= AQHE], A ¢Jm)= 7}

f



olg}i= oforjofo] Zluksel(T1¥ 3-2 F=x).

A= g WS o] 7HA7L ok Ha et al.(2022)2 ONET &2~
Eg} CPC Hl~EC WMHE A7l 9@l Word2Vec, Doc2Vec,
FastText, BERT-base?] U] 7}¢] WS HAESS =0, FastText’t
7P £& A5E Blvkal Bkt Meindl et al.(2021) % FastText W
HE AE3le] H2EE wEgslit) 2 AGoAk o] & we} FastText
7IHe ARSI

FastText #|o]2~5o] 7ldgt whHolw| word2vec?}t 71441 WA
s 2} 39 Word2Vec ©ol& 2704 o gl 3912 AZs
+ ol Wl FastTexts= afute] ol ol of 2] Tol7t Exjjah= 2o
2 gt Aol 2kl vk = Wi wol)l B = (subword) &
a#ske] ShEFITHR-AE - oM, 2022). ©)& AP ¥ % (pre-trained)
A= dMYS ARE-gTE3Y)

A7 59

—

o] A&

A A

man walked

._"-,__ woman W.

@
I-n'ng.‘-h"-;. O . swam
walking
queen .
e T T
/ =
swimming
Male-Female Verb Tense

39) https://fasttext.cc/docs/en/crawl-vectors.html



H3E StiiteE 2 J1eHobt 184 A30l Uikl g HEe

A2 AZITHA0

S FAISkekL W F 7)o 245 Hlad ¢ Utk o]F Hfs) &
Tol A= FAR] FAF=(Cosine Similarity)S A&t}
T WY Fo] FARI AL E o]&ate] HEt < e T

ojughe}. 7 WE] ] Wgko] ehds] wU3 Ag- 19 wh=
o] 7k& o]F W 0, 180°= whoje] ks 7HAw -19] %k
-1 o] 1 olake] gk 7HAH ghol 1ol 785 A=Y =rtar 3

el ¢ ITHREE - M, 2022).

)
FTARR] FATE

Be] A

1T T

)
3]
1O
=

o
A=

o
12

4

A-B _ i=1
Al I BI n n
S S

Similarity = cos(9) =

O+«NET®] #9443 CPC 53] EFAAe] Aol z+7+ 1016713
10,678710] 22 10,348 348%82] FAR] FALEE AR 4= QT ] Zol|
A FAR] FTAREZE 0.85 o741 -9+ 6,718% 0]tk 0.85+= ¢
2 7]Folth dvkshd, 094 0.8S 7 o® AAsHE FAE =
AF7E U AAGA25%) |- BobA(72763%) ov e A4S o
7] ofgivkar AZEgl7] wielt

dE 54 O«NET F= 11-10219] 3133F= ‘General and Operations
Managers -4 Ay fAME ) 28 CPCE GO6QI0E B E38fe] 37
7F JTH3E 3-3 =), G6QI0+= ‘DATA PROCESSING SYSTEMS OR
N[EI‘HODS, SPECIALLY ADAPTED FOR ADMINISTRATIVE,
COMMERCIAL, FINANCIAL, MANAGERIAL, SUPERVISORY OR
FORECASTING PURPOSES’®l| 3llg3s= 53]o|t}

40) https://stackoverflow.com/questions/54181163/fasttext-embeddings-sentence-
vectors
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(# 3-3) O'NET HAEQ} CPC HAE 7Io| RAIE & 21t OfjA|

O«NET 3= CPC == Cosine A% 2
11-1021.00 GO6Q10 0.890657
11-1021.00 GO6Q0 0.863572
11-1021.00 HO4LA41 0.860859

11-1021.00 onet_text

GO6Q10 cpc_text

General and Operations Managers

Plan, direct, or coordinate the operations
of public or private sector organizations,
overseeing multiple  departments or
locations. Duties and responsibilities
include formulating policies, managing
daily operations, and planning the use of
materials and human resources, but are
too diverse and general in nature to be
classified in any one functional area of
management or administration, such as
personnel, purchasing, or administrative
services. Usually manage through
subordinate  supervisors. Excludes
First-Line Supervisors.

DATA  PROCESSING  SYSTEMS OR
METHODS, SPECIALLY ADAPTED FOR
ADMINISTRATIVE, COMMERCIAL,
FINANCIAL, MANAGERIAL, SUPERVISORY
OR FORECASTING PURPOSES; SYSTEMS
OR METHODS SPECIALLY ADAPTED FOR
ADMINISTRATIVE, COMMERCIAL,
FINANCIAL, MANAGERIAL, SUPERVISORY
OR FORECASTING PURPOSES, NOT
OTHERWISE PROVIDED FOR;
[‘Administration; Management’, ‘. Reservations,
eg. for tickets, services or events, °
{Coordination of plural reservations, e.g. plural
trip segments, transportation combined with
accommodation}, ‘. Forecasting or optimisation,
e.g. linear programming, “travelling salesman
problem” or “cutting stock problem” ©]3} A=k

Acemoglu and Autor(2011)¢] 3% 7|94
of Wz g5 YR vieks Qe

Kogan et al.(2020)2} Meindl et al.(2021)<> O'NET<]
9rES TR QTS Mgl A7)
T Ha et al.(2022)= Wt 579 7HeAE

S HE ek

Z=

2 velrb gk Aeld 5

o @Ao)7|E Bt olel @ 55

Aoldt.

k] 715t 7Hd o) ofy

™
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A4 4 At

1. SsE2(2) &

o] A 7}A] FastTexteh= 714 S5 71
= "92E9} CPCe YlI2~EE H|alslo] 2]
slg sk el vise] £EAY

A]

1, B SARFAQRF HHEF

ML @ o
i

it
N
o3l
r2
rﬂ
ox,
)
%0,
als
m

o] % AT 14 digit) o] AP S8 W = Ut o]
23 vy IPgell= ARe] E4do] putetnz vjewste] A #S]

555 Mgl A a7t ks AS 1A Futel] gv mgl A
A ellA] dolgt 2 7R wge 5 WrE EE5% A
ofut}. o= AFto] AR ofn] A H g vprt Qi

[719) 3-3] $Elvele] E5EY9(3) Fols RoFa drk 2002~
202113 713l 72 FAR oF 24N Ao] EFEE o, 2002 o]

A&H o7 ST 2016~20201d Atolol] E3|Eel WEo] 917

YA, FA 1 FS7HE olofxl o= Hlth 1y} 20201 o
S5lEd(xd)e] 48] =AUtk o]H3 A ke U9 1%
w7 Q7|2 AAEso] & 2R gk AL wkgstal Qe Ao
2 Helth

CPC 53] ZFAANA Y A A=2g 7] o] duks g2
S YeRNa(ES) A, 2020), Z A F2 43 A o
FEThAD wbd 2 Aol A= CPCo Y¢F Zoll sfdst
S3EdS Wl B 59 W E slojth

e #E SEHR)E A SSEAR) Y FAe 24 vE
orc}. shAuF AR= 2010~2014d 7]7kllE Sake] FAE Sk %

il on'

ﬁ

41) https://www.kipo.go.kr/ko/kpoContentView.do?menuCd=SCD0200271.
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(22 3-3) fEL2te] S5 (H) F0[(2002~2021H)
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T Bk 1537) AR 24T 2 Akl
9) BF ote] A= t7ho] T, * p<0.10, *x p<0.05, #kx p<0.01<].
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A0l SR Y] ATA FlA e AFEFIE
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Representations from Transformers)Z o]t} o] Z—‘.Z—rwﬂ ]'—'—HL
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E
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AellA] s (skiloll sdshe FtS Zropbirh[1® 4-1]¢14] M2 3]
D). M2 F52S & o] e agew zdshd (19 4-2]19F 2r)
o] 342 [1§ 4-3]° 47038 Hoang et. al.(2018)2] X34 Fars}
o] 353

45) AHS - FA9A(2022), TLEkQl FoIFA BlAE dlo|E] BA1S Bt Ao Fel
7S (skills) oM E AT, FFuEHRY
46) https://sktelecom.github.io/project/kobert/
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(33 4-1) MY 7HE=

Job Posting Job Code(from M1) Job Skill(From M2)

BIO
tagging

Training

M1:KECO 7|FC= S5 HFERRT
M2 : HESA(BIO tagged)E SHGE ZUFELP

(38 4-2) M2 Al

03P OJP’s

AtEel 16-22'4

BIO tagging
¥
training

Ontology SKILL keywords* LSTM ’ Raw SKILL Terms

FARO] Oj A — [Ontology SKILL keywords]

Normalized

SKILL Terms

Hierarchical
Clustering
3%k — 300 — 100 — 50

ontoloty SKILL keywords:
EEE RSN
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(28! 4-3) Hoang et al.(2018)9] £AMntA

Collect skill
relevant contents

Database
resumes /

Clean predefined jobs

noises

i | Doc |
i i resume / job i
i i !
i == = i 1
. SEROL e ' i

Identify
raw terms

Call Wikipedia API il Compute
relevancy score
vodiee > Filter irrelevant /
li i i
} Library

Disambiguate
multisense terms

Return
normalized
skills

Z}# :Hoang, P., Mahoney, T., Javed, F., & McNair, M.(2018). Large-scale
occupational skills normalization for online recruitment. Al Magazine, 39(1),
5-14.

2. =g LIEHH= =H0{(Raw Skill Terms) 7| : BIO Ef2n}
JHAIHRIA(NER)

2de) FAFEIE SRkl F0E R @ 0, 97

)

47) 3o}, 3o} =y, ARl Ao E A& FolEal 7} 1wk
A B AT A gl s@E UeRile dolE gkl

48) NER annotations 913 7idate] Z1s]Hel] g70gh 2 aghs ARalsithhttps)/
tecoholic.github.io/ner-annotator/ & https-//github.comy'tecoholic/ner-annotator -7,
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BIO Bl7¥ dlolElE FHdolE 2 4o}, HFAS Zrohll= NER &
dS THEATE gensimo] AlFsh= AR g5 1= Y (pre-trained
word embedding) Q] word2vecs AR-SFATE FHaF LSTM(Bidirectional
Long Short-Term Memory) =@ & F&3}o] 49 ¢F 974%°] Hedrs o
Atk olFHA A& AiES BIO B Y2} vlas)] 2 <Box 4-1>
¥} )

AEETet MAERAA 7S FRIEal HAE wAk AEeqirh
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o) Zohd HURAE APATOIN sk ol masle] ik
e
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olglal K= Aot} E AjoME= IT I 2F Fl-dauvhs oA
A =d-go]E G drhBox 4-2 oA,

(Box 4-1) BIO E{dEl =H 20{2t NER 22 = FE6t SHEH 8|1 : ofjA|

B [ - 7SR, ‘ATUAIAel, - 99, - Auto CAD', ‘Office’, &A1g
Q_’ ‘/\ﬂ]x](ﬁ’ ‘*E/\E]

FE: [ofﬁce’ EEAF Y, AFUANAC], - auto cad, ‘SAAG]

B [l el]

FE[dEor]

B [ x7Fs K]

FE A7 A

B [ AHEAY, A, Aol

FE[ATUANT, BT, AU EBA]

2 A N

FEI[ER ’, ]

B AR, R&D]

FE AR 1&d]

B (AR

FEANEE]

B AT Al ]

FE AR E]

49) https://wikidocs.net/147219
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()&= ZAR] FAME

A EGHERE [(JEAY A 714 A ﬂﬂﬂ*h Au a5 Eok AlaE 7}
T it EFA FA By &dWE, 4 7Fs, A

2E2ARY:

[AHRFAIZIRE BRMAR] FAF BFEAGA 5 AN A 4]]
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(214 AHENAENS Q52 A3] (0.9065161347389221)

[N 228 mek QAR RE 7]4] (0.8888177871704102)
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[?}EEO]E 79k Bkl ojZ Aol T T
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3. SEEAMIEH| =8 F[F=Z CHA|

2 Hr rr
1o
o
H
ol
-

of i
H
N
2,
k)
ﬂ&
o
o
ﬂo_,
£l
o
o
i
iy m‘“

2

El

= 7t
s Wol50) o]E $-g|7) A F91Fa "l AEo|A] F
g ANSARATY vt FAIET} 2 7Y Fo} tA|EHY
A =d R @Y 252 71958 H|ushy] fEixE sholel Joj&
&7 AFAElEAIZ] QY WE S F8a9uhs) T gae] duy wE
ZJ: = =]

of FARIGALES A ogA Qe AnEe] AN oAl

X >

olgA AF = 7)== oF 39k 63 7otk
51) https://fasttext.cc/docs/en/pretrained-vectors.html



JIEHODL T CE4Q0 DIXls ¥

4. Hierarchical Clustering2 Edll <21ES 2&/6}71 :
Normalized SKILL Terms

g fayl 2EEAAE] ' 7]=R 39 639 J

gel7] wiel EEstE sHido R (Helr]e oYtk Hierarchical

S Fe] M= SFoiwitk 3007H

10070, 50712 714 .= Hierarchical Clusteringdle] H5

P A, 3000] 7lle] TSl tis] Exle] Ao = 47

) ol ] 6702 EFSFATH S/, g
X

[¢)
2}

o
(e}

S
>
e
_>‘.1_:‘
)
1

i
(%)
=
=
°
ol

Clustering
WEE o

slal 4R

=

Y
BN
[ol0
i
r

T
o
>
o M
oot
_O|L
=

[e)

ok
=
32 30 b
Ay
(i
=5
ﬂm
i
o
e
BN
ol
£
N
Lo
ol
[oZa
ftlo
A
=3

o o Tr re

0
—_
Y
i)
m
o,
4z
£
ol
ol

i)
i)
e
A
i
jai'
N
et

ABH ofvje] %A WRshs 0E 5 Aok
j =

E2AAE ] Tla(sd)d AA J19=EE
A

o o Ry
offft 2 ofo

E o
o o om
> B
Lo E o
o

ro Fﬂ S o e

= 2

4 o flo

o} s

e E

; =

Nr

o Jg

A "

L) )

o o

o T

Al ©

rlo

nj

)

1t

2

©

fl

[4 (
offf 0¥ o
N
N
iy
X ol rlo
A
B
2

z 4
i)
o
_\:"_l,
©,
ol
ﬂ?
fin}
ol
X,
o
o,
o
A
N
l
il
Lo

b

[
N
N
r
k]
O
1o
)
rl'IJ
I
A
Elll

M

IT Al
HES A
o]
AT E
zZ2
HEA|2E 4R
A3TE
AR
guEE
AlEgo] A

ZRE




oz

Kt

)
<

o

xr
5 . i WP
L _I \ B —_—
® e s LB ML B ¥riiE
HET Y Tod |Trw N el A R
5 L *O of N IR I Gl N i N
@%oﬂlxo & ﬂ.,o_._,o_.%ﬁ.iﬂmowﬁ_ﬁi N B e TN T N T ™ xom_mA of &
Mo mo m Be T XMoo T N N W Moxe ® R MR M oAk W ON N | mpoak BT KON H

fARS

Z
A oh

A&

RU

Hag +

Ay
=

4-1)2| A

1T
ar

(

%0 ot E

Ho - 3
<] — _
1o o K =K
o Tor = 5o
= Mo X T




JIEHODL T CE4Q0 DIXls ¥

2 KECO A& : 131 132 133 134 135 136 151 153

13 AREA A3z 2 Fsh /)4

131 AFEHI=e] - BAFE 7)Ee)
1311 55 stedlo] 7lex 92 A+
1312 BA1Ee 7)ex 9 A7
132 AFEHA 28 A7}
1320 HFE A =5 AE7F
133 2ZEg o] Az}
1331 A28 AZEY o] sz}
1332 $-¢ AZEZ o] s}
1333 €4 At
1339 71} HFE AE7F 9 Az E o] Awrt
134 dloJe] - MEY A 9 Al2="] & AZ7}
1341 dloJg HiE7t
1342 MEH A Al 7aa}
1343 ARA| 28 299}
1344 Q] oﬂ X]—
1349 71E} dole 9 YESA dErt
135 AR RS A&7}
1350 AR B AE7}

136 41 - HJ**% ] 71AL
1360 A1 - W=55% v 714}
151 7]74]- Bast 7lex 4 A
1511 71A18s 712 2 A4
1512 253t 7]eAt 9 A72

1513 714 - 23538 A F<
153 #A7] - AApE-s+ 7]"1} 21l /\]s 9]
} 7

84 AREA Ax] - |2
41 X{};]_ E.}\]7]7] /\4;<] . .l_.g]%

8411 78 A - el

8412 ol x| el

8419 71e} BH F41717] AR - e

842 WE - A AR - e

8421 W=&7n] A - el

8422 FAlgm] A - el

8423 W< - S - Il Aol A - 5

= A

4




T4z 21T UERL £34Q 0 |T 2ES FA0=

ABZIT A% o] A 1] mebs] £5738 255 7HAaL [T 2ol
Ae] &d g3 WslS dlols) Bokt

AR Rl aL AkROlA TR 1S fel®: FEEISAL o] T4 Y
=Tt i H A 2 As AlelskaL 56193708 1EaL HolEE &
Aol ggaiich 7 T ® S7HA] 2ERA sEEde] WA

L, WAL=} 0.85 o]l Alo|anks AEsto]

Me
1%
ofs
ol
3R
v

2016~20221d 713F IT A% FQlgaolA veht sexdse) U
W ONES <E 435014 BH, ARAsE 49 2 AR w4
HlFo] F7kshe W, WEEA, FE B, AANE 5o MFS 7
aohe Ao vehia gk ARAsg B SEe 2016~201847
A= 2 st QA 0199 olF whes) F7ksh] AR 29
2w PSS A5E 0 Frheh e A, 202240
© oR gad Aoz et 9

(k12 71
TITL F
2016 4,863
2017 7,226
2018 12663
2019 7,600
2020 13801
2021 7,122
2022 2913
A A 56,193




ER Jiawot £381 540 DXl g%

(F 4-3) IT S5 TUBTON Liefct ST HFY o] %o|

(2911 %)
2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2021

B 5313 S5%) 53.3 4.0 o577 985 9.6
BEEA 73 6.7 6.6 75 74 438 44
&5 54 14.9 15.3 146 134 12.8 131 12.6
A7 9 5F 10.0 94 03 85 6.6 7.0 7.2
49 2 A= 94 104 11.7 11.7 121 12.9 12.3
71e %) 48 46 5.0 34 37 39
A 100.0 | 1000 | 1000 | 1000 | 1000 | 100.0 | 100.0
SHXEH T 12,801 | 19528 | 34,168 | 20,411 | 37689 | 20,781 | 8441

O{gioﬁ

< o

o.}il_m

>

EiS

o O

FlO%SE
W = % H

r_}(_{_Q_‘oer.u‘lN
o

ry

GEA-4>olA O AIFARD A HFR =
Ho 7= A|xwly) AZEYo] ¥ £ H]
Foll F7ksks FA1E YeEhaL vk AR 3 SHE
o i o A glon T gy e &Y v
v o Helth UESA I wwo] Ae m2u A
2020~2021'A0l FAshaLl e o=
HoRE Al Huf, ®7] Fol

=
=
N

L

N

W
(o
L

i
Er
_O|L
rir
X
>
o
H
=)
O
o 2
oz

oi rlo L o

=
ofy
o
Ho
N,
ol
rlr
P
(o
il
fz
o,
)
o
Lo
=
of
o
ja)
N
- o)
i
4
'
9
>,

0.

,
ok
©

i
rlo
ot 2 o

i
Au)
k1
%0,
o
of
g

r |
o L
4
e
et
N
2
>

<R 4-5>ollA A9 107119] 1 M Ui/ oolA, 2016~2019
W, 2020~2021, 2022 So2 RS B A, A9 1071 s i
oxo] F Wsh= YERA] ettt Al2~g - vl 7 A1 19] A
Y& A7]aL Jom, AxEo]e} Holg A o] 20201 o] F- 29] 9}
3= b wbd, T2 P S8 29004 4912 Uit



H4% FUBU0 U £24Q : IT XHES F4O=
(F 4-4) IT AT 7310l LERt 3 F|Y=(MF E7E) e H|S F0|
(41 : %)

2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
IT A28 14 17 16 16 13 13 17
YES = 30 32 35 37 31 27 33
o] ¥ 71 65 6.7 6.8 68 72 72
AZEZ 0] 78 70 73 78 | 119 | 135 | 132
An | ZE1A 83 79 75 6.8 70 6.7 6.8
AE K 38 36 44 48 52 34 36
T | A5 1.3 13 14 17 14 14 13
A|2~El 204 | 22 | 29 | 208 | 210 | 23 | 226
otyE] = 0.0 00 0.0 0.0 0.0 0.1 0.0
A& o)A 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ZUE 0.0 0.0 0.0 0.0 0.0 0.0 0.0
=4 2.3 21 17 183 15 16 183

s 0.0 02 0.0 0.0 0.1 00
W | mTo 06 08 08 09 11 1.0 09
A |94 01 02 01 0.1 0.1 00 0.0
A} 06 04 04 04 03 04 0.0
A7 32 31 36 43 43 1.8 17
28 23 2.3 24 2.7 2.3 17 14
3} 0.0 0.0 0.0 0.0 0.1 00 0.0
7E B 2 23 2.3 21 21 20 2.3 26
7171749 41 38 39 35 27 28 27
et | 37 a7 04 03 02 03 04 03 07
24 |34 03 04 04 04 03 04 03
AEIE! 14 15 17 15 20 2.3 19
AE we 38 42 38 29 28 31 28
Ax7|% 03 0.0 03 0.0 0.1 01 02
ZH 0.0 0.0 0.0 0.1 0.0 0.0 0.0
A=A 34 30 38 29 2.3 2.7 21
EHgAfo} 04 02 03 03 02 0.1 0.1
ARl | 2= 06 04 04 03 03 02 0.0
U | 25 26 18 18 14 15 21
nx | 7% g5 28 29 27 30 2.2 2.3 25
ZAPAAL 0.2 03 03 02 02 02 03
CRpel e 0.0 00 0.0 0.0 0.0 0.0 0.0
ZEEi 2.6 2.8 29 29 30 37 36
A 2HA] 14 21 2.8 2.8 31 26 28
A2 0.1 02 03 03 02 03 0.0
49 | W AY A= 06 06 07 07 05 06 04
2 (A e B 17 13 13 11 1.2 1.2 13
Az | A= 7 24 02 03 03 02 02 02 02
ZAVEX 7} 03 02 04 04 03 03 03
WS FTHAA A 2.4 29 30 33 35 40 36
£3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S FA RS 52 48 46 5.0 34 37 39
el oHt T 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AE 0.0 0.0 0.0 0.0 0.0 0.0 0.0




EED Jiawot £31 540 DXl g%

(Z 4-5) IT &S FASI0IA HEIH 49 107H2] 58 7I9I=(HER) BIS 50

(91:%)
2016~2019 2020~2021 2022
A|2=E] 211 [ A=H 214 | A|2=H 22.6
R i L 75 | AZEY 125 | AZESo] 132
LA E 0] 74 | deld 70 | deld 72
t|o]E] 6.7 | Z=aY9 69 |z 6.8
A BT 48 | AR 46 | FART 39
qu 42 | n5EFEAA 37 |49 36
7] AP 38 | FAET 35 | AE 36
Al we 37 | A7 34 | wEFEAA 36
Z17] 36 | AL 33 |HIEA= 3.3
HES = 34 |YIEA= 30 | AF e 2.8

98 AH o], 20204 olFol AzEsolvlE
olm-ylolE T Zdo] 192 A s} wolE-Z 2 1e-A)E e
S J3FaL ot AlElx| 2] o]} Al
28U ES A A %2 ARA|~E 29 7
W, AR 7AYol 28
9, A olud £¥g JPY YRR deAE 1] Y, B8
g

N
>,
X
£
fru
I
i)
=]
ofo
ol
k1
ox
o
)
i
Jo
N

GUE E9% 59 W

= I

- %
5& w97} sttt

.

S-S 1599 E 37 AESE Aol <G 4-7>0lt) tii-Ee] 2
o

=
[¢)
Fo] 4 WEE AW £8L 1292 BaE e 2
ey
o



zxoz [EE)

(F 4-6) IT 2 FAS0iIM LEH &bl 107He] 53 F|9=(L=F) HIES F0

HA% FATTN LEf 42 : 1T X3

i

(9] : %)
2016~2019 2020~2021 2022
ATE 0] ATEY O]

Al z~E 7 ] J |

] @l 9 ez oy | 128 |yega gog | 130
AZEY o] 75 | A2 B 101 | A28 7] 114
HESLZ dolH | I ’ T '
Hjo]E]-Z 2 13- 65 Hjo|E-Z & 18- 68 Hjo|E-Z 2 18- 71
AE FH 22 A #=E F4 T AE = A4 ’
w2 g8 56 | Tz B8 53 | ZzaW g8 5.4
#A4 Bg TR EE 45 | M2=dl 4 43

REC D AR HEY A

AES= N 48| ) 114 41| 1 714 42
A ZAHEI-JEL] T _

o a7 e Az | 37 |94 0 40
shsal A|4H) o . L

e 29 | FA B 35 | S5 A" 24| 36
T_'__‘_l

Qz;lz"m] NHF 1 99 |amazw we | 32 [AwAza e | 26
ZOE]_}\]/\E-H Qe 26 _,_/ﬂ 3]]%34 ZEA] 26 _,_/\1 3HEJ,} ZRA] 25
FAHIEAAGE Y So] Ag oy A S #H o] 159 =
e g5 S8 oAM= 1689 FQ o] A HeR = &
= Ao Bl okl BAYEEEIIAN A%, B v SuolA

ﬂ

29 o sHoRE A, AZE ], UESA T3 dd A
Zo| A= AZE o} T2, tlojy ## <Eo] A)AE £ th
o8 aEE Ao® Yehal Qv 7t X B AFoA
= A, AR, Al AZESo] FARHMY Fol 259RE 8
o= Helth

3RS B 739, ATE Hedol-FATY 714 AFolA] A

rl



JIEHODL T CE4Q0 DIXls ¥

gl-AZEo]-dolE"e] =47} 2020~20211d “AlAEl-AZEYo]-A
AP oRE MR ek 20220l oAl o] A7 fAEE BleR
Ueptar vk HFEA AT A 1892091 -3 17 2016
~20194 “AlzEl-dolE Al e A 2022l ARl uST
AA-7Gee” To7 Wala gl

AFHA=HAE7R AT Eo/da) dolHU|E A =829
2L AREQPAE) 5 IT ¥ 259 13} 8 S-S 55 “A|2gl’o
R, 259, 39l ZF 54 W Hdo] & N

< 48> 9o Ee A =9
AF AR (Adigit 4FEF)

2016~20223 9] 61doleh= g2 7|7l Ak,

& ol 87 E= SHo] WMehs A9t Be Ao HAlt: 5 I
o)

4
y

H

, e
A el M= a7-s]= o] Makar glom o3 Wl AFHR
tEths s g9 ¢ stk

olelgh 4 Al ES VAISES 83 HAE BAo] 2eRjlely
el ERlE SHBIES FEohL SEEASERA vAstaL o]
£ HFEE BReles gtoeA el e atel vehd 1852 4
L SEgFes MR =duls b 7od ¢ dee & BolEt:
Ul sl RIFE Agolstal g qrAsks AjdelM = 7l dE

7

7te] Rele] © Weashtha wr
7w



(E 4-7) IT DB 249 vlE 42 WR(HER) 6iF %o

(9] : %)
Q=2
keco R 216-2019 2A00-2021 202
code
gy |BIFE SRRl BT g 129 [A128 168 [A122%1 189
71EA}
132 |AFE AzE AR [ A2E 200 | A28 205 |A28 273
133 |AZEg 0] 7zt Al2=H) 254 [A 2= 21 (A" 248
13 E—L]O]ElLﬂE ) FA| AH L A28 219 | \2e 209 | A5 o
AR : : :
135 |ARH AR} e 256 | A28 262 | A28 %6
136 [BAREEZ7|A) Ml 311 [ 200 |ZZ a8 333
151 |7)A 28287 SAA 8 (A28 111 |[A28 112 |47 154
153 | A7 AR SR E Y | A28 145 | A28 147 | A28 159
/Ul (ARSANAAFEYD [ FAESE 461 |FARSF 2.3 | A8 294
/2 [ AAE Y [ fA RS 05 |24 166 | FA B 187
Q=)
keco RISl 216-2019 220-2021 N2
code
7{45 Sleol ]_TL 3
131 1 sh=dlel-galee ATES 0] 80 [2ZEY 0] 85 [A2ZEY 0] 93
71e%
132 |Z5FE A28 87 |dolE 114 |dlog 107 |2&FA44 | 100
133 |2ZE o] 7zt Bt o) 131 |2ZEgo] 182 |2ZEg o] 190
1.0
g [RLTIEATAEAE oy IERE 78 dlele 76
135 | AR AR} AH 125 |dle]g] 101 | AR 99
136 |EAME5Z714 AH 115|948 171 |A2#] 33
151 [7]AZEEe|ex A8 [AA 103 (47 83 |A]2=El 120
153 | A71AAE 7| e A 89 | 7] A1) 85 [AA} 88 [AZEY ¢ 99
81 [AREAEASFEY (AR 114 |41 103 | &A1 93
32 [N AXAuY | AFE 152 [FAHSE 143 | A1 2" 164




IS £l L5420 DXl g%
(3=
keco BRI 216-2019 200-2021 N2
code
4 SFeslol-
I glo]g] 74 | A% 76 | Blolg] 79
132 [A5H Alzg d&7t AE B 54 | AZES 0] 66 | 4922 80
133 |~zEdo] ARt rEEgel | 106 |Zeaed 96 |Z=29% | 105
% j‘ﬂi“‘gﬂi% D laqus 80 |azedel | 71|azeqe | 73
135 [4unotdns} WAk A% | 105 |48 81| wlolg] 94
136 | BAMEEE7]AL A2 82 [AlF & 114 | AZEZ 9] 333
151 |7IAZEZS7IEAA G | 7] A7) 95 |HlolE 75 | 71717 80
153 [A7|AAE 7|8 | AZES 0] 83 | 2~ZES 0] 81 [dlolg 76
R e R A A R b B R R PA Pt 6.0 | A28l 6.7 | AR 76
342 [HSEAA] AAAH|Y | A" 66 | A2l 84 | EAZA 117
(F 4-8) IT =B satgl vlE 421 WR(AER) 8 %o
(%4 :9)
=2
EEZZ Al 016-2019 00-201 m
AHE sfEdol- | AZES] AZEo] AZEG]o]
BUlengs nen [degzdon | SOqegzadon | O|qedadoy | O
- Hol Tz 1d-
132 |78 A28 A5} xg l& 2 A 111 | A28 2 14| A28 7 180
13 [azedel A 423 B9 o i g [FEEA 190
" M EOERE ] “WESZ HlojE '
1 ot Y g 167428 2 187|429 2] 19
135 [HHEART} Al2E ] 182 A28 2] 166 |A12~8 7 167
136 | EAEESE7]A g 230 | H<7H] 00| Z273 8 333
_ [7IARESS e (7)Aol gloJEl-Z2 18- .
| il 1k 1 74|92 27 97
L | EA | ATES Y AZEY o] AZEY 0]
13 e gegz doy | Sluegz doy | gz goy | ¥
AR EA7]7]47
841 ;’;j WPRA ey ns 61|84 8% 63|97 85 %04
THT
gp PEEID o7 w 25|24 A% 4 | u7|4A v 187
’Silzéﬁl% Al T O A o= S LT T 2




4% RO 00 LEH s84Q 1T 2ES oz |l
Q=2
LGer Ll 2016-2019 220-2021 N2
code
AFH st=slol-  |dlolg-2z2 - N glojef-Z2 13-
Blleusa ed |z aaqq | Ve ) Mgz aaay | W
THE A2 ; ol ZEaa | ok A
ez |50 A28 B 85 4% ma o | 105 100
133 | azege] Aug |SZEAC 10628 ) 11328 2 130
— YEYA HloJg ) e ’ e )
HlolE | ES) A1 - dlole-Z2 13- ATZEY]
Blaegaesy |25 804z wa 48 | uegz goy | P
. Holg-Ze1d- | |dog Ze1a-
ISR AR ] S R R 108 0 a1 8 | 9= ma qn | M
EAEAZA AL AR A S Floa g Algl-o71El A
136 |5 Lo'é"é‘iﬂ ]’ K ]v—u %o 115|944l 171 :ILI‘E)‘—TL} }élﬂ 33.3
TIAZSE e )eA) |HolE-Z2 - B SE A ZEY 0]
151 A4 ° AE Bl AA 63| %A s 24 | 61 JEDD Hole] 71
N N N Aole 218
158 atal Rk G R R R I ey B
ut [S2EVA gn g we | 0a[9naeg B | aged A 29 | 03
HREEA) AH IS a]]j] A N o :
TR A e ST AR 143184 =3 4 | 88
= o il il
(3=
1;:32 A 2016-2019 2020-2021 2022
B e T P N E TRt I E P EOE T
AT 7l |29 CIARE HE A4 <] A4 '
e A2 2R - an e
1 |44 Az Ay | a0 SEA | eebie Ae v 67
133 [AZEY ] Auta} |Z2 g 38 100/ Z273 &4 NIE = R 84
11 |ATEMERZALE Aol 221 | [SEEs] SECEE=T R
Bl G A E7} AE B A4 “IHESZ dolH AR FE Ay )
B - AEES ]
135 |REHETE W A Al 105/ A% A= 60| yzeim qory | 83
rEES
13 SO (24 st 9 | agawa 2l v |G s
HI13El7)4 _ _ olE]- X p,L]]L
51 [AFEVIE N g2 60|51z 47 60/ s | 68
RNAATINEA A oSt | el 1g | . 829 Sep
B 1aga 24 4z a0 24 | S 10
] F
811 Z;;—EM”‘E*‘ WA NS | 3524 A= 44 | 64lAnAse 25 | 64
Lo 71EEA, 71 - P = | 1SR, 7%,
RN A S S I EUFER E . s S




IS a3l LS4Q0 OIXls &

(E 4-9 IT &5 ME2FY %4 vz &3 HRI(LERF) HIES F0|
R (91 %)
)
keco RISE N16-2019 200-2021 2002
code
ATE st=slo} 7)) | AZES AXES 0] ALEY 0]
By g degz doig | *loeaz oy | ez oy |
BB 1EA § [deld Zeaa | Al A=A
B2 laa AE 2 A4 | Maeaa doid | Ha Ay "
e LR R eyt VI AP DIV P R B
A28 ALEF 0] AZE o] ATES 0] _|xzEYY
| weaz ol | Musaz gon | Yz gog | 2
1332 |98 Amegel AuA |28 B 5| S2EH T A 202
°° T = T CIESA ol TIES A dloJE] '
133 |9 A2 N we | B 167429 B2 | 165
Ol yega goyg | 6 '
7|et A5 AE7t 2 (dlolH-Z2 - AXES 0] ALEY 0]
B izego gzt |4z o 49 | Yueqa goy | P¥usqa goy | 190
1341 |Hloje] A&7} Az ] 162\ Al2=8 &2 15.3| A28 g 16.3
EC Al~E ez} (2 e g8 A} AEES ]
130 A=A Aeg b z2am 2 | 169,05 L0 | 1525 gn hey | 00
T i L R R S kR T O kR
134 |9 97 Al Fg] 211| A28 2] 192[FA B 20.8
1350 |AR RO A&7} AlzE #e 182|Al2=¢ 166|228 g 167
A - WSS A - _
) ey 280|945 wolz=ad B8 | B3
7NAZE 71 2 71 A7) olsl|gk Hlo|E-Z 2 13- B ——
oV i e T8 wer A | 79|92 A 104
2R3 7R 4 - 32 4 HelH-Z213-
B2 |G AEAo] 116312 24 81 0% net s | 122
B3 717 - 2559 90 |18, AN 38[1% 4% 9 28] 16217 A8 1% | 60
TR AGA D AR ol . SRR
el e R e | oAl to it | 99
AAE 3 7% 3 AZE o] ATES ] AZEY 0]
12 | g9 gegz dog | uegz aog | S uegz qog | 08
1533 |A7] - Azgst Al8Y [H7A3) 7)& 97|%A A= 24 | 100| AR 28 &8 | 169
1 | AFH A -5 | A B 4.8 A B 314|A] B R2
412 |olsAs] el A B B3| ABA~E B8 | 263|5A HEYA 50.0
A0EA -
aatg |5 ARSIV oy 25|47 B4 125(4uA2d 24 | 111
E;q ° Tﬂ%
A g ooy |AFEZRIY AX 1) AEES o]
801 |44 A4 - 59 |0 B3 EA A 4 | 1875 a0 (1000
8422 | SA1H] AA) - 2 | B 2934 B 174|F7A B 204
W5 - B4 - QlEY o o~ v SlEs]l ZA o s
M | s et [F 25 18424 =3 24 | 179894 us 158




H4Z FOITU0 LEH 2849 : 1T 852 5402 [E
2290
lc‘z‘e’ Aol 216-2019 220-2021 2022
AZE slso 25 o x| ~H -
paiy | ATELAEAN A R A gnlanan e | 9w 73
A 7|eA & AZE o] dloe}-Z2 13- AZEY 0]
B2 |29 gz gog | Oz aw g | Pluegz gog | 8
N , i gole- e | 8% Ad
1320 [AFEN2E AL (N2 e 85|42 ma A4 | 105|un 100
Al2" AZEgo|
13 |1 AzE A4 80|12 B2 g6|a2d B | 118
132 |88 Azego) g |22 124|429 2] 116{129 B 126
€] — = L’ﬂE-o(li [_ﬂO]E_i o — Ay o — i o)
133 |31 7Rt Za9 2% | 1L1|A2 B 31| EZEA] 138
. 1|A=d 8 gz gog | 2
EEECIEES ; AOTEZ2 18 | 1 s 5
g e R ) S N B P I PO s i A B
B, 5ot A Holg-Z2 g | oAl EE
S Rl et 2 "ag aa Ay | YAz aa gy | ™
%) )|
1392 |WEAD A28 AR | §4) na 79|4uA29 28 | 121 TET S oy
A ATEY 0] AZES 0]
3 ) 0o o
133 |HuA2E e |$A g 1041 o el || P2 qorm | 28
. _ AT EI 0] .
134 |9 297 Awazg ag |l iio Lol e | mg
HolelZ2 g | o Aol EE
) o ) v
1350 [AE B A&7} AR Hot 10.8 AZ B A4 98 AZ B9 A4 94
A 955% A : PECRIEER
1360 | 0 ° ABALY &8 | 115)983-54 LAIER 33
R B ECC ST B PECER -
11 | 48 A% e | 6aEA Ass A | e SECAT | 7
T ECIE e N, FolelZ21a- | . /1A olatst
1512 479l 3|7 A7 104 AZ B 44 6.0 Ery 11.0
2 =Yak g Il
1513 |10 - 2wt qag V2R I giley geay g [ 13530 R A2 g
Ao} 39
DT %A 2 i TR PEETEY
1581 |oy29 WIA7E | Myeaa gog | 940 63
R P R = 0 (= B R T R 2 P ==L R R = P E R
152 |ape AF w24 | g aa A9 | Vg aa gy | 100
315 & o E‘]O]E17§§—j-a§7 2 5
58 471 e Ae TS s e | esae aa 135
B 278 94 599 [AuAsd 88 | 04/dnAsd 28 | 10224 950 23 | 89
o w [IRmERE | (AEZead K| _ [delg-Ezag-
412 (o] 5H3lr]| ¥ vy 83 At 158 AZ BE 24 2.0
AR EA] N
sag 1f SEERVL g we | 1208 @m0 | 10784 s g | 100
301 (953 A4 - 599 A 12| 7454 AR e
Ay 2 Az
s [gugn a4 s (MEEETEAA) 1010 gma g | 0284 d59 40 | 88
o [P S AR g | CECEEEEN

g

A A4




JI&BoL Sl S E4Q0 DIXls

o
o

13

o
(32D
e 447 2016-2019 2020-2021 2022
code
I R F= [ T et ) R o I P B B P o B
Bl 19 ape Ag wa Ay | ey Blagsran | ™
%/H%ﬁ—}- 7]€7X]' DX] 2 o 3 2 = H]O]Eii—\—:j—j-%]f
2 (592 A% 489 88| 60lW1AR e | 55 e | 83
1320 74ifE1;\V\Eﬂ z1ﬂ7]. }\]/\Eﬂ A Al 70 j\_EE?}]Oi 6.6 7}4;_ A 2 da| 67
=aln = W ="zl l A 1—1]5%3 Eﬂohﬂ A = 10 X =20 3
AJ& ZE g of 5 - - ; -
1381 | e z2a3 248 76| =233 A& 71|Z233 28 70
1332 |84 2ZEJo] YA (Z2ad 4§ | 112|223 3§ 78|Z2 1% 34 89
1333 |§1 7pzt Az’ A4 S Zeor] S ol | = S 86
718 A5 A7TF 8| RZEY o] ) 3 vlojE-Z= 13-
B9 lpmeqel aet ez gey | 4R ) g g g |
dlolE i.\_T_ﬂj_%L 6‘_]'—!:& Al ~Hl 6‘_]'-_/::7 A i?z‘x B
1341 |dolE) HE} ;}%] l&;x A | 69ux i 74 %:f ] 75
o]t 2~ AE-_YES
132 |egia A e [t R el ea s g | 20 0S|
dolg-Z2ag- | [AAg-UENT | [AAE-UERD
138 | 82029 B3R gz amAg | e A "0l 14 n
. : PV ZZ08 | oo <
134 |9 £94 LA | 4935w gn | OREH A | 167
170 |4une mEt (WA AE | 05R AL AT | eo[Sea ] 83
o ol H al At g H l X a LﬂE‘?’Ji H]"]Ei g
S0 552 AT oo ans —— ZZEG]
1360 | 7% BA =3 4 | a2 3 B | 15t | B
T A D, . COEEEETE
1511 |7 0 EERP 5732 47 59\ m vt g5 | 62
2R 7leA R 717 sl 771788 ofsjot AzE-HEYA
B2 |z 28 Plag >l A4 5
= Ry 2N
1513 |71 25 A9 (24 st g | o9l ol o5 | 135/e v 100
e e g | AZEY] 71774 o]sjst
31 |50 e e | A TR 57
o | JI8T TR s e | ssjanan e | signt Y| 63
1533 |47] - dAs g | A 9% 43| ABA2E 88 | 6514 ST A | 79
sIl [A%E 47 |BA ams Ay | ag Su B AEE | 5y B R AR 5
R U]
FETERTE .
Bz |l dsh] seld [Aest B | 83led @t 4 | s 5 a L TE | s
7ek AHFA7]7] AFZ2I3 A4 vlojE-Z= 13-
39 |50 S WA e | 1005 Tl o ||
WA A . 2gle) |o > AEA T
3421 |H7gu] A - e | A B 46 oAbt sjo 104
a0 g |71ERA, 7IE vlojE-Z=2 13- s
B2 |44 A - 2 | Q=R 13 aaga | 61428 22 62
0 - 52 - Y 8 -~ 7VERA, 71E, 5
A SRk S L E R I R R Y 105




eyt

7

A4 4

HAAAH Aol EQ] Alekel(www.saramin.co.kr)ol] e

FellM=

o]

3 o],

NeN
=

gl g

2~
- 5

l

7t e

<
27|

o
o
el

AI(NER : Named Entity Recognition)

2l
b =

WA Q

she

WAL A AHE-

FHS

2
__AX

] Raw Terms)©]

]

s

& (Raw Skill Terms T+ 7+

|5

)A
o
ojy

)

)
il

|

S

2]

A W,
S} LG A SERAME T} 1

oF

Akt

J

ol o

geg

to] frARE7} =& 7]

S

EAz} vl

=]
134 2E22X]AH ] 4 7]9)=% 376

o
$

Ax%

?:5_]__

171 wigel &

S

o}
=

o] el

ot Al dAR, 2EEA SH7)

25

oy
Np

7}

2] T o 2 472 ThA]
FATH 7).

S

= oA 10070, 5070 = =+

o] Witk 30071 W

h=
ey

=]
RN

)
=

3

PeA, 30001 7He] WSl o

S

=

=k
=4

Al 6702 5

=
=

Fan(227) o

S

=
TS

o

HH
RL

o] oht

4z
wo] ik Tk, Aujoli}
o}l

27

N
el

&

—_—

N

5

S}
=

X

5ol =

=
o

52, A4 ol

o)1}

ol s

ozl
H



3

ot Ty
2016~
20224 712+ 1T 4
A% o

H|=S
= }\E]—lf] _Hi_l?:]_ An ]
, 7O FAPN

=2
=

JI

R
a@ai A T
iawﬂﬂu < o ]
gy Eﬂ.mmurqu“%ﬁ%
%Eﬂwﬂ Ezo Ty N o - BN
oK o_ﬂﬂgmgxl Eﬂ%%
mmuﬁ% mﬁ.*oTﬂlﬂAwio_umd,ﬂQﬂm w oo =7
™ B g %o:axloﬁ%oﬂﬂ FTEE
7 278 %3752@%1sz A= o C L E B o
-y @ij;i%%u EIE T
e o B m T W & A o 5o W R = o 5
W%nﬂul_ iﬂgmocﬂ/mugozoimbﬁil %ﬂn_rmﬂww.iﬂ
= T A Mam_%wJngaﬂ%@ 14ﬁqzﬂ
xor]mm g ZNQAMJNL@H%?@ ﬂViJuMo#qb
4@@17;9; qowro% @Eoooﬂf%]mb“ﬂl EQOAQJ6
XATSW S~ ﬁ‘_rio, ﬁoq S 0 z.#ogioqilﬂ
SN g W 7 i LD oA I
wgwa @@e%ﬂqmawwﬁwm 5Qﬁ%%gm
) —_— — = o <O‘|_-7
zoﬂu::ﬂﬂ ieHﬁLHOOTOMﬂyﬂLQEE}A?ﬂ awﬁiotﬁ%n%
@ww% iw%wawM%ﬂawa% imgwqam
Eowfo]fqmrdnzmw?@laﬂﬂ@muﬁwzﬁﬂbﬂ% mmcﬂr.ma‘]ﬁmhna,
Ho.ﬁﬂ_ o»ﬁ;ﬂuﬂri_é. %loﬁbg\ﬂ@o MWHOI‘mﬂVmEﬂE
,wrnbiﬂ?ﬁﬂ;%ﬁis#%ﬁﬂ%ﬁo 7Ef7%ﬂﬁ
MLQMOEullq J‘oﬁih Lfﬁowry JIN,_ mﬂna
gazaam%ﬂw:ﬂ;ﬂz@ﬁ1.a el
Lcu.ﬂ,éu.%e_wwo»ﬁ 1loof§7ﬂﬂ @ﬂ%iifﬁ
Pt X HT_HEJEO = A é}ﬂéﬂﬁg
B Y o iﬂg_u, omeEoﬂrL%L ° Lﬁ#zo b
bR gL N 5 4 1mxop|abﬂmdr.ﬁ%@urv%ﬂ
ﬁﬁqﬁﬂ@aﬂmwitﬂﬂmT1qu}Ur%
7A unﬂzoul.__oi ﬂr@iﬂ%%@nS]Vﬂfev
Eéi%%%gia 4wg;aAa%1%
»%@Q@@%%ﬂ%%?i%%%ﬂ
I %%Zio e
E IO =5 o = IF
‘OI\L|ZII HOﬁOZ
~ w = b
o:__fAmﬂmui
EOEO\MHL,
el



%+ grhe

[e13
=

gl 714

-
R

2 =8y
S WFE Ao

paKe)
] —

A

WreE T

1

-

[13
of

71A

-

R

Sh Aol A

S

sk e

S

]‘Y

yn
R4

Pk o

S

o

3 A7k @Yol o B

Eay
=]



IS a0 LS4Q0 DiXs %

M5
d E

71es7 mEA el A= e Qe ATFAen B AT
Zo] Ao} gt} dukd oz 7%y HebHel $HS Qe 29
olghd 7sRistel ukel AY o7t F7eE Aol oAl wAll =
e A9 et e sl R 5T 5 vk ANk o] A
AES 7L 9 o Bdhs olE dAlE Tewsts o g 34

tlo|Efof] 7]xate] EAEh=
o] 25 wZ&t} v|A3 dlolg]
¢ gAES Ao RN 7|leiste] 55 4 Hﬂb‘, o|Zl& 4
A x= HwEsUE s AR d3tolt) 53] 8-S 7]Eshs g
Ev} 28R GRIF L "HAE= o]y EAlglon, o]Ale] &4 7s
g dlolel7h | A2 e PJ/HHXl kit Olﬁ% 01;2}%495; Aolo) =
FAF WE 2 WEshs WY
d 7HE A8Ego 2N —%7}7513; e Ae v‘i—@ | sy 91‘4
Zlewshe dAEloA] aE e A (task) W8-S WSkA|7]aL, o]
wet 8= SH(skiDE WA otk webA TV]eWHEs 54
dxte]e] gy} dgol ks v Aotk A3 = EAEE
7l=mske] Hig|ARE st 5359 A9S AAsk 1‘%3‘ %51

B SE QS ol AR Bl 4 gsie] Flewste o)

El
ol
kY
i
iz

>
5
R
5



He& Z =

A3} 53512 AAl] A8 S5 WrS NS oldfd W
2 wEAg B0 Hgale] BHgo vejs J1EWat 949
I L wEWe] WA GRS ARHOZ B o 918 7]
At 7189 FastText® AHgale] OsNET] 28} CPC Bl2E
7o) S ANl o ElR ARFA digt) 71 AW 5
seF WeE AR B wEAY B 28] 98] v EF
AR F AR EF DI REANET o] AAF 7|}l

=

AT 712 A9
d

_IUIH
o
o
i
=
AcH
i,
~N
i)Y
{
i)
1
0
jule
il
&
FN
oX
jus)
=
Ho
n
FN
rO
o
ol

A o
o
o,
=
k!
oo
ofh
o I &
£l
Ho
4
MN
re
olt
o
(g ol
2 ‘jﬁ
o
T3 o
folr oftt
o
o N (e

m
rlo

2] A+ A3H 4 : Webb, 2019; Kogan et al., 2020; Meindl et
Faeith SAASRE froldh Alxk= A= o]tk
224 ot} A EF PSS FA5= FAHAA] o]

STH=2 T o= T70

=R

S gejeta glonw gu o] WA Futel itk mebd 4 2
Apell whE FA ] el Wl ois AV 4 9lom, FF- ol
el g 2ol ey

Aol = 22l RlEal Sl IT e dAbe] 9leatel] v
Eht SEEAE ST dAHoR, ARl FRITas sy 4
HHAN SHEFH SFshs Ao Kol Hiel] TASh: Waow
FAHEE W, o]F VFoR thE git AT SRS
& Zohl= AHAREAY 2lE wEESITh ol R Zohdl Sulde o



3

o

IS

ot
& (Ra
w SKkil
1T
X] =] &)
it

it

AR PEIDAL

GB

e ——
. il
o )
~ [ o N mAﬁu% 1
ﬁ%%imu A»imﬂxﬂﬂ_.d
B ) o eeaam_ A o
@7@%&. ﬂr%%?mmﬁcg muW%fr
xbﬂﬂ_%ﬂrw Lfﬂ],ioﬂemu mﬂzo%aﬂ -
;”@%ww &mﬁwawﬂ@ﬂ %%M@ -
.o 11J4 ‘l_lvz )

aw@wmmf mnﬂﬂmrz.cw Ewﬂﬂuah mm_ﬁ.wr.
E@Eﬂ@ anm&a%% wagk e
ﬁvéurma Afﬁ@o_/zu%l I o X ﬂ%%
A rlrw_l‘l_lo“_o ﬁ.ﬂﬂlrpuf\lmm.ﬂ,.m UrL‘mbqu mﬂmﬂwl

dﬁ% mﬂ mﬂ(u ﬂ@o%xﬂdl.ﬂlwﬂ gl -
ﬂ%z& mg%w%a@1w T 2 ~ X
ST Qﬂﬁqﬂ%m%amgmqiﬁo
7 ﬂ‘E.@ 5 T ﬂ\ﬂﬂﬁLtﬁTu.w A ) %‘a‘ﬁ
o ¥ g @Hﬂrﬁ,z}mw;ﬁm&x )
EHLO?_?L& EoﬂMP,mﬁﬂ%ﬁﬁAﬂLdoﬁZth&l
&nl_,/lwAOf% ﬂ@\ﬂoﬂuo‘w‘mw_ﬂx_p%ﬁoﬂmeorﬂowwg
ogmo%m SEMMEQ&?@@%&;WQ
@W@r,frm Eaggam.ozoa_@o?@zo ﬂﬁ.ma
ExmcEc z,Lﬁo»ﬁﬂf&wﬂéﬂ%%zo%aﬂri

ﬁ;ﬂomrm @mgﬂf? ML%l@OM
= o D e o o AE P W w2 o o T D e il
%ﬂgawﬁwﬁ %9%ﬂmﬁgﬂfﬁm%d&mgﬁnﬂ
=127 w%aqah%@yg%W$Wﬂ%
Aglxaﬂr.HLA Vﬂﬁ%ﬂﬂ?éﬂw%é

= B I T T & 5 T w oo T
Mr ﬁmzoﬁitemg,@.%mf@
@onﬂomowcaméw&mﬂqah
@w%%m% H,EHA
o I 2m5u|m - M
S o ﬂ,ﬁ F W
72%3%?
ENLE
o

o}

o)
2R

P
T

=

&l

d 7]

A

e

7]7_—”

—

%]4' /\-]]J_:rLE

i 7L
FO 7 Ay
E\q_]iui

1, 2

; 016~20223 2] 6
]T_:I_O]‘—_q_‘_‘
=a

A4l A

Rt
Mo ©



W 2 2 Qs
e H)
e N 3007 W

ITA| 24 ITA]2E 1
HESA HES A 93¢ 20
WEHA HESA 74 #e 46
HESHA HESA 74 #e 48
HEHA HESA &9 34
HES A HES A 74 #= 166
HESA HES A 74 #= 167
YE T HEY= E41 227
YE = HEH= 242
YE = YEYZIP T2 247
YESA HEY=A 249
YES A HEY= 252
o] tlojE -2 Ta-A % HA |4 14
tlo]g dlolg-z2 3-AE T =4 27
tlo]H dlojE-X2 a3-A% T =4 28
tlo]g dlolg-z2 3-AE T =4 29
o] tlolE-Z2 a-AE A 22 30
tlo]g dlo] 524 127
o] tjolE-Z2 a-AE A 22 188
o] o] EjHo] 2~ 223
o] o] EfHo] 2~ 240
o] E to]E] 4] 255
o] tlojE -2 Ta-AE FA |4 279
AEZEY 0] AEE o] HELA dolH 5
ZEE o] AZEY 0] YEY HolE] 149
AEEY 0] 2ZE S YESA tofE] 155
Y zZ29 38 5
Z2 x2 3 &8 %
z2 7y zZ2 106
z2 2y 120
z2 7y zZ2 125
2 z2 W g 261
AR AR Kk 53
Ay QA 2E 3 [
A AHA2H 2 76
K AR KBk 97




JIEHODL T CE4Q0 DIXls ¥

AT T 30070
AR ARAN|ES D T8 9
4. Ar-dolg 7|& ot 230
4H AH-tolg 7|& et 231
A E CAD & 116
AFH GAA(0S) 174
HFEH UI/UX 187
e AlzEl-ol7|Elx] 743} A7 39
A2~ AlzEl-ol7|El %] 74T} A7 40
e A2’ ZA37} Ao 61
e A2’ ZA37} Ao 62
e A28 Fe] 64
A|2Hl A28 243} o] 78
A|2Hl A28 243} o] 7
A|2Hl A2’ ZA37} Ao 83
A|2-Hl A28l 243} o] 85
A2~ A|l2~E YEY A o] %
A|2-HEl Alzd-YES A A] x]2) 118
A2~ Al2E-HES A A] %]2) 119
e A28l A 145
A2~ A28l A7 146
e A" 2] 2] 160
Alzed Al2-Hl] olafe} 4 206
e AlzE3} 7)E vl A 221
A|2Hl A2’ ZA37} Ao 234
A|2Hl Al2¥ B35} 243
A|2Hl Al2-gl-ol7 18 A1) A 256
A|2-Hl A28l 243} o] 258
A|2-HEl Al2dl]l 243} Ao 263
A|2-HEl A28l 243} o] 283
SaE= oiE S 168
SaE= oiE S 181
Al B oA Al EH o] 165
Al E#H oA Al g0l Ay} Rl 218
ZYPE ZHPE A4 232
SAl M) 29} B4 52
Al FAIEOT x| 110
Sl A7) A3 e 132
Sl AAEA )4 210




Moy 2 8 WAE

28T SEF 3007 ®5

Al FA Y EYA 220
LSl AH] 29} FAl 280
Al FA1AH] 298
S s 73
S HUEAl Y EA 257
5 sl 29%6
H|t]of TrrTie]el APL & 239
9 -3 42
iRy G4l 43
iRy G4l 156
iRy G4l 259
B A% A& 63
At At =4 63

Z g} 4

Azt EA 153

Azl EA 135

Ag} B2 186

At F2 281

A7) XA ol3le} AL-E- 7

A7) XA ol3le} AL-E- 18

ARZ|A 2 FE A2 109
717 A7) A olslef AL-E- 134
ZAA} A7NAA} 7% 204
717 A7) A olsle AlE- 282
7] A7) A olale AlE- 287
338t Az Fst 65
338 A= A2 66
338 An] #] 4] 67
338 T4} 81
33t 33} 100
23t -zol 3 107
33t 717]8-8kA] 4] 161
3} 71718844 162
33 e A} 23t A4 211
33t 35} 251
33} g} 236
e A 28 7 A8 4 &8 87




BE J1eHonE S L5420 0IXs I
2RF SEF 3007 ®5

71E 2 g8 e A4 9 g8 Y
71E 2 g8 e A4 9 g8 89
71e 2N 88 7€ A4 4 g4 )
71e 2N g4 71&EA, 71E, A8 4 101
71e 2N 88 71E&EA, 71E, A8 4 102
7le B4 28 71EEA, 71E, 9E 24 103
7e B4 28 71EEA, 71, 9E 24 104
7e B4 28 71EEA, 71, 9d 24 105
7E B4 28 71EEA, 71, 9d 24 115
71 A7 7171 AR 71E 10
71 A1) 71 A olse} &8 12
71 A1 7] 71A17n] olsf o} 2§ 13
71 A 71 A4 olsf 9} ghg- 14
71 A 71 A4 olsf o} ghe- 15
71 A1) 71A174n] o)sf9} e& 16
71 A1) 71A17%4n] o)sf9} e& 17
71 A1) 71A17%4n] o)sfo} e& 23
7] A7 71 A1) oslie} &8 25
71 A 71AZH] &4 35
7] A 71AZH] &4 36
71 A1) 7\ AH] 28 3
71 A1) 7147 ek &y 4
71 A1) 7147 ek} sy 50
71 A 71A17]) Az} &4 51
71 A1 7] 71A17g8] Rz} 84 4
71 A1 7] 71A17g8] Az} 84 59
71 A1) 717] 22} 117
71 A1 7] 7|ASA 24 122
71 A1 7] 7|ASA 24 123
7] A7 7NARA] 2 o4 154
71 A7 7171 A 59 A4 207
71 A 717] ZH] A=A 229
71 A1) 7171 223} Ao 276
71 A1) 7171 295
3|2 23} taZgo] HiEA| A2 5 36
3|2 A7) & oA, MAZ|Z 7% 923
3|29} Az} 3|29 sjoty} &4 208




117

Hog 2 2

NE

A

& BEEEENHE RN EEEE B R EE R EE E R EERE R ERNEEEE

ﬂ” — | — | — |~ — —

S

o

.mMO

e il B o k-l o vl iy e T |

= Kee) Kenl Koel I el Rt R el el e 2= oo

™5 |ar |or| || w || |er |5 e | T EAE w®

S e e e e o || = = || = = % = = oo &
o |o |0 |%| o || |0 |0 |TH U T AR | (R | | | =T TR ]
||| | o oo e [ AL BB ™ o o mo |t | | 7o | om0 || 0 Ak
T |E|R|T ||| T || |de|d|de|do | 4T |Ho Mo Ho ||| Ho | o Ho | | ) o3| TR oo Ea e B R
ﬂﬂﬂ%ﬂﬂﬂﬂﬂux%%%%%gEﬂﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂﬁﬂ%i? NG
0|0 |T0| % | o | o | o | o | RO | T | | | | | | e e [ e | e | e [ | e e [ | e o | 3 | 50| 5 | WA |2 | = | = | | o | =
o | o | Ho | 20| Mo | Mo [ Ho [Fo [Fo | %o | %o | o | e | %o %0 | & | | = | = | = | = | = | = | = | = | = |50 | |7 | Bl |0 | | %o | o | = [ | %

i

i

< 7o |50 | B0 | B | B | B | B | | | IS [ [ [ [ [ i i [ [ [ 4| | ||| & | &

B e e e e e e e e e e e e L L e e e e e B - e e e

RGN RN S B S I e N e N e i i e i i e g A el B R e N g g g i
o | o Mo [ o | o Mo | Ho |Fo | o | %o | %o | e | %o |0 o | = | | = | = | = || = | = || = | = |R|=|=|T|= | M |=|=|=|=|=




3

00
30

QO OIXl=

<F
10

i

il
A

9t

BJ
<M

@B 7

NE

Tlo || ooy || — o | — — ool = o | =

~EEHEEEEESEE RN EEEE N E N R R E B R EE G R R R

S

o

1l

ama;ﬁaﬁaﬁmm "

< | Alo] o] Mo Jlo ﬁﬁﬁﬁﬁwﬁ o
il - K il i oI I O O O T
<N | KK 5 uxﬂomomomomo m ™ X IrZ W_W_ }xﬂz_o No [ ™ Njo
||| T | o | X e A RSl 1l o e il B e A e s o el
ﬂﬂﬂﬂﬂﬂ%wxm;xmxm_xmﬂﬂ%@@ﬂ%@% RO B 3K By | TP o | RO | | T
TE T || ok | BB B B e | | R | B | | (o | | | | | o | | | | | | | o
il R e TN ITH T S P e b i e el el e s el i e kel e e A el e el o e

I o .

% Caakacac B A B i A

Al |7 |z |5 T e e e || == il ol i o o e ol e e o o e el i
=== ||| = | |Ho|Fo [Ho | Ho [Ho | <] | 4 R | | || (R e R R | R || R
AT [ | | | [ |0 B | B | e |l | | | | | || | N || 0 N | B | | 0 | B | N | N |76 | 0 | B | N | 2
S EE G ENEENEIEE Rk e ke bl el bl g ea kN e e g el e Nl il el il ol i




Moy 2 8 WA

28T SEF 3007 HF
A& ZAL ok e 291
A& ZAL ok e 292
A A7, &, 2AL 48
FAREA FAHEA 157
FAREA FAHEA 158
ZAA ol obd 4 192
ZAAL ol obd 4 193
ZAAL ol obd 4 294
tizpel e tjziel 12 8
734 =B 9
734 HZ=Ux 3 24 22
73 d 3] Z2-QAL AA9} e 60
73 d 3] AksjetA 77
73 d 3] AT 82
734 739 #e 92
734 AT 2 # 159
734 At 2 g 71g 170
734 Hjzys 2dgy 182
73d e ZZAED 202
7343 Al 2 Ag 71g 217
734 Al 2 Adek 71g 219
734 &% AA} gjet 233
734 X AAHEA 262
7343 =7} ) wjx| 275
73 d 3] A7t B4 277
73] a7y )& 285
R A FAA 2
R A 5T 24 11
EAAA £A 53 2 114
22 AF 24 g A4 124
A e AF 24 g A4 135
243 A 857 24 169
4243 A 53 24 172
4243 A 53 24 215
4243 A 53 24 279
S HAA 243 284
A A A a3 32 47




3

00
30

QO OIXl=

<F
10

i

il
A

9t

BJ
<M

(120 J9)

N
.WD96 o= DN | LQ (LD — QO (o)) [se) N — | — L= |3 | © N D
=288 B8 & 88 2B IBRIBIFIFIEEEBIEREBRE R E T T 8B5S TR EER
S
o
xr TR & || %
ful b | o | oR | ok | o
O | o | BT | QT |7 | 9T | 2o | 2o [ 2o [ 20 [ 20 | @7 | ST
w M% XN ER m% m% m% m% m% wI(E
ip i i e e e i i i i
4 i bl kil S il Dl il i D <
m%mmmm%%%%%mmﬂﬁﬂﬁﬂﬁﬂﬁﬂﬁﬂ
o o e o o o e D S R S Nl S I T T A N N S S .l R e el e
WIn_rﬂﬂuﬂuﬂmmmﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂmmm\mm&_ﬂﬂﬂuﬂuﬂaﬂaﬂaﬂo -
= L= d e e L ) IS vy ves PRV B e I T IS 1 BUNIEY = BUNES
g G o K Kl B o e e Y P g i e e e e 1 | 3
| |2 | | [ T T T T T (R re | we | o | o | o | e | o o | o | & | w0 1o ot | ma | md |7 |3 |2 | | < | =
B BB ||| R R R E| B B ||| K| ||| ||| ||| || || ol | 2B N [N
TR || | &R X | R & | X%
" o (o | o mr mr mr b e e el e el e e S S K I R T O
i e e B R R Rt Y
»A,._ﬁEﬁEﬁEﬁEﬁEéﬁcﬁc&uﬁﬁﬁ&_ﬁ&ﬁ&ﬁﬁﬁ_/ NN IN NN NN NN _/‘MA_I‘MA_I‘MA_I‘MA_I‘MA_I‘MATMﬁMﬁH_IH_I
el et e et e e e e el o N N e B B e bl
TITIT|IK|ITIT|IT|® RO O | O 9| O | RO | X9 | RO 0| RO |0 || 0| naf | mf | mod | nd | med | |~ = |
o |k | o b | mR | o | R | o 0| R |0 | B | B B8 ||| RN <| R RN || <R KR || N N[ |




121

Hog 2 2

N

it

e B RN

g

e

HL Ju_l

g |
B | |2
<= g
ﬂﬂ ﬂﬂ Hl K|~
Am | of 757 | %2 | K| | Ho
Tor | T3 | W | o | o | &e| =

= | =

i e I D P

|

ok | o po %
ofr | ofr |75 | & || 7Y | He
= | e | oR ok | ®e| =




JIEHODL T CE4Q0 DIXls ¥

ey

=
ox
rjg
)
=
fol
oY

e - o] gRl - A - ZASH2017. 2), "43F AF

o] 18 g9, KDl &EAsE.

& - \HFA202D), THAE A3 mE wEAge] wsle}

A AAF, e A A AT

193.(2021), TAF48 =3 Bgo] angel nX|= F3F,, T2A}

BAYE; 1¥93%, pp.16~35.

- QMEE(2022), THE P o] &3 Ao A Ui,

(https://wikidocs.net/book/2155).

dupd - HWIA(2019), Tek=e] AFE W A e A 40 4F Y
IAE A4 v )

AW (2022), T71A B
S} Ay A116%, pp.145~196.

AW - AR A - XS - AF5(2022), THE Y 7 22kl el

2 3

g2E BAS BE AYRF ALY T BE a7, T
2

1
k1
o
9

)
=
o,
(o]
—

Ho
o
M\

1909(2022), TF 7 AAA Bo)ek MFs AAle] 9171,
I5akat Ay #1163, pp.70~120.
£-317(2020), 720203 CPC vy, o,

5

N
fol

Acemoglu, D.(1998), “Why do new technologies complement skills? :
Directed technical change and wage inequality,” The
Quarterly Journal of Economics 113(4), pp.1055~1089.

Acemoglu, D. and D. Autor(2011), “Skills, tasks and technologies :
Implications for employment and earnings,” Handbook of
Labor Economics 4, pp.1043~1171.



Syl 123

[l

Acemoglu, D. and P. Restrepo(2019), “Automation and new tasks :
How technology displaces and reinstates labor,” Journal of
Economic Perspectives 33, pp.3~30.

Acemoglu, D., D. Autor, J. Hazell and P. Restrepo(2020), “Al and
Jobs : Evidence from Online Vacancies,” NBER Working
Paper, No.28257.

Alderucci, Dean, Lee Branstetter, Eduard Hovy, Andrew Runge,
Maria Ryskina, and Nick Zolas(2020), Quantifying the impact
of Al on productivity and labor demand : evidence from U.S.
Census microdata. New Approaches to Measuring Technology
and Innovation. A paper presented at the Conference or—
ganized by American Economic Association & Committee on
Economic Statistics.

Arntz, M., T. Gregory and U. Zierahn(2016), “The risk of automation
for jobs in OECD countries : A comparative analysis.”
Atalay, E., P. Phongthiengtham, S. Sotelo and D. Tannenbaum(2018),
“New technologies and the labor market,” Journal of Monetary

Economics 97, pp.43~67.

Autor, D. and D. Dorn(2013), “The Growth of Low-Skill Service Jobs
and the Polarization of the US Labor Market,” American
Economic Review 103, pp.1553~1597.

Autor, D. H.(2015), “Why Are There Still So Many Jobs?: The
History and Future of Workplace Automation,” Journal of
Economic Perspectives 29, pp.3~30.

Autor, D., L. Katz and M. Kearney(2006), “The Polarization of the
U.S. Labor Market,” American Economic Review 96, pp.189~
194.

Autor, D., L. Katz and A. B. Krueger(1998), “Computing inequality -
have computers changed the labor market?” Quarterly
Journal of Economics 113, pp.1169~1214.



JIEHODL T CE4Q0 DIXls ¥

Autor, D.,, F. Levy and R. Murnane(2003), “The Skill Content of
Recent Technological Change:An Empirical Exploration,”
Quarterly Journal of Economics 118(4), pp.1279~1333.

Autor, D., A. Salomons and B. Seegmiller(2021), “New Frontiers :
The Origins and Content of New Work, 1940~2018~ NBER
Preprint.

Azar, Jos’e, loana Marinescu, Marshall Steinbaum, and Bledi
Taska(2020), “Concentration in US Labor Markets : Evidence
from Online Vacancy Data,” Labour Economics, 101886.

Bakhshi, H.,, J. M. Downing, M. A. Oshorne and P. Schneider(2017),
The future of kills - Employment in 2030, Pearson.

Bastian, M., M. Hayes, W. Vaughan, S. Shah, P. Skomoroch, H. Kim,
.. and C. Lloyd(2014, October), “Linkedin skills : large-scale
topic extraction and inference,” In Proceedings of the 8th
ACM Conference on Recommender systems, pp.1~8.

Benites, Fernando, Shervin Malmasi and Marcos Zampieri(2018),
“Classifying Patent Applications with Ensemble Methods,”
Proceedings of ALTA 2018

Bennett, F., V. Escudero, H. Liepmann and A. Podjanin(2022), “Using
Online Vacancy and Job Applicants’ Data to Study Skills
Dynamics,” ILO Working Paper 75.

Bessen, J. E.(2019), “Automation and Jobs : When Technology Boosts
Employment,” Economic Policy 34, pp.589~626.

Bhola, A., K. Halder, A. Prasad and M. Y. Kan(2020, December),
“Retrieving skills from job descriptions : A language model
based extreme multi-label classification framework,” In
Proceedings of the 28th International Conference on
Computational Linguistics, pp.D832~5842.

Bound, J. and G. Johnson(1992), “Changes in the Structure of Wages
in the 1980’s: An Evaluation of Alternative Explanations,”



American Economic Review 82(3), pp.371~392.

Brynjolfsson, E. and T. Mitchell(2017), “What can machine learning
do? : Workforce implications,” Science 358, pp.1530~1534.

Céardenas R., Jeisson(2020a), “Information Problem in Labour Market
and Big Data: Colombian Case,” Universidad del Rosario,
Working Paper No. WP2-2020-001.

~ (2020b), “Descriptive analysis of the vacancy database,”
Universidad del Rosario. Working Paper No. WP2-2020-004.

~ (2020c), “Internal and external validity of the vacancy data-
base,” Universidad del Rosario, Working Paper No.WP2-2020~-
005.

~ (2020d), “Extracting value from job vacancy information,”
Documento de Trabajo Alianza EFI-Colombia Cient ifica
Marzo 2020

Carnevale, Anthony, Tamara Jayasundera and Dmitri Repnikov(2014),
“Understanding Job Ads Data: A Technical Report,” Center
on Education and the Workforce McCourt School of Public
Policy Georgetown University.

Chiarello, F., G. Fantoni, T. Hogarth, V. Giordano, L. Baltina and L
Spada(2021), “Towards ESCO 4.0-Is the European classi—
fication of skills in line with Industry 4.0? A text mining ap—
proach,” Technological Forecasting and Social Change 173,
121177.

Colombo, E., F. Mercorio and M. Mezzanzanica(2019), “Al meets la-
bor market: Exploring the link between automation and
skills,” Information Economics and Policy 47, pp.27~31.

Crockett, T., E. Lin, M. Gee and C. Sung(2018), “Skills-ML : An
Open Source Python Library for Developing and Analyzing
Skills and Competencies from Unstructured Text,” University
of Chicago 39.



JIEHODL T CE4Q0 DIXls ¥

Dechezleprétre, A., D. Hémous, M. Olsen and C. Zanella(2019),
“Automating labor : evidence from firm-level patent data,”
Available at SSRN 3508783.

Deming, D. J.(2017), “The growing importance of social skills in the
labor market,” The Quarterly Journal of Economics 132(4),
pp.1593 ~1640.

Deming, D. J. and K. Noray(2020), “Earnings dynamics, changing job
skills, and stem careers,” Quarterly Journal of Economics
135(4), pp.1965~2005.

Dickerson, A. and D. Morris(2019), “The changing demand for skills
in the UK, Centre for Vocational Education Research,
Research Paper, 20.

Djumalieva, J., & C. Sleeman(2018a), “An Open and Data-driven
Taxonomy of Skills Extracted from Online Job Adverts,”
Developing Skills in a Changing World of Work : Concepts,
Measurement and Data Applied in Regional and Local Labour
Market Monitoring Across Europe, pp.425~454.

~ (2018b), “Which digital skills do you really need? Exploring
employer demand for digital skills and occupation growth
prospects,” Nesta.Org.Uk, 1-1.

Echarte, J. J. Astrain, A. C’ordoba, and ]J. E. Villadangos(2007),
“Ontology of folksonomy:A new modelling method,”
SAAKM, 289 : 36.

Fareri, S., G. Fantoni, F. Chiarello, E. Coli and A. Binda(2020),
“Estimating Industry 4.0 impact on job profiles and skills us-
ing text mining,” Computers in industry 118, 103222.

Feenstra, R. C. and G. H. Hanson(1996), “Globalization, outsourcing,
and wage inequality,” American Economic Review 86, pp.240
~245.

Firpo et al.(2021), “Digital talent mapping the demand for digital skill



SnkSul (27

[l

in Tunisia,” White Paper, Digital Transformation Center
Tunisia.

Frey, C. B. and M. A. Osborne(2017), “The future of employment :
How susceptible are jobs to computerisation?” Technological
Forecasting and Social Change 114, pp.254~280.

Garasto, S., J. Djumalieva, K. Kanders, R. Wilcock and C.
Sleeman(2021), “Developing experimental estimates of region—
al skill demand,” Discussion Paper. National Institute of
Economic and Social Research, London.

Gonzélez, L., E. Garcia-Barriocanal and M. A. Sicilia(2020,
December), “Entity Linking as a Population Mechanism for
Skill Ontologies : Evaluating the Use of ESCO and Wikidata,”
In Research Conference on Metadata and Semantics
Research, pp.116~122.

Goos, M., A. Manning and A. Salomons(2014), “Explaining Job
Polarization : Routinization and Offshoring,” American Economic
Review 104, pp.1~20.

Grawe, M. F., C. A. Martins and A. G. Bonfante(2017), “Automated
Patent Classification Using Word Embedding,” In 2017 16th
IEEE International Conference on Machine Learning and
Applications(ICMLA), pp.408~411.

Gregory, T., A. Salomons and U. Zierahn(2016), “Racing With or
Against the Machine?: Evidence from FEurope,” SSEN
Electronic Journal No.2815469.

Gugnani, A. and H. Misra(2020, April), “Implicit skills extraction us—
ing document embedding and its use in job recommendation,”
In Proceedings of the AAAI Conference on Artificial
Intelligence(Vol.34, No.08, pp.13286~13293).

Ha, T., M. Lee, B. Yun and B. Y. Coh(2022), “Job Forecasting Based
on the Patent Information:A Word Embedding-Based



JIEHODL T CE4Q0 DIXls ¥

Approach,” IEEE Access, 10, pp.7223~7233.

Ha, Tachyun, Mingook Lee, Bitnari Yun and Byoung-Youl Coh(2022),
“Job Forecasting Based on the Patent Information:A Word
Embedding-Based Approach,” IEEE Access 10, pp.7223~7233.

Hanson, G. H.(2021), “Immigration and regional specialization in AI”
(No. w28671). National Bureau of Economic Research.

Hershbein, B. and Kahn, L. B.(2018), “Do recessions accelerate rou—
tine-biased technological change? Evidence from vacancy
postings,” American Economic Review 108(7), pp.1737~1772.

Hoang, P., T. Mahoney, F. Javed and M. McNair(2018), “Large-scale
occupational skills normalization for online recruitment,” AJ
Magazine 39(1), pp.5~14.

Inclusion, D.-G. for E. S. A. and.(2017), ESCO Handbook(Issue
September).

Javed, F., P. Hoang, T. Mahoney and M. McNair(2017, February),
“Large-scale occupational skills normalization for online re—
cruitment,” In Twenty—ninth IAAI conference.

Khaouja, I, G. Mezzour and I Kassou(2021), “Unsupervised Skill
Identification from Job Ads,” In 2021 IEEE 22nd International
Conference on Information Reuse and Integration for Data
Science (IRI), pp.147~151.

Khaouja, I, G. Mezzour, K. M. Carley and 1. Kassou(2019), “Building
a soft skill taxonomy from job openings,” Social Network
Analysis and Mining 9(1), pp.1 ~19.

Kim, Hyejin(2021), “The Impact of Robots on Labor Demand:
Evidence from Job Vacancy Data for South Korea,” BOK
Working paper, No.2021-19.

Kivimaki, 1., A. Panchenko, A. Dessy, D. Verdegem, P. Francq, H.
Bersini and M. Saerens(2013, October), “A graph-based ap—

proach to skill extraction from text,” In Proceedings of



iSnkSull 129

[l

TextGraphs-8 graph-based methods for natural language
processing, pp.79~87.

Kogan, L., D. Papanikolaou, L. Schmidt and B. Seegmiller(2020),
“Technological Change and Occupations over the Long Run,”
SSEN Electronic Journal No.3585676.

~(2021), “Technology-skill complementarity and labor displace-
ment : Evidence from linking two centuries of patents with
occupations,”(No. w29552) National Bureau of FEconomic
Research.

Larsen, C., S. Rand, A. Schmid and A. Dean eds.(2018), “Developing
Skills in a Changing World of Work : concepts, measurement
and data applied in regional and local labour market monitor—
ing across Europe,” Augsburg/Miinchen, Germany : Rainer
Hampp Verlag.

Li, S, B. Shi, J. Yang, J. Yan, S. Wang, F. Chen and Q. He(2020,
July), “Deep job understanding at linkedin,” In Proceedings of
the 43rd International ACM SIGIR Conference on Research
and Development in Information Retrieval, pp.2145~2148.

Lybbert, T. J. and N. J. Zolas(2014), “Getting patents and economic
data to speak to each other:An ‘Algorithmic Links with
Probabilities’ approach for joint analyses of patenting and
economic activity,” Research Policy 43, pp.530~542.

Mann, K. and L. Piittmann(2017), “Benign Effects of Automation :
New Evidence from Patent Texts,” SSEN Electronic Journal
No.2959584.

Meindl, B., M. R. Frank and J. Mendonc¢a(2021), “Exposure of occu—
pations to technologies of the fourth industrial revolu-—
tion,” Papers 2110.13317, arXiv.org.

Mitchell, T. & Brynjolfsson, E.(2017), “Track how technology is
transforming work,” Nature 544, pp.290 ~292.



JIEHODL T CE4Q0 DIXls ¥

Modestino, A. S., D. Shoag and ]. Ballance(2020), “Upskilling : Do
employers demand greater skill when workers are plentiful?”
Review of Economics and Statistics 102(4), pp.793~8&05.

Mokyr, J., C. Vickers and N. L. Ziebarth(2015), “The History of
Technological Anxiety and the Future of Economic Growth :
Is This Time Different?” Journal of Economic Perspectives
29, pp.31~950.

Montobbio, F., J. Staccioli M. E. Virgillito and M. Vivarelli(2021),
“Labour-saving automation and occupational exposure: A
text-similarity measure,” GLO Discussion Paper, No0.987,
Global Labor Organization, Essen.

Montobbio, F., J. Staccioli, M. E. Virgillito, M. Vivarelli and G.
Vecchi(2021), “Labour-saving automation and occupational
exposure :a text-similarity measure’(No. 2021/43), LEM
Working Paper Series.

Montobbio, Fabio, Jacopo Staccioli, Maria Enrica Virgillito and Marco
Vivarelli(2022), “Robots and the origin of their labour—saving
impact,” Technological Forecasting and Social Change 174,
121122.

Silverman, B. S.(2002) Technological Resources and the Logic of
Corporate Diversification, London : Routledge.

Skomoroch, P. N, M. T. Hayes, A. Gupta and D. A. Patil(2012),
“Skill customization system,” January 24. US Patent App,
13(357, 360).

van Laar, E., A. J. A. M. van Deursen, J. A. G. M. van Dijk and ].
de Haan(2017), “The relation between 21st-century skills and
digital skills: A systematic literature review,” Computers in
Human Behavior 72, pp.577~588.

Van Roy, V., D. Vértesy and M. Vivarelli(2018), “Technology and

employment : Mass unemployment or job creation? Empirical



HUEY QEl

evidence from European patenting frms,” Research Policy
47(9), pp.1762~1776.

Webb, M.(2019), “The Impact of Artificial Intelligence on the Labor
Market,” SSRN Electronic Journal No.3482150.

Webb, Matthew, Nick Short, Nicholas Bloom and Joshua
Lerner(2019), “Some facts on high-tech patenting,” NBER
working paper No.24793.

WIPO(2019), WIPO Technology Trends 2019 : Artifcial Intelligence,
Geneva : World Intellectual Property Organization.

Xu, W, X. Qin, X. Li, H. Chen, M. Frank, A. Rutherford, .. & L
Rahwan(2021), “Developing China’s workforce skill taxonomy
reveals extent of labor market polarization,” Humanities and
Social Sciences Communications 8(1), pp.1~10.

Zhao, M., F. Javed, F. Jacob and M. McNair(2015), “SKILL : A sys—
tem for skill identification and normalization,” In Twenty—
Seventh TAAI Conference.

Ziegler, 1.(2021), “Skill demand and wages. evidence from linked va—
cancy data,” IZA DP No.14511.



Z
KLI

O=R=TIATY



& BER

o XA =SATY AgATY)
s MEZ (YUt wg)
o AX[E(ESH T u)
7|7 s3I 2ET ol v|X]e gk 22
TAFAL} 559 dole] 24 FHow
kel e | 2022 129 26 Q14
20223 129 30 ey
3 ol | A 5 o8 9T
I S R = s s
BIoJA&7] AMEEEAAAl AIH U= 370
AFETAA TR GAAAF
B )% (044) 287-6080 Fax (044) 287-6089
= 23k 914 | A<l (02) 2277-1508/9
52 x| 19889 99 13Y
5 2 W 3 | A2015-000013%
© AT 2022 H7F 7,000€

ISBN 979-11-260-0616-8



93330

IR=FTIATH
s isseEm Atz o znmns | OPE

TEL : 044-287-6083 http://www.kli.re.kr 232

91791126"006168
ISBN 979-11-260-0616-8



	목 차
	요 약
	제1장 서 론
	제1절 문제제기
	제2절 보고서의 구성

	제2장 기존 연구 검토
	제1절 과업 기반 접근
	제2절 데이터에 기초한 수요 기반 접근
	제3절 특허와 직업 연계를 통한 숙련 변화 연구
	제4절 과업 기반 지표와 수요 기반 지표는 무엇을 측정하는가?
	제5절 OJPs를 활용한 숙련 정보의 파악
	제6절 요약과 시사점

	제3장 특허자료로 본 기술변화가 고용과 임금에 미치는 영향
	제1절 문제제기
	제2절 선행 연구
	1. 기술 진보와 노동시장 변동
	2. 특허자료를 이용한 기술변화와 노동시장 변동

	제3절 분석의 틀
	1. 자 료
	2. 분석방법

	제4절 분석 결과
	1. 특허출원(건) 현황
	2. 기술 통계
	3. 회귀분석 : 특허출원(건)과 임금 및 고용변화 간의 관계

	제5절 소 결

	제4장 구인공고에 나타난 숙련수요 : IT 직종을 중심으로
	제1절 문제제기
	제2절 분석방법과 데이터
	1. 분석방법 개요
	2. 숙련을 나타내는 단어(Raw Skill Terms) 찾기 : BIO 태깅과 개체명인식(NER)
	3. 온톨로지센터의 숙련 키워드로 대체
	4. Hierarchical Clustering을 통해 숙련표현 분류하기 : Normalized SKILL Terms

	제3절 분석 결과
	제4절 소 결

	제5장 결 론
	참고문헌

