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[Abstract]

In this paper, we propose an Al-based system for automatically classifying industry and occupation
codes in the population census. The accurate classification of industry and occupation codes is crucial
for informing policy decisions, allocating resources, and conducting research. However, this task has
traditionally been performed by human coders, which is time-consuming, resource-intensive, and prone
to errors. Our system represents a significant improvement over the existing rule-based system used by
the statistics agency, which relies on user-entered data for code classification. In this paper, we trained
and evaluated several models, and developed an ensemble model that achieved an 86.76% match
accuracy in industry and 81.84% in occupation, outperforming the best individual model. Additionally,
we propose process improvement work based on the classification probability results of the model. Our
proposed method utilizes an ensemble model that combines transfer learning techniques with pre-trained
models. In this paper, we demonstrate the potential for Al-based systems to improve the accuracy and
efficiency of population census data classification. By automating this process with Al, we can achieve

more accurate and consistent results while reducing the workload on agency staff.
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Industrial and Occupation code

 First Author: Byung-Il Yun, Corresponding Author: Young-Seob Jeong

*Byung-Il Yun (fspanda@fscom.kr), FS Inc

*Dahye Kim (ekgp?08@gmail.com), FS Inc

*Young-Jin Kim (bada0179@nate.com), FS Inc

**Medard Edmund Mswahili (medardedmund25@chungbuk.ac.kr), Dept. of Computer Engineering, Chungbuk

National University

*xYoung-Seob Jeong (ysjay@chungbuk.ac.kr), Dept. of Computer Engineering, Chungbuk National University

* Received: 2023. 02. 14, Revised: 2023. 03. 20, Accepted: 2023. 03. 21.

Copyright © 2023 The Korea Society of Computer and Information
http://www ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



22

Journal of The Korea Society of Computer and Information

o

B mRolE AT AN A L A IS8 A%

7l oz
=

Ak

/\]. 2k o] xw\g

E!T:—ﬂjq, 7:161—3]_‘:,

oldL HYth H =
T AAEs Bels,

I 2As 73 A4l

> 0] A0} A, =&, ¢

ilh3

I. Introduction

AR AT T8 5 24 AR Seluele] BE A}
Bl 392 bl B9 £3 % Wielvlanag
3ol 215 27 91 qw ENDE

Z. st
e x}ﬁ

l__

L olzjst
oﬁs}oﬂ

5 29

}\]/\Eﬂo [‘HELI:J] A}E] AR
ol DB P5siof Atk £A1E 7l o, 14 4
X WALE AbgAte] ol ol EAlolc). E3t Al sl
sx] gre dlolele Ash] AshHE USHE 2ol
AR 2892 ol gs] ERstolo} Fit

oleigt T sbA] 2AVEE 1A Yok 2 AToIAE

0

gl T AL B 9w Astua dh Doy
7N AHE R BEe EALD T)uo] AV Qlof B
2 0|83 Aigto] A2jg 23Ystol, EAROIA 273t £
7 HolElE o83 A% 71U B5| 84S Fo) 1A
o o] AN P01 A Ao 9 3 B7held sl

ofz US| Y52 vla

%S
2er Qe g iRl 1 A% TH Bl
nixjeto 2 geld REES olgs] FTE $Rs, o

49 mEe] 48 SR 44 24, A 9 %
& Akl Aol oE s g 71Nk W
2 WA ThsAol Bk e B

ro
of
N
olf
o
fr

o

o]—7

)

1__

oh?:]—c‘s} E‘HO]H

h 3 7k3ked
o 1;} o —5},

N
i HE R
o I @

_Q

:Amf

oY
|-n'|n

£
oo
ol
o 19
I‘E
—LJ
opt 1
P
3;
o
o
m
U
o X
oo =
=°.=

G}ME q A2 59
SREREEERES
Actelsirt,

& =9 et 2o WA ATE 204 = H
A7 W 2 =20 ofsh2 st WIzkeE K] Cl
ARttt AiE] 30flA= HlolE|er ARgR el tigt d
o 9 A7 el 1 Aol gt BHoE o]20jRg)

F7he AR 23 3 BAS B2 A GRo A
Q9 A A= wgol ot w5 422 07| Ua
W FAS ARSI UhR|Rte.2 e 40fjA =
of thell Astgict A2 e 2ol Uige

Aol sk oloF7]sti.

41

= A

~ =2

J2fstal,

o



Improving the Classification of Population and Housing Census with Al: An Industry and Job Code Study 23

II. Preliminaries

1. Related works

0]=of|A]= ACS(American Community Survey)S &
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A7t 7oAl Itk Thompson et al[1]2 £4%F Hlo]
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3}, =YUo| A= JAB(German Institute for Employment
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2. Backgroud

2.1 Pre-Trained Language Model
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Fig. 1. Classification process using transformer language model
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2.2 Ensemble Model
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III. Methodology

1. Data & Model
1.1 Data
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Table 1. Data Layout

Column Type Length

ID NUMBER 8
Office Name VARCHAR?2 200
Industrial Main Business VARCHAR?2 200
Code VARCHAR2 4
Type of Work VARCHAR?2 200
Occupation Department VARCHAR?2 200
Position VARCHAR?2 200

Code VARCHAR2 4

Sex VARCHAR2 1

Age NUMBER 4

Correlated Education VARCHAR?2 1
Variable Education Status VARCHAR?2 1
Job Status VARCHAR?2 1

Job Place VARCHAR?2 1

1.2 Pre-Trained Model
AT gh=o] 7|9 ARA ok Qo] 2P Zdut 7S
lEA] R QEAAR BEY & YT Y DAS

KoBERT } ‘ Fine~Tuned Model 1 ‘

RoBERTa } ‘ Fine-Tuned Model 2 ‘

KoElectra } ‘ Fine-Tuned Model 3 ‘

i Korean Census

Datasot KGELECTRA |

‘ Fine~Tuned Model 4 ‘

Soft Voting

e BERT } ‘ Fine-Tuned Model 5 ‘

KoBigBirdBERT }
1 |
Fig. 3. PLM Ensemble Model

‘ Fine~Tuned Model 6 ‘

2. Result

Table 32 7§ 29 & w2 YA] &35 Hol= 239
A3 yigo|t}. B2t X|#= F1 Score?] A Htdl2
ARESHITE of7|A Het 32 Macro 4t} Micro B+t
Weight H-& 25 ARE5IICH

o] Po] AR, P2 7} BAES 0] §3) A L A flag) = {} if2= )
o B2 EAT LS Aucton], 2} BATdA EL Vit
52 8 Sle] RS ol g3 YA RS 2R |
C}. Alglo] AR5 RE RYSL Table 20] 71250} 9) S (Flyag): flyne)
onj, 7} Relo] M2 o} B o] &sl9ltt. Precision(c) = ~——— 4)
e L2 Fig. 31} ol QI FXA}F fojeje] & > f(gae)
S BR BS HoER 2 AR Qo] RS 2R RY2
g5t ol 74 REEo] SHI VIERE A U2
ing YFALS o]lQs] 155k - ~
Soft Voting JA15 0]-gsll L5t M s fye))
Recall(c) = =1 - (5)
Table 2. List of Pre-Trained Language Model Ef(y/v,c)
i=1
Type Model
KE-T5 (KETI) [8]
KLUE BERT(KLUE) [9] _ Precision (¢) - Recall (¢)
Organization KoBERT (SKT) [10] F1 Score (c) =2- Precision (¢) + Recall (c) (6)
KoGPT (KAKAO) [11]
KoGPT2 (SKT) [12]
TUNib Electra (TUNib) [13] Y F1 Score (i)
LASSL BERT [14] Macro F1 = ¢ (7
KcBERT [15] Nmberofc
Personal KcElectra [16]
KoBigBird [17]
KoELECTRA [18]
Table 3. Result of Classification (Single & Ensemble Model) ; Accuracy = F1 (Micro)
Industrial Code Job Code
F1 F1 F1 F1 F1 F1
o] (Macro) (Micro) (Weight) ol (Macro) (Micro) (Weight)
Ensemble Model 78.601 86.758 86.649 Ensemble Model 72.565 81.841 81.642
KcBERT-large 77.388 85.889 85.823 KoBigBirdBERT-base 71.131 81.045 80.386
KoBigBirdBERT-base 76.988 85.830 85.734 BERT-base 71.393 80.956 80.869
KcBERT-base 77.078 85.828 85.734 KcBERT-base 71.042 80.808 80.635
BERT-base 76.729 85.707 85.608 KcBERT-large 71.289 80.511 80.773
KcELECTRA v3 75.918 85.195 85.079 KcELECTRA v3 69816 80.227 80.008
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Table 4. Data Review Result of the Inspector

T Data Label Al Label Etc S
ype Count Ratio(%) Count Ratio(%) Count Ratio(%) um
IND 5,880 38.97 9,200 60.97 10 0.07 15,090
JOB 5,822 39.11 9,065 60.89 0 0 14,887
- ~ 3. Analysis
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