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1. XGBoost(eXtreme Gradient Boosting)

2 AFA Z83t= XGBoostw® ASFH gt RS P&t
ARt AHleteE o] opd AdFo] kgt R771(weak learner)E A4

o= NdekAAM HIFTAHoR ZEg Yo WMEAA W= Gradient
Boosting @aE]gol  7IRkt(e]&<= - A5, 2020). Gradient
Boostinge o] #7235 the gl Eéste] HAstE Z‘l'%‘?}r/}lc—
TEA 5o dal Ry Aoy B8 SHAA vy 7 3
o2 7Pty Qo (Friedman, 2001), HF 28 +5< A=
E2Q1 Aol dAolgts HellA Hold R7F AdSSE B E44]
o] &gslrt= wilo] EAR(IHEE, 2007).
aldstr] 98l XGBooste ©lo]
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o vra, iAol AR shieE dgete] gAd Ak
Yo =F ol WHAYS AYFoa AAE A ATk £ =
¥ Fdoll & dlolEe] ERelRt S3hs= A3 over-fitting) &

& g t3k3t (regulation parameter) S Zg3to =R &
g Ao =g PIAATE Aol 5otk (Chen and Guestrin,
2016). XGBoost= k3t ER7712 &83 23 o7 HolEE UFo I

2 Bgsle A YF(Decision Tree) S &-8-3Hc}
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Yi = ka(xq), fkEF (1)
K=l

e

g5 (Ensemble Learning) ] 725 202 T 202, y& i
A 2] 52, ke AT e, e 28 T e B
b el A £ AR AR UWTE Ui ¢ Ae &

&3to] XGBooste| HA TS a3 2] 24T & Ut

il
=
L

N K

L@®) = iy, y) + 3, 02(f)

=1 k=1

where Q(f) = T + %AHwHQ (2)

2] (2)¢} o] XGBooste] HAE A5 AR 2olE vEt
W= F=ge] 438 (loss function) 9t 2&e] 2AF BA1E A5l
A 59 Farstder A vk 5 P 84 F Te
QAT o E, we U 7RIS s, 49k AE 7 84
o] 3yl A (penalty parameter)S vt} XGBoostE oA}
Ao <ol NS FIHH R AlojgorA Yo dg ofer &
A2 Fres gt

g, 7AIskES fd SR AEE A REY EREsS SU
stsbr] flaliA= 4 dlelHdl digk HAS] st H gt H (hyper-
parameter) #= 2okt dth(Hutter et al., 2011: Duarte and
Wainer, 2017). stels|gein|ele 239 532 delotet] AHEs
© A5 FAHEGFE gulshed], o] MFES o84 2Ad wet ARdH e
2 A= Ao] oflg} shEale] = HolEle] A4S melste] APAoR
Aok k(A 9, 2019). 19 stolH gEjnlE]e] A7|¥ste] w}
2} dSAso] oA9A GERIEAE SH 7L wl Bt Al e
of whe} AbFA o mgk FRlgjok i, HoE] S mebdE JeFHe] =2
A AEsH gug APt RE 23S ndsie] HA9 gdev|Eke
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Zolfle 7l AR BV 5t (Bergstra and Bengio, 2012). wahA
stols gtenlE 9] HA LS fla= AAF B4 (grid search) ¥ HE &4
(random search), Hle]X|¢t A3} (bayesian optimization) & F& &

Satet], # AFdAs BAAR WS &8ste] A4 stolH el
£ FAsks wlo|x|Rt HAZE &EsteR gt wo]x|<t HAs= 9
2 55 49 AR AAFstd a5 Hdes Estan, A 22
(Gaussian distribution)©ll wg} o}2] EAgx] ko Hio] 5 E¥X e

g84on FH%oRN FA9 derlEge Pt Ao, Bia
AATE LRES 9@ SolAdeEE Ry AR Phoz

A 9t Mockus, 2012). E APXE sto]dvlabnlele] HAgk =
Aol Sl GATAE 1A 91202000 A FUE Ao
ahel, Ay el ke AAe] deel] we} 7)Ee] W

A8t} 3)

2. SHAP(SHapley Additive exPlanations)

XGBoost® g valeld mee $4& 95 494 714 5ol Ba

o] EAgHF4a - HZ4, 2019).

olo] Lundberg®t Lee(2017)E ZA3Z} ol J3& nxe HSFEe] &

12 Ao 2unt gAskr] 9et 3o 2 Shapley Value® &83t:=

IS Aletsldth. Shapley Value® AYo]&S nigoz 5% W4y
ol drbt 7| =AE ERlsh] el oA Wrss E8ste] &
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3) E AFo|-E learning ratex 0.01~0.8, n_estimatore= 100~1,000, max
depth= 3~10, min child weight® 1~10, gamma= 0.1~3, min
subsampleE 0.5~1, colsample bytreex 0.5~15 Z-8&3t}. 3k uljox|t
HAslE A e 108 AHSS 53 3 JE=E 830, 3lo]
Hateu|ele] G2 F 1,00038] a3}, Zt stolH stein|E ] ofu|= A|W| A
Y AERtESE it
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3. BMEE ¥ AFHHA

& A= XGBoostE 83kl HAANEARe] divbsd = ARl o
FAsked H240] slth. o=@ HA4E 2Ashy] fls) 201395 H 2022

WZRA] 57F AR o =R Y et SAlAE BE F 434,294 =
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pad] gednh. BAGAS 2022970 AEE A AR dHD

AL gASEe ol F A AFE A% 174 Ak 671 o) Fol

37) sigtelnt,  Aveln PAEEOR BEF TAAGA] SAY 2
Z

(E 2) ZHIAGXIe] 7&ld 2XE(Distribution of national tax delinquents by
characteristics)

(1) Y X1z

b0 B2
Eh10{544) H5(10.5%) 0|=H(89.5%)

ol SIRIXRH(16.1%) ESAIE211%)  CHERIZHE.6%) | SARRK(14.8%)

DERENT7.29%) CHTRIEHT.6%) AMSXIZH(24.6%)
HHRHE 7H2I(74.4%) H01(25.6%)

Ay HRH41.7%)  OiXK26.3%)  HE8IS5)(33.0%)
2RYx|246) LA (2.4%) SHA(9.4%) HaFH(8.8%) ST H(57.6%) ZAR(21.8%)
SEED) B T el e vek2.4%)
7| =ME=E8) No(98.9%) Yes(1.1%)
AAR|AIS9) No(99.9%) Yes(0.1%)

(I{=2) IEERIZ10)
Hi HAZE  10% = 25% 50%(E9%)  75% @ 90% = AhE:
EXAHTD (M) [0(BH2IS) 0 0 48 57 65 110
Hi2A%=(2D) 1 1 1 2 5 8 30
F|'=hQHBAH| (BHDERL) 0.00 3.42 8.93 22.04 56.25 {120.96 | 400.00
o2 (F1) 0 21 31 47 102 161 270
He=Al13) () 0 0 0 0 0 0 5
HepSA(Z) 0 0 0 1 1 10

el Ao A5 Al e 4

H
5) Wlel} FUSENE of Fow AMS YT & gt AT Puggen 7B

3131
6) AAe] 2L T A AFALE ekl T,
7) HEAES AGAPER A de] 7P 2 AES onjsiy, A5d ¥ VIEe

2 39 a7 919 AL ek Gastel EASL.

8) AFAZE A ofHel|l V12, V120R, V2T, Vxug A4S 5D
735 7128 gFEAe] didehe Ao Y.

9) AFAZE YA oldel] FelAAF, AFAFN, PFARARFAZE, 2
AL, AEAASE, dREIVE AA S HEF A5 AEAAS APk A
2

10) A&FAES] AF o3 (outlier) o] FFHo] HF Moz AXE A& WA

I
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(F 20X 21 5 Sl wheh o] & AFellA 283 =AlAd dlol
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A7} gel @ RN BT AvkAe] v Fo] the ABd e &

Foh. AdEANA AFe] AWFHE P
Al Aol wasks Ae @A AR Aol ol 2339,
AGAA Fol A/ AAR A 2uARRE e FAR RS &
Rap 2 wF ATl shEuA Ade] BARS FFsHel
(HAZ, 2013).

2 ATeE FAAGA] dRsES 25 S8l AvasE =
AR AT o F A dRolRE, AYNFRE (E 2)3
wol FAlAY Wiol B vA Aoz AguE 5 137 S9UsE
Z83l] XGBoost £A12 Fa@Th £ A7E AW ZAAEAS]

TFeld& AdA R A Sehet B0 flemz BA9 FYS =)Vl

Ao APESES A% P 45T & Je WFRT BPsan.
2 A7o|ME 988 XGBoost £4E s WFY WFES 9-8 <

71 98l F9 0.5%5 xIske e Y 0.5%9 ez X3se dAs
(winsorization) S ABFPHAH: 1104, A 301, AGAGA: 494,
AgZIlg: 270704, Hkeal: 5, Adslkal 104).

11) %82 Agd A AgAte] 5 AR S onlshy, FUEEHE 2F 5o A
W2 AEE AN & fle A HAY FdsA 02 JEHs AR EYE
w237 AF).

12) AYAINEL HA2FR71SRE J=Ed7ix]e] AIpiLdFE <fn)ei.

13) Agkpile A2 RE Age] & A5 gnleln, Ask&ile AgrtolA d=
< 3 A= 9u3ig
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94 2 A% 09 %S MES A, -3 AmPe TR 4
& gahte] EAQ g ABAQ WPel APy, £Y2 FRe| vl
dlste] tmlwZel A7} Fokgel wet dlole] Mgl olwst Jsta
Q=g olF Wele] Bulgusl wue Wyl rk(fisel, 2021). 2

gt B ATeAE BE 54 nelshs Suan 9-3 A=de 283
ya

e
re
-
Ky
R
fr
>
Q
vg)
o

@

Mo
o
ftlo
S

3] R TE1399] ‘xgboost zheo]H#

25 &8t B4 HAgE 93 2|FTE HAI = 15032

A P, Fxgre] HAZ21E AUC(Area Under Curve)9 Hujst=
T

Q3T £, 25 mge] YA 8] BES 8 2% P9 R

14) &4 =2 vlo]8 (347,435, A tiH] 80.0%), HZ=E =4 H°|H (86,8597,
ZAA ¥ 20.0%).
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(2011)9] 73l w=d dubH oz oA Hjg| a5FFe] =2 EA
735 Aol ddiFer Ava Q14she A7 ol A Y =
ol BF vl dehde T gl mhe =AM

o] FFE a7t UE F USES dFI
AGAE dFEAE 7Eo 2 ERPS 45
FE Apol7k EAGT. JHQIeAl AR A E FEaSAe THLRSA
7 AR FR-go] A vepgon, Al sidate oAz o
= FAE AN AET vpel o] AN AHAFEE Bt
AAE digdsk] 53t Agakes vg] s AeS v 4= A8
& kg Agabgel ke S 7Fsdel Eob A T Al AlEel HlE
FaE s AL Hl A

=

r-gol 3 !

SE S 15T AL WAL whgo] A s} sk
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AN =BT Q14475

(E 4) ZMHA|ZXIC| A3 4 T-test ZIN(The t-test results of the national

tax delinquents’ continuous variables)

= EHEA @7 (A) 0|2 H@7(B)  A0I(A-B) T-value
MEXAZ16) (M) 34.757 40.300 -5.544 -40.498
M2 3.329 3.858 -0.528 -33.3569
Rk oHEFA| (WD) 25.360 48.310 -22.950 -113.540
AHMEo ) hd) 62.178 72.446 -10.267 -39.446
HsA118) (24) 0.211 0.036 0.174 64.532
TSEA(Z) 0.516 0.468 0.048 11.003

16) Al WAl e ngRA Ae 2 97 9 Aolsk 04 HD W A
Ao FAR S Aol WASA BEs A9 AgART LS ATl
7 Aol % shlgic.

17) AdAINL e A2 1308 sgdnHe] ARNLSrE oJn g

18) AaFAle AGARTE deto] & Z9E onjai], Aagae Aol det
2 @ A9 ovan
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18 A% Al gRddel BE due

34.757TA = mgAl ko] PA® thH] 55444 o] Ao 2 el

2

A
duk Fg71He] BARANNE ARe] ADFE f T FrksAde]
o= AEE Holed (AT 9, 2019: 39 - 95, 2022a), ©l+=
Aol FeFE 283 5S B3l F3AA AARES st} et o
27} 7] wWEe g2 AlgE)

Agzade] A GRA B A5 vlgEAte] B giv] 0.52871 4
& 3.3290 5 7153} AlEel wet FA2AY FAlE, IAEA Fol
ol = B sta thEAlde] Tt A AR avg Ald
A7t Aggee] o 43S duldtia B 5 vt 39 - Fd§
(2022b) &= AAZF LA AFT BerE AT S % Y A4

=

H]Fo] Yol 5 A FAke] gkl A| 7} okabe S T vl e,
Agate] Aol = A Age] F7PF Agate] g As a]le
=2 89 7Fsdol =t

A FANE 7|Fo 2 AHEH Agd Gia ko] Hat S
TEE gz Az vlas] 22 gz Yepyth olgg dite] o
< T3 A A (2023) AFANA otz = e, dE ARl e 2
A9 o] AGd nAAGAe] 20229 AFH W& 6.9%c By}
ta XA mdAgake] A4gS Fol7] A AkkE A g
7F S 7 Hk ok

o2 Hx FHI|dd25E AGA37A 9 ANdFE ovshs
A7 INdel A5 Agd GRAEe] it ANL-S 62. 17874 = 1]
diake] Hit AINg o] &S ZoR vt sAE AgE 2§
Hd 6070 St 7Y mi e Fobe | Alrdel] e ALSA - BAA E
olejo] ZABIER AGAES HFAR] AALES Sl 7hHEHed Ad
Ao gl golo] gt} % Agde Fae 4 gl Al X%
goll wgl AgANLo] S/t AL a9E AgAle] Ageizel
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o] &Jo= AsleAlAget AGAATIRY, AT T2 FAAEA B
nz Ao Holx Fo AP eclor AP

], 2t {ed ek e A o 1A Aee yeo =z giil
stes it

olgff (19 2)= FEHEE 5% Ad&5Y Wl Shapley valueE vi&st
of Ho =& EAIZ SHAP dependence plot®, &3 W42 A7) Wglo|
e} e W] JaFeo] off A iR =AlE R o R S 4 Q)
o A GRTEsAol ARt 93 nE AR FAERY A,

AGATE 2% S o] =] Mate] u}
24285778 £

4 gae BeaAE Y Wrse 9PYe P T 2y

(38l 2) 52 &3 H=o| SHAP dependence plot(The SHAP dependence
plot of Important Continuous Variables)
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= AolMe FARYY] ERdeE Q‘d'if}ﬂ sl A H2E HHo=

% 83.,45679] AAl Ag=Ate] 9=

Matrix)19& &8 et &3, FHRYe &7 deel AdH H|
2]

(E 5) £HOdY 57 H1K(The classification result by estimation model)

XGBoost EX|AESH2H
Gli=Znt Gli=Znt
Siy o|gs Sh o|s
ax | =R | 3.877(A) | 5,232(C) | ai = | 4,375(A) | 4,734(C)
2o | olgR [ 10,625(B) | 67,125(D) | Z2 | oj=ts | 19,738(B) [ 58,012(D)
HMaz: 81.7%(=(A+D)/(A+B+C+D)) HMET: 71.8%(=(A+D)/(A+B+C+D))
QIZHE: 42.6%(=(A)/(A+C)) QIZIE: 48.0%(=(A)/(A+C))
£0|Z: 86.3%(=(B)/(B+D)) £0|E: 74.6%(=(B)/(B+D))
MAUT: 26.7%(=(A)/(A+B)) Moz 18.1%(=(A)/(A+B))
AUC: 0.7451 AUC: 0.7042
F1-score: 0.3284 F1-score: 0.2634
T Ryo] R4S vz A3, XGBoost R £F FEe A
B2 "ol 22X A8 AR HITHT 9 9%p =& 81.7%= 7=
alo] vlmd %ol 959 AE HlE 5 °1om W, B ATl &g
gt FAAE dlolH e AAZ Add s e AlgAbel nlgiate] vlsol
A3t a7k e B dlolHe sldst=tl, dHolHeY By HErt
DS e QA B BRANE Aol 293 9T ARRE
19) £53d8e FHRY S B3 H2E FEo] ERZAAE JHo FuE A48kt &
£ 97 okttﬂ, 7HA] o]de] fEer BEE ERSE ¥ AsS ksl

EHoz 83 (Sammut and Webb, 2011).

20) 2 AelA £4& 98 83 RZZ 3] scorecard holEz el &3t
perf eva ?Q"Ffé B3l 43 27, XGBooste] HA ER7VIEHS 0.1501, 24
283ARY L 0.15602-2 YELT]
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(2 =)

(BE 1) ZX|AES|FHEM FHEZINThe logistic regression estimation result)

HHH H= EEQR Z-value
@ -2.1437 *** 0.0060 -354.775
A% woe 0.3660 *** 0.0206 17.729
& woe 0.6539 *** 0.0171 38.228
et woe -0.9890 *** 0.0442 -22.197
=t woe 0.8375 *** 0.0138 60.740
CHEAMIS woe -0.0846 ** 0.0311 -2.722
M4 |2 woe 0.7802 *** 0.0239 32.668

Note: 1) ***: p<0.001, **: p<0.01, *: p<0.05.

2) These variables used in the logistic regression model were converted
according to Weight of Evidence(WOE)21) method. And also the final
variables were selected by a formula-based stepwise model for
maximizing AIC.

21) FAu % (Weight of Evidence)& ¥F3ale HJehd = F&W71 Y9I 79k N2
2 7HE A 2 AA BlES orlshe Ao WOE% A ~ERF ] Ay
WEE 288 A9 2ags 4/\] T TE5Wee 2 A84E w4 Hol dud
o] ol Aol ekl - 4%, 2020).
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A Study on the Estimation of the Probability
of Payment of the National Tax
Delinquents using XGBoost

Youngwoo Jeong*

Abstract

The aim of this study is to estimate the likelihood of payment of
the national tax delinquents and it determinants using XGBoost, a
kind of machine learning method. For doing this, a total of
434,494 cases of national tax delinquents information, which were
entrusted to KAMCO for consignment collecting between 2013 to
2022, were used for empirical analysis. As a result of this
analysis, it was confirmed that several variables such as total
amount of arrears, female or not, delinquent's age were major
factors to affect the possibility of payment of national tax
delinquents, based on the Shapley Value. And also, it was found
that the classification accuracy of XGBoost was about 10%p higher
than that of the logistic regression model, and the F1 score also
produced relatively excellent result. Therefore, it is certain that
XGBoost model is superior to a traditional model for predicting the
possibility to pay of the national tax delinquents. The contribution
of this paper is to confirm that the possibility of payment can be
estimated through machine learning method using actual data of
national tax delinquents.
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