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Ay, BAAAAGE Fuels wesn FEdos Yehis 754
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2] &gk 4= Q. 2018¥ 7o) %7] flojg EA (o] 94 2], 2018)] ut
2™ 71288 718249 $3F =22H25.8%)0] 7HA vy mHopxto] A}

718 5M022.24%), BAaNd 71 olst AF(16.37%), A EA= Ad
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E7] 7Ho] 4TS Wio] mUo] dF AL oln Thbde Sus

+ Hl 7lofettt. Random Forest= HX| o5 ZAHAolu FHFAS ERolA
=2 A2 Ho] AZAHo7 Q=K|Q 0w (Chen et al.,, 2021; Li et al.,
2022), 2] BAF B A FHed B7F T AHA A FopoA FEEAL
AtH(Kalayc 0glu, et al., 2023; Zhang et al., 2023). £35] ¥4 7+ B3
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oA, a2k o] B4 PAH ol 24 8-t dazEelt.

-

r&"

rr

2.4.2. XGBoost(Extreme Gradient Boosting)

XGBoost(Extreme Gradient Boosting)= Friedman(2001)¢] 1tjAE
BAg E]E vt'go g Chend}t Guestrin(2016)0] At S84 o= A5
= EHE} o :rLﬁﬂﬂ dagFoltt, o] mde oA Eg9 o5 o4

= ’
Ao %7# Flga (custom objective functlon) A4 T AFY F8EE =0l
Qe 15 AZET 24 dold B BAAY the HE (accuracy)

S ol Sl AAE BAHL ABECecal) & A4S o] Fa T
et =

Al A, XGBoost= ©l=et Aldet 45 Fdol AH<s 7Hidh
2.4.3. LightGBM

LightGRM-2 MicrosoftZ} 7HEet 145 JHHAE BAE ZH AL
A%, XGBoost tH] o ®E ok £ot ¢ A2 w2 AREFS T35t
£ ZA& 32 dtKe et al, 2017). °] dxEEe W4 &84
GOSS(Gradient—based  One-Side  Sampling)®t  EFB(Exclusive  Feature
Bunding2he = 7b4 Mol A IEEH, ok Au &4S AL F

Ao AAr BHEEE 3r|Hor FErh Eot &4 ZFA(loss reduction)e] 7F



Leaf-wise S AR-85HH,

=
84 Aol WEY WAE thRi o Sshy 2ol gt

EAAAA D oS AHgEE Ad 22 diR 122k FAHolE =
HAF Ablo] HEHE AR eAA WME AY £EE 895k BT Bol
LightGBM2 mll-%- &-&2]¢1 di¢te] Hrt, T2yt Holy E+to] A 4+
Ao fge]l EAistEE, F8  sto|Hupetn]|E (]! learning rate,
max_depth, num_leaves, scale_pos_weight)9] A|d3t xHo] HIEA] = gs}
o ol=et a4 utetu|E o] AAAR] FEd= o, 2 Fgo] HESHA Al
2ot A& WAk A SdLo] i "R WFEE Eolv w30l

Q7.

i

T

2.4.4. B2 #of = 7IW A )

o

o

I
o

0|

AF&39F Random Forest, XGBoost, LightGBM-2 EX|tjAAr HHof A
|E= Ox2A A= dayEer, 247 &3 4

Forest:= utﬂa 2 oest 11X =2 giA P5AL AZste, XGBoost
L o= ox= AwsH BHASY Holu Ohﬂ}g} 5= Eolt} LightGBM
© Hite A HeldHg A&siA Ashs ARH agdold Aol 9
=

o] Al 7}l ¢elE2 ot 338 JoolA I Z8o] dFH
At dE2 Zhang 520258 LightGBME ZA] o]5A  o=(Gravity
ModeDell &&ste] 97%[R* =0.97)9] =2 5= 243 em, SHAP &
A2 Adste] A AAANA A Ths ZAE ATFeEN HAHd

| -
o 4R 7HE 439t

O

Ul 52 ZokllME oA Y= 7MY A8 HAl

FAIG. emlof 920179 T=HAAS|AFY HIAE Are|E%

_12_



2 289 24534 5] Random Forestoh SVM 5 ChFgh e =
2 AgT 27] 4% Aelolnt. olF I ATl |&H 55 A&HO

El

2 nxstEQltt. 7] 22249 39, Elastic Net, GBM SoflAl 20174 ©]
XGBoostZ7} 4] 7|Hog HANOom 202197 o= Random Forest@}

HeY ALETIE 2024d0e oy RS Adste FE VN HEE

(Voting Classifier) 272 BFAACHAZ|E] 2], 2024).

SE2 EAAAAY IFo] wAlHdE A8ote Aol wett
£ Hol, 38 AL"He dRE AEIEIT QS AR E
5] ol T LAEF9 AE Hol, oS AHE Tt LS
Eoldle YAAE 7IMel FAEL itk o] oA Random  Forest@f

BEHHQl FHe JMoE T B ol B FH5

2.5. E¢9 HolHe BrHA®

EZAAAY oS HAl= 2EdHoz B4 Ho]E (imbalanced data)
wAE Wzt AA QI T AA B2 4+ 1}}— 5% u|gre] A FEA

=
(minority class)oll &3t 4= 1o (He and Garcia, 2009), o]= =2d &

It Grte AZbet g opr|d 4= it} dlE Eol, BE WESAE v &
ARl HHARE R ASsteete BHo] A& (accuracy)= 95%°l E5HA
dr}. o= AAA R MY Fa% A4 SHAE A AHSHA] Eohe, ¢

=2
As] Aufigt BEox E%Loh Ao R Q48] Hole Aol o

A(accuracy paradox)-& Rt}



o= B 4 9l

o
[¢] o =
L AEE Aol At B AgdMk 22 Redxs
Z|A] = HAA ExE dHb

Foto] AAERecal)= HY FrHA|E= ARES)H

[ 2-1] &7 23 F9 A5 7=
A% 4 Ha oo
_ TruePositive =
A& = Lal 2] A5
& Recall) Recall ( TruePositive + FalseNegative) e AL
TruePositive _ _
9] isi ision = P a4
80 = (Precision) Precision (TruePositive + FalsePositive) 39 mad
Precision X Recall _
F1- Fl— =2 X o3 H7
Score Seore (Precision + Recall) 3 87
o Precisiom x R F9e FAe
P Sore FBfScare=(1+ﬂz) x— eczszo.n. Recall s _‘lT
8 (8% x Precision) + Reca AUr/ AL HE 2H
AUC ROC FAREE vs. 1-Eo|x)e] WA Zt 27 45 T

_14_



o] EAHQl BEXLE Est= o TATE Yotrt. whetbA
2 F2sty] Y3t giete R, ®3 (tabular) dlo]E 9]
v

ariational Autoencoder)?] A4 7z}

H
1—

E
—

TVAE+ 7|24 92 Variational Autoencoder(VAE)e] F12E& &
o|¥(tabular data) €7l %A WP A4 mdlolr) o] Rdl2 QlF o]
E7F 713 A &E EiZ(latent probability distribution)& ]
wE2HE M2 HolHE dEdste WAHorR Attt Xu et al,
2019). FAAQ ot HIAUSS 92 dlolH $x$E <1FH(encoden)E &
off Aardel A ¥Me $z$= FFotal, o] $z2$F thA tFE T (decoder)E
5ol HE dolEet FARRE $x$= AFdskeE e AXG AA S
A2 VAEQ] 4] =& 4=l Evidence Lower Bound(ELBO)E Zth3}st=
WFor A, 11 pA2 oy g

L(¢,0:x) = Ez ~ q¢ (zlx) [logp6 (xlz)] — Dy (g (2l)lip(2))
X — _,A'ﬂ,\ . — X
) ik S A H{Encoder) S ATt S 3 G (Decoder S =4 ,

[(19 2-1] VAE Process (Kingma and Welling, 2014 7Hg& z+4)

_15_



]
>
2
rr
H
_]U:
|
k)
)
e
I
>~
=3
=
o
o
o~
—
@.
o
o
o
e
1=
o
_,,
Y
2
o
Y
Bl
H
ri
)
AC

VAEE [218 2-1]o] Uehd VAES] 7|2 ol7|Hlx& Z8stHAL, &
¥ (tabular) dlolEle] 1435t E4S HHgsH] 9] =
=Yt 7P 2 542 A5 Y (continuous) ¥ HF
EAE dlole #+£25 A#shs HAoltt. TVAE: 9459 W49 4% 7H¢
Algt 3 (Gaussian distribution)E 7|¥re= 13d d ¢fid-Z —/,\—’836]-13%,
HE ®ao W—H/ﬂ“ Gumbel-Softmax 7| (Jang et al., 2017)& &

of FHAQl SEA MEHS 7FsotA gt ol olF (heterogeneouS) o]

]o
og,

§ A9l See, VAL F2 ol Wl g a4 dold A<l
Aot de GAS FEsha, A4 AW @FN niEsts 2 goly
=

Attt (Xu et al, 2019; Kingma and

=g
olo
ok
>
S
H-l
f
]

sl 1EAO T4 dlolHE *3*362 4 9t E5] B9 tﬂ°1E1 | %2
sty WS 59l 49 WSt HEd Wart S9td S HdAHoR
tt2= g 74-o] AtkXu et al., 2019).

2 479 A Aol TVAEE #8sid, e wWesite] i
A MEE e s ] Al EASH ok (ESE) W

2~
= T
Zre amtdog MAsd 4 gtk TVAE: o5 BAoA 23S AdA
ZF
=
=]

N

IR
WA AN 4 glow, W 7o) BRkska Y

SRS
FZH(latent space) oA shEetth olHet EAL, AFHQ FA 7IHre

L

_16_



A2z A (imputation) 7|HEo] AEst7] olz]L dolEle] EHA B
& gRs5kE d uf¢ gyHoltt TVAEE 27 HolHE 4= Bl
(Encoden) ¢t HlolHE HYst= HFEH (Decoder)= FJHrt. ©
] Hg2E e P42 Alsl 71sd

ol
-

TVAES 7 dolg9] b2 Wssery sad &7 a7
2 228 W50l e AN 5 9tk TVAE: dold 44 w2
e AALHA EFT Sgol Jhsstel, WA o] B aAg A

1

=

T AT FEolM st oY 542 ATHY EASA oA
]

[y = ReLU(FCpyy 15(2;)
hy = ReLU(FCog 105(h7))

a;; = tanh (FCy, ,,(h2))

< &Z,] ~ N(Ew,al)

B.. ~ softmax(FC128_,m (7y))

2%

c}i,j ~ softmax (FC128_,|Q\ (hy))

\p6<7j|2j) = Hﬁ1p7<&i,j :ai,j)Hj\ilp7<Bi,j :B,‘,]‘) HfﬁlﬁV(aA/i’j :a’i,]‘)

9 41014 7 7lTe Thewt ge o

mlm

717t

.'.4

n oz 9 AEo] et Ak A Ri(latent var),
3

w70 jAA A2 EH(tabular) HlolE] HE
= i, by 93] 243 (hidden layers)

= a0 A% WS o] o

2% -

o

3t 5k

_17_
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(" Iy = ReLU(FG,; 1(r,))
hy = ReLU(FCyg 155(1y))
< t = FCog 158 (n2)

1
0 = exp (EFCIQSH128 (h2))

qus (Z]‘|7j) ~ N(/l, 0[)

TVAES] 17 HE o]F(heterogeneous)®] Hlo|E EFY-S Yol o]

£ A FZH(atent space) 22 1jH (mapping)otE JT=

He 959, 459, 4% #Ha7 249 dH=, &4

Ax Y (preprocessing)  GAE WA A AKXy Hee Aqtst
(normalization) & &l #tel HHE £Asto] 34 HE4=

3 9 Ay W4E Y9-8k Q179 (one-hot encoding)& Eof #HE FH

g0 A H

= HgEn o] HAP HAS

e

}m

obzl Qg dly ,/_1—_ SlAC

AE olEgAL T AY exzo
connected network) FX& wWZ2w, 274e] 2YFor FAHHET A HA =
9% 2 QYA 128%€er  §FEStE], RelU 245t o4

Hgste]  wuY  BHIRSE  Eq@d
(hy = ReLUFC,; (7). 5 WA £9% hy, 9] 1289902 20504 5
UgE FE2 MRy = ReLU(FCyg 13 (1)),

il
—LI
ox,
it
rie,
rx
re
Y,
2
o,
ol
£
<

(Activation  Function)-<

VAES] @49l BEz
A4 %o BE wehly
1= FCy 1p5(h2)) EFE

Ast7] Yol A4~ HEH(exponential transformation)& &-g5to] Al4tHTH

1%

Q1379 (stochastic encoding)& #l8ll, AT T +=
Zege, BE p A9 uee o 2 A
Al

ot $AH SAA APAT P4 Aok B

il

rbl
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(0 =exp(5 Fclzgﬁus(hz))) olg7] &9 watugHEe A W

1
>
i

z
RE(Np,o)S Holshel, A sz o BEREE M54 59

SEhe
oo} Ze QA3 o dAE B WRHIH} K B Ws 7
z9} 279% PE SHS andoR AUl A FUOR 4ET 4
g

=]
A . ol 53] F24 A5y ol Hde st A ol
B0l M =, Kol t44]

QAL 2| g,

262 BI AL =4 A%

TVAE 7% dlolg B4 &85 AdAer Hrishr] ¢, 2 4

+ Wasserstein Distance®} Jensen—Shannon DivergenceE 8 &3E A
=4 A#E= Yt o F A#E= A dolEZt Y& HolEel dnt
U A BES HolbAE £AHoR WS © 9ol del AgHE
A 7o, AARE fof koA AMEY BFEOoR QIAFET ok

-

— Wasserstein Distance

Wasserstein Distance(WD)+&= &+ ZEEI
golgt BAA AHom: Azl rHte] Bx gApg =
Kantorovich(1942)9] 2[#&4F FAollA e
A zpolg MAHo=m =gt HolA 71ES @ AR AFEY

do] A5 AgHez et o 25 &gHrt. o] Ax‘=
Wasserstein Distance® A e]=H, po] Ztof wat thefst Jefzt A9t
2 A E p = 190 H9E 8ottt &, 1-Wasserstein Distance (&

_20_



= 12} Wasserstein A])E AHEstAT). ol Fgtdo=z o33t Zo] A9
Hck

W, (P,Q) = y@o&,@f lz —yldy (2, y)
RXR

istance= T &

E 7] RSF zpol'E AAR oA W Ex HlEelRtal & 4 o
— Jensen—Shannon Divergence

Jensen—Shannon Divergence (JSD)+= Kullback—Leibler Divergence(KLD)
o] HAIE Hetste] SRt Aol Ffstd SR E I 78 54 AHE,
Lin(1991)ef Jaff A=t HE o] 2(information theory)< 7|§FO.2 S},
S ERE 719 YR Hol's 2Aakste] 04 1 Aol] Loz EHATtE
£2g0] e}, £4), JSDE vlejAzjolo] Batr) go] WAT 4 9 KLDS| 94
S 99 SHohgon, 44 BAGAN, VAE $)°| 4 87t Auz

2] FgEar Qi

e dlo
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E2XE Pol Q7F Fole w, JSD+= 2o thit o] AojHn:
JSD(P1Q) =— KL(PIIM)+ ;DKL(QM)
Dy, (P1Q)%= Kullback-Leibler Divergence®, th-23} Zo] AoJ7} 7155t}

7 (PlQ) = ZP(I log

9 240l 7 7|5 thew} 2L oug b

P, Q : vlustH e F FEREL
M: P, Q9 BvtZi
Dy, : Kullback-Leibler Divergence

log: 2= dizor ¥ 28 AMF(HEF T4l bit)

AZNN Dy, (PIM)T Dy, (QIM)e 747t P, @7} BaE=E Myt Auht
225 &4 Kullback-Leibler Divergenceo|tt. JSD= 0 o4+ 1 o]ste] 4h&
7YA W, gkol 0ol 7Whaas & B3 b AHO Zolrt AZS ofu|gith
Wasserstein Distance7]- —E—E 7 E8lA Ag el 2ol Hrlst= o Agksioid,
JSD= & Bx 7to] % o]4 A4 (informational dissimilarity)= H7Fot= dl
A& 7HH.

o
LB BE o] AR —lﬂ:i—J EO*O] v*?“}ﬁh Jé‘% o2t Whe

SAL 224E REY BoFO] GARSIHE AL olnjshu, JSDE Zro] 0] 7}
g5 Ruare] Bl A4 FE UR Fue} 7] FAFL ekt

g9 JFoal 5] ofele BE SAAS
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- 77l AR 2 A

b

&4 dlolE o] F4& Brlste A2 wlS Sat vAo] R T, A Hutof
A mmHoe golg vl W Aant Aoy AAE of AeEAl esleh
o]t HL Stenger et al. (2024)9] FTA AFoAE A A H vt gloH, 7=
BRI AFAE] ko] dlold ST el Ago] w3 BAE SWelA H
L ggle] s|3 gk 27 A7EL T A A5 zshnct, g4 del

Blo] #4e vaz A £ Qe I dYPIE Atste FAH

Pezoulas et al. (2024)2 dAAo] P4 dHlolg A FHS AAHC=
HAESHHA, dole F4A(fidelity) 712 98] WDe JSDE H]&3] KLD,
KS-test, MMD 5 thafgt B §A14 RS W 888 B4 Jxotq
th. E3] M3 olR WSS TS 97 golHoHE WDS} JSD7F Ui o
BESGLAE WS ALY BE AER TS

i}

Hol $A4 54S drht 2 REsh
93 91eS SN A ok ot FAAQ QAR (hreshold) s AAISHA ¢k,
dole v A wete] W gojd wlw Botel oEsta glck

Liu et al. (2024)-2 o]=2|gt SHAIE Hestr] $1s &4 dlole 48 fAF
“d(Resemblance), -8/ (Utility), Zefo]HA](Privacy)eh= Al 7HA] 4] 2Fo]]
A FRH o2 Grigh S Ajtolditt. o] Wt B ARl =gholA] &

T, g4 dlolE7t AR S8l AEAE THER Selsop ks AT AT

tl

SES H HojgEo

2 AFoldE ole 24 wiFE ilEfste], Yale University Open
Data Access(YODA) Z=2HAE(2024) 004 AAlsk= &4 HiolH & 72 &

a3t Z2AH (benchmark) 22 AQtth YODALE BEX 92 =451 &
A HEY] 51§ 22 tolerance)7} 5% wTtY -9 - 42 BA'S Z=tt

T Bopste, ol 2 @] Wrh AA] ABAA TAZ AT

oHeE, YODAS] 7|0l vefet HiolH fd= Zasts drbal #H<
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3.1. glo|H

e

2 a7e S BARAsIne] BANY sl U14E 4Rs
&89t s HolHe 97 5How

27t g2 ® Aejoltt. zZtmsE 2018 1€%E 20234
9l doles Zete, S71HE FHe A =9 tﬂrB} 3450l A 44::-;—77}
2 AAH o7 FAH fog £ 40Z7HA] SHE I}

3.1.1. Hlo]E

N

(iKe2

2 a2 20189 199 H 20239 119704 oF 6dzF £2H 229
71HEE, F 3,280,593719] TS|} 457 WH4E FAE ] St dHlolH+=
2"l 29 F718 vtdste] A9 ©9i(d, 34, 549, 74, 94, 11¥)= &
HE A

[# 3-1] d=H doly & 3 EXtigat Hl&

Ar =2 > B2 o2t 4 2|2t 5 =4

2018 291,634 106,680 184,954 NES= =TI B3

2019 513,412 120,652 392,760 gt 9A

2020 811,041 180,538 630,503 Moo Fgoz Al BEA
2021 513,852 111,403 402,449 A g vE

2022 436,684 111,878 324,806 AN A W

2023 713,970 128,872 585,098 F4% g4
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A BzE wHd 20209(811,0417)9 ©EA71 714 @eon, ol
FE19 Whuos JL = Tﬁl < 7tet JHO] AE Aoz siHdr.
5] Wobxledl, ol A

IS ]
A5, AAA0s AN AEE JehlE SHHATARGEDE W

o

A2F 76.83%, tHAEAF 23.17%2] B+ =X 85 HHh
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3.1.2. glolg Fx

dolelt 24

sl 77 dlolgo] Q%

E 3-2]7 Zrh

&9

—

%2 5o] glon, 95 A

2 %% =
Ws7h A oreth EAlo] ALg

3|
™
J
=

A

[& 3-2] dle]e APd(Data Dictionary)

W Ay o3
YEAR_MON gzt EEZ]
TARGET ER A FA o] 7 HEd
AGE L}o] T2
GENDER Al HEd
REGION AqLHI =g
\! TR HTY
V2 o W
V3 e k!
V4 A7 &4 G R HTY
V5 =R A A of U5
V6 AR R 2GR HEY
V7 ShAm 3 o] 1 i i
V8 I R A e P i HEYy
V9 T BFo) A7) 8. F o 7 HEY
V10 AAFH7| oI5 7 HEY
V11 o e e Rt i HEY
V12 DS HINE A F A5 AT
V13 DEHFHAAAG O T H HTFY
V14 Il e e e HEY
V15 e e A e s imted HEY
V16 N AAZAEFA LA 7 =g
V17 B el - R i i AT
V18 P e Kl e e P i HEH
V19 e e i HEY
V20 A7 A A 1 HEH
V21 HF o] 5o 5 EE]
V22 AR E 2o R HEY
V23 N 2SN FAETFEH AR HEY
V24 TEAHFEHAGA AR HEE
V25 AL FT AT LR AR HEY
V26 Ao fj 2o B HTY
V27 B O - o o HEY
V28 S e R o o i i HTFY
V29 A g2 ARt AT
V30 FFE AN A Y7 AR HEY
V31 e e e i e HEY
V32 o | B i HEY
V33 o e ak e ) = e e i HEY
V34 AFAFG A Lo 7 HEY
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3.1.3. dlolg A=

Y Her FAgE0] glo, d&5d ¥
+ AGE {foltt. weha] dubzlQl Adshy AALES & a7 gitta ¥
st o= dugE Al Eg] 7]¥HRandom Forest, XGBoost,
LightGBM F)2&, &7] 7| wet ohsstn=s A+fete] &2 nlnlsttt
(Ouameur et al., 2020). oo wet HA2l= A=%] A2et TVAE 7|6t ®
& Aol AEstAct. AE(GENDER) 2|9 (REGION) olu] 52} &
o gEATz A=l Wro mge #Hashd Utk EF VI8~V40
L 4a £ olFold UE W4EH TVAE 74 %

o Hebstth. ?tH AGE HiolA 0% 7|5H A7 B2 A
|27 48 o] B4 Alel= oA 7hsstR=, A 44 Qlo]l d& #

ddz FAISHAH.

e

= A9 HolHe i

18 1%
=M

A% Ay 3

o &
>

|0

S
Lo

(o]

o

3.1.4. W =Y ot

il

4

A

7z

w40 Eg3t MA HolgAlE A= HolsH &HE P HEE
233t 39 flolE(Tabular Data)oltt. AZ3to] =@ AA| dlolgAlS
TASteA [3 3-3]3 At} Hlolge] 452 [# 3-3] Ho|gAlyt 44+ H
o] AR AHE 4 %ol M2 FA WHIE Q] HaEo] A%
Mo ZEEA PAT AZAL WAL 5 Ao B4 £US AR
£ A wske A71H9 2717k ohd Wadl o8| A3

(% 3-3] dole] Mz} A7 o] 7

year VI8~2 V29 | V30 | V31 | V32 | V33 | V34 | V35 | V36 | V37 | V38 | V39 | V40
2019 | 4 FH | A -] S8 8 | 8 | Null | Null | Null | Null | Null | Null
2020 | %A 3 - 2™ 2™ 2™ | 2F | Null | Null | Null | Null | Null | Null
220 8 |28 [ 2 |1 238 | A2 | 22 21| 228 28 | Null | Null | Null | Null
D e B e B e B B I I I B e B e I e I e e I s
I IEIEIEIEIEIE




V282 20189 1195E Hzx2 $3=gloH, V32, V34E 20199 11
YRE, V35 V36 20219 01€HFE, V37~V40& 20224 11€97E ¥
wol Ao ST olF BE AEshd [ 3-4]9F Ao

(& 3-4] Q7 949 Hz 59 A%
B4 O2F | 9e 2z 29A%
A Year_Month, Target, Age, Gender, Region, V1 ~ 20184 119 o]
V28
B V29~ V34 20199 11
C V35~ V36 20214 01
D V37~ V40 2022 114

ol e AZo] ofya AWA S M490l0) olmat AR <lF)] 7|25
2l xRt BEEA 2 A K (unobserved reality)'ofl Sttt whebA

hid 1o
B AL KNN st 28 953 d9e Wa 47 24eia ord
AHES drgsha] Foff == 2dE o Aok oo & d++= TVAE 2=

olg Ay Aw dlolEld] Ase H
2 7 dolEelA AR War 2l G A4S Hetert,
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3.2 A7 HEX

Paripd § AdViI-V28)

: 4
e
Parist A (V1-V28)

2

Priiod F A (V1-V28) B(V29-V34)
: M

o " Dhase 2 EI2 Wé B2
Fidvoren 23 VVRE JH8 FiE
Tgriod 2F MU #T

V.
Poriod 2 A (V1-v28) - Bivas-v3d) Y

e

[13] 3-1] A+ Ax}(Phase 1, Phase 2, Phase 3)

lo

[

]

a

(O8]

-1]

=

o o

i
lo ¢

7 2 3 717

o >

oy M

=]
S J|How
k3

(Phase)= A s

gt

o

ol

O A=
= 59

® Phase 1: Period 4(FZ2= Holg)E &

® Phase 2: TVAEE &85l Hlojg ¢

® Phase 3: A Period(1~3)

st APt o)F BR mUo 4

Q OFo}H,
Phase 29A4%=

Phase 1oJAl=

5151 A

E"O]E:I—:E‘;} 7& H i =

2 a7e A4 a7 dxe zAse

M=2-E& Period2 FESIITY.

A dlolg e B §AM
548 AESHY, Phase 3A4&

gHolHE 83t 7=

Period= A <lstal, 44 ¥4
B

—

glolH

Z]1 A

1

AA A

S
KeX
=

_31_
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ai)

V. A%

41. Phase 1: A7 W40 B4 4 A%

4.1.1. A U

Phase 1oA= 22 AZo] EA6IA] S+ AHolA 91718 |57t 57
ol et P7Ex| ;o] Ffdo] o] FA=AE S che DAl ¥
2o = AA FRO] 7R T S wrdotE, dlolH FT A
o] AA et Ho]E Al Period 420229 11€Y o]5) A|H o] 2+A =
grastglon, Hlole o] FEl: (828938, 452 A= o] Qi B A4} HlE
2 18.67%2, ZEA EFFE A3 Ao AFLS Hystet

n AUEQ 10 VI~V30(71E 7| H30%E)
n AUgEl e 2: VI~V35(FE7H 71 A BH5E)
AU L 3: VI~VA0(AA 713 H40%)

g 78] 0 2= Random Forest, XGBoost, LightGBMPJ Al 7FA] <
FE7IMES Aot olg2 BT Ef 74| ER dagFo|x = o
VEFoRH, HAFZA W BA L} OF /‘}i;—ﬂ}%% atHor A 4 9l
+ 3ol Ak ol& A WLl o] HEY- A5 o] g HlolE FxofA
T AR A5S HYS ARG BHEe] HEF2 3-fold T3 wAAS
(Stratified K—fold Cross Validation)S Z-g5to] md o] utst A5-S 3FHSHY
=8 Jﬁ7}7\]5—i—1: EZAAAY it A RR1E §FPcto] Ad-E(Recal)S
SHAl 2| & Arom, AL (Accuracy), YUk (Precision), Fl-Score,

ROC-AUCE Mz ARz F8319. ol mAsjste] Yeie (19 4- 113}
Zol uehdl % glrt.
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Phase 1 225 HIOIEIE EE8 XN B2 54
P8 - TR B B 2- 2K B P 3- 34 Hal
AL : MLIZIRZ ALIIR3
(VI-V30) (V1~V3h) {Vi~V40)

s 08 ¥ BHAAE
-~ EE Y NMNE HEHEHAE XGB, LGBM
- ERAE BEly S2gs HBE ROC-AUC

& Phasst 80 £8

- P ﬁ%?(ﬂii%ﬁ%&z% > LIS » AILISDHU 10 JHSiE AUC 85 XIE 2
- ﬁﬁc‘:’:’%&ﬁiié% RF, XGB, L.OBM RE ZICISA gts &l
- & B4 TR0 SN EES NI i

[713] 4-1] Phase 1: 2= dlo]gAl

o
nigk
st

gt HAA ¥

Jk%
2
K
i)

4.1.2. A< A

AAA o7 2A(VI~V30) — RA2(VI~V35) —RA3(VI~V40)S
57 8 Holzte] uhet A% AEA AAHOR AdHE A ST

AL} ol VA ETH HEE A7) S8 wet Al&siA S Yotk
ANE B2 Yehfd [E 4-1]}F Zo]

b

_33_




[3 4-1] Phase 1: RF, XGB, LGBM “J5 H]iL

Model Accuracy Precision Recall F1 score ROC-AUC
RF_GPU_VI1~V30(Z2&1) 0.8147 0.6109 0.0215 0.0416 0.6769
RF_GPU_VI1~V35(%d2) 0.8148 0.6021 0.0255 0.0489 0.6778
RF_GPU_VI1~V40(2d3) 0.8147 0.6028 0.0228 0.0439 0.6811

XGB_V1~V30(=d1) 0.6932 0.3201 0.5719 0.4105 0.7017
XGB_V1~V35(2d?2) 0.6937 0.3206 0.5718 0.4108 0.7019
XGB_V1~V40(2d3) 0.6959 0.3236 0.5761 0.4144 0.7049
LGBM_V1~V30(%2d1) 0.6934 0.3193 0.5666 0.4084 0.6993
LGBM_V1~V35(%24?2) 0.6937 0.3202 0.5697 0.4099 0.7003
LGBM_V1~V40(%2d3) 0.6941 0.3219 0.5767 0.4132 0.7036

dct AA, A= RE7F oF 0.81 52

2 7P =4 Uepgth 28y ol BT dlolE oA o At
Moz &g d7d 7HeAdo] At AAR RF= BAE 95
Moz Fast B2/ Ha(a

] 0.02~0.03 z=of 23t wabA

tlolEl oA @] AeErto g A5S Hrlohs A a5 Hdl

¢} =
St FAE S Aot fdo] ot weE B XGBoostet LightGBM

-

FPE
—Ll
1o



AR Ad-e-S LGBMI XGBoost7F 0.56~0.58 &F© 2 H|w
2 2% ¥, RFE= 0.02~0.030] &35ttt o]+ RF7F of Ao
[e)

iy
(o]
2

Ylg], ROC-AUC A ENME LGBMT} XGBoost7} RFETH Y#E]7] =2
B E3] A4 34 AU 27 VI~V300A VI~V400 2 Sofdo
T dE]F9 ROC-AUCE 0.699914 0.704 +F02 £ /WA=
F7HE Bt AR B7 s el 718 7HeAES BoFH, A2
AE7L vtgEsE B HaE dso] AXFeR AHE & e

AAFEE, o2 EASste] Lehim Thewt ol uiehd 4 Qe

Accuracy by Variable Expansion I Recall by Variable Expansion
—e— LGBM i 0.578 —e— 1GBM
> XGB i .- ee

0.697 i 0576 /

0696 = i 0.574 >
> _
] 0,695} ™ 0.572
3 g g
£ 0.694 e el “ 0570

— H
0.693 ! 0.568
0,692 | 0s66
V1-V30 V1~-V35 Vi-vao | | V1-V30 V1-V35 V1-vao
Variable Expansion (V1~V30 - V1~V40) H Variable Expansion (V1~V30 - V1~Vv40)
Precision by Variable Expansion ROC-AUC by Variable Expansion
0.325 —— LGBM
XGB —a— LGBM

0324 9395 o ¥GB

0.323 - i
c ’ 0.704
goaz ’ g
&d 0.321 ) : Togo2l

0320} * 2

0.319 0.700

-
0.318
0.698
V1-V30 V1-V35 V1~v40

Variable Expansion (V1~V30 - V1-V40) V1-V30 VI-V35 VI-VA0
Variable Expansion (V1~V30 = V1~V40)

[C17 4-2] Phase 1: W5 e dargsd A5Hst
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(1% 4-2]% ¥4 3 AU 2 (VI~V30 — VI~V35 — VI~V40) EP
=2 LGBMI} XGBRoost?] A5 H3I= A]ﬂg}oP Axtoltt, HA 14—5}594
T g B A% JfAEE
of WEe & zolg EWiAl= gt 01% %Lﬁé tﬂom *J%FOM @QB}
AREA 7F2= TAE oA SRIAAEH. AEE &
(¢F 0.32 WieDell MEF o, M4 Ao wet & d1gE BE A%
FAIE Uedlel. §5] XGBoost”t LGBMET thA: &2 AUEE
U, ol A4 Ao A4E = 4] ARyt B

i
- L
sz02 |45t Aol sit.

S
o)
rE’.
a
lo
f
AT
Mo

N
i
o
— 0%
L s Y
lo rr N

iy
=l

AAEL W S gy A E=EoH vehd 2E=2, LGBME
V1~V30 tiH] V1~V40 FE7Fol| A F55] S7 sk al, XGBoost®: V1~V40 A1H

o]N

o 2 Zo] ARG Berh ol MR eI FrhEsE AR BAWARHE
& AWE st o] 4HES AT ROC-AUC B8 5 daels
B W5 S W ASHe e B9om], 58] XGBoosts A T2kl
LGBMHT} Tk 2 32 A3kert. ol Té HR Asmut ohet A4
QWY ZHolAE We o] YA KE JlelRee HelEe)

Azt A s H ok Hijgrq ROC-AUCH|A H
A P o7 SQIAAHFH,
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.

4.2. Phase 2: TVAE 7]yt

42.1. A% =Y

Hd dolg &2 Bl

Phase 20l4= TVAE 7|9 @4 Hlo|H o] £x24 45 HS5H7] flsto]
Wasserstein Distance(WD)2} Jensen—Shannon Divergence(JSD)E £
WDE= = B 7t ‘gejd apo]'E AAHor =ASE 4= 9tk A
(Arjovsky et al., 2017), JSD+= AHZF2] Zfol& A o|al g5}
WFE 4 Qo] A4 Holelst U dlojele] AL SA4S e e nefe

= Ik (Lin, 1991; Xu et al., 2019).

J o

w4 ke A 29 Aol Aelet 127 ¢<v29~v4o> o, 2 8
Gl sl ©] Bhé (18] 7]
1197449 A4 dold Zlwhe wlmstect. olS %ﬁﬁ SAare 9] 45
dold shsoan 7] o Avet BEE 0 G4 FUL AN 4 Uk

V& SR} ofqlet. Phase 29 A¥S TA|SlotH of3t 2t

Phase 2 TVAE eV CIOIE 818 B2 28

S8 UINDE B2 B vs STUTINDRZ 816 S S8 S gl

& [EE= QIR HID BE BE BE BTl
(0 EE A A&?P*f}}ﬁﬁﬁ By S O vs 18 43 FIZNTHED 2h UIGEH BE Hia(Wis
{2y fiE B LETIEHURE e S SI0ID] ve SN A2 28 BOIH BE BDXWD)
(33 AE C MRS S G0IE vs SR 20 0 BREOWDS

¢ 28 g 85 d8(ED ve FU1)
(4 i D0 18 ST DIEHIHE B 2] CHOIEL v BINIIEE 210 HIOIET B 1 1 (W)
(G &iE B8 SENZTHE 8 S8 W0IE vs TN JIE S HIOIE BE HIEHUSD)

® WD, JSDE B0 2 ARSE BT 80t
® BHE JE WD £ 008, JSD £ 00H(R4) Bi= 314 W 01Y E8F A U 88

Phose? =8 B
& X JIPTVAE Bl BHE RS T TVAE Riaci EEg piE sl
& AL e ard GO By giFE 80
® SO X 2 2 388 Disd 8

[Z1%™ 4-3] Phase 2: TVAE 7|%F 949 dlolg F2 W (7] vs F7])



A2 (WD)
AE (WD)
AE (WD)
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k<l
H

oA 273 HlolE]
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o
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d dlolg 9] 7124 Fde
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ke

17171
o %71
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712 HlolH

717+ dlelH
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SHA

[e)
4 7191 "B

T
Al 15 A A~C
Bl

S

il

= HloJeete] B

al

AA713E dlelH

ok
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St
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—

() AgA: 13] 57 dlolE
7}st

(2) AB: 13] 44 dHloE
(3) ARC:

(4) A¥D: 18] %4 dlolE
(5) ARE: 13] 54 dHlolE]

slo] Bl 1A Ee 5
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hiE|

24
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]

SR A ] SR
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RS EEREEES

zel

ol

N

P
e

o

5

IRttt olE &

7

oy

A

g

A
=

F.

9

o] Wasserstein

P19
44

51

(s

2 %7}

]
=

_38_

&4 Hole el &

]_

H
T

TVAE 7]

1

—

5} WD)&} Jensen—Shannon Divergence(JSD)E

A

al

S
=

=

Distance(©]



Al A 1270(V29~VA0)E tde = 7] sh5(17Re) T} 7] sh5(AA)] 713
o Blwadcth. A, [ 4-21= BEAE EAste W5 dolHE BT
% 243 WD Zztolct,
[£ 4-2] S5 27" Wasserstein Distance H]
LS AGA A%B ARC A1ED Seuy | wWDSE
V29 0.00628 0.01663 0.02732 0.01339 ledieiass -4
V30 0.00014 0.00061 0.00069 0.00049 o8k -9
V31 0.00018 0.00050 0.00050 0.00049 w718k f -4
V32 0.00411 0.00704 0.00827 0.00439 w718k of--9-5
V33 0.01526 0.01770 0.02851 0.02149 o8k @5
V34 0.00438 0.00633 0.00302 0.00195 o8k -9
V35 0.00005 0.00006 0.00005 0.00004 w718k -4
V36 0.14876 0.24625 0.11892 0.11414 s %}
V37 0.03874 0.06531 0.07211 0.04090 w718k S5
V38 0.01268 0.00997 0.00714 0.00667 75k o4
V39 0.00609 0.00561 0.00489 0.00104 7\5H &9 5
V40 0.04451 0.02597 0.02286 0.02769 A7 S5
WD A5 F9otH, 1270 ¥ 5 9ollA ©@7] shgo] o Agst 42
Hyow og-QoF W 371 M(V38~V40)oAE= A7 shEol o v At
2 vebich Aubd oz 77 WAt ujg S5 47 WS 95 1] W4t
FT SFE 7I1Sech. @147 SgoR AHE @4 ol T 44 via
£ Y3t Jensen—-Shannon Divergence(JSD) 4 AitE [&E 4-3]3} 2},
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[ 4-3] A¥E Jensen—-Shannon Divergence H]il

W JSD #% JSD 55 ARRZEL HEEA

V29 0.0000060 of -2 99.999% L2
V30 0.0000000 o994 100.000% R e ESa P Epe]
V31 0.0000130 -394 99.999% A= F PSR}
V32 0.0000000 j-$-Q-4 100.000% FHANT

V33 0.0000060 995 99.999% FTETETHAE
V34 0.0000000 994 100.000% A=At A
V35 0.0706760 kel 92.932% AREIRGRAR
V36 0.0002050 S5 99.980% SAH AT A
V37 0.0000070 -394 99.999% AR ER gzt
V38 0.0000750 4 99.992% o771 71Ho]-g7Fel <l
V39 0.0000010 o994 100.000% 71 2F5F
V40 0.0030420 S5 99.696% FNRFeFEF

A EQ] JSD AatoA @] g5t 7] shxo= AAH T4 tlolH
Zholl AgrA o &2 =2 dx|Ado] RISt 127 WS F 7
V31, V32, V33, V34, V37, V39)7} uf¢- 4= 5a=, 37] H4(V36, V38, V40)
7t ¢4 5FE, Ul He(V35)7T Fe 5FE 7|=S
V39= JSD Zrol 100%°l 77k AR A Zg Ko, ©7] Sh5at %}71 gkl
9] YT BE B4 7 A dlolHE TS ERlskal
ZARIAZFEAHE)E 1SD 0.0706760L.2 Aoz =2 Flo
73] 92.932%9] AH HELE fAot A8H 39 dx44E D5t

N,
J

eIl
pach
o,
Am
ol
<
(U]
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<
W
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<
W
~

olefar Fate el Weiold AR 717
Sheah fAR 520l B4 ol BUS AR & USS 4FV) 54
7] e BLELSTR, FAY, ARFAY 5
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o] SEAA ehgh FRHoR, WD BAL



4.3. Phase 3: A3t glolg= L3 ¥ At

43.1. A9 "9

Phase 3 Z2ETICIE(&H + 218) TICIEHE 88 X B4 83

I8 1. 14 Blam S 7 24 BAE S 3 5% HAD
ALIZIOT * AlLIZIO2 * LLEIO3
(V1~V30) | (VI-VEE) (V1~V40)

e 2 aNiE s EANE

~ SE NS BEEMAE XOR 1LORM

- B Sl Bls HEE ROC-AUG
- SHK Threshold) 2%

¢ Phoze3 B EE

- REHOEEON BIEAE TVAE B0 S s @iiiod s AL FINHH ARD| el
- BoiE(ReoollM TE UF NREENT, BT, ROC-AUC B)E groz
- Phase TEHHE 870 X8 B3 0 334

- BEEX Threshold) 80 112 S PO X8 21

¥

2
i 5} R

fix

[C13 4-4] Phase 3: TVAE 7|5t glojg H

e
ol
1)
o
o|N
|E
f
>
>

Phase 304+ 42| wigto| A XA} o= o
(threshold)E [0.3, 0.4, 0.5]2 ZAsto] & &2 A5 skt &ueEE
/83 ds B7F A= Phase 13 -5A5HA 4853t Phase 39| 542 1%
A A5 Heto] ndl Ai5of Z]ofst=A], 18]l AAX] A o] BX/IAF &A

g5 AFse] ARAAAE AFHE o Uk

Phase 3°4 AA| Hlolg et et vloleg 29T o, @AA ¥4 YHe



#5199k, Phase 29] ¢ ATFIA 7] t5(18] 4T 4] S5 (AA) 7]
=

2 5H4;

7H) 7+ BE $A40] dks W4olH SrEgon
_"
o

yenr VI-Z7) VIB L VIR 0 V3G | VSl | V82 | VI3 | V38 | v3s | VS | Va7 | wos | veR | vao
ST [ obs | NA O NA | NA | NA | NA . MA | NA | NA I MNA | NA 0 NA | MA | NA
20183 [ obs | obs | NA | RA | NA | ONA L MA | NA | MNA I NA  NA L NA | NA | NA
201991 | obs | obs | obs | obs | obs WA i NA i NA | NA | NA | NA | NA | NA | NA
201971 : obs | obs | obs | obs | obs | obs | obs | obs | MA i NA | HA [ NA | NA | HA
202101 | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs : MA | MA | WA NA
202241 | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs
202331 | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs

veuwr VI~E7) VIS 0 W29 0 VG | wel W2 | val | V34 | VES | vE6 | yer  vas | vae | vdo
anom © obs

201271 | obs | obs %

201991 | obs | obs || obs | of obs ﬁ‘ wwwwwwwww

201231 | obs | obs |“obs obs | obs

202101 | obs | obs | obs | obs | obs | obs | obs | obs | )

202271 | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs T obs | obs
292541 i obs | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs | obs

[1™ 4-5] Phase 3: ©@AA &S 53t 4 diolg A Z2AA

[Z1¥ 4-5]%= Phase 3914 283 ©@AA 944 Holy A4 ZeA~
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steto] g4 dlolE S AT I mE A7 £Aof w2 dAA Sy 1A
ok [3 34104 gls W =] Aol wet 2018E R 2019d7}
= A5 B(V29~V34)7E, 2021 dofl= Wt C(V35~V36)71, 20228 R H+=
7 D(V37~V40)7F 2348 02 T =it TVAE B ZF ¥4 o] &
g A|-e] 171EA] dloleE shgoto] aig 4] A A e AR
2k gAA He o 124 d5o] Ak BA dlo]H (Period 1~
At FE|2 2SI, o] 5 Period 42 AA| glole e} Agtste] gHH
dolEAle 15 4= At ZF gAlelA AR Y diofH« i §ige

4 E4e BESAAE, A4 Holr o dTe §AFH

ol
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—

o>

oft Lok
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432 A4 A¥

AA glole e} P HlolEE AFe AgtulolHE AdS 4333t A} o]
Bo] Z7} 17 glolgSe] Bxol AL EA AUtz o2 Phase 1 tH] A&
E9] =81%t Ajio] sl o] 2 & Aeste] ehfid [E 4-4]9} o]
e 4 Uk

[3 4-4] Phase 3: RF, XGB, LGBRM “J5 H|iL

set model threshold | Accuracy | Precision Recall F1_score RA%CC::

0.3 0.3776 0.3079 0.9443 0.4644 0.6892

LGBM 0.4 0.5809 0.3815 0.7519 0.5062 0.6892

0.5 0.6479 0.4228 0.6367 0.5082 0.6892

AZT 0.3 0.6440 0.4189 0.6355 0.5050 0.6848
glolg_ | RF_GPU 0.4 0.7225 0.5267 0.2854 0.3702 0.6848
VI~V30 0.5 0.7294 0.6101 0.1460 0.2356 0.6848
0.3 0.3555 0.3020 0.9581 0.4593 0.6870

XGB 0.4 0.5759 0.3787 0.7565 0.5048 0.6870

0.5 0.6408 0.4172 0.6479 0.5075 0.6870

0.3 0.3910 0.3122 0.9404 0.4687 0.6954

LGBM 0.4 0.5811 0.3823 0.7571 0.5081 0.6954

0.5 0.6572 0.4311 0.6249 0.5102 0.6954

R 0.3 0.6539 0.4275 0.6233 0.5071 0.6911
giole]_ | RF_GPU 0.4 0.7203 0.5154 0.3508 0.4175 0.6911
VI~V35 0.5 0.7303 0.6128 0.1523 0.2439 0.6911
0.3 0.3577 0.3031 0.9605 0.4607 0.6926

XGB 0.4 0.5781 0.3802 0.7566 0.5061 0.6926

0.5 0.6531 0.4275 0.6308 0.5096 0.6926

0.3 0.3971 0.3139 0.9363 0.4702 0.6975

LGBM 0.4 0.5834 0.3840 0.7582 0.5098 0.6975

0.5 0.6588 0.4329 0.6269 0.5122 0.6975

cAg 0.3 0.6530 0.4272 0.6296 0.5090 0.6925
glole]_ | RF_GPU 0.4 0.7235 0.5251 0.3353 0.4093 0.6925
Vi~V4 0.5 0.7311 0.6140 0.1580 0.2513 0.6925
0.3 0.3647 0.3049 0.9565 0.4624 0.6948

XGB 0.4 0.5833 0.3834 0.7535 0.5082 0.6948

0.5 0.6540 0.4286 0.6342 0.5115 0.6948

Phase 1 thH] 218t /RS E}lotd ohaat 2t A, Hee ZHA
REZ} A12]=0.5014 0.73¢] 9] 702 ofx5] XGBL LGBMe] H| 5]
Qg Bt olg§ A3k RFY] A5 544 o 2@ gDl of
A oE ko] vtdE Aoz EAdnt v XGB2F LGBM2 AAA|

r&" Ho 1l
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=0.5914 oF 0.65 =22, RFEH tha W7 yeidoh =, AJetes RF )
XGB =~ LGBM %02 8l= it

4, AUk RE7FAAHH o2 eAskth RFE AAIX]=0.5¢14 <F 0.61
= 7P =2 @e B, XGBeF LGBM2 9% 214 oF 0.43 F&
HEoh 22y fdAIA=0.308 W& A9, XGB(0.30)¢ LGBM(0.31)2] 44
T & ZpolE HolA] ggkon, ol eSS Eole oA E7tnsiA &

Z HAE AEI7E soldee *]/W}E‘r.

AR, @& XGBLE LGBMo] dE&H o2 =7 Uetyltt. Phase 104
oF 0.57 &0l B o Phase 3°14+= AAZ]=0.3914 XGB 0.96, LGBM
0.94=2 HA= A} A =0.41% XGB 0.76, LGBM 0.76& §-#|5}o] oA
5] Phase 1 tiH] dAst 7§42 Ect 5HH RF= Phase 19 0.029]4] Phase
30] | 0.6308 Ar&stgdolt, o]#s|] XGB-LGBM thH] e Z=Zo|gr}.

Yg), ROC-AUCE A ¢ ﬂﬂ%
Szoz 2 Aol7t gl ok B

A9 EE Slnlot], Recall 0] @40t g W] ol R

=

_\o_‘h

A 82 SoliMe T AdEo] oty A=t AL w1
= Wtgste A 3:7HA] A J—Eﬁﬁo o Adey AYUrEe] £}
F1-ScoreE AME+= WRE F2 WHoly, BEXAAA Y= 5 &

el S 2] 5ob= False Negative(FN)o] A o] %
A BAolnR, AUEuT ARES 08 Fxoke] 2HRRY Fl-Scorer}

oF. 2349 [ 2-1]°M 9] F,— ScoreS B-8-5HH 2149 dA %9}
RS AR 5 ok F—Scoreo A AU ¥ AQdg 855 3= UEUY
A ot [# 4-5]¢F 2}

ﬁ o,
oF > ™M

HT o

&
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[ 4-5] A& 72l ©he Fy— Sore HIL

» A@& 7HSA(F, — Seore)
set model | threshold | Precision Recall

0.540 14 1.54) 2H)
0.3 0.3079 | 0.9443 | 03971 | 04644 | 05169 | 0.5591
LGBM 0.4 0.3815 | 0.7519 | 0.4565 | 05062 | 0.5416 | 0.5681
0.5 0.4228 | 0.6367 | 04761 | 05082 | 0.5295 | 0.5448
AZ . 0.3 04189 | 06355 | 0.4726 | 05050 | 05266 | 0.5421
golg | ooy 0.4 05267 | 0.2854 | 04109 | 03702 | 0.3494 | 0.3368
VI~V30 0.5 06101 | 0.1460 | 0.2962 | 0.2356 | 0.2099 | 0.1956
0.3 03020 | 09581 | 03913 | 04592 | 0.5126 | 0.5557
XGB 0.4 03787 | 0.7565 | 04543 | 05047 | 0.5407 | 0.5677
0.5 04172 | 0.6479 | 04734 | 05076 | 0.5305 | 0.5471
0.3 03122 | 0.9404 | 0.4016 | 04688 | 05210 | 0.5629
LGBM 0.4 0.3823 | 0.7571 | 0.4579 | 05081 | 0.5438 | 0.5706
0.5 0.4311 | 0.6249 | 04808 | 05102 | 05297 | 0.5435
RAG . 0.3 0.4275 | 0.6233 | 04775 | 05072 | 05268 | 0.5407
delE | Ghp 0.4 0.5154 | 0.3508 | 0.4457 | 04175 | 04022 | 0.3926
V1~V35 0.5 0.6128 | 0.1523 | 03052 | 0.2440 | 02178 | 0.2032
0.3 03031 | 09605 | 03927 | 04608 | 05143 | 05575
XGB 0.4 03802 | 0.7566 | 0.4558 | 0.5061 | 0.5420 | 0.5689
0.5 04275 | 0.6308 | 04790 | 05096 | 0.5300 | 0.5445
0.3 03139 | 09363 | 04033 | 04702 | 0.5222 | 0.5637
LGBM 0.4 03840 | 0.7582 | 0.4596 | 05098 | 0.5455 | 0.5723
0.5 04329 | 06269 | 04827 | 05121 | 05316 | 0.5454
cAg . 0.3 0.4272 | 0.6296 | 0.4785 | 05090 | 0.5293 | 0.5437
delE_ | Gpy 0.4 0.5251 | 0.3353 | 0.4417 | 0.4093 | 0.3920 | 0.3812
VI~V4 0.5 0.6140 | 0.1580 | 03129 | 0.2513 | 0.2248 | 0.2100
0.3 0.3049 | 0.9565 | 03945 | 04624 | 05157 | 0.5586
XGB 0.4 0.3834 | 0.7535 | 0.4585 | 05082 | 0.5436 | 0.5701
0.5 0.4286 | 0.6342 | 0.4805 | 05115 | 05321 | 0.5468

AZAZHE o8 _V1~V302] LGBM, RF_GPU, XGB g tjale g A&
7FEA1(0.58)~ 210l whE AdE WIE AR Adte vheat 2k WA, LGBM
o] e AAA (threshold)=0.3914 AEE(0.3079)+= Lo}t A&
(0.9443)0] Wi =] Uett, A& 7V5217F ALSFE F, — Sore7}t 0.39710]]
A 0.5591742] FEoHA] F5otqitt. ol Uk Sk BFota it
s HAadlkohe PO R HFES FAIohH: 7H A7t 2SS ou|git)

HHH - o)A 2] (threshold)=0.5914% Ax]17F 0.3 @] 0.30799 % A
7} 0.4228% FAE AT AEE0] 0.9443014 0.6367= 30%pt ol4 sttst
H, 7FEA7 SVt e el ARFAoIT K, — Sore= 0.4761°014
0.5448% AF%otAct.
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AA A (threshold)=0.4 FtelAe= AE=7F 0.3815% 09, A&
0.75198 71&ste] AAA7F 0.33 0.592™ Hot & 2x7} 4049}5491@
F,— Score’= A @gol tiet 7121 7F S/l whet 0.4565001 4 0.5681% 24t
golg 4= ek &, AFLS 0%olFo R
APt A FF2] &S /A

45

St eFA A o 7 AFESl= mjeElS
AASH= AXHTH= dlesl A B
7 A5 QAR 04909 =
T

ol ol
o ko

e,
o
[e]
el
Ir
N,
o
o
)
)
ma
ofy
et
(o]
P
lo
Hl

RFEES AAAZL A5desE FEUEE= 0.4189914 0.6101744] 34
o, ALl 0.63559014 0.14607HA] F 50%ptt F2 3] stekste] A
d& 7t BIL AMA ERIER] ookt dlE B0l AR (threshold)=0.3
NAE 0.4726014 0.54212 @Hts] F7hstd o, AAA](threshold)=0.5]
ME 2388 0.2962914 0.1956% stetettt. ol=#st A= RFZF &2 4
S (precision)E 7HA A4, ix}ﬂwx} e} go] JAHor 2t X4s)
7b 9491 e Al daEEo] ofde HoE

XGB 232 LGBMI} FARE FAIE HolHAE AR WHale] o
Aa 880l o =A uverdth dAIA (threshold)=0.304 & -&o°]
0.9581= 7P &ow Adsol it 727t A5 Al F,— Sore 0]
0.3913¢14  0.5557=2  ZAA  F7Frk. dAIA] (threshold)=0.40l 41 &
Fy—Seore7} 0.45430014 0.5677=2 LAt FHE FASIAT. B AAA]
(threshold)=0.5 7rllA=  AAX7F 0.34uje]  AHE-E&A  0.958194
0.6479% ZrASHHAA F,—Sore F5Eo] AREYAGE 5] LGBM tiH]
HE o] zrof AAR] Wato] thal 74 (robustness)o] 9-=otA e

Ago]E]_VI~V35 9 CAZHolE_VI~V40 EAoA = AZ G|
El_VI~V300)A Hl drejFe] whE, ARl ©E AIAEH} F,— Sore
o] Axtgte] Fdgt HfES =T 5 ook By HgH H4r 3070

1o
W, 3570 W, 40719 Her SgEes A Bl BE Qe TSA T



7ol whe F,— Seore® A4%o] hbsltt £3] XGBSF LGBM 4w gt
7 S 4Rt BPH RF_GPUE AAA (threshold) A5 Al §4% 4%
Asts Bt o9& o CAZHOlE_VI~V402] LGBM2 0.54] 7}5*
A 0.4596, 2] ZFEX]oA 0.57230& AFSelelal, XGBE U XA
0.4585914 0.5701%2 FARSE doZS B ol ¥4 & 4 QA& 5
Al g4 BTolx XGBeF LGBMeo] RFHT} 943 ut °
olujgict, AAA| o W2 A XEL] 5 ¥ fEe TAs)st
I 2t

8 A_V1-V30 - Recall by Threshold B_V1-V35 - Recall by Threshold C_V1-VA40 - Recall by Threshold
- —— LGBM - - (GBM T
= e AF_GPU p—— ~o— AF_GPU —— RF_GPU
oe \\}“k"\H —-- KGE =1 e XGE —— XGB
08
07 —
=
T N =t S s O
=% T B e
205 4 =855 2 ~.
04 . .
. —— h
o o e -
02 2 et == e

0300 0.325 0350 0.375 D»mo 0425 0450 0.475 0.500 0300 0.325 0.350 0.375 0.400 0425 0.450 0475 0500 0.300 0.325 0.350 0,375 0.400 0.425 0.450 0.475 0.500
Threshold g  Threshal Thresheld

—— (GBM —— AF.GPU —e— XGB
S A_V1-V30 - Precision by Threshold B_V1~V35 - Precision by Threshold C_V1-V40 - Precision by Threshold
5
0.60
0.55
5050
2045
£ - —t 5 "
040 f__e-fs?’ / /
033 " = s
ozop & =

0.25

0300 0.325 0.350 0375 0.400 0425 0450 0.475 0500 0300 0325 0.350 0375 0400 0475 0.450 0.475 0500 0300 0325 0350 0375 0,400 0.425 0450 0.475 0.500
Threshold Threshoid Threshald

[C19 4-6] Phase 3: YAZto] o QI AU

[18 4-6]-C H5 SEFH(VI~V30, VI~V35, VI~V40)o] o2 A E A
A& AU HSE HolErh AT JH oA A& A Rold4E
F45] Asote HElS Holw, 53] XGBL LGBMO| RFETH A¥EA =2
FES FATHE AL ERNAE. ofd 2 mo] U= AA X7 Eobd
S5 S, REZF ohE dae]E oie] diidos 943 45 Bt
ol TXA AZ HYS 5 Bl o] RAg AF gargFolA o &y
o7 ZgEZ AT
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T, A& 7R IRkl wet BRE RO F—Sores A
Holl Al XGB7F 7P st fedE |

1 LGBM1} XGB R%F AAA AU}
ZAog FelEgloy}, XGBE 715 W] wE
ol AdHo=r za, WS FHF Al 4 4 MAS Bl

=
=2 AAES HAy. T3 YA A (threshold) 2AT A& 715
o
=

Agote w AAA 0.4004 Ao & Ustdle 2oz SlEie
et 2 A QAR 7HE 71N F— Sore BAOAE AAIX7E 0.491

2719 XCBE 4 B9z AAstqc. ol B4 A4 BE e
Hash'e AFHoR TENWA, DA BRAT A A 5o #HS
shag vz |9,

4.4, A3 ZQ% BA(Feature Importances)

22l A oS 2do] e b AdoA =Rt Hiel o]
XGBoostZ7} A& 75.35%=2 7V 9435 A5S HO
75.80%% 243k 2fol2 LT et} mdlo] o2 AL
ofH HTt AAR B2 AR 1 dAE E2]eh= Hl A<l
215 mpefsti= Aotk o] ©ed] 7led 274

i
=
9 A4PS BLHOE WEL, HVET HFS AT SHEUE AP o
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_\>~l

4 A2 A (intuition)¥} H1&E 7|6 =02 Ho] el

o] HE HRl T 7HA e I E(XGBoost, Light GBM) 2] M4 o=
2 Al A AZel 7]ofste= A 7IHEE A

gt 59 g FHE Jolgt T 8E 4HE WHAo] 7 = oA At

£ Hlu 2451, o]F Foff Brt 735t (robust) AR o2 &g 7HESt
2

4.4.1. LightGBM W4 S8E 74 A}

Light GBM 2] B8 315=(split) 7|5t Fa % B4 Ax AGE(o))7t B

12,234.79]¢] &2 191E A5tk o= 291¢! REGION(AY+E5E,
3,158.73)) Hc} oF 3,94 =& 2jo]u], SEX(AE)7} 2,0313]2 395 7] =519

AR
o &, AR MgEe] 49 3915 BF RSk, B2 vdAtet vt
e TEths WOIM 9F, A9, AdEolzts 712 HRl |l FA4o] A=
of ul-¢ WRs] FFEHS AJL 5+ AU

591 A el A5 30l ) ekt Yol TR, Vg

A, 49D, V36(FAIH] A, 59D, VAGEZ1= A, 129)), V27(F8AA, 149)
S AAA olH g APAH R §tYgsh= A EEC] AFH E‘rT EE At
ol Tt A5 FEROE AA ZE FEd A% guto] 21917 Y-S
o APgHoz Agsitts Ae HojFErh Eg V23| 2AAEXFAY 3
2ho] 791E AAstAET, ol EAA R FIHole Eotal A& 24
< 92 Z3 7 AR Y Y 7FsAo] wrhe He AR
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4-6] LightGBM ®4= S85% /AF9] 207K
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M}
o
(LT
e
A
>
N
A
&

1=} =1
Az A5 7FsAol Ere de HoEd. ol 444

apz]aro 2 LightGBMO] split 7|5t

HEAE BoFe AR He 2HT Zavt o &, Aelde *E
o
= 1 f

4.4.2. XGBoost Mg~ 58 & +4 2}

et

XGBoosto] HE o]5(gain) 7|8F W FoE BAA= ST A5 4
o] Yetgt. VILEAIEY 71 ost 7hh)o] AA] =2 ] 40.09%E 2415}
B 19E 7150, V24(EEdHiFE Al o F)7F 21.43%, V23R4
w5 7o Aol 9.89%F AAStAT A9 3 RpeR A Faro
T1.41%E F3%tte H2, 50 SiA Mt B2 AR qidAt o o

=
2RH 719E st da= HoE.

55| VA0B71aFsa HA, 491, 3.23%)9F VI4QL&H S HH4, 59,
2.69%)7} /918l 2ok A2, =5 FEY L8 20l £ 24 el
2 83 9d adde AR ol gt 25 AFE2Y Ad AR Qo=
F7 =5 780 A 290l BA9de A¥chs 9 FEde HAE

o,

o

ool



SulE/ %, LightGBMoA AH9AL AAPd A7EA s Wise
XGBoostoll A& Atz oz A ettt AGEE 791(1.98%), SEX+&= 1591
(0.74%), REGION-2- 19$1(0.60%)°] E}51 3t 01—5— LightGBMo] ¥ &g
HE (& 3194)E Zxohs ¥, XGBoost= AAA A5 71AE(HHE 0]5)

of AFATHE ATLYZH Aol WA,

[E 4-7] XGBoost g Q& AH¢] 207

+=9 Wy i L5 (%) W4 A

1 V11 40.09 AAlFH 7] Zolst7H o K

2 V24 21.43 TEANFERA G A AR

3 V23 9.89 7 ZABNFAAeFE AR

4 V40 3.23 A7 g SHRAIRE

5 V14 2.69 TG HEPH| G2

6 V27 2.36 FEAA NG AR

7 AGE 1.98 Lol

8 V5 1.88 FNAFA G

9 V16 1.54 7| A ZA R A DGR A R

10 V9 1.36 T FFO T A7 L FAF

11 V10 1.32 AN F A7) Fol a7 o

12 V4 1.22 A7) mA G R

13 V38 1.04 o= 7Pz H|o]- 87l Ql

14 V33 1.01 TEFEg A gzt

15 SEX 0.74 ek

16 V13 0.7 A RALAAA G 7

17 V6 0.7 AZEABA G R

18 V18 0.72 Aol ] e g Ao 1

19 REGION 0.6 AQTERIAC

20 V28 0.61 o) @ H)-gI TR &7 o7

XGBoost At FA| AZFA|H] A 2}F | S|4 FAH] V1D &35

AT A (V24)o] Hd H4RA 2 A0 Jgds sl FIANNA &
2, Z74] 35o] TR EAPOR olojAk 4 aclolgk o] Eajio
H, dAA oz ddim-FAH] Yol AT sfiaof qlof HAA A7t =
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[# 4-8] 7] ¥ ¥ 2 HW

R LightGBM | XCBoost 205 7o) o4
V11 (2A29 7% olsh) 9¢] 19 XGBoostA =3] T8
V24 (ZEolgizE A1) 19¢] 291 XGBoostoll 4] 53] &8
V10 (A= 7% °lsh 2491 1141 T Yaes By R SE
V33 (FEFEet] Ad) 89] 1491 LightGBMelAl o &

obA ieolat 57 Pl W] 4L [ 4-T)o] ANSIOR, ol ]

sgpo] BAAZEAT WAe] WA 8919 FHAOR BINA Fot.

A g do s wE A met AbEAd o] yebd o Vet

=

= A V36(FAH] )2 LightGBMOlA 242} 49]9} 595 7] =51 RIW
5] &gE3lou, XGBoostol A= 17919t 21912 Adido® @dtt. o= +
M7t 297 oS ROE O Weote] JEAg SoH BEHoR /5
= on|etth v 2 V27(5-8 AT VSIS Al'd)= XGBoostollA B &=
£ 2915 Bol, 3 FoMdT 1§ Fu] Rxo] 2] Az wae] 72
A= ARG
[3 4-9] Ad ¥« H9 S8 HW
%y LightGBM | XGBgost A %9

Vo ZEA=A) 491 179 =]

V5 (FRAEA) 179] 8¢] aF

V27 (F8AA) 149} 69 2y

V4 (A712AE) 129] 129] Tz
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g B WRolE AR g A X3 ofRs} Wy aglow
RS V48RS b XGBoostol 4 5915 A|sie, 18 29
o] BANRS WA FEAYIE FAT 2 29YL YFqeh W
B V29 BTRAE LightGBMelAE 10912 Atidoz 7] Uehgo,
XGBoostol A 24910 14 S92 Agee Agtaolglt. ol J§LE of
27h o whet 98 1) 919 AEE AN, 9 MenoR: SR
AREE 1A Rekg ot

JE-BE B WEoAE B2 Fevh 29 B Foko] 22 91F a9

o2 glE|gtt. VA0(R7] aF5F H8)2 XGBoostoll A 491(3.23%)% 712

ste], B Sk Gk 7ot A S8 AEHAR As) AZAGe]

29 Fp5Ao] £8g mojErh wh VTS DS LightGBMOl A

6518 AIste], 55 BAA olelgol thkg AR Fo) B9
_4\_ o

dor 24

i

[ 4-10] 9zm-=5 ¥H HSF9 S5 HW

EES> Lig}_lit_%BM X%%ost W2 08

V14 (-gEFHE 4 139 59 g

V29 (8204 109 249 e

V32 (FHA7H) 169 269 e

V40 (371895 FER) 229 49] =X

V9 (#]FFoEAE718.9) 119 109 =5

V37 GHHEAHEAD 69 239 DS
olde] At Om-m58 d9o] Tt B BAIE dol 7HA9 AFAH
nehal A¥Ho s AFFe] 9gS Helzth 5o FYac U F3 s B
ASES BANZAY wae] T2 dlolat 2714 H AR )5S 4 9l
= AAbeHH, &% A A A B85 ZLAA Y Fet S8t A= A7)
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2]
2R 7]ofet M-Sl tiet 245 #AcHAH. F daEEolA B W2 T8

€ HY W52 Bdo] A5 RAA sl g 7o HE5HA] dk=&
ojmjsie, o] W] 59 Folu b Hgete] FE4S v 74

A& 7| rt B2 MERE VE(EQJIFFAANAIRD, V1T(31 ot et
A2, VI9AHA =2, V21(HF 1 5)2h), V313 gt Sol qle
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ABSTRACT

Weltare Blind Spot Prediction via
Variable Expansion and Synthetic Data Integration:
—Structural missingness imputation with recall optimization—

Park, Young-Sik
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Welfare blind spots refer to cases in which individuals in need of
institutional support fail to be identified in a timely manner due to the
limitations of administrative data. In particular, structural missingness,
which occurs when the introduction of policy variables is delayed, leads
to the absence of specific variables in historical data and undermines
both the timeliness of analysis and predictive accuracy. Conventional
welfare—target detection systems have largely focused on overall accuracy,
thereby overlooking false negatives that result in missing actual
households in crisis. Consequently, the most critical task in the policy
field is to minimize the omission of welfare recipients, i.e., to optimize
recall. However, relying solely on recall as the primary metric may create

a dilemma in which welfare benefits must be extended indiscriminately to
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all applicants. Thus, recall optimization should be complemented by

Fy;—Sore evaluation to achieve a balanced and practical assessment

framework.

To address these issues, this study applies a progressive feature
expansion method using synthetic data generated by a Tabular Variational
AutoEncoder (TVAE). Recall was established as the primary evaluation
metric, while Fl-score was set as the secondary complementary metric,
and a classification model optimized for both criteria was developed.
Threshold adjustment was also employed to derive classification results
aligned with policy objectives. The dataset consisted of 3,280,593 welfare
application records accumulated from January 2018 to November 2023,

and three experimental phases were conducted.

In Phase 1, an experiment using only complete data (with no missing
values) was performed to verify the effectiveness of progressive feature
expansion. Applying Random Forest, XGBoost, and LightGBM algorithms
demonstrated  that feature expansion contributed to  consistent

improvements in recall, ROC-AUC, and other performance indicators.

In Phase 2, the quality of synthetic data was validated by comparing
it with the original data using Wasserstein Distance and Jensen—Shannon
Divergence. The results indicated that many variables showed distributions
nearly identical to the original data, and in some cases, JSD values
converged to zero, demonstrating perfect distributional alignment. These

results strongly support the validity of TVAE—based imputation.

In Phase 3, both original and TVAE-generated synthetic data were

combined and applied to the same feature expansion scenario, with
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performance evaluated primarily based on recall. The XGBoost model
achieved a recall of 75.35% and an Fl-score of 0.5082 at a threshold of
0.4, demonstrating significantly enhanced detection performance compared

to scenarios without addressing structural missingness.

Further  variable importance analysis revealed that housing
instability-related factors, such as “households below a certain rent
threshold,” “arrears in public rental housing,” and “failed emergency
support applications,” were the most critical predictors of welfare blind
spots. Conversely, some variables with extremely low frequency (e.g.,
confirmed neonatal hearing loss, suicide attempts) had limited predictive
contribution. These findings imply that policymakers must weigh data

collection efficiency and cost—effectiveness when allocating resources.

The contributions of this study are fourfold. First, it overcomes the
limitations of accuracy—focused evaluations in previous research by
establishing a recall-centered evaluation framework aligned with policy
goals. Second, it empirically validates the applicability of TVAE-based
synthetic data to real-world welfare risk information, demonstrating the
feasibility ~of  synthetic data utilization in data—driven public
administration. Third, by combining feature expansion with variable
importance analysis, the study suggests effective variable combinations and
collection priorities for identifying welfare blind spots. Fourth, the
experimental results can be applied to the Haengbok—eum system and
local government big data—based welfare risk detection systems, providing
a robust policy rationale for the efficient and equitable allocation of

limited administrative resources.
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In conclusion, this study presents an empirical methodology that
integrates a recall-centered evaluation framework with generative
model—based progressive feature expansion to minimize the omission of
welfare recipients. The findings offer a pathway for advancing proactive,
data—driven welfare risk detection systems and enhancing the reliability of

the welfare delivery framework.

[Keywords] Welfare blind spot, TVAE, Progressive variable expansion,

Recall, Machine learning, Synthetic data, structural missingness
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