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3.1.1 XGboost
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oA Bl 2 Ashe & 84S A 57| T o] £98 shte] £40 =
Roalass wol g owx, W5y Wres Ao

LightGBMeOllA] AME-E= 173 o R daE]E Aitel W = Al AAE Ak
GOSS(gradient-based one-side sampling)s) 2} TS A BagA e SARE AlLbo]
EFB(exclusive feature bundling)s)-& A=z A &= = 75 dE5Ee ZAVE HAE 5
featureE £o]= Zlolth GOSSE &4 A9 ok olgldt EAIE IRt AsoE 49
718717 ¢l o A= (under- (shuffle)©] o]FA = F2=2 Hojglom, dF
sampling)?) 7IHoZ AdjgtolA 71e77t 2 £ Adsk= 715 % 238kl ok =3 oo

Eo| Sigsol B WE Vo e 2SI 2E AAHOE Slolo setrlEE HA5
efatl, 718717k e dolEls] A% UY F & glold 24 Bt AsshEcks 5492
B2 79 AAdk 7t

I

3.1.3 Cathoost 3.2 =2y HsHIt

Catboost(category boosting)= Yandexol 4]
MR daelEo s MFY et RG-S
Ae]sh= o 83 713 oltiDorogush et al.,
2018). Catboost ¥ale]&ollA =242 28
(ordered Boosting) ¢t — 1 7M1= =< &3k
(permutated observation)= ©]83}e] t—1W
A B3-S ShEdith A HolElE ¢t — 1A
RYog oSFst o HAAG yE Hlwgh
' (2, y;) 9 A2} AFEEH, o9} 2 7

ROC(receiver operating characteristic) =-41°]
S WHEEAA gradientZ} /AAETE & AR 5

Tk ROC =4l of2] At gholl A o] izt=e}

5) 71 & agbeleld oz A5 fixed «% S AT AL U] AAFAA F2LZ i+ voll EES
7H AR Holel £XE fAs7] fef 22 detdoldo® o] we L tE 24T
o] 2 Al FE AFF O R Eo 5 ARES ©E F gloH, AR A AR
6) EFBE A4 A4 &3] £ & Y A0 dolH/F Ay, 1= 323 Sparse) I 3HS
ofFaL e At FHHTE U AL ViR Eols otk
7) T R W 5, o4 B9 ElolelE 2 ESE NS AT ER WE F ol
71E A sellA AAsH Aotk 3% so] A7]= A EY| =7], [ERHE SoEA €t HlolH
o 7Pk w2 uf Aol AT HiolE IdR-E wEowmN ARIL SdEths B0l JtHA
9l 5, 2014).
8) A% e %L Fakerle ovisty AP e Yl Feusele) WA B AYERTIE
2 23E

- 254 -



i

o o >

Eol|5o] HAE BT, Het 3] wslE
Bl 7719 Aes AR oE ZRIT
At SHARE ROC 412 #7719 A58
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QL1 |[A¥Ed= 1| o
et
QL2 |4fRF I
Wik | 71gde] YR Nz
QL3 7w 1 3| Lug
QL4 | BT 3d ANEAA 0] o
A3 AE g Ak
| pro_qu | A AEA A AR AR e
A 29 B, B 59 ey Lo
39 | 4e wgepi s [ Teis et 2 e S| (oo
S wse Agot Azl | TP g wal Bl ool
3472 W3 A5 N e A%
e ERE roqa | 288 AEA 2 A A T T
35
H=U2 B 9% Aole] | ORG_QL | dF-raialel wsl=y 0] 1
=2 | g, o) WA wg 9| TaRRed 9 e sad el .| oeco
Fa | aste wams 290 | OO arrgen v g 0 (2005)
s} ORG_Q3 | &F-=27le] &7 W3} =9 0| 1
HA| ST =
il AE AV DAL, 2 59 7]
2 MLQL | ot st 0] 1
A A2, EIEA ARIA AE FAE AT AT BAE 24,
oA [old Ad Ave, wAn wa | M- el Sk o) g 4 Ot | Leeetal
A | ot 212 wAE AR 9 AE A @ At B 5 (2019)
& 2479 ws s e J&UHZJ_%F 38 ot
AE AR D/ ARES 5 A
wioq | VE AR S AR S A T
=& b B
A= ANE BEEAL 7] I I
=] < ho = _\_‘ﬁ
g | 2o 2Holx mpsln qe| DO | ARE AT S EE | 1] 4 el=d
4 |71%s} gold 71&e] B 9 i . NN
711; ° = Exr Q2 |ME& 143 . 3% 1| 4 | (2010
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284 | 71E 7l&d 7NkE Fol V& EXLQ1 |71= AEA 7 1) 4] o=w,
s | Aes AN EXLQ2 |3 REY AFETA AL 85| 1] 4 | IHT
ExI_Q3 |71274E grn 35 1| 4 | (2010
714 WRAHoE NEL T
= Addoz jdd AF, T4, NZE AL AakstAY Fer|e Frank et
R&D S8 Z2I3s g leﬂ Al R&D_Q1 | & EAZ )23k —‘%1‘3}0‘1 AW 0 1 a1.(2016)
|3 22 F7ke] BE Ao FojlA Faet A S5
Q&
B =013
e |79 0 WS B9 A2e e e ety e 1 o1 eq)
°° | A4 NESe FEn A (R&D.Q2| o o IR T o] 1 = °
R&D | R&D s 3= 741% ol FEoE ST AT (2015)
&5 - e 2%
B QR 2AY e 7€ 7] Y& R&DS} FY3S B2 o= ElY) Frank et
R&D el 913]1 3= 224 9 7] |[R&D Q3| ¢ E= EPF&OI_Q—T—?#]QF% = 0| 1 21.(2016)
= 5 &5 FgE AN & '
R&D |7]&dAle] Hagk 223 7] Kianto et
Y |22 AT g x4 paq | RED-Q4| RED 1 & 01 1 oo
AR | HEHo|A A2 oz e = Frank et
A | mege A g ¢ | L8| (ogsEtd =4 01| 4l 016)
AL A% hel A o )
. :Hi? & Wal2 sl 22 A | RAD Ol ;2:134 sl HE WA o] Lizoitg)all
,;J_,jr U E AR AR AE
XA | gty o 7|Ee] W 7] INC_O1 71E AFol vl A MR AE ol 1 Lee et al.
2 | &2 olRolA Aad AN =2 24 (2019)
A94T | A 34 HY S PER Q1 | (Log)3d W& tl& 0| oo gﬁg;
<¥ 5> dbsist EMZ D}
HIE H|Z BT H| &
siEHEA 9 S5kAF 142 7.82 100 w5t 144 7.93
olgg B4 9 oJokE 29 1.60 10-20d gt 710 39.08
AR AT, 3% S| g | 649 20-30 vl 621 | 3418
R ] Ay
el [ om A7 ) 9 AA | 121 | 666 30-40d vl 205 | 1128
&8 A7) 228 1255 4050wt 96 5.28
Z1eF 714 9 A 497 27.35 50 o 41 2.26
AEA 2 Efdy 358 19.70 5021 |9k 1021 | 56.19
71E} 571 106 5.83 50-100% ©|gk 265 14.58
Jet AE Az 38 209 | 4A%E | 100-200% mgF 389 2141
7 14 52 2.86 A 200-5007 P&t 99 5.45
;‘LE 714 1077 | 59.27 5007 oAt 43 237
2714 688 37.86 A 1,489 100.0

ged A5 rlesAE v 2ok 4k B, 94, 2% 29 5217%H] 298(16.40%), 7]
ArFE=E ek 71l 2 AR 497(27.35%), A gl 228(1255%), sheHEE 9 ESHAF
EYa 358(19.7%), HAAE, AF 142(7.82%), 215, 44, 3317171 9 AA 121

N
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(6.66%), 71E} >%74] 106(5.83%), 71E} A&
AZ 38(2.09%), o7& =7 T ookx
29(1.60%) 9] o= YERSTE 7199 WA
2 OEEE 7)Y 1,077(59.27%), A71%
688(37.86%), 1714 52(2.86%)2] o2 FAL
A 10-206d  H|¥E 710
(39.08%), 20-30'd w7t 621(34.18%), 30-40d
n|9k 205(11.28%), 10 ©]T+ 144(7.93%),
40-501d w9k 96(5.28%), 501 o4 41(2.26%)
o] FolRal, AAIFAAL = 5091 w|RE
1021(56.19%), 100-200% =%t 389(21.41%),
50-100% W]+ 265(14.58%), 200-500% w]gk
99(5.45%), 5007 ©] 43(2.37%)2] =07 %
AFE ATt

AT

[=3 = IRE e TN

4ol F4E& AstAE 4 Athwang and

Chein, 2006). W} B Q1o A 2} wisee]

T& oiE gl e 7
2

=4y B S
CLHIERENE

Nl

=
S Al e

Azt SAHELGL <E 6> o)

o

FHENY FFEHYE B4 BEskaly
32k 0.50)14 AVE 0.5%]4, CR 0.7 0|42

Ferskith, BE WL E28) 9%k
7 AVES] 7]EA] oS UER O S8
(EXR, 0.670)3} FA&41(0l, 0.670)¢] CRY)

AR =aEE HEFESR0IF s SE AVE CR Cronbach’s alpha
_ B Exr Q2 0.775 0.399
2 SR EXR Q 0.506 | 0.670 663
Exr_Q1 0.642 0.588
_ Exl_ Q2 0.711 0.494
SAHEA | EXL Q 0574 | 0.728 724
Exl_Q3 0.801 0.358
Prci_Q3 0.592 0.650
ZAHA PRCI Prci_Q2 0.868 0.247 0.532 | 0.769 157
Prci_Q1 0.701 0.509
N 0i_Q3 0.726 0.473
ZAEA ol _—Q 0.504 | 0.670 .660
0i_ Q2 0.693 0.520
Mi_Q1 0.668 0.554
N Mi_Q2 0.773 0.402
nAE Al Ml _—Q 0.568 | 0.839 .738
Mi_Q3 0.815 0.336
Mi_Q4 0.750 0.438
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<E 7> oA 2MZnt

EEE o | EEERH A 2 3 4 5 6 7 8 9 10 1 12 | 13

EXR 3.032 | 0.703

EXL 3.292 | 0.605 |.587**

ol 0.224 | 0.356 |.276**|.160**

PRCI 0.083 | 0.226 |.205**|.095**|.379**

MI 0.155 | 0.296 |.250**|.104**|.588**|.235**

R&D_Q1 | 0.420 | 0.494 |.390**|.321**|.330**|.320**|.279**

R&D Q2 | 0.124 | 0.329 |.209**|.170**|.249**| 193**|.188**|.411**

R&D Q3 | 0.102 | 0.303 |.148**|.178**|.244**| 225%*|.199**|. 375**| 568**

R&D_Q4 | 0.196 | 0.389 |.104**|.117**|.111**|.210**|-0.018|.245**|.286**|.266**

R&D_Q5 | 0.712 | 0.566 |.223**|.144**| 145%*| 121**|.122**| 461**|.233**| 215**|.313**

RAD_Q1 | 0.107 | 0.310 |.207**|.048* |.152**|.364**|.123**|.357**|.183**|.176**|.189**|.209**

INC_Q1 | 0.217 | 0.412 |.228**|.101**|.279**|.401**|.201**|.470**|.285**|.219**| 248**|.238**|.465**

SR_Q1 | 0.063 | 0.286 | .015 |-.004 | -.001| .009 | .028 | .032 |.072**| .039 |.065**|.063**| .025 | .020
7123kl B PAA FBitk s FFE W, B2 7IGelA gA1S Fskal AT, @
F=o} AVEFEe] 71Eaks 53k CRY] 7] 7] WA, o4t 9 /1ge] BE V]e 2
FRkell A Zoln Yep) BAzIEClE £ 5 A BAE ) AARE AR
stk Al=ld 24 WAL Al AFS WL 17F 944 avk debA 71984
cronbach’s o 2AIstlor FEATHEXR, %= e vlusidls W 497 Aok
0.663)7 34 &4(0l, 0.660)°] UAXIQ! 0.7 Yephdt} o]xd A4 dlolg Jd th4 b
ol 77k Ao = Yt tHHair et al., 2006). ole] Fth& o] EAsh= A tlolH £+

REWFE T AUWAE BN A3 <w

Aol 8=1,6227)", ‘<=19571")¢} HXIZ
alg ol 2=1271", ‘<=546)= Tl°]E]
o] Yepdth 71 43S el B

<

o] WS =HH, HlojE] BP9

257 WAYAZITHZhou, 2013). o1 3

7] 913l LHAER 7'Ml SMOTE(synthetic
minority over-sampling technique)< AH8-3}<
Z7] dlolE oA veh= B Aol A5
B EHlSS AN eHAlEd e v
tlolElY] FE-S 7|EOE A HloJEY F5&
= AN A O FEs S8 o, & b
ole]e] 7|7} ul-g- ZhE W E3A o]thZhou,
2013). =3l gl wE 24283 vE
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Data Preprocessing

- . Classification Model Evalutaion
Binary Classification ROC ALC
[ Law Data — Hyper =
(KIS2018) | XGBoost Classifier ‘ Parametér Accuracy
| LightGBM Classifier ‘ Tuning Precision
| ) Label | CatBoost Classifier ‘ Recall
Encoding F-Score
Data Split T
73 & Big
issi l Training Set Test Set
|, Missing " Preprocessed Over- J .
Value Data Sampling
Impute (SMOTE) % j
Linear Regression Regression Model Evalutaion
Created | XGBoost Regressor ‘ Hyper ‘ MAE ‘
Value Parameteér
| LightGBM Regressor ‘ Tuning ‘ MSE ‘
| CatBoost Regressor ‘ ‘ RMSE ‘
<3 1> oiled My

shsick. plalely
& <ad 153 2ol =4I,

PP Bise) 2 g

4.4 DAIRY BN

T .

2 A 2A2E AR, A

7 E, K24 ololtk
wAlelg & shetle] Mol et dsigge]

AgolsA ek 4 gtk mebd BY% 7

ol Azigrol 229 F =% M 718

91 ko= MejrlElE Hgste] ROC-AUC 3
2 HmEAS Stk AE setles 24

28 3|HEAL solver=‘liblinear’, penalty=
‘12, C=0.01, random_state=2040, °JAFAAY
= criterion=*gini', random_state=2040, K-
<% ©o]%& n_neighbors=1, p=2, metric=

‘minkowski’ ©]t}.

A |=]
21 a4} 7%131 i) A5y
< A% A3, g307 §4143 7] ROC-AUC
e <9 2>¢} o] WY ZHXE 0.8583

2A2E 3]9 0.7469, 9%}7“3;8144.1 0.6957,
K- Aﬂ%j °]%- 0.6947

IY2ET} 7 #J o &S BTk
7(4;(];(«] 6:1/\ /\44/],_/] oﬂ_z-_
AUC #e <19 3>3 7E‘°1 ay ZHrE
0.8430, =A|~H 3]7|324] 0.8092, HAHE7dL}
- 0.7387, K-HH ©]% 0.7174 =0 & e}k
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10
08
3
&
=
% 06
i
o
B
@ 04
o
o
B - . 27 e Logistic regression {auc = 0.7463)
0247 Pl Decision tree {auc = 0.6957)
f ’z’ == Random forest (auc = 0.8583)
- — KMNHN {auc = 0.6947)
o0

o0 0z 04 06 08 10
False positive rate (FPR)

a4

<37 2> MEA oided FAE HaMn

— —

=]
ROC_AUC H|m&A A1t

HEA Ml FES vas) £ A, ¥
Aeg dZshs Zole A sio] 2l
o

442 F33 PR 458 At
A3}

HAlE el A stols aiejw|el= 4 A
o AXARQ S HAl= AR HAsHH
stol IefulEE AAs] fsiMe 24
(tunning)©] L7-9th HAH YL 2507
Aste stoly Hu|EE AAS FaL ot
O U2 A5E AaliAe a7 7ol &
T=tHYang and Shami, 2020). ©] %2 A3},
AR 17 FAAATE AX1H Al
o] A 54%5e BrFsk] sl stol wein]
HE <3 8>3 o] HAsh XGhoost=

max_depth=3, learning_rate=0.05, objective=

binary: logistic, eval _metric=logloss, min_

child_weight=3, subsample=0.5, random_state
=20202.8 AAsch  LightGBM>  n_

10
0.8
-3
a
E
% 06
&
u i
B
T o04qr
g :
o 1
B I, P P Logistic regression {auc = 0.8092)
0.2 4 il Decision tree (auc = 0.7387)
i ’r’ == Random forest (auc = 0.8430)
- = KMN {auc =0.7174)
0.0 4 T T T T T
0o 0z 0.4 06 0.8 10

Falze positive rate (FPR)
<12 3> SN ojAleld AN AN

ROC_AUC H|m&A ZH1t

estimators=5000,
depth=15,

learning_rate=0.05,

eval_metric=error, max_
num_leaves=50, subsample=0.5,
min_child_samples=302.
2 A3} Catboost= n_estimators=5000,
eval_metric=AUC,
depth=8,
leaf_estimation_iterations=8, use_best_model=
True, random_state=2020°.2 A3}tk
w4 AT qEeys B4% A%
<3 9>9} Zo] XGhoost ¢ElE2] A&
£ ROC_AUC 97.69%, 7 A&= 93.02%,
AYE 94.48%, APE 91.38%, F1 score
92.90%= ZH7} e, LightGBM ¢alE]s
9] dj=4%5-2 ROC_AUC 98.54%, &7 A&
T 93.94%, AU 94.03%, A& 93.84%, F1
score  93.94%= vepgt.  I8a
Catboost ¥12]52] o452 ROC_AUC
97.90%, -7 AZE 90.97%, JLE 93.28%,
&£ 88.30%, F1 score 90.72%= ZHz} e}
Sk TR ow dad v S8 FA8AE
o &= o LightGBM ¢arglEol & O v
A5Es Bltke He 2T 5 AU

loss_function=Logloss,

12_leaf reg=6, learning_rate=0.05,

22
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<¥ 8> 4l slolm mzio|e MF
= Hyper parameter Value
max_depth 3
learning_rate 0.05
objective binary:logistic
XGhoost eval_metric logloss
min_child_weight 3
subsample 0.5
random_state 2020
n_estimators 5000
eval_metric error
max_depth 15
LightGBM num_leaves 50
subsample 0.5
learning_rate 0.05
min_child_samples 30
random_state 2020
n_estimators 5000
eval_metric AUC
loss_function Logloss
depth 8
Catboost 12_leaf reg 6
learning_rate 0.05
leaf_estimation_iterations 8
use_best_model True
random_state 2020
<E 9> BTN HAMD o5 H5HIL
T ROC_AUC AL MUz k= F1 score
XGboost 0.9769 0.9302 0.9448 0.9138 0.9290
LightGBM 0.9854 0.9394 0.9403 0.9384 0.9394
Catboost 0.9790 0.9097 0.9328 0.8830 0.9072
T G4 SRy feY F 1253, PRCI(Z4384)=793, R&D QI1(W%
85F 77 o 2 £oE e R&D)=660, R&D_Q2(3-5 R&D)=405, R&D_
XGhoost 7 ¢ EES HE3 ST Q3(&] % R&D)=29829] =22 ESITY
A W] Fo v <18 753 7o) R&D Q5 LightGBM -/ ¢85S 283 dF=
(AAAFA)=6152,  EXL(E24%)=3296, oA o] FovE <9 8>3} o] %7

EXR(Z&4

H=2592, R&D_Q4(R&D <1#
2256, MI(nIAEE4)=1585, OI(F2E4)=
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A|4HI(R&D_Q5)=703,
EXR(Z-893)=506, R&D Q4(R&D <21&)=
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2)=643,
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Receiver Operating Characteristic

Receiver Operating Characteristic

Receiver Operating Characteristic

— ROC_AUC = 09763

\

\,

— AUC = 0.9854 - — AUC=0.3730

00 02 04 06 08 10 00 02
False Positive Rate

<& 4> XGboost ROC_AUC

0.4

False Positive Rate

<22 5> LightGBM ROC_AUC

y y u T T T T T
0.6 0.8 10 00 02 04 06 08 10
False Positive Rate

<12l 6> Catboost ROC_AUC

R8D_Q5 6152
EXL 329 EXL

RRD_C5

03

EXR —59) R
RED_Q4  — (256

RED (4 n— 1)

643
506

RRD_Q3 298
0 1000 2000 3000 4000 500 6060 7000
Imfortance

<& 7> XGboost feature
importance

n w
¢ {
S M — g5 5 M —— 215
; Cl m— 1753 E Ol m— 3]
O ora 1 O o —
R&D 01w 660 R&D Q1 mmm 71
RED.02 M 405 R8D.2 e 6

RRO3 W2t
D10 M0 N0 40 500 50 700 800

Imfortance

<& 8> LightGBM feature

importance

Imfortance

<32 9> Catboost feature
importance

410, MI("HAIE E4)=315, OI(Z&3A)=234,
PRCI(3-384))=213, R&D_Q1(H** R&D) =
71, R&D_Q2(&5 R&D)=60, R&D Q3(%J+
R&D)=219] =0 & etk

Catboost 7 ¢ E|ES H&3 S5y
oA WMo FAEE <TOH 9>¢} o] R&D_
QI(UH R&D)=14.124, EXR(E&9=)=
13.045, A A4HA(R&D_Q5)=12.564, EXL
(B9 3)=12.039, MI("HAIEE2)=12.019,
PRCI(3484)=11.695, R&D_Q4(R&D <!
2)=10.506, OI(Z2]3]41)=8.061, R&D_Q2(&F
% R&D)=3.531, R&D_Q3(2]% R&D)=2.415
9] o= Jehgth

XGboost -7 ¥12]57 LightGBM -+
A& FEOE R&D_Q5(XAANAHY),
EXL(BAYR), EXREEYH)o] 7H T4

02 YeRton, Catboost BF LgE
Tha TR A7) YEREA| 9 EXR(E44
A(R&D_Q5) Ak el Al
o] F857} YERT

i

M of rlo
)
i)
2,
o> 0

i

<¥ 10>3} o] XGhoost LE]E9] &A%
£ ROC_AUC 95.49%, -7 A3= 89.84%,
AHE 90.50%, AFE 89.02%, F1 score
89.75%= ZH7} UEREA, LightGBM ¢alg]sE
9] dj=4%5-2 ROC_AUC 95.36%, &7 A&
T 88.32%, AT 89.42%, ANE L 86.92%, F1
88.15%= 217} uEhgth Ea
Catboost ¥12]52] 4% ROC_AUC
95.26%, &7 A= 87.97%, AUE 90.12%,

score
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<E 10> HZH Huda olf dsgot 20
T2 ROC_AUC Mz Hug Melg F1 score
XGhoost 0.9549 0.8984 0.9050 0.8902 0.8975
LightGBM 0.9536 0.8867 0.8969 0.8738 0.8815
Cathoost 0.9526 0.8797 0.9012 0.8528 0.8764

Receiver Operating Characteristic

Receiver Operating Characteristic

Receiver Operating Characteristic

1/ ~— ROC_AUC = 0.9549 e

TFue Positive Rate

-
— AUC=09536 s —— AUC=10.9526

0o 02 04 06 08 10 00 02
False Positive Rate

<72 10> XGboost ROC_AUC <2& 11> LightGBM ROC_AUC

04

06 08 10 00 02 04 06 08 10

False Positive Rate

False Positive Rate

<& 12> Catboost ROC_AUC

mfortance

<% 13> XGboost feature
importance

3-8 85.28%, F1 score 87.64%= 217} L}eh
o} XA AP E ¢l &3H= dl XGhoost
dargFo| tha 3 oSS Helrt
e AT 5 ST

AR g3t ESRFAA T F
= 47 e 2 o2 et
XGboost &7 €1EES H&3 ASEF
A ] QT <7 13>3) o] XA A)
AHA(R&D_Q5)=5140, EXL(E*1<#)=2955,
EXR(Z893)=2219, R&D Q4(R&D <!
#)=1957, MI("HA"E4)=1328, OI(%3¥

oo 2L

5

rr

:

<3% 14> LightGBM feature
importance

<&l 15> Catboost feature
importance

A1)=1092, PRCI(37854)=714, R&D_Q1(H
H R&D)=557, R&D Q2(3-5 R&D)=319,
R&D_Q3(&)% R&D)=264%, #7137 &A=}
o} A7t frAksith

LightGBM E7 d1g]5L #83 o=
oA Mo FREE <TIY 14>9} o] A
HAHA(R&D_Q5)=1421, EXL(BAG#H)=
1246, EXR(Z-84%)=760, R&D_Q4 (R&D
1=)=687, MI("AIEEA)=554, OI(Z=AH
41)=392, PRCI(3-4 8 4))=354, R&D_Q1(W*
R&D)=134, R&D_Q3(%|*+ R&D)=92, R&D_
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Q2(35 R&D)=80°Z UElyitt

Catboost -7 ¢E|ES H83 52y
oA Mg FaEE <Y 1558} o] A A
AAHA(R&D_Q5)=14.189, EXR(Z&9#H)
=14.021, R&D_Q1(W+# R&D)=12.954, EXL
(B HH)=12.248, MI("HAIEE2)=11.207,
R&D_Q4(R&D <12))=10.716, PRCI(xHE
41)=10.456, OI(ZA&4)=7.68, R&D_Q02(&
5 R&D)=3.938, R&D_Q03(£]* R&D)=2.591
2 Yehstth

AR YA A5 A, XGhoost &7
AE]EF LightGBM £57 datglEolAd ¥
5Oo=2 R&D_Q5(AFAHE), EXL(EAY
2), EXR(Z&H) o] 7ME F8% Ao= v
Efstom, Cathoost -7 ¥ale|s2 EXR(ZE
299, A AAA(R&D_Q5)0] FARE 5=
NA Fad HFE ZAREAT

444 HFRT ASEA B 25

B Aol HA5E AnE w2 9
3 B4g5} Bol A AR Slols siek

=)
A
it
B
ol
ﬂ?

<
&
tlo
)
S
H
[
iRy
X
N
e

8
S5 AATiel AS45e Bolelr) 9l
soln TPIEF < 1157 o] AHIY

t}. XGboost= n_estimators=1000, learning_

rate=0.05, max_depth=3, gamma=1, colsample
_bytree=0.5, A3
LightGBM-2 n_estimators=1000, learning_rate
=0.05,
colsample_bytree=0.4, reg_lambda=10,
AASIATE  CatboostE  (n_
estimators=1000,

subsample=0.8=

num_leaves=4, subsample=0.6,
n_jobs=-1=
learning_rate=0.05,
subsample=0.8,  depth=3,
'RMSE'® AA3}I3ich

loss_function=

<E 11> 242 stoly m2ioje| M4H

T= Hyper parameter Value
n_estimators 1000
learning_rate 0.05
max_depth 3
XGboost
gamma 1
colsample_bytree 0.5
subsample 0.8
n_estimators 1000
learning_rate 0.05
num_leaves 4
LightGBM subsample 0.6
colsample_bytree 0.4
reg_lambda 10
n_jobs -1
n_estimators 1000
learning_rate 0.05
Catboost subsample 0.8
3
loss_function RMSE
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T8 MAE MSE RMSE
XGhoost 0.550 0508 0.713
LightGBM 0.506 0.427 0.653
Catboost 0.499 0.418 0.647
R&D Q1 0.192 R&D_Q5 0.181 R&D_Q5 0.286
R&D_Q3 0.118 R&D_Q4 0.165 R&D_Q4 0.185

PRCI 0.117 EXL 0.116 EXR 0172
INC_Q1 0.094 EXR 0.108 EXL 0.101
EXR 0.092 PRCI 0.083 PRCI 0.054
R&D_Q5 0.075 M 0.082 M 0.051
R&D_Q4 0.075 ol 0.072 R&D_Q2 0.039
RAD_Q1 0.073 INC_Q1 0.046 ol 0.038
ol 0.053 R&D_Q2 0.039 RAD_Q1 0.027
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R&D_Q2 0.031 R&D_Q3 0.039 INC_Q1 0.014
M 0.026 R&D_Q1 0.030 R&D_Q3 0.013

<%l 16> XGboost feature
importance

ABRAE ASFshe A5 HIEHET} ARS
Ha loemg <3F 12>9) o] MAE, MSE,
RMSE®] 37} 4587t AxZ I3t

Z¥7ro] Axtol| A XGhoost &-8-3F G A3}

of&=m¥e] 7Z¢, MAE 0.550, MSE 0.508,
RMSE 0.713°.2 YeR}ar 9IS, LightGBM
& MAE 0.506, MSE 0.427, RMSE 0.653°] =
Z5%eH, Catboost= MAE 0.499, MSE
0.418, RMSE 0.647% UEelgith Auk= <l 3
7} 4ol A CatboostE &3l B45H= A

<&l 17> LightGBM feature
importance

<&l 18> Catboost feature
importance

tlo
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>
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X
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XGboost 3|7 &1E|ES 2
SRS AT WG| F-Scored <I1¥
16>3 #Zo] R&D_QI(WH R&D)=0.192,
R&D_Q3(&)% R&D)=0.118, PRCI(xHY
41)=0.117, INC_QL(HZA 214 71)=0.094,
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<Abstract>

Corporate Innovation and Business Performance Prediction
Using Ensemble Leaming

An, Kyung Min - Lee, Young Chan

Purpose
This study attempted to predict corporate innovation and business performance using ensemble

learning.

Design/methodology/approach

The ensemble techniques uses weak learning to create robust learning, which combines several
weak models to derive improved performance. In this study, XGboost, LightGBM, and Catboost
were used among ensemble techniques. It was compared and evaluated with traditional machine

learning methods.

Findings

The summary of the research results is as follows. First, the type of innovation is expanding
from technical innovation to non-technical areas. Second, it was confirmed that LightGBM
performed best for radical innovation prediction, and XGboost performed best for incremental
innovation prediction. Third, Catboost performed best for firm performance prediction. Although
there was no significant difference in predictive power between ensemble techniques, we found

that comparative analysis was necessary to confirm better prediction performance.

Keyword: Ensemble Learning, LightGBM, XGboost, Catboost, Corporate Innovation, Business

Performance
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