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Korea Using Machine Learning and Oversampling
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Abstract  This study compares the performance of statistical models and vari-
ous machine learning methods in predicting corporate bankruptcy using financial
and macroeconomic data from publicly listed companies. It also analyzes the ef-
fectiveness of oversampling methods in addressing the class imbalance problem.
The empirical analysis employs logistic regression, random forest, XGBoost (ex-
treme gradient boosting), and deep neural networks, along with oversampling
techniques such as SMOTE (synthetic minority over-sampling technique) and
ADASYN (adaptive synthetic sampling). The results show that XGBoost de-
livers the most accurate and balanced predictive performance across both the
original dataset and the oversampled datasets. In contrast, logistic regression
exhibits high recall but limited practical applicability due to its low precision.
These findings suggest that combining oversampling techniques with machine
learning models such as XGBoost provides a more effective and practical ap-
proach to bankruptcy prediction in the context of imbalanced data.
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S129] 154 S BT o AT AR H&] 71Ae] A% BRI
wlol o] $R8 E79-S 7 eloAch Altman (1968)2 chaley g e
(multiple discriminant analysis)-& €-85}0] of 2] A7 H]|-&-S ZA3SH Z-Score
2L ). o] BB L AR v AL, o] o] of 2 o] EAHAL,
Az01e] ] ST, 7\ 2e] A} ol E5, i) ] Sapar
o 5742 A B2 AL g Stel 71919] Rz 7bs A2 22| aksh . o] ol
7194 B oA 5of gk thedgt A+t7F X8| )15 Y o [Ohlson| (1980)> =7
A8 3 AEAL &85 O-Score -2 A|eH5}9 © ¥, Zmijewski| (1984)=
T2y B B RE o2 REL LS

TUHANANE 7199 R AS5S Qe W2 A7} o] FoF et [o]Ql= -
A5d (20152 = 7|9 O 2 B oS 1Yo o522 Hrtsi,
A H} A HE F-g3t TheFet B oS RS H| WSkt o] A+t
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T4 Pz ATl MY 87 BYo WHES H8T 5 A Ak ol
cF&7 o] Aol gey

log(%) =x!B.

ol RE| 2A2E 5)7) P Tl gol EE .
1

P(Xi) = m

PAZEZ 052 & 7%, p(xi)7H 0.5KHTE A ASEHH o] 5y = 12 E7F
ot

Ot 2 Ao A= F 43700 AYHSsE AHESt=T], o] 8 BF ARSS
of 224 3|9 Y-S FA5tH 04]3 o] j¢ 2 Z o2 ety ot
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% SRS o] gsfo] afE ol A 2140] BeHS AR A2 LES
W gkt oAl mee] AR e AEEsE Basle dugc g A
47k obd). mighe A0 2 A9 EANAL m* = m/3]2 Aelsha
25 BAI AL m' = [ym]2 A,

XGBoost= 1Y AE FEAH(gradient boosting)-2 7JA15H ¢t11g]
=, 4% 284S SuEketr] o ohefet A st 71T gk 7]
5315t 7o) EAo|tt. o] 7[HHL |Chen and Guestrin| (2016)©] A 715} ©
272} 3 BFo) AFgT7HE S & B0l 2 Al w dHAHIH. BA
5.2 QP sy ] % ol of 2 O Shes 7 (weak leamers) & 7 gato]
=i ok, #2 SN AHURE oFet s57]2 ALgalv,
Eolo] 028 RYGlE PAOE AR E2E 2okohe Aol i

XGBoost= % 3Hregularization) 7|5 F7}510] 7]& IgtjdE
FAH 0] o Ql A A9t WA gt} 53] XGBoost= ¥ E CPU 2H7 o] A
e S0l ZPsal] hRo] 7] E 442 07 sgat 1T Bt
wch w27 st 4 9l

AlZ=A1 7k (deep neural network, DNN)-2 Q13X 3 "h(artificial neural net-
work, ANN) 9] 5 e &2, of 2] 7] <] 24 F-(hidden layer)< Z3}s5}o] o
o2 WUHOR & 450 2T RAL 4 Y= A B0l
712702 DNNE 91212, 242, 127 2120 2 o]goj7n), £UZe
b RS 4E 1] Zlol B2 7)ol Ack A dlo]elo] 7154 (weight)sh
H oK (bias)= 2-85F1L, B/J 3} 9h(activation function)E 55l H|HJA-= F
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A A7 ARHEA HE | 9 A AREA ug

2000 1120 29 2.6% | 2010 1608 76 4.7%
2001 1283 13 1.0% | 2011 1625 47 2.9%
2002 1400 38 2.7% | 2012 1615 43 2.7%
2003 1441 29 2.0% | 2013 1628 26 1.6%
2004 1448 48 3.3% | 2014 1653 16 1.0%
2005 1487 47 3.2% | 2015 1719 20 1.2%
2006 1551 6 0.4% | 2016 1764 11 0.6%
2007 1607 11 0.7% | 2017 1856 11 0.6%
2008 1648 19 1.2% | 2018 1912 15 0.8%
2009 1619 68 4.2% | 2019 2012 7 0.3%

L ARE ZAA7IAT F 27 EHAD E& o] e AA7I9H R R
94 4, 191 FE7]9 9 Hl&-L A4k,

Table 1: ANNUAL STATUS OF SOLVENT AND BANKRUPT (DELISTED) LISTED
COMPANIES IN KOREA. This table presents the number of solvent and bankrupt
firms, as well as the proportion of bankrupt firms.
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Sh= o] ARREL 09} tfE-of, FFOTA(funds from operations to total assets)
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Criginal Data Crversampling Undersampling

Minafity Majority Minadity

a9 1 T BT A B o] TS o MAEYT AU SR oAg B
of Zt.

FIGURE 1: OVERSAMPLING AND UNDERSAMPLING. This figure illustrates ex-
amples of oversampling and undersampling.

(majority class)oll HFE7] th= Holdt. ol w2t 24> S22 (minority
class)ol] thet k5ol F23] o] Fo]A|A] efot, AFpA o g L Fefj o] o
gt A= 5ol A #skE &= . ol AA 243 A= ﬂrxéoﬂ/ﬂ a3t

=2=2 OY}IeF A o
RS 50T % 9t

olelgt BAIZ sh@st] 9lat thopgh B Sol A48 02 Qo] ek,
%) (sampling) 71%].© 2. o] Hjo] ] o] LEE 25}e]

sS4 2R FPL BETA ek T EY (undersampling) S - 2
g 20] HlolEl g Fo] 25 Fe40] ol WL WAlolch ST o] B9
S Fezo] EAIGH §-89 AR 249 5 9lek. vhef 7 (oversam-
pling) HP& g 2l 20] Hlo] B2 Q19140 2 el b 2ol A0 #H S
SrEE WO, ofo] uet BT Selol BRe] B2 At Hlgo] WA
% 9itk <21>2 vha BT A 2P| A4S ehdc o] 4 B
g dlole RAL a5 Bge] Fetmel yye] FhE GFL nLE,

>

445 BEY 7] At 4 go] Waoltt.

i BHE b 220 HlolEE A% S ko] Bo] YRS A7
SHe A0, o] We)A] AR £Mo] WAT 4 ik, EGt, BE 53 A
7] A Ao wreh A 27 geba 4 glol, RG] =eo] WEd
% SIths @A} Slek. olel @ Alckoz I8, tiyEel 27 Holy o
Tol A i P vef B o] o Pel FgE £ ATl
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Hom, &g S

SMOTE<= [Chawla ef al| (2002)9] ©]3} A2t 7]
ES AtolollA =& Hle]

o812 B3] BAlsHe Al 7] dlole £
A o] wls) AT TH5 A2

o
E12 gAstol Bt olof ue} tes B
WE 5 glon], B3] 2R BA0lH 25 3L o S-S S o
azgolct.

SMOTE®] 25 de|= o1 2ot WA, &4 S29] 7} glojg &
Q1E x;of thal] k7 9] 24 ©]%(k-nearest neighbors, KNN)-& ZH=t}. o]%
AEE 9] o] T FARI= st o xu & AdEtet. A o]
AE glolg] EQIE Ato]9] A4 HZHKlinear interpolation)S £ =& o
“d ©|o] ¥ (new synthetic sample)E A J2trt. o] A2 44 Ff 29 HlolH
VX E Hop 127 sPsto] ot g2 £t i & 4 A =
0] glo]Efo] 3 of 2] H HHEgo g4, =1 oFo] 2. ¢4 Hlo|HE
AB/dstal, o] & A o] &4 S A HlofE eF Agoto] By ghssof ARGt

t7IRo g, 71&9] SMOTEE
]74 =] 151 HIio ml:._oﬂ II}E} /\Hi—y— @%_4 QA S 2A =
2L T a7l ﬂﬂif

2399 48 et ol%
S ME o] EAshe
o= o}

H
s 10 12 Aofol 04 2

Lo 92
% ol =8 At
5ol

kA3 O RKNN) WIS FHgato] 7 4

S ol Ert 2 MEASE O g S Folotel A2 e Ho|tlE
QAR ol HlojEli | E BB o2 A 7he] A BL Fo) A
o], Avba o 2 mio] B LEE U F SASHES Fi

ADASYN-L 7|£9] SMOTE®} & 712] =935t zlo]A-& 71RIt}. SMO-
TEE & &4 22 AE didl 74t 9 HolHE A/dst= Hihd,
ADASYN-2 &1 ofs5 oo o
(adaptive)Ql Bf A © 2 1St} o] &
Fol 24 AAE AT =N AF
SMOTE®} ADASYNS] 5lo|m mfetn| g = 7|2 A7k u:]—a]— Astart.
KNNof|A| o]-290] 7|4k =5 =, &4 S Hl& beta—li( T =29
WE 55 the Fehse) AF o B D). AT 27 PAL dis
tance—EuchdeanQE A5}t
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3.3.2. 4|O|Ef &

AFolM= 719 R oS B 9] o5 W A5S 1o AA Hlol"HE
i%%(tram)ﬁr B7H&(test) Hlo|B = 7:39] H]g 2 Z5t) o] % o5&
tlol 9] 70%= *‘Zﬂ 1y S50 AMEE= &9 HlolHE, U] 30%=
o] autst 58 golsly] €5 HZ(validation) H|o]E] 2 | E3t6}S]
CFE7]He 1oH 13*0}7]%*«1 TN A2 B By L2 E 7HA L
10, 8ts5 dlol gl o] §hote] e A& 7S &85ttt

3.4. B3o| Hs5TIL A H

<5 P (confusion matrix)-> E7F FA o4 3 2] 5= F7lst7] 9
7 7| BA Q1 Eto|o). B By o] A 42 Gty F ER/ohH=A
£ grlote S-S 7o 2 Brisitt

Confusion Matrix — Actual :
Positive | Negative

Predict Positive TP FP

Negative FN TN

T2 2= oﬂaﬂ ol EL 355 YL HojZFr}.

o=2=

Table 2: CONFUSION MATRIX. This table presents the confusion matrix.

o7 7o TF PE2 <H2>p o] 2x2 FH| O | E A2 AL,
True Positive(TP), False Positive(FP), True Negative(TN), False Negative(FN)
Ul 7H2] ghs Z Rt TP= AA = 4/ (Positive, & =70l A= FX27]9)
A HolHE Bl SHIEA Fd o= oS53t F-foln, TN A= 34
(Negative, & =oll A= A7) HlolHE Ags| 2dor A5 7
olth. WHA, FP= AA|2 2434471 dielHE A3 FEHF =719
oz Ofﬂ—oP 352, A1 27(Type 1 Error)o]] sfg=teh. FN2 AA| &2 4
(FE719D)e HolHE E5 247D R ST A=, A2E oF
(Type 2 Error)E oJR[tt}. &5 PP SofA A== 78 B/ R F &
=z ol A ARRR A e vh i AT

* A3} (accuracy)

o A AE oA BPo] Ad= HE AE vleS v
ot ol AT 574 o 5ol BARlo] dl=o] AAIg T ARt vlee



L AE .58

i
ot
i
N

Uhehe], 5 o] ANEE Rl A8 WosHs 71 7] R el 1| o]
o B Aol A4 719 Fol4 R o RE mYo] s o
o] &2 ofu] g},

TP+TN

A - .
WY = TP Y TN+ FP+EN

AW I (precision)

A= Byo] FAolatal d&3t AE F AAR G HE

U= 2| FEo|t}. /o] Eh—’— Tl A FollA dm

Qe B AFoAE RE ] lolelT 5 7Y
714 9] Hla& ofn|stH, R 59 4l

Precision =

TP+FP’

A & -&-(recall)

U= (Sensitivity)2tal e Fe]= A& A FE HE T EFol &
e A5t AHES HlES YEhdH. 0“3 HEe dup 2 2oty
=215 7Rt 2 Aol s AA 79 Sl Fre7ldoleta
&3t v &2 ofmgiet
Precision P
i = .
TP +FN
Eo| I (specificity)
EolEe A 54 HE T RYol 242z A5t EL ve= HE
Witk 24 1SS Ak} 2 S BoR 2 Aol A A
8371 FollA 371 oAl dl 537t Hl&2 on|_tth
TN
Specificity = TN EP’

F1-Score

F1-Score= J U=t A2 0] 2ot ot o2, F A FE 7Ho] o2
St Hl AFEE= A ook Aot A Atol o] 45 BAE
Sfjof ¢ o 53] 8519, HlolH 9] S Bt P Aol x4
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A0 &2 HIFe 4= Qlth. Fl-Score= §H% 2|37} oll-¢ =11 T2 &
o] 4o AL o]t B B B A A5 o HEI
3

HFgit. Fl- coreA ol 1o 77haa= AR et Alde 1t
o] & Bt 5= ofvlstH,

Fl-Score — 2 x Precision x Recall

Precision + Recall

ROC =14 (receiver operating characteristic curve)

ROC #H 2} AUC(area under the curve)= £35] 0|7 7 A oA +
831 AFEE]Y, Ze)s BRgol Yt HolEo AR Hud 27
g7t 12 g8 A Q. ROC AEL= 13'._030] t}eFst ol A 7 (threshold)
o uhe} SlufLp 2 OpR T} S L FRSEAE 41220 2 Lhehd 24

o|t}t. ROC 7 H 9] XZ=2 False Positive Rate(FPR), YZ-2 True Positive
Rate(TPR)= 4 Hth. FPR2 AA| 5/4<1 tlold FoflA & % Fhe
& oS3t HlEo|H, TPRE AA| /31 ol FoflA Fes] FHo=

A5t vl

FP TP
FPR = , TPR(Recall) =
FP+ TN’ TP +EN’

ROC A HE= B 9| 7 7|E(FAhE d54 o= HepA7H 54
3 FPR3} TPRO] 28-S AAT T402, AZ5L (0,0), 8L (1)
% 71% 02 gty ROC ABZ} 9% 9] BAE ol 77H&45, & FPR

o I TPRE 2 Aoo] 9T BYO] By o] L45S
ofm|tct.
2141 5}H 2| (area under the curve, AUC)

UCE ROC A H o} o] ¥ A< ojujs}s, myo] Wutdel 458
?:_1 Zro 2 QoFstth AUCO] 72 03} 1 Abo] o] Zh-e 7121, Zhol %
29l %E dsol ¢ehe UERdTH AUCTE 19 7%%#%

RE AAZNA =& TPRY} & FPRE A28 4= 2122 oju|gict.
Flgs AUC7} 0.59] 71719 H mgo] Ratojz B E—}_L_ A1} EQlst
/352 LB, 05 1]Rte] AUCE A50] 52 Ra9mT w8
ololaicy. Ao 2 B sl 712 AUC o] 070891 2% B2
&11?_]-/\315—430——;70801/6}?1 oT g‘_/\‘]o_,]Eo:]OE%ﬂ-fﬂ-q-

F



LA - 3hs]E 73
4. 0|5 Y 24 Zit
41 B RET|YO| I 2EH Y
BALQ R 20| A A5 7| ZEATS B W HA
7193} R 7He] EAZ AW ESEY, ol = <E3> &o] Ut
Wrd  nmon | @w | BRE4 Aid | A9@
BWIA o) o1 o0 G0k saw
CACL o Ysi gt o005 4esm
CAR 1 0.363 2.069 25,559 0.995
0 0.554 0.302 25477 0.991
CASHTA o Goss  ooss 000l 08
CATA o g5l om0 ooz 095
CROTA 4 om0 o s 2
CLCA : 0756 e 0002 28545
an ) m b
ULy o o ool 1ow
BBITTA 0 g% oo 45 oS
BBTA o o3 o207 003 285
FATA 0 oms oon ool 13768
EATO I 22144944 526482555 0000 128179105
0 14808 133.993 0002 9519.155
FFOEQ o oo 14 1891 10589




74 WA REASAT
W Lo ot BEHA} Ak Z gk
| 0251 1367 118,207 15.979

FFOTA 0 0.044 0.110 6.027 1215
1 0.566 0.266 20306 1.470

FUIL 0 0.446 0277 0.128 1306
INSL ] 0.177 1.056 0.000 20.985
0 0.014 0.109 -0.001 13.940

B 1 5.381 2.863 6.924 12.255
0 8.888 2.074 1370 17.285

ES 1 8.997 5.647 16,630 12418
0 7.126 7.045 16,264 19.355

op 1 5973 6.244 12,975 11.826
0 5.550 7284 115.002 17.891

A ] 10.448 1203 6.449 15.434
n 0 12.078 1.530 6.196 19.681
L ] 10328 1.499 6.680 16.630
0 11.114 1793 5.253 18.916

O 1 9.538 1.046 0.000 14.914
0 11777 1.643 0.681 19.312

oL ] 1756 9.415 16576 13.136
0 11.289 2.195 115.044 19.387

1 0.554 0232 0.006 0.999

NCTA 0 0.497 0.180 0.005 0.998
NISL 1 13.710 125999 -2401.094 13438
0 0.198 21279 3532.055  83.322

1 1243 3.350 54.884 2.407

NITA 0 0.006 0.206 113.093 9.688
oPM 1 1755 7.042 113.074 0.879
0 0.135 20974 -3500.519 0.998

] 20430 1.845 27338 0.567

OPTA 0 0.036 0.099 4.526 0.586
1 20.937 1.470 14.585 4939
OPTL 0 0.178 1.850 -260.699 33.590
] 2987 6.517 -95.609 0.826

RETA 0 0.173 0.554 28112 6.209




A el 75
T S LT
ROE | 10.940 1.470 14,585 4.939
0 0.007 0266 13.093 28.531
SLEQ 1 2.082 19.807 1186947 233.555
0 2.094 8.496 453053 679.346
] 2.450 7.586 0.000 87.380
SLFA 0 2.463 4205 0.001 224.493
SLLL 1 85.873 336914 275540  3801.423
0 19.523 422.906 0.010 53395.065
1 0.968 4,080 0.000 71.797
SLTA 0 0.939 0.595 0.000 23.350
1 1.450 23510 173698 299.340
TLEQ 0 1312 9.113 665957 845102
] 1352 2.017 0.005 26.559
TLTA 0 0.446 0302 0.009 26.477
) 0476 1257 14.832 0745
WCTA 0 0.178 0.260 ~7.990 0.959
WCTO 1 422 90317  -2140238 242497
0 8.358 681267  -18651.436  91943.986

# 3 AP 7| 2 A o] e ARG Pt BEHAL, 2 agh gk
= F e JHE R FEste] AR (1= 7, 0="7).

TABLE 3: DESCRIPTIVE STATISTICS OF THE EXPLANATORY VARIABLES.
This table presents the mean, standard deviation, minimum, and maximum of the ex-
planatory variables, reported separately by bankruptcy status (1 = bankrupt, O = solvent).

LA O] FAAT U R(WCTA)S A3 K, 55 7] ¢l (bankrupt firms) &
W 0AT6OR S48 7S 5t0] S| BET ejod BTk uh
g 71942 01782 (1)) & FATGT. R Peko] REWA7F 1257
2 94 ARH0260) 5T} oF o v A, 719 7 554 At AA 8] Ak

O

GERA o] SFAA HECLCA) 9A] HE 7]¢jo] 87228 HA 7]¢]
07865 T 18] o4 %9k, Z|tjzko] 2 937.1450] Sal] Y 7] Qo] 24
7] A FE 5ol 78] Q-2 Thobat 4 9l ort. §5 52 o FAAHCLTIA)E
B 719 0.921, B4 719 03242 2 AAE Bolon], @7 U AgAAA
H]-(CASHTA)S RI 719 0.0422 4} 719 0.0869] 4t 50 B2
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A 225 et S5 of S2H4E H-&(TLTA)S & 7]Yo] B+f
13528 ZHitH o F2)7F ol dal, i 26.5597h2] 2|50t} A4

7192 0.446% v WA b2 Q1 Helof AT AR A A2 E(CAR) =

T 714el A 036302 45 7|1 5o R 7] o] th o] A4t 4] *PEH E
et om, 4k -25.559 SHA 0l AR £A1S HojEoh SFRA o &
A2 H-&(TLEQ) A R & 719 W-gFo] X Ztt o|4d Rk 7Y
F2 AW A] e A Fleo & Qs 59 Yol dAIs] Ak

Fol4 A Fo| A e 2to] 7 Fsistth Gdole] tf FAH4E H-&(EBITTA)
2 B 7]190] -0.4300 2 2591 ¥ AL 7] 9L 0.036.0 & A% o9},
Z=0]9] tff ZZFAH(NITA)-S —1.243 Tf 0.006, <=0]2] tf ujZ&(NISL)-2 —-13.710
o] -0.198= Ax}7} ZAl61gIth. 27| 2AF 0] @8 (ROE) ¢ A] —0.940 tf 0.007
= F Ik o] o] MER T §6] NISLO| ZEH A7 125,999 2ol
HI 719 2+ &9 fiEdo] EX Arhe Fo] el

Z2HF 2 I(InTA)Y= B 7] o] 10.448, AT 714o] 12.078= <F 1.6H]
ZpolZF QAL ol A4t Z7|E o & oF 5 uj o] ot E Azto] sttt AR
Z(InTO) FA| B 719 9.538, AAF 7] 117772 GAFSH Z 0] 2po]| 2 B Y

S RE 7|2 A AR RO A 0 & At o], AR 7RO

0] FA A Ze Ao MREL Ql3-E ofn| gt

el k&= ol

r“ﬁ

Pt Bz 7S ANHOR A7 §54 B
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42. RAAE B35

)
“1”31” RO A T 43709 APHSE BT AMGSHA|RE B
HPE ALGSto] 22| AH 3 RS F4otH oS0
Uebstoh. b AR B A E(pre-tes) & A A AEHFE A a
A0 A 295 Z=HE S A =22 I PS4
A A HPE SPHATE AGSto] 22| AE 3] BYyS FA6k, r A
2 B4 5% GO 5Rol A BALOR folahA] ghe AHWEAE A9l5ta
. 0]& 53| SLTA, CLCA, TLEQ, CLTL, FFOEQ, SLEQ, SLFA, FATO 5 8
of W57} ASE|9T). Thg o2 1 o] L A2 WhE FEH 5, 7}
Zof gjaf] B4 =2 Al 4=(variance inflation factor)7} 10 o]A}el 75t T
AL 2 BZE2 7 9]atAtt. o]2 E35] WCTA, EBITTA, NITA, NISL,
InTA, InTOI, InTL, TLTA, CAR, CLTA, CATA, NCTA, EBTA, InTO, FATA,
ROE, OPM, OPTA, CFOTA = 197} ¥2=7} A ] =] 9t}

50 %
_m

rE S Lo
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e
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ol8jgt = 4= A7 SLLL, FFOTA, CASHTA, InOP, CACL, RETA,
BWTA, InCE, InES, OPTL, INSL, FUIL, WCTO, CP, CLI, GDP 5 167}] ¥
71 A E A=), TAA 4 A (stepwise variable selection)S ©]-8-51¢]
ol Mg F A 2eh= AGskn. o= M-S FIokal Al ASHHA A
W 2= 2= A QM AIC 752 485k

P
i

43. 05 21t
& BRIE RIS 02 RS B kv 2
517] Y5l YA = (raw data)2} 2 HAIZ=] 7|¥H ol SMOTE 2! ADASYNS A
& Al 71| HlolE MEE 74 }‘331 2t HlolE AEo] tiof] =2 AE &
3, WH EZYAE, XGBoost, 1547 ‘?3% X—. g5t F 12719 Hlo] 1
N E9} ol oo 2o :rLjTO}‘RiUr- <34 glolg AE 9 o=

9] | =] E o]-85}o] Accuracy(BH ), Precis10n(7§,‘?=_15), Recall( A&
Specificity(£9°] k), F1 Score(F1 A4), AUC(Z-ASHHZA]) 5-9] o =8 %7]—1]
BE A4S ATHE AA R

1295 71 o= A3= AUCS) F1 ScoreS 4] 0 2 1| W6t 3.4 o A
ATe AA Y AUCE AAAR] A& A5S U= 323l 822, &
d SHAe} 2 A Y] EF T2 THAE WS, grol 19
7V 4E Holut of| =82 o]u|stt}. Fl Score= Precision™} Recall2] %3}
HgoR, 5ol qolest BRa A9 Reo] AUA B 45S woh
A stA gkttt Precision T+= Recall & Shupof| HshA HEH 22
F1 Score7} WA et

AAgE 7|vro g2 B *']'C:’—_]_' A3} A Y| AEE= AUCZH0.980 18] 12 Fl
Score”} 0.6205 e 71 461 of| =8-& X 9 31, Precision©] 0.803 Z12]
31 Specificity7} 0.99791 71 © E Ueh} =8 HJH= =89 slo|sk 4= 9l 9jth
XGBoost E=5F AUC 0.979 Z12] 17 F1 Score 0.626°. 2 H]%o]—ﬂ] dZHo] &
5k A0 2 Urerytth ey, tRE Sl Bl A Recallo] A& o2 WA
et =l, ol YAtmoA Fer| gt 47 1ol 32 S o] A5t
7] gj&olct. E35] 2 XA E 3| BE o] H- AUCY}0.660, F1 Score”} 0.435
2 ThE 1 §of v AWtz o g o H=9 H ¢t} Precision®] 0.667=% H]
WA 9F G5 O}, Recall2 0.3230.2 7]-%1' rorom, o]l A4 Hr| oS
A 2 Zrotj 2] Zoh= HAIE e Specificity= 0.996. 0 = =o} A4}
Z1gell it &7+ AL fIAAT R 7S At 2 E/-oHA] Foh=
A7F Zich ol 2 S A RE7AS A9 FHAI5HA] o alth= @Oﬂ/ﬂ
ARA O 5 G-got7|ofl= Aljte] k= AL ottt
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Accuracy Precision Recall Sepcificity F1 Score AUC

Raw data
LG 0.982 0.667 0.323 0.996 0.435 0.660
RF 0.987 0.803 0.505 0.997 0.620 0.980
XGB 0.984 0.651 0.602 0.993 0.626 0.979
DNN 0.984 0.753 0.376 0.997 0.502 0.961

SMOTE

LG 0.920 0.195 0.860 0.921 0.318 0.891
RF 0.981 0.547 0.591 0.989 0.568 0.976
XGB 0.985 0.661 0.608 0.993 0.633 0.974
DNN 0.954 0.277 0.773 0.958 0.408 0.961

ADASYN
LG 0.876 0.139 0.903 0.876 0.241 0.890
RF 0.980 0.537 0.624 0.988 0.577 0.975
XGB 0.984 0.637 0.575 0.993 0.605 0.972
DNN 0.950 0.277 0.812 0.953 0.413 0.959

B 4: 9= A1 LGE= 2AAH 3] B, RFE AY LY AE, XGBE XGBoost,
DNN2 H3AEE 2= L‘rE}‘ﬂiE}.

Table 4: FORECAST RESULTS.LG, RF, XGB, and DNN refer to logistic regression,
random forest, XGBoost, and deep neural network models, respectively.

SMOTE 7|5 283t Hlo|H AIE Q] ¢, AHH4] © = Recallo] & £0
2 FAE BEr|Y A5 4ol MAdEs Fd= EHoh =22 3]
X 0] 79 Recallo] 0.860% 55tH =2 HlE&= F X7 S5t
u}, Precision-& 0.1952 37| s}2H519ith. o] 2 218} F1 Score= 0.318=2 WA
e, ol A4S TR RESIYeR oRgal Aol )
S.2 olu|stc}. vty XGBoost% Precision®] 0.661 18|31 Recallo] 0.608=
#49 Q= o= A= O, AUC®] 0.974 T12]1 F1 Score”} 0.6332
2 %o AR e RS e, 5 e 5 o
o} A1} |2 2lo] 945 210 2 LIERT. DNN 4] Recallo] 07738
Ay2=5}9) oL, Precismno] 0.2772 1j]-2- Fo} F1 Score= 0.4089] &5} 9] t}.

ADASYN 7198 -8 dlo]e] AE] Aol f A1 Ao} viet
T} W4 © 2 Recallo]| 01|11, YHF 1§ of A= Precision 7H4 20| At
A o = AtE| Qo). 53] 22 A 3742 Recallo] 0.903% 7 &4 Y
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e
ol
N

EHFom, o]t tie] BE7|¢e Heelr) |55 8L olulgch. e
L} Precision2 0.139% 1f|-$ Yo} F1 Score= 0.2410] 213 t}. E3F Specificity
o1 x] 0.8762 ATj 2 0 2 W Lrekikiod), ool gt ATEL HE g N
JQon & AEPAT BV QS R dor HT s o RFI}
E]-A H]'/\ﬂ oﬂ_g_g _4 El] o}-ﬂ-

XGBoost'= ADASYN-E AL35t Ao AUCZ} 0.972 18] 11 F1 Score
7} 0.6052 935t = AA5S H 2‘31 Precision?} Recall =% ¢4 A o]
452 YEFATE DNNE Recallo] 0.8122 SFAFE] ™ F1 Score”} 0.413.0. 2 7|
AT T, AUCE 0.9592 =0 *Z% At} ADASYN 7]%-S E35] DNN1}
XGBoost2}e] el A ol 452 Adate ] 7ol o], B B
Ao Atz o 285t Ao 7 wrtE}

11—
iy
o

47 Pe o
e 3, el & 2

g 2 970 o3 AnE Helohd that 2
et EOEEEDEE BES R
et frojmjet 2ol & 2 3], 24 S 20 AR £ )5} 95
28] SMOTE ¥ ADASYN o QuAZE J|He HEZAH O UxtF o
H| 5] 2 & 25 of| A Recall FAto]| 7] oJ5F9ict.

—E o
\l

=4, 2 o =48 vt A1}, SMOTEE A-83F XGBoost 2. 0]
7‘411] Y F 7 Hold A= 4:‘—3_—1 E?& © ™, Precision¥} Recall 7+2] H#& &
61tk 12121 ADASYNS A-8-3F 7 -9-o| &= XGBoost & 5-2> H| =617
TRt 58e Bt B3 4 iﬂﬂi\_EE A Aoz 251 o &
%ih ], A2 E H-83F 7490 v]5] SMOTE = ADASYN-S -85t
% Recallo] ThA> Q4 =] 2| TF Precisiono] 2] 0 & T A| ZrAsto] At
2 F1 Score7} ©.6|8] Zo]=X 7 0 2 L}epth

lO O}L ﬂJlO

AR, 2428 B BYE A% QUEY 7T A A B Recall
£ Hol7| & 5} O, Precisiono] IA A4Skl AA7|Hol Hist e E57}

mﬁ&ﬂﬂ“%k—&ﬂﬂOWH% 5], ADASYNS 28 24 A8 8]
o 4% $5719% Aol 9ol s A9 Helges
2 2Rols wgol by kol AP 2 BRIl ATAAE Hor

el m Yol ARuE me 4
e LKA

golw 275k 242 87 29
vJﬂ%ﬁq.

ot ,\J} ] 4.2H oA AYst A
gaazz A A o] g2 A
9] Ao vpehd Fof

lﬂ Olﬂo
,L
\l
N

é
_Il)ll
1

rlo o
N ml
rlo >1
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_\xL
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2 ANBA dol8E Bgstel BAH Y
) Crope e 71418 A2 H s BT 58] 2] Fo] A
o|H= Aa]5}7] 9|5] SMOTES} ADASYN}H Z+-8- © v A8
A-gsto] R 452 i 7Hede HESHA . 24 23 4
2979 AEAR 2ALE e AFAATL 25 B o
(FE71%) dlSel FAE E QI §HH, XGBooste} ?iE LY AE= =2 AUC
2} F1 ScoreS 7]%6]—131 AA o 72 451 o =82 HYtt E35] SMOTE
2 ADASYN-S -85t 49 HHFA © 2 Recallo] FA E| 0] 7] o EHO]-
2] 5ol i ﬂ?&i XGBoosti= 71 QHg A o] 1 w5 3l A5
Bt W, 224 s LHAEY 7y AT Ae =2 Recall
= @571 = AL, Precisiono] M ESHA Wob A2 &-gofl= A7}
USATH
AEA 02, 7|FFE S0 = BT HolH A& A4ds] K5t
o, B3 i eS aubA o = sk & 9l XGBoostet 22 w4l # ] 714t
an] ARACRLE 2 &8 7}1—5—@% AU+s Zos poHEn. e o

hi o
AL 0 0 PN BLE BT & 5% 1ol 9] 2 el
A Q15 4110 S4S Teig ARWs A U Ry Ahe s QEEe
RE7] o2 Wete g Aok Weks AEH 2 Bast 9le Zolch
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TABLE A: LIST OF EXPLANATORY VARIABLES. This table presents the list of
explanatory variables used for bankruptcy prediction.
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