e AFARY LPE T VAN E dFEY 3@ AT
Bankruptcy Prediction Modeling Using Multiple Neural Networks Models

AR, AT

FxHer|ed HaxZdFdusd
e FHET FFET 207-43
E-mail: ksshin@kgsm kaist.ac.kr

21 -F 41 7 Wr(artificial neural networks)S o] &
2% A7 F9 st x38 A
=guse FEu5ne 29
=3 HoZN Ry, BF, dF
TYPsE EPL 7EIS R
A8 AFEL AFAAG 7|Ho]
of £AA 7AWl Ha) 2 AZHo] £4
g Aog Hasta Jon (oldF F, 1994;
Bamiv, Agarwal and Leach, 1997; Bell, 1997
Boritz and Kennedy, 1995; Chung and Tam, 1992;
Etheridge and Sriram, 1997; Fletcher and Goss,
1993: Jo et al. 1997, Odom and Sharda, 1990;
Salchenberger et al., 1992; Tam and Kiang, 1992;
Wilson and Sharda, 1994), ¥ X o, H@EH},
F7t, g8, #& 59 AFAE § A ¢
A G Eokol]l cfFEA HEH1 o)
PEd o gloid AFNFFL 73
u ARANLDY FARA AN A5
ZAE 43AA F 7 due FH g
ol AEHa do (AT AA A, 1998).
A R SRy L K 2 dA7|He
37 AR 2 wARYR
19 FARE F
< FE8Y, o] AL
o] &3t A ARG 7IHdEES EF

a4

oo
o 0 ok
o i ot o

o 4 nfu
N
2_{_1‘
£

rlo
S

N ot L fm et

(e
Lo g2

7ige Ang vnm, £4st=
7F ookt M ES B 239 58S §
AA1717] 1% WA ES AAET ) o4
dd dF2E oA A F(1995), oA
Azt 2HE2(1996), oldF 5(1996), AT
5(1997) o A7 Ut

ol A3} FAF(1995)2 BIAFARE <
grlgo] Mggozn AFAHARTS o] &g
=gol w3 10% = F7tE IFES Bol
3ok ol A AHET(1996)2 AFTA BB
239 FHAo QAHWMFE HA37] Hsto

FAALG R EFE AMESIL Tk ol F
(1996)8] A7 E AFANAGH iz @
¥4 (MDA: multiple discriminant analysis), ¥
33y sh&uhE (ID3), SOFM(self organizing
feature map) 59 71 # T YHES ¥
£ated, 4F8H2 N8 dF54HE
Bolx ot
AT F (1997)8] AFeA e o &
BEARga (MDA), ZAE (logit) 28, 21
o AFAAEY 2E S 3 =549 A%
A 22 11 8] F(Genetic  algorithms)ol] 2] 3
ol 7tFAE ol &t FFAN £ A 9

1o: ]
E]
2]
KX
=

e 2y o3 FZd 44L& FFsHd
e A8E =28 A a4 T %
HEo Hgo] vjg Fasivkn & & Qo

2 dFdAE 2y J&gd FRA5EY
& TFF387] 9std d¥uHaT S 2Hdte
e JAFAAY Y E FH1, o] =Y
o ADE aH¥oZ BTN T
A& Fidel 7T + Je PHES AA
ghe}.

2. AYAA

21 g2719 2 WrHA

B Ao Alg" dFdAEE 1995 3RE
1997 o] o]2717bx 3dze] WA RE7}
ARG duidol = A zgA 1,044 7L} B
Fo AAVIde®E ARG 1 A4 2y
TZo] AL BB Ve of 2,088 7 714
e, o] RE7|Y F THLo= 1,6707), A
F#4oz 418708 AHgstRh

B AToNE 1ARoz 7% o 97
Ao AFVFES vduBYY 2 DB}
AL 18 ¢ SORAERE FFAT g
3 EFRARAE AA BT 22 IAY
WEZ e HAstn)

- 145 -



W4Fgl: MDA (multiple  discriminanct
analysis) stepwise selection & o] &% W4 F

WUSE2 FBEA, 9dEs 9 A9
=X A H (stepwise selection method) %
ARN At AE dAe WP W

Gl
=2
(]

WEFE3: HHx gz ZE(Genetic  algo-
rithms) g o] §-5te] HAY WHT

WEPE AY W5ge <E 1> dehd

011;].,
<g 1> 23 FH0 A4E WFT
AFE R
A7 AHE
A2

EqEIdE
FrEd Fape &
A7) AL vl &

A 2k A &
E4AA S

S e e B

E
b
=

e
ARSI &
FALSIHE

FrE o) g Ak &
BR8] &
ELAAF
AFeid e

a9

e
&
=Y

N

ol &
S RF7HE

Fgul 80 EAu &
N P ERT I Y

, | RN g
FHUERREFAR

oA hE

|9AF2eE @258 o

gl

2IAAF

I i e

g2
i
A

o

al

22 w8y 73

B dFoME oA AT 3749 e
zoz 3709 By FEHEAT & A7l
A Agd EAZERL oF SNAEE
(multi-layer perceptron)s} A s} Tt (back-
propagation) gmelFos YHMFY FHY
%, 781 shte] &Y Z(hidden laye) g 7}

3 = ¥ 4] E 2(three layer perceptron)g- A}-&
Aok Agol ALgE 2929 xS(node)s
YPWs% F 58 AHgSHATH

2 A7dA A8 299 2332 1)
o xeg FAH 2x (0) o A4 (1) &
Gehiel, mael 2Age [01] W9jol &3
gt 2y FEL AIFNZYRY ML=
o1 Neuroshell2 Version 3.0 & A} 2319 o}

flr o rfr

23 sgdy e

QeAvsE old my9
Feeol Usttt FADE Rolg w3
vojol @k, 2 AFANE FUT 7]
et mazio] Aold EHWS Bol
g0l gloln HF dERe =FSE ¥
Heg AN

2 Q7oA Al mgol H8e Azt 4
g d=AAs Yot A9Es 39 2
g9 235 sl@atedl 1 ol gl AH8E
2% sEase @ 0 5 1o e 2
3e ot mye dEge AF dASRS
2 Agaid ot thgs 2ol EdY 4
. ~

@ (22 Jo 4
R

oF

OH: = Max|0.5 - Oj (1)
(i=1,...n, j=1,...m)

A7 o0, € ¥ ZIdme RRE(G =
gatoln, OH, © &3 &(0)3 0.5 %9 o]
7} vg & By diEgtolth A& £9 of
"W 7ld A B A e 2P Hed 2
28 19dAE 0559 @oe2 ‘A eE B
29 A 0619 HOoF AALE EY
3 AE 0099 oz ‘BxE BEEIUC
3 sk Yo Zol Al Jl By dFghol
Aold AL 0 T2 19A 7ke AFApS
Role BY 39 dEge HF dF5ge=
B2oe ot o 22 YHES AXEE
AL oz 7)149 dEgol 0 T 19 77t
%, T2 0594 BolRASE T =Y
o8 H& AGUA EFEHD Aok B
A7) wEolh B 2709 2ol BAHL
R et 2HEkol 0.55 9 061

2% 29z o3 144 Fg e
2749 Bgo] g ZIdel dis] &4

L
HAA R Qe Aer B F o=

N

Sl e 2 fo 4y 2
uz
lo

~ 146 —



3. 492834 % £4

3.1 934G 28] REXE HFE

U <3y 1> AFANAEAYe] g B
¥ HAFESL BHAEY FEUG AL 05
o2 3l R AAE /T H
o el o 19 e ALY
¥ ¥k 05 ¥29 JIYE
€4 BYge Holg, &
Fxo EA4%7
ZsHA 7HAA

b Mo
ofh N

o

=

S =g

o * o
=2

"3
iy o
X
ofN

o

o o]& ogd Aol o
A8 ABANE FLaA T
ColE o= JIdEe E¥ HE&
kol 0 T2 19 JAEFH
e Vst g9 AMES

> 32 i

B‘JHE
S o
R
o

p

32 10 gk ob 2 2

tlo ki

Mo & 3o

£

e

oY Mooh Y oY JE rlo Jx o
=2

ol

£
£ I

@ dole

500-0 7
GL0-10 +

HELZ dlolg}

© 090 9 00 000
= N W s O N D WO
L T S N I A N |
©O 0 0 © 00 60 0 o
- N W s O N D WO
> B8 & 83388
b7-1__7‘.9_1].
= o)

Mo K

<28 1> AP 8% 2xE 4T E
32 2339 4523 vlu

o <¥E2>E 3709 EZE& S HE
A7t dopg GAseA, B Fol@dAE
RoFEd dguswe e 34 AF
AR 2y AL 186 %7t I 71l
it & dEe Wz Ao o= HF

€ AdAXE FLGHA e A,

<¥ 2> B¥e] dFH v
(a) TEE AR (cut-off: 0.5)

FEYE1 ([ E2Y2 | R¥3 | vx %
v | Bz | Bx 708 241 o,
A | AA | A 652 39.0 '
re | 2x | A 38 23
Ho b R 2 56 34
2 2 A} 2] A} 45 2.7 186
AR | R | Bg 71 43 :
2 A} Ho A A; 83 5.0
Z) A} Ak 2 17 1.0

7l 1,670 | 100.0 | 100.0

) A58 A8 (cut-off: 0.5)

2y [ 2Y2 | EY3 | ¥ %
He | Rz | Bx 167 40.0 814
AR | AA | FA 173 414 :
ie | BRe [ A4 12 2.9
Er [ HY | Bz 12 29
He T AHA | AA 11 2.6 186
A4 | »x | Bx 16 3.8 :
A4 | 2= | A | - 21 5.0
A | A% | *= 6 1.4

Al 418 | 100.071 100.0

33 AFE

<¥ 3> 2 Aol ¢5AaF
29 2L }
o714 FEIT AL ZEb Ao|g
AFZHAANE Heols 7IdTy HFEo W
gdo= Aold, Agdxn Jold dF5ARE
Bole= 7|79 As FE&, #AFE s
3] 50% U9 ¥ AFEL HAFT ¢
N FA3 ARE Hole JdTe AFE
2 80% E Rolx At}

<E 3> 2FE HFE
(a) Bolg AAE Kol 7IYTY HAFE

FHR(%) AEB(%)
231 53.9 51.3
232 49.7 53.8
233 50.3 52.6
=353 57.1 61.5

(b) LT AFE Hol= IATY HFE
2

FA8L(%) ZF8(%)
731
EEP)
Eg 3 82.0 79.1
82y

— 147 -




(c) BAZIYS HFE

FAE(%) A% 8(%)
2y 76.8 73.9
232 75.9 74.4
2733 76.1 74.2
FHEY 77.4 75.8

e Are THREYPY HFEo dUd=R
ol vla] 7.7% ANA 102% BE AEdis
AL BAFT Q) olE Bl AlgA =
ARE HoFE B9 dSge ggozH
dojxl Aoz BHAY, 1 A AAIPY
HFEE 739 -74.4% FTAAM 7158%= F
Al713 Y.

4. A8

AFEYY] FF5L FFHoZE YRy
e ABVAAE 1, EHdt= HHol 7]
dol Zitell ol27] 7AAE B ¥AE] v
T ggstA Fgeo o3 HAse
2o 2T ugddte AL JMEIAE uiE
A E Grh 2y FHo] oM vF @
< JEHTE AT A E A3IAY 2
9] 4 #H(convergence) ¥ ¢ 4uF3}(generalization)
250 RegS Fu Algrst AFRFERL
At AgdAe 9538 EA (mult-
collinearity) & 2% HEL I WEg.

2 d7e 9Y 2¥g9 dAAHE o =Y
o] ¢ Bt &3 A7z A=
AAEL 2Y 28Ut 5EF @AY
ZAIEE I EFo] TG At | el it
duirtFe] gilE A e B ARER B
At A ME RFEE0 MR & 9454
HE BHY FF o AR 93 Ho}p A&
AR dvta Bols Ry Adg L3
Aok FLT 71dal i T SAE
ol & YHATES HEFLEHN Y
Ade OE 4z ANzZeg BE b uFg
Aoz ®alth

2 d7e ¥y ARl tga AoFHoe
2 ol A, F4E A dit FAFH
AF5E AASA ¥ F 5 2 dAFE
A o ole FHHYA AFE B E
&3 o Fol}.

FaEd

olA%, AYF, 1y (1994), Iz ad 5 g A%
F#A4 AFAAT A2y MDA, A
Wy, AINAY 2y e) AFoula”

A of srod 7, 23(2), pp.109-144.

oj A4}, 2H8-2(1996), “AFAAF gAY
Genetic Algorithm & o] 23} &M MR, 3
FH G FAGens] FHE=FF pp. 27-
30.

ol A4, FAF (1995), “VFVNALE ol F&
71QEdFe lojAe] HAFHR F8&A
AF” §FHEA 2, 1(1), pp. 123-134.

AT, AAA (1998), “ATH F2719 V897
2y NSy #3798 £A4F=05 YEE
&%, pp.307-310.

Q7 2EF, 41732 (1997), "The hybrid systems
for credit rating," ¢ 3% ¥ 7 8}.3/ %/, 22 (3), pp.163-
173.

Barniv, R., Agarwal, A. and Leach, R. (1997), "Predicting
the outcome following bankruptcy filing: A three-state
classification using neural networks," Intelligent
Systems in Accounting, Finance and Management, 6,
pp.177-194.

Bell, T. (1997), "Neural nets or the logit model? A
comparison of each model's ability to predict
commercial bank failures," Intelligent Systems in
Accounting, Finance and Management, 6, pp.249-264.

Boritz, J. and Kennedy, D. (1995), “Effectiveness of
neural networks types for prediction of business
failure,” Expert Systems with. Applications, 9, pp.503-
512.

Chung, H. and Tam, K. (1992), "A comparative analysis
of inductive learning algorithm,” Intelligent Systems in
Accounting, Finance and Management, 2, pp.3-18.

Etheridge, H. and Sriram, R. (1997), "A comparison of the
relative costs of financial distress models: Artificial
neural networks, logit and multivariate discriminant
analysis," Intelligent Systems in Accounting, Finance
and Management, 6, pp.235-248.

Fletcher, D. and Goss, E. (1993), "Forecasting with neural
networks: An application using bankruptcy data,”
Information and Management, 24(3), pp.159-167.

Jo, H, Han, 1. And Lee, H. (1997), "Bankruptcy
prediction using case-based reasoning, neural networks,
and discriminant analysis, Expert Systems With
Applications, 13 (2), pp.97-108.

Kun Chang Lee, Ingoo Han, Youngsig Kwon (1996),
“Hybrid neural network models for bankruptcy
predictions,” Decision Support Systems, (18)1, pp. 63-
72

Odom, M. and Sharda, R. (1990), "A neural networks
model for bankruptcy prediction," Proceedings of the
IEEE International Conference on Neural Network,
Vol.2, pp.163-168.

Salchenberger, L., Cinar, E. and Lash, N. (1992), "Neural
networks: A new tool for predicting thrift failures,”
Decision Sciences, 23, pp.899-916.

Tam, K. and Kiang, M. (1992), "Managerial applications
of neural networks: the case of bank failure
predictions," Management Science, 38(7), pp.926-947.

Wilson, R. and Sharda, R. (1994), "Bankruptcy prediction
using neural networks," Decision Support Systems,
11(5), pp.545-557.

- 148 -



