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Using GA based Input Selection Method for Artificial Neural Network Modeling:
Application to Bankruptcy Prediction

Abstract 5 o1FA] 5 (Artificial mtelhgence) 7|¥o] Rz
A F Olmﬂ o8 AAEolan, W <A
Recently, numerous studies have demonstrated = 0] Co & o] 9loja] oAl

that artificial intelligence such as neural networks can
be an alternative methodology for classification
problems to which traditional statistical methods have

5
7]5}}9} i’r-*)%'A K aLsksL Q)vtHe, 13, 15, 16,
18,23, 24,28, 35, 40, 41, 42].

long been applied. In building neural network model, dubrlom QgAY e S8
the selection of independent and dependent variables e R 7)ge] AFAHR L on
should be approached with great care and should be AFARE Y m‘}x: L/l R Rg
treated as a model construction process. Irrespective =d 1&—?& /‘4 Aol ohG5L 5ol oy
of the efficiency of a learning procedure in terms of B} 33 9ol aeoa duEw o
convergence, generalization and stability, the ultimate E: % 51_—,5;3 o] el 7vhar AsS vx
performance of the estimator will depend on the W ele W Ay A ;;,?9; O"?; o
relevance of the selected input variables and the :’7} . X}‘é] ol 7]]LEIIJ[39] 3;1\40;]
quality of the data used. Approaches developed in . - s - -
statistical methods such as correlation analysis and Aol ey s Eals vl
stepwise selection method are often very useful. el oA F s) L}O]E} "]*’]73 WS ol &
These methods, however, may not be the optimal gt Ryo&wy fLxo ws s)E AjE
ones for the development of neural network models. o Mo FR MEILe] o AL Wil E ), A

In this paper, we propose a genetic algorithms 3 LS B wEdA L} EAA 7S
approach to find an optimal or near optimal input 3 8.5} 0] CS@@?% XA B 7)10] Q) uk2)
variables for neural network modeling. The proposed o1 TH2 1417, '2] 2233 56]
approach is demonstrated by applications to o 4,9, IO -
bankruptcy prediction modeling. Our experimental + oA ]H Aeddgel A4 A4
results show that this approach increases overall M-S AAskrl et fda daglE
classification accuracy rate significantly. = 85k ”“ﬁ%% A Al EEaL, 7]Ee] W

R g MA g SR Xl AelnsE =

LA e stol 1 f8 A4S AFel ot

Zgiel md el dig d7E 1930dd 2 4HWE Aol By FAAT
Fitzpatrick 0] 01? o] % @A st A 7} gt
5 ApslolAs wop F shtzM, B 604 Evee] dye mRe Mg ¢l
& pEdso]l EgE o AT AdATh oS Asml AA AFE AAE il
A&H oz olFolHuill]. FLdFHRYe 3]
THE 2 G FEvIve] AEHIA Y % 19660 Beaver 2| 15" ofF 7% A7E
o AN oA AR UA AN PEE ) o= F2 7Ie AFAEE Ei HA
08 7)uro] Ak we Ma AFSoan  EEE F AT AEH AN o,
71910 Bal=L 9ae AEAMO R vjwa) Zbesh W2 WTFE Bt & 5A4 o)y
I 5 A (Multivariate  discriminant  analysis)©] v} o oa] WEE FA46) vlrhie e alg
72 él‘j’—“.(Loglt analysis)®} & SA 7ol @ ahar et
o] Ab@-EQltl  Zrejib 1980 vt «-rnw B <l A8l ool W@ Fu &[S, 10, 26
F 21 74 7 (Artificial neural network), Hd# & 27}, TAAEA R, 8, 19,37, 38], BH¢
¥ (Inductive learning), AFell7] 952 (Case based 829,31, 34], 2l 29 2HE3} of 322, 7%1
reasoning), A %12 & (Genetic algorithms) A=A W28, 32], AHFRlEo] ®AHI2, 20],
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<E 1> A9ATAN AEE SYAF Ao

Hea Hey dy
TAG B ’E}g (Total Asset Growth)
A TFAG |3 1A 2457 (Tangible Fixed Asset Growth)
°(§) ° | OEG ZF7) 2R A 2 (Owner’s Equity Growth)
NSG ] & N5 71E (Net Sales Growth)
NIG ol A Y& (Net Income Growth)
OITA Z 21274 4o] 2} & (Ordinary Income to Total Asset)
NITA Z2}AFo] 21 & (Net Income to Total Asset)
OIWC ARG F el (Operating Income to Working Capital)
OPITA F21E-9g o] el (Operating Income to Total Asset)
NIOE 2} 7] A E-4=0] 2] & (Net Income to Owner’s Equity)
so1ay OIS 7 Aol ol m) & (Ordinary Income to Sales)
r(l;) NIS ul] & M g=0] 2] (Net Income to Sales)
OPIS u] & NG Qo)) & (Operating Income to Sales)
TSI H Z N Zole] & (Total Sales Income)
FES B H] Q-EH v} %9 (Financial Expenses to Sales)
FEOI Sl &g ¢ ol2 (Financial Expense to Operating Income)
TIE 0] 2B A& (Times Interest Earned)
NID o]l ju3F (Net Income to Dividend)
OETA Z}7] A 8] & (Owner’s Equity to Total Asset)
CACL ~rr % H| & (Current Asset to Current Liability)
QACL Z338) & (Quick Asset to Current Liability)
FAOE A8 & (Fixed Asset to Owner’s Equity)
FAOELTL 1A A7 A S (Fixed Asset to Owner’s Equity and Long Term Liability)
LY CLFLOE B an]-& (Current Liability and fixed Liability to Owner’s Equity)
(1) FLOE A B 2088 (Fixed Liability to Owner’s Equity)
TBBPTA (FEAYF+4 A F A2 (Total Borrowings and Bonds Payable to Total
Asset)
FANWC 31 R AAF) &= 8- AHE (Fixed Asset to Net Working Capital)
NWCTA 2 M A 8§ (Net Working Capital to Total Asset)
AETA H0]9 & (Accumulated Earning to Total Asset)
CFTL HAFEEZH ) (Cash Flow to Total Liability)
CFS HF 5 Eho)= N (Cash Flow to Sales)
== dFs 2 (FAYUE+433A) (Cash Flow to Total Borrowings and Bonds
(5) CFTBBP Payable)
CFTA PHF T ENEFAE (Cash Flow to Total Asset)
CFCL HFZ EU 554 (Cash Flow to Current Liability)
TAT Z 2443l & (Total Asset Turnover)
o A NWCT LA a4 A& (Net Working Capital Turnover)
E(‘S’) © FAT 1A A44ks} & (Fixed Asset Turnover)
IT A} 31 2H4E8) A & (Inventory Turnover)
RT o) % 2 1 3] A& (Receivable Turnover)
e S uf] & (Sales)
(2) TA Z2}4E (Total Asset)
CATA &= 24k & 2 (Current Asset to Total Asset)
NIDTL (o9 +2 7132t &5 Al (Net Income and Depreciation to Total Liability)
7 E} QATA o}z 2} ARl 2 AR (Quick Asset to Total Asset)
(6) CLTA 8= H A t)FA2F (Current Liability to Total Asset)
STBLTDMS )2 Mo (v+7] 2F Y+ 7139 Short-Term Borrowing and Long-Term Debt

to Monthly Sales
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B @golMe oF 907 A= AFEs (A2).
F 4w wdugan 9 dv) Ave 4 FAY Pyozs AA 3741 Yyoz
Alste] 43 7ie] WEE aedidEss A Hras MASAT  ttestoll 23 gUdw
qeton, | Agos MAE Wk <ma  FEAGD, ZARACHT chug wEe
o} #rh (€2l ozt HAEA WFHAHIE  (Stepwise
MWMnmammp»ﬂ%&ﬂ e A3
22 AFEY 7& Qal, ek chrAWMER oA MR wEs
22.1 {79 AR 2 ZFAoz Haz WA 7)Y xas)
N ATBolAE Tlgde] ¥EAES 5 = MR og WENAE AAlsheir)
@ wao] Qevs MWS T2 FAM $4 (DI, D2 D3, Do) FAYIEE Be A
Mol oA AY HEA AEA Bg v AAln SPSS80E LS
dsti gk B ATolA: olsh 2E Ad Ao g H4s e a4
W B Aol A AAEhE A 2ag dire]FE o] &38to] A g k(Fitness value)7}
S8 B0 AT HY PHOR AN W PR FA0D e wedow g
Fus MAsET 75 AASAHED. fFHA dae 1*"— 2
A, HES Bo AEbEol Fastn  fo e MY W meTse 9e) A
Akl BMLEg WMETS MASFEY. mek £33 LT EQo] = Neural Ware AF2] Predict™
S AP AR AR magg ot URMLS 4y A 4 wEd 4
NG Ao HEEAL #RA8EI) A7 elahY <k 529} g
F7F A&7 AEALE vt AdE Fa
A g F Fax 49 107 WeEs o 2-22 AENBT =Y +%
el WaEEE AASULALD, B ATolA w ATolME <E 5>l A AAE PHE
AHE- ?»JE—%L—?‘:::—&I gz Mg Festyg & Fotod A gEMeTos AFdd
D ARE MFERE WrEe dAaslY ¥ Rg FHach
<E 4120w ARE wmE g aE
A3 | g X Wy Mg
TR x1 jl & ) x23 | f5H &
(2) 2 A7 A x24 | frE iAo SR
gidlae x3 FALFAAE x25 | fE A F A S
(2) x4 B A& x26 | z}7)=}R ] &
4 x5 | MEAE 8 27 | A FoEL
3 O 7 28| FAdFH Az
X7 %1}437}% FA M| x29 | FHuLRIs FR
x8 GH &} & Ul & x30 | v A3 H &
x9 Wga AA - ] x31 SeAREY fE A
x10 o) Z ol =0] o) & %}(g%)/‘é <32 SAANZY A
x11 LR x33 A3z iks]) A&
oy X2 | EANVIIHE X34 | FAR &
oy X3 [ e aisd dEang 5 [ aaeE o a AaEE
x14 ﬂﬂ””ﬂﬁ x36 | YUEFFCF ] F-A %A
<15 A7) AF M o] o) & x37 A EF Crdl #4918
& = o} /L0 2~ 0) e
x16 | 2R Aol & . <38 Eﬁgﬁdl%nvr D B
17 | FAE ol A x39 | o] AHAFF CF tf K5
x18 | A A7 At g0 A ) x40 | oJAAFF CFaHH &
Z
o2 43 x19 | 7)) FAYF x41 ;]]TZ}”*‘JH CF oh Al
(1D x20 | SEH & x42 | 9| R Gz CF W g4l
x21 ke N E RS x43 | S| R A xEF CF o) F8n
X22 | SEHAEN &
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<3 5> QEUE AR
Growp | Az e WENA 7z
A s AE Al A&7 M Fax F9 1074 ¥
A2, AR AR AEE FAE 19 BT
o Ao 9
B LY BELN [o] o /k_zr_ A} O 7 Eﬁ/k
A3 (t-test) BL #4410 85
C B WA Cl 2AEN o3 AR Wy
o] oj3 MA C2. thuig W EAM o AAH Wy
Suao] o3 DI. Q‘Q?% t-test A7 p-value 1% B]REQl Wgto] 2 AR S A &8 A
a7 agwey 0T
Aol A9 D2, @AW ttest A7 povalue 1% ©TIEHQ BpTo] thFE HEEM S F
D o :;§g§ L3 AL HF
;;f;ff;ﬁ D3. A#ALZe] Hujgto] 0.2 o)A WMo 2AEAME A& AR W
;f;gT“° D4. ATBA S Auigto] 0.2 o] WMol iy EEAE HRs AR
= H 8y
AL Fol ~
E eyt El. 3¢=19 95T
% 528 7] HolHE AdFAAFe] F&5& AT 6> FHZX)E JaElwiero o F3HHE AT
AL A7 @24, S5 TEE AT FHAH AR 2¥®e Agsiact. ARz AsA
o] Z 7 (Stopping condition)—% Z7] 93 HAE < Eo|7] Yste d2]XMAH(Random selection)
4 g 270, 5L Bd FEE Ede S 25 AFE AFE EElstd s AF
23e A A58 A D2 trel 4 & A4S, ool T Aske goksd <
g s o W FAEL, HEESR, 3 E 7> gk <ad¥ oA E <H 7> A9
=g golg F& 1% 27t REgiAlel up g 993l mxsigons Fdg dHolg
= A7 B2 FAHU ¢} AF4 dolgo digd AFES Bl
B A A ALEF QFAAY EYe ot =3
% 9 4] E&(Multi- layer perceptron) I GHz
8} % (Back-propagation) ¢ 1glFoz YEASF <H 6> UERWTT MAAAR
3 %2—317:“0, 1‘/] 5}.1,}‘,] \4741#_ ].z] Al x1, x2, x8, x10, x11, x13, x26, x27, x30, x33
= 3= 5 t] £ (Three layer perceptron)a AL A2 | x1, x4, x5, x8, x27, x29, x33, x36
oo, oyzo _‘T_‘:(Node) = olgwao] Bl | x2, x13, x16, x17, x20, x22, x24, x25, x26, x27
o~ E;\E o3 B o A ALas Cl | x1,x3,x5,x7, x11, x13, x22, x24, x25, x29, x31
Fol B4E ARSI B AToA AL
halo] ZalZxo e e u C2 | x1, x3, x5, x6, x7, x11, x13, x24, x25, x29, x31
—1—0"] E—IOL17H*/] i-—?oﬂoi TE
o 7 o L}—E]—LHU:] Tse Zegte D1 | x3, x6, x11, x13, x17, x22, x24, x25, x29, x31
(0) OL};(S‘)EZ 4 LA FEUS D2 | x1.x3. x6.x11. x13, x17. x24, x25, x29, x31, x32
(0,1} o Wl EAct D3 | x1, x3, x13, x20, x24, x26, x29, x31
- oA D4 | x1,x3, x13, x24, x26, x31
3. 4925 2 24 ET | 3. x8. x13, x24. 25, 26, x29, x31, X35, x36
31 WEAE 2% <E7> AFAAY 29U AFE
<E 5> WSl o8| A" dHWr (cut-oft:0.5)
29 Aesha <E 67 2ok Al olsw Sug | 9iEd | Bze
7t mewe AA® AeETe Wi e Al 77.88% 76.92% 7231%
ANAH W55 Z2{H7}) ekzlel zlolE Holil A2 76.56% 74.23% 71.54%
QA wk A GAbs A S woli glow v Bl 80.80% 80.77% 79.23%
- _ 0, 0, 0,
Folx), FALTAREC), EFES i 82.69% 81.92%
ZO—HHIE(XI:;), ‘IT ZH‘:H ——-—X]-i(x24) ‘_‘_;ﬂ = 84.200A) 83.080/0 81.54?
JEg oEaeane BEY Fo Qdwrz 82.55% 81.92% 82.69%
A }?104 D2 83.96% 85.00% 83.08%
=IO T D3 82.59% 83.08% 81.54%
N - D4 81.89% 81.92% 81.92%
o] 3L A v
1ZANAY 28 7% A% El 85.85% 85.77% 86.54%
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<¥ 8> McNemar HAE A}

(Fe%F)

A2 Bl Cl C2 D1 D2 D3 D4 Eil
Al 0.9062 0.0046 | 0.0006 | 0.0009°" | 0.0001" | 0.0001°" | 0.0003"" | 0.0002"" | 0.0000™"
A2 - 0.0158" | 0.0007 | 0.0008™" | 0.0004™ [ 0.0001" [ 0.0010"" | 0.0005" | 0.0000™"
Bl - - 0.2295 0.3268 0.0636 0.0525° 0.2632 0.2100 0.0031°"
Cl - - - 1.0000 0.8145 0.5488 1.0000 1.0000 0.0518"
C2 - - - - 0.6476 0.3438 1.0000 1.0000 0.03677
D1 - - - - - 1.0000 0.6291 0.8238 0.1003
D2 - - - - - - 0.2891 0.5811 0.1237
D3 - - - - - - - 1.0000 0.0259°
D4 - - - - - - - 0.0376™
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