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28 IolA CART-assisted Neural Network, GA-assisted Neural Networks 7}t

7} CARTSF GAel o8 Adeid WS dEsz e AU EdenA, &
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2 AgHo] wig] AUt 58S & 4 AJT.(Kun Chang Lee, Ingoo Han
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A 2 58 (Optimum Error Rate:OER), 2 Al 2F&(Actual Error Rate:AER), 2
H7] 25 &(APparent Error Rate:APER)% ©| $)
OER=p, [ F1(x)dx +ps [ F( x)dx 2-4)
AER:plf%fl( x)dx +p2f7?1f2( x)dx (2-5)
APER=-"uH 2 (2-6)
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222 2X2Y IJAATY F4F HAA

BA2E ARG EFd IAASFE FAHEY] HEA Hus=
(maximum likelihood)¥H & o] &3t} FH$=wHolat  $=3<(likelihood
function)& HHE st pts FAste 2AS dsted AdusE AAZ §-

Eg4e e 2

LB = Wm[LpP] = 2V, nP(X)+(1—Y,)In(1-P,(X))} (2-12)

fEke A (2-12)& WEF RN 7 ¢ e, A2 IARFAA = 7
3k WA 2ol pgo] #ake] 22k WA A o] ¥ 7] wlio| generalized weighted least
square methodl'} iterative weighted least square method®} Z-2 WHE-W (iterative

method) 2.2 AlAtsoftt eSS 48 4 At (Hosmer and Lemeshow, 1989).
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W oR Ho] dojxy o By gtd Qe 54 WUt
FAALR gu7t A=A E Ao He, o)W AFEstE WHoRE $EH A
A (likelihood ratio test), Wald test, Score tests©] Ut} ©] E]

=
K3
= Aow I e F=H AAel ol AHgHEH Tl v 2

B=B=  =B=0
H : B#B;, (i#7, j7=1,2,3,, k)

AF7HdCHy) Btol A A S A "(test statistics) A GE

AG = —2In (2-13)

KB with the variable ] ~ 7
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oFo] A=dH, =8 @AAR-13)olzk A A A= HFEE E95HA
waee wde $E (QF MuFosA 54 wesl Zsusol
w8 gokshs Paolgn @ 4 qo
2.3 YAZE A Y F (Decision Tree)
Qugel s 4
2 Fase
A B
9

(decision rule)& Z=X3}slo] &

2.31 JAEA YT AL

i (classification)3F A 1 o Z(prediction)
1A
=1 7,
FA 3L 2h

k)

ARG UYF-= o)A A A1 2]
s 32 Y afder &
EA oIt A AAUYTFEA Y] A B AR g xd
&, BF e oSS ZHog & g2 WHEWRAY, @
s|AEAD e v FARAEES FGA olaista AEE & dves FHS 7
=t
QALAA Y EA o] F&A E8E F de SEEFEE (D AdH:4A H
HEAE (2) naAgayel sof (3) W e W i d&d WG o]iks)t
4) Azt 6) £7F 6) d55 & 7 de=d, ()~ B) dHeolHrto|d o @A F
G EstE 3 (4)~(6) ‘BPsPo xstEva 3 4 quh o]y gt S A
oo JArAAG U= Rl ES] S EA 4] (direct mailing), A E ] A1EA
3} (credit scoring), ¢ 84T (medical research), A1 (market analysis), &2
#¢ (quality control) 5 THE3F EofoA] o] &= 4= Qv AT
SAMAAG U] FHE dlAlo] g A EA oY RHEEA T e B4
Ho = A E7Hsd 13 & H(interaction) S A Fotdd 4 9lon A
(normality)el vt A& A (linearity) =& S#AFA (equal variance) 59 7}
g HEFA o k= Flolth of& ] o] A (outlier)ol
A= ARela Aol & 4 St
- 11 -_

8= A
grhe A 3 gArA G U7 7HA



b o] W2 A (linear) £ F &I (main effect) R oA 9} e A=

AS F gvteE A BAE A= (training data)ol ¥k &8 7] Wi M 2¢ A}
729 dFoA = B (unstable)d 7FsAdo] v AR, oA A58 AR

(test data)ell ¢ 3t W x}E}F A (cross validation) 7} 7HA X171 & E8lo] 2=

F oo PR A%d Ws4E wasHe gow AFey] WEd wel 37
A 2wl AE dZefist 2 sbsgel QA M, 0w vHe TR

T

!
sto] FH 2ol 242 2y (Logit) s AMAAUF9 Aftsts &8 UF-24 &
& (Hybrid Tree-Logit Model)©] 915 12 91T (Steinberg, 1999).

AAAAUEE PAsE dugFoezE CHAID(Kass, 1910), CART
(Breiman et al, 1914), C4.5(Quinlan, 1993), QUEST %eo| &d #71E
(Splitting Criterion), A1 & (Stoping rule), 7}# 2] 7] (Pruning) 5& o9 A A A
shiovpol whepA M= oE AMAA YT A A A

2.3.2 8 7]&3 A X5+ 3 (Splitting Criterion and Stoping rule)
Be7l#e dhte] RrRugzyy AAvigse] A€ o, ¥ SE(input

variable)®] €3 W F(category)®] Wiol olFo & VEg o =, o

| QNS E olgdtel oA Felss Aol BEMFY REE Y I T

8 FEAE setstel ANril YYH LU, BRAS B2E THdE 4%
g EFEQuity) EE FEE(mpurin)ol 9dA sk elth o] o 4
@ BEuse 54 wFel AMSe T¥He Jt AT ovsed, A%
purte] g5Ee] A AUt RS £5E FARES A4voE P4

olu) AHgEE B

=
m

ol Ao+ FlolAlH EA = (Chi-Square statistic), 1Y A 4(Gini index),

239 A4 (Entropy index) %o At&X1, A&HFEA Hfoe= F-EAH
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(F-statistics), #4F2] FFA#F(reduction of variance)% ©] AH-8-¥ T},

AATEH Ol o ol Eel7h doluA &¥a dAA e vyt vt HEE
s T AEe ovlstal pH A7 FEetrel] Bl i (Es win)o] Hol
A v s AASE e

(prediction error)7} wWl-§- AZ 7FsAdS F0]7] HaA AFgE T

lo

m3led, ol MZE A5 HET u o=

2.4 Al 7 % (Neural Network)

241 AN7A3Fe M

A7 %W (Neural Network)el&h, 217F T o] AAWS FHHo] AA =2le] 7}

i

A eelE R E Y] MR Sk B AR HelHd Fol g Aug ol
3

Y mde 7y oz A 19433 McCulloch®t Pitsoll 98] Hxe AAW =
Aet® F, 1980 d ol Hopfieldoll & Z}33-& wkr] A2t

(29 2-1] 213 Al £ (Neuron)

\ HIZH (Cell body)

/ = M (Axon)
+=2&=D| (Dendrite
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242 NAG fLx

o= ed= EH=
3
21 = wt ;w,xi
;i = -
1+exp(—(up + 2] wax)
20 = wytwh
_ 1 . o
o = l+exp(— 3 Output( = Pr edicted value)

AR Al AN F ZF d¥E(nput layer), <493 (hidden layer), &
(output layer)o. 2 FA=o] Qi 7t F& o] /o] ==ER2 o]Fox U=t
%]

(Multi Layer Perceptron:MLP)o]gtx 3t} Wk o

o

A @3 A4 %(Single Layer Perceptron:SLP)o]gtal &}
g, o] A9 dwAd A¥s| ARG A Hrt
A7} = (weight)oll 23] AZH o] =, 4=l

U+ Aoz EA A E4(Parameter)o] a 33t} Al 7o
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o HA o AZAZ = (weight) & T8t Zoldt & 4 Utk

2y Zy 8F2 ZE34(Combination Function)9} &A1 §4=(Activation

233 (combination function) = 94¥F E=

dete FEE dvlste Ao® ¥ (Linean) 37t AHS-H
. 2 g (Activation Function) f£3 £+ 98 £ 24vite 2

she gRA, AANRFA Gele =y 7 2oln BFEIA FFole A

O

o]= (sigmoid) 57t AFgET A 1E o] =(sigmoid)

i

(Logistic) $h=eF ARSI &=k 09 1AFol9 #hs ZHA

(Binary) €& ¥4 45 058 7|22 +/FE5 stA €k

[19 2-3] A2X o] =(sigmoid) &4

e
i

_

|

2.4.3 8t<5(Learning)

2.4.3.1 ¥ A3 (Back-Propagation) &8 &

8t&(Learning)ol & ==(7d) E3F] AZ}E=(Weight)E 22 A &2 g4
E FHAgsts Aolgta ¢ = vk s wEl ket g G Fol

%
EAQsl=, B =R s 7 @Wol AbgE = wH el o A v (Back-Propagation)

R
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& sEals w3 (clustering), 8] (segmentation)s ol 83k

Adaptive Resonance Theory:ART, Self-Organized Map:SOM %] & 3= t}.

2.4.4 A7 $gRo}

AFFe 7 oFold A% wEel R Ay FoplM $8H: k. B3,

ool E o m FAw  Fh(Medical Diagnostic Aides), A3}st E
(Biochemical Analysis), 2l& 94 #24(Medical Image Analysis), o] eF% 7|

(Drug Development) ol Al &s] A8 a1t}

ol
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2.5 AR 43138 F(Genetic Algorithm:GA)

19759 J. Holland®] =% "Adaptation in Natural and Artificial Systems” ©I
A A aE A dad s A e S e A9l F A6
&4 719 (global optimal solution search technique)2.®A4, X137t AFE45 F
ozl S o A7e FHaARERe] Holl A H+= AR} AE(survival of fittest)
ool wgs

A dagEe we e B ol EaAeola 2 AES)
i dsHAa, 53 B2 Akl vl 2 34 (objective function)E 7HA=
UFE 4= (multi-parameter) 2 2} s Al 4 gHsktH(Colin, 1992).

Gl HA e} npTA R FA dag s ek ge, Hl=ys AL
It T B2 woklA S&H = VI vE U el vl A da

o] 7Hd FHe et oo
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e
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=
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2
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E
=
ojf
lo
Ho
)
2
BN
}I_J
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oA N Y
I} vluste] Ko £2 & T35 4o}
A1 73 % (Neural Network), 53] <7 3(Back-Propagation:BP) &1]% GolA

ook g VRS "aw dh aeu f04 dudIdAs a4 A4

=g 2T ded Hyl wio] daglge] desta, BHrF 5 =dE

_(’)_
ol wAY FANA HH A R AFsio

O

Local optimizations a2 5= o] 9= Global optimization©] T},



251 F3A ¢ungFe A4HA

A dagse FaA ste A g vhed dES A FEH A
ETEE B3 g oS AAHoR WPFoEN HA ¢ L2 eSS A
AatAl H=dl, Z2H2be] Jhsek sl S| A (individua) 2 B o] 59 F3Hs
WA (population) ] 2} &He}. AT FolA Ao 3 &S =(fitness)7t &

MA7Z} =& FdEZ Aoldol A A (reproduction)@ = AA ).

[ 2-4] 44 dugs 5=

| Generate initial Pop

v

[19A 1 =7 MAF AA

| Fitness evaluation | [ 2 ‘1;—]'7:” ] ZJI— 7H i‘"g] ;51%11:— %7]'
[3EA ] A9
[4 <A T 2w

[5&A ] Ednol

| Make new Pop | [ 6 %75” J ]‘HE‘\% 7HiﬂT—LL }‘g}\é
v
| Fitness evaluation | [ 7 lﬂ_'ﬁ” ] 7—}' 7H i‘“-cq 791%1':— %7]'
4 [8 WA ] %4 A=
[9 A ] wHE
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252 #AA dunF FHLAL

2.5.2.1 A= 33 (fitness function)

HHsstax ste g5 F, 54 F<(objective function)= Z 7HAe A=

5 Hrtste 7)dbolt). ey HA GG ke WHele wAlvith th27] el
BE A F3 Aol F5iks s ATstd gs Abgsked, o iE
slEloj Al AAZ A Ao 7|Fo] HE 45 APE s (fitness function)

ek gt

2.5.2.2 A HA2A(Genetic Operators)

TR g Fe 712 oz A 71x 2] Ak (operator) =, A (Selection),

) (Crossover), =dAWo]l(Mutation) 2 A =4, o] & FAAANRL 3ot

2.5.2.3 A ¥ (Selection)

A & (Selection)2 Ll (crossover)S &l 7 A+ (population)ell A 271] 7§ =

gal= AS D=4 Roulette wheel selection 7ol # &t} Roulette

Fﬂi

wheel selectiono] & Z} 7fA|9] %2 =o] vl sleE 7 rouletted] P ES T3t
5, roulettes =] PRV 7HEl7l= 999 MAIE Agetes A=, A
=)
=4
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[Z2¥] 2-5] Roulette wheel

2.5.2.4 nlvf(Crossover)

Wl (crossover) = 2712l XA Alolo A FHAE HlFo] Wo] A2 A

Wl

SN o, YUY vl AEHE g Al AR AA Bl A
A Hel Gaje] FAHL UT A A4HW SAFHe Y gt 542
727 G Ao @) $EL 08-0950t).

(28] 2-6] 2wl (crossover) #HA

el 91|

WA 1 100180 1001 1
: T

HA 2 0011 00110

2.5.2.5 & o] (Mutation)
wufE Al ol e Al W3tel FAZE Uk ohA] #HE, Fol 3o

o @AZAE Askskel HF 5 QAW AAT N AA FH7 schema

2 g F= gd. 92 Sof 11110 & 11100 F AAZ wwE sy
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111tel gt AAE A4 771 gled, olEA F2AA wAHS Besta A

gl A golM FRF AAE BPskel BFYE fA37] A AHsH

gE Jd st

o EdWol §E8& YUHF 9 AASE A 9l(ocal solution)Z @ F a1

YT = AAstd gl EqpR A om HEEA Ho bt g4 AnE
PatAl = F29 @A (random search)o] 2 4 de=d 1 A3 FHAlo]l ¥

=

| gol delsl itk Awdon Edwo] FEL 05~0010] 8]

42 P
) 2
ol
o
>
)
o

[29 2-7] &< W] (Mutation) 74
=d#o] ¢ x|

HA A 10010 ——» 00010

S o1t 0|

[y

[19 2-8] Local Search vs Global Search
iﬁl
[
IIR'I-I 4 ﬂlllll ||I III" lI.l"'-"l.ll I/(-\l\l
ﬁf [ A\ f\
S | \ ILL J."
W)
b

Loeal i, W

Glood Cptemuen

Hill-climbing Method GA Search Method
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At} o] AL ~7|wle] A7) Fo
Foll WA= GdFS TAET Ao

o] 7] A Schema@t
02 ozl 459 ol
“70] Q) Aol = 07 F
H=1,0, % 1, *

Schema Theorem= ‘A A} <318 & 2]

N

9 o

Schema Theoremo] @& ##dx} &1
7]

o}
olw Ao}

o

Schemas &2k {0, 1,

= O 2 4714

24 7%

D
¥ 2 5ol o
RN
SEEE

=
Q“T‘

A 7 5

i, 1) = o, 9D [1-p S — o,

&3} 2}
m(H, t) @ AW el =70 g=
AH) Al el A =710 g
f Ay

De S

Dm =dWo] g8

6(H) 271k el Ael

o(H) 2710 el 2

! L A ] el

S 2ot Aed e
o(H)p, =71t H7} &9

A BE RS Fit 4%

; Schema Theorem

g 5o 733 wjAo] = olgolgt &
Aol A 1 272 X E= QA=Y A
o 24 Hollandol 284 HL&oz Aty gt}

Tah=d 5T oS Tk BE

5o, ¢33 & Schema
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3.1. €323 (Hybrid Model) I
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3.1.1. Logit—assisted Neural Network

71y olt}. Logit-assisted NN Modell) €]

1
R

S R = R S

o)

Aol

the

gk

2] 7| (preprocessor) & A}-&

RE

F AL

3
T

b1 9

S

3.1.2. CART-assisted Neural Network

iy

o A7

Aol 7]

=
3

Abgatel

APAAE 712 CARTE

KN
T

CART-assisted NN Model

)
S|

o} DA, Logite w4

A 2] (geometric distance)2]
9] (entropy) 2] ¥4 ol

o
i

]

~X
]
cad

T
on

1) Kun Chang Lee, Ingoo Han, Youngsig Kwon, "Hybrid neural network models for

shelut.

&
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=
=

bankruptcy predictions”ol A AF-& % -&of
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3.1.3. GA-assisted Neural Network

o)

GA-assisted NN Model

Z(Genetic Algorithm)S Ab

AAAY R HAR L

ki3

9

&2 ¥ (Hybrid Model) II

x>

3.2.

A AR

3T

shtot

g 1 5

L
fu

o
A

e e I e

Futel 7l o] e shvbel 7]

=A@

- Z
s |=

ﬂ!

Aol

|

o

B AT A 27

1
R

"’ (Decision Tree-Assisted Neural Network)”7] ¥ 0.2 4] o]

149 o ApA R

o83

=
=

AN1%E L7 (Type I Error)¢t A2F 27 (Type II Error)

T2 k. (Lee, K.C., H. Kim and

S

M. Kim, 1995)

AN AAYEA Y 217 & (DTANN)

3.2.1.

Coakley & Brown (1991)2 A4
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# A 23 2= (Heart Disease Data)
2} 5 E A http://www.ics.uci.edu/ mlearn/MLRepository.html
Aol A7) A A A= 27070
Atz o] FE | ASHEG7) + HFHTH)
EXHT heart disease (0:absence, l:presence)
¥
x1 | age
x2 | sex
x3 | chest pain type
x4 | resting blood pressure
x5 | serum cholestoral in mg/dl
o) v o x6 fasti.ng blood sugar- > IZO. mg/dl
X7 | resting electrocardiographic results
x8 | maximum heart rate achieved
x9 | exercise induced angina
x10 | oldpeak
x11 | the slope of the peak exercise ST segment
x12 | number of major vessels (0-3) colored by flourosopy
x13 | thal
¥ 9% 2= (Breast Cancer Data)
A} 5 E A http://www.ics.uci.edu/ mlearn/MLRepository.html
g A7 | & A7 56970
Az FH | A5 (3071)
EXHS diagnosis (0:malignant, 1:benign)
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[3% 4-3]9] W&o o8] ddgd dHuF-E dEshd (% 4419 2
[ 4-4] g Al e 2

% 7k A 8

d e b A3}
SAA 719

2A 8 (Logit)  sex, age, afp, par_echo

(Statistical method) ” & g6, b b
AFA L 7|9 CART age, afp
(AI method) GA age, afp
* A AE A=

el vk 2 1}
EAA 7]
° j ) h AR (Logit) x2, x3, x4, x5, x7, x8, x9, x10, x12, x13
(Statistical method)
o EALS 7| CART x3, x4, x8, x12, x13
(Al method) GA x2, x3, x10, x12, x13
¥ et A=

d e vk A3}
EAA 714 2, X7, x8, x15, x18, x19, x21, x22, x23,

]."1.]\:1 25024 (Logit) x2, x7, x8, x15, x18, x19, x21, x22, x

(Statistical method) x30, x31
ol ZA %S 7| CART x3, X9, x24
(Al method) GA x8, x9, x19, x23, x24
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A ¢ % (Hit ratios:%) - 4 A=

Hybrid Model 1
Logit CART NN | Logit-assisted CART-assisted GA-assisted

NN NN NN

1 9296 9146 92.96 91.46 90.95 90.95
2 90.95 9045  90.95 90.45 387.44 87.44
3 9196 8593 92.46 37.44 92.96 92.96
4 89.95 9095 90.95 92.96 83.92 83.92
5 9347 9347 9347 92.46 88.44 88.44
6 90.95 9045 91.46 93.46 91.96 91.96
7 9397 9397 9397 38.44 95.98 95.93
8 9196 9246  91.46 35.43 93.97 93.97
9 8442 9296  84.92 89.45 92.46 92.46
10 9146 8492 92.46 94.47 90.45 90.45
- 9121 9070 9151 90.60 90.85 90.85

91.14 90.77

[29 4-1] 9= RSx99 HF (Hit ratios:%) - Y A5

91.6
91.4
91.2
o O Logit
s 91 W CART
o NN
g 90.8 O Logit-assisted NN
T 906 [— B CART-assisted NN
904 |— [0 GA-assisted NN
90.2

90
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[% 4-6] 2+ 27 2&9] o= A= (Hit ratios:%) - A% 2% 27
Hybrid Model 1
Algdlo] A Logit CART NN | Logit-assisted CART-assisted GA-assisted

NN NN NN

1 8.19 7963 8519 31.49 31.49 37.04
2 7778 79.63 81.49 31.48 79.63 83.34
3 3889 8149 8519 79.63 31.49 38.00
4 7593 8149 77178 38.89 35.19 35.19
5 8149 7408 83.34 33.34 37.04 79.63
6 8149 79.63 81.48 35.19 35.19 37.04
t 7963  74.08 7873 31.49 79.63 33.33
3 7778 8149 8334 31.49 33.34 38.89
9 75.16 75776 7178 34.75 79.63 37.04
10 3334 7778 8378 31.48 79.63 33.34
- 380.73 7851  81.81 32.96 82.23 85.28

80.35 83.49
[ 4-2] o & F&x9 F3t (Hit ratios:%) - AT A3 A=

Hit ratios : ¢

=

82

[ee]
o

~
oo

~
[e)]

~
N

O Logit

W CART

ONN

O Logit—assisted NN
B CART—assisted NN
O GA-assisted NN
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4-71 7} 5% 239 o= A E(Hit ratios:%) - ¥ A8

Hybrid Model 1
A Logit CART NN | Logit-assisted CART-assisted GA-assisted

NN NN NN

1 9737 9474 9211 96.49 93.86 97.37
2 9211 9123 93.86 96.49 92.98 98.25
3 9386 8772 9211 98.25 96.49 95.61
4 9474 8947  97.37 97.37 93.86 98.25
5 9737 9561 9561 95.61 94.74 97.37
6 95.61 9035  88.60 96.49 93.86 97.37
7 9298 9211 9298 93.86 92.98 94.74
8 91.82 9298 93.86 94.74 95.61 99.12
9 9737 9386 96.49 99.12 93.86 97.37
10 9474 94774  91.23 96.49 96.49 99.12
- 9480 9228 9342 96.49 94.47 97.46

93.50 96.14

(19 4-3] a5 L=

ol
=

(Hit ratios:%) - 9 A=

98

96 —
o~ 95 | | |[dLogit
P W CART
S 94 [ ] [ONN
S 93 — |OLogit-assisted NN
i 9o || | | [MCART-assisted NN
O GA-assisted NN
91 | —
90 —

89
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= 2gite] folAd AA(ttest) - Y AR

Logit-assisted CART-assisted GA-assisted

Logit CART NN
NN NN NN
Logit - 0.6998 0.7995 0.6351 0.8034 0.8034
CART - 0.5293 0.9409 0.9191 0.9191
NN - 0.4675 0.6383 0.6383
Logit-assisted NN - 0.8632 0.8632
CART-assisted NN - 1
GA-assisted NN -
(7 el E 19601, T frel g E 5%0lH)
[ 4-9] &7 2930 Fo94 HAttest) - A7 28 A7
) Logit-assisted CART-assisted GA-assisted
Logit CART NN
NN NN NN
Logit - 0.1891 0.5937 0.1831 0.3620 0.0112"
CART - 0.0322 0.0025 0.0095" 0.0001"
NN - 0.3283 0.6522 0.0128"
Logit-assisted NN - 0.5770 0.0730
CART-assisted NN - 0.0260"
GA-assisted NN -
(* foFE 1%, © F)5F 5%0] )
[ 4-10] &+ 2g3hel frold A (ttest) - Y A=
. Logit-assisted CART-assisted GA-assisted
Logit CART NN
NN NN NN
Logit - 00285 0.2142 0.0568" 0.6868 0.0040™
CART - 0.3393 0.0003" 0.0275" 0.0001™
NN - 0.0051"" 0.2717 0.0004™
Logit-assisted NN - 0.0056™ 0.1603
CART-assisted NN - 0.0001™
GA-assisted NN -
( foFE %010, © F)5FE 5%0] )
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442, £ EF (Hybrid Model) II

4.4.2.1. 4 Az}

w Ao MR AxYeRE et 2k

(8 4-4] N2RQ 5} o g ol BA - T AR

—=— alpha
beta

0.063 0.072 0.082 0.091 0.104
System Error

(29 4-5] A=Refid o gof #A - 4% A8 A8
18
16
14
_ 12
[0
-g 10 —=— alpha
2 8 \\._-—‘ beta
6
4
2
0
0.081 0.093 0.102 0.112 0.123
System Error
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(29 4-6] A=ROF 4 g9

—=— alpha
beta

v

(e}
—

o
—

[ce)

©

PquNN

<

N

o

0.021 0.024 0.026
System Error

0.011

0.004

o
o

Q5Fgkel Z+H7E 0.072, 0.085, 0.021¢]t}t. wepA o]

A A28 F7F ALY

9]

g Azg

4

/gz

o] FA A

o},
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[ 4-11]1 2+ &7 E¥9 o5 A =(Hit ratios:%) - 4 A=

Al g o] A CART NN Hybrid Model 11

CART-assisted NN
1 91.46 92.96 94.47
2 90.45 90.95 93.97
3 85.93 92.46 94.85
4 90.95 90.95 89.69
5 93.47 93.47 88.65
6 90.45 91.46 88.76
7 93.97 93.97 95.47
8 92.46 91.46 88.76
9 92.96 84.92 94.85
10 84.92 92.46 94.85
B 90.70 91.51 92.43

[29 4-7] dF A= H+ (Hit ratios:%) - HF AR

93
925

.92

2 915 T CART

= B NN

% 91 O Hybrid Model II
90.5
90
89.5
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4-12] 7+ BF 239] o3 A= (Hit ratios:%) - A% Ad A=

o)A CART NN Hybrid Model II

CART-assisted NN
79.63 85.19 87.04
79.63 81.49 83.34
81.49 85.19 85.19
81.49 7778 83.34
74.08 83.34 85.19
79.63 31.48 81.48
74.08 78.73 79.63
81.49 83.34 83.34
75.76 7778 79.63
71.78 83.78 85.19
78.51 31.81 83.34

(28 4-8] 9= A& wo] HF (Hit ratios:%) - AF 23 x5

84

83

82

81

@ CART
80 BN
O Hybrid Model Il

Hit ratios : 9

79
78

77

76

_48_



[ 4-13] & &7 2389 o= HBZ=(Hit ratios:%) - F¥L A&

Hybrid Model 1T
AEe ol CART NN CART-assisted NN

1 94.74 92.11 95.61

2 91.23 93.86 94.74

3 87.72 92.11 93.86

4 89.47 97.37 97.37

5 9%5.61 95.61 96.49

6 90.35 83.60 92.11

7 92.11 92.98 94.74

8 92.98 93.86 94.74

9 93.86 96.49 96.49

10 94.74 91.23 92.93

o 92.28 93.42 94.91

[29 4-9] o= HE =9 H (Hit ratios:%) - ¥ 2=

95.5
95
94.5
94
93.5 T CART
93 ENN
92.5 O Hybrid Model I
92
915
91
90.5

Hit ratios : ¢

[3% 4-11], [ 4-12], [& 4-13]12 Zt7 3 A, A% 438 25, 799

2ol g3 AR, F 1009 2RI EFRIY BF ASee] wAws
Hrh B AL 2 49l
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4.4.22. 94 AA
B odAFaE zZt myg7te] EHY olrl EAHOR o3RS Lolr )
[e=]

el Aomol U ttestd A7lol A, WA F 5

WE Auie] B4 FA4 RS FAW H FelRES Ak

[ 4-14] ¥F 233 Fod4 HA-(ttest) - Ht A=

CART NN CART-assisted NN
CART - 0.5293 0.2184
NN - 0.4673
CART-assisted NN -

(" ol FE 160, " FelEE 5%e1 )

[ 4-15] 7 27 994 HA-(t-test) - A 28 A=
CART NN CART-assisted NN
CART - 0.0322" 0.0009™
NN - 0.2176
CART -assisted NN -

(" folFE 160, " FelEE 5%e1 )

[ 4-16] &7 2Fe ol A (t-test) - T8 A=
CART NN CART -assisted NN
CART - 0.3393 0.0139"
NN - 0.1449
CART -assisted NN -

(" el FE 1%0, © FeFE 5%0lH)
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4.4.3. £ 23 (Hybrid Model) 111

4.43.1. 4 A3

[ 4-17] 2+ &7 E¥9 o5 A =(Hit ratios:%) - 4 A=

Hybrid Model I
Al E gl o] A CART NN Weights

(CART, NN)
1 91.46 92.96 97.94 (0.462, 0.538)
2 90.45 90.95 99.48 (0.412, 0.588)
3 85.93 92.46 94.85 (0.235, 0.765)
4 90.95 90.95 88.76 (0.398, 0.602)
5 93.47 93.47 88.76 (0.644, 0.356)
6 90.45 91.46 91.96 (0.639, 0.361)
7 93.97 93.97 97.94 (0.695, 0.305)
3 92.46 91.46 90.45 (0.441, 0.559)
9 92.96 84.92 93.97 (0.219, 0.781)
10 34.92 92.46 95.48 (0.416, 0.584)

o3t 90.70 91.51 93.96

[19 4-10] o5 Bg=e] F+ (Hit ratios:%) - 4 A=

95

94

93

@ CART
92 E NN
O Hybrid Model Il

Hit ratios : ¢

91

90

89
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4-18] 7t BF 239 o= AT (Hit ratios:%) - A& A3 2=

Hybrid Model III
AlE ol CART NN Weights

(CART, NN)
1 79.63 85.19 87.04 (0.045, 0.955)
2 79.63 81.49 83.78 (0.135, 0.865)
3 81.49 85.19 85.19 (0.421, 0.579)
4 81.49 7778 83.78 (0.694, 0.306)
5 74.08 83.34 85.19 (0.299, 0.701)
6 79.63 81.48 81.48 (0.312, 0.688)
7 74.08 78.73 83.33 (0.358, 0.642)
8 81.49 83.34 85.19 (0.025, 0.975)
9 75.76 7778 83.33 (0.191, 0.809)
10 771.78 83.78 83.78 (0.031, 0.969)

At 78.51 81.81 84.21

(28 4-11] d= A wo HF (Hit ratios:%) - AF 23 &

85
84
83
82

o 81 @ CART

= 80 ENN

= 79 O Hybrid Model I
T

78
77
76
75
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[¥ 4-19] 2+ 2% 239 o= A2 (Hit ratios: %) — FH< 2=

Hybrid Model III
Al EH ol A CART NN Weights

(CART, NN)
1 94.74 92.11 95.61 (0.751, 0.249)
2 91.23 93.86 95.61 (0.466, 0.534)
3 87.72 92.11 96.49 (0.012, 0.988)
4 39.47 97.37 97.37 (0.134, 0.866)
5 95.61 95.61 96.49 (0.512, 0.488)
6 90.35 38.60 93.86 (0.621, 0.379)
7 92.11 92.98 92.98 (0.359, 0.641)
3 92.98 93.86 94.74 (0.491, 0.509)
9 93.86 96.49 96.49 (0.223, 0.777)
10 94.74 91.23 94.74 (0.615, 0.385)

it 92.28 93.42 95.44

(19 4-12] o5 A= F (Hit ratios:%) - FHY A5

96
95.5
95
94.5
794
.097 93.5 @ CART
3 93 B NN .
= O Hybrid Model I
T 925
92
91.5
91
90.5

(

e}

&
| (weights)7} A58 A=
ALHAS W EFAEEE YehdY F 109 RoAgel &3

X
# AZo] 27k GUR P v 2F Fol AL BolFx vk

ol Wi Axdd, FHE AzAA LA TS



4.432. 94 AA

CART NN Hybrid Model III
CART - 0.5293 0.0514
NN - 0.1116

Hybrid Model III -

(7 Rl FE 1%, T FAFE 5%l

[ 4-21] &7/ B33t F94 HAA(test) - A A3 A=

CART NN Hybrid Model III
CART - 0.0291" 0.0004™
NN - 0.0449"

Hybrid Model III -

[ 4-22] &7 293 ol dAt-test) - 8¢ AR

CART NN Hybrid Model IIT
CART - 0.3393 0.0030™
NN - 0.0446"

Hybrid Model III -

(" felFE 19%01, T Fel4E 5%0])
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ol 2]of] oJAFA G UH Ald] 7] W32 (Case-Based Reasoning, CBR), A&7} A]2~H

(Expert System), ¥ A (Fuzzy)s < ©]
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1=}
¥ %

Genetic Algorithms - Visual C++ Source

#include <stdlib.h>
#include <time.h>

#define MAXPOP 25 // g 7fjAto] 2570 <fn],

struct gene {

int alleles[4]; // W1, W2 3 247 &5 4 A7+ Jdev=z F3t
470 5}

int fitness; // SSE 74tk

float likelihood; // A3} %E// o] Fkel olof £& F& JiA|7} €t

o

// Test for equality.
operator==(gene gn) {
for (int i=0;i<4;i++) {
if (gn.alleles[i] != alleles[i]) return false;

}
return true;
b

class CDiophantine {
public:
CDiophantine(double*, double*, int *int, int, double, int);
// Constructor with coefficients for a,b,c,d.
int Solve();
// Solve the equation.

// Returns a given gene.
gene GetGene(int 1) { return populationlil;}

double Ave_test_x[250];

int test_max;

int test_min;

int dol_per ; // %ol &F&
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int SSE_min; //
int W1_1;
int W1_2;
int W2_1,
int W2_2;

protected:
double *PJ2, *P]J1;
int *Data_Y;
int result;
int line; // QoA ¢lo]EQ] HolH= ¥ &A7?
double Loof Num; // 2 A& wujg FA7}?2
int dol; // "ol &

gene population[ MAXPOP]; /) WA

int Fitness(gene &); // Ak

int ToDigital(double a);

void GenerateLikelihoods(); /) A= F7t

float MultInv();

int CreateFitnesses();

void CreateNewPopulation();

int GetIndex(float val);

gene Breed(int pl, int p2);
h

CDiophantine::CDiophantine(double *a, double *b, int *c, int res , int d , double
loof, int dol)

{

PJ1 =a ;

PJ2 = b;

Data_Y = ¢;

result = res; // SSE 7} B% 2 3=3L

line = d; // ¢4 FdolA ¢lojE<] HolE7E 2 U712

Loof Num = loof; // B AltE vl & 2117}

dol_per = dol; // &%) &&. // o], AAAA 273
}
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int CDiophantine::Solve() {

int fitness = -1,

// Generate initial population.
srand((unsigned)time(NULL));
SSE_min =100000; // SSE #HA#k A% &3¢+

for(int 1=0;i<MAXPOP;i++)
{ // Fill the population

with numbers between

for (int j=0;j<4;j++)

{ // 0 and the result.
//population[i].alleles[j] = rand() % (result + 1);
population[il.alleles[j] = rand() % (10); // A& WA=

A A A 7
}

rII.
1o
)

}

//fitness = CreateFitnesses();

//int Loof Num = 10;

int iterations = 0; // Keep record of the iterations.
int Step = 0;

test_max=0;

test_min=100000;

while (fitness != 0 || iterations < Loof Num) { // Loof Num ¥%H&

o},

GenerateLikelihoods();  // 224 37},
CreateNewPopulation(); // ZFAIth 712 A4A
if (fitness = CreateFitnesses()) {
return fitness;
}
iterations++;
/% ifiterations % (Loof_Num/200) == 0)
{

double test_x = 0;
for(i=0;i<MAXPOP;i++)
{

test_x += Fitness(population[il);

_64_



}
Ave_test_x[Step] = test_x;

Step++;
if (test_x>test_max)
{
test_max = test_x;
}
if (test_x<test_min)
{
test_min = test_x;
}
}/
}
return -1;

}
int CDiophantine::ToDigital(double a) // 0 — 1 Al 245 0 3 12 F& U
M R=R-1a =

{
if(a<0.5)
{
return 0;
)
if(a>=0.5)
{
return 1;
)
}

int CDiophantine::Fitness(gene &gn) // AZdA< SSE A4t / &4 #Hd& 4
o] AL /) MFES ALEd] AitstAt

{
int total = 0;
int tmp_total = 0;

for(int 1=0;i<line;i++)
{
tmp_total = 0;
tmp_total =abs( (Data_Y[i] - ToDigital(PJ1[i]l* ( gn.alleles[0] *
0.1 + gn.alleles[1] = 0.01)))
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+ (Data_Y[i] - ToDigital(PJ2[i] * (
gn.alleles[2] * 0.1 + gn.alleles[3] * 0.01))));

total += tmp_total,
// SSE &4k,

// alleles[0] alleles[1] & 77z} W1 9 &4 A™A =g, &5
FHA 2.
// alleles[1] alleles[2] & 77z} W2 o] &4 AWMA A, &5
FHA 2.
// Data_Y © Y #
}

if(total<SSE_min && ((gn.alleles[0]+gn.alleles[2])*10 + gn.alleles[1] +
gn.alleles[3]==100)) // AEN74A] B7HAA g Foll 7bd 22 FQ17e
{ // 283 W1 3 W2 gkel go] 191712
SSE_min = total;
W1_1 = gn.alleles[0];
W1_2 = gn.alleles[1];
W2_1 = gn.alleles[2];
W2_2 = gn.alleles[3];
}

t

return gn.fitness = abs(total); // AAF &S ¥ g}, o] oz F
o] A4S H7bgitt

/) ZRAES] HALZ o] gho] Zojol stnw ASFE F2
A RAE AYakE

/) FERE AAdE gEo] B

o
i
%

3
©

7}

}

int CDiophantine::CreateFitnesses() {
float avgfit = 0;
int fitness = 0;
for(int i=0;i<MAXPOP;i++) {
fitness = Fitness(populationl[il);

// avgfit += fitness;
if (fitness == 0) {
return i,
}
}
return 0;
}
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float CDiophantine::MultInv() {
float sum = 0;

for(int i=0;i<MAXPOP;i++) {
sum += 1/((float)population[il.fitness); // SaAq 2oz 2z 7hA 9
likelihood 9] 39S 473}
}

return sum;

}

void CDiophantine::GenerateLikelihoods() {
float multinv = MultInv();

float last = 0;
for(int i=0;i<MAXPOP;i++)
{
last = last + ((1/((float)population[i].fitness) / multinv) * 100);
population[il likelihood = last; // &l 7F7ke FEo|A &
likelihood 7.
}
}

int CDiophantine::GetIndex(float val) {
float last = 0;
for(int i=0;i<MAXPOP;i++)

{
if (last <= val && val <= populationli].likelihood) return i;
else last = population[il.likelihood; // val < wWro} stdat
ne ZE M3 E gH.
}
return 4,
}

gene CDiophantine::Breed(int pl, int p2) {
int crossover = rand() % 3+1; /) AEbd do] A
int first = rand() % 100; // kel A zebd Q17 FHol A Zepdd A<17}

O:

gene child = population[pl]; //pl & 718 FEZ HA,

int initial = 0, final = 3;
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if (first < 50) initial = crossover;
else final = crossover+l,;

for(int i=initial;i<final;i++) { /) ARAE Q
child.alleles[i] = population[p2].alleles[il;
if (rand() % 101 < dol_per) child.alleles[i] = rand) % 10; //

i
e
rE
o

return child;
/) A" A2 gE.

}
void CDiophantine::CreateNewPopulation()
{
gene temppop[MAXPOP];
for(int i=0;i<MAXPOP;i++)
{
int parentl = 0, parent2 = 0, iterations = 0;
while(parent] == parent2 I population[parentl] ==
population[parent2])
{
parentl = Getlndex((float)(rand() % 101)); // EE=
A WA BRE Gt
parent2 = Getlndex((float)(rand() % 101)); // EE=
T A BERE e
// SSE #tol &A&E Fr7t g 8o =T
if (++iterations > 25)
{
break;
}
}
temppopli] = Breed(parentl, parent2); // pl. p2 aluj
}
for(i=0;i<MAXPOP;i++) populationli] = temppoplil;
}

_68_



ABSTRACT

A study on Predictive Method using the Hybrid Model

Bae, Jang Seob
Dept. of Biostatistics and Computing
The Graduate School

Yonsei University

In a conventional research, researchers tried to solve the classification
problems by utilizing statistical methods such as DA, Logit, Probit, however
these trials had the methodological limitation in that they should satisfy the
strict assumptions of statistical techniques. For this reason, recently
researchers are introducing the method applying artificial intelligence such as
decision tree and neural network to classification problems.

Especially, conventional research has been focused on the analysis through
single model, however, recently researchers are more experimenting the
analysis using hybrid model, which is rather complex in structure, difficult in
interpretation but focused on hit ratios. In consequence, 1 try to introduce
hybrid models in this research as a method of solving classification problems
and review the performance of these hybrid model according to the current
academic trend.

In this research paper, three perspectives of hybrid models are introduced.
First perspective suggests hybrid model I, which uses variable selection result,
using single model as input variable. Second perspective suggests hybrid model
II, which tries to supplement lacking parts of neural network with decision

tree(CART). Last hybrid model III is an experiment to combine the each
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individual result through optimal linkage weight.

Hybrid models were applied to real data in this research. Result of hybrid
model was also compared with that of single model. Importantly, result of this
experiment proved that hybrid model was improved in classification in

comparison with single model.

Key words : Hybrid Model, Variable Selection, CART, Genetic Algorithm,

Neural Network
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