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KRR FREAFE 0§ MESF HARY

29
AP ARLM LS 713 del AL He dolg A7l SPddF FSAFTY AN A
golgta 71AE7] WEo ZAFLS /A1 Yo} 8RS 33 E A (Nonparametric Regression)S Al
PIAAEM Y EAFE BT 5 JE Yo et #AY FHE v AAEA &3 b
olElof o3 AAs = Wyeld £ AR 43 2nEEL UEF FARMY F9
Ql Regressoin Splines ol 834 th A H diojglE o] &3 Hrt A3 {AA ¢neFL g
FoA w5 o= Yl

L A&

A3 3] A4 (Linear Regression)> st 739} 7H4% o2& 7K1 Q7] wio} o8 st x|
E AT 2oklA 74 di Rolx dHolg &4 ol AFIAARML SPNFY THuF
o A AYolgtn ARRTY. Y 2 VA Aoz 2yl olee A My
BAE 2183 HY ARY LS ARErt BoAa FHE By WFEHA ok oy 34
249 FAFE AZ37] A8 FAFAEL vl2s 3] AE A (Nonparametric Regression)d 22

tolel T4 Wye AUk vES AALML W A A% H(smooth)ol gt 7}
Aoz n AYrYP AFH Fx2& FH3tn #A9 JHE FAdsA 2HE 5 Ak

o] =RAAE HlESF FHABEAWNHY 31t Regression Splines & Ao tid oz argit ulA
3 dAE Fohe 93 WP EC] UA T Regression Splines & A =3 AL o] wWhho] z7hhs)
A Hold ofojrojd] A 7] Wl o] WPLE AF] A FHE uAFEF
(piecewise nonlinear functon)2}il 7} %o}, 2} =49 F318 o2 7] 2 H(breakpoint T
knot)o.2 FEET 2zt AT HE v AYP5-E 2T} Regression Splines & FA3H=d 310
7 Fastak o AV FEAY AAYG AFE AAHSGE Aot o] mEAAE FEA
€ ARse PYP2E ASd B 7o FEAS =4 ¥ 5ATHoz g7y FEHE MY
3 BEE g9 B2 9 e FREF FoA 1A% FEALE A3 Aol o1 AFA
& FAl(integer programming problem)d ol 2HQtsle] o] =FolAE o] EAldl HHA gn S
(genetic alogirthm)& 3 -§-3tnz} o}

o] =& Regression Splines oA TE# A X4 /l+E A= o A dndFE 34
Aol t}., Sudjianto, et al. (1996)2] XY 3] AojA ] {43 A @y (genetic variable selection)S 7,
B2 3] 2 &8ld MM H(variable selection) £ =¥ A @ (model selection)2 T3l &
£ e AP B =8 93 Zo] 7AH k. A 2 Fo]AE Regression Splines ol
s Aot A3 FoAME 3 gaalZd s 3Ds] AW Regression Splines & Aol
oA HEHEVE AP Al4FAAE {AR nFE o4 HEF IJAELHE AH
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A dole) & o] gate] B R A5 FoME B AFE 245t FF AT HAE ANTH

I RS 5HEA

A Egusr) &1} 7 S (univariate case)® &3] B2 o M x 9y, BEAG=1,2,..,n)7}
i xsy 9 #AE e 2oa /H3d¢H -
Yi=f(x)+¢; )

AMAA & R st eAA &L 5ol £ € HE 0, B 749 EEATREE G
gtta A% £ & 2S5 EFH(parametric) 2 2 FA 5 WHAME £ 9 #5453 (functional i‘orm)%
ujg) HgE s a2 WelA 2 7R E¢E FRske Yottt R & deA Jde A AF
AARMLE f(x)=a+f; 2 71R8R odt g FAFL & Efoln) X ARF @A
7t Agolgts AL 7 FA" F eIl 0 JAF /7 Aol obd Aol FARYS B

HRe Rolx 2ol FAAE AFY Roln,

o

32

HRSE AARNAME 8 APos AP stE RAo) o} f= vldPoln dHoleo 2 A
e Z2RY 5 Ao A o uAdY I fE FASHE WEE AIAT e
(Hastie and Tibshirani, 1990; Hzrdle and Turlach, 1992) 1 % ©] =& 4 Regression Splines & ©]&
3t @5 f& F# 8 A} FTh(Hastie and Tibshirani, 1990; Fahrmeir and Tutz, 1994). Tha3} A ¥4
(polynomial regression)S ©]-83t Z70) 2 A2 (globa) A ¥l 3| Kernel smoothing ©]\} running-mean
2L #BHe FAHol HEH(ocal)olth Regression Splines & ZF$+&= T8 thd2(piecewise
polynomial)o} 7] wj&ol) FHo] AMAHME REHo|thx 9 A Ho] o /M FEH, £<...<
& 22 Wyl dFe] FEH _*T"C’]_"]?‘i; thak A o] Aol AAH Ao} st #HE by
2o} o] FEHNA AZAHAAk At} o] =RAME f& FA57193 truncated power series
basis (Hastie and Tibshirani, 1990; Smith and Kohn, 1996)& 343tk
S~ ap ¥ anx+op® vagx® + iﬂi(x~§i)i - @)

figl H@OA (x=&)y =max{0,x- &} otk 49 FFE EE (&, &) T L(subinterval)ol A 3
Zt ©}8 2] (cubic polynomial)o] i1 FE A A A&AA 1,2 & =FF(first and second derivatives)E 7}
Ax . A9 Ae (s + 47l EFE 7R HAYPAez AYIARNE ALY F Aok 99
Régression Splines & 283t glol ojel ¥ HFL& smoothing 7§E°ﬂ: B e TR
Neet AXNE ARSI Rojth ek FEAY AFrt UF AAY 4371 RAdsdd F49
ANE FEE FodA & @ = Aok AR FEHC UF B A FFE overfit 3 o
o] B FAXAI E BAE ZHAA 2 R otk o EAld AIdhe /MY #ElFA HHe AL
A B F9 /tsd FEANA &23ld d9 FERE FAAE d9d:s Aog. & F
A AEg AFHge] FAZ BE Holoh

Friedman and Silverman (1989)°] °l&|@ HIWHE LSRR FEHL SAE W (stepwise
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procedurey& ©]-8-3te} A B39t} Smith and Kohn (1996)2 o] X M/ dAYE ARt 723
S Adgsgit. Be 79 s 7FEAFTAAN IR FEHLS FE=
ket o] =AM E FAA dneFE 8T EAMNAYIL ALstnz @

AolA A d Wy thd S (multivariate)] A= A HL4E F Ak x, 9 y,6=1,2, ...,
BS5A7 nAZ R ARSI o)Al 2} x,7F 9 (x,, ..., x,,) B 7FA AL y 9F HE x Alo]9] A
o923 2o & 5 doh

Vi = Ko X ) + & = f1(x01) + oo [ (X)) + & 3
ol¢} Z& WU additive modeling ©)2+ 3=l ol m XY 2 (m-dimensional) WF x 9 4 S
FARsle ZAE mANY 12 FF 8 FASE A2 desstes Aolth Additive modeling &
@3] drHolx = AT o EAo] Aoz A8 5o grh(Hastie and Tibshirani, 1987).

rlr

L A €312]E 3 Regression Splines

L Az dnddF
FAZ dugFL AdddAe FHA Wz sAdel 7]2@ EEHolH robust T B WY
o

(search method)©. 2 H A3} 2L AF st&o ofg] Folo AFHog Lo gthHou et al, 1994;
March and Rho, 1995, Tam, 1992; Uckun, 1993; Wasserman and Sudjianto, 1988). -+ 2} €2 &9l 7123l
Ma-& b33 ZtHGoldberg, 1989; Davis, 1991, De Jong, 1990, Holland, 1975).

1) ABAe Gl dFs sle Efé(a representation of solutions)

2) ME dE 34 gd$& Ad YA S 2 i35t &) S(population)
3) o Aol ZAAE AT BREE deasdts 71Fo]l HE IS E 7 d(fitness)
4) A9 F13 YA L& LR HE Bejde F33 Ad4H(genetic operators)

5) AA o] Folde A(AE W 2 (survival of the fittest)

99 AdE 235ty A8 e HH3) EAE ndE BA FF ) = +22x+ 2798 AF
A [0, 311904 Ao}t stux foia JHASAL ) x o)AFE 5bit & o] &3t UEld =
t}. o9& £9,01001 & 9 E vjebich

407 gndlEe Az Az AURE PoTA Akan, Aed A1 AFLE BE
3 BEY F AL AXE Aot ¥ 12 A7) 49 dAl Hx AMGE BoFu U Z
Ao T e HSzeol g3l F7t HoAg, dAdAE ¢ &, v, B ANE H7

F ok shAIRE YREo FAs EAdAE 5 @2 2UE ALLT 5 Y] Qi
ZAslodoF gt} & Eo] g ol LolAY HA 3K minimization) FA QY F¢E g @& 2
2 AHEA 3 ZA(scale)2 B BTh ALEE %A R sEste FA ¢
g4 2 YL At ' '
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3i X ) (RS E)

11101 29 76
00101 5 364
01110 14 391
10100 20 319

E 1. 3% sF Y (Initial Population)

AR A FexEol o3l WAR T, AW 39 R A AMping e JAT £ I
PRpaen)Z MU ojzTh of W, RRE Y¥]P FEo] AgEol vt B I
2 358 HAggn

=
T
o

Ao 2228 Aol AYAD 43 Qi s o] WAt AL B3] Al ALE
FAA Aoz wul(crossover)st EB W ol(mutation)”t ATk Wl FHA ¢
AFaA 713 T2 dibolt nuje F BREA HEdn F FE ARES AR v
T F A9 AL A ZelE sk 7 dagk i F28(1-point crossover))S 1
laojr e} o] Wl (crossover point)e AT Adsin & FEo 4% REDR 8 REY
QE8F RES AAGE Rojd. FHA AL vig) RES ATz JAHE F Ao =4
BolE 1% 1bolxe 2ol & 3o FAPIL TANE WPAIE Rojth. EAWolE HFL
(solution space)?] SARE L B3R Z& FFo] 00 HA FEF BAsE 4L it

a. ¥} (Crossover) b. S ¥ o] (Mutation)
- | 00101
2o, 01110 By 00101
i) B Eol
24 1 00110 244 00171
244} 2 01101

a9 1. F33A 44 (Genetic Operators)

A2 g0l FAF Aol o3 AHHA old Ml HEL A2 dARNDER AP
A 2L Mdh(generation)E FAFT o] W AHE e HIFEI "oiAE df 2ok B 2
T F AYE B4 AFTEI BolAE F AE ATLEAN F49 A 2 Aot viAH%e
2 #f3AZ ¢31gFE Fo AL ¢HEHW A doh AAN2AL gREY B35 A
At ol

3 x &) (AEE)
00101 5 364
01110 14 391
00110 _ 6 375
01101 13 396

E 2. A2 Alg) A (Second-generation Population)
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HEEl7 s SR 99 dE fAx 2mZol 9 ARHALNE F Udehiz Utk Zulst sl
ATSHEA, ¥ ALEE Ad 27)vischema) =& % ¥3l(partial solution)”?} (A& =
s1#%1, 01%+%) 2] slo] Jelds] ARt Aot AEEE AW RREL F2

AR YE Holn WA BY REEL F& 2708 JXn YA FL Aotk FEH M
FAL B8 5L ALEE AY RESo) 13X Y REE Bk BE 22 Y5 2 A
ol Mzt AU F& 27vlg FAE Fu e 2vuke $3E Fo] B Aol weby
HHge) W7 A= YD AN 27 F sH5Adol EoNE Ro|oh |

2. 73R @ FE ©]-& T Regression Splines

2](2)9] Regression Splines ol A &3 Fz duFoAAE (F FARH)E olT 9 string 22
BE@P jAA AXY ol 10]A A WFs}t AARG T Zolu oold TEHA
g AL Uedn o E Eo f3A €ndFE FIE Z#7 o] string {101010000...13 0] 2
A ARge v 2

y=a,+ox’ +ﬂl(x_§l)i +---+,Bs(x'"§s)i'

o] dFel A= BIC (Bayesian Information Criteria(Schwarz ,1978)& ZF 3 AR Y S 7}6}%&] Al&-5}
Rk A 3o = Adjusted R, AIC, corrected AIC 5 A2 HI171EL AMRstd oy 2d4Ax BIC 7 o
€ 7)€ vd 3899 BIC & Y33 Zo] FodA

BIC = log(SSE/n) + plogn/n
A9 2oy n& HEO Folz, pE FH3}
squares)©] c}.

rr

B4o] Fola, SSEX 2% AlF3H(error sum of

of A7 fAz dunAFoAME Ax AAEL FAY2 PAA F Aoy Bus T}
830z HYxa o] REEZREH sl x2]o] HF i l(uniform crossover)ol ol&] A ® T}
Beuwd A oA 23 1H g 9 F REEREH 4 FAYAL YUY g8 B
s Uyos 1y we B $535lck(Syswerda, 1989). 28] AAE zbAlo] A MujolA A
=7 7P U g dAgeEZA Y2 AdE QT oA & AddA U £ B
o] 22 Bt dASte W2 steady state F ol 318 ol o] AAEd o3
443 diAHSs de KA L2l S(simple genetic algorithm)oll B3 $4=3}ch(Davis, 1991;
Whitley, 1988). ¥ A9 #Ax FanyFES & 7 A QR ES AA & o FII=S
&3t o] AgolE AVt ALEHYeE YL 7t ey oy dEoln

IV. 7+ 3AL¢28E & o] 83 Regression Splines & 37}

o] FoME AR AYT FAA ¢nElEFEL o] &3} Regression Splines 9 F844E A& ol
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4g T A4A dolgd o Wrtstnz doh oo 28 BrtAM F34 daHFY H3
@ A7]E 2000 & AHSEEL dueEe @ A7t AR 9%l G AT W FAHACH

1. ¥A7E shugl 499 vl 3] F4{(Univariate Nonparametric Regression)
$H FAALRYZS W57 G FAo) AL 2 Oge F FFE ol 8so A4 F w

= f(x)+e=2x-1+¢
= f(x)+e=sin(10mx)+¢&
AAA F5E HMolm FHA e AAJMeld. ZF w$EE x ~  Uniform(0,1)%

£~N(0,02)& BEE n=100719 EE2E WY&k 2 G582 % A9 dole F& W43

ac. e J&%(noise)ol Z(high) B¢l (0,=1/2) B& e F5) 33.-8—(10w) 3sol}
(o, =1/8).

FAA dngdEs Feslo B Ay § g5 EF 2 FAE A9 A8y 3¢ 2%
AN Zo] ¥ kA AL 3 EF 2RY 471 AR @50l S ARG Feol 2 A
$ FFE y=194x-095=2 FAHHJD RE062°Jn  Fgol FHL A FFE
y=2.09x-1.052 #3HAR & 096 oIt Az FEAHY /AFE 4904 40 A7A wp7
o] Bgtoy A 2otk fAx ¢nEFe FUA AYATLT A3

l‘lﬂ
)

fradgduelEe AT AR F 7 RS BF EF F2.2AE AT 29 3904
I 2o] Ml F4o AM(locus)e FHEPEY Fgo] 2 T R7F 06201 FHol AL
A¢E R7 09701UE Feol & A% JARFEL 59 WE S 40 FERAHE TTIHA
I F3ol AL AT AA 579 w9 4709 :11117 e 5‘.?]‘5}5&:}

.3,‘2,

_a) Hgh Noise b) Low Noise

o 02 04 06 08 - 1 o .02 04 06 08 1

HR 2 HYES 242
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a) High Noise b) Low Noise

¢ Observation
+ ——TRUE
----- GA estimate

2 2
2.5 25 . o .
0 0.2 04 08 08 1 0 0.2 0.4 [ X 0.8 1
X x

a9 3 AARS FHAR

2. TS vlES 3] 722 (Multivariate Nonparametric Regression)

o] AAME FAA LdnBFL Bt oL tuiF FA H&d ruz g ¢4 FEF 100
N x~ UODE WEE SHEF 107, x,, ..., 3, T BARAT 23 459 FFE 0|83
FTHUT yE A2 B
4
y=0.1e*"" + +3x, +2x, +x,+ &

1+ exp[—(x, — 0.5)/0.05]
Ao HolA xooll M x,E ETEEA FREE Fostoiof g}k o] Hrte AWA FH {F3A
dagFol AT SHUTA x oA x TS AEgsts 718 BE zlold. o dade 479 A
A SYPUTd FHAFGY BAY Y¢S A =& dertg 2 Aot dvisd
735¢ vtrtA 2 oA g4kl thE F dioly #& A3tk (%)Y 7HE H(additive) 7S
A8t ThE-o this Yol 100 749 ANFH BEE o] &3] FHHET

10
2
y=o,+ Z(ailxi +a,x! +apx + By (x, - &, )+ Ba(x =€) + e “)

i=1

Fd2 daeEL s G5 Fedx agHoldd. Fgol 8 Ave AL B9 R 4

. High Noise Low Noise

Variable % |l o | o | o | B | 5 % L) G % B | B

Intercept 0 0
X 0 0 1 0 0 1 0 0 1 0
X, 0 1 1 1 1 1 1 1 1 1
X3 1 0 0 0 0 1 0 0 0 0
X, 1 0 0 0 0 1 0 0 0 0
X5 1 0 0 0 0 0 1 0 0 0
Xe.10 0 0 0 0 0 0 0 0 0 0

® 3. guF g9 3
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a) f(x1) b) £A(X2)

o 0.2 04 0.6 08 1 ] 0.2 04 08 08 1

3% 4 O g5 343 250 & A

a) fi(X1) b) f(Xz)

——TRUE
----- GA estimate

29 s thas @4 F29AS: gl e A9

7} 0.9667 2 0.9966 oIATE FFol € AF FAA LnYUFL 579 IYF EJUFE A3
thE 3 Fz). 2342 AAN3 248 23 32 ¢neFL 429 S5]ds FdMx 3
A o BAE 2UThx, % x, o B G FFE 28 494 AP ol FAEA A8
%o x, oA x 9 ASE A FEEF S AAE HYoR FAFAY. FEol HL HL
= ¥ 337 a9 59 JveEhd A AP A 23 Jepgoh 93 x 9 A9 A3Qd = {47
gauFe HAYPERS)LE FR3AG. 22 10049 EES X2 107] F 5409 33
RAEE FohA 59 FulE FAHSNL 2 F 2707 9]d¥A AL AT W A gxE
< ¢ ¢t & 9

alN
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& vEs AAEATY 3 Regression Splines o] ALY
Z8 wigAdge FA 2o ojyel mygMee Rz HE3 Aol A9H
tolEl & o] &% Frto] A FAA dnFL I FFoA 5@ AHRE VL

g5 ArgAz A JYsolop & AL o] A9 FHA ¢ FE Kemel smoothing I 22
AEAQ vEF AAEAYolY AT A7 P(Artificial Neural Network)® &L UFX5& o] &7
A3 v Hriste Aolth A AR dndEFH AFAAFE vlagrtstes A7t 19
Foln FAHo=2 {FAA dugFol A o ¢ Ao YeHch FUAZE o] I3 &
neFS 4 AFYY JuRgo] EAGE FLE nHIES FAAE Rol XYooz F
Az @xnelEe A4 dolgdl A8 BE Rojth
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