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Genetic Programming Approach to Curve Fitting of Noisy Data and
lts Application in Ship Design

Lee, K. H.* and Yeun, Y. S.%*

ABSTRACT

This paper deals with smooth curve fiiting of data corrupt by notse. Most research cfforts have been
concentrated on cmploying the smoothness peralty function with the estimation of its optimal parame-
ter i order 1o avoid the “overfitting and underfitting” dilerama in noisy data fitting problems. Our
approach, called DBSF(Diffcrentiation-Based Smooth Fitting), is different from the above-mentioned
method. The main idea is that optimal functions approximately estimating the derivative ol noisy corve
data are generated first using genetic programming, and then their integral valucs arc cvaluated and used
to vecover (he orginal curve form. To show the ellectiveness of this approach, DBSP is demonstraied
by prescnting two iflustrative examples and the application of estimating the principal dimensions of

bulk cargo ships in the conceptual design slage.

Key words :

LM B
AN O F o] (Noise)’t THE Y£9 dloly
28H o IS A Mapping)E = U= 7R
(Curve)Z AR 2192 Overfitting# Underfitting
Felolel) AwaiA gk 4E W dlolE|9)
Flttmg':'“ 71 BEAOT soli= nhye. AFeQ
(Splincys ol &&= RYH™, BEF MSE(Mean
squared-crror)7} | A7p B AET)e)e) A4 S
A7dskA Bt tle)elol n-o]27t £‘3‘1r 1o} glod,
F918] Fitting'd 23Z2R] T4 2] AF2 Overfiting
£ wolA Mo} o] FH 5] 8lA Overﬁtt]ng 7
22*“‘2 4= e sldE Ee
dsld Qvertitinge} GoviA]

1ol A e IS el

¥ 5 Smoothness=S
Regularization TS
OLi—“"— Z—)/ga] »-TTE]
71 BmAHoR ALEELh o] L2 Regulariza-
tion?] 7l=E XA AQGT 5 Ux Ay

I} a)) oF 2 sl
FEEE 714 dAFE
2003. 03. 26

2003, 10. 29

#0) ]| $Yar
*ef 1 rh o

o FE —
S EERETY:
a9

- AR

)
R4

=)
(=]

183

Smooth Fitting, Genctic Programming, Curve, Ship Design

{Regularization parameter) 3t A4 sk 42 ¥
g}, =l e] Flol 2He Overfininge L4 5}
2, Wil = 4T3l Underfiting B Oversmoothing
ol fojddu) upeks FH42] selulE e st
= Ao] FolHus T2 o] 3E g3 ofz
& Z]lo)7] B Aoz GCV (Gencralized
Cross-Vatidation)!'*”lojv} 71E} ]2 whgie1iilg. o)
G5t e E ghe Aldbete] ARE-sh A

7] BEE =E Yeun e al. 20017 Sehd ¥
2] A2 smooth fittingS THE Ao| 2, £ =2
A= FlollA g3 ez g2 dlolg g vt %)
g FAT 4 olss TAF 8 91 A TR o2 R
B Fitting A 2+ DBSP(Di(Tcmntiurion Bascd
Smooth Fitting) %S AAlskata}l St & =go]
dl 01‘— 1)\} Mog__rﬂ J—Z] ‘:] 2 olb ”1?‘:_" 5’4% Q
Az} v)s- 2ol sl Mg i, v1EHel F
=92 734 xRz W (Gencetic Programming: ©)

HoT Iy
-5-]. Cl’)m‘ ]——9—0}@] o J\q ‘—OI/-](NOIW) H]D]L = IJ.
] v]H- v'Jo' g = 9l Smonthdl A EE Kol

Bz AL, oL 4

AR ol i3]

Alo

Aste At



184 A%, AEN

2 Q49 GP BE8lE 9784

Aol Brbsdt At dlfRe)7] wFo) ¢AHE
(Numerical integralyS ti4! AME3tH Fining 2 7-&
QA €@} edH o old ghis AHEBsW vl
Smeothdt A5-3 1ol v}, @}A Smoothd o)t
AL H S5 ]74 <. AR sl st prapal
@3] Smoulhnes%—- B 27 gt

GPE A4ds] F235)7) -rlﬁH*lL 2= (Fimess) §
T 2 a3 (Terminal)® $H9=(Function) e A
A7} ¥ Fashm, 2ol E =2 o9 s
&4 v e g 4T+ e GP E2| A
44 ESE Ut B A7 AFE AE5)
fste] 3ol e vl gt oSS, 44N
 HAE AL 482 Qlste] Muke) AP o
Aleli A 2 A <3(Principal dimensions) 53 ZA &

ok,

P2 wshehs 3

2. 78 =2OHUE 0|88
024 =&

°.;<17_<} B_I.E:Lg“ul 7|RL 7]&Ee) _ﬁ_z-]z-l o} Vi &
ol A} 74| (Individuals)2.4] ©)R 2B S Aprahs
thal A FE | T2 aPS wda7) A3 et s
AAgdtt) o] Tz 73l Ea)e @478 (Function Set)
7 Huld A3 Terminal Senel] A2d 9459 x
o2 FAEL). 7ML ABAKReproduction), 3
8 (Crossover), 9 'H)(Mutation) F¢] F474 A4t
o] F3¥r), et AL HdHo) Eale) Hy|9f 3
£ 7A8F Qe g8 F4 205 Wlslen), o] @A)
o] 2 2] Egle Ay (Fitness) & The o” ozl = j=cE

o|A7F E3hE HolE| 2R E u|R X 23 A =
olzvt =M FEEE &3} 7] wEol, FDM
(Finite Difference Mcthod)oll A 548 4o A 7t
3 vliesle] ol - & Fpol & Hojsl "o} F xojz)
(Noisy) ®lolEle] vl 8 FAsks FAl= -
posedd! AR RFAT 3o)= dlo]E{e Bl A
F4L 918 4 B2 Ay A HY =, 2 o)
J’”(Polynmnjull)ol‘—1L AT Fog HoJHE 4
A °| Flllm"t‘l °ip H HE RS el yhg
Hlﬁa— 21] /I 3 F FODMOE vt
WIS S 0 o el S Qi)

2 =EolM 7|E Wl de] vl Ao
# 2} GP E)7) yrEaljo) & 3 (Finess)S H9)
sk, 3 #AY L %3k Smoothdt AFES R}

Ag ot

n

FHCAD,/CAMTE =54 93] A3E 2004 92

Ak #F e A
S AlA &5t g

GP=2] 7)A) (lndividua])% Z2] et e, g
oh efold {3l gole Yame] gz 759
o A3 A4l A}—(Genellc operators)®] GP E}o
A &5o] A dE AHglets o g gpe
2lo) 33 A7l FA2 2 WEsA Aok nper
ZAAg o2 4] NS eiMe A g, Bl

g el Aorh poras Fasit

&S 2h= GP Ex) 44 vy

2.1 ¥Ex #o] Mo
ol H Fuyt =ol¥, x=xY o F9| e F,
2 R/E  oluk UE AEd Fo gt F = o)
*% g2 EFMeHA HEE A ()E ¥
Fi= Flx}+e;
= F‘-+€,- (I)

AZE WE2 Mee n+ oy, xn<x,<...<.r,,9~1
PAVE AETCL w3t a2l 2B 420, 5 7HF9)
glojof glrl= A g2 it Gp ‘—E]E febx %

8 W), dFldx =79 BAZE HELY 4 e fE 2
7] Qs = ohe 3t e 7o) Adte a2 ok
@ 4 alvh

hAgE 251

FQ]' f Akelell= j “x)dx = F(Xul) F(x,)
(i=0,....m) PHEFo]of shu R then) e M)
s 8% Aol F ik

I n— LT - - 2 )
¢ = " % [j'l_ fyde—(Fiy - F) 2
o

SELES T

a; = [ flodx B B e e AFo) B
ZQ.& A shekg £ gl

,"‘n = Fl—ao = Fm—an—a,—.,.—am_l

Fi=¥F-o =F,-o-0—...-q,_,

'Fm—l = Fm_am 1

FH! = lFm

lFm+| = Fm+am

F"H-! = Fm+ 1 + anH—I = Fm+am+am+l

F": F”—|+au—l = Frn+am+am+l+ LT o,

Aol 452 25 tale} Hejsia oga) Lol £,



F43 T oY o] 8¢ o)A Wlelele) Curve Finingzh 419

o i o] qlofain},

F, n+][z.“+mzl(t+l)a—"iI(u - r)(x,m] (3)

=9

712] Thel L“" [ A e
o714 kel ]>=:F ,,+.;(F-+e.} ”H;J

B, & wolze] M o] 0o oo e
tha st FLe ok 7r}°I vl 4= ik

Fo=Fan [ZF+mZ(1+|)Of 3 e F)a”mJ

i={ i=t i=0

)
ey 4 @ AHgald HEE P g2 olalg

2o) Aol 4 ek,
= _'_li (F-Fy' 5)

$:2) A% 'T°_- tll‘f’M R ) e AT S E= N [ et
#3132 ks Holh 1"%?_ At (Generation)”+ A vt
o P £e) 4 f2l % AL B G 1A
sled, ojw tiAlg o2 ¢,9) 72 6.0 wrh )
A% 27|15 4 Aol Ak T Aw grs
FAlol ARESE) A 2L ey U 4w o
o) Mg wRia 4 2k,

¢ = 0.5(0.5¢, + ¢,) 6)

AR o2 ¢ukd Agw FH-8 ALY GP E
2E Overtitting #4-8 Kol7) gd], 2380 N&
¥jo] 2l%o| Smoothd! #EH S Reole EolE A4sl
2} M= ¢l Regularization term ¥ 718l
A doart slcoh

22E{D{d R &t [ E

Ejoldl A2 7= [x, RIQU], = SYWS
JRI< 1.0 9 d=(Random Number)oc}, & ﬂﬂ'
FA Al Smoothdt GP Eg|¢] &4 ko) o) 2] =H)
Tee A UNE F{EY 5 MAse} shed
& oA oS o) B HE etk

F= {+.'_ *!glygﬁ'g:hgrl}
oA7M g, = ai(blx—ci]:

[x=h)ie, )
& = ay'e

M Alol) A 2] 2.8 185
“halv-cy)
&y =a/(l+e )
ga = {ay/B3) b3 +(1 —cpx) o]k

6, by & 4R TS 2in)ahed), ol F 442
FABHE YL 2340 7l&slo) U,

23003 4] B2 213t P 22l E

22702 713 goldsl gk S Abg-sled
GP Eg|5o] A5 2t BEle] =
c}, ojuf gk HFol AH-A T g,
AFE fho] B} AUy ENF 3 o?jL LR7}F =
d AAFS £ol7] A8te] LAM{Lincar Associative
Memory)"' 38}t Hooke & Jeeves B4 B2 E8
gto] Abgale WAl g Fsldnt 29| crVl/\‘l 23
7 Hle AL 34 vlpelE gholl wlelA4 Overfi nlng
&k, & 22| Ags gro] ul¢ 4ot Eale &
& glo] &gt vt F|ojM A Yok Yo] 24
ik Wb Overfiningol &R =) ""E]E S
gh=poll B-71510d GP E2l7} Smoothdt A8 Holw

1o ﬂi
oo

1

e

=

>

>,

Lo}

o)

2 FrT dav) g B AP ,_-_l__o 3} e
25 AHgstgdch

¢ = ¢/ 1+ VL K 7
714

1—[ [1+(df7dx) ¥dx - (x, - X,) = j (a’f/cL\ Tdv
o2, p ke 27t ¢, LLe ol olef WHF 2
A7 ArE ALY F (Scaling)dl7] 9134 Ad5eln], v
= L9 7195 E JERRE Regularization F1E}eE 0]
ol W s7b SEE el wlak] pRde) o
(Underfiing2! 712 330 ) £2] g8 0] &
T, 9 Overditinge] 255 12 {11'—?.- 715l
"ok g, x 2B T v e AAdskes w1 Eol
Y9 f& vrA37) 95k Gp & —E¥% 7keks) .
obaphn ohg ) 7hcl

Aol MAER) NIFE AT AHF
(Population)2 W1t} oju)), Galv| §Hp g2 £
gatx e a, b, ciz DTS FF 7 AL
7t =8 LAME AHgshe =A%), dleluie
F4 A Hopet A 35E)7] Yate] v
B Hg gye)sel AR WA LAME
} ol.oi[_}lmli
b. A A zwﬂ(siE 5-1070 A=
58 9sly, o5 g8l gle

Jeeves 718 AVE-El g, b, =

o 3

9] g] Al T_.‘_]
A Hooke &
we} 4]

B=CAD/CAMES] =3 Ao 233 20043 98



186

FAsh=d, APE Fre ¢S A
Hooke & Jecves WHES ARRSE7) Rol|, i, 22
23 v e ule] 4As) Folof dh=d), B =
oA pot v EhE ERY ¢ BOE k& E
g9} LE Ajksl] ARE-sisict. o)} Zo] sl
E‘l Wl AA L o] 2AR! 27 2t o) 0}14
B A7 o) el 7123 Heuristicd 7

°|13+ oA HAe) Gro| F 5 Qlov] B2 Aﬂ
izl A 73 A f2 2152 Overlitting 2
wolA &= Zlo| Itz

¢. 2 iAol el 347 FA2 QS
Ak e ShHOYS ARl Y22 A7 S
AAdsta, Fo1z Al Gt 2 w7t ¢ b HA
S e},

dc F2E oA E 2 HA ] B 5 M #H4
9] ¢y 2 7= EelE shy *"%bF—E‘lI b4l
A} A F3o] o] 7H= Overfitling 8742 2 Y
7Fe/do] At OverfilingS: 171 $1814 ¢, 9
7 328 FeluEl= wid), 2o dFHe ghe)
S fEiAl BiE A9 7Sl LOOCY
(Leave-One-Out  Cross-Validation)"#¢] A} &2
28 2 & ol 29 LOOCVe] BEe w
EH ?l AH":%*-% 243 Aot} 18-o], A

2 Aol LOOCVS ol&5le] v ghg &

72?6}04‘1: sk 432 271 oAt ety
B =S ME LOOCY Wald) ve Faptloz
E0.5-0.0 4%=) g 27718 Hooke &
Jeeves "WH8-E AMESIA] @7 F vt s Bl
of Zg4 q, b 5 AYsle Wl AEEA
o, dRkHoR ye] Hool wEls ¢09] =
Z715HA ok, ola 2712] ¢/(vE ZVINFI7)
7t vel St ubE FaAjje] ¢y vlutsey 1L
WslE %o) PIBRE 1-5% 4% ol&7t 9 o
AR vE F71A17] ARS-3ict. o9} 72 Whgg
AHg-ele] HAo] AR AL = 2l AL ol
A3 Eglo| Overfiting §174-2 ZA) Y F 2
= Ade) 9l

GP E21¢9] HPEE Attshs HEE AR ol
B AR e Abejor Hizul, £ EolME =
F 2] PR A2 HE oSG BE 6P &
ZIBRE Fo) S #3357 sldiM e op ERlE
Ftalof dlew), A 2le] o) 79 7]

Azl $138A

+4) 4% U

tlo

2ol Fx) %2
Abgsigieh

A8FCAD,/CAMEE =37 Ao A3E 20043 9%

ol3E, daH

3.E5

GCV(Generalized cross  validaiony= LOOCV
(Leave one out cross validation)} 27§ A7} 9}
=, 94 LOOCVE {H44] 4l & dgsta ozt
72k, v 100712 noisy HlelE7T v 7FEEE,
Al A dloje] 3 HE W vielX] 997h2] dlolEg
SAR Y S vkET o] SARd e 33 A WA )
o]Ejete] Alo]EHE HAEQRE Ats) A
10071 2] dell Ao 255 F HA cleé s W 99
A dlolel2 MEF 2ATYE gHET ellA g}
G upaloe = oA vole]o] Uit HAE 9 FE
APge) o] A& AZelA] BB o2 F=aFH
1007 2) 2ApRL A3 ofo]] g3k 100712 Elo]E o)
l:]]i?l- H2E QG5 AT 40 Sl o] HlAE 2F
= CV(Cross validation) 27242 3, CV 2 /RS
7|"’§>" 47 Y 9= 312 Regularization parameter<]

we Folo] AMRShe Aol b 23] AN EE vy

o3, B g o} S8 o] ARgo) ofelx] g
Smooth fitingE ¥& 7 U Avlo) A wio)
ot 2l ©] LOOCVS 7V 2 24142 v gt Al
g 273 304, #F 2] Regularization
parameter?] 742 73171 A E A3} FAe]
L2312, Regularization parameter gtel T4 A] nic}
dlole]e] FNE 2AF Hdle pEEle) shie A
olt}, 27l Spline! AF- CV &73-E Closed form
o] FAL fud 5 d=dl, ol& A AfE
GCV Splincele}y g},

7 Aofirs 712 AAE AMESte] DBRSF W3
71 elutd o g AR Q= B-Splinedll GCVE
A2 W71 ANYGCVSPL Forran Packages C ¢
olZ WY TEIPS ALGIINHE AHEStel 2
AAE AEsch AMEE oj2s Hdke] o

e

H]

Table L. Parameters used in genetic programming
algorithms

Population Size(N) 1000
Number of Generations{G) | 10

Seleetion method

Totrrnament with 50 trees

Reproduction probability 0.2

Crossover probability 0.75
Mutation probability 0.05
M in Scction 2.3 10

E in Scction 2.3 0.5
P in Scction 2.3 19
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Table 2. Results of smooth fitting based on DBSF GP and
GCV B-spline. Here, the measure ol the goodness
is the mean squared-crror of the true and estimated
value at given learning samples
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Fig, L. Fitting by GP and B-spline with GCV. The first picture shows the equation (8) with noise e~N(0,0.05%), and the third

is the casc of ¢~N0,0.1%).
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Table 3. Results of smooth fiting based on DBSFF GP and
GCV B-spline. Here, the measure of the goodness
is the mean squared-error of the true and estimated
value at given lcarming samples
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Fig. 2. Fitting by GP and B-spline with GCV. The first picturc shows the equation (9) with noise ¢~N(0,0.05%), and the third

is the case of e~N(0,0.1%).
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