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Abstract

A Kriging model is a sort of approximation model and used as a deterministic model of a computationally
expensive analysis or simulation. Although it has various advantages, it is difficult to assess the accuracy of
the approximated model. It is generally known that a mean square error (MSE) obtained from the kriging
model can’t calculate statistically exact error bounds contrary to a response surface method, and a cross
validation is mainly used. But the cross validation also has many uncertainties. Moreover, the cross validation
can’t be used when a maximum error is required in the given region. For solving this problem, we first
proposed a modified mean square error which can consider relative errors. Using the modified mean square
error, we developed the strategy of adding a new sample to the place that the MSE has the maximum when the
MSE is used for the assessment of the kriging model. Finally, we offer guidelines for the use of the MSE
which is obtained from the kriging model. Four test problems show that the proposed strategy is a proper
method which can assess the accuracy of the kriging model. Based on the results of four test problems, a
convergence coefficient of 0.01 is recommended for an exact function approximation.

1. M8

[

i)
rlo

A4t ¥ (computer experiment)
HopollA HAH o 98 AAE AAF

AFE wAdn g4 F o HEEs
9 F A HAd zEy FFEIL
et 249 ERdE I %7}5}‘3‘1
S 3 JAB B Azl aFHm )
53] FHAMAG Zo] oy W sHMo] Hadh

AL MY Aol w§ ZtstA "ok ol"

—r‘

e Mg H

r;riéi"
lo 2 po H L

2 g ok i o (R

T AAR, B4, dxAsried AT
E-mail : joobi@casad kaist.ac.kr
TEL : (042)869-5034
* FFAYTed JATE T
» AFAREATY
3, g53ssed JA TS

TARE AAsr] 3 g§& ArEdol ARt
Hdck 2 F FgA ERE AHAWSFs Bx
HAgP ol g ZAdA F2 EAL HolH
53] AAFNNAN FEH o dnE =BT
(interpolation)& 4 Q= HoM AFEH =9
Ao nigs £ AR Attty A
At ®

327 ZE& Sacks 5ol Aoz ANAFA
oMl 2oy AL AAHEF HE3Pod
olo A3 A4 HIAIHE AL
a8y 287 BEdA Aitd HEFASeat
(mean square error)= FAIZH SR A 4 FIH
S AEA Rate AdA gEd Ze HAAF
2AE FE Aoz 4EA °’5}(3) olZ I3
2do FRye Besed e o Am
Rom zdo] AHHBYS %‘33}7] A HdEd

52 olgsie] Rdg WE 3 @ B EE o



924

4e AAstel 229 2de BA VEL o
aazdel gt 44 el wzg Bs 2dd
He4e Wlste 2ALEF Py

93 Q9 aehg ol 3% AW AV

297 =Yg oA BESolob ¥ B ohld
AT B ARE FA Fohs oz LA

deon B3 Fr7HAQ 4¥F e AEstdq 2d9
AE=E Hg Ag ALsn JAGtO aHy
At Azhe) go] Age AL 289 A o™
ez EdS HFEUIF Eibestn AT
azx73 2R AY=E  Hrksrl A6
BaAFAY ZAFFT HHE AHEsfoF Frt

=g AE ®lwslr] i BE EHEAA
H g AF 223 (root mean square error)E ©1-8-3k3L
Aed BFAF2LAY 713 & B3 44 99
F YERAA oAt & AL ol THIA
Zathe Aot & U2 AAGHlAM ghol
Agsttt A= HAFHS AFEAA gol
AA 4 B olE W F Qe gl Aok
222 g5 AADGAA FFsA SAks ok
e BT A ()F Bl Hyexs AHEse
o] w3 sl

MAXERR, = max|$(x) - y(x)| )
dq7loA  P(x) & A g3 IALE
2gdoly y(x) © 2A IFE vEdo. o

D & AA dAF49og §d o A
AAEY WdA HdexE eElb
347 =de AF WHeR AgsE Aot
ole} & 2AE TYUFHY FHAHA At ¢
2% o aREg HASGA w3 & Yok

Auidoz ZAME Z2EY sHFgk
A2 go] A EAAE ABY R U
2ALE BREA "o

old #AAM A& HIY ¢ 2
WHe RE AAIGAN #HE 2L F s
Zo] ekt 4 )9k Zol A Edo sl
AR F d 97l
Bl AlgdE A¥3Y

A

ol &

AN

fr ol

CV=\/;1—{2(9(X)—y(X))2 : @

s =1

agd 4 2leAM AFHe HIAF

oo Y EE F9dA @& A
govl 4 3y Fo] EAY of A (HFH Z2
ou 7} g

MAXERR, = max JMSE(3(x)) 3)

azd AR HEAFeAs 9@X
87 ZARDY EFAE HAEE deds
AP Az2 geA Jdev oF AHY R
39 R Bdsy] 94 AT W TAse
A 2 old i HZAL dE d7E ¥
2EF ARon. =¥ Fd 2N AL
FAFLAE AA A F o MA@ F
el g dTe AFE AFoo
22 =FdME HaATeAy Avdd
stebsta o AR Bt AR
1 AEAEEE 29N RAsta o)E
oz AR ezt Ful AL HIAF

o) -
AA

2oy dn
2 o (o

&
3
2k
48

2. 32|Y ZAzY

21 32(d RE9 J[2 ol&

3374 29 A @9 2ol AYHA 548
ARAE fI(x)f o o @ozPyy WAES
Yehile Z(x) 9 goz A9
Y(x) = (x)B+ Z(x)

{f(x) = £ (X)se.er o (OT )

where ,

B=[B,....5]
d7ldlA  Z(x) £ Hdol 0 oln AAA

x g wolA Z(x) 9 Z(w) Alo]9] FE Aol 2
(5)%F Z& FEH < 34 (stochastic process) S F 3l
Eddd.

Cov(w,X) = 0’ R(W,X) 5)

A71N o? & Y(x) & ATFEEE AAUL
7 Y(x) & Baolnh A @ (514 B 9
ol e 707 Aol o8 Asdct.



BZAFLAE o437 287 AR 23 B} 925

ol Hs) ¥ S={s1,...,sN}°ﬂ s AA
Age ARe y, =[y(s,),-x6)] 2 B
| B9 o’ 4 (6o 3 FoiAc,

~

B=(FRF) F'Ry,

a2 1 T 4 -
o} =7V-(ys—FB) R (ys—FB) ©
{F =[£(s,),....f(s,)
where )
R=|:R(s,.,sj)]i’j 1<i,j<N

a5y B 3§ & Adsrl Hel WA
4B (correlation function)®] ¥A|FQ 4, &
AAsor sy olg A3 %54 (maximum
likelihood estimation: MLE)l <jsl FA == 4
(M& Folk o o97]dM n & AANFY
ol e},

Minimize L(8) =| R |'" &7

7
subject to 0<6, <50 k=1,...,n @
olg Hlgoz HF TdL gy Zo

x@dd.
P=1"(x)B+r"a

&=R"(y, - FP) ®)
where

r =[R(s,,X),...,R(s,,X)]"

=% Ha AT 3= dEF o] x¥Eh

7 [ er
MSE()"(X))=6'2{1—[1"(X) r'(x)][i FR ] [f 00]}(9)

r’(x)

olg FFAFLAE HAHY AF § oA
00l = S4<¢ 7k

22 datgrs

274 B3¢ A% AVEFE gIsAw
A7ldME b dwrEoz AEFHE Jtes
Fagtete  nEdt b ARYsE

o] &std R(w,x) &= 4 (103} Zo] Bdgch

R(w,x)= ﬁRj ;)

_ ot
where {Rj (@)=

dj=w,-x,

(10

3. dz|d 2YolAM MSE 2| &4

3.1 MSE € 0[8% 2%to| HIt

27 2P dis] HFAFLAS EAHE
stetslzl A&l A anId (129 ¥ g E
o] 8ct® Zzbe] uig P+ AYL Fig
1o el

f=-x"+0.7cos(10x+8) -1

11
xe[-1.5,1] an

[=2+0.01(x, - x})’ +(1-x)
+2(2-x,)" +7sin(0.5x)sin(0.7x,x,)  (12)
[xvx2] € [0’5]2

3 A9e A8 1 A g A
0408 28PL AN 2 Y A
¢ 79 A2 mgoz AYAL wWANY

)
ol 2dAe FE IVMA JIH Huexs
Hws] Bgivh AdE wndy] g8 A (3t
(& ol&sy 1 Ad A As e
100 7fel SHFAos a2 AU EA A4
100x100 ¢ ZHAaAE  olgstd  Huexs
H7HEIG T FolW A FEd e Aozt
€ Fig. 2 o YEglen y £2 gifsxuA=
A3

MAXERR, = max|(x)- y(x) B
MAXERR, = max MSE(5(x)) 3)

Fig. 2 £ AddY F71 F71gal wak 24
oaet AR RAZRH AME 237} 8@
AES Holal gL HAFEH EE o AR
ol g HolZ BlAw ZE RHIZRE Aad
&7 83 =Y Ede 3 g3
Aoz A14E F YE AL BoF)

o n o

E ra— o8 o [3 1 e @
x

(a) Numerical function (b) Mystery function

Fig. 1 Plots of test functions
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Fig. 2 Comparison of Maximum errors in case of no
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Table 3 Test functions for numerical examples

Test function
Numerical J, =—sin(x) —exp(x/100) +10
function 1 xe [0’10]
Numerical f,=xt+x;
function 2 xe[-4, 47
Haupt f; = xl Sin(4xl) +1. 1x2 Sin(2x2)
function [ x,, xz] elo, 4]2
Rosenbrock i =100(x, - X,2 Y +(1- x, )
function

[x1 ’ xz] € [—2’ 2]2
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