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Sensitivity Approach of Sequential Sampling for Kriging Medel
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Abstract

Sequential sampling approaches of a metamodel that sampling points are updated sequentially become a
significant consideration in metamodeling technique. Sequential sampling design is more effective than
classical space filling design of all-at-once sampling because sequential sampling design is to add new
sampling points by means of distance between sampling points or precdiction error obtained from metamodel.
However, though the extremum points can strongly reflect the behaviors of responses, the existing sequential
sampling designs are inefficient to approximate extremum points of original model. In this research, new
sequential sampling approach using the sensitivity of Kriging model is proposed, so that new approach
reflects the behaviors of response sequentially. Various sequential sampling designs are reviewed and the
performances of the proposed approach are compared with those of existing sequential sampling approaches
by using mean squared error. The accuracy of the proposed approach is investigated against optimization
results of test problems so that superiority of the sensitivity approach is verified.
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Table 1 Regression function vectors

Function Regression vector q
type
Constant f(x)=1 1
Linear f(x)" = [I,x,,xz,n-,x,,d] ny+1
Quadratic | f(x)” = { 1,%,,%, ,x,xz,-nx,fd} ﬂfM
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Fig. 5 Kriging models of f, by 8, 9 and 10th grid
sampling points

Table 3 Test functions
Function Equation
Numerical f,=—x* +0.7cos(10x +8) -1
function 1 -15<x<1
Numerical S, =2x* sin(x - 5) +3cos(7x)
function 2 125x<52
Sy =30 - x,) exp(=x} —(x, + - ]0(—-J\<I x)x
Peaks
function exp(-x; - x3)- gexp((—x, +1)? -xd)
o x e [=331x[-3.3]
Haupt f, = x,sin(4x,) +1.1x, sin(2x,)
function [x,x,]e[041x[0.4]
Rosenbrock £ =100(x, - x1)* + (1 — x)?
function [x.x]e-2.21x[-2,2]

Fig. 2 Kriging models of f; by 8, 9 and 10th grid
sampling points
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Fig. 3 Kriging models of f, by 8, 9 and 10th
sequential MSE points
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Fig. 4 Kriging models of f, by 8, 9 and 10th
sequential sensitivity points

1 239 A A 27 AEH2 30, & 4
Z3 JMee 10 A2 ddn A 71E 4,& 02
o]t} Peaks T 9} Haupt &0l daixEs 7] A
Z9 16 /M, AF 829 36 M= A,
Rosenbrock #&4+9] %9 _7\57] BER 4N, HF
MEYL 16 A2 &t ol 71?4 NE d, &
Peaks ¥<=, Haupt 37, Rosenbrock &3 Z+Ztol] o

A 0.8,045,085 2 AAsH

P71 718 g2 T FEAFE 2 2Hroot

Fig. 6 Kriging models of f, by 8, 9 and 10th
sequential MSE points

SENpomacn

= Tna o
Srprusen
o

Fig. 7 Kriging models of f, by 8, 9 and 10th
sequential sensitivity points

T+ 2 ZHaverage error)
2 34

mean squared error) E, ., 3
E_ , AN X(maxerror) E,_,,

avg

3508’

=—Z!y(x )= y(x,) @4

1, =l

Epp =max [(x,)= y(x,)| i=12-,n,

AN n, E AYUAELY FEYE

A% AAAY ez 23y EAd A
a2 M4 n, =3600°]}.

1ol
W, MSE W, UZE MHOE 8, 9
of AEAEL
d.e MG 7o)
A¢td vZ s dylo] MSE Wy AxuigE AZ
P IRHLGT AFqHAGE J']'Z—JISE =
ArE S g9 =

Fig. 8~Fig. 10< Peaks, Haupt, Rosenbrock &+ &
ol AAgeel £213 A4EgAgde A0 ¢ 52
A Z2¥U(contour plotyE ERH Zojr} O]UH +8
712L 4F SRAHL 2t Peaks §59 Haupt &
Fof isid e dEtEde] 39 ddigtol @S
%%‘E AEHe A3, ’“74]"““’“ 5ol dhuk
FHZH a7t A5l Rosenbrock &+ HEIZE
Sgol HAar He d¥de ¢4dos A9

FiTh

o o

Olr



1766

Grid approach : Kiiging

.ox

(a) True function

E approach : Kriging
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(c) MSE approach (d) Sensitivity approach
Fig. 8 Sampling points and contour plots of
Kriging model for f,

Grid approach ; Kriging

(c) MSE approach (d) Sensitivity approach
Fig. 9 Sampling points and contour plots of
Kriging model for £,

Grid mpproach : Kriging

(b) Grid sampling

SEN spproach : Keiging
=

DR

(c) MSE approach
Fig. 10 Sampling points and contour plots of Kriging
model for f

(d) Sensitivity approach
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Fig. 11 Prediction errors of Kriging models obtained by
grid sampling, MSE approach and sensitivity
approach
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Table 4 Optimization results of Kriging model

Functions Sampling x| x| E,,
Grid sampling  [0.0198{2.07670.4895
MSE approach  [0.2347|2.0059 | 0.4802
Max Sensitivity approach | 0.2915]1.6334(0.2964
True function  {-0.0014|1.5877
Js Grid sampling | 0.4766-2.142110.5777
. MSE approach  |0.1542|-2.3010}0.6833
Min Sensitivity approach | 0.2966 -1.7407|0.1384 | .
True function 0.2262[-1.6215
Grid sampling [ 3.30094.0000|0.2512
MSE approach | 3.48153.905410.1095
Max Sensitivity approach | 3.54184.0000}0.0147
True function 3.5519|3.9889
Js Grid sampling | 2.2526|2.4334]0.5193
. MSE approach  [2.5000|2.4002|0.2772
Min Sensitivity approach | 2.757012.439410.0224
True function 2.7714|2.4566
Grid sampling  |0.0029[-0.0146| 1.4225
. MSE approach  |0.6735]0.482210.6121
fs Min Sensitivity approach | 0.7500 | 0.5000 | 0.5590
True function 1.0000{1.0000
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