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Sensitivity Approach of Sequential Sampling Using Adaptive Distance Criterion
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Abstract

To improve the accuracy of a metamodel, additional sample points can be selected by using a specified
criterion, which is often called sequential sampling approach. Sequential sampling approach requires small
computational cost compared to one-stage optimal sampling. It is also capable of monitoring the process of
metamodeling by means of identifying an important design region for approximation and further refining the
fidelity in the region. However, the existing critertia such as mean squared error, entropy and maximin
distance essentially depend on the distance between previous selected sample points. Therefore, although
sufficient sample points are selected, these sequential sampling strategies cannot guarantee the accuracy of
metamodel in the nearby optimum points. This is because criteria of the existing sequential sampling
approaches are inefficient to approximate extremum and inflection points of original model. In this research, '
new sequential Sampling approach using the sensitivity of metamodel is proposed to reflect the response.
Various functions that can represent a variety of features of engineering problems are used to validate the
sensitivity approach. In addition to both root mean squared error and maximum error, the error of metamodel
at optimum points is tested to access the superiority of the proposed approach. That is, optimum solutions to
minimization of metamodel obtained from the proposed approach are compared with those of true functions.
For comparison, both mean squared error approach and maximin distance approach are also examined.
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M)A 7 kA & A A (reliability-based  design  optimi-
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Fig. 1 Distance criterion of 25 sampling points on
normalized space for two variables problem

Initial Sampling

Sensitivity Criterion
max (x) and min J(x)

SL0Sx, S1 (k=121
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Distance Criterion
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Response Criterion
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Fig. 2 Flowchart for sensitivity approach of sequential
sampling
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Table 1 Test functions

Function Equation
Dejong f=xx
=1

Rosenbrock £ =1000x, ~x1)? +(1-x,)*

Branin F= (=515 e 36 100 - Sycos(x) +10

N 4r n 8

Six-hump x!
camelback f=0@4-21x + ?‘)x,Z +x,2, + (—4 +4x2)x]

.
gf;’;fz%///mm/
s

'//////////////

(c) Branin (d) Sixhump camelback
Fig. 3 3-D plot of Test functions
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2xoz MAEY7| wEolth

Table 2 Number of local minima and total sample points

. Number of Total
Function .. .
local minimum | sample size
Dejong 1 12
Rosenbrock 1 21
Branin 3 24
Six-hump camelback 4 54

(d) Maximin approach
Fig. 4 Contour plots of Dejong function and its Kriging
models by each sampling approach

(c) MSE approach
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(a) Six-hump function (b) Sensitivity approach (b) Rosenbrock

(c) Branin (d) Six-hump camelback
Fig. 8 Prediction errors of Kriging models obtained
from sensitivity, MSE approach and maximin
distance approach

(c) MSE approach (d) Maximin approach
Fig. 7 Contour plots of six-hump camelback function
and its Kriging models by each sampling
approach
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Table 3 Optimization results of Kriging model

Function S;:::::f )Agl"p’ _i;’p‘ Exop,
Maximin 0.0049 -0.0023 0.0054
. 5 MSE -0.0028 0.0013 0.0031
Dejong Min —
Sensitivity -0.0010 -0.0015 0.0018
True optimum 0.0000 0.0000
Maximin 1.1426 1.3000 0.3322
Rosenbrock Min MSE 0.9160 0.8389 0.1817
Sensitivity 1.0377 1.077 0.0857
True optimum 1.0000 1.0000
Maximin -3.9187 14.3134 2.1815
Min MSE -3.2241 12.0759 0.2156
Sensitivity -3.1592 12.3353 0.0628
True optimum -3.1415 12.2750
Maximin 2.3592 2.9603 1.0400
. . MSE 3.0780 2.5261 0.25%0
Branin Min ——
Sensitivity 3.1453 2.3278 0.0529
True optimum 3.1415 2.2750
Maximin 9.7381 2.7524 0.4185
Min MSE 9.4012 2.4708 0.0240
Sensitivity 9.4477 2.5755 0.1031
True optimum 9.4248 2.4750
Maximin -0.0892 0.7089 0.0005
Min MSE -0.0887 0.7063 0.0064
Sensitivity -0.0892 0.7089 0.0037
True optimum -0.0898 0.7126
Maximin 0.0894 -0.7105 0.0010
Min MSE 0.0845 -0.7086 0.0066
Sensitivity 0.0894 -0.7105 0.0021
True optimum 0.0898 -0.7126
Maximin -1.7029 0.7925 0.0031
Min MSE -1.7003 0.7962 0.0033
Sensitivity -1.7029 0.7925 0.0037
Six-hump True optimum -1.7036 0.7961
camelback Maximin 1.7036 -0.7966 0.0028
Min MSE 1.704 -0.7945 0.0016
Sensitivity 1.7036 -0.7966 0.0005
True optimum 1.7036 -0.7961
Maximin 1.2332 0.1641 0.0020
Max MSE 1.2306 0.1791 0.0168
Sensitivity 1.2332 0.1641 0.0035
True optimum 1.2302 0.1623
Maximin -1.2336 -0.1647 0.0025
Max MSE -1.2275 -0.1734 0.0114
Sensitivity -1.2336 -0.1647 0.0042
True optimum -1.2302 -0.1623
Table 3 Fig. 99 AHE ¥7] 98l Al8d 2
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