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Abstract—A Response Surface Model (RSM) based on a com-
bination of Interpolating Moving Least Squares (IMLS) and
multi-step method is proposed. The proposed RSM can auto-
matically adjust the supports of its weight functions according to
the distribution of the sampling points when it is used to recon-
struct a computationally heavy design problem. The TEAM
‘Workshop Problem 22 is solved to demonstrate the feasibility of
the proposed method for solving inverse problems.

I. A MULTI-STEP IMLS INTERPOLATION SCHEME

Nowadays, it is very common to use RSMs to enhance the
solution speed of a stochastic optimal method for multi-modal
functions of inverse problems [1],[2]. The most popular RSMs
are those based on globally supported Radial Basis Functions
(RBF) because of their interpolating power in dealing with
both grid and scattered data. However, global RBFs have the
inherent drawbacks of having the need to manipulate the full
interpolation matrices. Consequently, the sample points of
available RSMs cannot exceed an upper limit [2]. In order to
address such drawback, a compactly supported RSM based on
a combination of IMLS and the multi-step method is proposed.

The reconstruction of a function f(x):D — R on the ba-

sis of its values f; at a set of sample points x; €D (i=1,2,...,N)
in terms of basis function b= {b}2, (n < N) using IMLS is:

()= Za, () (x) )
where, a(x)= A" (B f, f=[fi fo [T,
A(x) = Ew0 ()b (x,)

B(x) =[w" (0)b(x)) w?(0)b(xy) -+ w (0)b(xy )],

where w) (x) is the weight function, and its general form is:
wy (I x =2 D/ flx =, |1 @

where, « is a positive even integer, ||®|| is the Euclidean

norm, w'/ (|l x = x; ||) is a compactly supported function.

Ideally, the sample points of an objective function should
be distributed irregularly such that the point densities are com-
paratively high in regions where the local optima are likely to
exist. Thus, every weight function should be able to adjust its
support according to the point density around it. Correspond-

ingly, the weight function w((x) is of the form w (-/ £) for
>0. For this purpose, the multi-step method as proposed in [3]

is used and the set of sample points, X, is decomposed into a
nested sequence as follows

X'cXc-X""cX"=X, 3)
of the subset X* of X,
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XE= i x x Y <k <M, (4)

and the interpolation problem is also decomposed into M steps
as described below.

Starting with k=1, one will match the error function at the
k" step as

f=(s"+5" 45, Q)
on X* by computing the coefficients of the k" interpolant
s'(x) = 2 (00 (x) (6)

with a(x)= A (VB f, f=1f, f, - fy 1 .and
A(x) = §w<”(x/ BB (x*),

B(x)=[w" (x/ Bb(x") w? @)b(x) o W™ ()b,

after the value of S, of the weight function has been chosen.
It follows naturally that
Fl=G"+s>++s") |, (7)

II. NUMERICAL EXAMPLE

The TEAM Workshop problem 22 is selected as the case
study of the proposed method. In the numerical implementa-
tion, 495 sampling points are firstly generated and the objec-
tive/constraint function values are obtained through Finite
Element (FE) simulations. The optimal problem is then recon-
structed from these sampling points and their function values
using the proposed method in which a liner basis {/,x,y,z} and
a cubic spline function are adopted. It is then solved using a
tabu search method. Table I compares the performance of the
proposed method with that of the traditional solution approach
for which the tabu search is run directly on the original prob-
lem. It can be seen that the proposed technique can virtually
reach the same optimal solution as the traditional optimization
algorithm, even though the former uses only about one quarter
of the FE analysis computations of the latter.

TABLE I
PERFORMANCE COMPARISON OF THE PROPOSED AND A TABU METHOD
Algorithm R, h,/2 d» Sopt No. of FEM Computations
Proposed 3.09 0.242 0.389 8.20x107 495
Tabu  3.10 0.240 0.388 8.19x107 1842
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