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New Importance Measure for Multivariate Output and
Its Effective Solution

ZUO Jianwei, LU Zhenzhou s LIU Hui , GONG Xiangrui

(School of Aeronautics, Northwestern Polytechnical University, Xi'an, 710072, China)

Abstract: Importance measure for input random variables is a necessary component of safety evaluation
and optimization design in engineering. In this paper, a new importance measure for multivariate output
is introduced by combining notions of the moment-independent importance measure and the variance-
based importance measure synthetically. The new measure is based on the multivariate probability inte-
gration transformation (PIT), in which the uncertainty of the multivariate output is represented in the
form of its joint cumulative distribution function (CDF). Compared with variance-based measures, the
new measure can take into account both of the uncertainty and the correlation information in the multi-
variate output. Compared with moment-independent measures, the solution procedure of new measure
is more simple because the variability of the joint CDF is measured by variances. In this paper, maxi-
mum entropy method based on fractional moments and Nataf transformation are proposed to reduce
model calls when the joint CDF is calculated. The calculation cost is saved without decreasing its accura-
cy. A numerical example and an engineering example are given to show the reasonableness of the pro-
posed measure and the efficiency of the algorithm.
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entropy method; Nataf transformation
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Tab.1 Results of the numerical example

.
&
Mea- &

0i 7

, Propos
sures (MC method) (Proposed

Method)
X 0.235(3) 0.022 5(3) 0.121 27(3) 0.127 89(3)
X, 0.542(1) 0.112 7(1) 0.449 58(1) 0.468 23(1)
X; 0.537(2) 0.082 5(2) 0.434 66(2) 0.427 61(2)
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Fig. 1 Sketch map of the roof truss
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Tab. 2 Distribution parameters of basic random varables of

)

+

the roof truss

i 411, 4% I3 AT YIE T 1 25
HRBH of ER 20 000 1400
(Nem")

& 2/m ES 12 0.12
B Ac/m? EA 0. 04 0.004 8
A As/m’ EA 9.82X10 % 5.982X10 7
WMERIE Ep/Pa IED S 1.34X107 2.412X10°
HMERIE Ex/Pa IEA 3.35X10° 4.02X107
WP R Ec/Pa IES 210" 0.12 X 10"
MM Es/Pa IES 1% 10" 0.06 X 10"

x3 EREGIMIERITELER

Tab.3 Results of three indices of the roof truss example

WL & ¢

e 0; i . (Proposed
iy 7 (MC method) Method)
g 0.508(3) 0.018(3) 0.107(3) 0.105(3)
[ 0.465(7) 0.003(7) 0.002(8) 0.003(8)
Ac  0.497(4) 0.010(4) 0. 054(5) 0.054(5)
As 0.482(5) 0.008(5) 0.056(4) 0.061(4)
Ep, 0.589(2) 0.023(2) 0.170(2) 0.177(2)
Er 0.639(1) 0.039(D) 0.256(1) 0.258(1)
Ec. 0.463(8) 0.002(8) 0.004(7) 0.003(7)
Es 0.473(6) 0.006(6) 0.045(6) 0.042(6)
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