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INTRODUCTION

 Dimensional Decomposition (Hoeffding, 1948)
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INTRODUCTION

 Existing Component Functions (Xu/Rahman)



PDD METHOD

 Orthonormal (ON) Polynomial Basis



PROPOSED METHOD

Cl i l O h l P l i l Classical Orthogonal Polynomials



PROPOSED METHOD

 Fourier-Polynomial Expansions



PROPOSED METHOD

 Polynomial Dimensional Decomposition



PROPOSED METHOD

 Formulation of Coefficients



PROPOSED METHOD

 Dimension-Reduction Integration
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 Dimension-Reduction Integration



PROPOSED METHOD

C i l Eff Computational Effort
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EXAMPLES

A C bi P l i l A Cubic Polynomial
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EXAMPLES

T il P b bili i Tail Probabilities
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EXAMPLES

T il P b bili i Tail Probabilities

10 0 10 0

10 -1

10 0

Beta-Jacobi 
(-3   xi  3 ;  =  = 3)
m = 3 , n = 4 10 -1

10 0

Beta-Jacobi 
(-5  xi  5;  =  = 1)
m = 3, n = 4

10 -3

10 -2

F Y(
y)

Monte Carlo
10 -3

10 -2

F Y(
y)

Monte Carlo
U i i

10 -5

10 -4
Univariate
Bivariate
Trivariate

0 2 0 2 0 100
10 -5

10 -4

Univariate
Bivariate
Trivariate

-120 -80 -40 0 40 80 120

y

-50 -25 0 25 50 75 100

y



EXAMPLES

 Piezoelectric Transducer Piezoelectric Transducer
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EXAMPLES

A F M d Sh (M I ) A Few Mode Shapes (Mean Input)



EXAMPLES

M i l Di ib i f F i Marginal Distributions of Frequencies
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EXAMPLES

J i Di ib i f F i Joint Distributions of Frequencies



CONCLUSIONS/FUTURE WORK

 A new polynomial dimensional decomposition 
method was developed

Decomposition with increasing dimensions 

Fourier-polynomial expansions

 Innovative dimension-reduction integration

 No sample points required; yet, generates 
convergent approximations

 Accurate with modest computational effortp

 Future work: Time-variant problems, arbitrary 
b bilit di ti &probability measures, discontinuous & non-

smooth responses, etc.


