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ABSTRACT. In spectral methods for uncertainty quantification,
the output of a system is approximated by a multivariate
polynomial of the random inputs. Direct computation of the best
L2 multivariate polynomial approximation of a nonlinear function
of a multivariate polynomial requires numerical computation of
high-dimensional integrals, and can therefore be prohibitively
expensive. In 2004, Debusschere et. al. proposed a method for
computing the elementary inverse transcendentals that requires
numerical evaluation of one-dimensional integrals, though the
integrands become quite complicated. We present here a
new approach based on the modified arithmetic-geometric mean
iteration of Borchardt, Gauss, and Carlson (BGC). Our method
requires no quadrature, but at each iteration it requires numerical
solution of a multivariate quadratic equation. Our numerical
experiments indicate that our method is several times more efficient
than Debusschere’s line integration method for computing the
arcsine and the logarithm, and roughly comparable to it for the
arctangent. The classical convergence theory for BGC iteration is
set in R and C. For study of our method we develop convergence
theorems for BGC iteration on non-negative functions in C0(Ω) and
L2(Ω). Finally, we mention some open theoretical problems that
arise when considering BGC iteration with truncated polynomials,
in which case the non-negativity condition can sometimes be
violated. (Kevin Long and Kaleb McKale.)


