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Problem setting Affine and uniform model vs. periodic model

Let (€2, 1", IP) be a probability space. We consider Affine and uniform model Periodic model |2]
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Domain parameterization N Y
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Let U := [—%, %]N and let V: Dyes Xx U — RY be speitiell conrdimgio spatial coordinate x
a vector field such that, for € € D,.f and y € U, alz) =2, Yi(z) = j—3/2 sin((i — %)TFCE), z € [0,1]
Viz,y) == i N . The means and covariances of the affine and periodic model coincide.
Y)

with stochastic fluctuations ¥, : D,et — R%. De- Main result
noting the Jacobian matrix of v, by 1., the Ja-
cobian matrix J(-,y) : Dyt — R¥*X? of vector

field V(7y) iS? for @ € Dref and Y C U7 a(ay> — U(V(,y),y) A U(,y) — a(v_l(ay)7y)

Let us (-, y) := up(-, (y1,---,Ys,0,0,...)) denote the dimensionally-truncated, conforming first order
finite element approximation of u(-,y) subject to a regular uniform triangulation of D,.s. A rank-1
lattice quasi-Monte Carlo (QMC) rule is an equal weight cubature rule over the point set

y) = mod(%, 1) — %, i€ {1,...,n},

For all y € U, we find the transported solution u(-,y) € Hy (D,ef) in the reference domain such that

J(x,y) =1

The family of admissible domains {D(y) }yev is

parameterized for all y € U by
completely determined by a generating vector z € N° and the number of cubature nodes n.
D(y) := V(Dret, y), PIELEN yadg g

and the hold-all domain is defined by setting Theorem [1|. Let f € C*°(D) be an analytic function. A rank-1 lattice QMC rule can be constructed
by a fast component-by-component (CBC) algorithm such that
D:= | | D(y). (CBC)

R 1 = - ~ ~
- / u(-,y)dy — — Zus,h(-,y@) = O(s Pt 4 VP 4 p?),
U = L1(Dret)

where the implied coefficient is independent of s, n, and the finite element mesh size h.

Standing assumptions

We make the following standing assumptions:

(A1) For each y € U, V(-,y) : Dyt — R% is
an invertible, twice continuously differen-

Numerical experiments

Let the reference domain be the unit square D, = (0,1)?. We consider the domain parameterization

tiable vector field. 2 1 : 1 1
v D(y) - = {($17$2) cR°:0 < 21 < 17 0 < To < 1 4 /6 25:1 Sln(Qﬂ-yi)wi(x)}v Y < [_57 5]87
(A2) For some C' > 0, there holds where only the top edge is uncertain, ||¢;|lw1.(p,.,) x i~ Tt s =100, and 0 € {2.1,2.5,3.0}.
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for all * € D, and y € U, where - z n

Left and middle: two realizations of the random domain corresponding to 8§ = 2.1. Right: estimated QMC cubature
errors corresponding to 6 € {2.1,2.5,3.0}. Increasing 0 results in a faster cubature convergence rate.

o(J(x,y)) denotes the set of all singular
values of matrix J(x,y).

(A4) There holds ||9;||y1. (D, ;re) < 00 for all
t € N and Z;ﬁl sz’HWLOO(Dref;Rd) < Q.

(A5) For some p € (0,1), there holds
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