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ABSTRACT

We introduce novel adaptive methods to approximate Partial Differential Equations (PDEs) gov-
erned by uncertain data. A typical problem in Uncertainty Quantification is the approximation of
the expected values of Quantities of Interest of the solution, which requires the efficient computation
of potentially high-dimensional integrals. We perform this task by a class of deterministic Quasi-
Monte Carlo integration rules derived from Polynomial lattices, that allows to control a-posteriori
the integration error without querying the governing PDE. Under quantified assumptions on the
regularity of the uncertainty-to-solution map, the efficiency index of such a-posteriori estimator
does not incur in the curse of dimensionality, as shown in [1]. The spatial discretization is based on
an abstract formulation of Adaptive Finite Element methods for deterministic problems, first intro-
duced in [2]. Goal-oriented adaptivity [3] can be also easily integrated into the algorithms, reducing
the degrees of freedom necessary to reach the tolerance and thus resulting in better performance.
The analysis includes a wide class of elliptic PDEs, for which we infer convergence of a family of
combined adaptive algorithms in the parameter and physical space. In practice, the adaptivity of
spatial discretization and the sampling in the parameter space are decoupled; thus, we expect the
algorithms to produce guaranteed approximations, for any given (positive) tolerance, also for more
general problems. Finally, we propose a selection of examples of PDEs that can benefit from these
algorithms and we present numerical evidence of convergence.
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