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ABSTRACT

Scientific computing has become a central tool across many research fields for analysing the
dynamics of complex systems. This is especially true in engineering and biological
applications, where experimental studies are often time-consuming, costly, and difficult to
replicate. Traditionally, mathematical models are solved using deterministic numerical
techniques under the assumption that initial conditions, boundary conditions, and all model
parameters are precisely known. However, this assumption is rarely satisfied in practice due
to limitations in measurement capabilities, observational biases, and incomplete understanding
of underlying processes. In the presence of such uncertainties, it becomes essential to quantify
their impact to interpret simulations meaningfully. In recent years, this need has driven a
growing interest in the development of uncertainty quantification (UQ) techniques for systems
governed by differential equations. Among these, Monte Carlo methods remain the simplest
and most widely used approach, but their slow convergence often leads to high computational
costs especially when each sample requires solving complex systems. To address this
challenge, two main strategies have emerged: the use of surrogate models to replace costly
evaluations with cheaper approximations while reducing the variance of the estimator [1,3],
and methods based on stochastic orthogonal polynomials that accelerate convergence rates by
exploiting solution regularity [2,4]. In this talk, I will present and compare recent advances in
numerical strategies for UQ, including bi-fidelity methods and multi-order Monte Carlo
approaches, discussing their advantages and limitations through practical examples with a
focus on biomathematical applications. Numerical experiments will illustrate the critical role
of advanced numerical methods in translating mathematical models into meaningful and
reliable insights even when dealing with complex systems under uncertainty.
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