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Abstract. Despite the computer resources nowadays available, it is still difficult – and often impossible – to deal
with applications and scenarios involving the repeated solution of PDEs on different data settings (many-query
context) or requiring a numerical solution within a real time context – or at least very rapidly [4]. For instance,
the most common numerical strategies used to tackle optimal control, shape optimization and more general inverse
problems under PDE constraints are based on iterative optimization procedures, involving several input/output
evaluations as well as many repeated PDE solutions, and thus very large computational costs.

In this respect, reduced order modelling can represent a suitable strategy to allow for the solution of these problems,
entailing an acceptable amount of CPU time and limited storage capacity. In this talk we describe a reduced
framework for the solution of inverse problems in fluid dynamics – such as flow control, shape optimization, inverse
identification problems – which takes advantage of the reduced basis (RB) method [6]. This method enables a rapid
and reliable approximation of parametrized PDEs by constructing low-dimensional, problem-specific approximation
spaces. In case of PDEs defined over domains of variable shapes (e.g. in shape optimization problems) we need
to introduce suitable, low-dimensional shape parametrization techniques (such as free-form deformation or radial
basis function techniques) in order to tackle the geometrical complexity.

After reviewing the current state of the art of the reduced basis method for fluid dynamics equations, with a spe-
cial emphasis on a posteriori error estimation and Offline/Online decomposition in the Stokes and Navier-Stokes
equations, we exploit this general reduced framework to solve some optimization and inverse problems arising in
haemodynamics [1]. More specifically, we focus on the optimal design of cardiovascular prostheses, such as bypass
grafts [3, 5], and on inverse identification of pathological conditions or flow/shape features in realistic parametrized
geometries, such as carotid artery bifurcations [2].
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