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When dealing with parameter-dependent partial differential equations (PDEs), classical numerical methods lead
to costly numerical simulations. One usually relies on model order reduction to approximate the original problem
by a reduced one which we can solve more efficiently. It becomes possible to fastly compute a solution for a given
input (parameters, initial or boundary conditions) in real time, or to compute a bunch of solutions in a many-query
scenario or uncertainty quantification.

Different reduction methods have been developed for time-dependent problems such as the Proper Orthogonal
Decomposition (POD) [1, 3]. The goal is to construct a reduced basis of an approximation space that captures the
essential dynamic of the problem. However, POD needs to precompute the global solution trajectory in order to
build such a reduced space. This means having to solve sequentially in time (at least for some part of the global
time interval) before projecting the dynamic onto a reduced space.

An alternative has been developed in [4] where it has been proposed to construct the reduced basis in a parallel
manner in time. It consists in solving the full dimensional problem on small chunks of the global time interval, as
in Figure 1.
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Figure 1: From [4]. Comparison of the computational budget in time, POD (top row) versus split in time approach (middle
row). Representation of the local transfer operators at randomly chosen time points (bottow row).

The objective is to construct approximation spaces capturing the action of the transfer operator mapping initial
condition to final state on a time interval. For linear PDE operators, learning the range of the affine transfer
operators can be split into two tasks, the approximation of solutions on subintervals with zero initial conditions,
or with zero source term. The latter task is related to the approximation of the range of a linear operator, for
which we rely on randomized numerical linear algebra methods (RNLA) (range finder or random probes [2]), that
translates into the resolution of the equation with random initial conditions. Using random initial conditions on
each sub-interval, the local trajectories are completely independent from each other, hence allowing parallelization.

The main interest of such an approach is to capture local in time features of the problem and construct relevant
reduced spaces that can be used afterwards for an efficient resolution over the whole time interval.

In this work, we extend the approach from [4] to the resolution of evolution problems in tensor spaces (e.g.
resulting from the discretization of high-dimensional PDEs or stochastic PDEs) and rely on RNLA for tensors and
dynamical low-rank methods for the resolution of dynamical systems in tensor spaces.

We will present numerical examples for parabolic PDEs.
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