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Multi-fidelity Gaussian processes for noisy outputs
and non-nested experiment designs: a comparison

between the recursive and non-recursive
formulations

Surrogate models provide fast approximations of computationally expensive simulations (or experiments) and
are trained using a limited set of observations generated by these codes. In the multi-fidelity framework, we
assume the availability of two computer models with different levels of cost and accuracy. The high-fidelity
model zH provides the most accurate predictions but is also the most expensive to evaluate. In contrast, the
low-fidelity model zL is significantly cheaper to compute but offers lower accuracy. We focus in this work
on the auto-regressive model which supposes a linear relation between the two codes: ∀x ∈ RD, zH(x) =
ρ(x) · zL(x) + δH(x), where ρ is the scaling factor and the functions zL and δH are approximated with
Gaussian processes.

This model was initially developed by Kennedy and O’Hagan and improved afterwards by Le Gratiet and
Garnier with the more computationally efficient recursive formulation. However, these works rely on two
important assumptions: first, that the observed outputs are deterministic; and second, that the experimental
designs are nested, meaning that each high-fidelity input point coincideswith a low-fidelity input point. Under
these assumptions, the optimization of the model parameters is significantly simplified.

We generalize the recursive formulation to the case of noisy outputs and non-nested designs. An alternative
optimization approach based on the expectation-maximization algorithm is compared to the direct maximum
likelihood estimation for the initial, non-recursive formulation. We apply both formulations of the auto-
regressive model to several cases of varying difficulty and show that the proposed approach achieves faster
training times for large low-fidelity datasets.
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