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Abstract

We present an efficient model order reduction method [1] for parametrized elliptic
variational inequalities of the first kind: find u ∈ K such that:

a(u, v − u;µ) ≥ f(v − u;µ), ∀v ∈ K(µ)

where K(µ) := {v ∈ H1(Ω)|Bv ≤ g(µ)}.
Motivated by numerous engineering applications that involve contact between

elastic body and rigid obstacle, e.g. the obstacle problem [2], we develop a primal-
dual reduced basis approach to construct offline-online efficient yet certified reduced
order models. Such models find application in the real-time or many query context
of PDE-constrained optimization, control, or parameter estimation. They can also
be easily extended to parabolic systems [3].

Firstly, we develop a primal-dual certified reduced basis method for bijective
constraint operator B that provides sharp and inexpensive a posteriori error bounds.
We compare both the proposed error bounds and the computational costs with
the proposal in [4], demonstrating the quality and effectivity of the approximation
and the error bounds. Then, we extend our results to more generalized problems,
namely an injective constraint operator B, e.g. for a generalized obstacle problem,
or a surjective constraint operator B, e.g. in Signorini’s Problem. We present both
a priori and a posteriori analysis for the generalized formulation [2] and the saddle
point formulation [5]. Lastly, we discuss the construction and sampling procedure
[1] for the given method.

References

[1] A. T. Patera, G. Rozza. Reduced Basis Approximation and A Posteriori Error Estimation
for Parametrized Partial Differential Equations. Version 1.0, Copyright MIT 2006, to appear
in (tentative rubric) MIT Pappalardo Graduate Monographs in Mechanical Engineering.

[2] R. Glowinski. Numerical Methods for Nonlinear Variational Inequalities. Springer, 2008.

[3] M. A. Grepl, A. T. Patera. A posteriori error bounds for reduced-basis approximations of
parametrized parabolic partial differential equations. ESAIM: Math. Model. Num., 2005, 39,
157-181.

[4] B. Haasdonk, J. Salomon, and B. Wohlmuth. A reduced basis method for parametrized vari-
ational inequalities. SIAM J. Numer. Anal. 2012.

[5] F. Brezzi, M. Fortin. Mixed and Hybrid Finite Element Methods. Springer-Verlag, 1991.


