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1 Introduction

Numerical parameter studies of acoustic problems arising
from applications such as airplane engines and insulation
panels along motor ways or in houses are usually extremely
expensive, since for each parameter value, an entire fre-
quency response function needs to be computed. The com-
putation of a single frequency response function for fixed
parameter values is by itself already quite expensive. Pa-
rameter studies are often carried out in order to choose the
‘optimal’ values of the parameters.

The computational cost for the frequency response function
has been dramatically reduced by a factor of ten or more by
using model order reduction methods. The goal of model or-
der reduction (MOR) is to construct a low order model from
the original large-scale model to solve the original problem
more efficiently. It has been successfully applied to many
different applications such as (vibro) acoustics, circuit sim-
ulation and controller design. However, little work has been
done to introduce MOR in optimization.

Our research group has recently started research on exploit-
ing the properties of model reduction methods in optimiza-
tion problems arising from acoustics. This talk presents our
first results.

2 Motivation

Optimizing the design parameter of insulating material cov-
ering the faces of a closed acoustic cavities serves as a good
example. In this problem, we want to decrease the max-
imum noise level at a given point as much as possible by
choosing the optimum design parameter. This is a minimax
optimization problem.

This problem is often solved numerically using finite el-
ement or finite difference discretizations, which leads to
large-scale sparse linear systems. Optimization of this prob-
lem typically needs to solve a large number of such linear
systems, which is extremely expensive. Therefore, it is rea-
sonable to use MOR methods to decrease the time spent in
solving the linear systems. The fact that the same reduced
model can solve the original linear system with different
parameter values would drastically reduce the optimization
time.

3 Our work

For simplicity, we concentrate on line search based opti-
mization methods for now. Two types of Krylov based
MOR methods will be investigated for reducing the original
problem: single parameter reduction such as SOAR [1] and
multi-parameter reduction such as PIMTAP [2]. The idea of
using SOAR in optimization comes from the fact that once
the search direction is determined, all the parameters could
be represented by a single parameter and we can use SOAR
to do MOR on this parameter. Furthermore, we prove that
the gradient and Hessian of the points on the search direc-
tion could also be computed with the SOAR reduced model.
PIMTAP, on the other hand, does reduction on all the pa-
rameters in the original model. Like in the SOAR case, the
PIMTAP reduced model could also be used directly to com-
pute gradient and Hessian. The advantage of PIMTAP based
MOR is that it could compute all the points near the interpo-
lation point rather than only the ones on the search direction.
This make it possible to reuse the same PIMTAP based re-
duced model in several line search iterations. In conclusion,
all data needed by optimization could be computed with the
reduced model and MOR should drastically the optimization
time.

In this paper, we first compare SOAR and PIMTAP in ac-
curacy and performance. Then, we compare the minimax
optimization problem with no reduction, with SOAR and
with PIMTAP to study the effect of introducing model re-
duction techniques in minimax optimization. Numerical re-
sults show that using MOR in optimization could not only
save a lot of time in solving linear equations, but also accel-
erate the optimization convergence rate in most cases.
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