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Here we discuss reduction of models where it is essential to take various structural constraints into
account. Structural constraints are often important in applications where, for instance, the model
has a physical interpretation or shall be implemented in a control system. In regular model reduc-
tion, one systematically tries to fit a low-complexity (low-order) model to a given high-complexity
(high-order) model while minimizing the model mismatch. Typically model mismatch is measured
in some induced norm, such as the induced L2-norm. In this talk, we address the same problem,
but the sought low-complexity model must in addition inherit a given structural property from the
high-complexity model. Standard model reduction techniques, such as balanced truncation and
Hankel-norm approximation, typically destroy this structural property.

There are some model reduction methods available that take specific structural constraints into
account. For example, in [1] methods to preserve positive and bounded realness are discussed,
in [2] port-Hamiltonian structure is preserved, and in [3, 4] interconnection constraints are pre-
served. In this talk, we show how an Linear-Matrix-Inequality-based (LMI-based) model reduction
framework can be used to take these constraints, and some additional ones, into account and
also give a simple a priori bound on the induced L2-norm of the model mismatch.

It is well known that LMIs can be used to define generalized observability and controllability
Gramians which can be used for balanced truncation, see for example [5]. The advantage with
generalized Gramians, as compared to regular ones, is that they are non-unique, and the non-
uniqueness offers a way to preserve structures of the given high-complexity model, as shown
herein. In particular, we will require generalized Gramians to be block diagonal. This is normally
a severe restriction, but as we will see, many models of practical interest allow for block-diagonal
Gramians. The main advantages with the LMI-based method are its simplicity and generality, and
that it clearly shows the cost for enforcing structural constraints. The main disadvantage with the
introduced method is that it is computationally expensive since it requires solution of a convex op-
timization problem. However, in some cases it is possible to replace this problem with a sequence
of algebraic equations which are much cheaper to solve.
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