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Generally the model reduction problem can be formulated as an optimization one as:

min
p,q

∥∥G− pq−1
∥∥
∞ (1)

where p =
k∑

i=0

piz
−i q =

k∑
i=0

qiz
−i and q is minimum-phase. This problem is known to be non-

convex, in this presentation a semidefinite relaxation to approach this problem is proposed.
The main contribution of this presentation is associated with equivalently reformulating the original
non-convex problem as a bilinear one, with an auxiliary variable ϕ. The euqivalence can be shown
by letting ϕ = q∗ and simple equivalence conjectures.

min
p,q,ϕ,γ

γ subject to |Gqϕ− pϕ| ≤ γRe (qϕ) ∀ω (2)

A solution to this bi-linear problem may be provided by a relaxation. Let a =
k∑

i=−k

aiz
i = qϕ and

b =
k∑

i=−k

biz
i 4= pϕ. The resulting program reads as:

min
a,b,γ

γ subject to |Ga− b| ≤ γRe (a) ∀ω (3)

It may be shown that the pseudo-polynomial a will have exactly k stable zeros and at most k
unstable ones. After a and b is obtained, perform stable/unstable decomposition a = qϕ. The
numerator is obtained by another optimization problem: min

p
‖G− p/q‖∞ with a given q.

Note that, if a is restricted to be positive, then the method reduces to the one proposed in [1].
Therefore the error bounds will be also similar, as shown in [2]. In practice the norm constraints
are not enforced in all the frequency points ω, but only on a finite frequency grid. Since for some
applications the calculation of one frequency samples may be as low as n log(n) where n is order
of the original model the method seems computationally attractive for large-scale systems.
The semidefinite program may be also obtained by a reasonable choice of ϕ. For example, one
may use the information from other methods (e.g. Hankel model reduction, balanced truncation)
and provide a non-worse approximations. This approach seems to provide only ε improvements,
when the plain model reduction is considered. However, it may be very useful, when extra condi-
tions on the coefficients are imposed (e.g. reduction of structured systems) or the stable/unstable
factorization is impossible to perform (e.g. parameter-dependent model reduction). With ϕ = 1
the approach could be rather conservative (see, [3] for details). Both application will be discussed
and illustrated on examples.
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