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Abstract— We describe a collection of MATLAB functions for
model reduction of linear, time-invariant systems. All MATLAB
functions described here employ in one or the other way
spectral projection methods such as the sign function. Included
are implementations of modal and balanced truncation as
well as selected balancing-related model reduction algorithms.
Several of the balancing-related model reduction functions are
not yet available in other software packages. The numerical
performance of the provided MATLAB functions is tested for
several model reduction benchmark examples.

I. INTRODUCTION

We consider linear, time-invariant (LTI) systems of the
following form:

ẋ(t) = Ax(t) + Bu(t), t > 0,
y(t) = Cx(t) + Du(t), t ≥ 0,

(1)

where A ∈ R
n×n, B ∈ R

n×m, C ∈ R
p×n, and D ∈ R

p×m.
Here, n is the order (or state-space dimension) of the system.
The associated transfer function matrix (TFM) obtained from
taking Laplace transforms in (1) and assuming x(0) = 0 is

G(s) = C(sIn − A)−1B + D, (2)

where In is the identity matrix in R
n×n.

The aim of model reduction is to find an LTI system,

˙̂x(t) = Âx̂(t) + B̂û(t), t > 0,

ŷ(t) = Ĉx̂(t) + D̂û(t), t ≥ 0,
(3)

of order r, r � n, and associated TFM

Ĝ(s) = Ĉ(sIr − Â)−1B̂ + D̂

which approximates G(s). Model reduction of discrete-time
LTI systems can be formulated in an analogous manner;
see, e.g., [1]. Most of the methods and approaches discussed
here carry over to the discrete-time setting as well. Here, we
focus on the continuous-time setting, the currently available
MATLAB functions to be described in this paper treat only
this case. An extension to discrete-time systems is planned
for the future.

There are many approaches to the model reduction prob-
lem. Recent surveys include [2], [3], [4], [5], [1]. Here we
will only be concerned with modal truncation and balancing-
related model reduction techniques. Other model reduction
approaches like proper orthogonal decomposition (POD),
Padé- and Padé-type approximations, rational interpolation,
etc., have their advantages for large and sparse or nonlinear
problems, but are inferior to balanced truncation for the
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medium-size problems with unstructured, dense matrices A
as considered here.

Balancing-related model reduction methods are based on
finding an appropriate coordinate system for the state-space
in which the chosen Gramian matrices of the system are
diagonal and equal. In the simplest case of balanced trun-
cation, the controllability Gramian Wc and the observability
Gramian Wo are used. These Gramians are given by the
solutions of the two dual Lyapunov equations

AWc + WcA
T + BBT = 0,

AT Wo + WoA + CT C = 0.
(4)

After changing to the coordinate system giving rise to
diagonal Gramians with positive decreasing diagonal entries,
which are called the Hankel singular values (HSVs) of the
system, the reduced-order model is obtained by truncating
the states corresponding to the n − r smallest HSVs.

Balanced truncation and its relatives such as singular
perturbation approximation, stochastic truncation, etc., are
the most popular model reduction techniques used in control
theory. The advantages of these methods, including guaran-
teed preservation of several system properties like stability
and passivity and the existence of computable error bounds,
are unmatched by any other approach. Therefore, we will
mostly be concerned with balancing-related model reduction
techniques. But we also include a simple variant of modal
truncation that can be used if exact matching of poles of the
original and reduced-order models is obligatory.

The efficiency of the balancing-related MATLAB functions
for model reduction presented here mainly results from
working with (approximations of) the full-rank factors of
the system Gramians rather than using Cholesky factors as
in previous balanced truncation algorithms. Using this idea,
the complexity of all remaining calculations following the
computation of the factors of the Gramians usually only
grows linearly with the dimension of the state-space. This
idea is pursued in several approaches differing essentially
only in the way the factors of the Gramians are computed.

The full-rank factors of the Gramians can be efficiently
computed by the sign function method which is based
on spectral projection techniques. This does not lead im-
mediately to a reduced overall complexity of the induced
balanced truncation algorithm as we deal with general dense
systems. But as most medium-to-large-scale systems (here,
medium-size is to be understood as n > 100 up to n ≈
2000) possess (numerically) low-rank Gramians, the gains in
computation time compared to standard balanced truncation
implementations available, e.g., in the MATLAB Control
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System and Robust Control Toolboxes or SLICOT [6], [7]
can be significant. This will be shown in Section V for
several model reduction benchmark examples taken from the
SLICOT Model Reduction Benchmark Suite [8].

The conceptual idea followed in all proposed MATLAB

functions, i.e., spectral projection is presented in Section II.
The model reduction methods provided are briefly discussed
in Section III. For further details of the proposed methods
and the basic ideas of spectral projection methods see [9].
This paper can also be seen as a software companion to [9].

II. SPECTRAL PROJECTION METHODS

First, we give some fundamental definitions and properties
of projection matrices.

Definition 2.1: A matrix P ∈ R
n×n is a projector (onto

a subspace S ⊂ R
n) if range (P ) = S and P 2 = P .

Definition 2.2: Let Z ∈ R
n×n with Λ (Z) = Λ1 ∪ Λ2,

Λ1 ∩Λ2 = ∅, and let S1 be the (right) Z-invariant subspace
corresponding to Λ1. Then a projector onto S1 is called a
spectral projector.
If Z ∈ R

n×n is as in Definition 2.2, and if P ∈ R
n×n

is a spectral projector onto the right Z-invariant subspace
corresponding to Λ1, then I −P is a spectral projector onto
the right Z-invariant subspace corresponding to Λ2. Given a
spectral projector P we can compute an orthogonal basis for
the corresponding Z-invariant subspace S1 and a spectral or
block decomposition of Z using a QR decomposition with
column pivoting (or a rank-revealing QR decomposition,
RRQR) [10]. If dimS1 = k, then the first k columns of
the orthogonal factor Q of such a decomposition form an
orthonormal basis for S1 and we can transform Z to block-
triangular form

QT ZQ =

[
Z11

0

Z12

Z22

]
, (5)

where Λ (Z11) = Λ1, Λ (Z22) = Λ2. Based on (5), a block-
diagonalization of Z can be obtained with the help of the
solution X of the Sylvester equation

Z11X − XZ22 + Z12 = 0.

Setting T := Q
[

Ik

0
X

In−k

]
, we obtain

T−1ZT =

[
Z11

0

0

Z22

]
. (6)

A. The Sign Function Method

Consider a matrix Z ∈ R
n×n with no eigenvalues on

the imaginary axis, that is, Λ (Z) ∩ jR = ∅, and let

Z = S
[

J−

0
0

J+

]
S−1 be its Jordan decomposition. Here,

the Jordan blocks in J− ∈ R
k×k and J+ ∈ R

(n−k)×(n−k)

contain, respectively, the stable and unstable parts of Λ (Z).
The matrix sign function of Z is defined as sign (Z) :=

S
[
−Ik

0
0

In−k

]
S−1. Some important properties of the matrix

sign function are summarized in the following lemma.
Lemma 2.3: Let Z ∈ R

n×n with Λ (Z) ∩ jR = ∅. Then:
a) (sign (Z))

2
= In, i.e., sign (Z) is a square root of the

identity matrix.

b) sign
(
T−1ZT

)
= T−1 sign (Z) T for all nonsingular

T ∈ R
n×n.

c) Let Z be stable, then sign (Z) = −In.
Applying Newton’s root-finding iteration to Z2 = In, where
the starting point is chosen as Z, we obtain the Newton
iteration for the matrix sign function:

Z0 ← Z, Zj+1 ← 1

2
(Zj + Z−1

j ), j = 0, 1, . . . . (7)

Under the given assumptions, the sequence {Zj}∞j=0 con-
verges with an ultimately quadratic convergence rate and
limj→∞ Zj = sign (Z) ; see [11]. As the initial convergence
may be slow, the use of acceleration techniques is recom-
mended. For accelerating (7), in each step Zj is replaced by
1
γj

Zj . Numerical experiments and partial analytic considera-
tions in [12] suggest that norm scaling [13] is to be preferred
in the situations most frequently encountered in the sign
function-based calculations discussed in the following. As
the optimal norm scaling involves the spectral norm which
is too expensive, we choose

cj =
√

‖Zj‖F /‖Z−1
j ‖F .

Computations based on the matrix sign function can be
considered as spectral projection methods as they usually
involve

P− :=
1

2
(In − sign (Z)), (8)

which is a spectral projector onto the stable Z-invariant
subspace. Also, P+ := (In + sign (Z))/2 is a spectral
projector onto the Z-invariant subspace corresponding to the
eigenvalues in the open right half plane. But note that P−

and P+ are not orthogonal projectors, but skew projectors
along the complementary Z-invariant subspace.

B. Solving Linear Matrix Equations with the Sign Function
Method

In 1971, Roberts [11] introduced the matrix sign function
and showed how to solve Sylvester and Lyapunov equations.
We will briefly review the method for Sylvester equations
and will then discuss some improvements useful for model
reduction applications.

For A ∈ R
n×n, B ∈ R

m×m,W ∈ R
n×m, consider the

Sylvester equation

AX + XB + W = 0, (9)

with Λ (A)∩Λ (−B) = ∅. The latter assumption is equivalent
to (9) having a unique solution [14]. Let X∗ ∈ R

n×m be this
unique solution. Then the straightforward calculation[

In

X∗

0

Im

] [
A

W

0

−B

] [
In

−X∗

0

Im

]
=

[
A

0

0

−B

]
(10)

reveals that the columns of
[

In

−X∗

]
span the invariant

subspace of Z :=
[

A
W

0
−B

]
corresponding to Λ (A). In

principle, this subspace and the solution matrix X∗ can be
computed from a spectral projector onto this Z-invariant
subspace. The sign function is an appropriate tool for this
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whenever A,B are stable as in this case, P− from (8) is the
required spectral projector. A closer inspection of (7) applied
to Z shows that we do not even have to form P− in this case,
as the solution can be directly read off the matrix sign (Z):
using (10) and Lemma 2.3 reveals that

sign (Z) = sign

([
A

W

0

−B

])
=

[
−In

2X∗

0

Im

]
,

so that the solution of (9) is given as the lower left block of
the limit of (7), divided by 2. Moreover, the block-triangular
structure of Z allows to decouple (7) as

A0 ← A, B0 ← B, W0 ← W,
for j = 0, 1, 2, . . .

Aj+1 ← 1

2γj

(
Aj + γ2

j A−1
j

)
,

Bj+1 ← 1

2γj

(
Bj + γ2

j B−1
j

)
,

Wj+1 ← 1

2γj

(
Wj + γ2

j A−1
j WjB

−1
j

)
.

(11)

so that X∗ = 1
2 limj→∞ Wj . As A,B are assumed to be

stable, Aj tends to −In and Bj tends to −Im so that we
can base a stopping criterion on

max{‖Aj + In‖, ‖Bj + Im‖} < τ, (12)

where τ is an error tolerance and ‖ . ‖ is an appropriate
matrix norm.

If B = AT ,W = WT ∈ R
n×n in (9), we obtain the

Lyapunov equation

AX + XAT + W = 0. (13)

Assuming again stability of A, and observing that the iter-
ation for Bj in (11) is redundant, the sign function method
for Lyapunov equations and the stopping criterion in (12)
simplify quite a lot, for details see [15].

If we consider the Lyapunov equations (4) defining the
controllability and observability Gramians of stable LTI sys-
tems, we observe the following facts which are of importance
for an efficient implementation of the sign function method
for Lyapunov equations.

1) The right-hand side is given in factored form, that is,
W = BBT or W = CT C, and hence semidefinite.
Thus, X is positive semidefinite [14], and can therefore
also be factored as X = SST .

2) Usually, the number of states in (1) is much larger
than the number of inputs and outputs, that is, n �
m, p. In many cases, this yields a solution matrix with
rapidly decaying eigenvalues so that its numerical rank
is small. Hence, if nε is the numerical rank of X , then
there is a matrix Sε ∈ R

n×nε so that X ≈ SεS
T
ε at

the level of machine accuracy.

Storing Sε is much cheaper than storing X or S as instead
of n2, only n · nε real numbers need to be stored. We will
make use of this fact in the method proposed for solving (4).

For the derivation of the proposed implementation of the
sign function method for computing system Gramians, we

will use the Lyapunov equation defining the observability
Gramian, i.e., AT Y + Y A + CT C = 0. Re-writing the
iteration for Wj in (11), we obtain with W0 = CT

0 C0 :=
CT C, B0 = A, and A replaced by AT :

Wj+1 =
1

2γj

[
Cj

γjCjA−1

j

]T [
Cj

γjCjA−1

j

]
.

Thus, in order to compute a factor R of Y = RT R we can
instead directly iterate on the factors:

C0 ← C, Cj+1 ← 1√
2γj

[
Cj

γjCjA−1

j

]
. (14)

A problem with this iteration is that the number of rows in
Cj doubles in each iteration step so that after j ≥ log2

n
p

steps, the required workspace for Cj becomes even larger
than n2. There are several ways to limit this workspace. Here,
we exploit the second observation from above: in [15] it is
suggested to keep the number of rows in Cj less than or
equal to the (numerical) rank of Y by computing in each
iteration step a rank-revealing QR factorization of Cj+1 from
(14). In [9] it is shown that it suffices to use as the new
iterate the approximation to Cj+1 obtained from a RRQR
with numerical rank threshold

√
ε.

III. MODEL REDUCTION METHODS

A. Modal Truncation

An easy variant of modal truncation is obtained by simply
projecting the dynamics of the linear system (1) onto an A-
invariant subspace corresponding to the dominant poles of
G(s). Employing the block-diagonalization abilities of the
spectral projection approach given in (6) implemented via
the sign function method and (11), it is easy to derive a
spectral projection method for modal truncation. This was
first observed by Roberts in his original paper on the matrix
sign function [11]. It has the advantage that we avoid a
possible ill-conditioning of an eigenvector basis.

An obvious, though certainly not always optimal, choice
of dominant poles is to select those eigenvalues of A having
nonnegative or small negative real parts. For a discussion of
the variant of modal truncation used here and several of its
properties, see [9], [17].

B. Balanced Truncation

The basic idea of balanced truncation is to compute a
balanced realization (i.e., a realization of (1) for which
the solutions of (4) are diagonal and equal with diagonal
elements equal to the Hankel singular values in decreasing
order) [18].

It is easy to check that for a controllable and observable
(minimal) system, i.e., a system with nonsingular Gramians,
the matrix T = Σ

1
2 UT R−T provides a balancing state-space

transformation, if Wc = RT R and RWoR
T = UΣ2UT is a

singular value decomposition (SVD). A nice observation in
[19], [20] is that U,Σ can be computed from the SVD

SRT =
[

U1 U2

] [
Σ1 0
0 Σ2

] [
V T

1

V T
2

]
, (15)
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Moreover, computing Tl = Σ
−1/2
1 V T

1 R, Tr = ST U1Σ
−1/2
1 ,

Â := TlATr, B̂ := TlB, and Ĉ := CTr (16)

is equivalent to first computing a minimal realization of
(1), then balancing the system, and finally truncating the
balanced realization. Note that the product TrTl is a projector
onto an r-dimensional subspace of the state-space and model
reduction via (16) can therefore be seen as projecting the
dynamics of the system onto this subspace.

The algorithm resulting from (16) is often referred to as
the SR method for balanced truncation. In [19], [20] and all
textbooks treating balanced truncation, S and R are assumed
to be the (square, triangular) Cholesky factors of the system
Gramians. In [21] it is shown that everything derived so far
remains true if full-rank factors of the system Gramians are
used instead of Cholesky factors. This yields a much more
efficient implementation of balanced truncation whenever the
numerical ranks of the Gramians are much smaller than n.
The resulting algorithm, derived in [21], is used for the
balanced truncation implementation in our collection.

A balancing-free variant of the SR method (see [7] and
the references therein) allows to compute a reduced-order
model having the same properties as the one in (16) except
that it is not balanced. This has the advantage that for highly
unbalanced systems, the possibly ill-conditioned balancing
transformation is avoided.

C. Balancing-Related Methods

A whole class of model reduction methods results from
replacing the Gramians of the linear system (1) given as
the solutions to (4) by two other positive (semi-)definite
matrices. Surveys of such methods are presented in [22],
[23]. The different balancing-related methods have different
properties and error bounds. Like balanced truncation as
discussed in the previous section, they all preserve stability
of stable systems. Additionally, they have capabilities not
shared by balanced truncation.

The following approaches have been implemented so far;
an extension of the MATLAB function collection including
frequency-weighted balanced truncation and H∞-balancing
is planned for the future.

Balanced stochastic truncation: This approach is based
on [24], [25] and replaces the observability Gramian Wo by
the solution of the algebraic Riccati equation (ARE)

ÂT X+XÂ+XBW (DDT )−1BT
W X+CT (DDT )−1C = 0,

where Â := A − BW (DDT )−1C, BW := BDT + WcC
T ,

and Wc is the usual controllability Gramian as given by the
solution of the first Lyapunov equation in (4).

LQG balanced truncation: This approach, originally pro-
posed in [26], can be applied to unstable systems as long
as they are stabilizable and detectable and is probably the
first instance of a closed-loop model reduction method as an
LQG compensator can be directly derived from the reduced-
order model. Here, the Gramians Wc and Wo are computed

as the stabilizing solutions of the dual AREs

0 = AP + PAT − PCT CP + BT B,

0 = AT Q + QA − QBBT Q + CT C.

Positive-real balanced truncation: Based on the positive-
real equations and in relation to the positive real (Kalman-
Yakubovich-Popov-Anderson) lemma, a model reduction
method preserving (strict) passivity of passive linear systems
can be derived. Essentially, this approach is also contained
in [24], [25].

In positive-real balancing, the Gramians Wc and Wo are
computed as the stabilizing solutions of the dual AREs

0 = ĀP + PĀT + PCT R̄−1CP + BR̄−1BT ,

0 = ĀT Q + QĀ + QBR̄−1BT Q + CT R̄−1C,

where R̄ = D + DT , Ā = A − BR̄−1C.
In all the presented balancing-related model reduction

methods, AREs have to be solved. This is achieved by
employing Newton’s method which leads to an iteration
where in each step a Lyapunov equation has to be solved.
Here, we employ again the sign function based Lyapunov
solvers discussed in Section II.

IV. THE MATLAB FUNCTIONS

The main computational routines provided are:

mt – modal truncation for stable systems
bt – balanced truncation for stable systems
bst – balanced stochastic truncation
lqgbt – LQG balanced truncation
prbt – positive-real balanced truncation

All routines require as input arguments A,B,C,D,E
where D and E can be empty matrices (E is already
foreseen in order to treat generalized state-space systems
without inverting E in the future), a mode vector which
defines whether the order of the reduced-order model is
based on a tolerance threshold (mode(1)=1) or a fixed
number r (mode(1)˜=1). The second entry of the mode
vector decides whether the SR (mode(2)=1) or BFSR
(mode(2)˜=1) method for computing the reduced-order
model from the Gramians is to be used. Moreover, either a
tolerance threshold or an order r can be prescribed according
to the choice in the mode vector. The corresponding value
is to be given in the argument tau. As output, one obtains
the system matrices of the reduced-order model contained in
Ar,Br,Cr,Dr,Er, a computed error bound abserr and
the computed Hankel singular values or their counterparts
in the balancing-related methods, stored in hksv. As an
example, the calling sequence for bt is displayed here:

[Ar,Br,Cr,Dr,Er,abserr,hksv]
= bt(A,B,C,D,E,mode,tau);

For computing the reduced-order model from given factors
of the Gramians, we use:
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srrom – computing a reduced-order model using the
SR variant

bfsrrom – computing a reduced-order model using the
BFSR variant

For solving matrix equations, the following routines are
available:
lyap sgn fac – solving Lyapunov equations in fac-

torized form with the matrix sign
function

lyapdl sgn fac – solving dual Lyapunov equations (4)
in factorized form with the matrix
sign function

sylv sgn – solving Sylvester equations with the
matrix sign function

care nwt fac – Newton’s method for AREs employ-
ing lyap sgn fac in each itera-
tion step

The spectral projection methods discussed here are also
contained in this package:

signm – matrix sign function of a square matrix

For further details on the calling sequences, input and
output parameters and more detailed descriptions of the
functionality of the routines, please use the help command
in MATLAB . We have chosen to not use the MATLAB system
object in order to be independent of the MATLAB Control
System Toolbox.

The listed MATLAB functions are available at
www.tu-chemnitz.de/∼benner/software.php#M6

V. NUMERICAL PERFORMANCE

Due to space limitations, we will provide only a limited
number of performance tests. A more extensive study of
the available MATLAB functions will be available in an
upcoming SLICOT Working Note.

Here, we compare our implementation of modal truncation
(mt) with modreal from the MATLAB Robust Control
Toolbox, Version 3.0.1 (R14SP2). Moreover, we test several
implementations of balanced truncation: bt as described
above, a combination of balreal and modred from the
MATLAB Control System Toolbox, Version 6.2 (R14SP2),
and balancmr from the MATLAB Robust Control Toolbox.

As test examples we use several LTI systems from the
SLICOT Model Reduction Benchmark Suite [8]. For a
description of the models, we refer to [8], [27]. All results
are obtained on a Linux PC with a Pentium IV CPU running
at 2GHz using MATLAB Version 7.0.4.352 (R14SP2).

Table I shows the CPU times for the two modal truncation
methods. The size of the reduced-order model is selected
within mt. The choice is based on keeping all modes with
real part larger than −α where for the different examples,
different values of α have to be taken to obtain meaningful
reduced-order models. We then called modreal so that it
computes a reduced-order model of the same size (and with
the same modes).

Note that modreal fails for the example arising from the
discretized Orr-Sommerfeld equation. For all other examples,

model α r mt modreal

ATMOS, n = 598 0.3 36 37.0 79.2
ORR-S, n = 100 0.5 10 1.44 –
C-DISC, n = 120 10.0 16 0.13 0.97
RAND, n = 200 1000.0 6 0.53 3.79
BUILD-I, n = 48 0.5 12 0.033 0.23
BEAM, n = 348 0.5 52 2.50 24.6
ISS-I, n = 270 0.05 74 1.48 6.46
FOM, n = 1006 4.5 10 45.7 43.3

TABLE I

PERFORMANCE OF DIFFERENT IMPLEMENTATIONS OF MODAL

TRUNCATION. “–” SYMBOLIZES FAILURE OF THE METHOD.

model r bt CST RCT

ATMOS, n = 598 17 12.2 36.6 72.3
ORR-S, n = 100 9 0.45 0.29 0.75
C-DISC, n = 120 73 0.87 0.20 0.28
RAND, n = 200 16 0.66 1.34 2.60
BUILD-I, n = 48 6 0.079 0.038 0.072
BEAM, n = 348 57 5.8 7.0 14.1
ISS-I, n = 270 22 11.0 2.8 3.6
FOM, n = 1006 12 28.0 47.8 153.4

TABLE II

PERFORMANCE OF DIFFERENT IMPLEMENTATIONS OF BALANCED

TRUNCATION.

the computed reduced-order models provide the same accu-
racy. For all examples, except for FOM which is already
given in modal coordinates, mt is significantly faster (up to
ten times) than modreal. This demonstrates the efficency
of the spectral projection approach.

In Table II, we compare the CPU times for the three
implementations of balanced truncation. In all cases the
reduced-order models were computed on the basis of an
absolute error threshold of 0.01. For the balreal/modred
combination, the input argument elim was chosen in order
to achieve the same order r as for the other variants. The
achieved accuracy of the reduced-order models was similar
in all cases. In the table heading, we use ’CST’ to denote
balreal/modred and ’RCT’ for balancmr.

For the larger examples, bt is the fastest implementation
among the compared ones, except for ISS-I which has a
notoriously difficult matrix A for the sign function method.

In the next experiment, we compare the performance of
balanced truncation and LQG balanced truncation. That is,
we apply bt and lqgbt to the same model with the same
error tolerance used for the timing experiments above. (Note
that the two methods have different error bounds.)

For this experiment we chose two examples from the
SLICOT benchmark collection and fix r a priori: ORR-
S (r = 5) and BEAM (r = 20). The errors are rather
large due to the small size of the reduced-order models.
Figure 1 shows that LQG balanced truncation yields slightly
better approximations for ORR-S while balanced truncation
performs better for BEAM. But note that both models are
stable; in contrast to LQG balanced truncation, the standard
balanced truncation algorithm cannot be applied to unstable
systems.
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Fig. 1. Frequency response for ORR-S (left) and BEAM (right).

VI. CONCLUSIONS

We have presented a collection of MATLAB functions for
model reduction of linear systems. The employed methods
include modal and balanced truncation and several balancing-
related methods. Most of the latter ones are not yet avail-
able in other software packages like the MATLAB Control
Toolbox or SLICOT. The implementations rely on efficient
spectral projection methods. In several benchmark examples,
they outperform existing model reduction functions.

The described status of the MATLAB repository for model
reduction is very preliminary. It is planned to extend it in the
future in order to treat descriptor systems and discrete-time
systems, to include several alternatives for model reduction
of unstable systems as well as singular perturbation and
optimal Hankel norm approximation.
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