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Job Description
For the numerical solution of an eigenvalue problem

Ax = λx

with A ∈ Rn×n it is common practice to perform a preprocessing by balancing the
matrix. Such a balancing is usually done in two steps:

(i) computation of a permutation matrix P such that

P TAP =

A11 A12 A13

0 A22 A23

0 0 A33

 ,
where the matrices A11 and A33 are upper triangular so that their eigenvalues
can be read off the diagonals;

(ii) computation of a diagonal matrix D such that the rows and the columns of
the scaled matrix

D−1A22D

are as close in norm as possible.

This procedure is very useful to reduce the influence of roundoff errors during the
eigenvalue computation, in particular if the magnitude differences of the entries of
the matrix are very large.

Linear-quadratic optimal control problems often lead to structured generalized
eigenvalue problems

λSx = Hx,
where the matrix pencil λS −H is either

(i) even, i.e., S = −ST and H = HT ; or

(ii) skew-Hamiltonian/Hamiltonian, i.e. SJ = −(SJ )T and HJ = (HJ )T with
J =

[
0 In

−In 0

]
.



The task of this thesis project is to develop and implement a balancing strategy
for one of the pencil structures above. The particular challenge is to find permuta-
tion and scaling matrices that preserve the even or skew-Hamiltonian/Hamiltonian
structure of the pencils. This is crucial in order to be able to apply specialized
eigenvalue algorithms to the balanced problem. This means that one has to re-
strict to special kinds of transformations, namely

(i) congruence transformations λS̃ − H̃ := UT (λS −H)U in the even case; or

(ii) J -congruence transformations λS̃ − H̃ := J TUTJ (λS −H)U in the skew-
Hamiltonian/Hamiltonian case.

Finally, a FORTRAN 77 subroutine in the style of SLICOT1 codes should be
developed to compare the accuracy of the results for the balanced and unbalanced
problem.
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Job Requirements
Recommended: Numerical Linear Algebra (Eigenvalue Problems).
Desirable: Systems and Control Theory, Scientific Computing.

Degree
Diplom or Master

1http://www.slicot.org
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