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Abstract

As the generalized inverses of a matrix have wide applications
in many areas such as differential and integral equations, operator
theory, statistics, optimal theory, control theory, Markov chains
and etc., it has become one of the important studying fields in
the world since the middle of the last century. The main purpose
of this work is to investigate some problems concerning the the-
ory of generalized inverses, matrix computation and some applica-
tions, which include the generalized inverses of Cline partitioned
matrix and bordering matrices, characteristics of generalized in-
verses by an rank equation, the reverse order law of the generalized
inverse Ag?, ?9, the Hermite interpolation polynomial approxim'ations
of Ag,?, )s: Leverrier-like Algorithm of multidimensional linear system
and etc.. These works can be briefly described as follows:

1. We present an recursive representation of {1, 4}— inverse
of Cline matrix. Similar results are also given for the weighted
Moore-Penrose inverse, {1,3M}—, {1,4N}— inverse. All of these
results can be represented by an unify form.

2. Many authors have considered nonsingular borderings

- iii -
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DX
ces of A~!. Under specific conditions on the bordering, one can

A= (B C) of B and investigated the properties of submatri-
recover any g-inverse of B as a submatrix of A™'. We consider
borderings A of B, where A might be singular, or even rectangu-
lar. If Ais mxn and if B is an r x s submatrix of A, we study the
consequences of the equality m + n — rank(A) = r + s — rank(B)
with reference to the g-inverses of A. It is shown that undér this
condition many properties enjoyed by nonsingular borderings have
analogs for singular (or rectangular) borderings as well. We also
consider g-inverses of the bordered matrix when certain rank addi-
tivity conditions are satisfied. It is shown that any g-inverse of B
can be realized as a submatrix of a suitable g-inverse of A, under
certain conditions.

3. If A is a nonsingular matrix of order n and if B = C = I,,,

then the inverse of A is the unique matrix X such that

AB
rank = rank(A).
cX

In this work, we generalize this fact to any matrix A of dimen-
sion m X n over the complex field to obtain analogous results for
outer inverses of A. The converse problem is also considered in the
sense that B and C are characterized when A%, A¥, A(l'z), A123)

and A2 are solutions to this equation, respectively. This con-

«
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tributes to certain recent results in the literature, including that
obtained by Jirrgen Gro8(71,

4. By using the rank identity of matrices, the necessary and
sufficient condition is given for the reverse order law of the gener-
alized inverse Ag?, )s of matrix product A = A;A5--- A, to hold.

5. Based on two special Hermite interpolation polynomials, we
established two iterative methods for computing the outer inverse
Ag?)s of a matrix A and the corresponding error estimates were
also given. An example was shown to illustrate our theory.

6. An algorithm for simultaneous computation of the adjoint
matrix G(s) and determinant d(s) of the matrix polynomial s2J —
sA1 — Ay is presented, where J is a singular matrix. Both G(s)
and d(s) are expressed relative to a basis of Laguerre orthogonal
polynomials. This algorithm is a new extension of Leverrier-Fadeev
algorithm.

7. A Leverrier-like algorithm is presented which allows the
computation of the transfer function of a linear regular system from
its m-D state-space description, without inverting a ml.lltivariable
polynomial matrix. This algorithm is an extension of the classic
Leverrier’s algorithm for 1-D system and it reduces the computa-
tional cost. m-D Cayley-Hamilton theorem is also shown by the

algorithm.
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8. We studied the properties of the optimal value function
for a trust-region problem with two constraints. In this problem,
a quadratic function is minimized over an intersection of two
quadratic constraints. The optimal value function considered is
obtained by changing the sizes of the two quadratic constraints.
The value of the optimal value function and its first-order partial

derivatives are explicitly calculated in all possible scenarios.

Keywords: Cline partitioned inverse, Moore-Penrose inverse, weighted
generalized inverse, bordering matrices, Drazin inverse, group inverse,
rank equation, reverse order law, iterative method, error estimate, Lev-
errier algorithm, Cayley-Hamilton theorem, optimal value function, trust

region, optimal solution
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