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Application of Topological Characteristics of Structural Model
to Matrix Methods

Takeo Taniguchi* Naruhito Shiraishi¥*%*

This study is concerned with the graph-theoretic approach to the minimiza-
tion problems of bandwidth, profile and fill-in which are neccessary for the
effective utilization of the band matrix method, the profile method and the
sparse matrix method, respectively. These minimization problems are evidently
the combinatorial ones and it is already known that they belong to the Non-
deterministic Polynomial-Time Complete Problem, that is, it may be almost im-
possible to give effective algorithms for these minimization procedures.

Though the profile method is a variation of the band matrix method, they are
effectively applied to quite different two types of matrices; the band matrix
method is used only for the band-formed matrix, and the profile method can
treat non-banded one. A non-zero element in a structural coefficient matrix
represents the existence of physical path connecting two nodes, and, therefore,
the matrix is equivalently replaced by a graph. Hence, above two methods are
effectively applied to different structural systems whose graphs are quite
different, each other. Above consideration leads to the conclusion that we
should select an effective numerical method in accordance with the type of
graph obtained from the structural model. By the introduction of the addition-
al procedure of selecting a numerical method before node-labeling for a struc-
tural model we can restrict the types of structures be treated by one numerical
method and, hence, the authors could propose effective algorithm of node-label-
ing for the band matrix method and the profile method.

On the other hand, the optimum vertex elimination procedure which give the
minimum value of fill-in is not known at present. The authors applied, at
first, the minimum deficiency algorithm proposed by D.J. Rose to some graphs
and they could give better results by reordering obtained vertex elimination
processes taking into consideration of the properties of the algorithm.

The results of these numerical experiments are summarized as follows:

1. Optimum vertex elimination may be done by treating a given graph as a

gathering of some subgraphs.

2. The maximum width of a graph decides the maximum length of the cutting

lines which tear a graph into subgraphs.

3. All the vertices in each subgraph are successively eliminated.

The most valuable result of this investigation is that the width of a graph

representing a structural model is the common factor for the minimization
problems of the bandwidth, profile and fill-in.

%  Department of Civil Engineering, Okayama University
*% Department of Civil Engineering, Kyoto University



