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A Consideration on the Matrix Representation of Mechanical Property
of Structure

Takeo Taniguchi* and Naruhito Shiraishi*#*

Proper rearrangement of lows and colums of a matrix representing the mechan-
ical property of structural system can decrease the region of the matrix where
all the non-zero elements locate and the minimum value of the region is measured
by the width and the area of the region. These are called as the Minimum Band-
width and the Minimum Profile, respectively, and they are utilized only in the
field of effective solver of linear equations, for example the Band Matrix Method
and the Profile Method.

On the other hand, graph-theoretic studies on above two solvers clarify that
the elimination process on the matrix is equivalent to the vertex elimination
process on the graph which is uniquely obtained from the matrix and which re-
presents the connectivity relation of nodes that transmits physical quantity,

and the process modifies the graph. But it is also known that the minimum
bandwidth and profile are not influenced by the process, and the modification
is restricted within the area of the matrix. These consideration results in

that the minimum bandwidth and profile are not only one of the characteristics
of the graph but also "Invariants" of the graph through the numerical treatment.

In this paper the authors investigate the physical meaning of the minimum
bandwidth and profile as Invariants of the graph and they obtained following
results:

1. Minimum profile of a matrix represents the main transmission pass of phys-
ical quantity in the structural system. Furthermore, it clarifies that
any structural system belongs to one of following three types:

Fundamental system
Tree system
Mesh system.

2. Minimum bandwidth of a matrix clarifies not only the most complex portion
of the transmission pass in the structural system but also the relative
degree of the complexity comparing with other potion of the system.

Above results show that the minimum bandwidth and profile are important not
only in the field of the numerical solvers of linear equations but also, for
example,

1. classification of various structural systems,

2. proposal of new evaluation method of stiffening and strengthening in

structural systems, and also

3. as a tool for the evaluation of the discretization effect of Finite

Element Method and Finite Difference Method.

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



