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Decomposing Matrices into Blocks*

Ralf Borndorfer** Carlos E. Ferraeira® Alexander Martin**

Abstract. In this paper we investigate whether matrices arising from linear or integer programming
problems can be decomposed into so-called bordered block diagonal form. More precisely, given some
matrix A, we try to assign as many rows as possible to some number [ of blocks of size K such that
no two rows assigned to different blocks intersect in a common column. Bordered block diagonal form
is desirable because it can guide and speed up the solution process for linear and integer programming
problems. We show that various matrices from the LP- and MIP-libraries Netlib and Miplib can indeed
be decomposed into this form by computing optimal decompositions or decompositions with proven quality
These computations are done with a branch-and-cut algorithm based on polyhedral investigations of the

atrix decomposition problem. In practice, however, one would use heuristics to find a good decomposition.
We present several heuristic ideas and test their erformance. Finally, we investigate the usefulness of
optimal matrix decompositions into bordered block diagonal form for integer programming by using such
decompositions to guide the branching process in a branch-and-cut code for general mixed integer programs

Keywords, block structure of a sparse matrix, matrix decomosition, integer programming, polyhedral
combinatorics, cutting planes
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Figure 1: Décompsing a matrix into bordered block diagonal form.

I ntroduction

We consider in this paper the following matrix decomposition problem. Given some matrix A, some number
3 of blocks (sets of rows), and some capacity K (maximum block-size); try to assign as many rows as possible
to the blocks such that (i) each row is assigned to at most one block, (ii) each block contains at most K rows
and (iii) no two rows in different blocks have a common nonzero entry in a column. The set of rows that
are not assigned to any block is called the border

An equivalent statement of the problem in matrix terminology is as follows. Try to decompose the matrix
into bordered block diagonal form with 3 blocks of capacity at most K. The decomposition is considered
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