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Matrix decompositions are used for many data mining purposes. One of these
purposes is to find a concise but interpretable representation of a given data
matrix. Different decomposition formulations have been proposed for this task,
many of which assume a certain property of the input data (e.g., nonnegativity)
and aim at preserving that property in the decomposition.

In this paper we propose two new decomposition formulations for binary ma-
trices, namely the Boolean CX and CUR decompositions. They are natural com-
binations of two previously-presented decomposition formulations. The Boolean
CX (BCX) decomposition assumes a binary input matrix A and decomposes it
into two binary factor matrices, C' and X, with matrix C' containing a subset
of A’s columns. Matrix A is represented using the Boolean matrix product of
C and X, A ~ C o X. The Boolean matrix product o is like the normal matrix
product, but with addition defined as 14+ 1 = 1. In the Boolean CUR (BCUR)
decomposition, A is decomposed into three matrices, C', U, and R, with matrix
C containing a subset of A’s columns and matrix R containing a subset of A’s
rows. Matrix A is represented as A ~ C o U o R.

We also study two subproblems of these decompositions, the Basis Usage (BU)
problem and the Mixing Matrix (MM) problem. In the former we are given the
matrices A and C and our goal is to find the matrix X such that A ~ C' o X.
In the latter we are given the matrices A, C, and R and our goal is to find the
matrix U such that A = C o U o R. We give lower and upper bounds for the
approximability of the BU and MM problems and use the results to show the
NP-completeness of the BCX problem.

We give algorithms for the problems and study the performance of the algo-
rithms via extensive experimental evaluation. Our results show that, despite the
high theoretical complexity of the problems, even simple algorithms can perform
well with both synthetic and real-world data.
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