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ABSTRACT

Logical Analysis of Data (LAD) is a combinatorial optimization-based machine learning method.
A key stage of LAD is pattern generation, where useful knowledge in a training dataset of two
types of, say, + and − data under analysis is discovered. LAD pattern generation can be cast as
a 0-1 multilinear program (MP) with a single 0-1 multilinear constraint [1]:

(PG) : max
x∈{0,1}2n

f(x) :=
∑
i∈S+

∏
j∈Ji

(1− xj) subject to g(x) :=
∑
i∈S−

∏
j∈Ji

(1− xj) = 0

The unconstrained maximization of f (without g) is straightforward, thus the main difficulty of
globally maximizing (PG) arises primarily from the presence of g and the interaction between
f and g. [2] dealt with the task of linearizing g. Namely, we employed a graph theoretic analysis
of data to discover sufficient conditions among neighboring data and also neighboring groups
of data for ‘compactly linearizing’ g in terms of a small number of stronger valid inequalities,
as compared to those that can be obtained via 0-1 linearization techniques from the literature.

In [3], we analyzed + and − data (that is, terms of f and g together) on a graph to develop a
polyhedral overestimation scheme for f . Extending the line of research in [3], this paper pro-
poses a new graph representation of monomials in f in conjunction with terms in g to more
aggressively aggregate a set of terms/data through each maximal clique in the graph into yield-
ing a stronger valid inequality. This is achieved by means of a new notion of ‘neighbors’ that
allows us to join two data that are, unlike in [3], more than 1-Hamming distance away from each
other by an edge in the graph. We show that new inequalities generalize and subsume those from
[3]. Furthermore, with using six benchmark data mining datasets, we demonstrate that new in-
equalities are superior to their predecessors in terms of a more efficient global maximization of
(PG); that is, for a more efficient analysis and classification of real-life datasets.
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