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Abstract

The time-cost-sensitive attribute reduction problem is more challenging than
the classical reduct problem since the optimal solution is sparser. Ant colony
optimization (ACO) is an effective approach to this problem. However, the
efficiency is unsatisfactory since each ant needs to search for a complete solu-
tion. In this paper, we propose a partial-complete searching technique for ACO
and design the APC algorithm. Partial searching is undertaken by pioneer ants
through selecting only a few attributes to save time, while complete searching
is undertaken by harvester ants for complete solutions. Experiments are under-
taken on seven real-world and a set of artificial datasets with various settings of
costs. Compared with two bio-inspired and two greedy algorithms, APC is more
efficient while obtaining the same level of quality metrics. The APC algorithm
can be also extended for other combinatorial optimization problems.

Keywords: Ant colony optimization; Attribute reduction; Cost; Heuristic
algorithm; Partial-complete searching.

1. Introduction

Attribute reduction, also called feature selection, is a combinatorial opti-
mization problem. The task is to find one or all optimal reducts from the
2m − 1 non-empty attribute subsets, where m is the number of attributes. A
number of attribute reduction problems exist for different situations. Unsu-
pervised attribute reduction [11, 32, 37] is required for information systems,
while supervised attribute reduction [5, 19, 26, 40, 47, 54] is applicable to deci-
sion systems. The data type include symbolic [15, 37], numeric [15, 16], fuzzy
[27, 32, 55, 57], interval [7, 20, 24, 45], ordered [22, 49] among others. The con-
straint of attribute reduction include preserving the discernibility [35, 43, 53],
the positive region [36], the conditional entropy [6, 40, 44], the class distribution
[44, 59], the dominance relation [17, 51], etc. The optimization objective include
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