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Abstract—This paper focuses on two ART architectures, the Fuzzy ART and the Fuzzy ARTMAP. Fuzzy ART isa
pattern clustering machine, while Fuzzy ARTMAP is a pattern classification machine. Our study concentrates on the
order according to which categories in Fuzzy ART, or the ART, model of Fuzzy ARTMAP are chosen. Our work
provides a geometrical, and clearer understanding of why, and in what order, these categories are chosen for various
ranges of the choice parameter of the Fuzzy ART module. This understanding serves as a powerful tool in developing
properties of learning pertaining to these neural network architectures; to strengthen this argument, it is worth
mentioning that the order according to which categories are chosen in ART 1 and ARTM AP provided a valuable tool
in proving important properties about these architectures. Copyright © 1996 Elsevier Science Ltd.
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1. INTRODUCTION

In this paper we focus our attention on two ART
architectures, Fuzzy ART and Fuzzy ARTMAP.
These architectures were introduced by Carpenter et
al. (1991b, 1992), and they belong to the class of
neural network architectures that fall under the
category of adaptive resonance theory (ART) neural
networks. Adaptive resonance theory was developed
by Grossberg (1976), and a list of some of the ART
architectures introduced in the last 10 years are
included in the reference list (Carpenter & Grossberg,
1987a, b, 1990; Carpenter et al., 1991a, b, 1992; Healy
et al., 1993).

Fuzzy ART is a pattern clustering machine that is
capable of clustering arbitrary collections of arbi-
trarily complex analog input patterns, while Fuzzy
ARTMAP is a pattern classification machine that is
capable of establishing an arbitrary mapping between
an arbitrary collection of analog input patterns and
an arbitrary collection of corresponding analog
output patterns. Fuzzy ARTMAP has been success-
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fully used to solve pattern classification problems in a
fast and efficient way (Carpenter et al., 1992).

It is worth mentioning that Fuzzy ART is one of
the components of a Fuzzy ARTMAP architecture,
in the sense that Fuzzy ARTMAP consists of two
Fuzzy ART modules and an inter-ART module. One
of the Fuzzy ART modules receives as inputs the
input patterns of the pattern classification task, and
the other Fuzzy ART module receives as inputs the
corresponding output patterns of the pattern
classification task. The Fuzzy ART module that
accepts the input patterns clusters them into
appropriate categories, while the Fuzzy ART
module that accepts the output patterns also clusters
them into appropriate categories. Our main focus in
this paper is the operation of Fuzzy ARTMAP for
pattern classification problems, which are many-to-
one maps. Hence, the kind of clustering done at the
Fuzzy ART module that accepts as inputs the output
patterns is trivial, because every output pattern forms
its own cluster. The type of clustering established in
the Fuzzy ART module that accepts as inputs the
input patterns is much more interesting. From this
perspective Fuzzy ART and Fuzzy ARTMAP can be
jointly investigated.

In this paper, we focus our attention on the
clusters established by Fuzzy ART, or the Fuzzy
ART module of Fuzzy ARTMAP that accepts as






