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ABSTRACT

An important form of “learning from observation” is constructing a classifica-
tion of given objects or situations. Traditional techniques for this purpose,
developed in cluster analysis and numerical taxonomy, are often inadequate
because they arrange objects into classes solely on the basis of a numerical
measure of object similarity. Such a measure is a function only of compared
objects and does not take into consideration any global properties or concepts
characterizing object classes. Conscquently, the obtained classes may have no
simple conceptual description and may be difficult to interpret.

The above limitation is overcome by an approach called conceplual
clusterirg, in which a configuration of objects forms a class only if it is describ-
able by a concept from a predefined concept class. This chapter gives a
tutorial overview of conjunctive conceptual clustering, in which the predefined
concept class consists of conjunctive statements involving relations on selected
object atributes. The presented method arranges objects into a hierarchy of
classes closely circumscribed by such conjunctive descriptions. Descriptions
stemming from each node are logically disjoint, satisfy given background
knowledge, and optimize a certain global criterion.

The method is illustrated by an example in which the conjunctive con-
ceptual clustering program CLUSTER/2 constructed a classification hierarchy of
a large collection of Spanish folk songs. The conclusion suggests some cxten-
sions of the method and topics for further rescarch.
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11.1 INTRODUCTION

An omnipresent problem in science is to construct meaningful classifications
of observed objects or situations. Such classifications facilitate human com-
prehension of the observations and the subsequent development of a scientific
theory. This problem is a form of the very general, well-known principle of
“divide and conquer™ used in a varicty of problem-solving situations. It is also
related to the problem of decomposing any large-scale engineering system (for
example, an Al system) into smaller components, in order to simplify its
design and implementation.

The nature of processes leading to useful classifications remains little
understood, despite considerable effort in this direction. From the viewpoint
of machine learning, the process of constructing classifications is a form of
“learning from observation” (“‘learning without a teacher”). This form of
machine learning has been. systematically studied in such arcas as cluster
analysis and numerical taxonomy. The central notion used there for creating
classes of objects is a numerical measure of similarity of objects. Classes
(clusters) are collections of objects whose intra-class similarity is high and
inter-class similarity is low.

A measure of similarity is usually defined as a proximity measure ina
multi-dimensional space spanned by sclected object attributes. Such a
measure is, therefore, meaningful only if the selected attributes are relevant for
describing perceived object similarity. The presence of irrelevant attributes
will distort this measure. Moreover, all attributes defining the description
space are given equal weight in the process of determining classes. The
problem, then, becomes one of structuring attributes into classes, in order to
determine the most relevant attributes. Factor analysis and multi-dimensional
scaling have been used for this purpose, but these methods were designed
primarily for numerical variables. They cannot adequately handle the many-
valued, nominal (categorical) variables which occur often in human classifica-
tions.

The use of numerical measures of similarity for constructing classifica-
tions has other disadvantages. Such measures take into consideration only the
properties of compared objects without regard to any conlext or concepts use-
ful for characterizing object configurations. Consequently, the resulting
classes do not necessarily have any simple conceptual description and may be
difficult to interpret. The problem of determining the meaning of the obtained
classes is simply left to the researcher. This is a significant disadvantage of
traditional methods because a researcher analyzing data typically wants to
create classes that arc not only mathematically well defined, but that also have
a meaningful conceptual interpretation,

This chapter describes an approach to the problem of automatic con-
struction of classifications, in which a configuration of objects forms a class
only if it can be closely circumscribed by a conjunctive concept involving



