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Abstract. An important topic in formal concept analysis is to cope
with a possibly large number of formal concepts extracted from formal
context (input data). We propose a method to reduce the number of
extracted formal concepts by means of constraints expressed by partic-
ular formulas (attribute-dependency formulas, ADF). ADF represent a
form of dependencies specified by a user expressing relative importance
of attributes. ADF are considered as additional input accompanying the
formal context (X,Y,I). The reduction consists in considering formal
concepts which are compatible with a given set of ADF and leaving out
noncompatible concepts. We present basic properties related to ADF, an
algorithm for generating the reduced set of formal concepts, and demon-
strating examples.

1 Preliminaries and Problem Setting

We refer to [6] (see also [14]) for background information in formal concept
analysis (FCA). We denote a formal context by (X,Y,I),i.e. I C X xY (object-
attribute data table, objects x € X, attributes y € Y'); the concept deriving
operators by T and !, i.e. for AC X, Al ={ye€Y | foreachz € A: (z,y) € I}
and dually for !; a concept lattice of (X,Y,I) by B(X,Y,I), i.e. B(X,Y,I) =
{{A,B) € 2X x 2V | AT = B, Bl = A}.

An important aspect of FCA is a possibly large number of formal concepts in
B (X,Y,I). Very often, the formal concepts contain those which are in a sense not
interesting for the expert. In this paper, we present a way to naturally reduce the
number of formal concepts extracted from data by taking into account informa-
tion additionally supplied to the input data table (formal context). We consider
a particular form of the additional information, namely, a form of particular at-
tribute dependencies expressed by (logical) formulas that can be supplied by an
expert /user. The primary interpretation of the dependencies is to express a kind
of relative importance of attributes. We introduce the notion of a formal concept
compatible with the attribute dependencies. The main gain of considering only
compatible formal concepts and disregarding formal concepts which are not com-
patible is the reduction of the number of resulting formal concepts. This leads
to a more comprehensible structure of formal concepts (clusters) extracted from
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the input data. We present basic theoretical results, an algorithm for generating
compatible formal concepts, and illustrate our approach by examples.

2 Constraints by Attribute Dependencies

2.1 Motivation

When people categorize objects by means of their attributes, they naturally take
into account the importance of attributes. Usually, attributes which are less im-
portant are not used to form large categories (clusters, concepts). Rather, less
important attributes are used to make a finer categorization within a larger cat-
egory. For instance, consider a collection of certain products offered on a market,
e.g. home appliances. When categorizing home appliances, one may consider sev-
eral attributes like price, the purpose of the appliance, the intended placement
of the appliance (kitchen appliance, bathroom appliance, office appliance, etc.),
power consumption, color, etc. Intuitively, when forming appliance categories,
one picks the most important attributes and forms the general categories like
“kitchen appliances”, “office appliances”, etc. Then, one may use the less impor-
tant attributes (like “price < $10”, “price between $15-$40”, “price > $100”,
etc.) and form categories like “kitchen appliance with price between $15-$40”.
Within this category, one may further form finer categories distinguished by
color. This pattern of forming categories follows the rule that when an attribute
y is to belong to a category, the category must contain an attribute which deter-
mines a more important characteristic of the attribute (like “kitchen appliance”
determines the intended placement of the appliance). This must be true for all the
characteristics that are more important than y. In this sense, the category “red
appliance” is not well-formed since color is considered less important than price
and the category “red appliance” does not contain any information about the
price. Which attributes and characteristics are considered more important de-
pends on the particular purpose of categorization. In the above example, it may
well be the case that price be considered more important than the intended place-
ment. Therefore, the information about the relative importance of the attributes
is to be supplied by an expert (the person who determines the purpose of the
categorization). Once the information has been supplied, it serves as a constraint
for the formation of categories. In what follows, we propose a formal approach
to the treatment of the above-described constraints to formation of categories.

2.2  Constraints by Attribute-Dependency Formulas
Consider a formal context (X,Y,I). We consider constraints expressed by for-
mulas of the form

yCyr U Uy, (1)

Formulas (1) will be called AD-formulas (attribute-dependency formulas). The
set of all AD-formulas will be denoted by ADF'. Let now C C ADF be a set of
AD-formulas.



