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a b s t r a c t

The study is concerned with a granular data description in which we propose a characterization of
numeric data by a collection of information granules so that the key structure of the data, their topology
and essential relationships are described in the form of a family of fuzzy sets – information granules. A
comprehensive design process is introduced in which we show a two-phase development strategy: first,
numeric prototypes are built with the use of Fuzzy C-Means (FCM) that is followed by their augmentation
resulting in a collection of information granules. In the design of information granules we engage the fun-
damental ideas of Granular Computing, especially the principle of justifiable granularity. A series of
experiments is presented to visualize the key steps of the construction of information granules.

� 2015 Elsevier B.V. All rights reserved.

1. Introduction

Data description has been one of the key pursuits in the broad
plethora of data analysis. The need for a concise, highly interpret-
able, and accurate descriptors of data is highly visible so that such
descriptions reveal and describe an essence of the main relation-
ships and associations among variables of the systems. We have
been witnessing a slew of approaches originating from studies
developed within the setting of statistical analysis [19]. Quite often
data description is referred to as anomaly detection as we are pre-
dominantly concerned with a single-class problem where a class of
interest (to be described) is the one for which we are to form a col-
lection of descriptors [8]. A number of investigations and proposals
arose within the realm [1,7,9]. There has been a direction to sup-
port an abstract view at data and their description such as the
one arising in the realm of symbolic data analysis [3].

Having in mind the key objectives of data description where the
concern is both on meaningfulness (relevance) of the descriptors of
data and interpretability of these descriptors. The problem is exacer-
bated given a diversity of data. On the one hand, we encounter large
data sets of high dimensionality. On the other, one has to deal with
data exhibiting a very limited number of records but characterized

by high dimensionality. The main point underlined here is that in
order to address the important objectives of relevance and interpret-
ability of data descriptors, the description mechanisms of data and
the descriptors themselves arising therein have to become inher-
ently information granules rather than numeric entities.

The formal framework of processing is based on Granular Com-
puting [10,11,20,21], which is focused on developing, characteriz-
ing and processing information granules. Let us recall that
information granules are regarded as abstract constructs that bring
together elements of some closeness (resemblance) – in the con-
text of the problem discussed here those are elements that
describe and are representative of the collection of these elements
to a significant extent.

Let us start with some qualitative setting and highlight the
essence of the problem in a two-dimensional case. Consider a collec-
tion of data belonging to a given class (black dots) we would like to
describe (characterize), see Fig. 1. There are also some data belong-
ing to another class (shown by squares); their number is small and
the data themselves are far more scattered and irregularly distrib-
uted across the space in several cases overlapping with the regions
with the high density of data belonging to the class to be described.

One can capture the essence of the groups of the data visualized
there by forming some geometric constructs embracing the data.
Intuitively, these descriptors should include as many data points
coming from the class we intend to describe while at the same
time leaving out (excluding) the data not belonging to the class
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of interest. The geometric descriptors could be highly diversified as
shown in Fig. 1(b). They could be made more regular as those illus-
trated in Fig. 1(c) where the data are ‘‘covered’’ by a collection of
rectangles. While the first option delivers a great deal of flexibility,
one may anticipate that their construction could be more demand-
ing and their compact interpretation might cause some difficulties.
On the other hand, the rectangular shapes of descriptors come with
an intuitively appealing interpretation as a Cartesian product of a
collection of intervals formed over the individual variables, say
[a, b] � [w, z]; see Fig. 1(c). Evidently, the geometry we are dealing
with now is simpler than in the one being captured by the sophis-
ticated geometric figures shown in Fig. 1(b). It is also more inter-
pretable. In the same vein, we can talk about a description
realized by fuzzy sets or rough sets.

The ultimate objective of this study is to develop a granular
description of data where the crux of the data and the dominant
topology of the data are well represented. We establish a two-
phase development process. While the first phase is based on the
formation of the numeric structure of the data (captured through
a series of numeric prototypes), the second phase offers a substan-
tial enhancement of the description of the structure by forming
information granules. The characterization of the granules in terms
of their coverage, specificity as well as their geometric localization
bring about a detailed insight into the data’s description.

While there have been a number of studies devoted to a single
class data description and classification, the originality of the
investigations reported in this paper is at least twofold. First, the
proposed approach is general as we engage a comprehensive envi-
ronment of Granular Computing forming a conceptual framework
of data description. Second, we provide a comprehensive algorith-
mic scheme showing on how information granules in the interval
form can be constructed. Here we form information granules fol-
lowing the principle of justifiable granularity here a sound balance
between specificity and experimental justifiability of the granules
is achieved.

The study is structured as follows. We cover some fundamen-
tals of Granular Computing, which build all required prerequisites
and help cast the study in a general setting (Section 2). In Section 3,
we provide a formal formulation of the problem while in Section 4
briefly recall Fuzzy C-Means as a generic mechanism to cluster
data and build fuzzy clusters. The buildup of granular prototypes
realized on a basis of numeric prototypes produced by the FCM
method is discussed in Section 5 where the principle of justifiable
granularity is studied. An overall architecture of the process start-
ing from numeric data and resulting in granular prototypes and
their characterization is elaborated on in Section 6. Experimental
studies are covered in Section 7.

2. Information granules and Granular Computing

To make the study presented here self-contained and offer a
better focus, we present a concise introduction to Granular

Computing regarded as a formal vehicle to cast data analysis tasks
in a certain conceptual framework.

Information granules are intuitively appealing constructs,
which play a pivotal role in human cognitive and decision-making
activities. We perceive complex phenomena by organizing existing
knowledge along with available experimental evidence and struc-
turing them in a form of some meaningful, semantically sound
entities, which are central to all ensuing processes of describing
the world, reasoning about the environment and support deci-
sion-making activities. The term information granularity itself
has emerged in different contexts and numerous areas of applica-
tion. It carries various meanings. One can refer to Artificial Intelli-
gence in which case information granularity is central to a way of
problem solving through problem decomposition where various
subtasks could be formed and solved individually. In general, by
information granule one regards a collection of elements drawn
together by their closeness (resemblance, proximity, functionality,
etc.) articulated in terms of some useful spatial, temporal, or func-
tional relationships. Subsequently, Granular Computing is about
representing, constructing, and processing information granules.

We can refer here to some areas, which offer compelling evi-
dence as to the nature of underlying processing and interpretation
in which information granules play a pivotal role: image process-
ing, processing and interpretation of time series, granulation of
time, design of software systems.

Information granules are examples of abstractions. As such they
naturally give rise to hierarchical structures: the same problem or
system can be perceived at different levels of specificity (detail)
depending on the complexity of the problem, available computing
resources, and particular needs to be addressed. A hierarchy of
information granules is inherently visible in processing of informa-
tion granules. The level of detail (which is represented in terms of
the size of information granules) becomes an essential facet facili-
tating a way a hierarchical processing of information with different
levels of hierarchy indexed by the size of information granules.

Even such commonly encountered and simple examples pre-
sented above are convincing enough to lead us to ascertain that
(a) information granules are the key components of knowledge
representation and processing, (b) the level of granularity of infor-
mation granules (their size, to be more descriptive) becomes cru-
cial to the problem description and an overall strategy of
problem solving, (c) hierarchy of information granules supports
an important aspect of perception of phenomena and deliver a tan-
gible way of dealing with complexity by focusing on the most
essential facets of the problem, (d) there is no universal level of
granularity of information; commonly the size of granules is prob-
lem-oriented and user dependent.

There are several well-known formal settings in which informa-
tion granules can be expressed and processed:

Sets (intervals) realize a concept of abstraction by introducing a
notion of dichotomy: we admit element to belong to a given infor-
mation granule or to be excluded from it. Along with set theory
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Fig. 1. Example data (black dots) to be described in a two-dimensional space; shown are also data belonging to the second class (squares) to be excluded from the descriptors
formed for the first class (a) along with a collection of geometric descriptors of diverse shape (b) and of rectangular shape (c).
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