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- STRACT This paper presents an algorithm for the automatic grouping of PDF documents, and with potential application for

Web document classification. The algorithm developed is based on an ant-clustering algorithm, which was inspired
by the behaviour of some antspecies in the organization their nests. To apply the ant clustering algorithm for text document classification,
two modifications had to be introduced in the standard algorithm: 1) the use of a metric to evaluate the similarity degree of text data, instead
of numeric data; and 2) the proposal of a cooling schedule for a user-defined parameter so as to improve the convergence properties of the

algorithm.

INTRODUCTION

Until very recently, obtaining information about a given sub-
ject involved going to a library or university and searching for
the desired contents . All bibliographical resources of a library
(e.g. books, journals, magazines and newspapers) are grouped
by indices, i.e., collections of terms that point to the sites where
they can be found. These terms can be the names of the authors,
the subjects, the year of publication, and so forth. With time, not
only the number of libraries increases, but also the amount of
information available. To minimize this problem, information re-
trieval systems have been developed and widely used in libraries,
universities, companies and all other places where information
resources have to be stored and consulted. Information retrieval
systems are aimed at helping the storage of new information re-
sources and speeding up the search for a specific subject [1],[2].

The Internet has emerged as one of the most important informa-
tion resources, in most cases of public use, available nowadays.
This can be easily observed by the broad number of digital li-
braries in the Web [3]. As is the case with the “physical” librar-
ies, digital or virtual libraries also suffer from the difficulties in
organizing and searching for information. Although information
retrieval systems have contributed significantly to the organiza-
tion and retrieval of information, the success of the system still
depends on maintenance, because one has to be responsible for
taking the new information resources, indexing and cataloguing
them. These processes are tedious and time consuming.

This paper presents a system for the automatic organization of
digital documents in PDF format. The approach is based on an
ant-clustering algorithm proposed by Lumer and Faieta [4] as
a development of the ideas introduced by Deneubourg et al.[5].
This method was designed as part of an academic virtual com-
munity currently under development. This community is char-
acterized as a scientific paper collection (PDF files) automati-
cally classified and stored in folder structures of a server and in
which academics are able to exchange experience and knowl-
edge.

This paper is organized as follows. Section 2 briefly introduces
swarm intelligence and the ant-clustering algorithm. Section 3
describes how the algorithm was implemented to solve text clus-
tering, and Section 4 presents some simulation results. Conclu-
sions and some proposals for future works are provided in Sec-
tion 5.

SWARMS, ANTS AND CLUSTERING

The social behaviour of ants has attracted the interest of re-
searchers in many different disciplines, from the biosciences to
computer science and engineering. One emerging field of inves-
tigation that has been increasingly receiving attention over the
past years is the so-called biologically inspired computing [6],
in particular, swarm intelligence [7],[8]. The term swarm intel-
ligence was coined in the late 1980’s to refer to cellular robotic
systems in which a collection of simple agents in an environ-
ment interact according to local rules [9],[10].

Two main lines of research can be identified in swarm intelli-
gence: 1) the works based on social insects [7]; and 2) the works
based on the ability of human societies to process knowledge
[8]. Although the resultant approaches are quite different in se-
quence of steps and sources of inspiration, they present some
commonalities. In general terms, both rely on a population
(colony or swarm) of individuals (social insects or particles) ca-
pable of interacting (directly or indirectly) with the environment
and each other. As a result of these interactions there may be a
change in the environment and/or in the individuals, what will
lead to useful emergent phenomena.

Among the many social behaviours of ants, researchers have reg-
istered the way some ant species work collaboratively in the task
of grouping dead bodies so as to keep the nest clean [11],[12].
After placing corpses of ants randomly in a certain environment,
it can be observed that, with time, the ants tend to cluster all
dead bodies in specific regions of the environment thus forming
piles of dead bodies. The first ant clustering algorithm inspired
by this clustering behaviour of ants was introduced in [5], where
a population of robots had to group together objects without
any central control.

Lumer and Faieta [12] adapted the robots ant-clustering algo-
rithm for the analysis and classification of numerical data, thus
introducing the standard ant-clustering algorithm (ACA). Since
its proposal, in 1994, the ACA has passed through some modifi-
cations and has been applied to several domains, from data min-
ing [12], to graphpartitioning [13]-[15], to text-mining [16]-[18].
Independently of the application domain and particular version
of the algorithm, ant-clustering algorithms based on ACA follow
a set of basic, general principles.

Given an input data set composed of N I-dimensional vectors
to be clustered, these data are spread all over a bi-dimensional
(toroidal) grid of size m x m. Actually, the data themselves are
not spread over the grid, only some sort of indices that indicate
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where a given object is placed. A colony of ants (agents) is al-
lowed to move on the grid picking up, carrying and dropping off
objects based on some probabilistic rules. The movement of an
ant is characterized by its displacement in a grid cell in any di-
rection adjacent to its current position. The ants can perceive a
neighbourhood in the environment, the most common one be-
ing a square neighbourhood of size 3x3. In the beginning of the
iterative process of adaptation, objects and ants are randomly
placed on the grid.

The ants then start moving randomly on the grid. If an ant is not
carrying an object and finds an object i in its neighbourhood, it
picks up this object with a probability that is inversely propor-
tional to the number of similar objects in the neighbourhood, as
described in Eq. (1).
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If, however, the ant is carrying an object i and perceives a neigh-
bour cell in which there are other objects, then the ant drops off
the object it is carrying, with a probability that is directly pro-
portional to the object’s similarity with the perceived ones, as
described in Eq. (2).
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The parameters kp and kd are, respectively, the picking and
dropping constants that weighs the influence of the function
f(i) on the picking and dropping probabilities. Function f(i) pro-
vides an estimate of the density and similarity of elements in
the neighbourhood of object i. The pseudo code presented in
Algorithm 1 summarizes the standard ant-clustering algorithm
(ACA).

procedure ACA (max_it,kp,kd)

place every item i on a random cell of the grid

place every ant k on a random cell of the grid

unoccupied by ants

t<l

while t < max_it ,

fori=1to N do,// for every ant

if unladen ant AND cell occupied by item xi,

then

compute f(xi) and pp(xi)

pick up item xi with probability pp(xi)

else if ant carrying item xi AND cell empty, then

compute f(xi) and pd(xi)

drop item xi with probability pd(xi)

end if
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move to a randomly selected neighbouring

and unoccupied cell

end for

tet+1

end while

print location of items

end procedure

Algorithm 1: Standard ant-clustering algorithm.

The authors [4] suggested the following function f(i) as the local
density of items in the neighbourhood of object i:
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0 otherwise

where f(i) is a measure of the average similarity of object I with
another object j in the neighbourhood of i, a is a factor that de-
fines the scale of dissimilarity, and d(i,j) is the distance between
two items in their original l-dimensional space. Parameter o de-
termines when two items should or should not be located next
to each other. For instance, if o is too large, there is not much
discrimination between two items, leading to the formation of
clusters composed of items that should not belong to the same
cluster; and vice-versa.

ANT ALGORITHM FOR TEXT CLUSTERING

To cluster PDF files, it is first necessary to convert them into
text documents. Then, they have to be transformed into col-
lections of words that will represent an object on the grid. This
transformation is automatically obtained through the calcula-
tion of the relative frequency of a word in the documents (Eq.
(4)). Let fj(w) corresponds to the number of times word w ap-
pears in document j, i.e., the frequency of word w in document
j. Then, Fj(w) represents the relative frequency of word w in all
documents:

£ilw)
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F(w) = VW (4)

MNote that 0 < Fi{iw) <1 and E,, Fiw) = 1.

This normalization serves the purpose of disregarding the num-
ber of words in the document and, instead, measure the relative
importance of a word compared to the other words contained in
the same document.

Instead of using the Euclidean distance as a measure of dissimi-
larity, the cosine measure [19], which determines the similarity
between two vectors independently of their magnitude, is go-
ing to be used. One vector represents the set of words extracted
from the document being carried by the ant, and the other vec-
tor represents the collection of words extracted from the docu-
ments in the neighbourhood of the ant. Eq. (5) returns the co-
sine of the angle between these two vectors. The cosine is equal
to 1 when the vectors point in the same direction, and zero
when they form a 90 degrees angle.
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where FDk is the frequency of word k in the set of words ex-
tracted from the document being carried by ant D, and FQk is
the relative frequency of word k in document Q that exists in the
neighbourhood of the ant.

Thus, each document is transformed into an object whose struc-
ture is an l-dimensional vector, x1x2..x] which corresponds the
relative frequencies of the relevant words extracted. Table I illus-
trates the representation of each object.

Table I — Objects that represent documents.

Object X - X
0, 0.123 0.232
{J‘.\,- 0.012 0.156

After the generation of the objects, the ant-clustering algorithm
described previously is applied. The only difference is the calcu-
lation of f(i), where the cosine measure (sim(:,-)/a), is used in-
stead of (1 -d(-,")/a).
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After some preliminary tests, it was noticed that the algorithm
could never converge to a stable configuration of the grid; that
is, the ants were constantly building and destructing clusters.
Therefore, one form of modifying ACA in order to promote a sta-
bilization of the grid had to be proposed. The approach adopted
here corresponds to gradually cooling down the value of param-
eter kp so as to reduce the probability of an ant picking up an
object after a certain number of iteration steps have passed.
With this simple modification, the stopping criterion of the al-
gorithm becomes either a maximum number of cycles (Icycle
= 10,000 steps of each ant) or a minimum value for kp. In both
cases, the chosen value has to be such that ants are no longer
picking up objects from the grid, thus resulting in a final, stable
clustering solution.

CONCLUSIONS

This paper presented an algorithm for the automatic clustering
of text documents using a classification technique inspired by
the behaviour of some ant species while organizing and cleaning
their nests. As the ant-clustering algorithm used was originally
developed to tackle numeric data, some modifications had to be
introduced in order to adapt it to deal with text data. Further-
more, we also proposed a cooling schedule for a parameter of
the algorithm resulting in the improvement of its convergence
properties.
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