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iz Abstract The determination of the number of groups in a dataset, their composition and the most

- relevant measurements to be considered in clustering the data, is a high-demanding task, especially when
the a priori information on the dataset is limited. A genetic algorithm evolving the centroid coordinates
has been proposed as an automatic clustering procedure. Results have been compared with the ones
obtained from a different genetic approach Baragona R., Cal#ini C., Battaglia F. 1999) that directly
determines the groups allocation. These iwo represent different possible evolutionary approaches that can
be used to determine the number of groups in a dataset, to identify which elements belong to each group,
cach item’s degree of membership to each single group and the best subset of measurements fo be used.
Their application in clustering simulated and real datasets (Fisher’s iris data, Ripley glass data and Marais
wine daia) has been extensively investigated and supports further research in testmg new clustering
criteria and approaches and in dealing efficiently with much bigger dataset.

Keywords : clustering, genetic algorithm, encoding problem, evolutionary data mining,

1. Introduction
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Researchers are aware that to determine the number of the g most representative
groups and their composition of a dataset composed by # items with p measurements
(variables) involves a time-unfeasible combinatorial effort when # and p are not small
numbers.

Genetic algorithms have been proved to deal successfully with a great variety of
problems related to different fields: grouping and clustering problems constitute one of
their possible application (Baragona R., Calzini C., Battaglia F. 1999, Chatterjee S.,
Laudato M., Lynch L.A. 1996, Falkenauer E 1998).

Our aim, in this paper, is to investigate the efficiency of genetic approaches to
identify the best number of possible groups in a dataset, the more relevant and efficient
measurements to be used in forming groups, the belonging of each observation to a
specific group and the corresponding degree of membership when the a priori
information on the dataset is limited. We propose a new genetic approach (GACE,
Genetic Algorithm for Centroids Evolution) and compare the results with a slightly
modified version of Baragona R., Calzini C., Battaglia F. (1999) genetic approach
(GAIE, Genetic Algorithm for Items Evolution). Our study supports the efficacy of the
algorithms of searching the whole state space, without being trapped in local optima.

2. Genetic code

A genetic algorithm is composed by a population of individuals where each
individual represents the possible solution to the problem the researcher is dealing with.
The population is evolved by genetic operators (selection, crossover, mutation, elitism)
driven by a fitness function able to measure the degree of optimality of the individuals.
The genetic operators are modelled by imitation of natural biological processes driven
by the Darwinian principle of the survival of the fittest. The last generation represents
the encoding of an optimal set of solutions of the problem to be solved. Within an




elitistic schema the individual with the higher fitness value represents the best solution.

Each individual is composed by binary bits, whose aggregations are decodified
in real-values. In the approaches described in this paper we used two different
coding/decoding schema. The GACE algorithm assumes that each string is formed by p
x g cells. Each group of p cells identifies a centroid coordinates in the R space of the
measurements. The g groups of cells represent the g centroids of the clusters, The GAIE
algorithm assumes that each string is composed by » real-value cells whose values
identify the belonging group of the corresponding item. The two approaches use the
same evolutionary operators but they differ in the adopted codification. The selection of
the number of groups, g, has not been inclu{.zd within the evolutionary process. We
tested that an iterative approach, limited to the number of groups, is computationally
more efficient bringing to best optimal solutions in less generations. This mixed
iterative-evolutionary schema implies the exploration of disjoint solution subspaces
where the number of groups is fixed. Within each subspace the evolutionary algorithms
search the optimal partial solution to be compared with the solutions coming from the
other subspaces iteratively investigated.

Each individual in GACE algorithm represents the codification of the poss;ble
values of the centroids’ measurements. Each cell can assume a real value between the
lower bound and upper bound of the whole series of the corresponding item
measurements to which the centroid’s value of the cell is referred to. The algorithm is
inspired to Forgy’s approach of clustering Forgy E.-W. 1965). Once determined the
possible values of the centroids of the g groups, the algorithm computes the euclidean
distances between each measurement of each item with respect to the corresponding
values of the p x g centroids and determines the belonging group. Each item belongs to
the cluster with minimum distance with respect to the clusters’ centroids among all the
computed distances between the considered item’s measurements and the centroids’
values of all possible groups. Then, we determine the fitness value for each string.
Different fitness functions Calinski T., Harabasz J., 1974, Marriott FH.C., 1971,
Ricolfi L. 1992) have been tested and have lead to strictly similar results. Variances
matrices berween and within the groups have been computed both using as mean values
the actual mean values of the groups formed and using as mean values the centroids’
values determined by each individual of the genetic algorithm. In order to determine the
best number of possible groups in a dataset, the fitness function values include a
penalisation factor depending by the number of groups formed. The algorithm identifies
as best number of groups the one in correspondence of the best fitness value in the
iterative process (see Figure 1).

The GAIE algorithm assumes that each individual contains » real-value cells,
decodified using Gray’s code from a binary representation, in such a way that the real
value in the range (1, g] of each j-t& cell indicates to which group the item j belongs.
For example, if the second cell contains value 3, then it is assumed that the second item
in the dataset belongs to group 3. Once, each item has found the proper collocation in
each group, the variance within the groups and between the groups and the
corresponding fitness values are computed. To determine the number of groups we used
the same iterative procedure as for the GACE algorithm.

Moreover, a-posteriori probabilities of membership have been computed to give
an additional information about the degree of membership of each single item to a
specific group. They are roughly inversely proportional to the distance between the
items included in each group, formed on the basis of the best solution reported by the

algorithms, and the corresponding mean values of each groups or the centroids
coordinates. The analysis of the probabilities of membership can give a deep insight
about the level of ambiguous clustering. GACE and GAIE has been also modified to
select in an automatic way k<p measurements in the original dataset. The modified
GACE and GAIE data mining and clustering algorithms have lead to the same average

egror obtained when considering the whole dataset.
b
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i % Empirical results and discussion
p

GACE and GAIE algorithms have been tested at first on randomly generated
datasets from different multivariate normal distributions with equal covariance structure
but different in location. Results have shown that the algorithms are successful in
identifying the correct number of groups and in forming the groups. Then, real datasets
(size n x p) have been used to test the efficacy of the automatic clustering and data
reduction procedures; the attention has been focused on Fisher’s iris data (n=150, p=4),
wine dataset (n=26, p=13, source: Marais J., Versini G., van Wyk C.J., Rapp A., 1992)
and Ripley’s glass dataset (n=214, p=9).

In 1936 R.A Fisher published his famous dataset, which consmts of three different
spec1es of Iris: Iris setosa, Iris versicolor and Iris verginica, with 50 items for each
specie and four measurements for each item. GACE and GAIE have identified that the.
best number of possible groups in the dataset is equal to the number of three different
species obsetved (see Figure 1). The data from Iris setosa are all correctly grouped in a
single cluster, while the error average rate of the whole dataset is about 3.3%.
Moreover, the error average rate results to be equal to 3.3% even when the algorithms
cluster the data selecting just two and three measurements out of the four available.

GACE and GAIE have been useful to identify clusters in such a way that the
adopted fitness function reaches the global optimum values, avoiding to fall in local
optimum as it happens with path-dependent clustering procedures (Friedman H.P. and
Rubin J., 1967). Table 1 below reports in the three columns the fitness values for the -
real correct classification and the fitness values associated to the best classification
proposed by the GACE and GAIE algorithms respectively in the case when (W),

g’ det(W)/det(T) and {tr(W)/(n-g) }/{tr(B)/(g-1)} fitness functions are used. It can be
noticed that GACE and GAIE clusters reach values inferior to the values associated with
the real correct clusters, pointing out that the choice of the proper fitness function is
crucial for the correct determination of the clusters in the data and some lacks of
exploratory and heuristic cluster approaches.

Fishar's Iriz data
. , detfF) rﬂﬂ‘,n(_ﬂ Finding the npum-: Numb-r ol groupx
Fitness functions trace(W)| & M i-2) (g9 . 2 W 2

-
RIS |Real data 62,0281 0.2350] 00024 3
GACE-GAIE 5363280  01984] 00018 3
GLASS {Real data 42560 28261 00508 £
GACE-GAIE 1,5829]  05935] 0.008] §

WINE | Real data 0909s| o0q821] oa34sd °© :

GACE-GAIE 06004] 00140] 00969 ! 2 Mumber of Groups §

Table 1: GACE and GAIE best fitness value vs reat data fitness value  Figure 1: Identification of best groups” number.

The analysis of the wine dataset (n=26, p=15, source: Marais J., Versini G., van
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