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Abstract: - Clustering techniques have obtained adequate results when are applied to data mining problems.
However, different runs of the same clustering technique on a specific dataset may result in different solutions.
The cause of this difference is the choice of the initial cluster setting and the values of the parameters associated
with the technique. A definition of good initial settings and optimal parameters values is not an easy task,
particularly because both vary largely from one dataset to another. In this paper the authors investigate the use of
Genetic Algorithms to determine the best initialization of clusters, as well as the optimization of the initial
parameters. The experimental results show the great potential of the Genetic Algorithms for the improvement of
the clusters, since they do not only optimize the clusters, but resolve the problem of the number K cluster, which
had been giving it form a priori. The techniques of clustering are most used in the analysis of information or
Data Mining, this method was applied to Data Set at mining.
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1 Introduction

Clustering has always been a key task in the process
of acquiring knowledge. The complexity and
specially the diversity of phenomena have forced
society to organize things based on their similarities.
The objective of cluster analysis is to sort the
observations into clusters such as the degree of
natural association which is high among members of
the same cluster and low between members of
different clusters (Berry, 2003; Tou and Gonzalez,
1974; Webb, 2002), the complexity of such task is
casily recognized due to the number of possible
arrangements. Sensitivity to initial points and
convergence to local optimum are usually among the
problems affecting the interactive techniques such as
k-means (Bradley and Fayyad, 1998). Largely used,
cluster analysis has called the attention of a very large
number of academic disciplines. Most of the work
done on internal spatial and social structure of cities
has in some way used classification as a basis for data
sets analysis using Data mining.

There are several established methods for generating
a clustering algorithmically (Everitt, 1992; Kaufman
and Rousseeuw, 1990; Gersho and Gray, 1992). The
most cited and widely used method is the A-means
algorithm (McQueen, 1967). It begins with an initial
solution, which is iteratively improved using two
different optimality criteria in turn until a local

minimum has been reached. The algorithm is easy to
implement and it gives positive results in most cases.

The problem of the techniques clustering includes
two search and selection sub-problems: (1) number of
clusters to forming (k), and (2) the initial elements of
these clusters. Clustering of adequate quality has
been obtained by genetic algorithms (GA) (Kivijarvi
and Frati, 2003; Naldi and Carvalho, 2003; Wang, et
al. 2006), Solving the problem of initialization of the
clusters. However, it does not solve the selection
problem of the number of clusters.

In this paper we propose an adaptive genetic
algorithm for the clustering problem, our aim is to
give an effective algorithm which obtains good
solutions for the optimization problem without
explicit parameter tuning, and each individual of the
GA population contains a set of parameter values.
These parameters are used for the generation of
clusters.

2 Data mining and Clustering

Data mining is an interdisciplinary field, the
confluence of a set of disciplines, including database
systems, statistics, machine learning, visualization,
and information science. Moreover, depending on the
data mining approach used, techniques from other
disciplines may be applied, such as neural networks,
fuzzy and/or rough set theory, knowledge
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representation, inductive logic programming, or high
performance computing. Depending on the kinds of
data to be mined or on the given data mining
application, the data mining system may also
integrate techniques from spatial data analysis,
information retrieval, pattern recognition, image
analysis, signal processing, computer graphics, Web
technology, economics, or psychology.

A data mining system has the potential to generate
thousands or even millions of patterns, or rules. Are
all of the patterns interesting? The answer in not, only
a small fraction of the patterns potentially generated
would actually be of interest to any given user.
Clustering also has been studied in the fields of
machine learning and statistical pattern recognition as
a type of unsupervised learning because it does not
rely on predefined class-labeled training examples
(Duda, Hart, & Stork, 2001).

The kinds of knowledge to be mined: This specifies
the data mining functions to be performed, such as
characterization, discrimination, association,
classification, clustering, or evolution analysis. For
instance, if studying the buying habits of customers in
Mexico, you may choose to mine associations
between customers.

Inside the data mining they working in practical
pattern-classification  and  knowledge-discovery
problems require the selection of a subset of
attributes or features to represent the patterns to be
classified, some works manage with genetic
algorithms, memetic algorithms, in some cases
cultural algorithms (Sikora and Piramuthu, 2007;
Ochoa, et al, 2007), in our case we will use clustering
techniques and will optimize them with GA

3 Clustering

Clustering methods partition a set of objects into
clusters such that objects in the same cluster are more
similar to each other than objects in different clusters
according to some defined criteria.

The clustering problem is defined as follows. Given a
set of NNV data objects x; , partition the data set into K
clusters in such a way that similar objects are cluster
together and objects with dissimilar features belong
to different clusters. M patterns x;,X,,...,X,,, a
process clustering consists of searching K clusters
S,,j=12,.K . Every cluster is characterized to have

centroid (mean), it is the optimal pattern of the
cluster, and is formed for Z.,i=12,...,K. Scheme

functionally clustering techniques as is indicated in
the Figure 1.

The general clustering problem includes two sub-
problems: (1) Initialization of centroids and patterns
processing, (2) decision of the number of clusters.

_’|S| {X47X77""> X32}|

Algorithm of
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parameters

Fig. 1. Scheme functionally clustering techniques.

The most cited and widely used method is the -
means algorithm (McQueen, 1967). It begins with an
initial solution, which is iteratively improved using
two different optimality criteria in turn until a local
minimum has been reached. The algorithm is easy to
implement and it gives reasonable results in most
cases.

Typically the k-means algorithm starts with an
initialization process in which seed positions are
defined. This initial step can have a significant impact
on the performance of the method (Bradley and
Fayyad, 1998) and can be done in a number of ways
(Bradley and Fayyad, 1998). After the initial seed had
been defined each data element is assigned to the
nearest seed. The next step consists on repositioning
the seeds, this can be done after all elements are
assigned to the nearest seed or as each one of the
elements is assigned. After this, a new assignment
step is necessary and the process will go on until no
further improvement can be made, in other words a
local optimum has been found. Considering that the
assignments will be done on the basis of the distance
to the nearest seed, implicitly this process will
produce a minimization of the sum of the distance
squared between each data point and its nearest
centroid of the cluster (Bradley and Fayyad, 1998).

The measurement of similarity simpler is the
distance, if d it is a measurement of dissimilarity
defined between two patterns there turns out to be
evident:

d(X;,X;)=0

(1)
d(X,,X;)#0 Vj=#i

In the scientific literature (Bow, 2002; Tou and
Gonzalez, 1974; Webb, 2002) they can find different
expressions, Euclidean distance is a widely used
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distance function in the clustering context, and it is

calculated as:
M

d(x,x) = |3 (e = xl) @)

M=1

The most important choice in the clustering method is
the objective function for evaluating the quality of a
cluster, a commonly used objective criterion is to
minimize the sum of squared distances of the data
objects to their cluster representatives, and it is
calculated as:

If Z, is the centroid of the clustering S, calculated
like
1
Z=—>X
a3 3)

The sum of squared errors is:

K
J=Y Y-z,

i=l XeS§;

2

)

The specifications of the algorithm of k-means are
the following:

A. Algorithm wusing to join a data set M
information in K clusters.
B. The algorithm converges to local optimum Z, .

1. Select at random the centroid {z,,z,,..., z, } -
2. Repeat until the criterion stop is satisfied J, .

a) Every pattern of the data set assigns the
most nearby cluster

xeM, d(x,Zl.)Sd(x,Z/), Vi#j ®)

b) update from the new assigned patterns
Z, =E(x), xe8,, 1<i<K (6)

4 Genetic Algorithms

Evolution has proven to be a very powerful
mechanism in finding good solutions to difficult
problems. One can look at the natural selection as an
optimization method, which tries to produce adequate
solutions to particular environments.

In spite of the large number of applications of GA in
different types of optimization problems, there is very
little research on using this kind of approach to the
clustering problem (Kivijarvi and Frati ,2003; Naldi
and Carvalho, 2006; Wang, 2003). In fact, the quality
of the solutions that this technique has showed in
different types of fields and problems (Mitchell,

1996) it makes perfect sense to try to use it in
clustering problems.

The flexibility associated with GA is one important
aspect and advantage to consider. With the same
genome representation and just by changing the
fitness function one can have a different algorithm. In
the case of spatial analysis this is particularly
important since one can try different fitness functions
in an exploratory phase.

5 Solving the Clustering Problem

using k-means method
An individual 7 in the genetic traditional algorithm
codifies a solution®,. In this case the solution is

given in the individual, which encodes it. The reason
of this conceptual distinction between the individual
and the solution is that an individual includes the
information of the parameter entry of the algorithm of
k-means.

Before starting the codification of the Genetic
Algorithm, we must codify the chromosomes chain
that contains all the genetic information of our
system.

In this case, analyze a massive repository of
information, the scheme of the information is as

follows:
Table 1. Scheme of the set information
Car, Car, | Cary

Xl

XM

where M is the number of samples, and N is the
number of characteristics or dimensions of every
sample. In the chromosome is encoded the following
parameters of the k-means algorithm: (1) the number
of clusters k and (2) the number of characteristics or
attributes that will be used in the clustering process in

the range of [1, N ] denominated C. Then the
chromosome structure can be represented as follows,

Number of Car, | Car, | ... Car¢
Clusters (K)

With information previously described there is
generated a chromosome chain @,, which this

composed for: the number of k£ clusters, this number
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is selected random in the range of [I, K _max], this is
to explore the space of search of the clusters, also the
solution @, this composed by the numbers of the
characteristics to using in the clustering techniques.

As example of chromosome take the maximum
K =7 and C = 3 of 7 possible ones, which can be
represented each one by 3 bits (see Table 2).

Table 2. Example of the genotype of the
chromosome chains

Number of Car, Car, | Car, Chromosome
Cluster (K)
1 011 110 001 101 | 011110001101
2 101 011 100 001 | 101011100001
3 111 100 101 011 | 111100101011

The chromosome is generated of form random, where
the number of clusters Ke[l,K_max] and Car e[l,

maximum number of characteristics or column of the
data set] for i=1,2, and 3. The following step
generates his phenotype, which is the representation

in decimal form.
Table 3. Example of the phenotype of the
chromosome chains
Number of Car, | Car, | Car, Chromosome

Clusters (K)

1 3 6 1 5 3,6,1,5
2 5 3 4 1 5,3,4,1
3 7 4 5 3 7,453

These characteristics are the parameters of entry to
the algorithm of k-means.

Scheme of the algorithm proposed for the resolution
of clustering problems:
1. To obtain the crossover probability ( £.)

and mutation (P,), population size

(G), and maximum number of
generations (7).

2. Generate G random individuals to form
the initial generation.

3. Iterate the following T generations
a) Apply k-means to G individuals.
b) To obtain the statistics of the clusters

of every individual G.

c) Select G, surviving individuals for

the new generation.
d) Select G-G, pairs of individuals as

the set of parents.
e) For each pair of parents (z,,7,) do

the following:

i) Create the solution @, of 7, the
offspring by crossing the
solutions of the parents.

i1) Mutate @, with probability pm .

iii) To evaluate the quality of the
solution @, in a function of
fitness

iv) Add ¢, to the new generation

f) Replace the current generation by
the new generation.

4. Output the best solution of the final
generation.

In every run of the k-means, such statistics are
obtained for @, like standard deviation and distances

between clusters, to be able to evaluate them in
function fitness.

The chromosome chain®,, this to be evaluated by

function fitness, in this case the criteria of the
clustering technique are: (1) to maximize the distance
between clusters. This function can be written like:

Ve

Z(Zi—Z/)Z (7)

1

K

K
Jj=

1

distC =

Where distC is the average of the distances of the
centroids. And (2) to minimize the internal standard
deviation of every cluster, this function can be written
like
K —
Z (Ui - 0-)2
i=1

desvC=1 =+ — (®)

Z O;
i=1

The desvC minimizes the Sum of Squared Errors of
the standard deviation of the clusters.

Finally combining functions distC and desvC, we
obtain the function of fitness

©)
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Where M is the set of patterns, before applying this
function fitness, M is evaluated by one clustering
techniques in this case that of k-means.

6 Test Results

The data set used in the simulated test had A=2000
samples, N=12  characteristics, only two
characteristics where used to generate five clusters.
Clusters were generated taking 5 random centroids.
The samples were spread using a Gaussian
distribution. The other characteristics were generated
using a uniform distribution. In Figure 3 the original
computer generated clusters are shown.

Fig3. Clusters generated by Computer simulation

© ' (@

Fig. 4. Graphs of the results of k-means and the proposed
algorithm, with (a) Gen 2 (b) Gen 6 (c) Gen 10 (d) Gen 35

The input parameters used in the GA, were the
following: P.=0.8, P,,=0.001, G=20, T=30, and a

Boltzmann selection method where used. Figure 4
shows the results of the proposed GA technique in
Generations 2, 6, 10 and 35. Finally, on Generation
35 the original clusters are recovered.

7 Conclusion
The good result of a clustering method depends to a
great extent on initial parameters, in this paper we

proposed a genetic algorithm that adapts the initial
parameters. The GA technique is applied in k-means
clustering method to determine the number of
clusters, and the characteristics to take in
consideration in the clustering process.

The future work consists in using different
representation schemes for the GA and compares the
qualities and shortcomings of the different
representations.
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