)

Check for
updates

Normal Mixture Model-Based Clustering
of Data Using Genetic Algorithm

Maruf Gogebakanl(g) and Hamza Erol?

! Department of Applied Mathematics, Faculty of Computer Science,
Abdullah GUL University, Kayseri, Turkey
maruf. gogebakan@agu. edu. tr
% Department of Computer Engineering, Faculty of Engineering,
Mersin University, Mersin, Turkey
herol@mersin. edu. tr

Abstract. In this study, a new algorithm was developed for clustering multi-
variate big data. Normal mixture distributions are used to determine the parti-
tions of variables. Normal mixture models obtained from the partitions of
variables are generated using Genetic Algorithms (GA). Each partition in the
variables corresponds to a clustering center in the normal mixture model. The
best model that fits the data structure from normal mixture models is obtained by
using the information criteria obtained from normal mixture distributions.
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1 Introduction

Components in multivariate normal mixture distributions match a fragmentation in
heterogeneous data [2]. Mixture model of normal distributions is defined as

Flg:0) => % mfi(vi ) (1)

where 7; represents probability weights for i. cluster centers 0<m;<1and ) 5 | m; = 1
and ; = (u;,%;) denotes p; mean vectors and X; covariance matrix. ﬁ(xj; Wi Z,-)
multivariate Gaussian densities shown as,

1 1
fi(xﬁ His Zi) = W@CP{—E (xj - .“i)TEi_l (xj - Ni)} (2)

thus, in the equation of (1), 0 =m,...,mg, ¥y, .., Y, vectors are the multivariate
parameter vector of normal mixture distributions in the Q space vector [1].
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2 Data Set and Method

The use of Genetic Algorithms for model-based clustering by using fragmentation of
variables in multivariable data is described on synthetic big data.

2.1 Variable Data Fragmentation in Multivariable Data

In multivariable data, the fragmentation of the variable is determined using univariate
normal mixture distributions [7]. Univariate normal mixture distribution define as

fx;0) = Zil i (x; 1y, 07) (3)
where (x; 6), g and 7; represents normal mixture distribution density function, number
of component in distribution and mixed probability weight respectively.

The number of fragmentation of variables is obtained by optimization with infor-
mation criteria using Gaussian mixture distributions [7]. In multivariable data, frag-
mentation numbers can be estimated approximately by looking at the graphs of the
variables (Histogram and Normal Probability Plots) [6].

2.2 Determining the Observations of Fragmentation in Variable
by k-Means Algorithm

In multivariable data, the fragmentation of the variables is determined with the help of
normal mixed models, and the values of the observations falling into the fragmentation
in the heterogeneous variables are assigned to the subgroups in the data. The deter-
mination of the observations to the subgroups is calculated using the Euclid distance
with the help of the following equation (Table 1).

Table 1. Determining the fragmentations of variables in the multivariate data set based on
normal mixture models.

Variables Xl X X3X4X5.. .X15
Fragments (2 |2 |111...1

(S}

. k
argming > 3" g = | )

2.3 Determining the Number of Cluster and Location of Normal Mixture
Models Using Genetic Algorithms

When creating normal mixed models, the number of sets, the location of the cluster
centers, the structure of the sets and the volume are determined by heterogeneous
(fragmented) variables [3]. Genetic Algorithms are used to determine the number of
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clusters and mixture models. Lower and upper limit of the numbers cluster depending
on the fragmentation of variables in the mixture model, s = 1, ..., p and k, are obtained
as follows to show disintegration on the variable.

p
Coax = szl kg ve Cin = max{k} ®)

X Xl:

Fig. 1. Cluster centers corresponding to heterogeneous variables in multivariate data

It is obtained in the form of Cyuy =2.2.1...1.1 =4 and C,;, = max{2,2,1,...
1,,1} = 2. corresponding to the fragmentation in the data set (Fig. 1).

2.4 Number and Structure of Normal Mixed Models

In the case of multivariate data, the fragmentation of the heterogeneous variables X;
and X, the homogeneous structure of the other variables, the number of models indi-
cated by the total number of My, is calculated as follows.

Mropiam =2 — 1 =2 —1 =15 (6)

2.5 Number of Candidate Normal Mixture Models and Genetic
Algorithms

In multivariable data, the number of normal mixture models is determined depend on
the number of cluster centers and subgroups of heterogeneous variables. In normal
mixture models, at least one subset (cluster) corresponds to the fragmentation of
heterogeneous variables, whereas models with centers that do not correspond to sub-
groups are invalid models. As a result of the calculation, the locations and model
numbers of the centers are given in Table 2.

Genetic Algorithm determines the components of normal mixed models calculated
by fragmentation. While mixture models are represented by DNA sequence, centers
with clustering in the sequence are shown as 1, non-clustering centers are 0 and models
are generated with Genetic Algorithm. Gene sequences and model numbers corre-
sponding to the assumption mixture models are given in Table 3.
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Table 2. Cluster numbers, clusters’ positions, and model numbers for candidate models
matching the hypothesis among mixture models.

Cluster numbers Location of centers # of model
2 1** Column 1 and 2™ Column 1 Cluster | 2

3 1** Column 2 and 2™ Column 1 Cluster | 4

4 1% Column 2 and 2™ Column 2 Cluster | 1

# of model 15

# of candidate model 7

Table 3. The number of normal mixture models, the number of suitable models and the DNA
sequence in data with fifteen variables.

# of cluster # of models | # of suitable models | DNA sequence
1234...1415

1 Cluster model |4 - -

2 Cluster models | 6 2 100100...0
011000...0

3 Cluster models | 4 4 111000...0
110100...0
101100...0
011100...0

4 Cluster models | 1 1 111100...0

2.6 Parameter Estimation of Normal Mixture Models Using Genetic
Algorithm

Component weights, mean vectors and covariance matrices are calculated from the
sample for normal mixture distribution models in multivariable data. Fragmentations in
heterogeneous variables constitute mixed models using the number of clusters and the
positions of the genes. While applying the genetic algorithm on the model, the O and 1
genes in the DNA sequence representing the model determine the presence or absence
of clustering in the position corresponding to the mixture distribution.

3 Conclusion

In this study, the method for calculating the normal mixed models on the big data for
clustering using genetic algorithm has been proposed. In the method, fragmentation in
the appropriate variables of the data was found based on univariate normal mixture
distributions. Cluster centers corresponding to subgroups of variables were determined
and calculation method using Genetic Algorithms was proposed to determine the
number of models. Normal mixture models have been created by applying genetic
algorithms and DNA sequences corresponding to the obtained models are shown. The
calculation of the parameters in the mixture model was used to calculate the
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information criteria for each model using the genetic algorithm and to obtain the best
normal mixture model.
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