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a b s t r a c t

Clustering is an essential research problem which has received considerable attention in the research
community for decades. It is a challenge because there is no unique solution that fits all problems and
satisfies all applications. We target to get the most appropriate clustering solution for a given application
domain. In other words, clustering algorithms in general need prior specification of the number of clus-
ters, and this is hard even for domain experts to estimate especially in a dynamic environment where the
data changes and/or become available incrementally. In this paper, we described and analyze the effec-
tiveness of a robust clustering algorithm which integrates multi-objective genetic algorithm into a frame-
work capable of producing alternative clustering solutions; it is called Multi-objective K-Means Genetic
Algorithm (MOKGA). We investigate its application for clustering a variety of datasets, including micro-
array gene expression data. The reported results are promising. Though we concentrate on gene expres-
sion and mostly cancer data, the proposed approach is general enough and works equally to cluster other
datasets as demonstrated by the two datasets Iris and Ruspini. After running MOKGA, a pareto-optimal
front is obtained, and gives the optimal number of clusters as a solution set. The achieved clustering
results are then analyzed and validated under several cluster validity techniques proposed in the litera-
ture. As a result, the optimal clusters are ranked for each validity index. We apply majority voting to
decide on the most appropriate set of validity indexes applicable to every tested dataset. The proposed
clustering approach is tested by conducting experiments using seven well cited benchmark data sets.
The obtained results are compared with those reported in the literature to demonstrate the applicability
and effectiveness of the proposed approach.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

A multi-objective genetic algorithm based clustering method is
described in this paper. Its applicability and effectiveness are
demonstrated by using some benchmark datasets, mainly related
to gene expression data analysis which constitutes a vital research
area of social and scientific impacts. Fortunately, clustering is one of
the key methods that can be employed to the benefit of the

computational biology and bioinformatics research communities.
It allows researchers to identify molecules that demonstrate similar
behavior or characteristics and hence could lead to utilizing in the
analysis reduced set of molecules by considering representatives
from each cluster instead of the whole original set of molecules.

In general, existing clustering techniques require pre-
specification of the number of clusters or some parameters that
indirectly lead to the number of clusters; and these are is not an
easy to predict a prior even for experts. Thus, the problem handled
in this paper may be articulated as follows: Given a set of data
instances (we mainly concentrate on gene expression data), it is
required to develop an approach that produces different alterna-
tive solutions, and then rank the resulting solutions by conducting
validity analysis. In fact, there are always some trade-offs between
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the quality of a clustering result and the number of clusters. One
solution is to view the two elements as two objectives that affect
clustering results, i.e., this is naturally a multi-objective optimiza-
tion problem. The solution of a multi-objective optimization
problem is a set of alternatives which in one way can be seen as
a Pareto-optimal set or non-dominated set [52].

In general, traditional algorithms for clustering microarray data
do not produce the Pareto optimal set, and they do not lead to the
optimal number of clusters in the database that they work on. For
example, the hierarchical clustering method can get the heuristic
overview of a whole dataset, but it cannot relocate objects that
may have been ‘incorrectly’ grouped at an early stage. It can nei-
ther tell the optimal number of clusters nor give the non-domi-
nated set. Partitional clustering like K-means needs the number
of clusters as a predefined parameter, and it may lead to local opti-
mal solutions because it concentrates on a local search from a ran-
dom initial partitioning. SOM has the same disadvantage in that it
requires the number of clusters as a prior. Clearly, a more advanced
and comprehensive clustering algorithm is needed to get the global
pareto-optimal solution set required to give users the best over-
view of the whole dataset according to the number of clusters
and their quality. Further, it is required to get clustering results
with the optimal number of clusters.

Clustering different samples based on gene expression is one of
the key issues in problems like class discovery, normal and tumor
tissue classification, and drug treatment evaluation [1,69]. Scherf
et al. [58] applied microarray analysis on the gene expression data-
base for the molecular pharmacology of cancer. It contains 728
genes, 60 cell lines, and 15 cell line groups. Golub et al. [17] applied
SOM clustering algorithm on gene expression data containing 38
acute leukemia samples and 50 genes after filtered the whole data-
set. SOM automatically grouped the 38 samples into two classes
with acute myeloid leukemia (ALL) and acute lymphoblastic leuke-
mia (AML). They further used SOM to group the samples into four
classes. Subclasses of ALL, namely, B-lineage ALL and T-lineage ALL
were distinguished [17]. It has been indicated that clustering sam-
ples can be used to identify fundamental subtypes of any cancer [58].

Clustering analysis can also be used to find direct gene-sample
correlations. BiCluster [13] enables Gene/Condition correlation
analysis that can lead to molecular classification of disease states,
identification of co-fluctuation of functionally related genes, func-
tional groupings of genes, and logical descriptions of gene regula-
tion, among others. It is a starting point for understanding the
large-scale network [13,44]. Domany [15] proposed a Coupled
Two-Way Clustering (CTWC), which breaks down the total dataset
into subsets of genes and samples that can reveal significant parti-
tions into clusters. It provides clues about the function of genes and
their roles in various pathologies.

The main contribution of this paper is a comprehensive and
general purpose clustering approach that considers multiple objec-
tives in the process and its application for clustering microarray
data. The proposed approach has two components:

1. Multi-objective K-means Genetic Algorithm (MOKGA)
based clustering approach has been developed to deliver
a Pareto optimal clustering solution set without taking
weight values into account. Otherwise, users need to
consider several trials weighting with different values
until a satisfactory result is obtained.

2. Cluster validity analysis and voting technique have been
employed to evaluate the obtained candidate optimal
number of clusters, by applying some of the well-known
cluster validity techniques, namely Silhouette, C index,
Dunn’s index, DB index, SD index and S-Dbw index, to
the clustering results obtained from MOKGA. It gives one
or more options for the optimal number of clusters.

The applicability and effectiveness of the described clustering
approach and clustering validity analysis process are demonstrated
by conducting experiments using seven datasets from various do-
mains: two breast cancer datasets, namely GSE12093 and
GSE9195, Fig2data, NCI60 cancer data, Leukemia data sets avail-
able at Genomics Department of Stanford University, UCI machine
learning repository, Iris at Genome Research MIT and Ruspini
dataset.

The balance of the paper is organized as follows. Section 2 is an
overview of the clustering approaches used primarily in the
microarray data analysis area. Section 3 is devoted to the develop-
ment of the new clustering system MOKGA for clustering both
gene expression and general datasets. Section 4 reports experi-
mental results on five datasets to test the applicability, perfor-
mance, and efficiency of the system. Section 5 discusses the
advantages and disadvantages of the proposed approach in com-
parison with other existing methods; conclusions are made and fu-
ture research directions are suggested.

2. Related work

Existing clustering techniques which have been used for gene
expression data can be classified into hierarchical clustering
[28,48], partitioning [33], graph-based [44] and model-based
[61,67] approaches.

Hierarchical clustering algorithms have been widely used in the
area of gene expression data analysis. For example, Waddell and
Kishino [67] applied hierarchical clustering based on partial corre-
lations on NC160 gene expression data to find a tight and closed set
of genes, and the interaction of important genes of the cell cycle. A
tree structure dendogram is used to illustrate the hierarchical clus-
tering [20,28,48]. Hierarchical clustering methods suffer from dif-
ferent aspects as stated by statisticians, including robustness,
non-uniqueness, and inverse interpretation of the hierarchy
[45,63]. Segal and Koller [59] proposed probabilistic abstraction
hierarchies (PAH). This method improved the performance of tradi-
tional hierarchical clustering by handling the drawbacks men-
tioned above.

K-Means is a commonly used algorithm for partition clustering
[33]. The purpose of K-Means clustering is the optimization of an
objective function that is described by the equation:

E ¼
Xc

i¼1

X
x2Ci

dðx;miÞ ð2:1Þ

where mi is the center of cluster Ci, and d(x,mi) is the Euclidean dis-
tance between a point x and mi. It can be seen that the criterion
function attempts to minimize the distance between each point
and the center of its cluster.

Self Organizing Maps (SOM) [30] is popular in vector quantiza-
tion. It uses an incremental approach; points (patterns) are pro-
cessed one-by-one. The shortcoming of SOM is that the size of
the two dimensional grid and the number of nodes have to be pre-
determined. It suits well when prior information about data distri-
bution is not available. Double self organizing maps (DSOM)
technique [68] is also used for gene expression data clustering. In
DSOM, each node does not have only an n-dimensional synaptic
weight vector, but also a 2-dimensional position vector.

The model-based approach [53] is a promising technique, which
assumes that data are generated by a mixture of finite number of
probability distributions. In this approach, each cluster represents
a probability distribution and a likelihood-based framework can be
used. The Bayesian method is a model-based approach used in
gene expression data analysis. Barash et al. [2,3] applied the Bayes-
ian method on gene-expression time series data to study the re-
sponse of human fibroblasts to serum. Gaussian mixture model is
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