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Abstract

Data mining is the process of using computational algorithms and tools to automatically discover useful information in large

data archives. Data mining techniques are deployed to score large databases in order to find novel and useful patterns that might
otherwise remain unknown. They also can be used to predict the outcome of a future observation or to assess the potential risk in a
disease situation. Recent advances in data generation devices, data acquisition, and storage technology in the life sciences have en-
abled biomedical research and healthcare organizations to accumulate vast amounts of heterogeneous data that is key to important
new discoveries or therapeutic interventions. Extracting useful information has proven extremely challenging however. Traditional
data analysis and mining tools and techniques often cannot be used because of the massive size of a data set and the non-traditional

nature of the biomedical data, compared to those encountered in financial and commercial sectors.

Data mining involves the use of data analysis tools to discover previously unknown, valid patterns and relationships in large data
sets. The overall goal of the data mining process is to extract information from a data set and transform it into an understandable
structure for further use. Data mining involves many different algorithms to accomplish different tasks. All of these algorithms at-
tempt to fit a model that is closest to the characteristics of the data being examined. In recent years, data mining has been used widely
in the areas engineering suchas bioinformatics, genetics, medicine, education and electrical power engineering. It aims to find out

how the changes in an individual's DNA sequence affects the risks of developing common diseases such as cancer, which is of great

importance to improving methods of diagnosing, preventing, and treating these diseases.
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Introduction

Medical data analysis plays a significant role in data prediction
and classification. Determining the significant risk and classifying
the predominant risk factors is considered to be the major chal-
lenge and need in medical domain. Region based analysis of risk
factors and its co-morbidities make the medical experts to have

knowledge on data driven decision-making [11].

Upon considering various diseases and its risk factors such as
diabetic disease, heart disease and cancer disease the most sig-
nificant need is for classifying the data attributes to determine the

most significant risk factors [12]. According to the statistical analy-

sis by World Health Organization (WHO) there are about 1,92,370
new subjects were added during the year of 2009 which were

found to be malignant specifying women were prone to the disease.

Treatment specific analysis has been carried out by various
health care organizations to diagnose the disease through popu-
lar screening and treatment strategies [13]. Technology in medi-
cal domain seems to be an important factor for effective analysis of
disease specific risk factors which then makes for suitable decision
making process. However early detection and treatment analysis
makes some curable phenomenon for cancer classification and pre-
diction [14-16].
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Meanwhile, microarray cancer data makes the process of visu-
alizing and analyzing thousands of genes in parallel which then
maps enormous gene selection paradigms for classification and
prediction. Machine learning techniques in data classification and
prediction for medical data provides the significant way of analyz-
ing the genes to at most level of data classification process. There-
by, the subset of relevant features gets classified with the most
significant classification algorithm which produces the maximum

level of accuracy.

The mechanism of feature selection process provides the fol-

lowing benefits:

. Interpretability
. Reduced training

. Reduced time in over fitting

Subset selection in the given set of features also needs to be
considered for data classification and prediction process. Mining
and analyzing the feature subsets need to be considered for predic-
tive analysis and the most predominant risk selection [18,19]. The
following are the methods corresponding to feature subset selec-

tion:

. Filter method
. Wrapper method
. Embedded method.

Classification in data mining is of two types
1. Supervised learning

2. Unsupervised learning

Supervised learning deals with the mechanism of classifying
the data if the data contains the class label. Class label plays an
important role in data classification process. In the case of unsu-
pervised learning the class label is not known for doing the clas-

sification process. Some of the data classification algorithms are

. ID3 Algorithm

. Naive Bayes Classification
. C4.5 Algorithm

. Random Forest

. Decision tree Learning

This paper mainly deals with analysis of cancer data using fea-
ture selection and classification process to determine and classify

the best set of genes for predictive analysis.
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Literature Review

In this paper they present the usage of Integer -Coded Genetic
Algorithm (ICGA) and Particle Swarm Optimization (PSO) coupled
with Neural Network based Extreme Learning Machine (ELM) for
Gene Selection and Cancer Classification. Further the performance
of ICGA-PSO-ELM has been evaluated. The selected gene set is a
randomly selected set of genes related to tumor cells [1]. This the-
sis presents a new Feature selection method which uses backward
elimination process [20]. The proposed approach is used to evalu-
ate the feature ranking score from the statistical analysis of weights
of vectors of multiple linear SVM on the training data. The dataset

used here is Gene Expression Dataset for cancer classification [2].

This paper introduces a novel and efficient feature selection ap-
proach based on statistically defined effective range of features for
every class termed as ERGS (Effective Range based Gene Selection)
which is used in ranking the genes and also helps in identifying the
most relevant genes responsible for the diseases like lung cancer,
colon tumor etc. The basic principle behind ERGS is that higher
weight is given to the feature that discriminates the classes clearly
[21,22]. The dataset used here is Gene Expression Data. The classi-
fiers used here are Nave Bayes Classifier (NBC) and Support Vector
Machine (SVM) [3].

In this paper, a novel approach for ranking features based on the
predictive quality using properties unique to learning algorithms
based on the group method of data handling (GMDH) has been pro-
posed. This method helps in determining optimum feature subset.
The datasets used here were breast cancer and heart disease da-
taset. The comparisons were made with other feature ranking and
selection methods which lead to the improvement of classification

accuracy [4].

This paper portrays the major challenges in microarray analysis
especially in gene expression data. Supervised machine learning
techniques were used with microarray datasets to build classifica-
tion models for improving the diagnostic of different diseases [23].
A comparison of the classification accuracy among nine decision
tree methods was made. In addition to the comparative analyses,
the evaluation of the behaviors of the methods with/without apply-
ing attribute selection (A.S.) was carried out [5].

Proposed system
Problem statement

An efficient feature selection method that can be used for han-
dling extremely high dimensional gene expression data for finding

optimal feature subset.
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Problem description

The problem of classifying and analyzing the cancer detection
mainly focused on the determination of cancer and its subtypes
with a detailed interruptions and interpretation on the observed
data. Advancements in the field of medicine with improved meth-
ods in cancer classification serves as a benchmark for the analysis
of microarray data. It also provides molecular level analysis of gene
in which it corresponds to a specific domain of action. Recent stud-
ies in literature prove that the overlapping of gene analysis can be
classified with the set of available sample and its corresponding

attributes.

Algorithm description

Let S be the number of particles in the swarm, each having a
position x' €" in the search-space and a velocity vi €n. Let pi be the
best known position of particle i and let g be the best known posi-
tion of the entire swarm [24,25]. A basic PSO algorithm is given in
the following procedure 1 and flow is illustrated in Figure 1:
Procedure 1. PSO Search Algorithm.

-
. ~Particles——__

2.5
Solution

Figure 1: Initial PSO State.

For each particlei=1, .., Sdo:

¢ Initialize the particle's position with a uniformly distributed
random vector: xi ~ U(blo, bup), where blo and bup are the
lower and upper boundaries of the search-space.
o Initialize the particle's best known position to its initial posi
tion: pi < xi
e If (f(pi) < f(g)) update the swarm's best known position: g «
pi
« Initialize the particle's velocity: vi ~ U(-|bup-blo|, [bup-blo|)
Until a termination criterion is met (e.g. number of iterations
performed, or a solution with adequate objective function value is

found), repeat:
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For each particlei=1, .., Sdo:

e For each dimensiond =1, .., n do:
¢ Pick random numbers: rp, rg ~ U(0,1)
¢ Update the particle's velocity: vi,d < w vi,d + ¢@p rp (pi,
d-xi,d) + @g rg (gd-xi,d)
¢ Update the particle's position: xi « xi + vi
o If (f(xi) < f(pi)) do:
* Update the particle's best known position: pi < xi
o If (f(pi) < f(g)) update the swarm's best known position:

g<pi
Now g holds the best found solution.

Once the velocity for each particle is calculated, each particle’s po-
sition is updated by applying the new velocity to the particle’s pre-

vious position:

xi(t+ 1) =xi(t) +vi(t+ 1)

This process is repeated until a stopping condition is met. The stop-

ping conditions include

¢ Apreset number of iterations of the PSO algorithm.
e A number of iterations since the last update of the global
best candidate solution.

¢ Apredefined target fitness value.

Classification using decision trees (J48)

Classification using J48 method is selected since it showed a high-
er accuracy when compared to the other methods. This was per-
formed without feature selection mechanism. The accuracy was
about 60.84%. This technique is performed using WEKA. In order
to improve the accuracy; the classification is performed on selected
features, derived from both Particle Swarm Optimization algorithm

and Ant colony Optimization algorithm [26,27].

Data set

To evaluate the performance of the proposed method, publicly
available gene microarray data sets were selected from literatures.
These data sets are often used to validate the performance of clas-

sifiers and gene selectors.

Breast cancer

The quantities of genes and samples in this dataset are 24,481 and
97, respectively. Among these samples, 46 of which are from pa-
tients who had labeled as relapse, the rest 51 samples are from pa-

tients who remained healthy and regarded as non-relapse.
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Results and Discussion

Results for the cancer dataset have been evaluated and ana-
lyzed using PSO and ACO algorithm with decision trees for clas-
sification. The following are the metrics used for evaluating the

performance of the model:

e Accuracy
¢ Sensitivity
e Specificity
e Precision

e Recall

Figure 2: Feature Selection using PSO.

Figure 3: Classification Accuracy without Feature Selection.
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Figure 4: Classification accuracy with feature selection using PSO.

Discussion

We analyzed the results from various classification techniques
like Random Forest, J48 etc. and selected J48 as our classifier since
it showed a higher accuracy when compared to others [10]. In ad-
dition the accuracy was evaluated by using the proposed feature
selection algorithms, PSO (Particle Swarm optimization) and ACO
(Ant Colony Optimization) on a well-known breast cancer microar-
ray dataset. The selected subset of features was given as the input
for the J48 classifier. We also analyzed that each time the samples
selected were different and also the performance improved by us-
ing k-fold cross validation. The entire process was repeated several
times and a higher accuracy of about 74.226% and 77.82% was ob-

tained by using each of those algorithms respectively [9].

The efficiency of the proposed PSO and ACO algorithms, the clas-
sification accuracy obtained using these algorithms is compared
with the accuracy obtained without performing feature selection
[8]. Fivefold cross validation has been used as the validation strat-
egy to give a relatively comprehensive comparison on the perfor-
mances. Table 1 represents the classification accuracy obtained by
different algorithms without doing feature selection. J48 algorithm
showed highest classification accuracy when compared to other
methods. For this reason we have chosen J48 as our classification
method.

PSO based gene selection and classification results

PSO is used to select a set of attributes from the original 24,482 at-
tributes using fivefold cross validation scheme on the 97 samples.

PSO is executed several times and each time different set of genes is
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selected [7]. Using the selected attributes classification accuracy is
calculated using J48algorithm considering 1000 attributes. Table
2 represents the best classification accuracy obtained during each
iteration of PSO.

Without performing feature selection for 1000 features we got
an accuracy of 60.8247%. By doing feature selection using PSO we
obtained a classification accuracy of 74.2268% by selecting 474
genes. From these results, we can say that PSO algorithm improves
the classification accuracy by selecting minimum lesser number of

genes [6].

Future enhancements
Future work would explore applying these feature selection ap-
proach to other learning algorithms such as ACO, forward selec-

tion, backward elimination, and to various other datasets.

Conclusion

Feature selection technique plays a significant role in prediction
and data classification. The impact of data analysis and classifica-
tion has been widely used in medical data analysis for the develop-
ment and analysis of decision support system. Feature reduction
is useful with high dimensional data like microarray characterized
by large number of features and relatively few instances. This ex-
perimental study is used to analyze the classification performanc-
es using PSO. We have described important features (genes) and
the classification mechanism uses 5 fold cross validation tech-
nique. These selected feature improved the overall classification
accuracy from 60.82% to above 74%. This can be still improved
using the various combinations of feature selection and classifica-

tion techniques for determination of relevant subset of features.
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