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Identification  of  relevant  genes  from  microarray  data  is  an  apparent  need  in  many  applications.  For  such
identification  different  ranking  techniques  with  different  evaluation  criterion  are  used,  which  usually
assign  different  ranks  to  the  same  gene.  As  a  result,  different  techniques  identify  different  gene subsets,
which  may  not  be  the set  of  significant  genes.  To overcome  such  problems,  in  this  study  pipelining  the
ranking  techniques  is  suggested.  In  each  stage  of pipeline,  few  of  the  lower  ranked  features  are  eliminated
and  at  the  end  a relatively  good  subset  of  feature  is  preserved.  However,  the  order  in which  the  ranking
techniques  are  used  in  the pipeline  is  important  to  ensure  that  the  significant  genes  are  preserved  in
the  final  subset.  For  this  experimental  study,  twenty  four unique  pipeline  models  are generated  out  of
four  gene  ranking  strategies.  These  pipelines  are  tested  with  seven  different  microarray  databases  to find
the  suitable  pipeline  for such  task.  Further  the gene  subset  obtained  is  tested  with  four  classifiers  and
four  performance  metrics  are  evaluated.  No  single  pipeline  dominates  other  pipelines  in  performance;
therefore  a grading  system  is applied  to the  results  of  these  pipelines  to find  out  a consistent  model.  The

finding  of grading  system  that a pipeline  model  is  significant  is  also  established  by  Nemenyi  post-hoc
hypothetical  test.  Performance  of  this  pipeline  model  is compared  with four  ranking  techniques,  though
its performance  is not  superior  always  but majority  of time  it  yields  better  results  and  can  be  suggested
as  a consistent  model.  However  it requires  more  computational  time  in  comparison  to single  ranking

techniques.

. Introduction

In recent years, analysis of microarray gene expression data
omes up as a challenging issue in bioinformatics research. In this
ontext, classification of microarray samples represents a well-
tudied problem in statistics and machine learning, where a large
umber of successful methods have been suggested [1]. However,

t has also been shown that commonly used baseline classifiers
ose intrinsic draw-backs in achieving accurate and reproducible
esults. In order to obtain more robust microarray data analysis,
ophisticated methods should be applied for classification and pre-
iction of microarray data [2].
Microarray data set or gene expression data sets are organized as
atrix form and is experimented on different samples. The column

epresents different genes in gene expression data and row repre-
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sents sample measured at different time point. There are number of
gene expression data analysis techniques and classification is one
out of them. In classification a classifier will assign a new sample
to one of the existing class.

For example in a two class problem, a sample is assigned to dis-
ease affected class (positive class) or normal class (negative class).
Again in microarray data the number of genes is too high (in the
range of 1000–10000) and number of sample is comparatively low
(in the range of 100). This, however, poses a great challenge to tra-
ditional classification algorithms. So this high dimension increases
the search space and makes the classification task more complex.
So gene selection or feature selection is prerequisite for classifi-
cation. For efficient high dimensional data classification Dash and
Liu [3] carried out a comprehensive overview of feature selection
techniques. There are different feature selection methods and they
are categorised based on some criterion. For example feature selec-
tion methods may  be categorised into two  ways called as filter and

wrapper method [4,5].

One of the principal selection mechanisms in different feature
selection method is feature ranking. That is the features are ranked

dx.doi.org/10.1016/j.asoc.2016.07.006
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Table 1
List of ranking techniques applied to different microarray database.

Author Feature Ranking
Method

Reference

Hall et al. Information Gain [16]
Peyman et al. t-test, ANOVA [17]
M.  A. Hall et al. Correlation based

feature selection (CBF)
[18]

Thomas et al., Tsai et al. t-test [19,20]
Thomas et al.,
Antoniadis et al.

Wilcoxon score test [21,22]

Hwang et al Wilks’s Lambda score [23]
Wang et al, Golub et al. Signal to noise ratio [24,25]
R. Dash, Dr.B.B. Misra / Applied

ased on some merit score computed based on ranking criterion
nd then few top ranked features are selected. It is a filter approach
nd has advantage over other feature selection scheme like it is
imple to use, computationally and statistically scalable to large
atasets and it has wide range of application.

Feature ranking method selects the significant features based on
ome selection criterion such as distance [6,7], information theory
8] or on some function of classifier’s output. For example RELI-
FF, which was proposed by Kira and Rendell [6] is one of the most
uccessful distance based measure and adopt Euclidean distance
o assign a relevance weight to each feature. But whatever may  be
he criterion, all conventional rank selection algorithms are based
n single approach of evaluating the features. The difference in
pproach generates different ranks of features by different rank-
ng methods. Therefore appropriate selection of features depends
n the approach of evaluation of the ranking technique, which may
avour the search space of the problem or may  not. However, given

 problem at hand, one does not possess the a priori knowledge
bout which criterion works the best for it. Therefore selection of
ppropriate ranking technique for the problem is an important as
ell as a difficult task.

This paper proposes pipelining of ranking techniques for effi-
ient feature selection and classification of microarray databases.
our feature ranking methods are considered here for pipelining,
uch as information gain (IG), signal to noise ratio (SNR), Pearson
orrelation coefficient (PCC) and t-statistic. Based on the combina-
ion of 4 ranking methods, 24 pipelines are built up. Performance of
he pipelines are evaluated using 4 classifiers, such as Multiple Lin-
ar Regression (MLR), Artificial Neural Network (ANN), Naïve Bayes
etwork (NB) and k-Nearest Neighbour (k-NN). Further to find out
hich pipeline shows better performance, a grading method is
sed. In the first stage grading, the pipelines are graded with respect
o different classifiers but result shows that the grading value varies
rom dataset to dataset. So it is difficult to conclude which pipeline
erforms the best. However, some of the pipelines perform bet-
er for most of the datasets, though not the best always. Therefore,
rading in multiple stages is applied and the findings are validated
sing nonparametric statistical test.

Rest part of the paper is arranged as follows. In Section 2 recent
iterature studies on feature ranking method applied on microar-
ay data is presented. In Section 3 the proposed model for feature
election and classification is discussed. The complete experimen-
al work is described in Section 4. It includes the dataset used
or the experimental analysis, data normalization process, dataset
raining, testing and validation process, feature ranking techniques
sed, performance matrices and result analysis. Finally the paper

s concluded with Section 5.

. Background study

The curse of dimensionality in microarray dataset makes it
ssential to have dimensionality reduction of the datasets before
roceeding for classification. In this section different feature selec-
ion techniques are discussed with special reference to different
anking methods with their advantages and limitations.

.1. Different feature selection techniques

Feature selection (or variable elimination) techniques are
roadly categorised into two groups filter method and wrapper
ethod [9]. The filter method considers the intrinsic properties
f the data and generates a relevant set of features [10]. In this
echnique the genes are either ranked (depending on some scoring
alue) [11] or evaluated with respect to the cost function to iden-
ify the most informative genes [12]. The rank based filter method
Cho et al, Ho et al. Euclidian distance [26,27]
Xing et al. Information Gain [28]

generates the relevant feature based on the intrinsic property of
the dataset. In this technique features are evaluated on the basis
of a scoring function where the top ranked features are selected
and low ranked features are removed [11]. So to select the relevant
feature a threshold value of the scoring function is chosen. The fea-
tures with greater than or equal to the score value are selected and
rest are removed. After that the subset features are presented for
classification. The filter techniques are mostly effective as they are
computationally fast and are easily scale to very high dimension
data [13].

2.2. Feature selection using ranking methods in microarray
databases

Recently, the ranked based feature selection has obtained
more attention for solving the feature selection problem in
many areas like sequence analysis, mass spectra analysis, single
nucleotide polymorphisms (SNPs) analysis, text and literature min-
ing, microarray data analysis and many more [12].

In many applications single ranking techniques applied to dif-
ferent microarray database listed in Table 1. Filter method rank
each feature according to some univariate metric and only the
highest ranking features are used while the remaining low rank-
ing features are eliminated. This method also relies on general
characteristics of the training data to select some features with-
out involving any learning algorithm. Therefore, the results of filter
model will not affect any classification algorithm. Moreover, filter
methods also provide very easy way to calculate and can simply
scale to large-scale microarray datasets since it has a short run-
ning time. In addition, filter methods also offer less computational
time to generate results which is an extra point to be preferred by
domain experts. However, gene ranking based on these techniques
has some drawbacks. The major one is the genes selected are most
probably redundant [14]. This is due to a rank method ranks the
genes using single ranking criteria (or score function). But it is dif-
ficult to say which criteria suit a particular dataset to rank all the
genes. Due to which some important genes may  be rejected and
some less important genes may  be selected. To overcome this prob-
lem many embedded and ensemble gene selection techniques are
applied to microarray databases [15].

Peng et al. [28] applied a hybrid approach using Fisher’s ratio,
a simple method easy to understand and implement, to filter out
most of the irrelevant genes, then a wrapper method is employed to
reduce the redundancy. The performance of FR-Wrapper approach
is evaluated over four widely used microarray datasets (Leukemia,
Lung cancer, Breast cancer and Colon cancer). Analysis of exper-
imental results reveals that the hybrid approach can achieve the

goal of maximum relevance with minimum redundancy.

A filter based on the t-statistic is used by Mundra et al. [29]
in which t-statistic is divided into two parts, corresponding to rele-
vant and irrelevant data points. The relevant data points are selected
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Table 2
Description of microarray databases.

Database Genes Samples

In Class1 In Class2 Total

Leukemia [34] 7129 27 11 38
Lungcancer1[35] 7129 86 10 96
Lungcancer2 [36] 12533 15 134 149
CNS [37] 7129 39 21 60
Prostate [38] 12600 52 50 102
00 R. Dash, Dr.B.B. Misra / Applied

sing support vectors and then used to compute t-statistic for fea-
ure selection. By simultaneously selecting data points and genes,
ignificantly better classification results are achieved using four t-
tatistic based methods are applied t-test, SVM based t-statistics,
VM with recursive feature elimination (RFE), and SVM based t-
tatistic with RFE on Leukemia database and shown 96.88%, 98.12%,
7.88%, and 98.41% accuracy.

An initial gene selection method used Lee et al. [30] implement-
ng between groups to within groups (BW ratio) in order to improve
he efficiency of microarray data analysis. Though it reduces the
ataset, the screening of genes is done on per gene basis. It is not
lear which and how many genes should be selected. So 500 genes
re selected initially and then proposed algorithm genetic algo-
ithm with dynamic parameter settings (GADP) is used to reduce
he dataset with final selected genes. This technique is applied on
ix microarray database Colon cancer, small and round blue cell
umour (SRBCT), Breast cancer, ALL/AML, DLBCL and GCM database.

Abeel et al. [31] worked on the analysis of the robustness
f biomarker selection techniques. A large-scale analysis of the
ecently introduced concept of ensemble feature selection is intro-
uced, where multiple feature selections techniques are combined

n order to increase the robustness of the final set of selected fea-
ures. The selection methods that are embedded in the estimation of
upport vector machines (SVMs). SVMs are powerful classification
odels show state-of-the-art performance on several diagnosis

nd prognosis tasks on biological data. The proposed methodology
s evaluated on four microarray datasets showing increases of up to
lmost 30% in robustness of the selected biomarkers, along with an
mprovement of approximately 15% in classification performance.
he stability improvement with ensemble methods is particularly
oticeable for small signature sizes (a few genes), which is most
elevant for the design of a diagnosis or prognosis model from a
ene signature.

Yang et al. [32] made an exhaustive analysis on the robustness
ssue existing in feature selection for high-dimensional and pro-
osed a multi-criterion fusion-based recursive feature elimination
MCF-RFE) algorithm. It is developed with the goal of improving
oth classification performance and stability of feature selection
esults. Experimental studies on five gene-expression data sets
how that the MCF-RFE algorithm outperforms the commonly used
enchmark feature selection algorithm SVM-RFE.

. Proposed work

In general different ranking techniques assign different rank to a
ene depending on the evaluation scheme of the ranking technique.
herefore the top ranked genes in one method may  not be the top
anked genes in another method. However, each ranking technique
as got its significance for some problem space but not for others.
herefore one ranking technique may  perform the best for one type
f problem where others may  not.

In this study, instead of selecting a small subset of genes by one
anking technique, the merits of all the ranking techniques are con-
idered. When the set of genes pass through a pipeline of ranking
echniques, the first ranking technique ranks the genes and rejects
ew of the lowest ranked genes and passes the rest genes to the next
anking technique in the pipeline. Subsequent ranking techniques
n the pipeline also apply the same principle one after the other.
he genes selected using a pipeline of feature ranking method are
nalysed using different classification techniques.

The basic design of the model considered for this case study

s presented in Fig. 1. In the first step the microarray database is
ormalized and then it is presented to different pipelines. After
election of genes in the pipeline, the database is prepared for
he cross validation. Then for each fold of the cross validation the
Colon cancer [39] 2000 40 22 62
DLBCL Stanford [40] 4026 24 23 47

respective training set and test set are presented to the classifiers
for training and testing. The result obtained from each fold of the
data is then exposed for performance analysis of the pipelines. In
Fig. 1, P1 to P24 represents the twenty four pipelines considered for
the case study. In each pipeline there are four ranking techniques
used which are represented by R1 to R4 in the order as presented
in Fig. 1. Further the specific ranking techniques taken for this case
study are represented as R1: SNR, R2: PCC, R3: Information Gain,
R4: T statistic.

From experimental study it was observed that any sequence
of ranking techniques in the pipeline does not yield same level
of performance. The performance of a pipeline model changes as
the classifier changes or the datasets changes. A single pipeline
does not dominate all other pipelines when different classifiers on
different dataset are tested. Therefore it is essential to perform sta-
tistical analysis to find a suitable pipeline which may  not yield best
performance always, but its overall performance is better than all
other pipelines as well as the performance of any single ranking
technique.

Earlier Demsar et al. [33] has ranked/graded classifiers for mul-
tiple datasets and has statistically established that one of the
classifiers can be considered better than others, though it does not
yield best performance always. For this experiment one stage of
ranking/grading is good enough to find the required output. But for
this experiment one stage of grading is not good enough to find a
single pipeline superior over others when it is applied on multiple
classifiers for multiple datasets with multiple pipelines for multiple
performance indexes. Therefore a multistage grading is inevitable.

4. Empirical procedure

4.1. Microarray databases used for the case study

The effectiveness and efficiency of this method is verified using
seven different gene expression databases. The descriptions of the
databases are presented in Table 2. Microarray data are high dimen-
sional data where the number of samples or observation are too less
in comparison to number of genes or attributes. Samples are in the
range of hundreds and attributes are in thousands. The microarray
databases considered here for this experimentation belongs to two
class problem.

4.2. Data normalization

In general the range of the feature values of the raw data varies
widely in different databases. The objective function of many train-
ing algorithm do not work properly when range of feature values
differ. If the objective function of the training algorithm uses dis-
tance between two records, then the distance is dominated by the

feature with broad range of values, which misleads the objective
function. Similarly the gradient descent based back propagation
algorithm converges faster when the feature values are from the
same range. To eliminate the influence of one factor over another
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Fig. 1. Layout of the pipelined ran

nd also for faster convergence, the features are scaled to a speci-
ed range. The process of scaling the feature values to a specified
ange is referred as data normalization. In microarray data the fea-
ure value ranges from a very small value to a very large value.
herefore data normalization is inevitable for microarray databases
efore use of any training algorithm. Here the min-max normaliza-
ion method is applied to scale the data within the range of 0–1 as
n Eq. (1).

Normalized value

= original value − min(original value in the series)
max(original value in the series) − min(original value in the series)

(1)

.3. Generation of data for tenfold cross validation

In this experimental work to avoid issues of over fitting, tenfold
ross validation technique has been applied. In this technique the
riginal samples are divided into ten random partitions of equal
ize and each partition is formed in such a way that each par-
ition contains roughly equal number of patterns per class. Out
f these ten partitions, nine partitions are used for training and
ne partition is used for testing in each fold of the cross valida-
ion. In this scheme two different training sets differ by 10% of
ecords.

.4. Feature ranking methods used for pipeline
In this case study, four feature ranking techniques are consid-
red for constructing the pipelines. Brief background of the feature
anking techniques is presented here.
ed microarray data classification.

4.4.1. Ranking methods
The proposed method uses filter technique for feature rank-

ing. Few top ranked features are selected based on the statistical
approach which represents enough information and functionality
to enhance the performance of the classification. The statistical
approach reduces the number of genes in the microarray data to
avoid redundancy and misleading features. In this proposed work
integration or pipelining of feature ranking method is considered.
The gene ranking methods employed for pipelining are presented
here.

4.4.1.1. Signal to noise ratio (SNR). In this method genes are first
ranked according to their expression levels using SNR test [41,42].
The SNR is defined in Eq. (2).

SNR(i) = (�i1 − �i2) / (�i1 − �i2) (2)

where �i1 is the mean value of samples belongs to of class 1 in
ith gene, �i2 is the mean value of samples belongs to of class 2 in
ithgene, �i1 is the standard deviations of the samples of class 1 in
ithgene, and �i2 is the standard deviations of the samples of class 2
in ith gene.

4.4.1.2. Information gain (IG). Information gain is the expected
reduction in entropy caused by partitioning the examples according
to a given attribute.

S = Info (X) − Infox (X) (3)
Info (X) = −
k∑

i=1

P (ci, X) ∗ log (P (ci, X)) (4)
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Table 3
Number of genes selected from pipeline output.

Dataset Number of gene selected

Leukemia 5
DLBCL Stanford 5
Prostate 4
Lungcancer1 5
Lungcancer2 4
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Table 4
Parameter and parameter value in ANN.

Parameter in
ANN

Parameter Value

Number of neuron in the Input layer Number of genes in the
reduced dataset

Number of neuron in the Hidden layer 4
Number of neuron in the Output layer 1
Learning rate 0.6
Momentum Coefficient 0.7
CNS 9
Colon Cancer 3

nfo (X) = −
v∑

i=1

|Vi|
|X| ∗ Info (Vi) (5)

here k is the number of classes, v represents number of individual
alues of a gene x, vi is the set of instances whose values in gene x
s equal to xi [43].

.4.1.3. Pearson correlation coefficient (PCC). The correlation coeffi-
ient (CC) test is non-parametric test; it measures the correlation
f genes with other samples. This is achieved by assuming an ideal
ene named Y which is interpreted as the most informative gene
hat predicts the two classes of all the samples perfectly. Then the
C is calculated according to Eq. (6) where ns is the total number
f samples, Y is the ideal gene and X is the gene expression value.
he highest the CC value the more informative the gene as it will
e more correlated to ideal gene [41,44].

C (i) = nS

∑
XY −

∑
X

∑
Y√

nS

∑
X2 −

(∑
X
)2

(
nS

∑
Y2 −

(∑
Y
)2

) (6)

.4.1.4. T-test. A t-test is a standard statistical approach for rank-
ng differentially expressed genes from microarray data. General
ormulation of the t-test statistic for gene g is

g = m1 − m2√
s1
n1

+ s2
n2

(7)

here m1and s1 are the mean and the variance of the first group
f patients, of sizen1, and m2and s2are the mean and the variance
f the second group of patients, of size n2 [43].

.5. Gene selection by the pipeline

In Section 3, Fig. 1 presents the proposed model, where twenty
our pipelines each with four ranking techniques are used for
election of gene subset from the gene expression databases. The
ifferent ranking techniques employed here are signal to noise
atio, Pearson correlation coefficient, information gain, and t-
tatistic. Let the ranking techniques in the pipeline are R1, R2, R3,
4 in order from beginning of the pipeline to the end of the pipeline.
he genes are first exposed to R1 for ranking, once the genes are
anked, 20% of the lowest ranked genes are removed and rest of the
enes are presented to R2. The same process is repeated with R2, R3
nd R4 i.e. at each stage 20% of the lowest ranked genes are removed
rom the dataset. However, after removal of the genes by R4, large
umbers of genes remain in the non-rejected gene set. Using the
ank of R4, few best ranked genes are considered for the purpose
f classification. When a uniform number of genes are taken from
ll the data set, they do not show good result. Therefore differ-

nt numbers of genes are selected from different data sets, which
re obtained by performing number of experiments with different
atasets. Table 3 shows the number of genes selected from different
atasets after the pipeline operation.
Fig. 2. ANN Neural Network Model.

4.6. Classifiers used for the case study

To generalize the objective of the selection through pipeline of
ranking techniques, commonly and frequently used classifiers are
considered here for the case study. Further a set of classifiers are
considered here to avoid the specialized decision biased towards a
classifier than that of a generalized decision which is more or less
suitable for most of the classifiers. Therefore, in this experimen-
tal work, four classifiers such as multiple linear regression (MLR),
artificial neural network (ANN), naïve Bayesian network (NB) and
k-Nearest Neighbor (k-NN) are used to evaluate the performance
of different pipeline models. In k- nearest neighbour since only one
parameter i.e. the k value (number of neighbour) needs to be deter-
mined is considered as the most simples classifier. It is the most
popular nonparametric method introduced by Fix and Hodges in
1951 [45]. Here the test sample is assigned to a class mostly closest
to its k nearest neighbour depending in the nearest distance. Here
Euclidian distance is employed to evaluate the distance between
two microarray patterns.

For this case study, single layered feed forward neural network
is used [46], the input layer fed by the number of genes selected for
each dataset. Linear activation function is used in the input layer;
sigmoidal activation function is used in the hidden and output lay-
ers [47–49]. So number of neuron in the input layer varies from
database to database. The number of genes selected for the input
layer being small, only four neurons are considered for the hid-
den layer and one neuron for the output layer as shown in Fig. 2.
The parameter setting for the ANN considered here is presented in
Table 4.

The motivation of using naïve Bayes classifier is its simplicity,
robustness and also it works efficiently for noisy and irrelevant
attributes. It assumes each feature contribute independently of the
probability to classify a sample belong to a particular class. Despite
its assumption and its naïve designing, it works efficiently in many
real world situations [50].

MLR  is one of the classical statistical models that represent a
quantitative relationship between a dependent and independent

variable of the dataset. Multiple linear regression is an extension of
linear regression involving more than one predictable variable. MLR
attempts to model the relationship between two or more explana-
tory variables and a response variable by fitting linear equation to
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Table 5
Performance and ranking of Leukemia microarray database.

Pipeline Accuracy Sensitivity Specificity Jaccard Overall
Average
Grade

KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR

P1 0.94
(8.5)

1.00
(7)

1.00
(4.5)

0.94
(3)

1.00
(4.5)

1.00
(7)

1.00
(5)

0.80
(3.5)

1.00
(4.5)

1.00
(10)

1.00
(11.5)

0.94
(3.5)

1.00
(4.5)

1.00
(7)

1.00
(5)

0.80
(3.5)

5.78

P2 0.95
(3)

1.00
(7)

0.98
(15)

0.92
(8)

0.90
(15)

1.00
(7)

0.95
(16)

0.70
(9)

0.98
(14)

1.00
(10)

1.00
(11.5)

0.92
(8)

0.90
(15)

1.00
(7)

0.95
(16)

0.70
(8)

10.59

P3 0.95
(3)

1.00
(7)

0.98
(15)

0.92
(8)

0.90
(15)

1.00
(7)

0.95
(16)

0.70
(9)

0.98
(14)

1.00
(10)

1.00
(11.5)

0.92
(8)

0.90
(15)

1.00
(7)

0.95
(16)

0.70
(8)

10.59

P4 0.94
(5)

0.99
(15.5)

0.98
(15)

0.88
(14)

0.90
(15)

0.97
(15.5)

0.95
(16)

0.65
(13)

0.98
(14)

1.00
(10)

1.00
(11.5)

0.89
(13)

0.90
(15)

0.97
(15.5)

0.95
(16)

0.63
(13)

13.56

P5 0.92
(24)

0.99
(15.5)

0.98
(15)

0.88
(14)

0.90
(15)

0.97
(15.5)

0.95
(16)

0.65
(13)

0.98
(14)

1.00
(10)

1.00
(11.5)

0.89
(13)

0.90
(15)

0.97
(15.5)

0.95
(16)

0.63
(13)

14.75

P6 0.94
(8.5)

1.00
(7)

1.00
(4.5)

0.94
(3)

1.00
(4.5

1.00
(7)

1.00
(5)

0.80
(3.5)

1.00
(4.5)

1.00
(10)

1.00
(11.5)

0.94
(3.5)

1.00
(4.5)

1.00
(7)

1.00
(5)

0.80
(3.5)

5.22

P7 0.94
(8.5)

1.00
(7)

1.00
(4.5)

0.94
(3)

1.00
(4.5)

1.00
(7)

1.00
(5)

0.80
(3.5)

1.00
(4.5)

1.00
(10)

1.00
(11.5)

0.94
(3.5)

1.00
(4.5)

1.00
(7)

1.00
(5)

0.80
(3.5)

5.78

P8 0.94
(8.5)

1.00
(7)

1.00
(4.5)

0.94
(3)

1.00
(4.5)

1.00
(7)

1.00
(5)

0.80
(3.5)

1.00
(4.5)

1.00
(10)

1.00
(11.5)

0.94
(3.5)

(0.9)
(15)

1.00
(7)

1.00
(5)

0.80
(3.5)

6.44

P9 0.92
(17.5)

0.67
(22)

0.98
(15)

0.85
(20)

0.90
(15)

0.15
(22)

0.95
(16)

0.50
(20)

0.98
(14)

0.74
(22)

1.00
(11.5)

0.85
(19.5)

0.90
(15)

0.15
(22)

0.95
(16)

0.50
(20)

17.97

P10 0.98
(1)

1.00
(7)

1.00
(4.5)

0.88
(12)

1.00
(4.5)

1.00
(7)

1.00
(5)

0.60
(15)

1.00
(4.5)

1.00
(10)

1.00
(11.5)

0.88
(15)

1.00
(4.5)

1.00
(7)

1.00
(5)

0.60
(15)

8.03

P11 0.94
(8.5)

1.00
(7)

1.00
(4.5)

0.94
(3)

1.00
(4.5)

1.00
(7)

1.00
(5)

0.80
(3.5)

1.00
(4.5)

1.00
(10)

1.00
(11.5)

0.94
(3.5)

1.00
(4.5)

1.00
(7)

1.00
(5)

0.80
(3.5)

5.78

P12 0.92
(17.5)

0.67
(22)

0.94
(24)

0.85
(20)

0.80
23.5)

0.15
(22)

1.00
(5)

0.50
(20)

0.94
(24)

0.74
(22)

1.00
(11.5)

0.85
(19.5)

0.80
(23.5)

0.15
(22)

1.00
(5)

0.50
(20)

15.91

P13 0.94
(8.5)

0.99
(15.5)

0.98
(15)

0.94
(3)

0.90
(15)

0.97
(15.5)

0.95
(16)

0.80
(3.5)

0.98
(14)

1.00
(10)

1.00
(11.5)

0.94
(3.5)

0.9
(15)

0.97
15.5)

0.95
(16)

0.80
(3.5)

9.38

P14 0.92
(17.5)

0.67
(22)

0.95
(23)

0.85
(20)

0.80
(23.5)

0.15
(22)

0.90
(23)

0.50
(20)

0.95
(23)

0.74
(22)

0.98
(23.5)

0.85
(19.5)

0.80
(23.5)

0.15
(22)

0.90
(23)

0.50
(20)

21.72

P15 0.92
(17.5)

0.67
(22)

0.98
(15)

0.85
(20)

0.90
(15)

0.15
(22)

0.95
(16)

0.50
(20)

0.98
(14)

0.74
(22)

1.00
(11.5)

0.85
(19.5)

0.90
(15)

0.15
(22)

0.95
(16)

0.50
(20)

17.97

P16 0.92
(17.5)

1.00
(7)

1.00
(4.5)

0.90
(10.5)

1.00
(4.5)

1.00
(7)

1.00
(5)

0.70
(9)

1.00
(4.5)

1.00
(10)

1.00
(11.5)

0.90
(10.5)

1.00
(4.5)

1.00
(7)

1.00
(5)

0.65
(10.5)

8.03

P17 0.92
(17.5)

1.00
(7)

0.98
(15)

0.85
(20)

0.90
(15)

1.00
(7)

0.95
(16)

0.50
(20)

0.98
(14)

1.00
(10)

1.00
(11.5)

0.85
(19.5)

0.90
(15)

1.00
(7)

0.95
(16)

0.50
(20)

14.41

P18 0.92
(17.5)

1.00
(7)

0.98
(15)

0.85
(20)

0.90
(15)

1.00
(7)

0.95
(16)

0.50
(20)

0.98
(14)

1.00
(10)

1.00
(11.5)

0.85
(19.5)

0.90
(15)

1.00
(7)

0.95
(16)

0.50
(20)

14.41

P19 0.92
(17.5)

1.00
(7)

1.00
(4.5)

0.90
(10.5)

1.00
(4.5)

1.00
(7)

1.00
(5)

0.70
(9)

1.00
(4.5)

1.00
(10)

1.00
(11.5)

0.90
(10.5)

1.00
(4.5)

1.00
(7)

1.00
(5)

0.65
(10.5)

8.03

P20 0.95
(3)

1.00
(7)

0.98
(15)

0.92
(8)

0.90
(15)

1.00
(7)

0.95
(16)

0.70
(9)

0.98
(14)

1.00
(10)

1.00
(11.5)

0.92
(8)

0.90
(15)

1.00
(7)

0.95
(16)

0.70
(8)

10.59

P21 0.92
(17.5)

0.98
(18.5)

0.98
(15)

0.85
(20)

0.90
(15)

0.95
(18.5)

0.95
(16)

0.50
(20)

0.98
(14)

1.00
(10)

1.00
(11.5)

0.85
(19.5)

0.90
(15)

0.95
(18.5)

0.95
(16)

0.50
(20)

14.06

P22 0.92
(17.5)

0.99
(15.5)

0.96
(22)

0.88
(14)

0.87
(22)

0.97
(15.5)

0.87
(24)

0.65
(13)

0.98
(14)

1.00
(10)

0.98
(23.5)

0.89
(13)

0.87
(22)

0.97
15.5)

0.87
(24)

0.63
(13)

15.47

P23 0.92
(17.5)

0.67
(22)

0.98
(15)

0.85
(20)

0.90
(15)

0.15
(22)

0.95
(16)

0.50
(20)

0.98
(14)

0.74
(22)

1.00
(11.5)

0.85
(19.5)

0.90
(15)

0.15
(22)

0.95
(16)

0.50
(20)

17.97

P24 0.92
(17.5)

0.98
(18.5)

0.98
(15)

0.85
(20)

0.90
(15)

0.95
(18.5)

0.95
(16)

0.50
(20)

0.98
(14)

1.00
(10)

1.00
(11.5)

0.85
(19.5)

0.90
(15)

0.95
(18.5)

0.95
(16)

0.50
(20)

16.56
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Table 6
Performance and ranking of Colon microarray databases.

Pipeline Accuracy Sensitivity Specificity Jaccard Overall
Average
Grade

KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR

P1 0.68
(17)

0.8
(4.5)

0.77
(1)

0.77
(13.5)

0.25
(17)

0.69
(4.5)

0.62
(4)

0.62
(12.5)

0.7
(17)

0.83
(4.5)

0.78
(1)

0.78
(12.5)

0.18
(17)

0.54
(4.5)

0.47
(12.5)

0.47
(13)

9.75

P2 0.73
(8.5)

0.74
(16.5)

0.64
(16)

0.81
(3.5)

0.51
(8.5)

0.6
(17)

0.55
(7)

0.65
(5)

0.78
(8.5)

0.77
(17)

0.64
(16)

0.8
(3)

0.44
(7.5)

0.5
(16.5)

0.38
(7)

0.5
(8)

10.34

P3 0.73
(8.5)

0.74
(16.5)

0.68
(10)

0.81
(3.5)

0.51
(8.5)

0.6
(17)

0.25
(16.5)

0.65
(5)

0.78
(8.5)

0.77
(17)

0.7
(4.5)

0.8
(3)

0.44
(7.5)

0.5
(16.5)

0.18
(16.5)

0.52
(4.5)

10.22

P4 0.68
(17)

0.8
(4.5)

0.73
(5)

0.77
(13.5)

0.25
(17)

0.69
(4.5)

0.68
(2)

0.62
(12.5)

0.7
(17)

0.83
(4.5)

0.69
(7)

0.78
(12.5)

0.18
(17)

0.54
(4.5)

0.47
(2.5)

0.47
(13)

9.63

P5 0.68
(17)

0.8
(4.5)

0.75
(2.5)

0.77
(13.5)

0.25
(17)

0.69
(4.5)

0.5
(10)

0.62
(12.5)

0.7
(17)

0.83
(4.5)

0.74
(3)

0.78
(12.5)

0.18
(17)

0.54
(4.5)

0.33
(10)

0.47
(13)

10.19

P6 0.68
(17)

0.8
(4.5)

0.64
(16)

0.77
(13.5)

0.25
(17)

0.69
(4.5)

0.55
(7)

0.62
(12.5)

0.7
(17)

0.83
(4.5)

0.64
(16)

0.78
(12.5)

0.18
(17)

0.54
(4.5)

0.38
(7)

0.47
(13)

11.47

P7 0.75
(6)

0.8
(4.5)

0.61
(22)

0.77
(13.5)

0.58
(4)

0.69
(4.5)

0.28
(13)

0.62
(12.5)

0.78
(5)

0.83
(4.5)

0.65
(14)

0.78
(12.5

0.44
(5)

0.54
(4.5)

0.21
(13)

0.47
(13)

7.91

P8 0.75
(6)

0.8
(4.5)

0.58
(24)

0.77
(13.5)

0.58
(4)

0.69
(4.5)

0.27
(14)

0.62
(12.5)

0.78
(5)

0.83
(4.5)

0.59
(19)

0.78
(12.5)

0.44
(5)

0.54
(4.5)

0.17
(19)

0.47
(13)

10.34

P9 0.53
(20.5)

0.56
(22)

0.66
(12)

0.61
(22)

0.19
(21)

0
(22)

0
(23)

0.28
(22)

0.65
(20.5)

0.6
(22)

0.66
(11)

0.64
(22)

0.13
(21)

0
(22)

0
(232)

0.21
(22)

22.00

P10 0.75
(6)

0.8
(4.5)

0.62
(23)

0.77
(13.5)

0.58
(4)

0.69
(4.5)

0.06
(20)

0.62
(12.5)

0.78
(5)

0.83
(4.5)

0.57
(20)

0.78
(12.5)

0.44
(5)

0.54
(4.5))

0.05
(20)

0.47
(13)

10.10

P11 0.68
(17)

0.8
(4.5)

0.68
(9)

0.77
(13.5)

0.25
(17)

0.69
(4.5)

0.25
(16.5)

0.62
(12.5)

0.7
(17)

0.83
(4.5)

0.7
(4.5)

0.78
(12.5)

0.18
(17)

0.54
(4.5)

0.18
(16.5)

0.47
(13)

11.50

P12 0.5
(23)

0.56
(22)

0.66
(14)

0.61
(22)

0.19
(21)

0
(22)

0
(23)

0.28
(22)

0.62
(22)

0.6
(22)

0.66
(11)

0.64
(22)

0.13
(21)

0
(22)

0
(23)

0.21
(22)

20.88

P13 0.79
(2)

0.78
(12)

0.71
(8)

0.74
(19)

0.57
(6)

0.63
(4.5)

0.26
(15)

0.55
(19)

0.82
(1)

0.81
(12)

0.65
(13)

0.75
(19)

0.47
(3)

0.5
(16.5)

0.17
(18)

0.37
(19)

11.69

P14 0.53
(20.5)

0.56
(22)

0.66
(12)

0.61
(22)

0.19
(21)

0
(22)

0
(23)

0.28
(22)

0.65
(20.5)

0.6
(22)

0.66
(11)

0.64
(22)

0.13
(21)

0
(22)

0
(23)

0.21
(22)

20.50

P15 0.5
(23)

0.56
(22)

0.63
(20)

0.61
(22)

0.13
(23.5)

0
(22)

0.24
(18.5)

0.28
(22)

0.58
(23.5)

0.6
(22)

0.43
(22)

0.64
(22)

0.07
(23.5)

0
(22)

0.2
(14.5)

0.21
(22)

21.53

P16 0.68
(12.5)

0.74
(16.5)

0.63
(18.5)

0.81
(3.5)

0.43
(12)

0.6
(17)

0.4
(11.5)

0.65
(5)

0.76
(12)

0.77
(17)

0.37
(23.5)

0.8
(3)

0.39
(11)

0.5
(16.5)

0.28
(11.5)

0.52
(4.5)

11.50

P17 0.68
(12.5)

0.76
(13)

0.63
(18.5)

0.81
(3.5)

0.43
(12)

0.63
(12.5)

0.4
(11.5)

0.65
(5)

0.76
(12)

0.79
(13.5)

0.3723.5 0.8
(3)

0.39
(11)

0.52
(11)

0.28
(11.5)

0.52
(4.5)

9.69

P18 0.78
(4)

0.76
(13)

0.64
(16)

0.79
(7)

0.55
(7)

0.63
(12.5)

0.55
(7)

0.6
(17.5)

0.78
(2)

0.79
(13.5)

0.64
(16)

0.79
(7)

0.38
(14)

0.52
(11)

0.38
(7)

0.5
(8)

10.16

P19 0.68
(12.5)

0.74
(16.5)

0.66
(12)

0.81
(3.5)

0.43
(12)

0.6
(17)

0.24
(18.5)

0.67
(1.5)

0.76
(12)

0.77
(17)

0.46
(21)

0.79
(6)

0.39
(11)

0.5
(16.5)

0.2
(14.5)

0.54
(1)

12.03

P20 0.68
(12.5)

0.74
(16.5)

0.71
(7)

0.81
(3.5)

0.43
(12)

0.6
(17)

0.58
(5)

0.65
(5)

0.76
(12)

0.7
(17)

0.69
(9)

0.8
(3)

0.39
(11)

0.5
(16.5)

0.35
(9)

0.52
(4.5)

10.03

P21 0.75
(2)

0.79
(10)

0.73
(5)

0.77
(13.5)

0.6
(1.5)

0.68
(10)

0.68
(2)

0.6
(17.5)

0.78
(5)

0.81
(10)

0.69
(7)

0.77
(18)

0.48
(1.5)

0.52
(11)

0.47
(2.5)

0.42
(18)

8.41

P22 0.75
(2)

0.79
(10)

0.75
(2.5)

0.77
(13.5)

0.6
(1.5)

0.68
(10)

0.53
(9)

0.62
(12.5)

0.78
(5)

0.81
(10)

0.74
(2)

0.78
(12.5)

0.48
(1.5)

0.52
(11)

0.41
(5)

0.47
(13)

7.56

P23 0.5
(23)

0.56
(22)

0.62
(23)

0.61
(22)

0.13
(23.5)

0
(22)

0.05
(21)

0.28
(22)

0.58
(23.5)

0.6
(22)

0.62
(8)

0.64
(22)

0.07
(23.5)

0
(22)

0.02
(21)

0.21
(22)

21.41

P24 0.68
(10)

0.79
(10)

0.73
(5)

0.79
(8)

0.43
(12)

0.68
(10)

0.68
(2)

0.67
(1.5)

0.76
(12)

0.81
(10)

0.69
(7)

0.78
(12.5)

0.39
(11)

0.52
(11)

0.47
(2.5)

0.52
(4.5)

8.06
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Table 7
Performance and ranking of Prostate microarray database.

Pipeline Accuracy Sensitivity Specificity Jaccard Overall
Average
Grade

KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR

P1 0.967
(14)

0.91
(17)

0.89
(16.5)

0.85
(17)

0.87
(17.5)

0.87
(18)

0.87
(17.5)

0.83
(18)

0.91
(17.5)

0.98
(17)

0.91
(17.5)

0.85
(18)

0.73
(17.5)

0.85
(18)

0.73
(17.5)

0.82
(5)

16.47

P2 0.980
(4.5)

0.97
(10)

1.00
(4)

0.90
(12.5)

1.00
(5.5)

0.93
(12)

1.00
(5.5)

0.90
(13)

1.00
(5.5)

1.00
(7.5)

1.00
(5.5)

0.89
(13.5)

1.00
(4)

0.93
(11)

1.00
(4)

0.70
(16.5)

8.41

P3 0.980
(4.5)

0.97
(10)

0.98
(11.5)

0.90
(12.5)

1.00
(5.5)

0.93
(12)

1.00
(5.5)

0.90
(13)

0.98
(12)

1.00
(7.5

0.98
(12)

0.89
(13.5)

0.95
(12)

0.93
(11)

0.95
(12)

0.70
(16.5)

9.75

P4 0.951
(16.5)

0.94
(14.5)

0.95
(13.5)

0.93
(4.5)

0.97
(13)

0.93
(12)

0.97
(13)

1.00
(5)

0.96
(14.5)

0.98
(17)

0.96
(14.5)

0.92
(4.5)

0.87
(15.5)

0.88
(15.5)

0.87
(15.5)

0.80
(9.5)

12.41

P5 0.951
(16.5)

0.94
(14.5)

0.95
(13.5)

0.93
(4.5)

0.97
(13)

0.93
(12)

0.97
(13)

1.00
(5)

0.96
(14.5)

0.98
(17)

0.96
(14.5)

0.92
(4.5)

0.87
(15.5)

0.88
(15.5)

0.87
(15.5)

0.80
(9.5)

12.41

P6 0.967
(14)

0.91
(17)

0.71
(24)

0.85
(17)

0.52
(23)

0.87
(18)

0.52
(23)

0.83
(18)

0.79
(22)

0.98
(17)

0.79
(22)

0.85
(18)

0.40
(23)

0.85
(18)

0.40
(23)

0.82
(5)

18.88

P7 0.971
(9.5)

1.00
(2.5)

0.98
(9)

0.95
(2)

0.97
(13)

1.00
(3)

0.97
(13)

1.00
(5)

1.00
(5.5)

1.00
(7.5)

1.00
(5.5)

0.94
(2)

0.97
(9)

1.00
(3)

0.97
(9)

0.85
(2)

6.28

P8 0.971
(9.5)

1.00
(2.5)

0.98
(9)

0.95
(2)

0.97
(13)

1.00
(3)

0.97
(13)

1.00
(5)

1.00
(5.5)

1.00
(7.5

1.00
(5.5)

0.94
(2)

0.97
(9)

1.00
(3)

0.97
(9)

0.85
(2)

5.34

P9 0.764
(21)

0.74
(22)

0.75
(20)

0.76
(21)

0.43
(24)

0.66
(22.5)

0.43
(24)

0.63
(22.5)

0.79
(23)

0.80
(22.5)

0.79
(23)

0.81
(21.5)

0.38
(24)

0.54
(22.5)

0.38
(24)

0.51
(21.5)

22.44

P10 0.971
(9.5)

1.00
(2.5)

0.98
(9)

0.95
(2)

0.97
(13)

1.00
(3)

0.97
(13)

1.00
(5)

1.00
(5.5)

1.00
(7.5)

1.00
(5.5)

0.94
(2)

0.97
(9)

1.00
(3)

0.97
(9)

0.85
(2)

6.28

P11 0.967
(14)

0.91
(17)

0.89
(16.5)

0.85
(17)

0.87
(17.5)

0.87
(18)

0.87
(17.5)

0.83
(18)

0.91
(17.5)

0.98
(17)

0.91
(17.5)

0.85
(18)

0.73
(17.5)

0.85
(18)

0.73
(17.5)

0.82
(5)

16.47

P12 0.764
(21)

0.74
(22)

0.72
(23)

0.76
(21)

0.63
(21.5)

0.66
(22.5)

0.63
(21.5)

0.63
(22.5)

0.88
(19)

0.80
22.5)

0.88
(19)

0.81
(21.5)

0.57
(19)

0.54
(22.5)

0.57
(19)

0.51
(21.5)

18.38

P13 0.948
(18)

0.98
(5.5)

0.95
(15)

0.91
(9)

0.95
(16)

0.97
(6.5)

0.95
(16)

0.90
(13)

0.95
(16)

1.00
(7.5)

0.95
(16)

0.90
(10)

0.88
(14)

0.97
(6.5)

0.88
(14)

0.75
(13)

12.25

P14 0.764
(21)

0.74
(22)

0.74
(21)

0.76
(21)

0.66
(19.5)

0.66
(22.5)

0.66
(19.5)

0.63
(22.5)

0.80
(21)

0.80
(22.5)

0.80
(21)

0.81
(21.5)

0.54
(20.5)

0.54
(22.5)

0.54
(20.5)

0.51
(21.5)

21.25

P15 0.751
(24)

0.78
(19)

0.745
(22)

0.68
(24)

0.66
(19.5)

0.78
(20)

0.66
(19.5)

0.64
(20)

0.79
(24)

0.86
(20)

0.79
(24)

0.69
(24)

0.54
(20.5)

0.61
(20)

0.54
(20.5)

0.45
(24)

21.56

P16 0.980
(4.5)

0.97
(10)

1.00
(4)

0.90
(12.5)

1.00
(5.5)

0.93
(12)

1.00
(5.5)

0.90
(13)

1.00
(5.5)

1.00
(7.5)

1.00
(5.5)

0.89
(13.5)

1.00
(4)

0.93
(11)

1.00
(4)

0.70
(16.5)

8.41

P17 1.000
(1)

0.97
(10)

1.00
(4)

0.93
(7)

1.00
(5.5)

0.93
(12)

1.00
(5.5)

1.00
(5)

1.00
(5.5)

1.00
(7.5)

1.00
(5.5)

0.92
(7.5)

1.00
(4)

0.93
(11)

1.00
(4)

0.80
(9.5)

6.53

P18 0.980
(4.5)

0.97
(10)

1.00
(4)

0.90
(12.5)

1.00
(5.5)

0.93
(12)

1.00
(5.5)

0.90
(13)

1.00
(5.5)

1.00
(7.5)

1.00
(5.5)

0.89
(13.5)

1.00
(4)

0.93
(11)

1.00
(4)

0.70
(16.5)

8.41

P19 0.980
(4.5)

0.97
(10)

1.00
(4)

0.90
(12.5)

1.00
(5.5)

0.93
(12)

1.00
(5.5)

0.90
(13)

1.00
(5.5)

1.00
(7.5)

1.00
(5.5)

0.89
(13.5)

1.00
(4)

0.93
(11)

1.00
(4)

0.70
(16.5)

8.41

P20 0.980
(4.5)

0.97
(10)

1.00
(4)

0.90
(12.5)

1.00
(5.5)

0.93
(12)

1.00
(5.5)

0.90
(13)

1.00
(5.5)

1.00
(7.5)

1.00
(5.5)

0.89
(13.5)

1.00
(4)

0.93
(11)

1.00
(4)

0.70
(16.5)

8.41

P21 0.971
(9.5)

0.98
(5.5)

1.00
(4)

0.93
(7)

1.00
(5.5)

0.97
(6.5)

1.00
(5.5)

1.00
(5)

1.00
(5.5)

1.00
(7.5)

1.00
(5.5)

0.92
(7.5)

1.00
(4)

0.97
(6.5)

1.00
(4)

0.80
(9.5)

6.16

P22 0.968
(12)

1.00
(2.5)

0.98
(11.5)

0.93
(7)

1.00
(5.5)

1.00
(3)

1.00
(5.5)

1.00
(5)

0.98
(12)

1.00
(7.5)

0.98
(12)

0.92
(7.5)

0.95
(12)

1.00
(3)

0.95
(12)

0.80
(9.5)

7.97

P23 0.764
(21)

0.74
(22)

0.76
(18.5)

0.76
(21)

0.63
(21.5)

0.66
(22.5)

0.63
(21.5)

0.63
(22.5)

0.81
(20)

0.80
(22.5)

0.81
(20)

0.81
(21.5)

0.51
(22)

0.54
(22.5)

0.51
(22)

0.51
(21.5)

21.41

P24 0.764
(21)

0.74
(22)

0.76
(18.5)

0.76
(21)

1.00
(5.5)

1.00
(3)

1.00
(5.5)

1.00
(5)

0.98
(12)

1.00
(7.5)

0.98
(12)

0.92
(7.5)

0.95
(12)

1.00
(3)

0.95
(12)

0.80
(9.5)

11.06
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Table 8
Performance and ranking of CNS microarray database.

Pipeline Accuracy Sensitivity Specificity Jaccard Overall
Average
Grade

KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR

P1 0.833
(4.5)

0.60
(17.5)

0.65
(12.5)

0.53
(21.5)

0.767
(5.5)

0.71
(1)

0.48
(12)

0.11
(21.5)

0.83
(14.5)

0.87
(8)

0.74
(12)

0.63
(20.5)

0.68
(3.5)

0.64
(1)

0.33
(12)

0.10
(21.5)

11.81

P2 0.800
(11)

0.68
(6.5)

0.65
(12.5)

0.65
(7)

0.767
(5.5)

0.63
(6.5)

0.48
(12)

0.53
(6.5)

0.79
(18.5)

0.89
(5)

0.74
(12)

0.71
(6.5)

0.58
(17.5)

0.51
(13.5)

0.33
(12)

0.32
(6.5)

9.94

P3 0.833
(4.5)

0.73
(3)

0.65
(12.5)

0.73
(3)

0.400
(23.5)

0.67
(2)

0.48
(12)

0.63
(3)

0.68
(23.5)

0.91
(1.5)

0.74
(12)

0.77
(3)

0.27
(23.5)

0.55
(2)

0.33
(12)

0.46
(3)

9.00

P4 0.800
(15.5)

0.67
(11)

0.65
(12.5)

0.60
(13.5)

0.717
(14)

0.61
(12)

0.48
(12)

0.16
(14.5)

0.87
(8.5)

0.78
(12)

0.74
(12)

0.66
(13.5)

0.64
(13.5)

0.52
(9)

0.33
(12)

0.12
(13.5)

12.44

P5 0.800
(15.5)

0.67
(11)

0.65
(12.5)

0.60
(13.5)

0.717
(14)

0.61
(12)

0.48
(12)

0.11
(21.5)

0.87
(8.5)

0.78
(12)

0.74
(12)

0.63
(20.5)

0.64
(13.5)

0.52
(9)

0.33
(12)

0.10
(21.5)

13.81

P6 0.833
(4.5)

0.60
(17.5)

0.63
(24)

0.53
(21.5)

0.800
(3)

0.51
(17)

0.48
(12)

0.11
(21.5)

0.87
(8.5)

0.68
(17)

0.74
(12)

0.63
(20.5)

0.70
(1.5)

0.47
(17)

0.33
(12)

0.10
(21.5)

14.44

P7 0.833
(4.5)

0.60
(17.5)

0.65
(12.5)

0.53
(21.5)

0.767
(5.5)

0.51
(17)

0.48
(12)

0.12
(18)

0.83
(14.5)

0.68
(17)

0.74
(12)

0.65
(17)

0.68
(3.5)

0.47
(17)

0.33
(12)

0.11
(17)

13.66

P8 0.767
(20)

0.60
(17.5)

0.65
(12.5)

0.53
(21.5)

0.767
(5.5)

0.51
(17)

0.48
(12)

0.11
(21.5)

0.79
(18.5)

0.68
(17)

0.74
(12)

0.63
(20.5)

0.58
(17.5)

0.47
(17)

0.33
(12)

0.10
(21.5)

16.47

P9 0.717
(22)

0.58
(21.5)

0.65
(12.5)

0.62
(8.5)

0.400
(23.5)

0.22
(24)

0.48
(12)

0.38
(10)

0.68
(23.5)

0.67
(20)

0.74
(12)

0.69
(9)

0.27
(23.5)

0.13
(24)

0.33
(12)

0.28
(9)

16.69

P10 0.800
(11)

0.60
(17.5)

0.65
(12.5)

0.53
(21.5)

0.817
(1.5)

0.51
(17)

0.48
(12)

0.11
(21.5)

0.85
(12)

0.68
(17)

0.74
(12)

0.63
(20.5)

0.70
(1.5)

0.47
(17)

0.33
(12)

0.10
(21.5)

14.25

P11 0.817
(9)

0.60
(17.5)

0.65
(12.5)

0.53
(21.5)

0.817
(1.5)

0.51
(17)

0.48
(12)

0.11
(21.5)

0.81
(16)

0.68
(17)

0.74
(12)

0.63
(20.5)

0.65
(9.5)

0.47
(17)

0.33
(12)

0.10
(21.5)

14.88

P12 0.717
(22)

0.58
(21.5)

0.65
(12.5)

0.62
(8.5)

0.650
(19)

0.23
(23)

0.48
(12)

0.16
(14.5

0.72
(21)

0.64
(23)

0.74
(12)

0.66
(13.5)

0.38
(20)

0.14
(23)

0.33
(12)

0.12
(13.5)

15.13

P13 0.800
(15.5)

0.67
(11)

0.65
(12.5)

0.60
(13.5)

0.717
(14)

0.61
(12)

0.48
(12)

0.16
(14.5)

0.87
(8.5)

0.78
(12)

0.74
(12)

0.66
(13.5)

0.64
(13.5)

0.52
(9)

0.33
(12)

0.12
(13.5)

12.44

P14 0.717
(22)

0.52
(24)

0.65
(12.5)

0.60
(13.5)

0.467
(21.5)

0.26
(20.5

0.48
(12)

0.40
(9)

0.79
(20)

0.60
(24)

0.74
(12)

0.66
(10)

0.35
(21)

0.16
(22)

0.33
(12)

0.24
(10)

14.06

P15 0.667
(24)

0.57
(23)

0.65
(12.5)

0.57
(18)

0.567
(20)

0.25
(22)

0.48
(12)

0.18
(11)

0.70
(22)

0.66
(21)

0.74
(12)

0.62
(24)

0.33
(22)

0.17
(21)

0.33
(12)

0.10
(18)

18.41

P16 0.833
(4.5)

0.73
(3)

0.65
(12.5)

0.73
(3)

0.733
(9.5)

0.67
(4)

0.48
(12)

0.63
(3)

0.90
(3.5)

0.89
(5)

0.74
(12)

0.77
(3)

0.67
(6.5)

0.55
(4)

0.33
(12)

0.46
(3)

6.28

P17 0.833
(4.5)

0.73
(3)

0.65
(12.5)

0.73
(3)

0.733
(9.5)

0.67
(4)

0.48
(12)

0.63
(3)

0.90
(3.5)

0.89
(5)

0.74
(12)

0.77
(3)

0.67
(6.5)

0.55
(4)

0.33
(12)

0.46
(3)

6.28

P18 0.833
(4.5)

0.73
(3)

0.65
(12.5)

0.73
(3)

0.733
(9.5)

0.62
(9)

0.48
(12)

0.63
(3)

0.90
(3.5)

0.92
(1.5)

0.74
(12)

0.77
(3)

0.67
(6.5)

0.51
(12)

0.33
(12)

0.46
(3)

6.88

P19 0.833
(4.5)

0.73
(3)

0.65
(12.5)

0.73
(3)

0.733
(9.5)

0.67
(4)

0.48
(12)

0.63
(3)

0.90
(3.5)

0.89
(5)

0.74
(12)

0.77
(3)

0.67
(6.5)

0.55
(4)

0.33
(12)

0.46
(3)

6.28

P20 0.800
(11)

0.68
(6.5)

0.67
(1)

0.70
(6)

0.708
(18)

0.63
(6.5)

0.48
(12)

0.53
(6.5)

0.94
(1)

0.89
(5)

0.74
(12)

0.71
(6.5)

0.65
(9.5)

0.51
(13.5)

0.33
(12)

0.32
(6.5)

8.34

P21 0.783
(19)

0.67
(11)

0.65
(12.5)

0.60
(13.5)

0.717
(14)

0.61
(12)

0.48
(12)

0.16
(14.5)

0.84
(13)

0.78
(12)

0.74
(12)

0.66
(13.5)

0.64
(13.5)

0.52
(9)

0.33
(12)

0.12
(13.5)

12.94

P22 0.800
(15.5)

0.67
(11)

0.65
(12.5)

0.60
(13.5)

0.717
(14)

0.62
(8)

0.48
(12)

0.16
(14.5)

0.87
(8.5)

0.81
(9)

0.74
(12)

0.66
(13.5)

0.64
(13.5)

0.53
(6)

0.33
(12)

0.12
(13.5)

11.81

P23 0.800
(15.5)

0.67
(11)

0.65
(12.5)

0.60
(13.5)

0.467
(21.5)

0.26
(20.5)

0.48
(12)

0.43
(8)

0.80
(17)

0.65
(22)

0.74
(12)

0.69
(8)

0.43
(19)

0.18
(20)

0.33
(12)

0.29
(8)

14.53

P24 0.800
(15.5)

0.67
(11)

0.65
(12.5)

0.60
(13.5)

0.717
(14)

0.61
(12)

0.48
(12)

0.16
(14.5)

0.87
(8.5)

0.78
(12)

0.74
(12)

0.66
(13.5)

0.64
(13.5)

0.52
(9)

0.33
(12)

0.12
(13.5)

12.44
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Table 9
Performance and ranking of Lungcancer1 microarray database.

Pipeline Accuracy Sensitivity Specificity Jaccard Overall
Average
Grade

KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR

P1 0.978
(11)

1.000
(4)

0.990
(2)

0.938
(6.5)

1.00
(7)

1.00
(4)

0.99
(6)

1.00
(6)

0.80
(11)

0.90
(4)

0.80
(6)

0.67
(5.5)

0.976
(11)

1.00
(4)

0.99
(2)

0.93
(6.5)

6.03

P2 0.980
(8)

0.990
(10.5)

0.970
(11.5)

0.928
(10)

1.00
(7)

0.99
(10.5)

0.97
(11.5)

1.00
(6)

0.83
(8)

0.80
(10.5)

0.60
(11.5)

0.62
(9)

0.978
(8)

0.99
(10.5)

0.97
(11.5)

0.92
(16)

10.00

P3 0.98
(8)

0.990
(10.5)

0.981
(4.5)

0.928
(10)

1.00
(7)

0.99
(10.5)

1.00
(2.5)

1.00
(6)

0.83
(8)

0.80
(10.5)

0.83
(2.5)

0.62
(9)

0.978
(8)

0.99
(10.5)

0.98
(7.5)

0.92
(16)

8.19

P4 0.937
(16.5)

0.926
(16.5)

0.928
(18)

0.926
(14.5)

0.95
(16.5)

0.96
(16.5)

0.93
(18)

0.93
(16.5)

0.35
(16.5)

0.40
(16.5)

0.20
(18)

0.20
(16.5)

0.937
(16.5)

0.92
(16.5)

0.93
(18)

0.93
(11.5)

16.44

P5 0.937
(16.5)

0.926
(16.5)

0.970
(11.5)

0.926
(14.5)

0.95
(16.5)

0.96
(16.5)

0.97
(11.5)

0.93
(16.5)

0.35
(16.5)

0.40
(16.5)

0.60
(11.5)

0.20
(16.5)

0.937
(16.5)

0.92
(16.5)

0.97
(11.5)

0.93
(11.5)

14.81

P6 0.990
(3.5)

1.000
(4)

0.979
(8.5)

0.936
(8)

1.00
(7)

1.00
(4)

0.98
(8.5)

0.93
(16.5)

0.85
(3.5)

0.90
(4)

0.70
(8.5)

0.70
(3)

0.989
(3.5)

1.00
(4)

0.98
(4.5)

0.93
(11.5)

6.41

P7 0.990
(3.5)

1.000
(4)

0.969
(13)

0.980
(1)

1.00
(7)

1.00
(4)

0.97
(11.5)

0.93
(16.5)

0.85
(3.5)

0.90
(4)

0.60
(11.5)

0.83
(1)

0.989
(3.5)

1.00
(4)

0.97
(11.5)

0.98
(1)

6.28

P8 0.990
(3.5)

1.000
(4)

0.980
(6.5)

0.958
(4.5)

1.00
(7)

1.00
(4)

1.00
(2.5)

0.93
(16.5)

0.85
(3.5)

0.90
(4)

0.83
(2.5)

0.70
(3)

0.989
(3.5)

1.00
(4)

0.98
(7.5)

0.95
(4.5)

5.06

P9 0.894
(22.5)

0.894
(21.5)

0.905
(21)

0.905
(20.5)

0.90
(22.5)

0.90
(21.5)

0.91
(22.5)

0.91
(22.5)

0.0
(22)

0.00
(22)

0.00
(22.5)

0.00
(22.5)

0.894
(22.5)

0.89
(21.5)

0.91
(22.5)

0.91
(19.5)

21.84

P10 0.990
(3.5)

1.000
(4)

0.980
(6.5)

0.895
(23)

1.00
(7)

1.00
(4)

1.00
(2.5)

1.00
(6)

0.85
(3.5)

0.90
(4)

0.83
(2.5)

0.58
(13)

0.989
(3.5)

1.00
(4)

0.98
(7.5)

0.88
(23)

7.34

P11 0.978
(11)

1.000
(4)

0.990
(2)

0.938
(6.5)

1.00
(7)

1.00
(4)

0.99
(6)

1.00
(6)

0.80
(11)

0.90
(4)

0.80
(6)

0.67
(5.5)

0.976
(11)

1.00
(4)

0.99
(2)

0.93
(6.5)

6.03

P12 0.894
(22.5)

0.894
(21.5)

0.90
(23.5)

0.905
(20.5)

0.90
(22.5)

0.90
(21.5)

0.91
(22.5)

0.91
(22.5)

0.00
(22)

0.00
(22)

0.00
(22.5)

0.00
(22.5)

0.894
(22.5)

0.89
(21.5)

0.91
(22.5)

0.91
(19.5)

22.00

P13 0.937
(16.5)

0.926
(16.5)

0.937
(17)

0.926
(14.5)

0.95
(16.5)

0.96
(16.5)

0.94
(17)

0.93
(16.5)

0.35
(16.5)

0.40
(16.5)

0.30
(17)

0.20
(16.5)

0.937
(16.5)

0.92
(16.5)

0.94
(17)

0.93
(11.5)

16.19

P14 0.894
(22.5)

0.894
(21.5)

0.905
(23.5)

0.905
(20.5)

0.90
(22.5)

0.90
(21.5)

0.91
(22.5)

0.91
(22.5)

0.00
(22)

0.00
(22)

0.00
(22.5)

0.00
(22.5)

0.894
(22.5)

0.89
(21.5)

0.91
(22.5)

0.91
(19.5)

22.00

P15 0.894
(22.5)

0.894
(21.5)

0.905
(22)

0.905
(20.5)

0.90
(22.5)

0.90
(21.5)

0.91
(22.5)

0.91
(22.5)

0.00
(22)

0.00
(22)

0.00
(22.5)

0.00
(22.5)

0.894
(22.5)

0.89
(21.5)

0.91
(22.5)

0.91
(19.5)

21.91

P16 0.990
(3.5)

0.990
(10.5)

0.971
(10)

0.969
(2.5)

1.00
(7)

0.99
(10.5)

0.97
(11.5)

0.93
(16.5)

0.85
(3.5)

0.80
(10.5)

0.6
(11.5)

0.60
(11.5)

0.989
(3.5)

0.99
(10.5)

0.97
(11.5)

0.97
(2.5)

8.56

P17 0.967
(13)

0.990
(10.5)

0.979
(8.5)

0.914
(18)

1.00
(7)

0.99
(10.5)

0.98
(8.5)

0.93
(16.5)

0.78
(13)

0.80
(10.5)

0.70
(8.5)

0.63
(7)

0.964
(13)

0.99
(10.5)

0.98
(4.5)

0.91
(22)

11.34

P18 0.978
(11)

1.000
(4)

0.990
(2)

0.958
(4.5)

1.00
(7)

1.00
(4)

0.99
(6)

0.93
(16.5)

0.80
(11)

0.90
(4)

0.80
(6)

0.70
(3)

0.976
(11)

1.00
(4)

0.99
(2)

0.95
(4.5)

6.28

P19 0.990
(3.5)

0.990
(10.5)

0.960
(14)

0.969
(2.5)

1.00
(7)

0.99
(10.5)

0.96
(14)

0.97
(12.5)

0.85
(3.5)

0.80
(10.5)

0.50
(14)

0.60
(11.5)

0.989
(3.5)

0.99
(10.5)

0.96
(14)

0.97
(2.5)

9.03

P20 0.980
(8)

0.990
(10.5)

0.981
(4.5)

0.928
(10)

1.00
(7)

0.9
(10.5)

1.00
(2.5)

1.00
(6)

0.83
(8)

0.80
(10.5)

0.83
(2.5)

0.62
(9)

0.978
(8)

0.99
(10.5)

0.98
(7.5)

0.92
(16)

8.19

P21 0.937
(16.5)

0.926
(16.5)

0.947
(16)

0.926
(14.5)

0.95
(16.5)

0.96
(16.5)

0.95
(15.5)

0.93
(16.5)

0.35
(16.5)

0.40
(16.5)

0.40
(15.5)

0.20
(16.5)

0.937
(16.5)

0.92
(16.5)

0.95
(15.5)

0.93
(11.5)

15.84

P22 0.937
(16.5)

0.926
(16.5)

0.916
(19.5)

0.926
(14.5)

0.95
(16.5)

0.96
(16.5)

0.92
(19.5)

0.93
(16.5)

0.35
(16.5)

0.40
(16.5)

0.10
(19.5)

0.20
(16.5)

0.937
(16.5)

0.92
(16.6)

0.92
(19.5)

0.93
(11.5)

16.82

P23 0.905
(20)

0.851
(24)

0.916
(19.5)

0.873
(24)

0.91
(20)

0.90
(24)

0.92
(19.5)

0.92
(20)

0.00
(22)

0.00
(22)

0.10
(19.5)

0.03
(20)

0.905
(20)

0.85
(24)

0.92
(19.5)

0.87
(24)

21.38

P24 0.937
(16.5)

0.926
(16.5)

0.947
(15)

0.926
(14.5

0.95
(16.5)

0.96
(16.5)

0.95
(15.5)

0.93
(16.5)

0.35
(16.5)

0.40
(16.5)

0.40
(15.5)

0.20
(16.5)

0.937
(16.5)

0.92
(16.5)

0.95
(15.5)

0.93
(11.5)

11.91
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Table 10
Performance and ranking of Lungcancer2 microarray database.

Pipeline Accuracy Sensitivity Specificity Jaccard Overall
Average
Grade

KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR

P1 0.986
(4)

0.980
(5)

0.908
(12)

0.920
(11)

1.00
(4.5)

0.987
(4)

0.92
(15)

1.00
(4.5)

0.92
(4)

0.95
(3)

0.15
(13.5)

0.63
(8)

0.985
(4)

0.98
(6)

0.908
(10.5)

0.911
(22)

8.19

P2 0.992
(1.5)

0.979
(7.5)

0.979
(2)

0.931
(6.5)

1.00
(4.5)

0.986
(10.5)

0.98
(3)

1.00
(4.5)

0.95
(1.5)

0.90
(6.5)

0.80
(2.5)

0.65
(5.5)

0.992
(1.5)

0.98
(6)

0.979
(2)

0.925
(6.5)

4.50

P3 0.972
(10)

0.947
(13)

0.945
(5)

0.979
(1.5)

0.99
(10.5)

0.978
(12)

0.95
(5)

0.99
(9.5)

0.72
(11)

0.74
(12)

0.45
(5)

0.82
(1.5)

0.971
(10)

0.94
(12)

0.944
(5)

0.978
(1.5)

7.78

P4 0.881
(21.5)

0.916
(16.5)

0.908
(12)

0.914
(15.5

0.92
(21.5)

0.932
(15.5)

0.92
(15)

0.91
(21.5)

0.20
(21.5)

0.40
(15.5)

0.15
(13.5)

0.20
(21)

0.881
(21.5)

0.92
(15.5)

0.908
(10.5)

0.914
(12.5)

14.97

P5 0.881
(21.5)

0.916
(16.5)

0.915
(8)

0.914
(15.5)

0.92
(21.5)

0.932
(15.5)

0.93
(8)

0.91
(21.5)

0.20
(21.5)

0.40
(15.5)

0.20
(9.5)

0.20
(21)

0.881
(21.5)

0.92
(15.5)

0.907
(14)

0.914
(12.5)

16.19

P6 0.986
(4)

0.980
(5)

0.908
(12)

0.920
(11)

1.00
(4.5)

0.987
(4)

0.92
(15)

1.00
(4.5)

0.92
(4)

0.95
(3)

0.15
(13.5)

0.63
(8)

0.985
(4)

0.98
(6)

0.908
(10.5)

0.911
(22)

8.19

P7 0.979
(7)

0.992
(1)

0.900
(19)

0.884
(24)

1.00
(4.5)

1
(1)

0.92
(15)

1.00
(4.5)

0.88
(7)

0.95
(3)

0.10
(19.5)

0.57
(10)

0.977
(8)

1.00
(1)

0.900
(18.5)

0.873
(24)

10.44

P8 0.979
(7)

0.986
(2.5)

0.893
(22.5)

0.927
(8.5)

1.00
(4.5)

0.993
(2)

0.91
(22.5)

1.00
(4.5)

0.88
(7)

0.95
(3)

0.05
(23.5)

0.70
(3.5)

0.977
(8)

0.99
(2)

0.893
(22.5)

0.919
(8.5)

9.50

P9 0.920
(16)

0.900
(22)

0.900
(19)

0.913
(21)

0.94
(16)

0.918
(21.5)

0.92
(15)

0.92
(16)

0.50
(16)

0.25
(21.5)

0.10
(19.5)

0.35
(16)

0.918
(16)

0.90
(21.5)

0.900
(18.5)

0.912
(18)

18.34

P10 0.979
(7)

0.986
(2.5)

0.893
(22.5)

0.927
(8.5)

1.00
(4.5)

0.918
(21.5)

0.91
(22.5)

1.00
(4.5)

0.88
(7)

0.25
(21.5)

0.05
(23.5)

0.70
(3.5)

0.977
(8)

0.90
(21.5)

0.893
(22.5)

0.919
(8.5)

13.09

P11 0.986
(4)

0.980
(5)

0.920
(7)

0.920
(11)

1.00
(4.5)

0.987
(4)

0.92
(15)

1.00
(4.5)

0.92
(4)

0.95
(3)

0.10
(19.5)

0.63
(8)

0.985
(4)

0.98
(6)

0.900
(18.5)

0.911
(22)

8.75

P12 0.920
(16)

0.900
(22)

0.913
(9)

0.91.3
(21)

0.94
(16)

0.918
(21.5)

0.93
(7)

0.92
(16)

0.50
(16)

0.25
(21.5)

0.30
(7.5)

0.35
(16)

0.918
(16)

0.90
(21.5)

0.912
(7)

0.912
(18)

15.75

P13 0.881
(21.5)

0.916
(16.5)

0.908
(12)

0.914
(15.5)

0.92
(21.5)

0.932
(15.5)

0.92
(15)

0.91
(21.5)

0.20
(21.5)

0.40
(15.5)

0.15
(13.5)

0.20
(21)

0.881
(21.5)

0.92
(15.5)

0.908
(10.5)

0.914
(12.5)

16.91

P14 0.920
(16)

0.900
(22

0.900
(19)

0.913
(21)

0.94
(16)

0.918
(21.5)

0.92
(15)

0.92
(16)

0.50
(16)

0.25
(21.5)

0.10
(19.5)

0.35
(16)

0.918
(16)

0.90
(21.5)

0.900
(18.5)

0.912
(18)

15.59

P15 0.920
(16)

0.900
(22)

0.900
(19)

0.913
(21)

0.94
(16)

0.918
(21.5)

0.92
(15)

0.92
(16)

0.50
(16)

0.25
(21.5)

0.10
(19.5)

0.35
(16)

0.918
(16)

0.90
(21.5)

0.900
(18.5)

0.912
(18)

18.34

P16 0.960
(12)

0.966
(11.5)

0.947
(4)

0.947
(4)

0.97
(12.5)

0.986
(8.5)

0.9
(4)

0.95
(12.5)

0.70
(12.5)

0.78
(10.5)

0.45
(5)

0.50
(12.5)

0.959
(11.5)

0.96
(10.5)

0.946
(4)

0.947
(3.5)

8.69

P17 0.960
(12)

0.973
(10)

0.908
(15)

0.947
(4)

0.99
(10.5)

0.986
(8.5)

0.92
(15)

0.96
(11)

0.75
(10)

0.82
(8.5)

0.15
(13.5)

0.55
(11)

0.958
(13)

0.97
(8.5)

0.908
(10.5)

0.946
(5)

10.38

P18 0.979
(9)

0.978
(9)

0.978
(3)

0.979
(1.5)

0.99
(10.5)

0.986
(8.5)

0.99
(2)

0.99
(9.5)

0.82
(9)

0.82
(8.5)

0.80
(2.5)

0.82
(1.5)

0.978
(6)

0.97
(8.5)

0.979
(3)

0.978
(1.5)

5.84

P19 0.960
(12)

0.966
(11.5)

0.933
(6)

0.947
(4)

0.97
(12.5)

0.986
(8.5)

0.95
(5)

0.95
(12.5)

0.70
(12.5)

0.78
(10.5)

0.45
(5)

0.50
(12.5)

0.959
(11.5)

0.96
(10.5)

0.933
(6)

0.947
(6.5)

9.19

P20 0.992
(1.5)

0.979
(7.5)

0.986
(1)

0.931
(6.5)

1.00
(4.5)

0.986
(10.5)

1.00
(1)

1.00
(4.5)

0.95
(1.5)

0.90
(6.5)

0.90
(1)

0.65
(5.5)

0.992
(1.5)

0.98
(3.5)

0.986
(1)

0.925
(6.5)

4.00

P21 0.881
(21.5)

0.916
(16.5)

0.908
(12)

0.914
(15.5)

0.92
(21.5)

0.932
(15.5)

0.92
(15)

0.91
(21.5)

0.20
(21.5)

0.40
(15.5)

0.15
(13.5)

0.20
(21)

0.881
(21.5)

0.92
(15.5)

0.908
(10.5)

0.914
(12.5

15.34

P22 0.881
(21.5)

0.916
(16.5)

0.846
(24)

0.914
(15.5)

0.92
(21.5)

0.932
(15.5)

0.85
(24)

0.91
(21.5)

0.20
(21.5)

0.40
(15.5)

0.30
(7.5)

0.20
(21)

0.881
(21.5)

0.92
(15.5)

0.846
(24)

0.914
(12.5

17.13

P23 0.920
(16)

0.900
(22)

0.900
(19)

0.913
(21)

0.94
(16)

0.918
(21.5)

0.92
(15)

0.92
(16)

0.50
(16)

0.25
(21.5)

0.10
(19.5)

0.35
(16)

0.918
(16)

0.90
(21.5)

0.900
(18.5)

0.912
(18)

18.34

P24 0.881
(21.5)

0.916
(16.5)

0.907
(16)

0.914
(15.4)

0.92
(21.5)

0.932
(15.5)

0.92
(15)

0.91
(21.5)

0.20
(21.5)

0.40
(15.5)

0.20
(9.5)

0.20
(21)

0.881
(21.5)

0.92
(15.5)

0.906
(15)

0.914
(12.5)

17.18
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Table 11
Performance and ranking of DLBCL Stanford microarray database.

Pipeline Accuracy Sensitivity Specificity Jaccard Overall
Average
Grade

KNN NB ANN MLR KNN NB ANN MLR KNN NB ANN MLR KNN NB ANN MLR

P1 0.88
(7)

0.81
(12)

0.81
(17)

0.83
(15.5)

0.961
(8.5)

0.86
(12)

1.00
(9)

1.00
(6)

0.72
(9)

0.52
(12)

0.57
(17)

0.67
(7.5)

0.85
(7)

0.80
(11.5)

0.76
(17)

0.775
(15.5)

11.72

P2  0.94
(3)

0.81
(12)

0.87
(4)

0.83
(15.5)

0.986
(3)

0.86
(12)

1.00
(9)

1.00
(6)

0.88
(3)

0.52
(12)

0.73
(3.5)

0.67
(7.5)

0.92
(3)

0.80
(11.5)

0.83
(5.5)

0.775
(15.5)

8.13

P3  0.94
(3)

0.81
(12)

0.86
(7)

0.83
(15.5)

0.986
(3)

0.86
(12)

0.96
(20)

1.00
(6)

0.88
(3)

0.52
(12)

0.65
(9)

0.67
(7.5)

0.92
(3)

0.80
(11.5)

0.82
(11)

0.775
(15.5)

9.69

P4  0.81
(17.5)

0.81
(12)

0.86
(7)

0.84
(8.5)

0.865
(16.5)

0.86
(12)

0.96
(20)

0.83
(16.5)

0.52
(16.5)

0.52
(12)

0.65
(9)

0.60
(16.5)

0.80
(16.5)

0.80
(11.5)

0.82
(11)

0.829
(4.5)

12.66

P5  0.81
(17.5)

0.81
(12)

0.85
(10.5)

0.84
(8.5)

0.865
(16.5)

0.86
(12)

1.00
(9)

0.83
(16.5)

0.52
(16.5)

0.52
(12)

0.60
(14)

0.60
(16.5)

0.80
(16.5)

0.80
(11.5)

0.82
(11)

0.829
(4.5)

12.50

P6  0.88
(7)

0.81
(12)

0.84
(12)

0.83
(15.5)

0.961
(8.5)

0.86
(12)

1.00
(9)

1.00
(6)

0.72
(9)

0.52
(12)

0.67
(6)

0.67
(7.5)

0.85
(7)

0.80
(11.5)

0.80
(14)

0.775
(15.5)

9.47

P7  0.86
(12)

0.81
(12)

0.86
(7)

0.87
(2)

0.961
(8.5)

0.86
(12)

0.96
(20)

1.00
(6)

0.65
(12)

0.52
(12)

0.65
(9)

0.68
(2.5)

0.82
(12)

0.80
(11.5)

0.82
(11)

0.825
(8.5)

10.44

P8  0.86
(12)

0.81
(12)

0.86
(7)

0.87
(2)

0.961
(8.5)

0.86
(12)

0.96
(20)

1.00
(6)

0.65
(12)

0.52
(12)

0.65
(9)

0.68
(2.5)

0.82
(12)

0.80
(11.5)

0.82
(11)

0.825
(8.5)

10.44

P9  0.80
(22.5)

0.81
(12)

0.76
(22.5)

0.77
(22)

0.857
(22)

0.86
(12)

1.00
(9)

0.80
(22)

0.65
(12)

0.52
(12)

0.17
(24)

0.40
(22)

0.78
(22)

0.80
(11.5)

0.74
(23)

0.755
(22)

17.63

P10  0.86
(12)

0.81
(12)

0.83
(14.5)

0.87
(2)

0.961
(8.5)

0.86
(12)

1.00
(9)

1.00
(6)

0.65
(12)

0.52
(12)

0.73
(3.5)

0.70
(1)

0.82
(12)

0.80
(11.5)

0.83
(5.5)

0.833
(1)

9.06

P11  0.88
(7)

0.81
(12)

0.83
(14.5)

0.83
(15.5)

0.961
(8.5)

0.86
(12)

1.00
(9)

1.00
(6)

0.72
(9)

0.52
(12)

0.69
(5)

0.67
(7.5)

0.85
(7)

0.80
(11.5)

0.78
(16)

0.775
(15.5)

10.75

P12  0.80
(22.5)

0.81
(12)

0.76
(22.5)

0.77
(22)

0.857
(22)

0.86
(12)

1.00
(9)

0.80
(22)

0.47
(22)

0.52
(12)

0.24
(21.5)

0.40
(22)

0.78
(22)

0.80
(11.5)

0.75
(21.5)

0.755
(22)

18.00

P13  0.81
(17.5)

0.81
(12)

0.84
(13)

0.84
(8.5)

0.865
(16.5)

0.86
(12)

0.83
(24)

0.83
(16.5)

0.52
(16.5)

0.52
(12)

0.60
(14)

0.60
(16.5)

0.80
(16.5)

0.80
(11.5)

0.83
(4)

0.829
(4.5)

13.16

P14  0.80
(22.5)

0.81
(12)

0.78
(19)

0.77
(22)

0.857
(22)

0.86
(12)

1.00
(9)

0.80
(22)

0.47
(22)

0.52
(12)

0.30
(19)

0.40
(22)

0.78
(22)

0.80
(11.5)

0.76
(19)

0.755
(22)

17.47

P15  0.83
(14)

0.81
(12)

0.75
(24)

0.77
(22)

0.857
(22)

0.86
(12)

1.00
(9)

0.80
(22)

0.47
(22)

0.52
(12)

0.21
(23)

0.40
(22)

0.78
(22)

0.80
(11.5)

0.72
(24)

0.755
(22)

17.06

P16  0.86
(9.5)

0.81
(12)

0.78
(19)

0.85
(4.5)

0.907
(12.5)

0.86
(12)

1.00
(9)

0.94
(12.5)

0.78
(6.5)

0.52
(12)

0.30
(19)

0.66
(12.5)

0.84
(9.5)

0.80
(11.5)

0.76
(19)

0.818
(10.5)

11.91

P17  0.94
(3)

0.81
(12)

0.88
(3)

0.83
(15.5)

0.986
(3)

0.86
(12)

1.00
(9)

1.00
(6)

0.88
(3)

0.52
(12)

0.63
(12)

0.67
(7.5)

0.92
(3)

0.80
(11.5)

0.85
(2)

0.775
(15.5)

8.38

P18  0.94
(3)

0.81
(12)

0.89
(2)

0.83
(15.5)

0.986
(3)

0.86
(12)

1.00
(9)

1.00
(6)

0.88
(3)

0.52
(12)

0.80
(2)

0.67
(7.5)

0.92
(3)

0.80
(11.5)

0.85
(3)

0.775
(15.5)

7.75

P19  0.86
(9.5)

0.81
(12)

0.86
(7)

0.85
(4.5)

0.907
(12.5)

0.86
(12)

0.96
(20)

0.94
(12.5)

0.78
(6.5)

0.52
(12)

0.65
(9)

0.66
(2.5)

0.84
(9.5)

0.80
(11.5)

0.82
(11)

0.818
(10.5)

10.72

P20  0.94
(3)

0.85
(1)

0.90
(1)

0.83
(15.5)

0.986
(3)

0.96
(1)

1.00
(9)

1.00
(6)

0.88
(3)

0.65
(1)

0.82
(1)

0.67
(7.5)

0.92
(3)

0.81
(1)

0.87
(1)

0.775
(15.5)

4.13

P21  0.81
(17.5)

0.81
(12)

0.8(16(16) 0.84
(8.5)

0.865
(16.5)

0.86
(12)

0.90
(23)

0.83
(16.5)

0.52
(16.5)

0.52
(12)

0.58
(16)

0.60
(16.5)

0.80
(16.5)

0.80
(11.5)

0.79
(15)

0.829
(4.5)

13.09

P22  0.81
(17.5)

0.81
(12)

0.85
(10.5)

0.84
(8.5)

0.865
(16.5)

0.86
(12)

1.00
(9)

0.83
(16.5)

0.52
(16.5)

0.52
(12)

0.60
(14)

0.60
(16.5)

0.80)
(16.5)

0.80
(11.5)

0.82
(11)

0.829
(4.5)

12.50

P23  0.80
(22.5)

0.68
(23.5)

0.76
(21)

0.77
(22)

0.857
(22)

0.76
(24)

1.00
(9)

0.80
(22)

0.47
(22)

0.16
(24)

0.24
(21.5)

0.40
(22)

0.78
(22)

0.67
(24)

0.75
(21.5)

0.755
(22)

21.69

P24  0.81
(17.5)

0.68
(23.5)

0.78
(19)

0.84
(8.5)

0.865
(16.5)

0.86
(12)

1.00
(9)

0.83
(16.5)

0.52
(16.5)

0.52
(12)

0.30
(19)

0.60
(16.5)

0.80
(16.5)

0.80
(11.5)

0.76
(19)

0.829
(4.5)

14.56
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Table 12
Top average grade models for different microarray datasets.

Datasets Pipelines with top3 grades

Top1 Top2 Top3

Leukemia [P6] [P1,P7,P11] [P8]
Colon [P22] [P7] [P24]
Prostate [P8] [P21] [P7,P10]
CNS [P16,P17,P19] [P18] [P20]
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Lungcancer1 [P8] [P1,P11] [P7,P18]
Lungcancer2 [P20] [P2] [P18]
DLBCL Stanford [P20] [P18] [P2]

bserved data. Every value of the independent variable is associated
ith a value of the dependent variable [51,52].

.7. Performance metrics

The performance metrics considered for evaluation of the exper-
mental work are discussed here. In the final stage of classification
he actual output is compared with target output and there are four
ossible outcomes.

i True positive (TrP): Diseased sample correctly classified
ii False positive (FlP): Diseased sample incorrectly classified
ii True negative (TrN): Healthy sample correctly identified
v False negative (FlN): Healthy sample incorrectly classified

Based on these outcomes four performance criteria are evalu-
ted

ccuracy =
(

TrP + TrN

Total number of sample

)
∗ 100 (8)

ensitivity =
(

TrP

TrP + FlP

)
∗ 100 (9)

pecificity =
(

TrN

TrN + FlN

)
∗ 100 (10)

accard =
(

TrP

TrP + FlP + FlN

)
∗ 100 (11)

.8. Results and discussion

The results of four performance metrics evaluated for twenty
our pipelines with four classifiers for seven microarray databases
re shown in Tables 5–11.

The results of Leukemia microarray database for the four per-
ormance metrics/classifier for twenty four pipelines are shown in
able 5. In each cell the results are followed by the grade of the
esults in the respective column for twenty four pipelines. Highest
erformance of a pipeline is assigned grade 1, next highest as 2 and
o on. When more than one pipeline has the same level of perfor-
ance, average grade is assigned to each one. For example in the

econd column of Table 5, P10 yield the highest accuracy of 0.98 for
NN and it is assigned grade 1. Next highest accuracy of 0.95 for
NN is yield by P2, P3 and P20, their respective grades 2, 3, and 4,
verage of which i.e. (2 + 3 + 4)/3 = 3 is assigned as the grade to all
he three pipeline models.

To evaluate the best model for each dataset, the last column of
he table shows the overall average grade of each pipeline. The over-
ll average grade of a pipeline model is the average of the grades of
ll the classifiers for all the performance metrics of the respective
ipeline model.
From the analysis overall average grade of Table 5 for Leukemia
atabase, it is revealed that model P6 possesses the lowest overall
verage grade of 5.22 and hence can be considered as the best model
or Leukemia database. Further after P6, the models P1, P7 and P11
omputing 48 (2016) 298–316

possess the next lowest overall average grade of 5.78 and can be
considered as the next best models.

The overall average grade of for Colon database presented in
Table 6 is analyzed and it is found that model P22 possesses the
lowest overall average grade of 7.56 and hence may be treated as
the best model for Colon database. Further after P22, the model P7
possesses the next lowest overall average grade of 7.91 and can be
considered as the next best model.

From the analysis overall average grade of Table 7 for Prostate
database, it is revealed that model P8 possesses the lowest overall
average grade of 5.34 and hence can be considered as the best model
for Prostate database. Further after P8, the model P21 possesses the
next lowest overall average grade of 6.16 and can be considered as
the next best models for Prostate database.

The overall average grade of for CNS database presented in
Table 8 is analyzed and it is found that models P16, 17, and P19
possess the lowest overall average grade of 6.28 and hence may
be treated as the best models for CNS database. Further after these
models, the models P18 possesses the next lowest overall average
grade of 6.88 and can be considered as the next best model.

From the analysis of overall average grade of Table 9 for Lung-
cancer1 database, it is revealed that model P8 possesses the lowest
overall average grade of 5.06 and hence can be considered as the
best model for Lungcancer1 database. Further after P8, the models
P1 and P11 possess the next lowest overall average grade of 6.03
and can be considered as the next best models for Lungcancer1
database.

The overall average grade of for Lungcancer2 database pre-
sented in Table 10 is analyzed and it is found that model P20
possesses the lowest overall average grade of 4.00 and hence may
be treated as the best model for Lungcancer2 database. Further after
P20 model, the model P2 possesses the next lowest overall average
grade of 4.5 and can be considered as the next best model.

From the analysis of overall average grade of Table 11 for DLBCL
Stanford database, it is revealed that model P20 possesses the low-
est overall average grade of 4.13 and hence can be considered as
the best model for DLBCL Stanford database. Further after P20, the
model P18 possesses the next lowest overall average grade of 7.75
and can be considered as the next best model for DLBCL Stanford
database.

The pipeline models with the top three grades obtained from
the overall average grade from Tables 5–11 is presented below
in Table 12. From such average grading/pipeline, it is difficult
to conclude the performance of any pipeline which is better in
comparison to others when all the databases are considered simul-
taneously.

As the average results of four classifiers for each performance
index are considered here for analysis. After 1st stage grading, the
grades of Tables 5–11 for different databases are average out and
is presented in Table 13. For example if the average grade of P1 for
accuracy/KNN in Table 13 is referred asT13(P1,Accuracy,KNN). Then

T13(P1,Accuracy,KNN) = [T5(P1,Accuracy,KNN)

+T6(P1,Accuracy,KNN) + ... + T11(P1,Accuracy,KNN)]/7 ,

where T5, · · ·, T11 are Tables 5–11, respectively.
It can be revealed that a single pipeline does not possess the

highest grade or lowest grade for different classifiers and different
performance metric. So obtaining a conclusive result after 1st stage
grading is also difficult. Therefore to arrive at a consensus second
stage of grading is done. Table 14 shows the second stage grading of

the pipeline. For example taking average grade of accuracy for KNN
classifier in Table 13, the lowest average grade is 5.43 of pipeline
P1, which is assigned grade 1. The nest lowest average grade is 5.64
of pipeline P2, which is assigned grade 2, and so on.
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Table  13
Average of 1st stage grading for seven databases.

pipeline Accuracy Sensitivity Specificity Jaccard

KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR

P1 5.43 9.57 9.36 12.57 9.21 7.21 9.79 10.29 11.07 8.36 11.21 10.79 9.21 7.43 9.50 12.43
P2  5.64 10.00 9.29 9.00 7.00 10.79 9.14 7.14 8.43 9.79 8.93 7.57 9.07 10.50 8.29 11.00
P3  5.93 10.29 9.36 7.71 10.43 10.36 11.07 7.36 11.43 10.07 8.07 6.50 11.29 10.07 11.43 9.29
P4  15.64 12.93 11.86 12.00 16.58 12.57 13.71 14.21 15.50 12.50 12.21 13.93 16.50 12.57 12.21 11.07
P5  18.36 12.93 10.50 12.00 16.21 12.57 11.36 15.21 15.50 12.50 10.86 14.93 16.50 12.57 12.36 12.21
P6  8.36 9.57 14.43 12.79 9.64 9.50 11.36 11.79 9.79 9.64 12.79 10.43 8.64 9.71 10.86 12.64
P7  7.29 6.93 12.43 9.57 6.71 6.93 12.79 9.43 7.43 8.29 11.86 6.93 6.50 6.86 11.43 9.86
P8  9.50 7.14 12.29 8.29 6.71 7.07 12.71 9.93 8.00 8.29 11.86 6.79 8.50 7.00 12.29 8.79
P9  20.29 20.43 17.43 18.83 20.57 20.79 17.36 19.29 20.14 20.29 17.64 18.93 20.57 20.71 19.86 18.86
P10  7.14 7.14 13.21 11.79 6.14 9.86 12.00 10.07 7.07 10.93 11.21 9.64 6.21 9.79 11.64 12.00
P11  10.07 9.57 9.43 12.57 8.64 9.50 11.57 10.29 11.29 9.64 10.86 10.79 10.07 9.71 12.50 12.43
P12  20.64 20.43 18.36 18.83 20.79 20.64 14.29 19.93 20.86 20.71 15.00 19.57 20.57 20.57 15.71 19.08
P13  14.21 12.71 13.21 10.67 15.07 13.14 16.43 14.93 13.43 12.21 13.86 14.29 14.29 13.00 13.07 11.07
P14  20.29 20.79 18.57 19.67 20.86 20.29 17.71 19.14 20.64 20.86 18.36 19.07 20.93 20.43 19.79 18.50
P15  20.14 20.21 19.21 20.92 19.79 20.14 16.07 19.07 20.50 20.07 19.21 21.43 20.21 19.93 18.29 20.25
P16  9.14 10.07 10.36 5.79 9.07 10.14 8.36 10.21 6.86 10.36 12.57 9.50 7.21 10.14 9.57 7.29
P17  9.07 9.86 10.93 10.14 8.93 9.21 11.07 9.50 8.71 9.57 12.36 8.36 9.36 9.07 8.64 11.36
P18  7.64 8.29 7.79 9.14 8.00 9.00 8.21 12.21 6.86 8.14 7.93 7.86 8.50 9.29 6.71 9.86
P19  9.14 10.07 8.57 5.79 9.07 10.14 11.57 9.14 6.86 10.36 11.14 8.50 7.21 10.14 9.50 6.79
P20  6.21 8.43 4.79 8.86 8.00 9.21 7.29 7.14 6.43 8.21 6.07 7.57 7.43 9.00 7.21 10.50
P21  14.79 12.86 11.50 13.21 12.93 13.00 12.71 15.93 13.14 11.93 11.57 16.07 12.64 12.64 10.79 12.79
P22  14.64 12.00 14.64 12.36 13.93 11.50 14.71 14.21 13.43 11.50 12.93 14.36 14.79 11.29 14.86 11.07
P23  19.36 20.93 18.07 20.25 19.93 22.36 16.29 18.64 19.21 22.29 17.43 18.43 19.64 22.29 18.64 18.92
P24  17.07 16.86 14.43 14.43 14.43 12.50 10.71 13.64 14.43 11.93 12.36 15.29 15.14 12.14 13.14 10.86

Table 14
Second stage grading of the pipeline models for different performance metrics.

Pipeline 2nd stage grading
for Accuracy

Average
Grade

2nd stage grading
for Sensitivity

Average
Grade

2nd stage grading
wrt Specificity

Average
Grade

2nd stage grading
wrt Jaccard

Average
Grade

KNN NB ANN MLR  KNN NB ANN MLR KNN NB ANN MLR  KNN NB ANN MLR

P1 1 7 5.5 15.5 7.25 11 3 5 10.5 4 11 5 8.5 12.5 9.25 10 3 5.5 16.5 8.75
P2  2 10 4 6 5.5 4 13 4 1.5 5.625 8 9 4 4.5 6.375 9 13 3 9 8.5
P3  3 13 5.5 3 6.125 13 12 9.5 3 4 13 10 3 1 6.75 13 10 10.5 4 9.375
P4  17 17.5 12 12.5 14.75 19 16.5 17 15.5 17 18.5 19 13 14 16 18.5 16.5 13 11 14.75
P5  19 17.5 9 12.5 14.5 18 16.5 7.5 18 4 18.5 19 5.5 17 14.875 18.5 16.5 15 15 16.25
P6  8 7 17.5 17 12.375 12 7.5 7.5 12 9.75 10 7.5 17 11 11.375 8 7.5 9 18 10.625
P7  6 1 14 8 7.25 2.5 1 16 5 4 6 3.5 11.5 3 6 2 1 10.5 5.5 4.75
P8  12 2.5 13 4 7.875 2.5 2 14.5 7 6.5 7 3.5 11.5 2 6 6.5 2 14 3 6.375
P9  22.5 21.5 20 20.5 21.125 22 23 23 23 4 21 21 22 21 21.25 22.5 23 24 21 22.625
P10  5 2.5 15.5 11 8.5 1 9 13 8 7.75 5 13 8.5 10 9.125 1 9 12 14 9
P11  13 7 7 15.5 10.625 7 7.5 11.5 10.5 4 12 7.5 5.5 12.5 9.375 12 7.5 16 16.5 13
P12  24 21.5 22 20.5 22 23 22 18 24 21.75 24 22 20 23 22.25 22.5 22 20 23 21.875
P13  14 15 15.5 10 13.625 17 19 22 17 4 15.5 17 19 15 16.625 15 19 17 11 15.5
P14  22.5 23 23 22 22.625 24 21 24 22 22.75 23 23 23 22 22.75 24 21 23 20 22
P15  21 20 24 24 22.25 20 20 20 21 4 22 20 24 24 22.5 21 20 21 24 21.5
P16  10.5 11.5 8 1.5 7.875 9.5 10.5 3 9 8 3 12 16 9 9.875 3.5 11.5 7 2 6
P17  9 9 10 9 9.25 8 5.5 9.5 6 4 9 6 14.5 7 9.125 11 5 4 13 8.25
P18  7 4 2 7 5 5.5 4 2 13 6.125 3 1 2 6 3 6.5 6 1 5.5 4.75
P19  10.5 11.5 3 1.5 6.625 9.5 10.5 11.5 4 4 3 12 7 8 7.375 3.5 11.5 5.5 1 5.375
P20  4 5 1 5 3.75 5.5 5.5 1 1.5 3.375 1 2 1 4.5 2.125 5 4 2 7 4.5
P21  16 16 11 18 15.25 14 18 14.5 19 4 14 16 10 19 14.625 14 18 8 19 14.75
P22  15 14 19 14 15.5 15 14 19 15.5 15.875 15.5 14 18 16 15.875 16 14 19 11 15
P23  20 24 21 23 22 21 24 21 20 4 20 24 21 20 21.25 20 24 22 22 22
P24  18 19 17.5 19 18.375 16 15 6 14 12.75 17 16 14.5 18 16.25 17 15 18 8 14.5

Table 15
Significance difference for four performance metrics.

Pipeline Significance Difference (maximum average grade-average grade of specified pipeline)

Accuracy Sensitivity Specificity Jaccard

.38 

6.625
5 

T
m
f

P20 22.625 − 3.75 = 18.875 22.75 − 3.37 = 19
P18  22.625 − 5 = 17.625 22.75 − 6.125 = 1
P2  22.625 − 5.5 = 17.125 22.75 − 5.6 = 17.1
The average of second stage grading for each pipelines in
able 14 is presented as the last column under each performance
etric. It can be seen that the average grade of model P20 is 3.75

or accuracy, is 3.375 for sensitivity, is 2.125 for specificity and
22.75 − 2.12 = 20.63 22.625 − 4.5 = 18.125
* 22.75 − 3 = 19.75 22.625 − 4.75 = 17.875

22.75 − 6.375 = 16.375* 22.625 − 8.5 = 14.125*
4.5 for jaccard performance metrics which is the minimum, which
indicates that P20 may be considered as the most stable model.
Further in this proposed approach the performance of multiple
models over multiple classifiers and on multiple data sets is com-
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Table 16
Comparison of performance of P20 with single ranking techniques with their 1st order grading.

Database Ranking
meth-
ods

Accuracy Sensitivity Specificity Jaccard

KNN NB ANN MLR KNN NB ANN MLR KNN NB ANN MLR KNN NB ANN MLR

Leukemia SNR 0.69 (5) 0.59 (5) 0.61
(5)

0.57
(5)

0.15
(5)

0.05
(4)

0.32
(5)

0.00
(5)

0.73
(5)

0.67
(5)

0.69
(5)

0.64
(5)

0.10
(5)

0.05
(5)

0.30
(5)

0.00
(5)

PCC  0.98
(1.5)

1.00 (2) 0.89
(4)

0.98
(1.5)

0.90
(2)

1.00
(2)

0.78
(4)

0.90
(1.5)

0.98
(2.5)

1.00
(2.5)

0.98
(2.5)

0.98
(1.5)

0.90
(2)

1.00
(2)

0.78
(4)

0.90
(1.5)

IG  0.98
(1.5)

1.00 (2) 0.94
(3)

0.98
(1.5)

0.90
(2)

1.00
(2)

0.85
(3)

0.90
(1.5)

0.98
(2.5)

1.00
(2.5)

0.98
(2.5)

0.98
(1.5)

0.90
(2)

1.00
(2)

0.85
(3)

0.90
(1.5)

ttest 0.94 (4) 0.97 (4) 0.97 (2) 0.88
(4)

0.85
(4)

0.95
(3)

0.90
(2)

0.70
(3.5)

0.98
(2.5)

1.00
(2.5)

0.97
(4)

0.93
(3)

0.85
(4)

0.95
(4)

0.90
(2)

0.65
(4)

P20  0.95 (3) 1.00 (2) 0.98
(1)

0.92
(3)

0.90
(1)

1.00
(2)

0.95
(1)

0.70
(3.5)

0.98
(2.5)

1.00
(2.5)

1.00
(1)

0.92
(1)

0.90
(2)

1.00
(2)

0.95
(1)

0.70
(3)

SNR 0.61
(3)

0.54
(5)

0.56
(4.5)

0.61
(2)

0.37
(5)

0
(5)

0.5
(4)

0.35
(4.5)

0.7
(5)

0.60
(4.5)

0.6
(4.5)

0.64
(4.5)

0.26
(5)

0
(5)

0.33
(4)

0.22
(4.5)

Colon PCC 0.74
(1)

0.57
(3)

0.57
(2.5)

0.05
(5)

0.58
(1)

0.72
(1.5)

0.62
(1.5)

0.35
(4.5)

0.77
(2)

0.60
(4.5)

0.72
(1.5)

0.64
(4.5)

0.47
(2)

0.54
(1.5)

0.47
(1.5)

0.22
(4.5)

IG  0.57
(4.5)

0.57
(3)

0.56
(4.5)

0.06
(3.5)

0.38
(3.5)

0.72
(1.5)

0.10
(5)

0.65
(2)

0.78
(1)

0.78
(1.5)

0.60
(4.5)

0.75
(3)

0.27
(4)

0.54
(1.5)

0.03
(5)

0.43
(2.5)

ttest 0.57
(4.5)

0.57
(3)

0.57
(2.5)

0.06
(3.5)

0.38
(3.5)

0.67
(3)

0.62
(1.5)

0.65
(2)

0.76
(3.5)

0.78
(1.5)

0.72
(1.5)

0.76
(2)

0.48
(1)

0.53
(3)

0.47
(1.5)

0.43
(2.5)

P20 0.68
(2)

0.74
(1)

0.71
(1)

0.81
(1)

0.43
(2)

0.60
(4)

0.58
(3)

0.65
(2)

0.76
(3.5)

0.70
(3)

0.69
(3)

0.80
(1)

0.39
(3)

0.50
(4)

0.35
(3)

0.52
(1)

CNS SNR 0.57
(2.5)

0.57
(2.5)

0.57
(2.5)

0.46
(3.5)

0.65
(3.5)

0.63
(3)

0.45
(3)

0.21
(2)

0.45
(4)

0.45
(4)

0.45
(4)

0.14
(3)

0.63
(3)

0.63
(1)

0.33
(3)

0.28
(3.5)

PCC 0.57
(2.5)

0.57
(2.5)

0.57
(2.5)

0.46
(3.5)

0.65
(3.5)

0.63
(3)

0.40
(4.5)

0.10
(5)

0.40
(5)

0.40
(5)

0.40
(5)

0.45
(2)

0.92
(1)

0.40
(4)

0.33
(3)

0.28
(3.5)

IG  0.45
(4.5)

0.45
(4.5)

0.45
(4.5)

0.46
(3.5)

0.70
(2)

0.63
(3)

0.62
(1)

0.20
(3.5)

0.62
(3)

0.97
(1)

0.97
(1)

0.13
(4.5)

0.45
(4.5)

0.45
(3.5)

0.35
(1)

0.28
(3.5)

ttest 0.45
(4.5)

0.45
(4.5)

0.45
(4.5)

0.46
(3.5)

0.64
(5)

0.63
(3)

0.40
(4.5)

0.20
(3.5)

0.80
(2)

0.80
(2)

0.80
(2)

0.13
(4.5)

0.45
(4.5)

0.45
(3.5)

0.30
(5)

0.28
(3.5)

P20 0.80
(1)

0.68
(1)

0.67
(1)

0.70
(1)

0.71
(1)

0.63
(3)

0.48
(2)

0.53
(1)

0.94
(1)

0.89
(3)

0.74
(3)

0.71
(1)

0.65
(2)

0.51
(2)

0.33
(3)

0.32
(1)
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Table 16 (Continued)

Database Ranking
meth-
ods

Accuracy Sensitivity Specificity Jaccard

KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR

Prostrate SNR 0.53
(4)

0.05
(3.5)

0.05
(3.5)

0.52
(5)

0.72
(5)

0.44
(5)

0.20
(5)

0.58
(5)

0.82
(5)

0.69
(5)

0.60
(5)

0.72
(5)

0.54
(5)

0.30
(5)

0.12
(5)

0.42
(5)

PCC 0.54
(3)

0.05
(3.5)

0.05
(3.5)

0.54
(3)

1.00
(2.5)

0.93
(3)

1.00
(2.5)

0.93
(3)

0.98
(3.5)

1.00
(2.5)

0.96
(3.5)

0.91
(2.5)

0.95
(3.5)

0.93
(3)

0.92
(4)

0.77
(2)

IG  0.54
(3)

0.05
(3.5)

0.05
(3.5)

0.54
(3)

1.00
(2.5)

0.97
(1)

1.00
(2.5)

1.00
(1)

1.00
(1.5)

1.00
(2.5)

1.00
(1.5)

0.91
(2.5)

1.00
(1.5)

0.97
(1)

1.00
(1.5)

0.70
(3.5)

ttest 0.54
(3)

0.05
(3.5)

0.05
(3.5)

0.54
(3)

1.00
(2.5)

0.93
(3)

1.00
(2.5)

0.97
(2)

0.98
(3.5)

1.00
(2.5)

0.96
(3.5)

0.98
(1)

0.95
(3.5)

0.93
(3)

0.90
(3)

0.90
(1)

P20 0.98
(1)

0.97
(1)

1.00
(1)

0.90
(1)

1.00
(2.5)

0.93
(3)

1.00
(2.5)

0.90
(4)

1.00
(1.5)

1.00
(2.5)

1.00
(1.5)

0.89
(4)

1.00
(1.5)

0.93
(3)

1.00
(1.5)

0.70
(3.5)

Lungcancer1 SNR 0.88
(2.5)

0.88
(5)

0.72
(4.5)

0.86
(4)

1.00
(2)

1.00
(1)

0.80
(4.5)

0.94
(4)

0.90
(1.5)

0.90
(1)

0.21
(4.5)

0.33
(4)

1.00
(1)

1.00
(1)

0.33
(4.5)

0.85
(4)

PCC 0.70
(5)

0.87
(3)

0.72
(4.5)

0.87
(2.5)

0.95
(5)

0.90
(2.5)

0.80
(4.5)

0.92
(5)

0.40
(5)

0.45
(5)

0.21
(4.5)

0.20
(3)

0.94
(4.5)

0.93
(5)

0.33
(4.5)

0.91
(3)

IG  0.88
(2.5)

0.87
(3)

0.88
(2.5)

0.85
(5)

1.00
(2)

0.85
(4.5)

1.00
(2)

0.95
(3)

0.90
(1.5)

0.75
(4)

0.90
(1.5)

0.16
(5)

0.94
(4.5)

0.97
(4)

1.00
(1.5)

0.72
(5)

ttest 0.87
(4)

0.87
(3)

0.88
(2.5)

0.87
(2.5)

0.99
(4)

0.85
(4.5)

1.00
(2)

1.00
(1.5)

0.80
(4)

0.80
(2.5)

0.90
(1.5)

0.65
(1)

0.99
(2)

0.99
(2.5)

1.00
(1.5)

0.94
(1)

P20 0.98
(1)

0.99
(1)

0.98
(1)

0.93
(1)

1.00
(2)

0.90
(2.5)

1.00
(2)

1.00
(1.5)

0.83
(3)

0.80
(2.5)

0.83
(3)

0.62
(2)

0.98
(3)

0.99
(2.5)

0.98
(3)

0.92
(2)

Lungcancer2 SNR 0.91
(4)

0.93
(4)

0.90
(4.5)

0.89
(3)

0.93
(4)

0.94
(4)

0.90
(2.5)

0.91
(4.5)

0.77
(2.5)

0.45
(4)

0.00
(4.5)

0.05
(5)

0.91
(4)

0.93
(4)

0.90
(4.5)

0.89
(3)

PCC 0.88
(5)

0.92
(5)

0.90
(4.5)

0.91
(2)

0.92
(5)

0.93
(5)

0.90
(2.5)

0.91
(4.5)

0.76
(4.5)

0.40
(5)

0.00
(4.5)

0.20
(4)

0.88
(5)

0.92
(5)

0.90
(4.5)

0.91
(2)

IG  0.99
(1.5)

0.99
(2)

0.99
(1.5)

0.87
(5)

0.99
(2.5)

1.00
(1)

0.90
(2.5)

0.98
(3)

0.76
(2.5)

0.97
(1)

1.00
(1)

0.44
(3)

0.99
(1.5)

0.99
(1)

0.99
(1.5)

0.86
(4.5)

ttest 0.97
(3)

0.98
(3)

0.91
(3)

0.88
(4)

0.99
(2.5)

0.99
(2)

0.89
(5)

1.00
(1.5)

0.77
(4.5)

0.80
(3)

0.15
(3)

0.52
(2)

0.97
(3)

0.98
(2.5)

0.91
(3)

0.86
(4.5)

P20 0.99
(1.5)

1.00
(1)

0.99
(1.5)

0.93
(1)

1.00
(1)

0.98
(3)

0.90
(2.5)

1.00
(1)

0.95
(1)

0.90
(2)

0.90
(2)

0.65
(1)

0.99
(1.5)

0.98
(2.5)

0.99
(1.5)

0.93
(1‘)

DLBCL stanford SNR 0.70
(4)

0.69
(5)

0.63
(5)

0.69
(5)

0.88
(4.5)

0.77
(5)

0.50
(5)

0.79
(5)

0.66
(4)

0.18
(5)

0.22
(5)

0.35
(5)

0.82
(3)

0.71
(4.5)

0.28
(5)

0.70
(4.5)

PCC 0.71
(2)

0.71
(3)

0.70
(3.5)

0.70
(3.5)

0.96
(2.5)

0.93
(4)

1.00
(2.5)

0.85
(3.5)

0.68
(2)

0.65
(2.5)

0.66
(3)

0.57
(3.5)

0.85
(2)

0.71
(4.5)

0.79
(3)

0.70
(4.5)

IG  0.70
(4)

0.71
(3)

0.71
(2)

0.70
(3.5)

0.88
(4.5)

0.97
(3)

1.00
(2.5)

0.85
(3.5)

0.52
(5)

0.65
(2.5)

0.69
(2)

0.57
(3.5)

0.75
(5)

0.86
(1)

0.85
(2)

0.77
(3)

ttest 0.70
(4)

0.71
(3)

0.70
(3.5)

0.71
(2)

0.96
(2.5)

0.96
(1.5)

1.00
(2.5)

0.98
(2)

0.67
(3)

0.65
(2.5)

0.46
(4)

0.66
(2)

0.81
(4)

0.77
(3)

0.75
(4)

0.83
(1)

P20 0.94
(1)

0.85
(1)

0.90
(1)

0.83
(1)

0.99
(1)

0.96
(1.5)

1.00
(2.5)

1.00
(1)

0.88
(1)

0.65
(2.5)

0.82
(1)

0.67
(1)

0.92
(1)

0.81
(2)

0.87
(1)

0.78
(2)
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Table 17
Average grade of 1st order grading of P20 and all single ranking method.

RankingModel Accuracy Sensitivity Specificity Jaccard

KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR  KNN NB ANN MLR

SNR 3.57 4.29 4.21 3.93 4.14 3.86 4.14 4.29 3.86 4.07 4.64 4.36 3.71 3.64 4.43 4.21
PCC  2.86 3.14 3.57 3.00 3.07 3.00 3.14 3.86 3.50 3.86 3.50 3.14 2.86 3.57 3.50 3.00
IG  3.07 3.00 3.07 3.57 2.71 2.29 2.64 2.50 2.71 2.14 2.00 3.29 3.29 2.00 2.21 3.36
ttest  3.86 3.43 3.07 3.21 3.43 2.86 2.86 2.29 3.00 2.50 2.79 2.21 3.14 3.07 2.86 2.50
P20  1.50 1.14 1.07 1.29 1.50 2.71 2.20 2.07 1.93 2.43 2.07 2.00 2.00 2.57 2.00 1.93

Table 18
Second order grading of P20 and all single ranking method in different performance metrics.

RankingModel Accuracy Sensitivity Specificity Jaccard

KNN NB ANN MLR  Average
Grade

KNN NB ANN MLR  Average
Grade

KNN NB ANN MLR  Average
Grade

KNN NB ANN MLR  Average
Grade

SNR 4.00 5.00 5.00 5.00 4.75 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
PCC  2.00 3.00 4.00 2.00 2.75 3.00 4.00 4.00 4.00 3.75 4.00 4.00 4.00 3.00 3.75 2.00 4.00 4.00 3.00 3.25

2.00
3.00
1.25

p
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f
c
m

/7
,

IG  3.00 2.00 2.50 4.00 2.88 2.00 1.00 2.00 3.00 

ttest  5.00 4.00 2.50 3.00 3.63 4.00 3.00 3.00 2.00 

P20  1.00 1.00 1.00 1.00 1.00 1.00 2.00 1.00 1.00 

ared. Since those performance measurements are not guaranteed
o be normally distributed, Nemenyi post-hoc test is suggested [33].
emenyi post hoc test is a nonparametric test to find out the signif-

cance difference among the model. It works on the null hypothesis
hat there exist no significance difference between a pair of models
nd the null hypothesis is rejected if significance difference exists.
n this test pair wise comparison of model is done to find whether

 significant difference exists between two models. If grade of the
odels differ by the critical difference (CD), then a significant dif-

erence exists. The critical difference is defined as

D = q˛

√
k(k + 1)

6N
(12)

here the value of q˛is the critical value of Q for a multiple non-
arametric comparison with a control (Table B.16 in [34]), k is
umber of models and N is number of classifier.

Considering  ̨ = 0.10, q˛ is found to be 3.417 and the corre-
ponding CD is 3.417 ∗

√
24∗25

6∗4 = 17.08. Nemenyi post hoc test is
sed for pair wise comparison. If the grade difference between
he worst performing model and model under consideration is
arger than the CD value then the post-hoc test is powerful enough
o detect any significant differences between the models. In this
ase study, the significance difference is obtained from the differ-
nce of average grade of a model and the average grade of worst
odel. Considering each performance metric significance differ-

nce is evaluated and shown for three pipeline models in Table 15.
The ‘*’ marked values specified in Table 15 are less than the

D value, which indicates significant difference does not exist. It
s observed that for sensitivity performance metric of P18 and for
pecificity and jaccard performance metrics of P2 significant differ-
nce does not exist. Only P20 pipeline model satisfies the Nemenyi
ost hoc test for significant difference for all performance metrics.
part from these three pipelines models presented in Table 15, all
ther models do not satisfy Nemenyi post hoc test for all or major-
ty of the performance metrics. Therefore model P20 can be treated
s a consistent model, P20 may  not perform the best always but its
esults will be competitive with other better performing models.

Further the performance metrics of model P20 and ranking tech-
iques along with their respective grades are presented in Table 16.
In this table, the highest performance metric values for each per-
ormance metric/classifier/database are made bold faces. However
onsidering seven databases, four classifiers and four performance
etrics, there are 112 tests for P20; out of which in 70 tests i.e.
 2.00 1.00 1.00 4.00 2.00 4.00 1.00 2.00 4.00 2.75
 3.00 3.00 3.00 2.00 2.75 3.00 3.00 3.00 2.00 2.75

 1.00 2.00 2.00 1.00 1.50 1.00 2.00 1.00 1.00 1.25

in 63% tests it yield highest performance. Further out of these 70
highest results, in 27 tests few other techniques have also yield
the same result as P20, whereas in 43 test cases P20 has found
highest performance, which is not achieved by any single rank-
ing technique. Still then complete mandate is not in favour of P20,
therefore statistical significance test of these results is essential to
ensure that P20 is significantly better technique than others or not.
Further as the performance of these ranking technique depends on
both classifier as well as on the dataset, single stage grading is not
good enough to test the statistical significance of the results of four
ranking techniques and model P20. Therefore 1st stage grading of
the ranking techniques is shown in Table 17 along with the results
for each dataset/classifier. As discussed before, the highest perfor-
mance of a ranking technique for a database/classifier is assigned
grade 1, next highest as 2 and so on. When more than one rank-
ing technique has the same level of performance, average grade is
assigned to each one. For example in the third column of Table 16
for Leukemia database, PCC and IG yield the highest accuracy of
0.98 for KNN, their average grade (1 + 2)/2 = 1.5 is assigned to both.
Next highest accuracy of 0.95 is yield by P20 is assigned grade 3,
next highest accuracy of 0.94 is yield by ttest is assigned 4 and the
minimum accuracy is yield by SNR is assigned grade 5.

Table 17 shows the average grade of the databases of the 1st
order grading of Table 16. For example if the average grade of SNR
for accuracy/KNN in Table 18 is referred as T17(SNR, Accuracy, KNN).
Then

T17(SNR, Accuracy, KNN) = [T16(D1, SNR, Accuracy, KNN)

+T16(D2, SNR, Accuracy, KNN) + · · · + T16(D7, SNR, Accuracy, KNN)]

where T16 refers to Table 16 and D1, D2, ..., D7 refers to Leukemia,
Colon, CNS, Prostrate, Lungcancer1, Lungcancer2, and DLBCL Stan-
ford databases, respectively.

From the average grades of the 1st stage grading in Table 17,
the 2nd stage grading of the ranking techniques is obtained and
the 2nd stage grades are presented in Table 18. For example taking
average grade of accuracy for KNN classifier in Table 17, the lowest
average grade is 1.5 of pipeline P20, which is assigned grade 1. The
nest lowest average grade is 2.86 of PCC, which is assigned grade 2,
and so on.
In Table 18, the last column under each performance metric
shows the average grades of the four classifiers for the ranking
model. To validate the results, Nemenyi post hoc test is applied
for pair wise comparison, where q˛ is found to be 2.29 and the
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Table  19
Comparison of computation time (in seconds) of single ranking system with P20.

Databases KNN NB ANN MLR

SNR PCC IG ttest P20 SNR PCC IG ttest P20 SNR PCC IG ttest P20 SNR PCC IG ttest P20

CNS 12.6 0.7 14 1.14 28.4 8.5 0.7 4.6 1.17 27.8 32.3 15 60 15 41 8.9 0.66 15 1.2 27.6
Leukemia 5.03 0.5 16 0.91 17.6 4.9 0.5 7.2 0.92 17.4 13.4 8.9 8.8 9.3 26 4.9 0.52 13 0.9 17.5
Postrate 24.1 1.7 18 2.88 48.4 26 1.6 19 2.86 66.4 35.4 14 19 16 80 35 1.7 18 2.9 56.8
DLBCLStanford 16.4 0.9 27 1.43 41.8 11 0.9 25 1.4 40.4 38.2 17 26 18 56 11 0.91 24 1.4 41.7
Lungcancer1 62.1 4.1 62 7.09 150 62 3.9 61 11.9 151 98.1 37 65 47 186 61 3.8 62 94 151
Lungcancer2 22.6 1.6 13 2.27 49.8 13 1.2 10 1.72 52.5 34.8 22 14 24 71 15 1.1 19 1.8 24.8
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Colon Cancer 5.85 0.2 3.6 0.21 7.08 4 0.2 3.9 0.

orresponding CD is 2.09. The significance difference between the
orst ranking technique and P 20 is evaluated for each performance
etric. The significance difference obtained as follows.

i Significance difference of P20 for accuracy: 4.75–1.00 = 3.75
ii Significance difference of P20 for sensitivity: 5.00–1.25 = 3.75
ii Significance difference of P20 for specificity: 5.00–1.50 = 3.50
v Significance difference of P20 for Jaccard: 5.00–1.25 = 3.75

In case of all the performance metrics the significant difference
f P20 is higher than the CD value of 2.09; therefore it satisfies
he Nemenyi post hoc test. No other ranking technique satisfies
he Nemenyi post hoc test for all the performance metrics. There-
ore P20 can be considered as a better model in comparison to four
anking techniques.

Further the time for computation required by the pipeline model
20 is compared with that of single ranking techniques and the
esults are presented in Table 19. As expected the model P20
equires much more time than that of any of the single ranking
echnique and in few cases it requires time more than the sum of
ime required by all the single ranking techniques. In single rank-
ng technique, the database with large feature space is used only
nce to evaluate and rank the features, and then hardly 5–10 fea-
ures are selected for the next steps of action. Whereas in pipelining
echnique, after ranking in each stage, new database is generated
ith 80% of the features, which is also quite large and requires lot

f time to manipulate.
However, the results of this model intended to contribute to

he detection of disease of a human being or related issues, there-
ore the additional time required to have a better prediction is not
eyond tolerance.

. Conclusion & future work

The contribution of proposed work is outlined as follows:

In this case study, a pipeline of gene ranking method is applied to
eliminate some less significant genes at each stage of the pipeline.
Each of the ranking techniques used for the pipeline possesses
different evaluation criterion and ranking system. Therefore very
often a particular gene is assigned different rank by different
ranking technique, which helps different pipelines to eliminate
different set of genes at different stages and the set of genes
selected after passing through different pipelines are always dif-
ferent.
For this work four gene ranking method with significant differ-
ence in ranking approach considered such as signal to noise ratio,
pearson correlation coefficient, information gain and t-statistic to

construct the pipeline.
The combination of four ranking method generates twenty four
unique pipeline models, performance of which is evaluated and
compared for seven publicly available gene expression databases.
7.07 3 13 4.1 14 21 3.6 0.15 4 0.2 7.06

• Further to overrule the performance of single classifier leading
to biasness, four different classifiers are used such as MLR, ANN,
naïve Bayesian network and kNN.

• Again the loophole of a single performance metric is taken care
by considered four performance metrics for evaluation of these
models.

• From the simulation results it is revealed that finding a single
pipeline model or group of models, suitable for best perfor-
mance is difficult because performance of no single pipeline or a
group dominates the rest. Therefore the technique of grading the
pipeline models is employed to find out a competitive pipeline
model.

• To validate the effectiveness of the proposed method Nemenyi
post hoc nonparametric statistical test is conducted to deter-
mine the significant difference among these models. Finally it
is observed that the sequence of feature ranking techniques of
the pipeline model P20 i.e. [correlation coefficient → SNR → t-
statistic → information gain] is found to be the most effective in
comparison to all other pipelines.

• The performance of pipeline model P20 is also compared with
the performance of each single ranking technique considered for
construction of this pipeline. It is observed that P20 does not yield
the best result always in comparison to single ranking techniques,
but satisfies the statistical test of significance among the single
ranking techniques. Further in 63% instances P20 has obtained
highest level of performance and in 38% cases it dominates the
performance of all other single ranking techniques.

• In majority of cases the computation time required by model P20
is much higher in comparison to all other single ranking tech-
niques. However the application of such model is not intended for
any real time system, therefore the additional computation time
required can be accommodated for using a consistent model.

This approach improves the efficiency of the classifier with min-
imal computational effort. So future research work can be extended
to implement other feature selection technique like filter or wrap-
per based approach. Performance improvement of proposed model
can be done using other classifier and performance metrics. In
future this model can also be applied for other high dimensional
data for further validation.
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