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Abstract
Microarray gene data is widely known for its high dimensionality and volume. The utilization of microarray gene data is
increasing now-a-days, owing to the advancement of medical science. Microarray gene data helps in diagnosing diseases quite
accurately. However, processing microarray gene data is difficult and is usually not understandable. Taking this challenge into
account, this work presents a user-friendly rule based classification model, which is easily understandable and does not demand
users to have prior knowledge. The classification rules are formed with the help of cuckoo search optimization algorithm and the
rules are pruned by the associative rule mining. Finally, the classification is performed with the help of the pruned rules. The
performance of the proposed approach is satisfactory in terms of accuracy, sensitivity, specificity and time consumption.

Keywords Microarray gene . Disease analysis . Cancer classification . Association rules

Introduction

Microarray gene expression is widely utilized by the biologi-
cal experts to track the gene expression level of a living being.
Microarrays are utilized for assessing the gene expression by
performing several different operations and one of the most
common operations is the comparison between the genes of a
cell, which are retained in different conditions. Hence, the
microarray gene analysis has gained considerable research
interest. However performing microarray gene analysis is
not easier, as it involves voluminous data.

Usually, the process of microarray gene analysis intends to
analyse the microarray data for gaining beneficial knowledge
from the data. Data classification is one of the most common
operations performed over data and can be attained by the
classifiers. The classifier is trained with the sample data, such

that it can differentiate between the entities with respect to the
class. Though there are numerous classifiers to perform anal-
ysis by differentiating the entities, rule based classification is
quite rare in the microarray data analysis field.

The rule based classification model requires a set of well
formed rules, such that the healthcare professionals can diag-
nose the disease and the suitable treatment for the disease can
be figured out. However, it is a difficult task to figure out the
effective rules from a voluminous dataset with noise. In addi-
tion to this, the dimensionality of microarray data is quite
larger and hence, there rule based classification technique
may require greater number of rules to perform classification.

The bio-inspired algorithms prove better performance over
the complex problems with greater search space. There are so
many bio-inspired algorithms presented in the literature.
Hence, it is better to utilize the bio-inspired algorithms tomine
the rules being framed. Now-a-days, rule mining with the help
of bio-inspired algorithms is becoming the new research trend
and some of the samples are ABCMiner [1] and BeeMiner [2].

Recognizing the need of better classification technique and
to present an aid to the healthcare professionals, this article
intends to propose a rule based classification model based on
Cuckoo Search Optimization Algorithm (CSOA). The main
task of CSOA is to detect the perfect interval upon the rule
based classification scheme to classify between the microarray
gene data. The proposed work considers the microarray gene
datasets with both binary and multi-classes of cancer. The
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rules framed by the proposed approach are understandable and
effective.

This article presents a web application to perform disease
classification based on rules, which is beneficial for the
healthcare professionals. This work aims to predict the disease
by means of the association rules formed with respect to the
association between the entities and the Cuckoo Search
Optimization Algorithm (CSOA). The proposed approach
classifies the microarray gene expression data.

This work considers different gene expression data with
binary and multi-class datasets. The performance of this ap-
proach proves that this work shows better classification accu-
racy and hence, the proposed model can be utilized as an aid
for biologists. Some of the work contributions are presented as
follows.

& This work presents a rule based classification model,
which is quite rare in the existing literature.

& The framed rules help in extracting better knowledge and
train the classification model accordingly.

& The accuracy rate of the proposed approach is better,
which is evident in the performance analysis.

The rest of the content is organized in the following way.
Section 2 presents the review of literature with respect to mi-
croarray gene data analysis. The proposed rule based classifi-
cation technique for microarray gene data is elaborated in
section 3. The performance of the proposed approach is eval-
uated in section 4. Finally, section 5 concludes the article with
the future possible enhancements.

Review of literature

This section reviews the related literature with respect to mi-
croarray gene data analysis.

A gene expression analysis for early lung cancer prediction
technique is presented with the help of machine learning tech-
niques in [3]. This work analyses the microarray gene expres-
sion data of the Kent Ridge bio-medical dataset to detect the
lung cancer. Themost optimal set of genes is selected from the
microarray gene data to predict the cancer causing agent.

A microarray image gridding and segmentation technique
is proposed in [4], which is executed on Graphics Processing
Unit (GPU). This work intends to achieve better performance
by utilizing the available resources in the Computed Unified
Device Architecture (CUDA). It is claimed that the proposed
approach shows better performance by consuming minimal
time period.

A faster cDNA microarray gene expression data classifier
is proposed for diagnosing the diseases in [5]. This work en-
hances the Gene Expression Graph based classifier for mini-
mizing the computation time. This work filters the genes by

means of the edge weight, in order to increase the classifica-
tion accuracy and to reduce the false-positive rates.

In [6], a consensus gene selection criteria is proposed on
the basis of distributed GPU with partial least-square based
microarray data analysis is presented. This work measures the
consistency and distinctiveness of gene expressions and the
genes associated with the specific disease are figured out. The
process of gene selection is accelerated as the work is imple-
mented in distributed GPU. This work utilizes Diffused Large
B Cell Lymphoma (DLBCL) and Prostrate cancer datasets.

A grouped gene selection of cancer based on adaptive
sparse group lasso with respect to conditional mutual infor-
mation is proposed in [7]. Initially, the genes are grouped by
means of weighted gene co-expression network for the cancer
microarray data. The conditional mutual information is uti-
lized to compute the integrated and data driven weights.
This paves way for enhancing the correlation between the
genes in all the groups. By this way, the genes are classified
and selected.

In [8], a microarray based cancer diagnostic system is pro-
posed on the basis of repeated cross validation based ensemble
feature selection. This work resamples the data by means of
ensemble techniques and the features are selected by Repeated
Cross Validation (RCV). The performance of this work is
compared against Support Vector Machine (SVM) and recur-
sive feature elimination techniques. The performance of this
approach is evaluated in four different datasets.

A local nearest neighbour based feature weighting system is
proposed for gene selection in [9]. This work considers the
nearest neighbours based weighting approach by minimizing
and maximizing the distances of within-class and between-
class locally with respect to k nearest neighbour rule. This ap-
proach can be utilized in both binary and multi-class problems.

In [10], the feature selection and feature extraction tech-
niques are combined together by utilizing deep learning in
order to predict the outcome of the breast cancer. This work
presents an unsupervised feature learning model by combin-
ing the Principal Component Analysis (PCA) and autoencoder
neural network to detect the unique features of gene expres-
sions. The AdaBoost algorithm based ensemble classifier is
employed to predict the clinical outcomes of breast cancer.

The significance and functional similarity of gene identifica-
tion with respect to the disease is proposed in [11]. This gene
selection algorithm combines the information acquired from the
protein interaction network and the gene expression profile.
The significance of the gene is computed by comparing it with
the other gene by utilizing mutual information. This work per-
forms analysis on different cancer microarray datasets.

In [12], a system to predict the progression of cancer by
employing gene interaction regularized elastic net is proposed.
This work considers both the measurement and interaction
information of the gene by establishing the elastic net. The
discriminate features are chosen with the help of the grouping

208 Page 2 of 8 J Med Syst (2019) 43: 208



effect. This work is evaluated over ovarian and breast cancer
datasets.

An auto-weighted least square method is presented for
predicting the missing values in the microarray data in [13].
This work weights the neighbourhood genes with respect to a
corresponding gene in terms of the gene significance. The
convergence is enhancedwith the help of an accelerating strat-
egy. The missing values on the microarray data is predicted by
this work as well.

In [14], a fast and scalable feature selection technique is
proposed for gene expression data based on Hilbert-Schmidt
independence criterion. The correlation between the gene ex-
pression data and the response variables are figured out by
detecting the informative genes with the help of multivariate
algorithm. This algorithm can be utilized on different response
variables and is suitable of binary and multi-class
classification.

A large-scale microarray data analysis meant for cloud-
scale genomic signals is presented in [15]. This work is based
on the cloud-scale distributed parallel based one dimensional
wavelet based transformation for declaring a threshold. This
idea retains the genes by means of denoising process to clas-
sify between the cancer types. However, this work processes
the image based data.

In [16], an unsupervised gene selection technique is pro-
posed on the basis of matrix factorization framework. This
work introduces an unsupervised two-stage gene selection
technique, in which the first stage clusters the genes by re-
moving the redundant gene with the help of k-NN algorithm.
The second stage selects the significant genes out of all the
genes with the help of matrix factorization.

In [17], a gene retrieval system is presented on the basis of
Local Fisher Discriminant Analysis (LFDA) and Support
Vector Machine (SVM) is proposed. The LFDA is utilized
for reducing the dimensionality of the microarray data and
SVM is utilized for classification. A microarray data gene
retrieval system based on Kernelized LFDA and Extreme
Learning Machine (ELM) is proposed in [18]. In [19], an
ensemble classification based technique is proposed on the
basis of Information Gain Ratio (IGR) and classifiers k-NN,
SVM and ELM.

Motivated by these existing works, this article intends to
propose a gene classification system based on rule based clas-
sification model. The intention of this work is to make the
entire process simpler with better understandability and is
achieved by the meaningful rules.

Proposed approach

This section elaborates the proposed web application for dis-
ease prediction by forming rules. Initially, the overview of the
work is presented as follows.

Work overview

Data classification is one of the widespread problems being
faced by the data mining applications. It is a complex task to
classify between the data, as the effectiveness of the classifi-
cation system depends on the knowledge imparted to the clas-
sifier. Microarray data is quite voluminous and is pretty hard
to impart knowledge to classifier. In addition to this, the mi-
croarray cancer data analysis is completely related to the hu-
man lives.

The objective of the microarray cancer data classification is
to form a classification model, which enables the classifier to
decide the best possible class of the entity. As this work han-
dles the data related to human lives, the accuracy of the system
is the main concern. Though there are numerous disease pre-
diction and diagnostic systems available in the literature, the
microarray data based classification techniques are scarce.
Additionally, the classification techniques are hard to under-
stand and in order to deal with this issue, this work attempts to
propose a rule based classification scheme. The overall flow
of the work is presented in Fig. 1.

The proposed approach deals with the voluminous micro-
array data for framing the rule set, such that the class associ-
ated with the entity can be figured out in the forthcoming
process. There are several classification algorithms for micro-
array data, which are based on classifiers such as k-NN, SVM,

Microarray

Gene Data

Data Pre-processing by IGR

Rule Formation by CSOA

Rule Pruning by Association Rule
Mining

Pruned
Rules

Classification

Fig. 1 Overview of the proposed approach
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ELM, decision tree and so on. These classifiers perform better,
however learning process of the classifiers depend on the sta-
tistical and mathematical ideas that can applied irrespective of
the nature of domain. The classifiers are common for all sorts
of classification problems and so the classifiers cannot derive
problem specific knowledge with respect to the datasets.

Understanding the benefits of rule based classification tech-
niques, this article presents a rule based classification scheme for
microarray data. The proposed approach involves four significant
phases and they are data pre-processing, rule formation, rule
pruning and classification. The rules are framed by means of
the bio-inspired algorithm namely CSOA. This work generates
the significant rules for better classification accuracy. The pro-
posed approach is elaborated in the following section.

Proposed Rule based Classification Approach

The rule based classification scheme requires more rules to
ensure better classification but, it is quite tough to save more
number of rules and to handle them. In addition to this, it is
challenging to detect the appropriate rules for performing clas-
sification. The proposed work intends to address the above
stated issues by forming dynamic rules with the help of CSOA.

The CSOA is completely based on the behaviour of cuckoo
with the levy flight concept, as discussed in [20]. Basically,
the CSO algorithm involves three significant phases and they
are egg laying phase, quality of egg assessment and nest main-
tenance. The cuckoo bird lays eggs on the nest in a random
fashion and the quality of eggs is assessed in the quality as-
sessment phase. The eggs with better quality alone are suitable
for the next generation. Suppose, if the nest contains eggs with
poor quality, then the nests are discarded.

The proposed work achieves the goals in four different
phases and they are data pre-processing, rule formation, rule
pruning and classification phases. All these phases are ex-
plained as follows.

Microarray Data Pre-processing

The microarray dataset is high dimensional and hence, the
dimensionality has to be reduced for better data processing.
The high dimensionality of the microarray dataset slows down
the process and degrades the performance of the system.
Understanding the issue of high dimensionality, this work
reduces the dimensionality by selecting the significant genes
by employing Information Gain Ratio (IGR), as performed in
our previous work [19].

The IGR chooses the significant genes by considering the
information gain and the gene with maximal correlation level
are chosen as significant genes. The IGR is computed by

IGR Fð Þ ¼ IGS−IG Fð Þ
IGS þ IG Fð Þ

� �
� 100 ð1Þ

Where IGs and IGF are given by

IGS ¼ −
r:o c1; Sð Þ

jSj
� �

log2
r:o c1; Sð Þ

jSj
� �

ð2Þ

IG Fð Þ ¼ jFij
jFj

� �
� IG Fið Þ ð3Þ

In the above equations, r:o c1;Sð Þ
jSj

h i
denotes the probability of

the repetitive occurrence of a gene, which is present in the
class c1. Let the feature f contains q unique values, which
can be represented as {f1, f2, f3, … , fq}. For a dataset with f
features, the training dataset is formed as follows {c1, c2, c3,
… , cq}.

Hence, the IGR selects the genes with more significance by
considering the correlation and information gain and these
virulent genes are utilized for the forthcoming phases.

Rule Formation Phase

Rule formation is the heart of the proposed approach, which is
meant for building the meaningful rule set and paves way easy
classification. Hence, this work pays more attention to form
better rules and the rules framed by the proposed work follows
a specific structure. Consider that all the rules formed by the
proposed work are represented in a standard format as given
below.

Rl rli1 ; rli2 ;…CL; rlinð Þ ð4Þ

Here, rlin is the different attributes and n is the total count of
entities being present in each rule and is fixed on the basis of
the count of genes. Suppose, if the user employs five genes to
perform classification, then the classification rule is framed
with the help of five genes. Each rule of the system involves
two important parts and the standard form of the rule is as
follows.

Rl : rli→CL ð5Þ

Each and every rule is identified with the help of an iden-
tifier and is called as the index. Apart from this, each rule is
treated with the operations such as max, min and mean. These
operations are performed over the expression with respect to
the class. The max and min are the two basic and significant
operations, which can reveal the upper and the lower limit of
the values.

Hence, the optimal upper and lower limits help in attaining
better results and the limits are fixed by the CSO algorithm.
The second important stage of rule formation is the rule de-
tection, which intends to detect a particular kind of cancer out
of the whole entities in the microarray data. The rules are
detected in the following way. As mentioned earlier, each
and every rule is computed with the max and mix values for
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every rule in the solution space. The lower and upper limit of a
rule is computed by the following equations.

rli lowlð Þ ¼ rli:m−q1 � rli:max−rli:minð Þ ð6Þ
rli uplð Þ ¼ rli:mþ q2 � rli:max−rli:minð Þ ð7Þ

In the above equations, rli. max and the rli. min are the max-
imum and minimum values of the rule item denoted as rli. With
the upper and lower limits, the general range can be figured out.
rli. m denotes the mean value of the microarray expression with
specific identifier and is computed with respect to all the entities
present in a specific class. q1 and q2 are the values ranging be-
tween 0 and 1. It is always ensured that the lowl and upl are
unequal to each other and lowl is always lesser than the upl. As
soon as the rules are detected, the fitness of the rules is figured out
with the help of standard performance indicators such as True
Positive (TP), True Negative (TN), False Positive (FP) and False
Negative (FN), as presented in eq. 8.

Rfit ¼ TP
TP þ FN

� TN
TN þ FP

ð8Þ

The gene data with respect to index is evaluated and when
the value of the gene data exists between the lowl and upl, then
it can be included in the rule. The class is predicted with the
help of TP, TN, FP and FN. TP indicates that the total count of
entities with predicted class and are included in the rule. TN
denotes that the total count of entities with unpredicted class
and are not included in the rule. FP indicates that the total
count of entities with unpredicted class and are not included
in the rule. FN indicates that the total count of entities with
predicted class and are not included in the rule.

When the rules are formed by this way, the optimal solution
to the problem is figured out by the CSO algorithm. This
algorithm is based on the concept of egg laying by cuckoo
on a randomly picked nest. The nests with high quality eggs
alone are suitable for the next generation and the nests with
poor quality eggs are discarded. In this case, the rules are eggs
and the nests are randomly chosen.

For the rule item ri1, the position of the cuckoo is randomly
selected with the help of levy flights.

X tþ1ð Þ
i ¼ X tð Þ

i þ α⊕Levy λð Þ ð9Þ

Levy λð Þ ¼ t−λ;λ∈ 0; 3½ � ð10Þ

Where λ is the step-length. In equation (9), X tþ1ð Þ
i is the

microarray data identifier of a new rule item, which is on the

nest t. X tð Þ
i is the microarray data identifier of a rule item on the

nest t, which is the neighbour of the current solution. 훼 rep-
resents the step size and is greater than 0, mostly set as 1. ⊕
indicates the entry-wise multiplication, which is similar to the
PSO algorithm. Employment of Levy flight boosts up the
efficiency of navigating through the search space [20].

Suppose, when the position of egg has to be modified and it
can be attained by changing the limit of the rule item as follows.

X tþ1ð Þ
i :upl ¼ X tþ1ð Þ

i :max−γ ð11Þ
X tþ1ð Þ

i :lowl ¼ X tþ1ð Þ
i :minþ γ ð12Þ

X tþ1ð Þ
i :upl and X tþ1ð Þ

i :lowl denote the upper and the lower
limit of the new rule and γ is the random number between 0
and 1. Hence, the rules are formed by considering the range of
the data. Though, it is unnecessary tomaintain all the rules and
hence, the rules with optimal fitness rates are to be chosen and
saved for future reference. This is done by the rule pruning
step and is explained in the following section.

Rule Pruning Phase

The total count of rules computed by the rule formation phase
is more and the count can be reduced with the help of this
phase. The main task of this phase is to remove the duplicate
and ineffective rules. Let the microarray training data is rep-
resented asMTD and CL is the class label. Each rule rli can be
represented as in equation 5 and the support (SUP) and con-
fidence (CON) rates of the rules are computed as follows.

SUP Rlið Þ ¼ TP
CL

ð13Þ

CON Rlið Þ ¼ TP
TP þ FP

ð14Þ

The support of a rule is computed by the count of entities in
the training dataset with matching items Rli for a given class
label CL. The total count of matching rule items Rli with class
label CL with the total count of matching rule items Rli is
computed to determine the confidence of the rule. The overall
algorithm of this work is presented as follows.

Proposed Algorithm

Input: Microarray gene dataset
Output: Disease classification
Begin
//Pre-processing
Pre-process the dataset by employing eqn.1;
//Rule formation
Rule set = NULL;
Choose a class from a set of classes;
Detect the rules and compute the fitness;
Add the rules with greatest fitness to the rule set;
//Rule pruning
Prune the rules by eqns (13) and (14);
//Classification
Compute the feasibility of the sample and forecast;
Return the result;
End;

Hence, the rules with maximal confidence are taken into
account and stored for future classification. The data classifi-
cation is presented as follows.

J Med Syst (2019) 43: 208 Page 5 of 8 208



Classification Phase

The entity is classified by computing the feasibility of the sample
with respect to a particular class and is computed by the following

Feasibility ¼ TP
Ccl

ð15Þ

The feasibility of the sample is the ratio of the TP rate and
the count of the entities with respect to a specific class being
forecasted. The test entity is treated with the forecasting value
of the rules as follows.

Forecast ¼ w1� Rfit
� �þ w2� feasibilityð Þ ð16Þ

In the above equation,w1 andw2 are theweighted parameters
with respect to the fitness and the feasibility level. W1 is a ran-
dom number between 0 and 1, w2 is computed by (1 −w1). The
test sample is treated with these equations, so as to forecast the
appropriate class for the sample. The class with the greatest fea-
sibility is taken into account and suggested to the user. The clas-
sification accuracy of the microarray dataset is computed by the
ratio of the perfectly classified test sample (CCTs) to the total
count of samples in the dataset being classified correctly (Nc).

Classification accuracy ¼ CCTs

Nc
ð17Þ

By this way, the rule is provided with the classification
accuracy. The performance of the proposed approach is eval-
uated in the forthcoming section.

Results and discussion

The performance of the proposed approach is evaluated over
both binary and multiclass datasets. The binary class microar-
ray datasets include colon, leukemia and lung cancer [21–23].
The considered multi-class microarray datasets are SRBCT,
lymphoma and leukemia [24–26]. The initialized cuckoos
are 200 and the termination condition is fixed by considering
the count of iterations, which is 2500. The count of gene and
classes available in the dataset are presented in Table 1.

The performance of the proposed work is tested and the
experimental results are computed and compared with the
existing approaches. The performance metrics considered
are accuracy, sensitivity, specificity and time consumption.
The experimental results attained by the proposed approach
are as follows (Figs. 2, 3 and 4).

The performance of the proposed approach is compared
against two recently proposed algorithms found in [27, 28]
respectively. When the performance of the proposed approach
is tested, the accuracy, sensitivity, specificity rates are proven
to the maximum when compared to the existing approaches,
while consuming minimal time period. The main reason for
the better performance of the proposed approach is the utili-
zation of CSOA and the rule pruning phase. This work can be
applied to datasets with any classes without any prior

Table 1 Dataset details

Dataset Classes Total entities Gene count

Colon 2 62 2000

Leukemia 2 72 7129

Lung 2 96 7129

SRBCT 4 83 2308

Lymphoma 3 62 4026

Leukemia 3 72 7129
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knowledge. As the rules are pruned with respect to the effec-
tiveness, the performance of the proposed approach is en-
hanced. The following section concludes the paper.

Conclusions

This article proposes a rule based classification model that
relies on CSOA, which is meant for microarray gene data.
The microarray gene data is highly voluminous and is difficult
to perform classification, which is required to distinguish be-
tween the type of cancer. This work trains the system with the
sample train data obtained from the publicly available datasets
and the proposed approach forms rules with the help of
CSOA. The formed rules are then pruned with the help of
associative rule mining, in order to select the efficient rules
alone. Finally, the classification is performed by computing
the feasibility and forecast values. Themain advantages of this
work are that the users need not to possess any prior knowl-
edge and the classification can be done for any dataset. As the
classification is based on rules, the proposed work is user-
friendly and easily understandable. In future, this work is
planned to be extended by considering the microarray image.
In addition to this, the performance of different bio-inspired
algorithms are planned to be incorporated into the system.
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