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Abstract: The problem of medical data classification is
analyzed and the methods of classification are reviewed in various
aspects. However, the efficiency of classification algorithms is
still under question. With the motivation to leverage the
classification performance, a Class Level disease Convergence
and Divergence (CLDC) measure based algorithm is presented in
this paper. For any dimension of medical data, it convergence or
divergence indicates the support for the disease class. Initially, the
data set has been preprocessed to remove the noisy data points.
Further, the method estimates disease convergence/divergence
measure on different dimensions. The convergence measure is
computed based on the frequency of dimensional match where the
divergence is estimated based on the dimensional match of other
classes. Based on the measures a disease support factor is
estimated. The value of disease support has been used to classify
the data point and improves the classification performance.
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I. INTRODUCTION

The recent development of medical solutions and
information technology represent the medical data in
different dimensions. The size of medical data has no
restriction and the volume of the medical data also higher.
The most organization stores the medical data in various
forms, however, it is necessary to index the medical data with
higher accuracy. The performance of classification depends
on how the data points are grouped. Grouping similar and
related medical data under a single label has been named as
clustering. Consider the data set Ds contains X number of
data points and clustering the data points of Ds, in to C
={cl1,c2,..Cn} of classes where each class Ci contains x
number of data points which is a subset of Ds. In general,
clustering is performed using may techniques where each
uses different measures. The popular K-means algorithm
measures the similarity between data points according to
Euclidean distance measure to group them. Similarly, the
Fuzzy C means algorithms computes the range values and
mean value in identifying the class of the data point.

The medical data has large number of dimensions and
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the application of k-means and Fuzzy clustering would not
produce efficient results in clustering. So, it is necessary to
consider the strategic measures and approaches in clustering.
For any dimension, it will be moving the data point toward a
cluster where it will be moving the data point away from the
clustering. This corollary makes the clustering to consider the
maximum number of dimensions in clustering.

Classification is the process of classifying a given data
point Di between N number of Disease classes Dc. In general,
the classification is done according to similarity between the
data points of any cluster or disease class with the input data
point. The similarity between all the disease classes will be
estimated for the input data point. At last a disease class has
been selected as the result. Fuzzy rule based classifications
are available, which maintains set a fuzzy values for all the
properties of the data point. The rule has been maintained for
all disease class. Based on the fuzzy rule available, the fuzzy
algorithm estimates similarity of data point in all the
dimensional values. Similarly, the classification is performed
using, support vector machines which estimates support
value based on input vectors. Number of algorithms available
for the classification of medical data. But the efficiency of
classification is highly depending on the similarity measure
being used. The performance of fuzzy algorithm depends on
the range value of each dimension, if the dimensional value
of data point is more scattered then the range value will be
higher which produces poor classification. So, the selection
of dimension and the similarity measure plays the important
role in classification. This paper, concentrates on the
similarity measure being used for both clustering and
classification. Because to use an similarity measure for
classification, the clustering should be done based on that.
The convergence of any data point towards a disease class
represent the attraction of the data point towards the disease
class considered. It can be measured based on the number of
samples being similar in disease class considered. The
samples similarity can be measured based on the values of all
the dimension similarity in distance. Based on the distance
measure the convergence value is measured. The
Divergence measure of any data point towards a disease class
is estimated based on the similarity of the same data point
towards the data points of other disease class. When a data
point has higher convergence measure with other classes than
particular class, then it has higher divergence measure from
the class considered. By computing the convergence and
divergence measures, you can measure the similarity of the
data points towards any class.
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This would improve the performance of classification.
This paper present an efficient classification algorithm
based on the two measures discussed above. The abstract
method is detailed in the coming sections.

Il. RELATED WORKS

There exist number of classification approaches specified
and this section discusses set of methods related to the
problem. In [1], the author discussed the effect of
preprocessing while classifying the medical data. The author
conclude that the effect of classification is depends on the
combination of preprocessing approach being considered.
Also it depends on the way you handle the missing values and
how you handle the numeric values. The author presented a
case study based on ant colony optimization technique.

Different metrics of medical data classification and how it
has been adapted for diagnosis of disease and prediction of
any disease based on different models is presented in [2]. The
application of dispersed medical data in decision making is
discussed in [3].The author used both local data and global
data with collision. Initially the classification is performed
based on the local data using probability vectors of different
classes. The same probability vectors has been used to
perform clustering and applied a conflict analysis.  The
problem of un certainty in the number of attributes in medical
data classification and diagnosis is presented in [4]. The
method uses the neuro fuzzy technique to generate rules by
identifying the number of attributes of the data set. Also, the
disease prediction is performed based on the fuzzy rules
generated. In [5], the author presented a medical content
classification algorithm which uses rules. The method
preprocesses the data and normalizes them to produce rules.
Based on the rules generated, the data classification is
performed. An application of Hybridized Smote Technique
with Rough set has been presented in [6]. The method uses
rough set theory for classification. Also, the method uses
maximum distance to handle the imbalanced data. The
method uses a assessment metrics for the evaluation of
balance of data. For the prediction of heart disease an
efficient algorithm has been described in[7]. The method uses
the k-means algorithm for the clustering of big data. The k
means algorithm in turn uses the ID3 algorithm for
clustering. The method produces efficient results on
clustering. The application of local difference in
classification has been presented in [8]. The method first
generates contrast patterns based on which a set of rules has
been generated. According to that, a set of contrasting rules
has been identified to measure the distance between data
points. The contrast pattern based rule and classifier produces
efficient results on classification. In  [9], the author
presented least mean square algorithm based learning
approach for classification and disease prediction. The
method uses different weights and different scientific
approaches in classification. In [10], author claims that the
selection of exact combination of attributes has higher impact
in the classification of any data set. Also, the numeric
attributes should have tackled efficiently to achieve higher
classification performance. The author presented a case study
towards this corollary.

An classification technique for the problem of heart
disease prediction is presented to be worked over medical
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data in [11]. The method uses the patient history and
generates a graph and produces set of words in
understandable manner. The method uses naive bayes and
ID3 algorithms for clustering the data set. Also, a decision
tree has been adapted to the problem of clustering. For the
classification of High speed data in real time, an Nearest
Neighbor approach is presented using Spark in [12]. The
method performs classification in incremental manner using
the NN algorithms. The method produces good results based
on the spark.  An ensemble based classification algorithm is
presented for diabetic prediction in [13].The method uses
SMOTE tool for the classification and also adapted the
various classification algorithms for the evaluation of disease
prediction on medical data set. In [14], an genetic algorithm
based classification towards heart disease has been presented.
The method applies KNN classifier on the government
medical data and performs classification. The application
of Disease Prediction on the big data has been presented in
[15]. The health care community data has been collected and
the method applies the streamline machine learning
technique over the data collected. The method predicts the
chronic disease based on frequency measures on the
community data. The association of gene on occurrence of
any disease using text mining is presented in [16]. The
method computes term frequency and term weight for each
genes and their associated. Based on the weight, the gene
being influences the disease has been predicted. The genetic
algorithm has been used for heart disease prediction [17]. The
method generate recurrent fuzzy neural network for training
the network where the genetic algorithm has been used to
estimate the weights and prediction. In [18], the author
presented a supervised algorithm for the clustering of genes
based on their mutual information. The method has been
evaluated using different gene data sets and data sets of
various diseases. Similarly, in [19], a hybrid algorithm for
cancer prediction is presented which combines both SVM
and gene sets. In [20], to identify the pathway for cancer, a
statistical method is presented which uses probability based
principle component analysis with sparse data points named
(SPPCA). In [21], a multilevel approach for medical data
classification is presented which uses influence measure in
different level to identify the class of data points in an
iterative manner. All the above discussed methods suffer to
produces higher classification efficiency and produces les s
disease prediction accuracy.

111. CLDC BASED CLASSIFICATION

The proposed class level divergence and convergence
measure based classification algorithm, first preprocess the
input data set by removing the noisy records. The
preprocessed data set is used to cluster the data points using
CLDC clustering. For clustering, each data point has been
measured with DC measures. Based on the DC measures, a
single class has been selected and indexed. Similarity for
classification, the same DC measure has been estimated and
finally a class level similarity (CLS) has been measured. The
class with higher CLS has been selected as
the target class.
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Figure 1: Functional Block Diagram of proposed CLDC
based classification

The functional abstract view of CLDC classification
algorithm is presented in Figure 1. It shows the various
stages involved in the system.

A. Preprocessing

Given a medical data set X, would contain Y number of
data points belongs to Z number of categories. Each data
point x, would contain N number of values which is same for
all the categorical points. Preprocessing is to identify the data
point x and verifying the completeness of the data point for
all the dimension n. If any of the dimension n of x is
identified as incomplete or it have null value, then it is
considered as incomplete or noisy which is eliminated. Such
noise removed data set X will by used to perform CLDC
clustering and CLDC classification.

First the dimension list has been identified from input
data set as follows:

Dimension set Ds

= [ LY iDs3), (s U Dnall (1)

The above equation identifies each dimension from each
data point of data set X, if any dimension identified as not
contained in DS, then it will be added to the dimension set
Ds, otherwise it will be neglected.

Now its time to verify the completeness of the data
points of X.

Let’s take a data point x, and the completeness will be

verified as follows:
i et T Y

i1 if{ x € wDs(i), true, false) 2)
Equation (2), returns a true value only when the data
point x contains all the dimensions from dimension set Ds,
otherwise it will return a false value. According to the value
returned by (2), the data point will be either kept or removed
from data set.
If true then
Leave the point.
Else
X=X Nx (3)
End
Equation (3), removes the incomplete data point x
from the input data set. The completeness is verified
according to the possession of all dimensions or feature and
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their values.
The noise removed set X has been utilized for clustering
and classification by the below algorithms.

B. CLC Estimation

The class level convergence measure represent the
attraction of the input data point towards the data points of
the target class considered. Consider the data point X, has
been counted for measuring CLC measure towards a class C
{y1l,y2,...,yn}, then the CLC measure is estimated according
to the attraction of the data points between x and data points
of C. It has been measured based on the distance between the
mean and standard deviation values of each dimension of
data points. The estimated CLC measure has been used to
perform clustering as well as classification.

First, the mean value of each dimension of data points of
the class C has been measured as follows:
size (D) E}L:f:m el
Mean set Ms = J;_, — (4)
ElZE (L)
Second, the standard deviation of all the values of each
dimension of data point has been measured as follows:

size(Ds) seder (TS e ()i

StdSet Stds = [._, . (5)
Algorithm:
Input: Class C, Data Point x
Output: CLC
Start

Read Data points of class C.
Read input data point x.
Mean set Ms = Compute mean set for Class C using (4)
StdSet Stds = Compute standard deviation set for the
class C using (5).
Initialize Count =0;
For each dimension n
if Dist(Ms(n),x(n))<stds(n) then
count = count+1.
End
End
Compute convergence measure CLC = Count/N  (6)
Stop
The CLC algorithm estimates the class level convergence
measure which represent the attraction of data point from the
data points of the class C. The estimated measure will be used
to perform clustering and classification.

C. CLD Estimation

The class level divergence measure represent the deviation
of the data point x according to class C considered. . Consider
the data point x, has been counted for measuring CLD
measure towards a class C {y1, y2,..., yn}, then the CLD
measure is estimated according to the deviation of the data
points between x and data points of C. It has been measured
based on the distance between the mean and standard
deviation values of each dimension of data points. The
estimated CLC measure has been used to perform clustering
as well as classification.
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Algorithm:
Input: Class C, Data Point x
Output: CLD
Start
Read Data points of class C.
Read input data point x.
Mean set Ms = Compute mean set for Class C using
equation (4)
StdSet Stds = Compute standard deviation set for the
class C using Equation (5).
Initialize Count =0;
For each dimension n
if Dist(Ms(n),x(n))>stds(n) then
count = count+1.
End
End
Compute convergence measure CLD = Count/N
Stop
The CLD algorithm estimates the class level divergence
measure which represent the deviation of data point
regarding the class C. The estimated measure will be used to
perform clustering and classification.

D. CLDC Clustering

The CLDC clustering is meant for grouping given data set
X into number of classes C according to the convergence and
divergence measures of data points. To perform clustering,
first the algorithm initializes number of class and for each of
the class c, a set of points are initialized. In the second stage,
the method computes CLC and CLD measures for each data
point x towards all the classes of C. Based on the estimated
CLC and CLD measures, the method compute the CLDC
weight for the input point x. Based on computed CLDC
weight, a single class has been selected and the data point has
been indexed. This will be iterated for number of time for
each class of points indexed until there is no movement of
point between any classes.

Algorithm:

Input: Data Set X, Cluster set Cs.

Output: Cluster Set Cs.

Start

Read X, Cs.
Initialize number of classes to the Cs.
For each class ¢
Add random samples from X.
Cs© = [ Random((X2c), R) @)
Equation (7) will randomly select R humber of samples
and place then in the class c.
End
For each data point x
For each class ¢
Compute CLC = CLCEstimation(x, c)
Compute CLD = CLD-Estimation(x, c)
Compute CLDC Weight = CLCxCLD (8)
End
Choose the class ¢ with higher CLDC weight.
Cs©(Max(CLDCW))
= Ex(Cs@(Max(CLDCW) )y Uux  (9)
End

Initialize count=1
While count>0
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Count=0
For each class ¢
For each data point x
Compute CLDC weight with the class ¢
For each other class Oc
Compute CLDC weight.
End
Class Oc=Choose the class with higher CLDC
Weight.
If OC!=c then
Swap x
Count = count +1
End
End
End
End
Stop
The algorithm presented above performs CLDC
clustering in iterative manner till there is a swap of data point
between any two clusters or classes. Generated cluster will be
used to perform classification in the next stage.

E. CLDC Classification

In this stage, for a given input data point X, the method
estimates CLC and CLD measures towards different classes
of C. Using both the measures, the method estimates CLDW
measure. Based on the CLDW measure, the method select a
single target class to which the input data point falls. The
medical data has been assigned with the selected class.

Algorithm: Input data point x, Cluster Set Cs.

Output: class ¢

Start

Read x, Cs.
For each class of Cs

Estimate CLC measure
sze(la)

=iy CLCEstimation(x, Cs)

Estimate CLD measure

=[22*** CLDEstimation (x. Cs)
Estimate CLDW weight = CLCxCLD
End
Class ¢ = Max (VCs(c))
Stop
The algorithm detailed above estimate the CLDW weight
for the given input data point with the classes available.
Finally a disease class is selected and the selected class has
been tagged with the input point.

(10)

IV. RESULT AND DISCUSSION

The proposed CLDC Classification algorithm has been
implemented using advanced java. The method has been
validated for its efficiency in classification using different
data sets. The CLDC classification algorithm leverages the
performance of classification and prediction. The evaluation
result has been described below with the details of evaluation
table 1.
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Table 1: Description of Data set used

Key Value

Name of Data set UCI-Diabetic, UCI-Hepatitis
Total Samples 23174, 155

Total Features 275,19

Total Classes 52

The details of data set used for the evaluation of CLDC
algorithm is presented in Table 1. There are totally 275,19
number of samples grouped under five classes where each
have 274 features in UCI Diabetic data set. Similarly, the
UCI Hepatitis data set has the samples of 155 which have
covered by 2 classes and each sample has given with 19
features. The diseases does not share common dimensions
and they will be differ at each disease.

The performance of the CLDC medical data classification
algorithm is evaluated under different factors. Such results
obtained from evaluation have been compared with different
baseline methods.

The time complexity is the value of time in seconds
consumed by the algorithms in classifying the input sample.

Time Complexity = (Total Time Taken)/(Number of
samples)

The complexity in time produced by the CLDC algorithm
has been measured and presented in Graph 1. By viewing the
Graph 1, it can be understood that the proposed CLDC
algorithm has achieved less time complexity compare to
other approaches.

The ratio in classifying the sample as false class is
measured with false ratio and presented. It is measured
according to the number of false classification made by the
algorithm for a given number of samples.

Table 2: Performance Result on Time Complexity

False

Classification

Ratio

= (Number of

classification)/(Total Number of samples)x100
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Table 3: Performance result on False Classification Ratio

False Classification Ratio %

Method UCI-Diab UCI-Hepat
etic itis

SPPCA 8 7

MVGP 3.2 3.6

MLIIM 2.6 2.1

CLDC 1.2 1.1

The Table 3, present the result of performance analysis
on false classification ratio produced by different methods.
The proposed CLDC algorithm has reduced the false
classification ratio than other methods.

False Classification Ratio

Fake Chssification Ratio %
O = N W A& U OO N WV

SPPCA

MVGP

MLIM

W UCHDiabetic

W UCkHepatitis

CLDC

Graph 2: Performance on False Classification Ratio

The ratio of false classification made by the algorithms has
been computed and presented in Graph 2. The CLDC
algorithm has reduced the ratio of false classification than the
previous MLIIM algorithm.
The accuracy of disease prediction represent the
efficiency of the algorithm. It has been measured in two ways
as classifying true as positive and true as negative.

Disease

Prediction

Accuracy

(TruePositive+TrueNegative) / (Total No of classification)

Time Complexity in seconds

Method | UCI-Diabetic | UCI-Hepatitis
SPPCA 63 45

MVGP 24 11

MLIIM 13 7

CLDC 12 6

Table 4: Performance result on Disease Prediction

Table 2, present the result of performance analysis on time
complexity produced by different methods. The proposed
CLDC algorithm has produced less time complexity in

Accuracy
Disease Prediction Accuracy %
Method UCI-Diab UCI-Hepat
etic itis
SPPCA 77 81
MVGP 86 87
MLIIM 98.6 99.6
CLDC 99.3 99.7

medical data classification towards all the data set
considered.
Time Complexity
100
% %0
8
s 60
* #UCHDiabetic
.li‘ 40 B UCHHepatitis
=
1]
E 2 L
=
5 | e B

SPPCA

MVGP MLIM

CLoc

Graph 1: Performance on Time Complexity
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The performance on disease prediction accuracy has
been measured and presented in Table 4. The proposed
CLDC algorithm has produced higher disease prediction
accuracy compare to other methods.
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Disease Prediction Accuracy
100 -
80
60 |
= UCHDiabetic

40 T i B UCHHepatitis

Diease Prediction Accuracy %

SPPCA MVGP MLIIM CLbC

Graph 3: Performance on disease prediction accuracy
The accuracy in disease prediction has been measured for
different algorithms and presented in Graph 3. The CLDC
algorithm has produced higher accuracy in disease prediction
compare to other methods.

V. CONCLUSION

This paper presented an class level divergence and
convergence measure based medical data classification
algorithm. First the method preprocess the data to perform
noise removal and the noise removed data point has been
clustered into number of classes using Class Level
Divergence and Class Level Convergence measures.
Grouping the data points of data set according to CLDC
measure improves the clustering accuracy. Using the values
of CLD and CLC measures, the method compute CLDW for
different class of data points. The CLDW measure represent
the fitness of data point to the class. Finally a single class to
which the data point has more CLDW value has been
selected and indexed. The same set of measures has been
used to perform disease prediction and classification. The
proposed CLDC algorithm has improved the performance of
classification up to 99.3 % and the false ratio has been
reduces up to 0.7%.
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