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Abstract

D

iabetes is known to be one of the chronic and dangerous diseases the people in afflicted with
which are increasing in number. On the other hand, early detection of this disease can be
effective in treatment and control of disease progression for patients. Using the data mining
techniques and machine learning, disease detection systems have been able to help patients and
physicians to detect the disease in due time. In this paper, a hybrid algorithm based on the algorithm of
K nearest neighbors and Adaboost has been proposed to improve the accuracy of detection of diabetes.
In the first stage, the genetics algorithm is used to select the features and the dimensions of feature vector
are reduced. Then, the combination of Adaboost algorithm and K nearest neighbor algorithm having
been used, the samples are classified. To evaluate the algorithm, it was tested on PID dataset by 10-fold
cross validation. The results obtained indicate the high accuracy and speed of the proposed method.
Keywords: K-Nearest Neighbor algorithm, Adaboost algorithm, data mining, classification,
diabetes, weak classifier composition, genetic algorithms, feature selection.

1

Introduction

Diabetes is one of the most common and dangerous diseases and appearing when the body cannot
produce the required insulin or take in the produced insulin [1]. The recent statistics of who indicate that
diabetes is growing rapidly in the world, and especially in Asian countries [2]. Diabetes is a hidden
disease because there may appear no sign in a lot of people in afflicted with it at the early stage and the
disease the disease, at first its symptoms are not apparent until long after the disease may be detected
only after a long time. At present, 400 million people in the world are inflicted with diabetes, half of
whom are unaware of that diabetes. Also, diabetes causes deaths of 5 million people in the world
annually, which is a person every six seconds. Most of the costs spent for diabetes are for treatment of
its symptoms including cardiovascular, eye, and kidney and foot problems. While these complications
can be prevented by due detection and paper treatment and late detection of diagnosis means that most
people have suffered one of these complications at the disease detection time [3].Today, sensitivity of
medical issues, the widespread useful information in a diagnostic area and different making by physician
in there analysis have faced experts to a great challenge in the process of diagnosis detection. On the
other hand, the emergences of decision - making support systems in medicine have become effective to
overcome this challenge [4]. These systems are based on data mining and machine learning techniques.
One of the applications in this field is detection and prognosis of different types of diseases performed
through classification techniques [5]. In the classification process the classes are already predicted are
the samples are assigned to one of these classes. In this process, each record of the available data includes
features one of which is class feature and dividing of classes is determined through the values of these
features. Classification belongs to the observation algorithms consisting two stages of learning and
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testing. Therefore, the data set are divided into training and testing sets. First in learning stage, the
available data in training data set are lead to one of classification algorithms for model to be created.
Then the model is assessed with the testing dataset [6]. With the output of these systems, the presence
or absence of disease can be determined [7]. Selecting the input features properly is one of the significant
issues in classification process as it directly the result obtained. Feature–selecting-based methods try to
decrease the data dominions and increase the model accuracy through selecting a subset of the initial
data, in that they remove those features making the classification algorithm deviated, having lower
importance in classification or producing no useful information and then the classification is done with
a fewer number of features learning to this increase of classification efficiency. Not removing these
features provides any problems in information aspect but increases the computational load for the
desired function. In addition, it causes the great unusual information to be stored with useful data. The
selection of these features is of great importance. In another word, the proper significant factor in
creating a model with high accuracy is the selection of features. If the total number of features is N, the
number of possible subsets is 2N, which is too high for the overage N. Complete heuristic search,
Random Search and Search can be used to make a query among this numbering subsets from the
features. But to find an optimal subset is found among the feature sets depends on evaluation function
directly. If evaluation function assigns an unsuitable value to feature subset, this subset is not chosen as
the optimal subset. There are found different evaluation functions such as Measure Distance,
Information Measures, Dependence Measures, Consistency Measures and Classifier Error Rate
Measures. Combination of classifiers leads to increase of classification efficiency [8, 9]. The
Combination of base and weak classifiers and making a strong classifier is called the Ensemble learning
[10, 11]. In a category, the combination of Classifiers is performed out in static and dynamic. Bagging
and Boosting are two ways to this based on Filtering, Sub sampling and reweighting techniques. In
Filtering method, it is assumed that the dataset is big and the sample chosen from it, are removed or
returned to the dataset. In Subsampling, the datasets are used with fixed value and the data are resembled
with a certain probability distribution. Reweighting is also used with datasets of fixed value but the data
are valued with a week learning system and weighted. Bagging Method uses Sub sampling technique
and the learners it produces are independent of each other. Boosting uses Reweighting technique and
the learners are in series. Finally, the results of these week classification are combined. There are
deferent methods to be the combination the most common of which averaging with maximum vote [12].
The Ensemble learning is better than the best basic classifier when the base classifier has an acceptable
varied efficiency. This variation is created when the patterns classified improperly are different [13-16].
In this paper, using data mining and machine learning techniques, we tried to introduce an efficient and
accurate algorithm to detect diabetes early to become a useful tool to help diabetes patients and medical
society[17].

2

Relater work

Regarding the importance of the issue, various researches have focused on smart system of diabetes
detection. These methods are based on learning and tested on PID dataset. In [18], there is a presented
a system for classification of diabetic patients with the use of neural networks with complex values of
(CVNN) and parametric modeling methods based on (RVNN). This system has gained an accuracy of
80.65% - 81.00%. The authors in [19], have focused on the use of fuzzy - neural classification model
(Nefclass). They used from optimization algorithm of particles to correct the membership function.
Their proposed system (pso-Nefclass) has the accuracy of 82.32%. In Ref [20], based on the Gini index
and decision tree model, GG-FSDT model is proposed with the accuracy of 75.8%. Also in [21], with
general regression neural network (GRNN), there is a proposed model to detect diabetes of 80.21%
accuracy. The authors of [22], have used the algorithm of k-fuzzy for classification of diabetic patients,
which has accuracy of 72.95%. The authors of [23] used the modified detection system of artificial
immunity to classify the diabetes data, with the accuracy of 89.10%. In [24], genetic programming was
used to detect diabetes. Of course, the algorithm they presented differs from standard genetic in manner
of parents intersection and offspring production at the accuracy of 84.4%. The authors of [25], using
MLCPN technique, focused on classification of PID data. The function MLCPN is created from the
combination of two methods of Kohonen self-organized function (KSOM) and Grossberg at the
accuracy of 97.0%.
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Theory
Feature selection

Feature subset selection is very important in the field of data mining. Also, it is an essential preprocessing method to remove irrelevant and redundant data. It can be applied in both unsupervised and
supervised learning. In supervised learning, feature selection aims to maximize classification accuracy.
Features or characteristics used to describe a template explicitly define a correlation. On other hand, the
increased dimensionality of data makes testing and training of general classification method difficult.
So, development of a model the feature selection for classifying is useful. The relevant features are
provided as input to classification algorithm.
Feature selection methods can be categorized into filter, wrapper, and embedded or hybrid. The filter
approach selects features without involving any data-mining algorithm. The filter algorithms are
evaluated based on four different evaluation criteria namely, distance, information, dependency and
consistency. The wrapper approach selects feature subset based on the classifier and ranks feature subset
using predictive accuracy or cluster goodness. It is more computationally expensive than the filter
model. Entropy measure has been used as filter method[26-28].
3.2

Genetic Algorithm

Genetic algorithm is a subset of evolutionary algorithm developed from Darwin's theory of gradual
evolution and fundamental ideas. Process of optimization is based on a random trend in genetic
algorithm. Before the genetic algorithm can be implemented, we must first find encoding system for the
intended problem. The most common way to show chromosomes in the genetic algorithms is in binary
form. In this case, chromosome is a bit string, the length of which is determined by some existing
parameters. In other words, each parameter is related to a bit in a string. In this algorithm, for a fixed
number called population, a set of target parameters is produced randomly. The genetic algorithm
applies the rule of surviving the best to get the better solutions and then it assigns the number
representing the fitting of that set to the member of the population. This process is repeated for every
single member. With the retrieval of genetic algorithm operators such as selection, Mutation and
crossover imitated from natural genetics, better approximations can be obtained from final solution and
this procedure continue to get the convergence criterion. A selection operator chooses some
chromosomes among the available chromosomes in a population for reproduction. The methods of
selection are selection of the elite, the roulette wheel, tournament, Boltzmann, ranking, etc. The
crossover operator is a random merging which some parts of chromosomes are exchanged. This issue
causes that the children are not exactly like their parents and have had a combination of characteristics
of their parents. After the merging, Mutation operator is applied on chromosome. This operator chooses
a gene from a chromosome randomly and changes the content of that gene. There are three criteria for
algorithmtermination:1-The number of generations in algorithm,2-the population does not become
better,3-classification accuracy of element with the best fitness does not exceed the threshold level.
3.3

Nearest Neighbor algorithm

K-nearest neighbor algorithm is one of the learning algorithms which is commonly used although it
is very simple and gives good results in classification of linear data. This algorithm is resistant to noise
and has good performance when the sample are great in number .The algorithm process is such that a
sample x of test data sets is compared with all educational samples in terms of Euclidian distance. Of
the educational samples calculated, k samples of less distance to sample x are chosen as neighbors of
sample x and finally, sample x belongs to the class which has the greatest votes in the number of nearest
neighbors. The most important in this algorithm is to choose the value of k which must be very low or
very high. Therefore, k is tested in different values so that the best value is obtained. This value must be
odd so that the similar cases in final voting from k closer neighbors are removed [29].
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Adaboost algorithm

This is an adaptive reinforcement algorithm performing classification based on a basic algorithm and
each time, the classifier is regulated in favor of misclassified samples .This algorithm uses the database
repeatedly and it is not necessary to have big database [30]. In this method , the probability of selecting
a sample of xt to be located in educational data set of classifier j+1 is determined based on the error
probability of classifier cj in that if sample xt is not classified properly, the probability of being selected
for the next classifier is increased and if the sample xt is classified properly ,it is less likely to be selected
for the next classifier. All the learners are simple and weak and must have error less than ½. Otherwise,
the education is stopped since its continuation makes the learning become difficult for the next classifier.
Also, the initial probability of selecting educational samples is considered to be uniform. In fact, the
weight of sample shows the importance of the sample. The final hypothesis is obtained through weighted
voting of T number of weak hypotheses [31]. The pseudo-code of this algorithm is shown below.

Figure 1: Pseudo code of Adaboost algorithm [30]

4

The proposed algorithm

In this paper, from PID dataset, using genetic algorithm based on entropy criterion, some more
important features in detection of diabetes are selected and based on 10-fold cross validation model,
they are divided into educational and test data. The learning is assessed with educational data and the
system is assessed with test data. In creating learning model with k-nearest neighbor algorithm, the
samples are classified into patient and non-patient groups and with Adaboost algorithm, the k-nearest
neighbor’s algorithm is reinforced as a weak classifier and the samples reclassified. The implementation
was done in Matlab 2014 and classification assessment parameters including accuracy and error mean
are compared.
4.1

Individual representation and population initialization and Feature selection

To select a subset of features, a string of binary chromosomes is considered at a now of the set given.
Each binary figure show a feature with 0 or 1.A schematics of these chromosomes is shown in Fig 2.
The initial population is also a set of chromosomes the number of which is fixed during the
implementation. To evaluate the initial population, the competency function based on information
measures is used. This criterion takes in to consideration the information obtained by a feature. Feature
x, outperforms feature y in this method. If information obtained from feature x is greater than that of
feature y, the entropy is a sample of Measures Information. Entropy is a parameter related to disorder
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of a system and when disturbances increase and extraction of suitable features becomes complex maybe
it is successful to only partially. In this paper, the entropy criterion was used to select the suitable features
in that the entropy value is calculated from the following formula for each array of feature vector. The
features with less entropy have greater effect in class separation. To quantify entropy, we used the
following equation (Shannon & Weaver, 1949), where H(A) is the entropy of categorical variable A, a
is a category of A, and pa is the proportion of observed values within that category [32].
H(A)=− ∑𝑎𝑎∈𝐴𝐴(𝑝𝑝𝑎𝑎 𝑙𝑙𝑙𝑙𝑙𝑙2 (𝑝𝑝𝑎𝑎 ))

(1)

Figure 2. A feature vector with the length of L

In selecting selection operator, for parents, we used an elite-based method. The parents are chosen
regarding the evaluation function elite idea adds a new feature to selection process. The best member of
population survives and is present in the next population, and the member with the highest adaptation
transferred to the new population automatically. The elitism applications in genetic algorithm usually
improve the efficiency. As elitism causes the probability of selecting best chromosomes to increase, it
can increase the genetic algorithm speed. In this paper, for crossover operator, single-point method was
used. In this method, a point of chromosome is chosen randomly is based on production and test
randomly the solution is not clear and we do not know which solution is optimal to define the termination
condition as the solution the population. For this reason, certain number of generation, numbers of
generations in the article 80 have been considered, we consider for termination condition. Genetic
algorithm parameters are shown in table 1.
Tabel 1- Parameters specification in proposed algorithm
Population size
50
Number of iteration

4.2

80

Dividing database using k-folds cross validation method

In cross validation, the main data set is divided into k subsets of equal size, each time one is chosen
as validity and the other k-1 subsets are used as education. This continues until each subset is educated
once and k-1 times of validations are done. Finally, classification is obtained from mean of accuracy in
each stage. In 10-fold cross validation, the training data are subdivided randomly into 10 disjoint equalsized sets. The learning algorithm is applied 10 times, each time on a training set containing all but one
of these subsets. The resulting classifier is tested on the one-tenth of the data that was held out. The
performance of the 10 classifiers is averaged to provide an estimate of the overall performance of the
learning algorithm when trained with the given features.

5
5.1

Experimental results
Diabetes disease database

In this paper, data available in PID dataset downloaded from UCI were used [33]. These data contains
8 registered features related to 768 women aged 21 at least, of whom 500 were years of age. The 8
features are: Number of times pregnant, Plasma glucose concentration, Diastolic blood pressure, Triceps
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skin fold thickness, Insulin, Body mass index, Diabetes pedigree function, Age. From this number 500
people are healthy and 268 were diabetes. The characteristic of desired class was determined to be 0 and
1, meaning each individual with the set of features is inflicted with diabetes or not. The characteristic of
class 1 means being patient and that of zero means lacked of disease.
5.2

Performance measures

The performance of the implemented classifier was evaluated by computing accuracy and
classification error rate. The respective definitions of Accuracy and Error are as follows [34]:
(a) Accuracy %:
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =

(b) Error rate %:
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 =

𝑇𝑇𝑇𝑇+𝑇𝑇𝑇𝑇
𝑇𝑇𝑇𝑇+𝑇𝑇𝑇𝑇+𝐹𝐹𝐹𝐹+𝐹𝐹𝐹𝐹

𝑇𝑇𝑇𝑇+𝑇𝑇𝑇𝑇
𝑇𝑇𝑇𝑇+𝑇𝑇𝑇𝑇+𝐹𝐹𝐹𝐹+𝐹𝐹𝐹𝐹

(2)

−1

(3)

Where TP, TN, FP and FN denote respectively:
•
True positives: classifies Diabetic as Diabetic.
•
True negatives: classifies No Diabetic as No Diabetic.
•
False positives: classifies No Diabetic as Diabetic.
•
False negatives: classifies Diabetic as No Diabetic.
Accuracy parameter indicates that the classifier designed the percentage of correctly classified test
has set records. So TP and TN are the values that should be maximum. Error parameter, exactly the
opposite is the accuracy. When the best performance is established, the lowest value is zero and
maximum amount is equal to one when the highest performance is achieved.
(c) Confusion matrix:
A confusion matrix contains information about actual and predicted classifications done by a
classification system (Table 2).
Table 2 – Representation of confusion matrix [34]
Actual Predicted

5.3

Predicted

Negative

Positive

Negative

TN

FN

Positive

FP

TP

Results and discussion

We proposed a combination method for classifier, we test proposed method on diabetes dataset and
compared the result. We implemented Adaboost algorithm based k-nearest neighbor. It leads to increase
of classification accuracy. Results of proposed algorithm vs. knn-based classification by using 10fold
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cross validation without using reduction algorithm are shown in table 3. According to the results can be
explicitly expression that combination classification is a useful method. The accuracy of Adaboost
algorithm has considerable increased.

Table 3- Compare the results of classification with basic algorithm VS classification by adaptive
combination
Combined algorithm
(Adaboost+KNN)

K-Nearest Neighbor
algorithm

Parameters
evaluated

0.9739

0.7188

Average accuracy

0.0261

02812

Average error

09893

0.0312

standard deviation

10.135552

1.604541

Elapsed time (s)

Also, according to what was said, reduction feature can be effective. Therefore using a genetic
algorithm tried to select effective features. In this way we produce a population of candidate subsets, in
other words, a set of features displayed by a binary sequence of length n. Those shown with 0 or 1 in
place i, the presence or absence of feature set. N is the number of features available. The population of
chromosomes is maintained. In each iteration of the algorithm, using an evaluation function, determined
the merit of the current population and we choose the best elements of a next-generation population.
New chromosome series of old chromosomes according to the following process:
•
•

Combination: combine parts of two parents together to create new child.
Mutation: changes the random bits of a parent to create a new child.

The initial population size is 50 and the number of iteration is 80 and Combination rate is 50 percent.
In each round of implementation of the proposed algorithm the numbers of features selected are shown
in table 4. The fourth feature (Triceps skin fold thickness) is not important, because in none of stages is
not selected. As well as, second and sixth characteristics (Body mass index) are very effective. The
eighth feature (age) is removed at a later stage which shows the importance of not much in the diagnosis
of diabetes. The best case is choose6Attributes. So, accuracy propose algorithm by using feature
selection method is shown in table 5.As well as, In compared with other methods presented in the
diagnosis of diabetes on the dataset PID, our proposed method has gained higher accuracy. This claiming
is shown in the diagram.
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Table 4-Results for k-Nearest Neighbor algorithm and proposed algorithm with the 10- folds cross
validation model
No. feature

The number of selected feature
1

2

3

7

*

*

6

*

*

5

*

*

4

*

4

5

6

7

8

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

3

*

*

*

2

*

*

Table 5-Results for proposed algorithm by 6 features with the 10- folds cross validation model
Elapsed
The number of
Average
Average
standard
time
repeat Adaboost
accuracy
error
deviation
(seconds)
10Times
0.9766
0.0234
0.0082
8.818487
15 Times

0.9818

0.0182

0.0125

13.217965

20Times

0.9896

0.0104

0.0134

17.519928

120.00%
100.00%
80.00%
60.00%
40.00%
20.00%
0.00%

Figure 3. Increasing the accuracy of the proposed method compared to other methods
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Conclusion
In this paper, we proposed a new algorithm of classification based on feature selection with genetic
algorithm and combination of k-nearest neighbor and Adaboost algorithms to increase the accuracy of
classifying PID dataset. Genetic algorithm with entropy criterion focuses on the reduction of nonnecessary features in main datasets and after selection of optimal features, the data set with 10-fold cross
validation are divided into educational and test data and used in learning model. Algorithm KNN as a
basic and weak algorithm is reinforced by Adaboost algorithm through weighting samples and during
implementation; classifier is regulated in favor of wrong samples to classify more samples. The practical
tests showed that the proposed algorithm has greater accuracy than basic algorithm KNN and other
methods.
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