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ABSTRACT 

The paper considers the field of software engineering related to the parametric synthesis of neural networks based 

on an evolutionary approach and its application in the diagnosis of diabetes. As a result of the research, an intelligent 

decision support system for diagnosing diabetes was developed, which is based on machine learning models. The model of 

parametric optimization of the neural network due to the use of genetic algorithm and particle swarm method is 

implemented. A modified genetic method for optimizing neural network parameters to solve the problem of predicting the 

risk of diabetes has been developed. Modification of a simple genetic algorithm, which is implemented as part of the 

project allows you to speed up the selection of learning parameters of neural networks, and increase the resulting accuracy 

compared to the basic version of a simple genetic algorithm, by modifying the mutation operator, as well as a changed 

approach to the selection of individuals for crossing. The developed model is intended for use in the field of medical care 

and allows to determine with some accuracy the presence of the risk of diabetes in patients by clinical indicators of health. 

The result of this model is to reduce the likelihood of a doctor's error, increase the doctor's confidence in the decision made 

in the diagnosis and more lives saved, by making a correct and timely diagnosis. The developed model is intended for use 

in the field of medical care and allows to determine with some accuracy the presence of the risk of diabetes in patients by 

clinical indicators of health. The result of this model is to reduce the likelihood of a doctor's error, increase the doctor's 

confidence in the decision when making a diagnosis and more lives saved, by making a correct and timely diagnosis. The 

developed model is intended for use in the field of medical care and allows to determine with some accuracy the presence 

of the risk of diabetes in patients by clinical indicators of health. The result of this model is to reduce the likelihood of a 

doctor's error, increase the doctor's confidence in the decision when making a diagnosis and more lives saved, by making a 

correct and timely diagnosis. 
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INTRODUCTION 
To date, there are a huge number of diseases that 

pose a serious threat to public health, including diabetes. 

Addressing the diagnosis of diabetes is important because 

the disease is chronic and can have serious consequences 

for the entire human body. 

Diabetes is a global medical and social problem 

of today. The prevalence of diabetes is increasing 

worldwide. According to the World Health Organization, 

the prevalence is growing rapidly, approaching a global 

epidemic [1]. 

Diabetes mellitus has the following 

consequences: early disability, high mortality rates, 

measures aimed at rehabilitating patients, lead to high 

costs for health services. This is due to the fact that the 

disease and its treatment are determined not from the 

moment of carbohydrate metabolism, which is determined 

only by various stress tests (glucose tolerance test and 

others), but by the manifestation of clinical signs of the 

disease, which in turn is the cause of various vascular and 

other tissue changes. 

Therefore, it is important to predict the incidence 

of diabetes using data on human health to plan preventive 

measures and the corresponding financial costs [1]. 

 

ANALYSIS OF LITERATURE DATA AND 

PROBLEM STATEMEN 

Because diabetes is a chronic disease that is 

difficult to treat, its diagnosis is an important issue in 

medical diagnosis. Many scientists around the world are 

researching this problem, and there are already many 

predictive models for diagnosing and predicting diabetes, 

which are both specific (suitable only for predicting / 

diagnosing diabetes) and general (suitable for many 

diseases). 

In [2], a model developed on the basis of neural 

networks and a memetic algorithm for predicting diabetes 

is presented. This model is based on demographic 

indicators of lifestyle and clinical characteristics. To 

improve the accuracy of prediction, the authors used a 

memetic algorithm to update the weights of the neural 

network. By improving the weights of neural network 

models, the authors obtained a model of the memetic 

algorithm, which achieved a model accuracy of 93%. This 

model is able to provide greater forecasting accuracy than 

other models discussed in the article. 

This study has some limitations. Memetic 

algorithms require relatively more training time and a 

more powerful processor than logistic regression models. 

Also, the amount of data somewhat limited the quality of 

the study. The model presented in the paper can be 
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improved. The accuracy of the memetic algorithm can be 

improved with new data and training. The use of these 

models by other researchers can improve the reliability of 

the models and thus save resources. In this study, memetic 

algorithms were used to update weights and improve the 

prediction accuracy of the diabetes neural network. 

In [3], a system of a fully connected classifier of 

a multilayer perceptor (BSP) is proposed, which 

minimizes empirical risk and maximizes erroneously 

classified points in educational data. In fact, convolutional 

neural networks develop multiple feature detectors and use 

them to develop multiple maps, called convolutional 

layers. During training, the network determines which 

features are important for the ability to scan input data and 

for a more accurate classification. Based on this, the 

classifier itself develops its own characteristics of 

detectors. In many cases, the functions considered by the 

neural network will be invisible to the human eye, which 

is why convolutional neural networks are so useful. 

After implementing the CNN-SVM algorithm for 

classification, it can be concluded that the proposed 

system can be used for training and model development. 

This analysis will include the development of a modified 

neural network with deep learning by integrating the 

reference vector method. In order to test the system, 

performance indicators will be compared with an existing 

method. The proposed system with a modified algorithm 

significantly optimizes the overall performance of the 

determination system and effectively reduces the 

computational complexity of the classifier. 

The authors [4] propose a modification of the 

deep learning coiled neural network due to the integration 

of the support vector machine. Traditional CNN uses MLP 

algorithms to classify derived features from raw input. 

Although these algorithms have shown promising results, 

MLP algorithms have various shortcomings in the 

classification of nonlinear datasets. To overcome these 

shortcomings, the proposed architecture combines the 

concept of CNN method of selection of features with the 

SVM classifier. Sets of features from raw data are 

calculated by mathematically convolving these data with 

the weights of the Gaussian nucleus. The size of these 

feature maps using the maximized feature set mapping 

operation. These optimized feature maps are further 

classified using SVM with a kernel function for nonlinear 

data classification. 

The modified algorithm significantly optimizes 

the overall performance of the determination system and 

effectively reduces the computational complexity of the 

classifier. 

Non-invasive method of diabetes detection is 

described in [5]. The method includes the implementation 

of a one-dimensional wrapped neural network for the 

classification of raw data. The CNN algorithm confuses 

raw data with a kernel-based filter to create a set of feature 

maps. The dimensionality of these maps is reduced by 

using a data sample minimization operation and thereby 

reducing the sample size. These maps are then applied to a 

fully connected classifier, which follows a mechanism 

similar to a multilayer neural network based on a 

perceptron. This algorithm reduces the cost of calculations 

and the need for optimal features. 

According to the results, the algorithm performed 

a successful classification. It is established that the 

algorithm significantly reduces the root mean square error 

and optimizes the overall performance of the classifier. 

In [6], an intelligent prognostic model was proposed that 

uses in-depth training to predict the risk factor for the 

disease in patients and the severity of diabetics using a set 

of conditional data. The model offers in-depth learning in 

the form of a deep neural network that helps apply 

predictive analytics to a diabetes data set for optimal 

results. Existing prognostic models are used to predict the 

severity and risk factors of diabetics based on data. In the 

proposed model, the selection algorithm is run for the 

selection process, then the deep learning module has a 

deep neural network that uses a limited Boltzmann 

machine (RBM) as a base unit for data analysis, assigning 

weight to each branch of the neural network. The test 

results showed that the number of studies conducted on 

diabetes using the deep learning model is small. This will 

help predict diabetes more accurately. 

The model can be improved by increasing the 

data size. In addition, forecasting may depend on other 

factors that are not present in the specified dataset. Taking 

these factors into account will further improve the 

accuracy of forecasting. 

The forecasting accuracy with this model can 

reach 86% depending on the data set. 

The authors of [7] built predictive models using 

the methods of logical regression and gradient 

amplification (GBM). The plane under the receiver 

performance curve (AROC) was used to estimate the 

discriminant ability of these models. The authors used the 

adjusted threshold method and the weight category method 

to improve sensitivity - the number of correctly classified 

patients with diabetes developed by the model. These 

models were comparable to other machine learning 

methods, such as the decision tree and the random forest. 

The results of the models showed themselves as follows: 

for the gradient gain the sensitivity was 71.6%, for the 

logical regression model - 73.4%. 

In [8], the authors propose a prognostic model 

called the Improved Diabetes Prediction Algorithm 

(IDPA), which combines a hierarchical clustering 

algorithm and a naive Bayesian classification algorithm 

designed to detect and predict type 2 diabetes. In this case, 

the IDPA module performs grouping of data into two 

groups, ie diabetes and non-diabetes, by applying a 

hierarchical clustering algorithm. Next, filtering is 

performed by comparing the group value with the class 

value, followed by the use of a naive Bayesian classifier to 

predict diabetes. The results show that the proposed 

method can predict diabetes with a higher level of 

accuracy (96%) than traditional and existing methods. 

This model can be used for early prediction of diabetes, 

In [9], a hybrid model for predicting the 

management of type 1 and type 2 diabetes is proposed. 

The work of the model consists of two stages: autonomous 

and operational stages. The offline phase focuses on the 
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preparation of data (structuring) from external sources of 

knowledge, which are presented in the form of 

unstructured clinical diagrams and online guidelines for 

diabetes and the acquisition of knowledge from these 

sources. Gaining knowledge consists of manual and 

automatic procedures. In the process guide, first, patient 

clinical charts are transformed into a structured form 

called the Diabetes Information System (DMIS) and 

Guidance on Deviations and Trend Analysis Rules 

(ATAR). In the offline acquisition phase, a set of rough 

methods based on the set is used to develop DMPR rules 

with DMIS. The rules are stored in knowledge bases in the 

offline process. An online phase is a phase of real-time or 

model execution that predicts and manages physicians to 

support their decision-making. This phase is activated 

when the patient arrives for diagnosis or when the patient 

registers for follow-up. If the patient is registered for the 

first time, the HRBR methodology is launched. The 

HRBR diagnoses with a rough set of considerations (RSR) 

and predicts the type of diabetes. In case the patient is 

already registered, only part of the CTA is activated. CTA 

allows physicians to see all previous patient records in 

summary form and detect abnormal relationships. The 

CTA also provides an analysis of future trends for all 

observations and supports them to identify potential risks 

in the future. Accordingly, the doctor may take preventive 

measures. 

The method proposed in [10] proposes the 

combination of KNN and genetic algorithm to improve the 

accuracy of classification of diabetes data (Figure-2). 

The authors [10] used variations of the genetic 

algorithm to select traits and rank the attributes that are 

more conducive to classification. The best ranked 

attributes used to predict the disease and the classification 

algorithm are based on the evaluated attributes. The 

classifier is trained to classify data on diabetes, which are 

both diabetic and non-diabetic. The proposed system is 

responsible for: selecting the best subset of traits using a 

genetic algorithm, constructing a classifier and classifier 

measurement accuracy, and identifying complications 

associated with diabetes, such as heart and kidney 

problems, possible stroke, and others. 

An optimized CNN (10-layer) model based on 

DCNN and LeNet-5 was proposed in [11]. This model 

provides forecasting accuracy of 89-95% (depending on 

the data set). Changes were made between the third layer 

of max-pooling and the fully connected layer. In addition 

to these layers, CNN also includes three convolution 

layers, three max-pooling layers, and two conjunctival 

layers. Insufficient number of layers leads to inadequate 

ability to extract CNN, while, their excessive number 

increases the time spent on the calculation. In this model, 

convolution layers are used to extract complex parameters 

of input feature maps. The max-pooling layers retain the 

basic features of the input signals while reducing 

parameters and calculations, which helped to avoid 

oversize and improve the generalization of the CNN 

model. 

The authors of [12] suggest the use of the sigmoid nucleus 

and CNN. The originally created SKCNN model 

calculates the sigmoid nucleus for disease and drug 

prediction, drug structural similarity, and disease semantic 

similarity. The sigmoid core of the drug is combined with 

the structural similarity of the drugs, and the sigmoid core 

of the disease is combined with the semantic similarity of 

the disease. Next, CNN uses a combined similarity of 

drugs and diseases to obtain functions. In the last step, the 

Random Forest classifier is introduced to determine 

whether drugs and diseases are related. The accuracy 

provided by this model is approximately 92.69%. 

The paper [13] presents a new structure of CNN, 

which is a combination of ideas of two structures Koichi 

Ito and Gil Levy, where Koichi used deep multitasking, 

and Levy used the division of the image into five areas. 

The CNN modification described in the work consists of 

two parts: the first is four wrap layers with layers of union; 

the second part is formed of three fully connected layers. 

Further STL and DMTL are used in the learning process, 

this method was defined by Koichi Ito. The classification 

accuracy of this modification is 80.11% when using CNN 

and the STL training method and 91.34% for CNN and the 

DMTL training method. 

The mathematical dependence of the onset of 

diabetes on the patient's condition and medical history can 

be defined as a function in which the possibility of 

developing the disease will depend on the patient's 

performance. The generalized dependence model has the 

form (1): 

 

)( nmorb xfK           (1) 

 

where Kmorb - an indicator that characterizes the risk of 

diabetes; x - a set of indicators that characterize the 

patient's health; n is the number of indicators. 

Based on the above data and analysis of statistical 

data, we can conclude that the desired mathematical model 

will not be deterministic, but rather stochastic. 

According to the Unified Clinical Protocol of 

primary and secondary (specialized) medical care [14], the 

assessment of the risk of developing diabetes in a patient 

is based on diagnostic measures and a history of the 

person. The main factors in the development of diabetes 

include the following indicators: 

 

 the patient's age; 

 plasma glucose concentration 2 hours after its 

introduction in the oral glucose tolerance test; 

 serum insulin concentration; 

 the value of the diastolic arterial test; 

 the patient's body mass index; 

 genetics. 

 

Pregnancy and the thickness of the skin fold are 

also taken into account as additional indicators. 

In addition to the above factors influencing the 

development of diabetes, there are others, but they do not 

have a significant impact on the occurrence of the disease, 

so it makes no sense to take them into account. 
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According to the above indicators of human 

health, the mathematical dependence of diabetes can be 

determined as follows (2): 

 

),,,,,,( , STNPgenBMIDBPICGCagemorb xxxxxxxxfK      (2) 

 

where xage is the age of the patient; xGC - glucose 

concentration after its oral glucose tolerance test; xIC - 

insulin concentration; xDBP - the value of the diastolic 

arterial test; xBMI - value of body mass index; xgen - 

genetic predisposition; xNP - number of pregnancies; xST 

- the thickness of the skin fold in the triceps. 

 

THE PURPOSE AND OBJECTIVES OF THE 

STUDY 

The object of study - the process of predicting 

and detecting diabetes by medical indicators of human 

health. 

The subject of research - methods for predicting 

and classifying morbidity. 

The aim of the work is to develop a modified 

genetic method for optimizing the parameters of the model 

based on the neural network to solve the problem of 

predicting the incidence of diabetes. 

Research method - traditional models, neural 

networks, combined methods (neural networks and genetic 

algorithms, neural networks and multi-agent systems). 

 

DEVELOPMENT OF A MODIFIED GENETIC 

METHOD 
A multilayer perceptron was chosen as a type of 

artificial neural network to build a model for predicting the 

risk of diabetes. The choice of this neural network is made 

on the basis of the problem to be solved, namely the 

classification of data to determine the risk of diabetes. 

The developed neural model has a dense structure in 

which each neuron is connected to all neurons of the next 

layer. The neural network consists of an input layer, two 

hidden layers, and one output neuron that defines the final 

class. 

The outer layer has 8 neurons, according to the 

number of input parameters, the second layer of the 

network has 14 neurons, the third - 7 and the output layer 

has one neuron. 

As a function of activation used sigmoidal 

function (3), which actually gives the value of the 

probability of disease risk: 

 

x
e

xf



1

1
)( ,        (3) 

 

For the initial initialization of synaptic scales, a 

normal distribution was used (mean value is 0, and 

standard deviation is 0.05) [14]. 

To solve this problem, it was decided to develop 

a modification of the GA, which will increase the accuracy 

of the neural network. (HA). It consists in parallel 

processing of a set of decisions, thus it focuses on the most 

perspective of them that speaks of possibility of use of GA 

for the decision of a wide range of problems. 

The solution of the problem is evaluated by 

calculating the values of the objective function. The type 

of objective function is determined by the nature of the 

problem for which the genetic algorithm is used. In this 

case, the objective function is taken as function (4), which 

calculates the number of correct responses of the neural 

network: 

 


 


N

i

m

j

t
ijij yyDf

1 1

)( ,        (4) 

 

where m is the number of outputs of the neural network; N 

- the number of samples in the training sample; ijy  - the 

actual value at the j-th output of the network for the image 

and; t
ijy - the value that should be on the j-th output of the 

network for the image and; D is the value that depends on

dyy
t  , if the inequality is true, then D = 1, if not, 

then D = 0; d is the value that determines the maximum 

allowable deviation of the real value from the target [15]. 

As a result of the calculation of the fitness 

function, it is determined whether the performance of GA 

will be continued. In the case of continued execution of 

GA, selection, crossing and mutation operations are 

performed sequentially. 

A genetic algorithm can be used to adjust the 

weights of the neural network. To do this, you need to 

determine the target function (usually an error function) 

and the way the weights in the chromosome are 

represented. Each chromosome ),...,,( 21 ikkkK   Is a 

vector of genes or, in this case, weights (weights are read 

from the network in the prescribed order - from left to 

right and from top to bottom).  

The length of the chromosome in accordance 

with the task of optimizing the neural network is 

calculated by formula (5): 

 




 
M

NNLNp

1

11 )1()1(


 ,      (5) 

 

where N  - the number of neurons on the μ-th layer; L  - 

the number of features in the training sample; M  - the 

number of layers of the neural network. 

One of the problems that arise when using genetic 

methods is to determine not the global but the local 

extremum of the function being optimized. There are 

many modifications of the genetic method to solve this 

problem. In this project, it is proposed to choose parental 

couples based on their distant kinship. 

In nature, there are two types of crossbreeding: 

related and unrelated. Analysis of numerous materials 

shows that the degree of kinship has a great influence on 

the offspring. If we take an example from nature, then 
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close kinship is accompanied by low viability of offspring, 

has an impact on its adaptability. When crossing unrelated 

individuals, such problems do not arise because harmful 

recessive mutations in the homozygous state will become 

heterozygous and will not affect the viability of the hybrid 

organism [16]. 

Thus, at the stage of choosing individuals for the 

formation of parental couples, it makes sense to take into 

account not only the rate of fitness of individuals, but also 

their relationship with each other so that couples are 

formed from the most distant individuals. As a result, the 

algorithm will scan unexplored areas and prevent 

convergence to the solution already found. 

The degree of affinity can be expressed using 

formula (6): 

 





p

k

jkikij xxd

1

,       (6) 

 

where ikx  - k-th gene in the chromosome of the i-th 

father; jkx - k-th gene in the chromosome of the j-th 

father; p is the length of the chromosome. 

This paper proposes two mutation operators, 

which differ from the classical one in that the mutation is 

carried out not only for a certain percentage of individuals, 

but also in a certain way the values of genes in 

chromosomes change. In the first proposed method, 20% 

of the population are subject to mutation. Next, two genes 

are randomly selected from the chromosome and the 

arithmetic mean of these values is calculated by formula 

(7): 

 

2

ikij

A

hh
H


 ,        (7) 

 

where ijh  - j-th gene of the i-th chromosome; ikh  - k-th 

gene of the i-th chromosome. 

To prevent two genes with the same values from 

returning to the chromosome, it is proposed to change 

their values by adding and subtracting a certain number 

from a given range of values (8, 9). 

 

)1,0(*
randHh Aij  ,       (8) 

 

)1,0(*
randHh Aik  ,       (9) 

 

where *
ijh ,, *

ikh - value j -th and k -th gene of the i-th 

chromosome as a result of mutation; rand (0,1) is a 

random value from zero to one. 

As a second modification of the mutation 

operator, it is proposed to calculate the arithmetic mean of 

two randomly selected genes (10), but unlike the first 

modification, in this one the value of one gene will be the 

value of the arithmetic mean, and the value of the second 

gene is zero (11): 

 

)1,0(*
randHh Aij  ,      (10) 

 

0* ikh ,       (11) 

 

where *
ijh ,, *

ikh - value j -th and k -th gene of the i-th 

chromosome as a result of mutation; rand (0,1) is a 

random value from zero to one. 

Thus, using the proposed operators, the meaning 

of the mutation operator is preserved, ie increases the 

diversity of the search and the introduction of new 

chromosomes into the population for a more complete 

study of the search space. 

A multilayer perceptron was chosen as a type of 

artificial neural network to build a model for predicting the 

risk of diabetes. The choice of this neural network is made 

on the basis of the problem to be solved, namely the 

classification of data to determine the risk of diabetes. 

After performing evolutionary operators, the 

population size is estimated, after which its size returns to 

baseline. The new population includes the most adapted 

individuals. 

In addition, the optimization of the neural 

network by the particle swarm method was also 

implemented. Particle Swarm Optimization (PSO) is a 

stochastic optimization technique that takes the idea of the 

social behavior of a flock of birds or fish. 

PSO has much in common with genetic 

algorithms [18]. The system is initialized by a population 

of random solutions and searches for optimums by 

updating the generations of these solutions. However, 

unlike genetic algorithms, PSO does not have such 

evolutionary operators as crossover and mutation. In PSO, 

potential solutions, called particles, fly through the 

solution space, focusing on the particles that are optimal at 

each time point. 

At each point where the particle visited, the value 

of the objective function is calculated. In this case, each 

particle remembers what (and where) the best value of the 

objective function it personally found, and each particle 

knows where the point is located, which is the best among 

all the points that explored the particle. At each iteration, 

the particles adjust their speed (modulus and direction) to 

be closer to the best point that the particle found itself (the 

authors of the algorithm called this aspect of behavior 

"nostalgia"), and, at the same time, get closer to the point 

which is currently the best globally. After a number of 

iterations, the particles should gather near the best point, 

although it is possible that some of the particles will 

remain somewhere in a relatively good local extremum, 

but the main thing is that at least one particle is near the 

global extremum. 

In the initial form of the algorithm, the speed 

correction was as follows (12): 

 

)()( ,,,1, tiiggtiititi xgrxprvv    ,  (12) 
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where vi, t - i-th component of the speed at the t-th 

iteration of the algorithm; xi, t is the i-th coordinate of the 

particle at the t-th iteration of the algorithm; pi is the i-th 

coordinate of the best solution found by the fraction; gi is 

the i-th coordinate of the best solution found by all 

particles; rp and rg are random numbers in the interval (0, 

1); and - weights that need to be selected for a specific 

task.𝜑𝑝𝜑𝑔  
Then adjust the coordinate of each particle (13): 

 

1,,1,   tititi vxx .      (13) 

 

After that, the value of the objective function at 

each new point is calculated, and each particle checks 

whether the new coordinate has become the best among all 

the points it has visited. Then, among all new points, it is 

checked whether the best point is found globally and, if 

found, its coordinates and the value of the objective 

function at this point are remembered. 

Compared to genetic algorithms, the advantages 

of PSO are ease of implementation and a small number of 

parameters that need to be set. PSOs are successfully used 

in many areas such as function optimization, training of 

artificial neural networks, fuzzy system control and others, 

where genetic algorithms can be used [15]. 

In general, the neural network optimization looks 

like shown in Figure-1. 

 

 
 

Figure-1. Optimization of the neural network using 

GA and PSO. 

 

EXPERIMENTS IN TEACHING METHODS 

Testing, as well as network training, was 

performed on a data set containing information on 

diabetes. The source of information about the disease is 

the National Institute of Diabetes, Digestive and Kidney 

Diseases (USA) [17]. The data set was formed from 

women 21 years and older of the Pima ethnic group. The 

set consists of 9 attributes and 768 instances: 

a)  the number of pregnancies; 

b) plasma glucose concentration 2 hours after 

administration in an oral glucose tolerance test; 

c)  diastolic blood pressure (mm Hg); 

d)  the thickness of the skin folds in the 

triceps (mm); 

e)  the concentration of insulin in the serum 

(μEd / ml); 

e)  body mass index (weight in kg / (height 

in m) ^ 2); 

g)  a function that describes the genetic 

predisposition to diabetes (diabetes pedigree); 

h)  age (years); 

i)  a class that shows whether the patient had 

diabetes. 

 

The established network was trained for 200 

epochs. During testing, the method of dividing the data 

sample into training and test samples in the percentage of 

80/20% was used. 

The correctness of the classification is defined as 

the ratio between the correct answers and the total number 

of answers (14): 

 

FNFPTNTP

TNTP
Accuracy




 .     (14) 

 

where TP (True Positive) is the case when the real value 

was equal to 1 (x = 1) and the answer of the algorithm is 

also 1 (y = 1); TN (True Negative) - in a healthy patient 

the algorithm diagnosed the absence of disease; FP (False 

Positive) - the case when the real value was zero (x = 0), 

and the predicted - one (y = 1); FN (False Negative) - a 

case where the algorithm recognized a sick person healthy. 

In this case, since the problem of medical diagnosis is 

considered, y = 1 means the presence of the disease, and y 

= 0 - its absence. 

It follows that ideally the model should give zero 

errors of classes False Positive and False Negative, but in 

fact this situation is almost unrealistic, so you should 

minimize the number of possible errors. 

Binary crossentropy is used as a function of 

losses (15). Binary crossentropy calculates losses by 

calculating the following average: 

 

)ˆ1log()1(ˆlog
1

1

iii

sizeoutput

i

i yyyy
sizeoutput

loss  


, (15) 

 

where, iŷ  - i-th scalar value at the input of the model; iy - 

the corresponding target value; output size - the number of 

scalar data values at the output of the model. 

It was used to estimate the ROC curve - a graph 

that illustrates the effectiveness of a binary classification 

system depending on a given class. The ROC curve 

provides detailed information about the behavior of the 

classifier. The curve is the result of the image on the True 

Positive rate (TPR) False Positive rate (FPR). 

Another indicator that was used to evaluate and 

compare models is the running time of the model. The 
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time it takes to classify can be a sign of how fast the data 

can be processed. 

Thus, testing of the developed software has the 

following results. 

Ordinary fully connected perceptron showed the 

following results (Figures 2-4). The accuracy of diagnosis 

was 78.78%. graphical representation of the learning 

process of the model and its accuracy is shown in Figure-2 

and in Table-1. 

 

 
 

Figure-2. The accuracy of a fully connected perceptron. 

 

From Figure-2 it can be seen that the accuracy of 

diagnosing this model was 78.78% and there is an almost 

constant value during the training of a fully connected 

perceptron. 

The learning process of a fully connected 

perceptron according to the number of epochs is shown in 

Table-1, which shows the accuracy of a fully connected 

perceptron every 25 epochs of training in the training and 

test samples. 

 

Table-1. Accuracy of a fully connected perceptron 

according to the epochs of learning. 
 

Epoch 
Accuracy in the 

training sample, % 

Accuracy on the 

test sample, % 

0 62.71 51.02 

25 70.77 68.85 

50 73.28 71.03 

75 74.22 72.37 

100 76.15 74.94 

125 76.13 79.31 

150 76.24 72.34 

175 77.76 77.29 

200 76.73 78.78 

 

The change in the error value is shown in the 

graph (Figure-3), according to which there is a sharp 

decrease in the error value, which shows a virtually 

constant value during the training of a fully connected 

perceptron. 

The process of reducing the value of the loss 

function of a fully connected perceptron in the learning 

process according to the number of epochs is shown in 

Table-2, which shows the value of the loss function of a 

fully connected perceptron every 25 epochs of training in 

the training and test samples. 

 

 
 

Figure-3. Error estimation of a fully connected 

perceptron. 

 

Table-2. The value of the error function of a fully 

connected perceptron according to the epochs 

of learning. 
 

Epoch 

The value of the 

error function 

in the training 

sample 

The value of the 

error function 

on the test 

sample 

0 10.23 10.07 

25 0.641 0.61 

50 0.639 0.62 

75 0.652 0.57 

100 0.649 0.59 

125 0.647 0.58 

150 0.647 0.60 

175 0.647 0.59 

200 0.647 0.58 

 

The value of the ROC curve is 0.811, the graph 

of which is shown in Figure-4 and in Table-3. 
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Figure-4. ROC-curve of a fully connected perceptron. 

 

According to the increase in the value of False 

Positive rate, the change in the value of True Positive rate 

is shown in Table-3. 

 

Table-3. Values of the ROC curve. 
 

False 

Positiv

e rate 

0.

0 
0.2 0.4 0.6 0.8 

1.

0 

True 

Positive 

rate 

0.

0 

0.577 th 

most 

commo

n 

0.98

2 

0.94

4 

0.976 th 

most 

commo

n 

1.

0 

 

The results of a fully connected perceptron, the 

training of which was carried out using GA are shown in 

Figures 5-7. 

 

 
 

Figure-5. Accuracy of a fully connected perceptron 

studied with the help of GA. 

 

From Figure-5 it can be seen that the accuracy of 

diagnosing this model was 89.3%. 

The process of learning a fully connected 

perceptron using a genetic algorithm according to the 

number of epochs is shown in Table-4, which shows the 

accuracy of a fully connected perceptron every 25 epochs 

of training in the training and test samples. 

 

Table-4. Accuracy of a fully connected perceptron 

according to the epochs of learning. 
 

Epoch 
Accuracy in training 

sample,% 

Accuracy on the 

test sample,% 

0 51.93 38.71 

25 74.24 67.86 

50 80.47 77.12 

75 84.17 8.78 

100 87.21 90.74 

125 87.34 84.34 

150 87.56 91.02 

175 89.06 89.98 

200 88.87 89.3 

 

The change in the value of the error is shown in 

the graph (Figure-6) according to which there is a 

decrease, but its value varies during the training of a fully 

connected perceptron in the range from 0.6 to 1.0. 

 

 
 

Figure-6. Estimation of the error of a fully connected 

perceptron studied with the help of GA. 

 

The process of reducing the value of the loss 

function of a fully connected perceptron in the process of 

learning the genetic algorithm in accordance with the 

number of epochs is shown in Table-5, which shows the 

value of the loss function of a fully connected perceptron 

every 25 epochs of training in the training and test 

samples. 
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Table-5. The value of the error function of a fully 

connected perceptron according to the epochs 

of learning. 
 

Epoch 

The value of the error 

function in the 

training sample 

The value of the 

error function on 

the test sample 

0 3,582 th most common 
1,575 th most 

common 

25 0.567 th most common 0.637 

50 0.551 th most common 
0.671 th most 

common 

75 0.527 th most common 0.646 

100 0.503 0.528 

125 0.497 th most common 0.530 

150 0.496 
0.531 th most 

common 

175 0.491 
0.513 th most 

common 

200 0.487 0.511 

 

The graph of the ROC curve is shown in Figure-7 

and in Table-6, the value of which is equal to 0.884. 

 

 
 

Figure-7. ROC-curve of a fully connected perceptron 

studied with the help of GA. 

 

According to the increase in the value of False 

Positive rate, the change in the value of True Positive rate 

is shown in Table-6. 

 

Table-6. Values of the ROC curve. 
 

False 

Positive 

rate 

0.0 0.2 0.4 0.6 0.8 1.0 

True 

Positive 

rate 

0.0 0.681 

0.843 th 

most 

common 

0.928 0.973 1.0 

 

The results of a fully connected perceptron, 

which was trained using PSO are shown in Figures 8-10. 

 

 
 

Figure-8. Accuracy of a fully connected perceptron 

studied with the help of PSO. 

 

From Figure-8 it can be seen that the accuracy of 

diagnosing a fully connected perceptron, which was 

trained using PSO was 90.82%. 

The process of learning a fully connected 

perceptron using the swarm of particles according to the 

number of epochs is shown in Table-7, which shows the 

accuracy of a fully connected perceptron every 25 epochs 

of training in the training and test samples. 

 

Table-7. Accuracy of a fully connected perceptron 

according to the epochs of learning. 
 

Epoch 

Accuracy in the 

training 

sample,% 

Accuracy on the 

test sample,% 

0 76.23 74.49 

25 78.35 73.05 

50 76.57 73.31 

75 78.59 75.47 

100 82.78 82.38 

125 84.76 84.53 

150 87.88 89.55 

175 90.43 89.27 

200 89.94 90.82 

 

The change in the value of the error is shown in 

the graph (Figure-9), according to which there is a 

decrease, but its value varies during network training in 

the range from 0.5 to 1.0. 
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Figure-9. Estimation of PSO network learning error. 

 

The process of reducing the value of the loss 

function of a fully connected perceptron, which teaches 

using the method of a swarm of particles in the learning 

process according to the number of epochs is shown in 

Table-8, which shows the value of the loss function of a 

fully connected perceptron every 25 epochs of training in 

the training and test samples. 

 

Table-8. The value of the error function of a fully 

connected perceptron according to the epochs 

of learning. 
 

Epoch 
Accuracy in the 

training sample,% 

Accuracy on the 

test sample,% 

0 76.23 74.49 

25 78.35 73.05 

50 76.57 73.31 

75 78.59 75.47 

100 82.78 82.38 

125 84.76 84.53 

150 87.88 89.55 

175 90.43 89.27 

200 89.94 90.82 

 

The graph of the ROC curve is shown in Figure-

10 and in Table-9. Its value was 0.893. 

 

 
 

Figure-10. ROC-curve of a fully connected perceptron 

studied with PSO. 

 

According to the increase in the value of False 

Positive rate, the change in the value of True Positive rate 

is shown in Table-9. 

 

Table-9. The value of the ROC curve. 
 

False 

Positive 

rate 

0.0 0.2 0.4 0.6 0.8 1.0 

True 

Positive 

rate 

0.0 0.67 

0.891 th 

most 

common 

0.965 0.983 1.0 

 

The results of a fully connected perceptron, the 

training of which was carried out using GA with modified 

selection operators and with the first of the proposed 

mutation operators are shown in Figures 11-13. the graph 

of accuracy of model is given in Figure-11 and in Table-

10. 

 

 
 

Figure-11. Accuracy of the neural network studied by 

means of the first modification of GA. 

 

From Figure-11 it can be seen that the accuracy 

of diagnosing a fully connected perceptron, which was 
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trained using GA with modified selection operators and 

with the first of the proposed mutation operators was 

91.3%. 

The process of learning a fully connected 

perceptron using a genetic algorithm with the proposed 

selection operator and the first approach to the mutation 

operator according to the number of epochs is shown in 

Table-10, which shows the accuracy of a fully connected 

perceptron every 25 epochs of training in the training and 

test samples. 

 

Table-10. Accuracy of a fully connected perceptron 

according to the epochs of learning. 
 

Epoch 
Accuracy in the 

training sample, % 

Accuracy on the 

test sample, % 

0 70.58 57.78 

25 73.85 71.23 

50 77.56 84.79 

75 82.53 88.62 

100 85.37 85.10 

125 85.41 88.74 

150 88.90 85.98 

175 89.12 85.37 

200 83.26 91.3 

 

The change in the error value is shown in the 

graph (Figure-12), according to which there is a decrease 

in the value with minor fluctuations in the range of 0.5-

0.75. 

 

 
 

Figure-12. Estimation of the error of a fully connected 

perceptron studied with the help of the first  

modification of GA. 

 

 

Table-11. The value of the error function of a fully 

connected perceptron according to the epochs 

of learning. 
 

Epoch 

The value of the 

error function in the 

training sample 

The value of the 

error function on 

the test sample 

0 
6,975 th most 

common 
1.50 

25 
0.563 th most 

common 
0.679 

50 
0.471 th most 

common 
0.619 

75 0.468 0.617 

100 0.403 0.615 

125 0.407 0.613 

150 0.410 0.612 

175 0.406 0.611 

200 0.404 0.610 

 

The process of reducing the value of the loss 

function of a fully connected perceptron, which trains 

using a genetic algorithm with the proposed selection 

operator and the first approach to the mutation operator in 

the learning process according to the number of epochs is 

shown in Table-11, which shows the value of the loss 

function of a fully connected perceptron every 25 epochs 

of training in the training and test samples. 

The value of the ROC curve is 0.9, the graph of 

which is shown in Figure-13 and in Table-12. 

 

 
 

Figure-13. ROC-curve of a fully connected perceptron, 

studied with the first modification of GA. 

 

According to the increase in the value of False 

Positive rate, the change in the value of True Positive rate 

is shown in Table-12. 

 

Table-12. The value of the ROC curve. 
 

False Positive 

rate 
0.0 0.2 0.4 0.6 0.8 1.0 

True Positive rate 0.0 0.689 
0.896 th most 

common 
0.961 0.985 1.0 
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The results of a fully connected perceptron, the 

training of which was carried out using GA with modified 

selection operators and with the second of the proposed 

mutation operators are shown in Figures 14-16. 

 

 
 

Figure-14. Accuracy of a fully connected perceptron, 

studied with the help of the second modification of GA. 

 

From Figure-14 it can be seen that the accuracy 

of diagnosing a fully connected perceptron, which was 

trained using GA with modified selection operators and 

with the second of the proposed mutation operators was 

89.97%. 

The process of learning a fully connected 

perceptron using a genetic algorithm with the proposed 

selection operator and the second approach to the mutation 

operator according to the number of epochs is shown in 

Table-13, which shows the accuracy of a fully connected 

perceptron every 25 epochs of training in the training and 

test samples. 

 

Table-13. Accuracy of a fully connected perceptron 

according to the epochs of learning. 
 

Epoch 

Accuracy in 

training 

sample, % 

Accuracy on the 

test sample, % 

0 36.74 43.31 

25 82.94 83.74 

50 84.52 82.76 

75 82.98 80.73 

100 86.69 86.65 

125 87.43 82.83 

150 87.85 85.56 

175 90.38 86.67 

200 89.14 89.97 

 

The change in the error value is shown in the 

graph (Figure-15) and in Table-14, according to which 

there is a gradual decrease in the value of the error, which 

maintains a stable value since the 75th era. 

 

 
 

Figure-15. Estimation of the error of a fully connected 

perceptron studied with the help of the second 

modification of GA. 

 

Table-14. The value of the error function of a fully 

connected perceptron according to the epochs 

of learning. 
 

Epoch 

The value of the error 

function in the 

training sample 

The value of the 

error function on 

the test sample 

0 1,157 th most common 1.33 

25 0.198 th most common 
0.264 th most 

common 

50 0.146 th most common 0.132 

75 0.125 0.088 

100 0.123 0.081 

125 0.124 0.080 

150 0.123 0.081 

175 0.124 0.080 

200 0.123 0.080 

 

The process of reducing the value of the loss 

function of a fully connected perceptron, that training 

using a genetic algorithm with the proposed selection 

operator and the first approach to the mutation operator in 

the learning process according to the number of epochs is 

shown in Table-14, which shows the value of the loss 

function of a fully connected perceptron every 25 epochs 

of training in the training and test samples. 

The value of the ROC curve is equal to 0.899. 

The graph of this curve is shown in Figure-16 and in 

Table-15. 
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Figure-16. ROC-curve of a fully connected perceptron, 

studied using the second modification of GA. 

 

According to the increase in the value of False 

Positive rate, the change in the value of True Positive rate 

is shown in Table-15. 

 

Table-15. The value of the ROC curve. 
 

False 

Positiv

e rate 

0.

0 
0.2 0.4 0.6 0.8 

1.

0 

True 

Positive 

rate 

0.

0 

0.743 th 

most 

commo

n 

0.872 th 

most 

commo

n 

0.95

7 

0.98

3 

1.

0 

 

To visualize the results obtained during the study 

of the models, the data are listed in table. 16, and the 

accuracy of the classification is reflected in the histogram 

(Figure-17). 

 

Table-16. Comparative table of model evaluation results. 
 

No Name Accuracy,% 
The value of 

the ROC curve 
Time, s 

1 Neural network 78.78 0.811 117 

2 Neural network + HA 89.3 0.884 99 

3 
Neural networks + the 

first modification of GA 
91.3 0.9 101 

4 

Neural networks + the 

second modification of 

GA 

89.97 
0.899 th most 

common 
102 

5 Neural network + PSO 90.82 0.893 97 

 

70

75

80

85

90

95

ANN ANN+GA ANN+GA1ANN+GA2 ANN+PSO

 
 

Figure-17. Histogram comparing the accuracy of the 

tested models. 

 

The results of comparing the values of the 

accuracy of all experiments are shown in the histogram 

(Figure-17). It is seen that learning neural networks using 

evolutionary methods significantly increases their 

accuracy as a classifier. 

 

DISCUSSION 

From the results of the experiments we can 

conclude that the training of the network using 

evolutionary algorithms shows a significant improvement 

compared to standard methods. The use of these methods 

shows approximately the same result in terms of 

diagnostic accuracy, and the time spent on the work is 

quite small. 

From Figure-26 shows that the best accuracy was 

shown by a fully connected perceptron trained using a 

genetic algorithm with the proposed selection operator and 

the first approach to the mutation operator, the accuracy of 

which was 91.3%. A fully connected perceptron studied 

using the particle swarm method showed an accuracy of 

90.82%. Slightly worse results are obtained by a fully 

connected perceptron, which was studied using a genetic 

algorithm with the proposed selection operator and the 

second approach to the mutation operator, the accuracy of 

which is 89.97%. A fully connected perceptron trained 

using a genetic algorithm showed an accuracy of 89.3%. 

The worst result in terms of accuracy has a fully connected 

perceptron, studied using the gradient method, its accuracy 

was 78.78%. 

 

CONCLUSIONS 

During the work, the classical methods that can 

be applied to the classification problem were analyzed, 

namely the Bayesian network, NNge, Random Forest, 

HMM, RBFNetwork, AdaBoost and ENORA. It is 

determined that they do not give satisfactory accuracy in 

data classification. The Bayesian network and the Random 

Forest algorithm show themselves in the best way. Also 

for comparison, a multilayer perceptron, a convolutional 

neural network, an LSTM network, and a fully connected 

NM were analyzed. The LSTM network showed the best 
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accuracy, but it has a rather complex structure for the 

classification task. 

As a result of the work, a method of learning the 

neural network using a genetic algorithm is proposed, for 

which a method of selecting individuals for parental pairs 

based on their relatedness and two methods of mutation of 

chromosome genes is proposed. Two approaches to the 

mutation operator are proposed. When muting, the values 

of the selected genes are calculated based on their average 

values and then added, subtracted or reset the value. 

During the creation and training of a model based 

on a network of long short-term memory, the possibility of 

using the method of particle swarm and genetic algorithm 

to adjust the weights of the network was investigated. 

According to the results of testing and experimental 

research, it is determined that evolutionary methods 

significantly increase the accuracy of classification. The 

accuracy of classification of a fully connected perceptron 

was 78.78%. The accuracy of classification of a fully 

connected perceptron studied using a genetic algorithm 

was 89.3%, using PSO - 90.82%. A fully connected 

perceptron trained using a genetic algorithm with the 

proposed selection operators and the first approach to 

mutation showed an accuracy of 91.3%, and with the 

second approach to mutation the accuracy of the classifier 

was 89.97%. According to the results of studies of the 

proposed genetic algorithm, we can say that there is an 

improvement in the accuracy of classification, namely in 

the first case compared with classical HA by 2%, in the 

second case by 0.67%. The obtained results allow to offer 

effective methods for improving the quality of predicting 

the presence of diabetes, which will improve the process 

of diagnosis and treatment of the disease. 
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