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Abstract. The article discusses the main areas of information technology 

tools application in the training of athletes, analyzes the types of expert 

systems that can be applied for this subject area, indicating the features of 

their use, including the tasks of supporting the plans preparation for 

individual diets of athletes. The formulated mathematical model is 

considered as a decision-making model in an optimization formulation for 

seeking the optimal ratio of food components from the space of admissible 

decisions of the various food products ratio. The recommendations 

regarding the daily needs of athletes in the necessary vital components for 

various sports activity categories, considering the norms of daily calorie 

intake in accordance with the Mifflin-San Geor formula, indicating the 

maximum norms of proteins, fats, carbohydrates, are analyzed. A 

mathematical model is presented in an optimization formulation from the 

class of discrete programming, on which the developed intelligent decision 

support system is based. The implementation components of the software 

system in the pseudocode format and examples of the implementation of 

the model for the formation of individual diet plans in the optimization 

setting are presented. The developed software package can be used for 

automatic generation of basic recommendations for the proposal of 

individual diets as an auxiliary means of supporting the activities of a 

dietitian to find the optimal plan in terms of maximizing individual 

preferences for food in the area of permissible values for the restrictions on 

the type of sports activities and the maximum norms of food components. 

1 Introduction 
The modern field of sports is characterized by increased individualization and attention to 

the needs of both an athlete performing in individual competitions and as part of a group. 

As studies show [1], the effectiveness of sports is significantly increased due to the 

development of training programs, taking into account individual physiological needs, 
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operational control over the physiological state of athletes, which increases the reliability 

and information content of the preparation process for competitions. 

A large array of data, including personal information about the athlete, as well as data 

on the training process, actualizes the issue of using problem-oriented information 

technologies to solve various problems in the sports sphere. Among the main directions of 

using information technologies in this subject area, the following can be distinguished [2]: 

1. Computer diagnostics, testing, control and results evaluation. 

2. Comprehensive control of the body state, analysis of factors contributing to an 

increase in the training effectiveness [3,4]. 

3. Assessment of load parameters, sports form and limiting capabilities of the organism. 

4. Monitoring and adjustment of the training program for athletes [5-7]. 

5. Systematization, storage and analysis of incoming information about the training 

process [8]. 

6. Analysis of biometric data with further construction of 3D-models of a set of 

exercises [9]. 

One of the specific tasks encountered in the process of training an athlete is the diet 

choice and the composition of a nutrition suitable for the type of activity, taking into 

account individual physiological characteristics. Among the problems raised in studies on 

this topic, the following can be distinguished: 

1. The correct selection of vitamins, microelements, as well as the need to find the 

optimal proportions of carbohydrates, fats, proteins. 

2. The need to keep track of calories, meal schedules, taking into account the goal of 

training, physique and daily calorie requirements. 

3. Special recommendations on the content of proteins, carbohydrates, etc. for activities 

with increased physical activity [10-12]. 

In works [13-14], approaches to the development of information technologies are 

considered in relation to the issues of drawing up an athlete's diet. Among the functional 

features of existing developments are such as: 

1. Calculation of the optimal body weight based on indicators of age, weight, height 

with the selection of a special diet. 

2. Analysis of the composition of nutrition components of consumed food in real time. 

3. Tracking the diet, both in general and in individual details. 

Automation often covers not only the issues of computer modeling of the training 

process and the calculation of basic nutritional indicators, but also more complex tasks - 

collecting and analyzing data from various experts, interpreting expert knowledge, making 

managerial decisions, forecasting, which means it updates the process of developing more 

complex information systems related to the categories of advisory systems, automated 

control systems, decision support systems, etc. With regard to the specifics of sports 

activity, one can single out such existing information technologies as [15-16]: 

1. Expert systems of knowledge objectification regarding nutrition and other sports 

analytics. 

2. Expert systems for decision support using machine learning methods for monitoring 

and interpreting a large number of indicators of various categories (including socio-

psychological, biochemical, pedagogical, medico-biological) in the knowledge base, 

implemented using web technologies. 

3. Database on the accounting of physical, tactical, technical, functional training of an 

athlete with further system analysis. 

4. Computer programs for calculating the athlete's need for various food components, 

determining the medico-biological requirements for completing the diet, as well as a 

program for calculating and selecting a suitable diet. 
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Based on the above, it can be highlight the specifics of information systems use in the 

field of sports, with its division into different classes according to the nature of data 

processing. The analysis summary results are shown in Table 1. 

Table 1. Classification of information systems functions in sports by the nature of data processing. 

Informational and referencial 
(searching) Information systems

Information processing systems 
(decisive IS)

Computer testing, results control.

Database for the registration of physical, 

tactical, technical, functional training of an 

athlete.

Complex control of the body state.

Storage of parameters of activity, fitness 

and limiting capabilities of the body.

Training program monitoring for athletes.

Systematization, storage of incoming 

information about the training process.

Building 3D models of a set of exercises.

Tracking the diet, both in general and in 

individual details.

Track the nutrition schedule based on 

specific training goal, physique, and daily 

calorie requirements.

Analysis of the food components 

composition of consumed food in real time.

Computer programs for calculating the 

athlete's need for various food components.

Computer diagnostics, testing, evaluation of 

results.

Analysis of factors contributing to an increase in 

the effectiveness of training.

Assessment of parameters of activity, sports form 

and limiting capabilities of the organism.

Correction of the training program for athletes.

Incoming information analytics about the training 

process.

Analysis of biometric data.

Technologies for finding the optimal proportions 

of carbohydrates, fats, proteins.

Calculation of the optimal body weight based on 

indicators of age, weight, height with the 

selection of a special diet.

Expert systems for objectifying knowledge 

regarding nutrition and other sports analytics.

Expert systems for decision support using 

machine learning methods for monitoring and 

interpreting a large number of indicators of 

various categories.

Computer programs for calculating and selecting 

a suitable food

Thus, it can be concluded that not only information and reference systems, but also 

technologies to support medical decision-making, requiring formalization and interpretation 

of medical knowledge, are actively developing at present time. It should be also mentioned 

that in training athletes it is crucial to use specialized information technologies based on 

mathematical modeling and analysis of a variety of expert opinions (medical workers, head 

coach, psychologist, support staff), which requires the development of innovative 

technologies. Nevertheless, the analyzed works do not pay due attention to the detailed 

description of mathematical models for the formation of an athlete's diet, and also do not 

give recommendations on formalizing the individual preferences of an athlete for various 

product categories and do not consider methods for solving the problem of forming a diet 

plan in an optimization setting with the choice of the best alternative solution space, which 

makes the task of developing such a problem-oriented solution urgent. 

2 Materials and methods 
Based on the analysis of the subject area, we can conclude that the automation of creating 

an individual diet plan process will significantly reduce the labor intensity and time of the 

athlete and trainer involved in drawing up the diet plan, and will also allow for better 

calculation of the necessary food components, taking into account individual preferences. 

� There are various approaches to calculating calorie norms for a diet plan. As an 

example for calculating the daily rate of kcal. the Mifflin-San Geor formula was used [17-

18], which allows to formalize the norms of calorie content taking into account gender, 

weight, height, age. 
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� To develop a support system for creating an individual diet plan, it is necessary to 

consider the basis of the diet for athletes [19]: 

� proteins of animal origin; 

� proteins of vegetable origin; 

� fats of animal and vegetable origin; 

� vegetable fiber. 

� During the review of the subject area, it was revealed that in order to meet the 

nutritional needs of an athlete, it is necessary to adhere to the ratio of proteins - fats - 

carbohydrates in an appropriate proportion of 15% - 30% - 55% of the daily caloric intake 

of food. 

� There are the following recommendations regarding the daily requirement of athletes 

for the necessary vital components [20]: 

� 1.2-1.4 g of protein per kg of body weight for athletes, if their physical activity is 

aimed at increasing strength endurance; 

� 1.6-1.7 g of protein per kg of body weight if it is necessary to increase muscle mass; 

� up to 2 g of protein per kg of body weight for athletes whose activities are associated 

with increased strength loads; 

� 1.3-1.5 g of vegetable proteins per 1 kg of body weight during work that is not 

designed for heavy physical labor, and in the case of heavy physical work, it is 

recommended from 2 to 2.5 g of proteins per 1 kg of body weight. 

The information obtained at this stage is entered into the database of athletes, which 

allows further calculation of the individual needs of athletes in all nutrients. The database 

model is shown in Fig. 1. A distinctive feature of the database is the storage of information 

about food products, food components contained in them and the athlete's preferences 

(conditional coefficient of ranking the priority of a food product): 

Fig. 1. Database model.
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Based on the analysis of the subject area and a review of similar solutions, the general 

functionality of the system being developed was formed: 

- registration with indication of personal data; 

- authorization by credentials; 

- editing of user’s personal data in the account settings; 

- formation of a diet based on user preferences; 

- viewing the user’s personal data in the account overview; 

- viewing information about diet; 

- editing the diet plan by changing personal data. 

To solve the problem of developing an intelligent system for supporting the 

composition of a diet for an athlete, a class of discrete optimization programming methods 

was chosen with fixing restrictions on food components in a mathematical model (B1 ... 

B4), fixing the specific ratio of food components in specific food products (P1, ..., Pn) and 

user preferences for the consumption of these components (C1 ... C4) as an objective 

function. To solve the discrete programming problem, the Gomori algorithm was chosen 

with additional constraints - the function of correct cutoffs to obtain the optimal integer 

result. 

� The mathematical model underlying the software package is presented below: 

� Cn – product importance factors. 

� B1 – minimum amount of proteins per day. 

� B2 – minimum amount of fats per day. 

� B3 – minimum amount of carbohydrates per day. 

� B4 – calorie content. 

0,12 m ≤ ��≤ 0,014 m (in case of strength endurance); 

0,016 m ≤ �� ≤ 0,017 m (in case of an increase in muscle mass); �� ≥0 ,02 m (in case of large power loads); 

0,02 m ≤ ��≤ 0,025 m (in case of hard physical work); 

Table 2. Example of data of the service mathematical model. 

 

 

��=0,15 ��; ��=0,3 ��; ��=0,55 �� 

�(	) = 
�	� + 
�	� + 
�	� + ⋯ + 
�	� → ��	    (1) 

� =  	 ∈ ��

⎩⎪
⎨
⎪⎧

���	� + ��� 	� +  ���	� + ⋯ +  ���	� ≥ �����	� + ��� 	� + ���	� + ⋯ +  ���	� ≥ �����	� + ��� 	� + ���	� + ⋯ +  ���	� ≥ �����	� + ��� 	� + ���	� + ⋯ +  ���	� ≥ ��	� + 	� + 	� ≤ 15	�, 	�, 	� ≥ 0
  (2) 

The presented mathematical model allows one to obtain the optimal diet plan as a vector 

of the corresponding food components x1, ..., xn - food multiples of 100 g (from the point 

of view of the maximum individual preferences of an athlete for food) from the space of 

admissible solutions (taking into account medical restrictions on nutrition). Due to the 

The product's 

name

Proteins Fats Carbohydrates Calorie content

П1 (x1) a11 a12 a13 a14

П2 (x2) a21 a22 a23 a24

П3 (x3) a31 a32 a33 a34

… … … … …

Пn (xn) an an an an
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functionally adjustable parameters, automation tools allow one to change the limit values of 

kcal, if not using the Mifflin-San Geor formula, but other recommendations for additional 

medical recommendations regarding the athlete's nutrition. 

In fig. Figures 2-4 the models for the detailed design of an athlete's diet support system 

are shown: 

 
Fig. 2. Functional model of the diet formulation process.

 
Fig. 3. Variants of using the system by the user.
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Fig. 4. System architecture of the information system. 

The presented models of the information system make it possible to unambiguously 

describe the logic of its technical presentation and precede the stage of software 

implementation. 

3 Results 
The following technology stack was used to implement the system: 

- programming language PHP 7; 

- programming language Java Script; 

- jQuery library for Java Script; 

- layout language HTML 5; 

- cascading style sheets (CSS 3). 

The implementation of the main functions of the decision support system is presented in 

pseudocode format: 

function NormCcal() {  

var num1, num2, num3, num4, num5, result; 

num1 = document.getElementById('weight').value;  

num1 = parseFloat(num1); 

num2 = document.getElementById('height').value;  

num2 = parseFloat(num2); 

num3 = document.getElementById('years').value;  

num3 = parseFloat(num3); 

num4 = document.getElementById('gender').value;  

num4 = parseFloat(num4); 

num5 = document.getElementById('active').value;  

num5 = parseFloat(num5); 

result = ((9.99 * num1) + (6.25 * num2) - (4.92 * num3) - num4) * num5; 

var out = document.getElementById('out'); 

out.value = result; 

} 
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function calcularSimplex() {  

let calculosabela = document.getElementById("calculat") 

calculosabela.innerHTML = '' 

NLP = [] 

nTabelas = 0 

otima = false 

while (!otima) { 

findcolumn () 

recalcularTabela() 

if (CheckSolutions ()) { 

otima = true 

showTable ()}}} 

Examples of the formed diet plan are shown in Fig. 5-6. 

 
Fig. 5. Form for entering the individual preferences of an athlete for food.
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Fig. 6. Recommended diet plan.

4 Discussion 
The presented solution makes it possible to simplify the development of a high-quality 

nutrition program, taking into account medical recommendations on the necessary limit 

values of food components required when engaging in various types of physical activity, as 

well as to take into account the individual preferences of an athlete for the consumption of 

various categories of products containing these food components. A distinctive feature of 

the developed system is its intellectual component, which makes it possible to support 

decision-making in an optimization setting. 

5 Conclusions 
The paper analyzes the existing information systems in the training of athletes and makes a 

conclusion about the specificity of their classification by the nature of data processing; 

approaches to automating the process of developing an individual diet plan for an athlete 

are presented. The development of such a plan requires a lot of time and constant 

involvement of an expert in sports nutrition, and is also generally characterized by the 

issuance of basic recommendations without taking into account the individual approach to 

the athlete. Automatic selection of the limiting values of food components, recommended 

by an expert depending on the type of physical activity, as well as automatic formation of a 

diet plan in an optimization setting, considering individual preferences set by an athlete, 

will significantly reduce the complexity of organizing the process. 
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