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According to 178 countries, 20-50 million people get injured every year. More than 250 thousand people a 
year suffer from the injuries leading to disability. 

The high level and complexity of domestic injuries are associated with an increase in the number of road 
injuries and the usage of modern mechanisms in domestic conditions, non-compliance with safety rules. 

Modern injuries have a poly structured character, which causes their severe consequences and difficulties in 
the different stages of rehabilitation. 

In this regard, in the process of rehabilitation, special attention is given to the issue of individually oriented 
rehabilitation services, since at present plans for rehabilitation therapy rarely cover the interests of patients 
themselves, which directly affects the quality of treatment. 

In order to solve the problem, it is necessary to take into account the set of restrictions imposed on the process 
– the need to consolidate schedules of the medical equipment usage, the availability of qualified medical personnel 
for each specific procedure at a certain time, the availability of off-the-shelf equipment, etc. 

In fact, to solve this problem, it is necessary to construct a full functioning schedule of the medical institution, which 
is superimposed on the set of hard restrictions – the conditions that must necessarily be fulfilled to ensure the correctness of 
the schedule, and soft requirements – the implementation of which is desirable – the actual interests of patients. 

The following methods are used to solve the problem of constructing a schedule for medical institutions: full 
selection, method of branches and boundaries, logical programming with constraints, graph coloring, simulated 
annealing, simulation modeling, genetic algorithm, etc. 

Regarding other methods, genetic algorithms have several advantages, such as: simultaneous usage of several 
points of the search space, the usage of probabilistic and deterministic rules for the transition between solutions, the 
absence of the need to use an external extra data and operations. Therefore, it is proposed to use genetic algorithms to 
solve the problem of multi-criteria optimization of rehabilitation therapy plans. 

In the process of the method, the following actions are performed: 
1. Each individual of the current population is evaluated using a fuzzy logic controller. 
2. The best variants are copied to the new population unchanged. 
3. On the basis of proportional selection from the current population, chromosomes that are subject to 

recombination are selected. 
4. If a new population is formed then the old one is deleted. After that we turn to item 5, and in the opposite 

case – to item 3. 
5. If the criterion for stopping the optimization process is not met, the transition to p.1 is performed. 
To assess the progress of optimization, a mechanism for evaluating alternatives generated during the work of 

evolution operators has been constructed. To this end, a fuzzy logic controller, the T-Controller, has several advantages over 
classical methods: high accuracy of computations, zero methodological error, high speed of operation. 

Indicators based on fines imposed for violation of a certain criterion are used as input arguments of the 
controller. 

For the organization of the optimization process, the mechanisms of population development – crossover and 
mutation operators have been developed. 

In particular the following operators are used: 
1) the change of the time of the procedure, which represents transferring of a certain procedure from one time 

interval to another arbitrary time period during the same day; 
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2) the change of the date of the procedure represents transferring of a certain procedure from one time interval 
to another available time interval of another day; 

3) the patient exchange of procedures represents the interchange of patients of two identical procedures; 
4) the exchange of medical personnel consists of the partial interchange of qualified personnel, carrying out 

two procedures of the same type. 
Each of the above operators with a certain probability are applied to each iteration of the optimization process. 
Method stoppage occurs if, for a certain number of generations of optimization, there is no improvement in the 

chromosome with the highest level of evaluation. 
The conducted analysis and the developed method allow to perform construction and multi-criteria optimization of 

plans for restorative therapy in the context of the schedules of medical institutions. Taking into account the interests of patients 
as restrictions makes it possible to increase the individualization of the services provided and, as a consequence, contributes to 
the improvement of the efficiency of the activities of medical institutions. 

 
Key words: multicriteria optimization, genetic algorithms, fuzzy logic, restorative therapy. 

 
1. Хобзей М. К. Аналіз сучасного стану реабілітацції інвалідів в Україні/ Хобзей М. К., Іпатов А. В., 

Коробкін Ю. І., Мороз О. М. // Медичні перспективи. 2010. № 4. 2. Іпатов А.В. Професійна реабілітація ін-
валідів / Іпатов А. В., Сергієні, Т. Г. Войтчак О. В.; за ред. В.В.Марунича. – Д.: Пороги, 2005. – 227 с. 3. Іпатов. А. 
В. Основні показники інвалідності та діяльності медико-соціальних експертних комісій України за 2014 рік. /  
А. В. Іпатов, О. М. Мороз, В. А. Голик, Р. Я. Перепелична, І. Я. Ханюкова, Ю. І. Коробкін, Р. М. Молчанов,  
Г. М. Маловичко, Н. О. Гондуленко, Н. А. Саніна // Основні показники інвалідності та діяльності медико-со-
ціальних експертних комісій України за 2014 рік: Аналітико-інформаційний довідник / за ред. С. І. Черняка. – 
Дніпропетровськ: Роял-Принт, 2015. – 167 с. 4. Коффман Э.Г. Теория расписаний и вычислительные машины / 
Коффман Э. Г. М.: Наука, 1984. – 335 с. 5. Глибовец H.Н. Генетичиские агоритмы и их использование для 
решения задачи составления расписания / Медвідь С. А., Глибовец H. Н // Кибернетика и системный анализ. – 
2003. – No 1. – С. 95–108.  6. Tkachenko R. O. Method of making up clinic schedule with use of finite-state 
automaton / Tkachenko R. O., Kovalyshyn O. S. // Econtechmod. An international quarterly journal. – 2016. Vol. 5. 
No. 3, 131–134. 7. Hosny M. A Survey of Genetic Algorithms for the University Timetabling Problem/ Hosny M., 
Shameem F.// International Conference on Future Information Technology. – Singpore. – 2011. – Vol. 13. –  
pp. 34–39. 8. Дорошенко А.В. Нейроподібні структури машини геометричних перетворень у завданнях 
інтелектуального аналізу даних/ Дорошенко А.В, Ткаченко Р. О. // Міжнародна наукова конференція 
«Інтелектуальні системи прийняття рішень і проблеми обчислювального інтелекту» ISDMCI’2009: зб. наук. 
пр. у 2 т., 18-22 трав. 2009 р., Євпаторія, Україна. – Х. ; Херсон, 2009. – Т. 2. – С. 309–314. 9. Tkachenko O., 
Tkachenko R., Hirniak Yu., Mushenyk P. Rule based Fuzzy system of Improved accuracy // Proceeding of the 56-th 
international Colloquium: Innovation of Mechanical Endineering – Shaping the Future. – Ilmenau University of 
Technology. – pp. 1–6. 10. I.Verbenko, R. Tkachenko. Fuzzy Methods and Tools for Grane Management System 
Based on T-Controller // Journal of Global Research in Computer Science. – March 2013. – Vol. 4, No. 3, P. 1–4.  
11.  T-Controller Workshop [Електронний ресурс]. – Режим доступу: http://tkatchenko.com/t-controller/about-t-
controller/ (станом на 21.05.2018). 

 
  

2. Дудикевич В. Б., Микитин Г. В., Ребець А. І. До проблеми управління комплексною системою безпеки 
кіберфізичних систем 

 
ON THE PROBLEM OF COMPLEX SECURITY SYSTEM MANAGEMENT  

OF CYBER-PHYSICAL SYSTEMS 
 

Valeriy Dudykevych1, Galyna Mykytyn2, Andrii Rebets3 
Department of Information Security, Lviv Polytechnic National University, S. Bandery Str., 12, Lviv, 79013, 

UKRAINE, E-mail: 1vdudykev@polynet.lviv.ua, 2cosmos-zirka@ukr.net, 3a.rebets@ukr.net 
 
The paper focuses on the analysis of the models of information security (IS) management of cyber-physical 

systems (CPS) in accordance with ISO / IEC TR 13335 and ISO / IEC 27001 standards. As the basis of the 
development of the complex security system (CSS) management methodology, the concepts of information 
technology security management are considered based on principles of security, assets, threats, vulnerabilities, 
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exposure, risk, protective measures and restrictions. For a thorough and multidimensional study of the problem, we 
use the models of information security management, in particular the model of interrelations of security elements, 
which shows how assets can be exposed to several threats, one of which is fundamental to this model; a model of 
safety and risk communication that shows the effectiveness of some protective measures to reduce risk; a model of 
the hierarchy of corporate security policies, the basic principles of which are the hierarchy of relations between 
technical and managerial policies that form the basis of the IS policy of the cyber-physics system; the existence of 
protection principles and directives for the whole organization as well as those relating to the protection of 
information that is vulnerable to threats or which is very valuable or has special significance for the organization; 
availability of basic safety principles in the CFS field and indications of the correct usage of guarantees to ensure 
proper security. 

The authors propose an approach of planning and management of the CPS protection in accordance with the 
general structure formed on the basis of the CPS corporate safety methodology principles, the organizational aspects 
of the CPS security, the methods of CPS protection in accordance with the safety recommendations, the CPS safety 
projects for the protection means on the basis of approved IT protection methods, a general strategy for risk 
management and a mechanism for refining of the protection process. This approach takes into account the 
requirements and guarantees of security and is oriented on the dynamic environment and processes. 

The article deals with the methods and approaches to control the IS of the cyber-physics system in order to 
analyze the risk and reduce it to an acceptable level. Depending on the specific organization and conditions, basic, 
informal, detailed and combined approaches to risk analysis are offered. To further manage the CPS security, the 
authors propose the application of one or more methods, including the usage of a security plan for information 
technology, maintaining the personnel competence regarding security and personnel training, as well as maintaining a 
security system that includes security checking, monitoring and incident handling. 

To organize the cycle of security management system processes, the model “plan – do – check – act” is 
analyzed, which provides the necessary list of actions and processes concerning the IS management and guarantees 
compliance with the requirements and expectations of the interested parties. 

In the article, the structure of CPS information security management was created at the level of the information 
lifecycle and CPS multi-level model on the basis of the conception “object – threat – protection”. This structure takes 
into account accidental and deliberate threats, methods and means of protection at the stages of input (collection / 
selection), storage, processing and transmission of data in the cyber-physical system, as well as accidental and 
deliberate threats, methods and means of protection for the CPS components – information resources, information 
systems, information processes, communication environment and physical space. This approach provides 
comprehensive information security management of the cyber-physics system, since it takes into account not only 
aspects of the structure, but also the stages of the CPS information lifecycle. 

Key words: information security, models and methods of management, cyber-physical system, information 
lifecycle, complex security system, conception of “object – threat – protection”. 
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Today there are a lot of information resources that provide diverse content. However, a lot of their parts are 
quite inconvenient in terms of usability and the others are not filled with information and not always timely updated. 
For example, the actual content for the user with the bus schedule of a certain time period and with bus numbers need 
to be updated each week and to add comfortable search filters for the user. Then the reliable information and user-
friendly interface will guarantee the repeated returning of the user to such a resource. Internet allows people to 
communicate easily and to publish their materials. So, the theme of the information systems (IS) development, which 
contains all necessary information on a particular city, is very relevant [1-17]. The work purpose is to create various 
contents integration and management method of multiple sources in a single IS. It contains all the necessary 
information on a particular city according to the end-user needs. The research object is content from various sources 
concerning different cities, the creation of information directories about cities. The research subject is information 
resources network that contains and displays required user content. The practical value of the work is the single 
information base creation that allows to locate and to provide required content on Ukrainian cities. The system allows 
users to monitor the weather for a while, to search public transport schedule, to browse the movies poster in cinemas 
and news, to view available phone directories, restaurants directory and all about tourism, cities photo, monuments, 
institutions address, etc. In this case, the IS serves as an integrated content directory, designed as a reference book of 
each information resource. 

In the paper information systems are described that are defined as portal site. The portals sites examples are 
described that are networked sites on a particular topic. The administrative information system concept is determined, 
but rather as a decision support system for such projects. And the main competitors as developed information system 
prototypes of sites city network are described. As well it is written as and what necessary to improve data in 
information systems. 

In the paper the method of integrated processing of heterogeneous information resources of Web-systems for 
their integration and the subsequent management has been described. This method is based on the model of data 
description as a coherent combination of data values, rules of data representation, interpretation rules and data 
structure. The method involves decomposition of general process into subprocesses of data values integration, data 
syntax integration, semantics and structure integration. The advantage of this approach is that the integration process 
can be performed at the data meta-scheme level. It allows to reduce the number of access operation to very large data 
sets of web-systems. In the given article the content lifecycle model in Web-systems is proposed. The model 
describes the processes of information resources processing in the Web-systems and simplifies the content automation 
integration and management technology. In the paper the main problems of content function integration and 
management services are analyzed. The method of content integration and management as the content life cycle stage 
in Web-systems is proposed. The method of content integration and management describes the formation of 
information resources in Web-systems and automation technology that simplifies the content processing. The 
proposed method gives an opportunity to create an instrument of information resources processing in Web-systems 
and to implement the subsystem of content integration and management. The article focuses on the development of 
unified methods and software tools for processing information resources in the Web-systems. A new approach to 
application and implementation of business processes is formulated for the construction of these Web-systems. The 
methods and software tools of content and information resource processing are developed. 

This article describes information about the structure of constructed information system, constructed UML 
diagram and subject area about information resources network of Ukrainian cities. Essential requirements are 
delivered and structure towards their objectives is constructed. The paper describes the methods and means of the 
problem solving for building an information system of city sites network, and such advantages of the tools are 
presented. 
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BIG DATA MODELS FOR E-COMMERCE SYSTEMS 

Andrii Berko 
Department of Information Systems and Networks, Lviv Polytechnic National University, S. Bandery Str., 12,  

Lviv, 79013, UKRAINE, E-mail: andrii.y.berko@lpnu.ua  

Nowadays there are many areas requiring to solve problems with analytical methods and tools supplemented 
with the necessity to use big data sources. It concerns many tasks in business, finance, medicine, politics, ecology and 
ecological surveillance, and many other all requiring data analytics solution. One of the most important of these areas 
is e-commerce. E-commerce tasks need to take into consideration such features of big data like volume, velocity, and 
variety. Meanwhile, significance and reliability of the data should be kept. So, value and veracity of data source must 
be supported as well.  

The presented paper considers some aspects of problems of Big Data using in e-commerce applications. 
Generalized structural model of Big Data information resource for e-commerce systems is developed in this paper. 
The analysis and substantiation of possibility and expediency of use of the Big Data in the processes of e-commerce 
are performed. The concept of metascheme for control of access to Big Data source is developed. The application of 
such metascheme allows to form a subset of data resource relevant to a certain type of e-commerce tasks. 

The generalized model of Big Data source for e-commerce systems has been developed based on analysis of 
set of typical e-commerce tasks. These tasks are classified on three types:  

1st type contains the tasks of operational management of the activity of the electronic commerce system 
(optimization of assortment, price policy management, business process management, online advertising, customer 
service optimizing, resource management, transaction management etc.); 

2nd type of tasks includes strategic tasks aimed at making perspective decisions and planning activities 
(determining market consumer needs, goods and services of market segmentation, system productivity increase, 
introduction of innovative models, business development improvement planning, Infrastructure development); 

3rd type unites analytical tasks (personalization of system activity, logistics planning, system security planning, 
predictive and prescriptive analytics, system activity targeting). 

Big Data source which provides the solving of presented tasks need such types of data: 
− company's own data source such as customer database, goods and services database, activity data, supplier 

data, personnel data etc., 
− company partners data sources – contractor data, supplier data, logistic data, finance data, advertising data 

etc., 
− public data sources such as stock exchange activity data, marketing data, statistical data, government 

documents, social networks, electronic media and so on, 
− competitor data – public data, insider data, activity data and other. 
The structure of such Big Data source needs special description and management tools. Such a tool is a 

metaschema of Bai Data source. Metachema includes description of data source units in accordance with e-commerce 
typical tasks. Using of metaschema provides simple and fast access of e-commerce program tools to relevant data. 

Keywords: E-commerce, Big Data, data structures, data resource model. 
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ARCHITECTURE FOR THE INFORMATION SYSTEM OF THE CRYPTOCURRENCY CONTENT 
INTEGRATION AND FORMATION ON THE BASIS OF THE EXCHANGE ACTIVITY ANALYSIS 

 
Vasyl Lytvyn1, Victoria Vysotska2, Volodymyr Kuchkovskiy3, Roman Olyvko4 

Information Systems and Networks Department, Computer Science and Information Technologies Institute,  
Lviv Polytechnic National University, 12 S. Bandera Str., Lviv, 79013, UKRAINE, E-mail: 1vasyl.v.lytvyn@lpnu.ua, 
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Cryptocurrency is a type of currency that allows to transfer coins from one client to another without 
intermediaries using an open key as a purse address and a private key to access an open address. Cryptocurrency is 
divided into bitcoin and altcoins, derivative fork of bitcoin with its own peculiarities. There are many doubts that 
bitcoin will hold its leadership position among investment tools. Fortunately, for all depositors, miners and 
speculators a great future is predicted for bitcoin associated with its growth, as well as integration with fiat payment 
systems. If one relies only on the experience of using, bitcoin has a great future. This type of financial system has a 
number of positive sides, namely: the status of world currency; bitcoin became a competitor of the traditional 
currency; high transaction speed; lack of ability to forge coins; lack of inflation. Therefore, nowadays it is relevant to 
develop various information approaches to the cryptocurrency and the updating of the mechanisms of integration and 
the formation of content taking into account the cryptocurrency needs of the user. Web resources for providing 
cryptocurrency services contain information about bitcoins and altcoins, such as: exchange rates, trading exchange 
information, ISO announcements, services of researcher unit. There is not so much in the Internet as about other 
subjects. But mostly, such sites often encounter outdated information. To get a complete picture of the creation of the 
service it is required to take into account many nuances during the development and, in order not to fail, it is 
necessary to analyze a large number of websites on the subject, as well as to learn the principles of the structure and 
features of bitcoin and his forks. 

From the above listed peculiarities of the known web resources for the provision of cryptocurrency services, 
the corresponding system of integration and content formation taking into account the crypto-consumer needs of the 
user should support the following processes: 

• automatic collection of courses via API; 
• analysis of current information on trading exchanges; 
• analysis of the results of the subscription to the exchange rates; 
• prediction of the course on human behavior; 
• optimization for search engines; 
• aggregation of data from social media; 
• the creation of a warrant book for sale and purchase; 
• analysis of the characteristics and features of cryptoсurrency; 
• support for an open API for integration of the system with other systems. 
The main tasks of such a system are: 
• aggregation of information from the API cryptocurrency trading exchanges; 
• aggregation of information from social media; 
• aggregation of data from exchange systems; 
• cryptocurrency data, features and characteristics; 
• sorting of courses, warrants, purchase and sale transactions; 
• time markers at the time of the beginning and the end of the bidding and the volume of the bidding; 
• functionality for adding exchangers and new coins; 
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• search by coins, trading exchanges and exchangers; 
• graphs for course fluctuations over a certain period of time; 
• selection of news imported from social media; 
• e-mail newsletter about fluctuations of rates and selected information for the user according to interests on 

the subject of cryptocurrency; 
• preservation of the course historical changes, historical minima and maxima; 
• forecasting based on people posts; 
• forecasting based on the trend; 
• forecasting of the course correction; 
• open API for developers; 
• export of data to social networks via hashtags; 
• multilingual service; 
• having feedbacks for problem solving 
The given general architecture of the intellectual system of integration and formation of the content with 

consideration of cryptocurrency needs of the user is proposed. The basic functional services of such a system are 
determined. Examples of services that perform similar functions of working with crypto currency are presented and 
analyzed. The described prototype of the developed intellectual system is described. The general structure of the 
intellectual information system is constructed. The basic requirements for the development of similar systems are 
developed. The main functions of the system are described, graphical examples of system design are given, the main 
principles of forecasting are described and the system is put into operation. 

 
Key words: cryptocurrency, stock exchange, intellectual data analysis, forecasting, bitcoin, token. 
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Modern distributed decision-making systems often have a hierarchical structure. A hierarchy is the placement 
of elements of the system in order from the higher to the lower level or rank. In hierarchical systems, decision-making 
functions are distributed between elements of a different level. An element of the average level of the hierarchy 
controls the lower-level elements that are in its direct subordination, and it is itself guided by a higher-level element. 

Depending on the predominance of an individual or group method of decision-making, there are authoritarian, 
liberal and democratic decision-making systems. 

Among the possible options for organizing hierarchical decision-making systems, separate authoritarian 
systems that can be effective when there is a need for rapid response in extreme conditions, for example in the 
military sphere, to resolve conflict and crisis situations. 

Authoritarian systems are based on the unconditional submission of the authority of the head or authority. 
Decision making is carried out by the head of the highest level. The ability to make decisions at lower levels is 
limited. The decisions made at the upper levels of the hierarchy come at lower levels as directives that are not 
negotiable and enforceable. The stream of information is directed from the top to down. The control and evaluation of 
the quality of the work of the grassroots system of the system is carried out by the senior management. 

Often decision-making by agents is carried out under conditions of incomplete information. Thus, the problem 
of decision-making at the upper level is less structured and formalized, containing many uncertainties. A higher-level 
subsystem may not fully understand the goals and limitations of the subsystems of the lower levels. In authoritarian 
systems, managers and sub-units of the lower levels are only acquainted with their functional tasks and do not always 
have an idea of the general purpose of the system. 

The smooth operation of hierarchical systems is ensured by the coordination of the actions of all decision-
makers. The purpose of the hierarchical system is to develop a coherent collective solution. Adoption of coordinated 
solutions in hierarchical systems is an actual scientific and practical problem, the solution of which is aimed at 
preventing the occurrence of chaotic operating modes, ensuring the resilience to external factors, improving the 
reliability of work, increasing the accuracy and efficiency of solutions, reducing the cost of organizing the 
management of the hierarchical system. 

In the process of collective decision-making in the hierarchical system, there are conditions for the emergence 
of an agreed or competitive state, which is the subject of the study of the theory of games, and under conditions of 
uncertainty, the theory of stochastic games. Theoretical game simulation is the main method of research of 
hierarchical systems. It allows predicting the behavior of game agents and choosing management methods that 
translate the system into optimal states in accordance with the specified performance criteria. The global goal of the 
hierarchical system is to develop a coherent collective solution. To simulate hierarchical decision-making systems, 
they use games in normal form or hierarchical games. 

Games in the normal form are characterized by the simultaneous selection of actions by all players and the 
independence of the choice of one player's action from the choice of others. Instead, in the hierarchical games, a central 
player who makes the first move, and players who choose their actions based on the well-known action of the center. 
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Solutions of the game in the normal form satisfy the conditions of collective optimality or equilibrium, for 
example, on Pareto or Nash. Solutions of hierarchical games with the right of the first turn of the root player are 
described by equilibrium on Stackelberg. 

In the conditions of incomplete information on the choice of solution options and their consequences, it is 
necessary to use adaptive game techniques that, in the process of self-study, compensate for the uncertainty of the 
parameters by their stochastic identification. The object of this study is the processes of game decision making in 
authoritarian systems that function in conditions of uncertainty. 

The subject of research is the game model of decision making in hierarchically organized authoritarian 
systems. 

The purpose of the work is to solve the stochastic game of agents to make a coherent solution in a hierarchical 
authoritarian system and to determine the factors of the convergence of the game method under uncertainty. 

To solve the problem of hierarchical decision-making under uncertainty, a self-learning game method based on 
stochastic approximation of the complementary slackness condition was developed. To ensure convergence, the 
parameters of the method must satisfy the fundamental conditions of stochastic approximation. 

The model and method of solving a stochastic game developed in this work provide a coherent decision-
making process in authoritarian hierarchical systems. Coordination of player strategies is achieved during the process 
of solving a stochastic game based on the collection of current information and its adaptive elaboration. 

The efficiency of decision-making in the authoritarian hierarchical system is controlled by the characteristic 
functions of average losses, the coefficient of the agreed solutions, and the Euclidean norm of deviation of the 
dynamic mixed strategies of players belonging to different levels of the system hierarchy. The decline of the average 
loser function, the growth of the coefficient of agreed decisions, and the reduction of the norm of rejection of mixed 
strategies indicates a convergence of player strategies. 

The dimensionality of the task and the parameters of the game method affect the convergence rate of the 
stochastic game. Optimization of the parameters of the game method taking into account the restrictive conditions of 
stochastic approximation provides close to 1 order of convergence rate.The probability of the results is ensured by 
averaging the convergence of the game in a series of experiments with different sequences of random variables. 

The findings of the research can be used to construct hierarchical decision-making systems with an 
authoritarian style of management, effective in emergency and crisis situations. 

 
Key words: hierarchical system, authoritarian decision-making, stochastic game, uncertainty conditions. 
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In recent decades there has been a significant increase in information in the world's information space. The 

widespread introduction of Internet technologies in all areas of public life, the availability of information, requires the 
development of new methods of information seeking. The search engines Google, Yahoo, Altavista do not take into 
account the personalization of information. Recommendation systems are systems that work with a certain type of 
information, a filter system that recommends information items that may be of interest to the user. A typical advisory 
system accepts user recommendations as input, aggregates and sends them to the appropriate recipients in the form of 
recommendations. This technology allows users to spend minimum time to find the right information on the Internet. 

The most widespread use has now been acquired by collaborative reference systems. The main idea of 
collaborative filtration algorithms is to offer new elements for a particular user based on previous user preferences or 
thoughts of other user-like users. 

The important tasks of the development of advisory systems currently include: increasing the accuracy of 
forecasting recommendations; solution to the problem of the influence of the dissipation and the dimension of the 
matrix user-subject on the accuracy of prediction recommendations; solving the problem of a new user and a new 
subject. 

Recently, considerable attention of researchers has been devoted to the development and research of methods 
of group collaborative recommendation. In many cases, giving advice to user groups is more appropriate than 
providing recommendations for individual users. 

The article analyzes the group method of collaborative recommendation. To increase the accuracy of 
prediction recommendations, it is proposed to extend the vector of the numerical rating profile of the user by 
introducing the demographic categorical attributes of the user. The method of mixed categorical-numerical 
clusterization is developed, which allows determining the number and position of cluster centers automatically. The 
definition of cluster areas is carried out by determining the density of the categorical-numeric vector of user profiles. 
Determining the position of cluster centers is performed by calculating distances between clusters. The final 
definition of clusters is done using the density scan method or by clustering objects by calculating the distance from 
each object to the cluster center. The hybrid method of searching for user groups has been developed, which includes 
the method of numerical non – hierarchical clusterization, the method of mixed categorical – numerical clusterization, 
the two-stage method of clusterization. The two-stage method carries out categorical clustering in the first stage, at 
the second stage numerical clustering. The choice of the method of clusterization is carried out by means of 
calculating the degree of dissipation of the matrix of the user-object. Rare threshold values appear for each method. 
At low rarity the method of numerical non-hierarchical clusterization is used, with the mean value of the rarity the 
method of mixed categorical-numerical clusterization is used, with a high degree of rarity, a two-stage method of 
clusterization is used. Categorical clustering is carried out with the help of the modified method ROCK. 
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Early detection of the peculiarities of psychophysical development enables to improve the development of a 
child, which is of exceptional importance for children with disorders of the nervous system, such as autism. In the 
DSM-5 classification system used in the United States, all diagnoses related to autism are proposed to be replaced by 
the term Autism Spectrum Disorder. The autism spectrum disorder is a common term used to group some disorders of 
the brain, including autistic disorders, Asperger's syndrome, disintegration children disorder, and other widespread 
developmental disorders, including intellectual. The autistic disorders are characterized by the violation of social 
communication and interaction, as well as limited and repetitive behavior. Education for children with special needs 
is considered one of the best ways of their socialization. 

The designing and application of information and communication technologies for the educational needs of 
people with autism should take into account the special features of such students. Children with autism feel 
comfortable while communicating with modern gadgets and other technological devices, and the use of modern 
information technologies for teaching such children makes it possible to use topical developments in the IT industry 
to improve the socialization of a person with special needs. For information technology designers, who produce ITs to 
educate children with autism, it is necessary to use the principles of accessibility and usability of web content, for 
example, as in the ISO/IEC40500: 2012 standard, and proposed in Universal Design for Learning methodology, etc. 

Technologies for autistic child training are classified according to the skills that these technologies are 
designed to develop or adapt: those that support communication skills, social skills and traditional (academic) 
learning. About a quarter of autistic people have limited communicative skills or have lack of them, so there are many 
information technologies, that allow people with autism to communicate while using gestures, graphic symbols, and 
speech. The ITs to support alternative communication were developed, Picture Exchange Communication System 
(PECS) and Voice Output Communication Aids (VOCAs), as well as specialized applications based on The iPad and 
other mobile technologies. An even greater level of visualization can be achieved by using PECS with the augmented 
reality, which enables the creation of virtual learning environments for students with autism to improve the work of 
gestures and understanding the tasks requirements. 

The authors examined the information and communication technology paradigm used in the world to support 
the teaching of autistic children. In such children teaching, it is advisable to use innovative techniques that use 
assistive learning technologies such as personal computers, mobile and communication devices (smartphones, tablets, 
etc.) with appropriate software applications, robots, glasses of augmented, virtual or mixed reality, other technologies 
that help students with autism to learn and become more confident. 

The most promising technologies for supporting the teaching of children with autism include technology of 
augmented and virtual reality. Such technologies make it possible to create environments where students with autism 
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can study and re-perform various tasks in a comfortable communication environment. To recreate various social 
situations, the avatars were developed in such technologies, and such technologies give an opportunity to study with a 
virtual teacher. 

The proposed classification of information and communication technologies to support the training of students with 
autism considers the peculiarities of psychophysical development of such students. Future research areas include developing a 
methodology for designing and evaluating technologies developed for the needs of students with autism. 

 
Key words: information technologies, autism, social skills, traditional education, augmented alternative 

communication, augmented/virtual reality  
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There are many systems for modeling acoustic parameters of indoor premises on the software applications 

market. The Catt -Acoustic system is one of such systems. The model of the room in the Catt-Acoustic system is 
constructed parametrically, building the coordinates on the first stage, and then the coordinates are combined into the 
plane. This way of constructing models is rather complicated, because it requires a good spatial imagination and 
programming skills. That is why the task was set to find a way to simplify the construction of models for the Catt-
Acoustic system using visual design systems. In an attempt to find a suitable tool for designing 3D-models of 
premises for the purpose of their subsequent export to the Catt-Acoustic system, a number of systems for 3D-
modeling have been analyzed and it has been found that the SketchUP system is a good candidate as it is an easy-to-
use tool with a simple and intuitive interface. The feature of this system is that the way 3D objects are processed 
inside the SketchUp application is similar to that of the Catt-Acoustic system. That is why, in the next step, the task 
was to develop a method of converting premises models, which should enable the export of complex models of 
premises from the SketchUP system to the input file of the Catt-Acoustic system. 

For more automation of the process of constructing indoor models, it was proposed to transfer information about the 
materials used when exporting models from the SketchUP system to the CattAcoustic system. By developing a library of 
materials with their sound absorbing and sound-scattering properties, we would be able to automatically set their acoustic 
properties when generating an input file for the Catt-Acoustic system. The proposed method searches the titles of the used 
materials in the SketchUP system against the database of the materials integrated into the converter and, based on the found 
matches, generates a code for the Catt-Acoustic system with the specified sound absorption, sound-scattering and also set a 
corresponding color. The main idea of the method is creating a library of materials and its constant expansion, where the 
names of materials in the library must correspond to the names provided by the converter. In order to implement the 
automatic determination of the sound absorption coefficients of materials, it is necessary to set the base of the absorption 
coefficients of frequently used materials in the converter. 

The converter provides error checking. If at least one of the points of the plane is used as the point of another 
plane, then the surface is modeled correctly. This means that the surface is not an internal surface. If no point 
(coordinate) of the plane is used in another plane, then this plane is an inner surface. The converter will turn this 
model into a Catt-Acoustic system, but will display a warning in the form of a dialog that will contain messages and 
coordinates of the points of the surfaces that may cause errors in the Catt-Acoustic system.  The article presents an 
algorithm for implementation of the method and a block diagram, on the basis of which the software of the converter 
in the language of Ruby is implemented. 

The article also presents the results of testing the developed converter on a complex model. Such a model can be built 
in the SketchUP system very quickly, but to write a program for such a model in the Catt-Acoustic system will be several times 
more. Test results confirm that the developed converter works even on complex geometric models of premises and can be used 
for converting any models of premises from the system SketchUp to the system Catt-Acoustic. 

The result of the presented work is the converter of models of premises from the system SketchUP into the 
system Catt-Acoustic to study their acoustic characteristics. The converter implements the method of automatic 
determination of sound absorption and scattering coefficients, which allows to significantly increase the efficiency of 
the converter and reduce the time spent on the construction of indoor models. 

Keywords – Converter, SketchUP, Catt-Acoustic, sound absorption coefficient, interior acoustic properties. 
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The purpose of the study is to determine the main ways of transforming the algorithm algebra formulas. The 

conducted research will allow to form a methodological basis for creation of editing systems and creation of editors of 
formulas of algorithms with the ability to work with a large number of formulas. 

To achieve the goal, the following main tasks need to be addressed: 
− to analyze the main types of transformations of algebra algorithm formulas; 
− to develop an algorithm for transforming the algebra algorithm formulas; 
− to analyze known systems with the ability to set and edit algorithm formulas. 
The object of the research is the process of transforming the algebra algorithm formulas. 
The subject of the research is the methods and means of editing algebra algorithm formulas. 
The scientific novelty is in the study of the peculiarities of the transformation processes of the algebra 

algorithm formulas. 
The practical value of the work is to develop an algorithm for transforming the algebra algorithm formula 

which provides the necessary means for a set of large-scale formulas. 
The authors have developed a methodological basis for constructing a system for transforming the formulas of 

algebraic algorithms: 
− the analysis of existing systems for the recruitment and editing of algorithm formulas is carried out. Well-

known specialized systems have been analyzed. 
− the analysis of algebra of algorithms on the peculiarities of constructing signs of specific operations has 

been carried out. 
− the factors that have the greatest influence on the correct implementation of the transformation processes of 

the algebra algorithm formulas have been revealed. 
− the algorithm of transformation of algorithm formulas has been developed. The conducted research has 

shown that in spite of the sufficient level of quality of the processes of recruiting and editing of algebra algorithm 
formulas, it is necessary to create an algorithm for the transformation of the algebra algorithm formula 
transformations. The factors are: the geometric dimensions of the embedded formulas at different levels, the 
preservation of the location of the transformed formulas of the algebra of algorithms for further memorization of the 
structure of the fume. 

Results of the conducted research: 
− a synthesis model of the process of transforming the formulas of abstract algorithms; 
− a minimized model describes the process of transforming the formulas of abstract algorithms 
− using the synthesized model of the process of transforming the formulas of abstract algorithms provides 

less time for manual correction of the formula after removing the term and more efficient usage of the development 
environment. 

− an urgent task is the further transition from automatic simplification by removing the terms in the formula 
of the abstract algorithm to automatic simplification by evaluating the logical content of the formula of the abstract 
algorithm. 

− an abstract algorithm for transforming the formulas of abstract algorithms describes the process of 
automatic transformation by removing terms in the formulas of abstract algorithms. 
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Unlike texts, printed or written mathematical expressions have a two-dimensional nature, and their recognition 

implies the recognition of the structure of the formula and of the symbols contained in it. There are many 
mathematical symbols, they can be very similar, and new symbols are being invented by scientists. The layout of 
expressions, however, is being evolved less. 

Available OCR systems are good and high-quality products in their field of application. However, the specifics 
of the recognition of mathematical expressions require more specialized software. Character recognition is performed 
by classical OCR methods, for example, using methods of reference vectors, matching patterns. The analysis of the 
structure is mainly carried out using geometric considerations based on implicit rules or grammatical rules. 

For the system of recognition of mathematical expressions, a graphical representation will be involved into the 
working process. It raises some problems, such as understanding the relationship between characters. They have a 
structure that is used for mathematical communication between people without computers. A mathematical 
expression is not just random symbols. They have a well-organized structure that is subject to the rules of the system 
of mathematical notation. The location of two symbols relative to each other conveys a certain meaning. 

During the recognition, the format of the data is being changed. At the input a binary image is obtained, and at 
the output the interpretation of the expression must be gained. As a system entry, the binary image is selected. The 
segmentation algorithm reads the image and receives the related components from it. From the obtained components 
only restrictive rectangles are stored. The list of bounding rectangles is used to create a representation of the 
expression, which is a list of characters. 

To find the relationship between characters and define character classes, the classification is performed. 
Several technologies of machine learning are used. Bayesian derivation carries a rude classification. Classification 
using the context is handled by artificial neural networks. Different classifiers work separately, but they are used 
together. They are related in order to return the optimal result. 

A project of the system for the recognition of mathematical expressions using machine learning methods, such 
as neural networks and fuzzy logic was created. A binary image representing a mathematical expression is segmented, 
and the recognition is performed using the symbols’ bounding boxes. An iterative algorithm using a multi-classifier 
system recognizes the structure and classifies the symbols. 

The results showed that the context of a symbol, when it is known and used, can help classify the symbol. The 
structure recognition using a non-recursive algorithm with very few backtracking showed good results. The machine 
learning approach produced a flexible system, able to adapt to unknown symbols and writing styles, and to return 
confidence values for the recognition, rather than a clear interpretation.  

The prototype of the experimental implementation of the intellectual system uses the frameworks (Weka and 
JLatexMath) and the database, which is implemented using MS Access. A graphical user interface has been created. It 
allows to quickly and easily use the expression recognition system. 

Keywords – classification, classifier, symbol, structure, mathematical expression, machine learning. 
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Science begins where there is a measurement, there is a measure of value and one can fix a certain fact. If we 

consider such a phenomenon as knowledge, then it is important for science to be able to measure it. Thanks to Claude 
Shannon's theory, we know how to measure information – 1 bits are taken as the unit of information. Obviously, 
knowledge is information, but it is also obvious that not all information is knowledge, The measure of knowledge is 
strictly subjective. There must be a subject who can apply this information to use it, that is, to literally benefit from it. 
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And this is an element of definition: knowledge is information that can be useful, that is, knowledge is a useful part of 
information. Useful for an intelligent agent, as an autonomous entity that can learn, which operates in some 
environment rationally for a certain purpose, using sensors, actuators and knowledge. And that is why some 
information for him can serve as knowledge, while the other does not promise any benefits. This benefit could be 
estimated as an expected utility within the framework of the theory of automatic planning – a section of the general 
theory of artificial intelligence, designed to build a model of rational behavior of the agent in various, including 
unfavorable conditions: insufficient information, uncertainty of the end goal, limited resources, etc. in their various 
combinations. Some of the model approximations may be useful for practical application. These may include partly 
observable Markov Decision Process (POMDP). In this model only possible future conditions, possible solutions in 
these states and likely results of such decisions are taken into consideration. In this case, information about the states – both 
running and future, not to mention the possible actions and predictive estimates of their results should be stored, 
accumulated and improved in some form of knowledge of the agent in a certain form (in a certain format). The choice 
of form (knowledge base architecture) and the format for representing knowledge about states and actions (decisions) 
is a particular actual serious problem. Without having a knowledge base that includes a calculated optimal behavior 
strategy, the agent can not evaluate the usefulness of new knowledge – the pertinence of a new portion of 
information, which in contrast to relevance, characterizes the usefulness of the information provided to the client by 
the information search service upon his request. The purpose of this article is to formulate ways of constructing tools 
for evaluating the pertinence of information in a given subject area. 

In this article the methodological principles of estimation of information pertinence using expected value of 
perfect information are described, the basic concepts of involving of automated planning methods are formulated, the 
features and advantages of partly observable Markov decision process model is outlined. The example of application 
of the developed approach to the metal surface corrosion protection domain is discussed. 

Key words: information pertinence, expected value of perfect information, automated planning, partly 
observable Markov decision process.. 
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Technology of artificial neural networks is one of the current trends in the development of effective and 

reliable methods for cryptographic information security. Neural networks are distinguished by a variety of 
architectures and learning algorithms, as well as flexible settings, including for symmetric encryption tasks. 

Feed-forward back propagation networks, recurrent networks, counter-propagation network and radial basis 
networks are among the well known variants of the neural networks used in this area. The common feature of these 
approaches is the use of iterative algorithms, which limits the possibility of their use in real-time data protection systems. 

The purpose of the paper is to develop a method (scheme) for symmetric encryption based on neural networks 
with non-iterative training. The proposed method is based on the application of the feed-forward neural network 
architecture with lateral connections between the hidden neurons, which is trained on the basis of the paradigm 
“geometric transformations model” (GTM). The construction of a hyperplane with a given dimension in the input 
data space on a hidden layer is the specific feature of the GTM neural networks. This hyperplane approximates the set 
of input data with minimal variance (analogous to statistical principal component analysis) using of Gram-Schmidt 
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orthogonalization in the transition to a new basis. If you choose the number of vectors of the training set by 1 greater 
than the number of inputs, then the construction of a hyperplane with a dimension equal to the number of inputs 
provides an absence of residual variance (transformation error). 

The use of two types of GTM networks of the above structure – encrypting neural network and decrypting 
neural network is at the core of the offered symmetric encryption method. It is supposed to form a symmetric key 
consisting of two equal parts. The first part (Key1) is fed to the input of the GTM neural network at the training stage. 
The network output at the training stage contains a data set for encryption. The second part (Key2) is applied to the 
input of the trained network at the testing stage. There should be no linear relationship between Key1 and Key2. The 
values at the output thus form a set of encrypted input data belonging to the hyperplane constructed at the training 
stage. When decrypting the part Key2 is fed to the input of the neural network at the training stage. The network 
output contains a set of encrypted data. At the same time, the hyperplane constructed during encryption, has been 
restored. Part Key1 is provided to the input of the trained network at the testing stage. The values at the output will be 
a set of decrypted input data. 

The paper deals with the basic algorithm of training and testing of the GTM neural network and the features of 
the application of the offered symmetric encryption method on an example of raster images. Experiments on 
encryption and decryption of test half-tone images “Boy” and “Cat” with 8x8 pixels size were carried out. The test 
halftone images “Lena” and “Baboon” with 64x63 pixels size are selected as keys. The results of the experiments 
confirm the correctness of the offered method and the absence of correlation between original and encrypted data. 

 
Кey words: feed-forward neural networks, geometric transformation model. 
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Today, the issue of integration of settlements into the capable territorial communities is topical. On February 5, 

2015, the Parliament of Ukraine approved the Law of Ukraine "On voluntary association of territorial communities", 
and for the formation of capable territorial communities the Methodology for the formation of capable territorial 
(Resolution of the Cabinet of Ministers of Ukraine  No.214 dated April 8, 2015) was approved. Within the territorial 
community, there are important administrative buildings, hospitals, schools, etc. Therefore, getting to these 
establishments within the community is a significant problem, since 95 % of the roads in Ukraine are unsatisfactory. 
In order to effectively use the existing funds for road repairs, it is necessary to take into account the state of roads and 
the specifics of subordination of roads. Roads belong to 3 subsets: national subordination, regional subordination, 

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua



 162 

district subordination. Subordination determines for which budget this road will be repaired. As a rule, there are three 
budgets: the national budget, the regional budget, the budget of the territorial community. The state of the road 
determines the required cost for the repair of the corresponding road. As a rule, there are five classes: 

1) visible minor defects and the need for repair up to 5%; 
2) shelled, separate coating inequalities, partially present cracks and small potholes, repair need up to 25%; 
3) soldering, sinks, landslides, subsidence, slightly pronounced track, destruction of the edges of the road 

surface, faces of concrete cover, borders, the need for repair up to 50%; 
4) potholes, fissures, large pits, considerable distance, places of movement are much more complicated, the 

need for repair up to 75 %; 
5) the basic type of coverage is practically absent, the apparent rigidity, the movement is much more 

complicated, the need for repair up to 100 %. 
The task of efficient allocation of funds for modeling a road repair plan can be solved by modifying Prim's 

algorithm. Optimization and modification of Prim's algorithm was studied by McConnell J., Yevstigneev A., Svami 
M., Kopylova V., Titenko S., Bartish M. and others. Primm's algorithm gradually builds the desired minimal skeleton, 
adding to it one edge at each step. At the beginning of the algorithm, the resulting tree consists of one vertex (it can 
be chosen arbitrarily). The algorithm consists of N-1 iteration, each of which adds exactly one edge to the tree, does 
not violate the properties of the tree (that is, one end of the attached edge belongs to the tree, and the other does not). 
A key point is that from all such ribs an edge with a minimum weight is selected. That is, in the Prim's algorithm, 
another iterative process is added, whose purpose is to reduce the dimension of the initial graph by rejecting the edges 
which can be assumed will not be reflected in the finite tree. It is important to make sure that the graph does not 
appear to have isolated peaks in such a rejection, otherwise it will not be possible to reach the settlement that sets this 
vertex. 

To find the minimum skeletal tree, Prim's algorithms are used ( ) ( ) min
∈

= →∑
i

i
e T

w T w e . To solve the 

problem, Prim's algorithm was modified. The modification is in the iterative use of the Primm algorithm, until the 

condition is fulfilled ( ) ( )
∈

= ≤∑
j
s j

j
j s j

e T
w T w e W , 1, 2,3=j . 

An example of using the proposed approach within the Khodorovsky territorial community is given. The developed 
module allows to filter the cost of repairing roads within the limits of TG according to the following parameters: type of 
road, type of coverage, condition, which ultimately will allow calculating the cost of roads repairs. 

Keywords: territorial community, settlement, graph, Primа algorithm. 
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One of the trends in the development of enterprise information systems today is the growing demand for 

quality management solutions. This problem is solved by intellectualization of information systems, which resulted in 
the transition to the concept of a cognitive enterprise. One of the main requirements for such an enterprise is taking 
into consideration the contextual information in decision-making process. 

For the depiction of contextual information a variety of symbolic or graphical representations are used based 
on the chosen mathematical formalism. The most known formal context models are key-value models, markup 
languages, graphic models, object-oriented models, logical models, rule-based models, ontology-based models. When 
choosing a type of formalism for contextual model in the field of employment, it is not advisable to restrict the use to 
only one type, since different formalisms are helpful for solving various types of problems. At the same time, the 
models based on ontologies occupy a special place among the contextual models. The main advantages of using an 
ontological approach are: 

• ontologies make it possible to formally define the concepts in the subject area and the relationships between 
them. This knowledge reflects the features of the subject area and can be reused. 

• based on concepts, relationships and axioms of ontology, one can build models for representing different 
types of context (historical, personal, location contexts). 

• for the ontological representation of knowledge, tools for logical reasoning and verification of logical 
integrity have been developed. 

The business processes of employment area are modeled by contextual graphs. Such a graph has one vertex 
input and one vertex output. The input vertex is the identified situation that needs to be acted upon. The contextual 
graph has two types of vertices: contextual elements and actions. Contextual elements represent contextual 
knowledge that is relevant to the situation. Depending on actual values of parameters, describing a situation, specific 
practices (courses of actions) are selected. The model of contextual graphs is used at the final stage of the process of 
processing the context as a part of the modified JDL model. It reflects the use of context-sensitive knowledge to select 
an appropriate practice, define its parameters, as well as relevant data and knowledge. 

In some cases, especially when there are not enough data for making decision, the refinement of context is required. 
This leads to the inclusion of new elements into contextual ontology, finding values of their properties and using this 
additional information in decision making. Such context refinement operation can occur several times in a row.  

The task of choosing the right practice, taking into account the values of the parameters of the initialized 
context model, is multi-criterial and difficult to formalize. For its implementation, it is necessary to use the 
knowledge of experts who understand the nuances of each particular situation, can predict the consequences of 
actions, assess the risks and make compromises. Thus, the development of decision support techniques based on the 
context of the situation, requires the collaboration with experts to formalize their knowledge. Given the informal and 
multi- criterial nature of the task of choosing a practice, it is advisable to utilize the method of the analytical hierarchy 
and modify it for use with ontological contextual models.  

In the developed modification of analytical hierarchy method, the decision space is split into areas, in such a 
way that matrices of pair-wise comparison of criteria and alternatives are constant in each of them. The algorithm for 
building such a split is proposed.  

The formalization of contextual expert knowledge for typical business processes and situations within those 
processes makes it possible to conduct a detailed analysis of context and improve the quality of decisions. 

Keywords: ontology, knowledge, context, contextual graph, analytical hierarchy 
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Nowadays, the results of a comprehensive analysis of data available on the Internet are becoming increasingly 

popular. As a result of the occurrence of such significant changes and approaches to obtaining data in the information 
space, a common task is to resolve the issues of using the results of such analysis in various industries and areas of 
life. At the moment, there are already many ready-made tools that provide the ability to collect, analyze data and 
bring them to the desired form for further processing and / or storage. 

This paper will discuss the use of such tools on the example of the organization of the site for recruiting. 
An important problem for a user who is looking for a job or looking for a candidate for a certain 

position is the lack of a unified system that would help to describe your professional skills or the skills of the 
candidate you are looking for. Also, one of the problems is the lack of a transparent process in the 
communication between the recruiter and the candidate. Very often, the recruiter needs to quickly remember 
what the negotiations with the candidate stopped at, the date of the interview, or at what stage is the 
consideration of the candidate from the employer's point of view. 

One of the ways to neutralize the impact of such problems on the process of filling a vacancy is to automate 
the description of relevant and existing professional skills: the system already contains a large set of skills, so users 
should select the necessary ones when searching or creating vacancies. 

Thanks to artificial intelligence it is possible to effectively solve the problem of reducing the search time for a 
vacancy or candidate. Based on the criteria by which the user processes the search, the system automatically offers 
vacancies that may be interesting to the user. 

Using this service, a candidate for a position does not spend time writing a resume, but uses already existing 
personal data that provides the opportunity to create a resume automatically on the site. In the same way, the recruiter 
has the ability to generate a resume for the selected candidate. 

The system contains a limited set of skills, allows them to be divided into certain categories and presented in a 
hierarchical tree, which in turn allows them to use clustering algorithms for advanced search. Also, a predetermined 
set of skills allows both recruiters and candidates to manipulate the same terms, clarifies the communication process. 

For an accurate comparison of data between vacancies and candidate profiles (resume), the same sets of pre-
defined categories and skills that apply to them are used. 

On the employer's side, when filling a vacancy, a branch of work, appropriate skills and tools are chosen. From 
the side of the candidate is filled: 

−  experience in a particular area, skills and/or tools that he/she used; 
−  the desired industry of work and skills acquired independently or from previous jobs. 
As with one, and with the other hand, it is possible to indicate the necessary/existing level of skills. The system 

provides an opportunity to choose from three available levels: beginner, experienced expert. 
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The introduction of this system allows for a more detailed and individual selection of work. Detailing occurs 
through the implementation of a self-assessment of the level of existing work experience of professional abilities on a 
specific scale. 

The system has the ability to automatically select potentially interesting candidate positions. The process of 
selection of vacancies is carried out on the basis of the data that the candidate has provided about himself by filling 
out a profile on the site. If there are no vacancies that exactly match the data provided by the candidate, then the 
search criteria are expanded using clustering: 

−  first of all, related categories are included in the search; if the desired result has not been achieved, then 
categories that are one level higher are included. This continues until the result is achieved, or the categories that can 
be included in the search run out; 

−  data such as the age of the candidate, year of experience, location will also receive advanced search criteria 
to achieve the best result. The boundaries for the age of the candidate and his years of experience will expand as 
numerical data. The location will use the same algorithm as for the category (based on the hierarchy). 

The more data was specified in the profile, the more accurate the search will be performed. 
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