[image: image1.jpg]Ministry of Education and Science
Committee of Science
"INSTITUTE OF INFORMATION AND COMPUTATIONAL TECHNOLOGIES" RSE

(IICT)

UDC 004.43

IRSTI 27.47.23, 50.53.17, 50.01.79, 27.43.15, 27.43.51
State registration No. 0118PK00147

Inv.No.

APPROVED BY

RESEARCH REPORT

DEVELOPMENT AND SOFTWARE IMPLEMENTATION OF A PACKAGE FOR
SOLVING APPLIED PROBLEMS IN BAYESIAN NETWORKS

(conclusive)

Scientific supervisor of the R&D,
PhD ; Shayakhmetova A.S.

Almaty 2020



[image: image2.jpg]LIST OF PERFORMERS

Supervisor SRW, éfﬁ A.S. Shayakhmetova

Senior Researcher, PhD. 3 i
¢ ¢ (abstract, introduction,

chapters 1, 2, 3, 4, conclusion)

Senior Researcher M_ G.G. Litvinenko

(chapters 1, 2, 3, 5, conclusion)

Junior Researcher, MSc ﬁﬁ N.G. Litvinenko

(introduction, chapters 2, 4
conclusion)

" ”
Expert ﬁ g N.L Troitskaya

(abstract, chapters 3, 4)

Norm control ~_7§ g é{_{é_ﬁ% L.N. Anischenko




ABSTRACT
Report 97 p., 33 fig., 26 ref., 4 appl. 

GRAPHIC MODELS, BAYESIAN NETWORKS, ACYCLIC GRAPH, TABLE OF CONDITIONAL PROBABILITIES, PARENTAL VERTEX 

Object of study. Software products for working with Bayesian networks. Development of a similar proprietary Russian-language software product focused on use in the development of applied problems. 

Objective of the project. To develop an application package for working with Bayesian networks, targeted at the researcher in the field of applied sciences. Working with the package should not require special programming skills and knowledge of mathematics from the user. The user's work with the package should be carried out in an interactive mode and specific terminology from mathematics and programming should be used to a minimum.
Results: Developed a software product for working with Bayesian networks. For the first time, a software product is targeted at Russian-speaking users. In the future, it is planned to adapt the program to English. The software product is focused on tasks whose graph models can contain several Bayesian networks. During the development of the project, three books were published on working with Bayesian networks, a number of articles were written.

The main design and technical and economic indicators, efficiency. For the first time, a Russian-language software product has been developed for working with Bayesian networks. The software product is focused on tasks with multiple Bayesian networks.
Novelty. For the first time a software product has been developed in Russian. The idea of using a software product for solving problems with several fairly independent Bayesian networks is implemented.
Application area. The software product is aimed at Russian-speaking users and is designed to solve problems whose models are graph models that can contain several independent Bayesian networks.
Implementation. The copyright certificate for the developed software product was received. It is supposed to use a software product to study problems, models of which have causal relationships and various types of uncertainties.
РЕФЕРАТ
Есеп 97 б., 33 сурет, 26  әдебиет, 4 қосымша
ГРАФИКАЛЫҚ МОДЕЛДЕР, БАЙЕСТІК ЖЕЛІЛЕР, КУӘЛІК, АЦИКЛДІК ГРАФ, ШАРТТЫ ЫҚТИМАЛДЫҚ КЕСТЕСІ, АТАЛЫҚ ТӨБЕ 

Зерттеу объектісі: Байес желілерімен жұмыс істеуге арналған бағдарламалық өнімдер. Қолданбалы тапсырмаларды құру кезінде қолдануға бағытталған, осыған ұқсас орыс тілді бағдарламалық жасақтаманы құру.
Жобаның мақсаты. Қолданбалы ғылымдардағы зерттеушіге бағытталған Байес желілерімен жұмыс істеуге арналған қосымшалар пакетін құру. Пакетпен жұмыс істеу қолданушыдан арнайы бағдарламалау дағдыларын және математиканы білуді талап етпеуі керек. Пайдаланушының пакетпен жұмысы интерактивті режимде жүргізілуі керек және математика мен бағдарламалаудағы арнайы терминологиялар минимумға дейін пайдалану керек.
Алынған нәтижелер: Байес желілерімен жұмыс істеуге арналған бағдарламалық өнім жасалды. Бағдарламалық өнім алғаш рет орыс тілді қолданушыларға бағытталған. Болашақта бағдарламаны ағылшын тіліне бейімдеу жоспарланып отыр. Бағдарламалық өнім графикалық моделдері бірнеше Байес желілерін қамтуы мүмкін тапсырмаларға бағытталған. Жобаны дайындау кезінде Байес желілерімен жұмыс істеу туралы үш кітап жарық көрді, бірқатар мақалалар жазылды.
Негізгі конструктивтік және техникалық-экономикалық көрсеткіштері, тиімділігі: Алғаш рет Байес желілерімен жұмыс істеуге арналған орыс тіліндегі бағдарламалық өнім жасалды. Бағдарламалық өнім бірнеше Байес желілері бар тапсырмаларды шешуге бағытталған.

Жаңалығы: Алғаш рет орыс тілінде бағдарламалық өнім жасалды. Бағдарламалық өнімде бірнеше тәуелсіз байес желілеріне қатысты мәселелерді шешу үшін қолдану идеясы жүзеге асырылды.

Қолдану облысы: моделдері бірнеше тәуелсіз Байес желілерінен тұратын графтық моделдер болып табылатын модел тапсырмаларын шешуге арналған және орыс тілді қолданушыларға бағытталған бағдарламалық өнім.
Енгізу дәрежесі: Дайындалған бағдарламалық өнімге авторлық куәлік алынды. Бағдарламалық өнімді мәселелерді зерттеу үшін қолдану керек, олардың себеп-салдарлық байланыстарға ие және әр түрлі белгісіздіктері бар моделдерді қолдану жоспарлануда.
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TERMS AND DEFINITIONS
In this RW (research work) report, the following terms and definitions are used:

- Agena Risk. One of the most powerful and popular packages for working with Bayesian networks.
-
BayesiaLab. One of the most powerful and popular packages for working with Bayesian networks.
-
Hugin Expert. One of the most powerful and popular packages for working with Bayesian networks.
-
Acyclic graph. A directed graph is called acyclic if it has no directed cycles.
-
Bayesian network. A Bayesian network is an acyclic directed graph.
- Vertices of a graph are often called nodes. Nodes represent some of the variables that reflect the underlying entities in the model being developed.
-
Graph. A graph (undirected graph) is a pair G = (V(G), E(G)), where E(G) is a symmetric relation on the vertex set V(G), called an adjacency relation. If this relation exists on a pair of vertices a and b of the graph, then they say that these vertices are adjacent, or they say that these vertices are connected by an edge. 

-
Graphic models (GM). Mathematical models built at the junction of graph theory and probability theory. These models are most effective when developing problems with various types of uncertainties. One of the important areas of GM is Bayesian networks. GM plays an important role in the development of machine learning ideology.

-
Directed graph. A graph is called directed or digraph if each edge of the graph has a direction. The edge of the graph in this case is called an arc.

Arcs in a Bayesian network define some probabilistic relationship between the corresponding nodes. Sometimes this relationship is causal. The cause is the node where the directed arc comes out, the consequence is the node where the directed arc comes.
-
Local probability distribution of a node. If a node has no ancestors, then its local probability distribution is called unconditional, otherwise conditional.
-
Ancestors, Descendants. If there is a directed path from the vertex A to the vertex B, then A is called the ancestor of B, and B is called the descendant of A.

-
Parent node, Child node. If an arc goes out of the vertex A to the vertex B, then A is called the parent of B, and B is called the child of the vertex A.

-
Conditionally independent nodes. If nodes in a Bayesian network are not connected by an arc, then these nodes are considered to be conditionally independent.
-
Cycle. A cycle is a path where the start and end vertices coincide.

LIST OF ABBREVIATIONS AND SYMBOLS
In this research report, the following abbreviations and symbols are used:

BN. Bayesian network.

GM. Graphic models.

E(G). The set of edges of the graph G.

V(G). The set of vertices of the graph G.

C(Y). Let Y – some subset of Bayesian network vertices. C(Y) - the set of all children belonging to Y.

CPT. Conditional probabilities table.
P(Y). Let Y – some subset of Bayesian network vertices. P(Y) - the set of all parents belonging to Y.
INTRODUCTION
Graphical (often graph) models (GM) can be viewed as a union between graph theory and probability theory. GM is convenient to use for solving problems associated with various types of uncertainties that arise when solving applied problems. GMs play an important role in the development of the ideology of machine learning, as well as in the development of algorithms that implement the elements of machine learning. 

The Bayesian network is extremely popular for research in various fields of science and industry. This can be explained by the following main reasons [1]:

Using Bayesian networks almost always gives good results.

A large class of problems under study has fairly well-pronounced causal-effect relationships, and, hence, these problems are well described by Bayesian networks.

Information at the input of Bayesian networks is probabilistic in nature, which in many cases corresponds to the situation in the studied problem.

The resulting estimates are also probabilistic, which is also interesting to many researchers.

Bayesian network apparatus is well designed and well implemented in many software products.
For the effective implementation of the theory of BN in practice, it is necessary to have good software products that implement the capabilities of BN [2, 3]. Calculations in a BN are quite complex both in terms of the amount of computation and the complexity of the algorithms. There are many good programs for working with BN on the software market, for example BayesiaLab, Hugin Expert, Agena Risk. We will say a little about these programs in the first chapter. The most significant drawback of existing software products for working with BN is their high cost. There are, however, free software products for working with BN, but their quality and their system support are significantly inferior to commercial products. The disadvantages of commercial programs can also be attributed to the fact that most programs are sharpened to work with a single Bayesian network. Graph models of most real-world problems often contain more than one Bayesian network. We need a more general approach to the development of a software product that allows working with several BNs simultaneously. Algorithms for calculations in Bayesian networks are either not described at all or described extremely poorly [4-6].
There are a lot of tasks based on the use of the Bayesian networks, and we set the task to develop the first Russian-language program to work simultaneously with several BN [7]. The purpose of the project: to develop a package of applied programs for working with BN, focused on a researcher in the field of applied sciences. Working with the package should not require special programming skills and knowledge of mathematics from the user. The user's work with the package should be carried out in an interactive mode and specific terminology from mathematics and programming should be used to a minimum. Currently, there are many excellent programs for working with BN on the software market.
This final report is a continuation of the interim reports for 2018 with inventory number №0218РК00192 and for 2019 with inventory number №0219РК00464 on the topic of «Development and software implementation of a package for solving applied problems in Bayesian networks».
1 Market research of software products on Bayesian networks
There are many Bayesian network software products on the market. Some of these products are commercial, some are free. We tried to highlight the most promising of them, in our opinion, for use in various applied research and give a brief description and our assessment of the selected software products.

Researchers working in the field of artificial intelligence using Bayesian networks are faced with the problem of choosing the optimal software product. Software products can be classified in various ways. The user is primarily interested in the availability of the selected package. Under the availability of a software product, we mean, first of all, various licensing restrictions, secondly, the cost, and thirdly, technical support for the selected package. The classification according to the availability of software products is used by users most often. 

Free, open source software products in the field of using Bayesian networks to solve various problems of artificial intelligence occupy a large field. The study of these products, as a rule, does not cause any difficulties. Easy accessibility, good technical support, the presence of a fairly large number of well-parsed examples, and often free access to the source code make these software products very attractive. Therefore, despite, perhaps in some cases, the lower quality of these programs, most users choose them. With commercial software, things are much more complicated. Most of the licenses for them are quite expensive and, as a rule, for this reason, are not available to many users. The same users who have the opportunity to purchase a package of interest to them, as a rule, before purchasing a license, cannot adequately assess the capabilities of this package for free, trial versions.

Software products can also be classified by the way they are used. If the main task of the researcher is to solve a specific applied problem, it is necessary to choose a ready package that has the maximum properties required by the researcher. If the problem solved using the Bayesian model is only a small part of the problem being investigated, it may be beneficial to use programs built into fairly popular software environments such as MATLAB or R. 

It may turn out that the researcher needs to develop his own software product for working with Bayesian networks. In this case, you can use the INFER.NET libraries.

In the middle of 2018, in our opinion, the following software products were more in demand and popular in the field of Bayesian networks.

1.1 BayesiaLab

Bayesia SAS is a French software company founded in 2001 by Dr. Lionel Jouffe and Dr. Paul Munteanu, specializing in artificial intelligence technologies. Bayesia's software portfolio focuses on various aspects of decision support with Bayesian networks and includes BayesiaLab, BEST and BRICKS. The company's interests range from individual decision support to large-scale policy analysis and risk assessment of industrial systems. The software product is designed for environments (Win / Mac / Unix), is a commercial product. This paper considers version 7.0 of the BayesiaLab package [8].
BayesiaLab is the most powerful and advanced package for working with Bayesian networks at 2018. The current version for 2018 is 7.0. BayesiaLab is a rather expensive software product. The most popular license type is a single-user, one-year, single-processor, single-user license in 2018 costs $ 10,900. An academic license for a year costs $ 700. There is a free 30-day demo with restrictions on the number of nodes, the number of observations, and the ability to save data. However, the demo version allows you to fairly well evaluate the capabilities of this package.

Bayesia solves the problems of decision support using the apparatus of Bayesian networks, and includes [9]:
BayesiaLab is a laboratory for applied research of problems based on the Bayesian networks. 

BEST (Bayesian Expert System for Troubleshooting) - mechanism for diagnosing and troubleshooting of complex systems. 

BRICKS (Bayesian Representation and Inference for Complex Knowledge Structuring) - a probabilistic relational modeling framework that supports the creation and use of models of large-scale and complex systems. 

Bayesia's application spectrum ranges from customized decision support to large-scale policy analysis and risk assessment of industrial systems.

BayesiaLab positions itself as a comprehensive tool for creating and using Bayesian networks. BayesiaLab can be used to define, study, edit and analyze Bayesian network models.

BayesiaLab is a powerful desktop application (Windows, macOS, Linux / Unix) with an advanced graphical user interface. It provides scientists with a comprehensive "laboratory" environment for diagnosing, analyzing, modeling and optimizing the problem under study. BayesiaLab makes it possible to apply applied researches in many fields of science.

BayesiaLab is based on the mathematical apparatus of Bayesian networks. BayesiaLab provides researchers with highly advanced imaging techniques to explore and explain complex problems.
Bayesia includes the BayesiaLab WebSimulator engine, which allows you to publish interactive models over the Internet without the need to install additional software.

Bayesia presents an interesting mechanism Bayesia Market Simulator for researching various market parameters and making forecasts of market behavior in the near future.

Bayesia also includes the API Bayesia Engine, Bayesia Modeling Engine, and Bayesia Inference Engine. With the Bayesia Engine API, developers can access many of the BayesiaLab functionality outside of the GUI using Bayesia's modeling and rendering systems. Thus, you can use Bayesian networks in your own applications and deploy them for additional access without installing an additional copy of BayesiaLab.

The Bayesia Engine API implements a pure Java class library (jar file) that can be easily integrated into any software project.
Using the Bayesia Modeling Engine, you can create your own Bayesian networks from own code and subsequently perform inference using the Bayesia inference engine.

Bayesia Inference Engine allows you to perform Bayesian network inference from your own application.

BayesiaLab has a wide range of highly optimized learning algorithms that can quickly detect structures in datasets. The optimization criteria in BayesiaLab learning algorithms are based on information theory. However, no assumptions are made regarding the distribution of variables. These algorithms can be used for all kinds and all sizes of problem areas, sometimes involving thousands of variables with millions of potentially relevant relationships.

Unfortunately, there is no documentation for this package in Russian. There is also insufficient documentation in English. The developers of this project have studied the capabilities of the BayesiaLab package in sufficient detail in practice and published a practical guide for working with this package.
1.2 Hugin Expert

Hugin Expert. HUGIN EXPERT is a leading developer and supplier of artificial intelligence decision support software. The company was founded in 1989 by the world's leading researchers in the field of graphic models based on Bayesian network technology [10]. The company is based in Aalborg, Denmark, home to Aalborg University, the world's largest research cluster, the Bayesian Network. HuginExpert is designed for environments (Win / Mac / Unix).
Development tools and other software using BN technology have been created over the past decade [11]. Software products are used for decision support, medical diagnostics, troubleshooting, risk analysis, and security assessment. The Hugin software uses the most efficient accurate probability update algorithm. The algorithm, developed by the Hugin Expert group, was published in its basic form by Steffen L. Lauritz, Aalborg and David Spiegelhalter in Cambridge in the Journal of the Royal Statistical Association, 1988 and won the "Outstanding Application Award" by the American Statistical Association in 1989.
Hugin and its core, the Hugin Development Environment, consists of three main components: 

Hugin GUI (Graphical user interface Hugin). 

Hugin Decision Engine. (Decision making mechanism, HDE). 

Hugin Application Programming Interfaces (Application Programming Interfaces, APIs). 

The Hugin GUI is an interface for creating and modifying network models and implementing them by inputting facts and displaying the resulting probability distributions and expected usage. In edit mode, the module allows you to define nodes by inserting nodes, merging them, defining states and actions, conditional probability tables and utility tables. In run mode, you can view beliefs and uses for individual nodes and run HDE to get revised probabilities and expected uses.

The Hugin Decision Making Engine (HDE) is the core of the system that performs inference based on data represented by a Bayesian network or influence diagram. The system allows you to build, maintain and use knowledge bases using Bayesian networks, object-oriented Bayesian networks and directional diagrams, automated study of knowledge bases, structures and parameters of Bayesian data transmission networks. The system allows the use of both discrete and continuous variables, direct determination of the conditional probability distribution, the use of a table generator to determine relations and auxiliary functions using mathematical and logical descriptions.

1.3 Agena Risk

AgenaRisk is a powerful tool for risk modeling and forecasting uncertain events.

Particularly, AgenaRisk:

Helps you analyze risks and make better decisions [12].

Combines the benefits of Bayesian networks, statistical modeling and tabular analysis.

Intuitive, easy to use and efficient.

AgenaRisk can be applied to a wide range of uncertainty issues. It is designed to model problems using risk maps - a combination of statistical modeling and Bayesian network technologies.
Together they provide a unique combination of power, ease of use and flexibility. AgenaRisk supports both diagnostic and predictive uncertainty reasoning. First of all, AgenaRisk helps to visualize risks and their relationship.

Features of AgenaRisk
Key features of AgenaRisk 7.0 include:

Risk maps (generalized form of Bayesian networks) for modeling causation.

Probability tables that quantify these relationships using expressions or explicit probabilities.

Automated exploration of probability tables from spreadsheet data (first in 7.0), including the ability to mix data with existing estimates.

Customizable risk charts that display the results from running your models.

Risk tables for fast and efficient data entry, just like using a spreadsheet.

Risk Explorer that lets you create and view complex, nested models.

Accurately simulate a wide variety of arithmetic (conditionally deterministic) and statistical functions and distributions, including constant values.

A wide variety of sample models that cover various modeling problems.

Sensitivity analysis to quickly identify and visualize the variables that have the greatest impact. 

Multivariate analysis for extracting bivariate distributions and calculating correlations.

Import and export of CSV files, JPEG images, etc.

Types of files used in AgenaRisk [13].

AgenaRisk handles two main types of files: one with the AST extension and the other with the CMP extension. The CMP and AST files contain all information about the model, including entered observations and scenarios. Since the tool allows users to work with multiple risk models and link them appropriately, AST and CMP files can usually contain multiple risk models. AST and CMP files are identical, except that the former are read-only. In this sense, AST files can be viewed as predefined model templates that should not be overwritten by users.

Usually, when working with a model, you save the files as CMP files. However, if you need to use AgenaRisk to create your own application, you will typically open an existing AST file, edit it, save it to AgenaRisk as a CMP file, and then change its extension back to AST outside of AgenaRisk.

In addition to AST and CMP files, AgenaRisk can also open files with the .NET extension. These are Bayesian network model files created with Hugin software.

Types of simulations you can do in AgenaRisk. 

The modern algorithms implemented in AgenaRisk enable the following types of problem solving and modeling:

Representation of expert assessment using subjective probability [14].

Combining data with expert assessment.

Modeling statistical distributions for predictive inference as an alternative to Monte Carlo modeling.

Diagnostic Inference for Machine Learning Applications.

Hierarchical Modeling as an Alternative to Monte Carlo Markov Chains (MCMC).

Construction of hybrid models containing discrete and continuous indefinite variables.

Mixed modeling of discrete and continuous distributions.

Object-oriented modeling of complex systems involving multiple objects and interfaces.

Dynamic modeling of time-based or evolving systems (such as Markov analysis).
2  Development of the general architecture of the project
The developed software package is the main window in which, if necessary, subordinate windows will be opened that perform certain tasks. Sub-windows, in turn, can also have their own sub-windows. The nesting level of windows should not exceed 5. The functioning of windows can be quite an expensive operation, therefore, the information line of the main window provides for the output of the current state of the resources used. This is the number of windows currently open, the amount of available memory, the size of the heap. The user, if necessary, can free some of the resources by closing the windows that are not needed at the moment. Another way to free up resources is to close unnecessary applications at the moment [15].

The main window, like some sub-windows, contains four main elements: main menu, toolbar, information panel, work area.

If a window is closed, all subordinate windows are automatically closed. The main logical unit of the software package is the "Project" [16]. In a sense, this concept corresponds to the model of the task being developed. A project can contain several BNs. Up to 5 base stations can be simultaneously open in the project window. In addition, additional windows can be opened in the project window for working with the task in question. In the main window, you can open up to 5 projects at the same time, which allows you to create new projects similar to existing projects. The concept of a project also allows us to consider several options for solving the same problem.
The ideology of work with BN graphics [17], focused on storing networks in database tables, has been developed. It is considered expedient to abandon the storage formats of Bayesian networks and their elements adopted in the previously mentioned investigated packages. It was decided to store the BN image in database tables, which will make it possible to work in a standard way with the construction, modification, and storage of network images. Correction of networks will be reduced to standard correction of standard fields of standard tables of standard databases, which in our opinion is quite convenient.
Information about the BN structure contains data about the nodes of the BN arcs. BN nodes (variables) contain the following information:

- Name and description of nodes
- BN topology, which shows probabilistic connections between BN nodes.

- Location of BN nodes.

- Image of BN nodes.

- Description of CPT.

- Description of fonts of various inscriptions.

- Some other elements.

BN arcs contain the following information:

- Name and description of arcs.

- Nodes adjacent to this arc.

- Image of BN arcs.

- Description of fonts of various inscriptions.

- Some other elements.

The software package contains a window for graphical construction of the BN. When building a BN, the following options are available:

- Drawing a node and an arc.

- Moving a node with automatic movement of the corresponding arcs.

- Copying nodes in different ways.

- Renaming nodes.

- Change different labels and corresponding fonts.

- Changing the direction of arcs.

- Removing arcs and nodes.

3  Development of graphic modules for interactive construction of bayesian networks
In the main window, you can open up to five independent BNs simultaneously. In each project, you can also open up to 5 networks at the same time. Figure 3.1 shows a standard BN window [18]. 
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Figure 3.1 - Window with open BN
Each BN window contains the following most interesting subordinate windows:

- Window for graphical construction of the network. This window is called from the main menu of the BN window "Build \ BN Image".

- Window for working with the node table. This window is called from the main menu of the BN window "Build \ BN Vertices".

- Window for working with the table of arcs. This window is called from the main menu of the BN window "Build \ BN Edges".

- Window for working with CPT. This window is called from the main menu of the BN window "Build \ BN Probability Tables".

3.1 Window for graphical construction of the network
The window for graphical construction of the network is subordinate to the corresponding BN window. Work in this window is provided by the following ways [19,20]:

- Main menu of the plotting window.

- Window toolbar.

- Work zone.

- Work area context menu.

- Context menu of the selected node.

- Selected arc context menu.

The graphical construction of the network is organized by analogy with many existing programs. To build a node, you need to select the command button corresponding to the type of node. Then move the mouse cursor to the desired place in the working area and click the mouse button. A standard node image with some random node code will appear in the specified location. Before the node appears in the work area, a window will appear in which you can change the node code. If you don't need to change the code, you just need to click the "OK" button.

To draw an arc, you need to select the command button corresponding to the arc. Next, you need to move the mouse cursor over the node from which the arc should exit, click the mouse button, then move the mouse cursor over the node to which the arc comes and click again.

Using the context menu of the node, you can perform some actions with the selected node. The context menu of the node is shown in Figure 3.2.
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Figure 3.2 - BN node context menu
Using the context menu of a node, you can copy the selected node to the clipboard in four modes: 

- Only the selected node is copied to the clipboard.

- The node with all the parents of the selected node is copied to the clipboard.

- A node with all children of the selected node is copied to the clipboard.

- A node with all the parents and children of the selected node is copied to the clipboard.

Using the context menu of a node, you can delete a node, rename a node, and also change some properties of a node:

- Change the image of the node (Figure 3.3). You can change node dimensions, node color, node code color, node code font, node border color, node border thickness.

- Name of the selected node, font of the name, color of the name, description of the node, sign - whether the name of the node should be shown.

- Standard scale.

- Scale.

- Evidences.
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Figure 3.3 - Changing the image of the BN node
Using the edge context menu, you can delete an edge, change the direction of the selected edge, and change some edge properties:

- Change rib thickness (Figure 3.4). 

- Change edge color. 

- Change edge code color. 
[image: image6.png]ARELLNT PRFELLRY

EES ==

PRTLLXY

3amena woBpaxenna pebpa RISTI

| Microsoft Sans Serif: 6.75pt

Microsoft Sans Serf: 6.750t





Figure 3.4 - Changing the image of the BN arc
- Change the font of the edge code. 

- Change trait - whether to show the edge code. 

- Change edge name. 

- Change edge name color. 

- Change the font of an edge name. 

- Change sign - whether or not to show the name of the edge. 

Using the context menu of the work area, you can (Figure 3.5):

- Call node table.

- Call edge table.

- Call the CPT table.

- Insert node.

- Clear buffer.

- Save network.

- Clear network.
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Figure 3.5 - Work area context menu
3.2 Window for adjusting BN nodes
The BN node window (Figure 3.6) can be opened either from the context menu or from the main menu of the network window. The node window contains all information on all BN nodes. Any adjustments to nodes in the graphics window, building new nodes, deleting nodes are automatically displayed in the nodes table. On the other hand, any changes in the table of nodes lead to automatic correction of the BN image in the working area.

The window contains 6 command buttons that allow:

- Save the network. The final information on the BN is stored in the database table on an external medium. All adjustments are made in the in-memory cache. The corrections made then need to be saved in a table on an external medium.

- Refresh the network. If you suddenly realize that many of your adjustments are wrong, you can update the BN without saving the BN. Data from a table on an external medium is read into the cache again.

- Rebuild the network. If you delete BN nodes, the nodes are only marked as deleted. In the future, deleted nodes can be restored.

- Create a new BN node.

- Clear BN. If you need to physically remove remote BN nodes, you need to clear the BN [21, 22].

3.3 Window for adjusting BN edges
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Figure 3.6 - Windows for working with nodes and edges
The BN edges window (Figure 3.6) can be opened either from the context menu or from the main menu of the network window. The edges window contains all information on all BN edges. Any edge adjustments in the graphics window, creating new edges, or removing edges are automatically displayed in the edge table. On the other hand, any changes in the edge table lead to automatic correction of the BN image in the working area. If a node is deleted in any way, all edges adjacent to the deleted node are automatically deleted from the edge table.

The window contains 6 command buttons, similar to the buttons in the node table.

3.4 Window for adjusting CPT
The window for adjusting CPT is shown in Figure 3.7. This window can be opened either from the context menu or from the main menu of the network window. On the left in the window, the nodes belonging to this BN are listed. On the right is a table of conditional probabilities for the selected node. To select the required node, double-click on this node in the list. At the bottom of the window there is an information panel and a set of command buttons. The information panel shows: the code of the node for which the CPT is considered; the number of parents of this node; the parents of this node; total number of lines in CPT.
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Figure 3.7 - Window for working with CPT
Six command buttons allow you to perform standard operations with CPT:

- Read CPT from the node table.

- Save CPT in the node table.

- Normalize CPT.

- Build a random CPT.

- Reset CPT.

4  Structure of the software complex
The software package is developed in the WINDOWS 10 (32bit) environment, in C #, Visual Studio 2019. The main module is designed as an EXE file. Most of the modules are in various DLLs.

The main positions of the software package developed by the project participants will be described below [23].

When you start the program, the main window appears on the screen. The main window is the area where other parts of the software package are located. All tasks of the software package are designed in the form of forms. Each of the forms inside itself can contain other nested forms. The nesting level of forms can be up to five. Forms can be minimized, but only inside the window to which they belong. Forms can also be expanded, but only to the borders of the window to which they belong. Closing the window will automatically close all sub forms. In most open windows, closing a window is duplicated by a command button or menu item. If there is such a button, it is recommended to close it with this button. In this case, the correct exit occurs - everything that should be saved is saved, everything that should be closed correctly is closed correctly.

All the time the control of the number of open windows, control of the occupied memory, control of the heap volume is carried out. This information allows more correct use of the software package. If there is not enough memory, or the heap is too large, you need to close some of the windows. Memory monitoring information is located in the lower right corner of the main window.

Up to five projects can be open at the same time in the main window. The project is the main logical unit of the software package. The project allows you to develop problems, mathematical models of which contain several Bayesian networks describing various blocks. All information on the open project will be inside this window. Other windows may be open within each open project window. Here we will mainly focus on windows for working with Bayesian networks. In general, a project can contain as many Bayesian networks as you want, but no more than 5 Bayesian networks can be opened simultaneously in each project. A Bayesian network cannot belong to different projects at the same time. The Bayesian network may not belong to any project. You can copy the Bayesian network of one project to another. The network can be removed from the project. The network can be added to the project at any time.

In addition, a Bayesian network can be created and exist outside of the project. No more than 5 Bayesian networks can be open simultaneously outside the project. Other windows can be opened in the main window. Windows can take up a lot of memory. It is necessary to control the size of the heap and the amount of free memory (they are indicated at the bottom right in the main window), if necessary, close unnecessary windows.

4.1 Description of the main program window
General view of the main program window is shown in Figure 4.1. The main window is a platform on which you can work with various parts of the complex, such as a project, a Bayesian network, reference books, etc. The main window contains a toolbar, command buttons that duplicate the most frequently used menu items, a working area of the window, other, subordinate windows, window status bar are open.

There are 5 types of windows in the software package:

- The main window of the program. Other windows may be open within this window. The window can be minimized, have standard sizes, and fill the entire screen. You can change the size of this window from some minimum size, still allowing you to work with nested windows, to the size of the entire screen.

- Top-level windows. These windows can only be opened inside the main window. Other subordinate windows can be opened within such windows. The window can be minimized, have standard dimensions, and occupy the entire working area of the main window. You can change the size of this window from some minimum size, still allowing you to work with nested windows to the size of the working area of the main window.

- Regular window. Such windows can be opened inside other windows. Often, subordinate windows can also be opened inside such windows. Their dimensions do not exceed the dimensions of the working area of the window, inside which they are open. Windows are minimized (minimized) inside their main window.  

- A window with standard, fixed dimensions. No other windows can be opened inside such windows.

- A window with standard, fixed dimensions. No other windows can be opened inside such windows.

- The project window is identified by the window number. The window number is in the lower left corner. Any project can be opened inside any window. You can say, for example, "Project Asia is open in the third window".

- A Bayesian network window is also identified by a window number. The window number is in the lower left corner. Any network can be opened inside any window. You can say, for example, "Bayesian Grid Analysis is open in the fourth window of the Asia project, open in the third window of projects".
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Figure 4.1 - General view of the main window with open subordinate windows
4.2 Toolbar
Figure 4.2 shows the toolbar.
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Figure 4.2 - Main window command buttons
1 – Create a new project. A new project is created. A window appears in which you must specify the characteristics of the project being created (Figure 4.3). If the project is similar to the previously created project, you can select the old project and read the characteristics of the old project ("Read" button), correct the fields and create a project ("Create" button). The project code must be unique, otherwise the project will not be created and a message will be displayed. If you change your mind about creating a new project, you need to click the "Exit" button. Up to 5 projects can be opened at the same time. If 5 projects are already open, you must first close one of the open projects.
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Figure 4.3 - Here we indicate the characteristics of the new project
2 – Open an existing project. When you click on the button, a new window appears (Figure 4.4), where you need to specify the projects that you want to open. It should be remembered that up to five projects can be open at the same time, including previously opened ones. Next, click the open button. You can click the Clear Selection button if you want to open other projects. If you change your mind about opening projects, click the "Exit" button.
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Figure 4.4 - Here we indicate the projects that need to be opened
3 – Show list of projects. The user can view the list of projects and make some adjustments at the same time for several projects (Figure 4.5). Each entry corresponds to one project. The fields available for correction can be corrected. Any record can be marked as deleted. The project gets the status "For deletion". This project status can be canceled at any time. You can sort records by any field by clicking on the corresponding heading. 
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Figure 4.5 - In this window you can view a list of existing projects
The form contains six command buttons:

- Read - All corrections in the table take place in RAM. When you click on this button, a rollback occurs - reading data from the database table.
- Save - All corrections made by the user are saved in the database.
- Clear database - All corrections made by the user are saved in the database, while records marked "For deletion" are physically destroyed.
- Remove selection - The user can select some entries (for example, for easy adjustment). Using this button, you can deselect the entries.

- Recover deleted - You can uncheck "To delete" from all records at once.
- Exit - Finish working with the table. The corrections made to the records are not saved.
At the bottom of the window is an information panel that displays the total number of projects, deleted projects and marked projects. 

4 – Save the project. When saving a project, a window appears (Figure 4.6), in which you can correct the description of the project.
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Figure 4.6 - Saving the project
To save the project, you need to click the "Save" button. If you do not need to save, click on the "Exit" button.

5 – Save the current project with a new name. When saving a project, a window appears (Figure 4.7), in which you can correct the description of the project and you must specify a new project code. The new project code must be unique. 
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Figure 4.7 - Saving the project with a new name
6 – Close the current project window. The current project is closed, and a warning about saving data is displayed.

7 – Deleting the current project, accompanied by a warning.

8 – Create a new free Bayesian network. A new Bayesian network is created that does not belong to any project. A window appears in which you must specify the characteristics of the network being created (Figure 4.8). If the network is similar to the one created earlier, you can select the old network and read the characteristics of the old network (the "Read" button), correct the fields and create a new network (the "Create" button). The network code must be unique, otherwise the network will not be created and a warning will be issued.
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Figure 4.8 - Create a new independent network
9 – Open a free Bayesian network. When you click the button, a window appears (Figure 4.9), where you need to specify the networks that need to be opened. It must be remembered that up to five free networks can be open at the same time, including previously open ones. Next, click the open button. You can click the Unselect button if you want to open other networks. If you change your mind about opening networks, click the "Exit" button.
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Figure 4.9 - Open existing independent networks
10 – Show list of free Bayesian networks.

The user can view the list of free Bayesian networks and make some adjustments to several networks at the same time (Figure 4.10). Each entry corresponds to one network. The fields available for correction can be corrected. Any record can be marked as deleted. The network receives the status "To be deleted". This network status can be canceled at any time. You can sort the records by any field by clicking on the corresponding heading. The form contains six command buttons:

- Read - All corrections in the table occur in RAM. When you click on this button, a rollback occurs - reading data from the database table.
- Save - All corrections made by the user are saved in the database.

- Clear database - All corrections made by the user are saved in the database, while records marked "For deletion" are physically destroyed.
- Remove selection - The user can select some entries (for example, for easy adjustment). Using this button, you can deselect the entries.
- Recover deleted - You can uncheck "To delete" from all records at once.
- Exit - Finish working with the table. The corrections made to the records are not saved.
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Figure 4.10 - View and correct independent networks
At the bottom of the window is an information panel that displays the total number of networks, remote networks and marked networks. 

11 – Save the current independent Bayesian network.

When saving the network, a window appears (Figure 4.11), in which you can edit the network description. If you want to save the network, you need to click the "Save" button. If you do not need to save, click on the "Exit" button.
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Figure 4.11 - Save an independent network
4.3 Main window menu
This section will describe the main menu items of the main window. 

Project menu
Figure 4.12 shows the Project menu.
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Figure 4.12 - Menu “Project” of the main window
The "Project" menu consists of the following items:

- New project. A new project is created. The corresponding command button is completely duplicated. 
- Open the project. An existing project is opened. The corresponding command button is completely duplicated. 
- List of projects. A window with a list of existing projects opens. The corresponding command button is completely duplicated. 
- Save the project. We save the project. The corresponding command button is completely duplicated.
- Save project as. We save the project under a new name. The corresponding command button is completely duplicated.
- Close the project. We close the project. The corresponding command button is completely duplicated.
- Delete project. We delete the project. The corresponding command button is completely duplicated.
Network menu

Figure 4.13 shows the "Network" menu.
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Figure 4.13 – “Network” menu of the main window
The "Network" menu consists of the following items:

- New network. A new network is being created. The corresponding command button is completely duplicated. 
- Open the network. The existing network opens. The corresponding command button is completely duplicated. 
- List of free networks. A window opens with a list of existing free Bayesian networks. The corresponding command button is completely duplicated. 
- Save the network. We save the network. The corresponding command button is completely duplicated. 
- Save network as. We save the network under a new name. The corresponding command button is completely duplicated. 
- Close the current free Bayesian network. We close the network. The corresponding command button is completely duplicated. 
- Delete the network. We delete the network. The corresponding command button is completely duplicated. 
- Close all BN windows.

“Reference” menu

The "References" menu contains three items (Figure 4.14). Reference books are convenient to use when filling out various tables. 
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Figure 4.14 - Menu "References" of the main window
Detailed work with reference books will be discussed in the "Program References" section. Here we just consider these menu items:

- Types of nodes. There are various types of nodes in the software package. It is convenient to have some standard of node types when entering data.
- Method of using nodes. The reference contains a list of standard uses of nodes.
- Standard scale. The reference book contains a list of frequently used sets of properties.
4.4 Main window information panel
Figure 4.15 shows the information panel.
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Figure 4.15 - Main window information panel
Information panel contains 5 windows:

- Current project. Shown: the number of the window in which the current project is open, the current project and its internal identifier, which is not available for correction. If you click on this window with the left mouse button, information about the current project will be updated, and the window with the current project will come to the fore. If you right-click on this window, the information in the window will be reset.
- Current Bayesian network. Shown: the window number in which the current Bayesian network is open, the internal identifier of the Bayesian network, and the name of the Bayesian network. If you left-click on this window, the information about the current network will be updated, and the window with the current network will come to the fore. If you right-click on this window, the information in the window will be reset.
- Heap size. The software package is written in C #. The Garbage Collector plays an important role in this environment. It works quite well, but nevertheless the user can artificially call the cleaner by clicking the left mouse button on this window. The heap size (measured in kb) will most likely either decrease slightly or remain the same. The user should start to worry if the heap size exceeds 500 mb. and think about which windows to temporarily close. If you right-click on this window, the information in the window will be reset.
- Number of opened windows. The software package involves opening a large number of windows. If there are a lot of open windows (more than 20) and there are any delays or too large a heap, or there is not enough RAM left, consider it may be worth temporarily closing some windows.
- The size of the available RAM. The amount of available RAM depends not only on the operating mode of this program, but also on other programs running at the moment. You need to start worrying if the amount of available RAM is less than 300 mb. By clicking the left mouse button on this window, you can update the information about the available RAM at the current moment. By right-clicking on this window, you can reset this window.
5  Work with the project
Up to five projects can be opened simultaneously in the main window. Let's take a closer look at the window in which the project is open. Figure 5.1 shows two open projects. In the first window, two Bayesian cities are open, in the second - three Bayesian networks [24-26].
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Figure 5.1 - Two open projects in the main window
Figure 5.2 shows the project window. 
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Figure 5.2 - Project window
The project window contains the following elements: 

- The main menu of the project.

- Toolbar.

- Information panel.

         - Work zone.

The main project menu contains several items. The menu is focused on the work of a specific project, open menu. Let's describe some of the menu items. 
5.1 “Project” menu
The project menu is shown in Figure 5.3
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Figure 5.3 – “Project” menu
The project menu (Figure 5.3) contains the following items:

- Project characteristics. Figure 5.4 shows a form with project characteristics. The window contains the main characteristics of the project, as well as a list of Bayesian networks belonging to this project.
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Figure 5.4 - Project characteristics window
- New project. A new project is created in this project window. A window appears in which you must specify the characteristics of the project being created (Figure 5.3). If the project is similar to the previously created project, you can select the old project and read the characteristics of the old project (Read button), correct the fields and create a project (Create button). The project code must be unique, otherwise the project will not be created and a message will be displayed. The project opened in this window will be closed. If you change your mind about creating a project, the old project will be saved.

- Open project. When you click on the button, a window appears (Figure 5.5) where you need to select the project that you want to open in this window. Next, click the open button. The previously opened project in this window is closed. If you click the exit button, the previously opened project will remain in the window.
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Figure 5.5 - Project selection window
- Refresh the project. Clicking on this button updates the project in this window. If the project data has been corrected and not saved, the changes in the project will be lost.
- Save the project. When you save the project, a window appears in which you can edit the project description. If you want to save the project, you need to click the "Save" button. If you do not need to save, click on the "Exit" button.
- Save project as. When saving a project, a window appears in which you can correct the description of the project and you must specify a new project code. The new project code must be unique.
- Close the project. The current project window is closed, and a warning about saving data of the project opened in this window is displayed.
- Delete project. The project opened in this window is deleted. A warning is issued. The window closes.

- Close all windows. Closes all Bayesian networks open in this window. The windows are closing.
- Exit.
5.2 “Network” menu
The "Network" menu of the project window repeats the "Network" menu of the main program window. The only difference is that the Network menu of the project window refers to the Bayesian networks of the project. Each project can have up to 5 Bayesian networks open at the same time. Let's briefly repeat the items of this menu:

- New project network. A new network is created that belongs to this project. A new window appears in which you must specify the characteristics of the network being created (Figure 5.6). The Bayesian network code must be unique or a warning will be issued. If you have previously created a similar network, you can read these characteristics and adjust them for the new network. To create a new Bayesian network, you must now click the "Create" button. If you click the Exit button, the network will not be created. If 5 Bayesian networks have already been opened for this project, one of the networks must first be closed.
[image: image30.png]Yiasure ganHie Hogofi ceTn ana npoexra Pro_002

KexsC

=

8 EE

L omspn 20015





Figure 5.6 - Data for the new network
- Open project network. An existing network belonging to this project opens. When you click the button, a window appears (Figure 5.7), where you need to specify the networks that need to be opened. It must be remembered that up to five free networks can be simultaneously open for this project, including previously open ones. Next, click the open button. You can click the Unselect button if you want to open other networks. If you change your mind about opening networks, click the "Exit" button.
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Figure 5.7 - Select the required networks
- List of project networks. A window opens with a list of Bayesian networks that belong to this project.
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Figure 5.8 - List of project networks
The user can view the list of Bayesian networks belonging to the project and make some adjustments to several networks at the same time (Figure 5.8). Each entry corresponds to one network. The fields available for correction can be corrected. Any record can be marked as deleted. The network receives the status "To be deleted". This network status can be canceled at any time. You can sort records by any field by clicking on the corresponding heading. The form contains six command buttons:

- Read - All corrections in the table occur in RAM. When you click on this button, a rollback occurs - reading data from the database table.
- Save - All corrections made by the user are saved in the database.
- Clear database - All corrections made by the user are saved in the database, while records marked "For deletion" are physically destroyed.
- Remove selection - The user can select some entries (for example, for easy adjustment). With this button you can deselect the entries.
- Recover deleted - You can uncheck "To delete" from all records at once.
- Exit - Finish working with the table. The corrections made to the records are not saved.
At the bottom of the window is an information panel that displays the total number of networks, remote and marked networks. 

- Save the project network. We save the network.

When saving the network, a window appears (Figure 5.9), in which you can edit the network description. If you need to save the network, you must click the "Save" button. If you do not need to save, click on the "Exit" button.
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Figure 5.9 - Correcting data while saving Bayesian network
- Save project network as. We save the network under a new name. When saving the network, a window appears (Figure 5.10) in which you need to specify a new unique name for the Bayesian network and correct the network description. If you need to save the network, you must click the "Save" button. If you do not need to save, click on the "Exit" button.
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Figure 5.10 - Correcting data while saving Bayesian network
5.3 Toolbar
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Figure 5.11 - Toolbar
The toolbar is shown in Figure 5.11. The panel buttons repeat the elements of the main menu of the project window.

1 - Project characteristics. The window contains the main characteristics of the project, as well as a list of Bayesian networks belonging to this project (Figure 5.4).

2 - Create a new project. A new project is created in this window. A window appears in which you must specify the characteristics of the project being created (Figure 4.3). If the project is similar to the previously created project, you can select the old project and read the characteristics of the old project ("Read" button), correct the fields and create a project ("Create" button). The project code must be unique, otherwise the project will not be created and a message will be displayed. The old project opened in this window will be closed. If you change your mind about creating a new project, click the "Exit" button, in this case the project opened in this window does not close.

3 - Open an existing project. When you click on the button, a new window appears (Figure 5.5), where you need to select the project that you want to open in this window. Next, click the open button. The previously opened project in this window is closed. If you click the exit button, the previously opened project will remain in the window.

4 - Refresh the current project. Clicking on this button updates the project in this window. If the project data have been corrected and have not been saved, the changes in the project will be lost.

5 - Save the project. When saving a project, a window appears (Figure 4.6), in which you can correct the description of the project. If you need to save the project, you need to click the "Save" button. If you do not need to save, click on the "Exit" button.

6 - Save project as. When saving a project, a window appears (Figure 4.7), in which you can correct the description of the project and you must specify a new project code. New project code must be unique
7 - Close the project. The current project window is closed, and a warning about saving data of the project opened in this window is displayed.

8 - Delete project. The project opened in this window is deleted. A warning is issued. The window closes.

9 - Create a new Bayesian network. A new network is created that belongs to this project. A new window appears, in which you must specify the characteristics of the created network. The Bayesian network code must be unique or a warning will be issued. If you have previously created a similar network, you can read these characteristics and adjust them for the new network. To create a new Bayesian network, you must now click the "Create" button. If you click the Exit button, the network will not be created. If 5 Bayesian networks have already been opened for this project, one of the networks must first be closed.
10 - Open the current Bayesian network. An existing network belonging to this project opens. When you click the button, a window appears (Figure 5.7), where you need to specify the networks that need to be opened. It must be remembered that up to five free networks can be simultaneously opened for this project, including previously opened ones.

11 - List of project networks. The user can view the list of Bayesian networks belonging to the project and make some adjustments to several networks at the same time (Figure 5.8). Each entry corresponds to one network. The fields available for correction can be corrected.

12 - Save Bayesian network in this project. When saving the network, a window appears (Figure 5.9), in which you can edit the network description. If you need to save the network, you must click the "Save" button. If you do not need to save, click on the "Exit" button.
13 - Save the Bayesian network in this project under a new name. When saving the network, a window appears (Figure 5.10), in which you need to specify a new unique name for the Bayesian network and correct the network description. If you need to save the network, you must click the "Save" button. If you do not need to save, click on the "Exit" button.

14 - Close the current Bayesian network of the project.

15 - Delete the current Bayesian network of the project.

16 - Minimize windows open in the project.

17 - Cascade Bayesian networks open in the project.

18 - Exit the project.
CONCLUSION
The first chapter conducts a market research of software products on Bayesian networks. The software systems BayesiaLab, Hugin Expert, Agena Risk are considered as examples. The main characteristics of these software products are given.

The second chapter lists the main parameters of the project being developed. The software package should contain the main window and subordinate windows. Subordinate windows, in turn, can contain their subordinate windows. The nesting level of windows should not be lower than five. The main logical unit should be a project, which can contain up to 5 simultaneously open Bayesian networks belonging to this project.

In the third chapter, we examined the principles of developing graphical modules for interactively building Bayesian networks. 

The fourth chapter describes the structure of the main window of the software package 

The fifth chapter is devoted to working with the project.

In this work, the BNNAT software package is developed, focused on working with Bayesian networks. In this package, we have tried to develop some common standard platform that allows us to work with models containing several fairly independent Bayesian networks. The common platform also allows simultaneous analysis of solutions of several Bayesian network variants.
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to the contract  No. 211 dated March 19, 2018 on 

grant financing
TECHNICAL SPECIFICATION AND WORK SCHEDULE

Under contract No. 211 dated March 19, 2018

1. Republican State Enterprise on the Right of Economic Use "Institute of Information and Computational Technologies" of the Committee of Science of the Ministry of Education and Science of the Republic of Kazakhstan

1.1 By priority: 3. Information, telecommunication and space technologies, scientific research in the field of natural sciences.

1.2 By subpriority: 3.1 Intelligent Information Technologies. Machine learning. 

1.3 By the topic of the project: №АР 05131293 «Development and software implementation of a package for solving applied problems in Bayesian networks»

1.4 Overall budget of the program 33 000 000 (thirty three million) tenge, including breakdown by years, for work performance according to paragraph 3:
- for  2018-in the amount of 11 000 000 (eleven million) tenge;

- for  2019-in the amount of 11 000 000 (eleven million) tenge;

- for  2020-in the amount of 11 000 000 (eleven million) tenge.
2. Characteristics of scientific and technical products by qualification and economic indicators    
2.1 Direction of work: Development of the overall architecture of the project. Debugging of algorithms and program modules based on test results. Design of developed software modules in the classes. Preparation of the technical documentation. Preparation of reports on the developed project.
2.2 Field of application: Various applied research in the fields of medicine, economics, sociology, etc. 
2.3 Final concrete outcome:

- for 2018: We will develop general architecture of the project, ideology of building directed graphs, storing graphs, working with graphs in a graphical environment. We will develop modules to provide calculations in Bayesian networks.
- for 2019: We will develop modules for construction, storage, correction of Bayesian networks. Graphic module for the interactive construction of Bayesian networks will be developed. An algorithm for the module for building arrows, a block diagram of the module for export and import of data will be developed. One publication will be prepared in a journal indexed in Scopus or Web of Science. One tutorial will be prepared.
- for 2020: An adjusted algorithm and software modules will be developed based on the test results. The design of the developed software modules in the form of classes will be done. Technical documentation will be completed. A report on the developed project will be prepared. A standard software package for Bayesian networks will be developed for specialists in applied fields of science. One publication will be prepared in a journal indexed in Scopus or Web of Science. 1 monograph will be published in the Kazakh publishing house. 
2.4 Patentability: nonpatentable.

2.5 Scientific and technical level (novelty): High level of novelty. Development of a software product in a generally available, standard form that does not cause difficulties in mastering for specialists in applied fields of science.

2.6 The use of scientific and technical products is carried out: by the contractor.

2.7 Type of the scientific and (or) scientific and technical activities result's use: The developed software package is focused on use in various applied research, the mathematical model of which is described by Bayesian networks. 

3. Activities, implementation dates and results
	№
	Name of works under the Contract and the main stages of it implementation
	Deadline
	Expected results

	
	
	Start date
	Due date
	

	1.
	Analysis of the modern market of the software products for Bayesian networks.
	January 2018
	March 2018
	The analysis of the current state of the market for software products on Bayesian networks will be carried out:

- analysis of the capabilities of the R software environment for working with Bayesian networks;

-  analysis of the capabilities of the MATLAB application package for working with Bayesian networks;

-  analysis of the capabilities of the specialized package of applied programs GeNIe & SMILE for working with Bayesian networks;

-  analysis of the capabilities of a specialized package of application programs AgenaRisk for working with Bayesian networks

	2.
	Development of the overall architecture of the project.
	February 2018
	April 2018
	We will develop:

-  general database structure;

-  the general ideology of building directed graphs, storing graphs, working with graphs in a graphical environment.

	3
	Development of databases and tools for work with databases
	April 2018
	September 2018
	We will develop:

- bases for storing reference books of vertices and edges;

- bases for storing vertices and edges of the current Bayesian network;

- bases for various reference books;

- bases for current calculations;

- tools for working with the base of storage of reference books of vertices and edges;

- tools for working with the base of the current Bayesian network;

- tools for working with the base of reference books;

- tools for working with the base for current calculations

	4
	Development of modules providing calculations in Bayesian networks.
	June 2018
	1  November 2018
	We will develop modules to provide calculations in Bayesian networks:

-   modules that check the correctness of Bayesian networks

	5
	Development of modules for work with the construction, storage, correction of Bayesian networks
	September 2018
	 1 November 2018
	We will develop modules for construction, storage, correction of Bayesian networks:

-  modules for construction of Bayesian networks

	6
	Development of graphic modules for the interactive construction of Bayesian networks
	October 2018
	1  November 2018
	Graphic module for the interactive construction of Bayesian networks will be developed

	7
	Development of modules for the data export and data import.
	October 2018
	1  November 2018
	Modules for the data export and data import will be developed. 

	8
	Development of modules providing calculations in Bayesian networks
	January 2019
	February 2019
	We will develop: 
-  modules defining tasks in Bayesian networks;

-    modules for simple calculations in Bayesian networks;

	9
	Development of modules for the data export and data import
	January 2019
	April 2019
	A block diagram of the data export and import module will be developed

	10
	Development of graphic modules for the interactive construction of Bayesian networks
	January  2019
	May 2019
	A working version of the program for graphic modules for interactive construction of Bayesian networks will be developed

	11
	Development of modules for integration of the developed package with the R environment
	February 2019
	June 2019
	Modules for integration of the developed package with the R environment will be developed. An algorithm of modules will be developed. Working versions of programs for these modules will be developed.  

	12
	Development of modules for work with the construction, storage, correction of Bayesian networks
	January  2019
	March  2019
	We will develop: 

- modules for storage of Bayesian Networks;

- graphical modules for interactive construction of Bayesian networks 

	13
	Debugging of developed software modules.
	April 2019
	August 2019
	Report on the debugging of program modules

	14
	Debugging the algorithms and checking the program modules on test examples.
	August 2019
	1 November   2019
	The correctness of the algorithms and the operability of the software modules will be checked with test examples. Report will be written. One publication in a journal indexed in Scopus or Web of Science will be prepared. One tutorial will be prepared 

	15
	Debugging of algorithms and program modules based on test results.
	October   2019
	1  November   2020
	Algorithms and software modules will be adjusted based on testing results . 

	
	Debugging of algorithms and program modules based on test results.
	January  2020
	February

2020
	Report 

	16
	Design of developed software modules in the classes.
	January  2020
	May   2020
	The developed software modules will be designed as classes. Class structures will be described.

	17
	Debugging of classes
	April 2020
	August   2020
	The classes will be debugged and adjusted. Report will be written

	18
	Preparation of the technical documentation 
	July 2020
	October   2020
	Technical documentation will be prepared

	19
	Preparation of reports on the developed project.
	September   2020
	1  November   2020
	A project report will be prepared. One publication in a journal indexed in Scopus or Web of Science with a non-zero impact factor will be prepared. 2 publications will be published in national and foreign editions with a non-zero impact factor.

1 monograph will be published in the Kazakh publishing house.
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Haykn MunHcTepeTBa OGpa3oBanns H HaykH Pecny6ankn Kaszaxcran

1.1 Tlo mnpuopurery: WHbOpManHOHHBIE, TENCKOMMYHHKAIMOHHBIE M KOCMHYECKHE
TEXHOJIOTHH, Hay4HbIE HCCIIEIOBAHHS B 001aCTH €CTECTBEHHBIX HAayK
1.2 Tlo noampuoputety: MHTemIeKTyanbHble MHOOPMAUHOHHBIE TEXHONOTHMH. MaluHHOE
obyuenne (machine learning)
1.3 TTo teme mpoekra: Ne AP05131293 «PaspaboTka ¥ mporpaMMHasi peau3alus IakeTa
NPUKJIATHBIX IPOrPaMM U PELICHHs IIPHKIAIHBIX 3a1a4 110 6aiieCOBCKUM CETAM»
1.4 O6mas cymma npoekta 33 000 000 (Tpuauate TpM MHJUIMOHA) TEHre, B TOM YHCIIE C
pa3bUBKOM [0 roJam, st BBIIOIHEHHs paboT COINIacHO MyHKTY 3:
-Ha 2018 roz - B cymme 11 000 000 (ompHHAAIATh MUJUTHOHOB) TEHTE;
-Ha 2019 rox - B cymme 11 000 000 (oarHHAAATH MHJUTHOHOB) TEHTE;
- Ha 2020 rox - B cymme 11 000 000 (omuHHAAIATE MHJUTHOHOB) TEHTE.

2. XapakTepHCTHKAa Hay4HO-TEXHHYECKOHl NPOIYKUHH 10 KBAIHQHKANHOHHBIM
NPH3HAKAM H IKOHOMHYECKHE MOKA3aTe/IH

2.1 Hampapnenne paboTel: PaspaGotka oOme# apxuTekTypel mnpoekrta. PaspabGoTka
rpahHYECKiX MOAyNeH s HHTEPaKTHBHOIO MOCTpoeHHs OaliecoBckux cereil. Koppektuposka
IrOPUTMOB M TNPOrPaMMHBIX MOJyJTeH IO pesyiabTataM TecTHpoBaHHs. Odopmienne
pa3paboTaHHBIX NPOTPAMMHBIX MOAyledl B BuAe KiaccoB. IloAroroBka TeXHHYECKOH
JoKymeHTauH. [IoAroToBka 0T4ETOB 1O pa3paboTaHHOMY MPOEKTY.

2.2 Obnacth nmpuMeHeHHUs: Pa3niyHble NPHKIAIHBIE UCCIENOBAHHs B 001aCTAX MEIHLIMHEL,
9KOHOMHKH, COLIHOJIOTHH H TIp.

2.3 KoHeuHBIH KOHKPETHBIH Pe3yNnbTaT:

- 3a 2018 rox: BynyT pa3paGotansl: ofmasi apXHTeKTypa NpPOEKTa, HIEOJIOTHs MOCTPOCHHS
OpHEHTHPOBAaHHBIX rpadoB, coxpaHeHus rpados, paboTel ¢ rpadamu B rpadudeckoit cpene. Byayt
paspaboTaHbl 6a3a TaHHBIX H HHCTPyMEHTAapHu U1 paboThl ¢ 6a3zamu. BynyT paspaboTansl Moyl
obecreunBaloIIye pacyeTsl B 6alieCOBCKUX CETAX.

- 3a 2019 rox: Byayr paspaboTanel MOAyTH A1 pabOThl ¢ IIOCTPOEHHEM, XPaHEHHEM,
KOPPEKTHPOBKOH 6aHecOBCKHX CeTeH. Bynyr paspaGoTanel rpaduyeckue MOIyIH IUIL
HHTEPAaKTHBHOTO TNOCTpOeHHsi GailieCOBCKHX ceTedl. Byner paspaGoTaH anroput™M MOZyns s
NIOCTPOCHHS CTPEJIOK, GJIOK cXeMa MOJysA 9KCIOpTa H HMIIOpTa JaHHBIX. Byner moarorosnena
onHa nyONMKauds B OKypHane, MHIEKCHpyeMom B Scopus umau Web of Science. Byner
NOJrOTOBJIEHO OHO YyeGHOe nocobue.

- 3a 2020 roa: BynyT pa3paboTansl CKOPPEKTHPOBAHHBIH aIrOPHTM H IMPOrPaMMHEIE MOIYJIH
O pesynbTaTaM TeCTHpPOBaHMA. bynmeT cmenano odopmieHHe pa3paGOTaHHBIX NPOrpaMMHBIX
MOZylieii B BUJe KiaccoB. ByueT odopmieHa TeXxHHYecKas JOKyMeHTauus. Byzer moarotosien
oT4eT 1O pa3paboTaHHOMY mpoekTy. bByneT paspaGoTaH CTaHIAPTHBIH MNAKET MNPHKIAIHBIX
nporpamm no GaecoBCKMM CETSM, OPHEHTHPOBAHHBIN Ha CICHATHCTOB B MPHKIAIHBIX 0071aCTAX
Haykd. ByjietT moaroTosneHa oiiHa myOIMKauus B XKypHaiue, HHISKCHpyeMoM B Scopus i Web
of Science. Byzet usnana 1 MoHorpadus B Kka3aXCTaHCKOM H3/1aTe/IbCTBE.

2.4 TlaTeHTOCTIOCOOHOCTB: HEMTATEHTOCIIOCOOHBIH.

2.5 Hay4Ho-TeXHHYECKHH ypOBEHb (HOBHM3HA): BEICOKHI ypoBeHb HOBH3HBL PaspaGoTka
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2.6 Ucnonb3oBaHKue HayYHO-TEXHUUECKOH MPOMYKIIMH OCYINECTBIISAETCS: HCIIOHUTENEM.

2.7 BuI HCIIONBb30BaHUS pE3yNbTaTa HAYYHOH W (MJIM) HaydHO-TEXHHYECKOH AEATENIBHOCTH:
PazpabaTeiBaeMbIi TTaKeT NPUKJIAJHBIX IPOrPAMM OPHEHTHPOBAH Ha HCIOJIL30BAHHE B Pa3IHYHBIX
NPHKIAAHBIX HCCIEN0BaHUsAX, MaTeMaTWYecKas MOJEIb KOTOPHIX ONHMChIBaeTcs OaieCOBCKHMH

CETAMH.
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2018

|-

MapT
2018

npoexra

Paszpaborka obwmeH apXUTeKTypbl

despans
2018

anpesb
2018

rpaduyeckoit cpese

Byner ocyuiecTBieH aHanu3
COBPEMEHHOTO COCTOSIHHS
PBIHKA NPOrpaMMHBIX
NpoAyKTOB Mo GaiecoBcKHM
cersim: Byayt nposesneHsi:

- aHaliM3  BO3MOXHOCTEH
nporpaMMHO# cpeasl R ans
pabGoTel ¢  GalieCOBCKMMH
CeTAMMU;

- aHanu3
rakeTa
nporpamMm
pabotel ¢
CETAMH;

- aHalM3 BO3MOXKHOCTEH
CreLHaTH3HPOBAHHOTO
nakeTa TPUKJIAJHBIX
nporpamm GeNle & SMILE
s pabotel ¢ GaliecoBCKHMH
CeTAMH;

- aHallH3  BO3MOXKHOCTEH
CreLHaIH3HPOBAHHOIO
nakera TIPUKJIaHBIX
nporpaMm  AgenaRisk ans
pabotel ¢  GaHecoBCKMMM
CETAMU

BynyT paspaboTaHbi:

- obmas apxurekTypa ©0a3
JIaHHBIX;

- obmas M/Ie0NIorHs
NOCTPOEHH OPHEHTHPO-
BaHHBIX rpaoB, COXpaHEHHs
rpaos, paboTel ¢ rpadamu B

BO3MOXKHOCTEH
NPHKIAHBIX
MATLAB s
6aiiecoBCKMMH
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CTPaBOYHHKOB;

- Oaspl s TeKywux
pacy€Tos;

- HHCTPYMEHTapuH  1ns
pabotel ¢ 6a30oH XpaHeHus
CMpPaBOYHHKOB ~ BEPIIMH
pebep;

- MHCTPYMEHTapuH  Jus
paboTel ¢ 6azoii Tekyuwe#H
GaiiecoBCKO# ceTH;

- MHCTPYMEHTapuh  Ajs
paboTe! c 6azoit
CMPaBOYHHKOB;

- HHCTPYMEHTapuH  Ais
paboTel ¢ 6a30i AN TEKYLIHMX
pacueTos

4. Paspa6otka Mozyneit, uroHb 2018 | 1 HosGps | ByayT paspaGoTtansl momynu,
obecneuMBalOIMX  pacyeThl B 2018 | obecneumBaiomMX pacyeThl B
6aitecOBCKHX CeTsX GaitecoBCKHX ceTAX:

- MOZYIH MpOBEPSIOLIHE
KOPPEKTHOCTb  GalecoBCKHX
ae cetel

5. Pa3paGoTka monyneit ans pabotsl | ceHTsiOps | 1 HOsGps | Byayr paspaGortanbl Momynu
C  TOCTpOEHHeM,  XpaHeHueM,| 2018 2018 |mns pabGoTel ¢ MOCTPOEHHEM,
KOPPEKTHPOBKOH GaliecoBCKHX XpaHEHHEM, KOPPEKTHPOBKOH
ceTe GaliecoBCKHX ceTei:

- MOIyNH IS TOCTPOEHHs
B | GaliecOBCKHX ceTei

6. Paspabotka rpaduueckux | okta0pp | 1 HOsGps | Byaet paspaboTaH
MoayneW ans  MHTepakTiHoro| 2018 2018 |[rpaduueckuii Momynb s
nocTpoeHHs GaiteCOBCKHX ceTe MHTEPAaKTHBHOTO MOCTPOEHHUs

| GarecoBckuX ceTei ]
Paspabotka Monaynei nst| okTs6ps | 1 HOAGps I_ByJ:lET paspaboTaH Mozynb
9KCIMOPTa M HMIMOPTa JaHHBIX 2018 2018 |[ons okcnopra M MMNOpTa
JIAHHBIX
Paspabotka MoayneH,| sHBapb l_clJeBpam, Byayt pazpabortaHst
obecrneumnBarowx  pacuetht  B| 2019 2019 |- wMoaynu onpeiensoUMe
GaiiecoBCKHMX CETAX 3ajaHus B OalieCOBCKMX
CceTsX;
- MOIYIH IUIsi TPOCTHIX
pacuetoB B  GaliecoBckux
| ceTsx

9. Paspabotka Mozynen w'—xHBapb anpenb |Byser paspaborana 610K |
3KCMOPTa U MMIMOPTA JAHHBIX 2019 2019 |cxema Mmoayns 3Kcnopra H
| MMIIOpTA JaHHBIX

W.





[image: image39.jpg]10. Paspa6orka rpaHYecKUX | SIHBapb maii  |Byner pa3spaGoran paGouuit
Moayne ans  WHTepakTuBHoro | 2019 2019 |BapuaHT  mporpamMMel A
nocTpoeHus GaiecoBCKUX ceTei rpapuyecKuX MOAynen s

MHTEPAKTMBHOIO MOCTPOCHHUS
GaiiecoBCKHX ceTei

11. Paspabotka Moaynei st | deBpans uioHb  (Byser paspabotan monynb
MHTerpauMu  paspabateiBaemoro | 2019 2019 |ans MHTErpaLH1
nakera co cpenoi R pa3pabaThiBaeMOro nakera co

cpenoit R. Byner paspaboran
anroputm mopynei. PaGouue
BAPUAHTBl  MPOrpaMM s
JAHHBIX MOJYJIeH.

12. Pa3paGoTka Monyneii ans paGoTel ﬂHBapb_l mapT | BynyT paspaGoransl
C  mocTpoeHueM,  XpaHeHueMm,| 2019 2019 |- wMomynM [Aas  XpaHeHHs
KOPPEKTUPOBKOH 6aiiecoBCKHX GaltecoBCKHX CeTeH;
cetei - rpaduueckue MoaynM Ans

HHTEPaKTHBHOTO MOCTPOEHHs
GaliecOBCKHX ceTel

13.  |Ornagka pa3paboTaHHbBIX | ampenb | aBryct -I_E»yne'r HalkcaH OT4eT 06
NPOrpaMMHBIX MOyNer 2019 2019 |oTnamke MPOrpaMMHBIX

moaynen

14.  |IlpoBepka KOPPEKTHOCTH | aBrycT | Hosi6pe |Byner OCYIIECTBJIEHA
anroputMoB M paborocmocob-| 2019 2019 | mpoBepka KOPPEKTHOCTH
HOCTH MpPOrpaMMHBIX MOAyneH Ha a/rOPUTMOB 7
TECTOBBIX NPUMEpaAX. paboTOCMOCOGHOCTH

NpOrpaMMHBIX MOZyNel Ha
TECTOBBIX mNpuMepax. Byner
HarnucaH oTyer 0
npoJeNnaHHOH pabore.
Byner noaroroBnena ojHa
nybaMKkauMss B KypHare,
uHIeKcHMpyeMoM B Scopus
utn Web of Science ¢
HEHYJIEBBIM HMIIaKT-
takTopoMm. Byner
MOArOTOBJNEHO OJHO yyebHoe
noco6ue

15. KoppekTupoBka anroputmoB M| okTabpb |1 Hos6ps | Byner npoM3BeAeHa
MPOrpaMMHBIX Monynei no| 2019 2019 |KOppeKTHPOBKa alrOPUTMOB H
pe3y/1bTaTaM TECTHPOBaHMs NPOrpaMMHBIX MOJYJeH 10

_J_ pe3ynbTaTaM TECTHPOBaHH
KoppexrHpoBka anroputmMoB u| sHBapp | ¢eBpans |bymer HamucaH oTy4eT o0
MPOrpaMMHBIX monyned  mo| 2020 2020 |npoxmenaHHoit paboTe
€3y/1bTaTaM TECTHPOBAHHs _'

16. | Odopmnenue pa3paboTaHHBIX | AHBapb mai | Byayt otopMIIeHbI
MporpaMMHBIX Moayne B Buge| 2020 2020 | pa3spaboTaHHble
KJTaccoB NporpaMMHbIE MOJYJ/IH B BHIE

K1accoB.  BynyT ommcaHsl
CTPYKTYPbI KJ1acCOB

17.  |Ornanka u KOPPEKTHpOBKa | anpenb | aBryct |Bymer npousseneHa oTianka

KJ1accoB 2020 2020 |M KOppEeKTHpOBKA KJIaccoB.
Byner Hanucan oTyer o
npojieNlaHHOH paboTe

18.  |IMoaroroeka TEXHUYECKOH |  HIONb oktsi6pb | Byner MOAroTOBJIEHA
JIOKyMEHTaLH1H 2020 | 2020 | TexHHyecKas NOKyMEHTALMs

-
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7 AgenaRisk. Working with Bayesian networks (work of science). Litvinenko N., Litvinenko A., Mamyrbayev O., Shayakhmetova A. №4816 from 9 August, 2019. (in Rus)

Foreign publications
8 Litvinenko N., Shayakhmetova A., Mamyrbayev O. Clusterization by the K-means method withunknown K and other additional conditions // J.WSEAS TRANSACTIONS on INFORMATION SCIENCE and APPLICATIONS. - 2019. - Vol. 16. – Р. 1-7.

9 Litvinenko A., Litvinenko N., Mamyrbayev O., Shayakhmetova A., Turdalyuly M. Clusteriza-tion by the K-means method when K is unknown // Proceed.3rd Inter. conf. «Applied Mathematics, Computational Science and Systems Engineering». - Rome, Italy, 2019. – Vol. 24. – P. 1-6. (Scopus)
10 Mamyrbayev, O. Zh., Shayakhmetova, A. S., Seisenbekova, P. B. The methodology of creat-ing an intellectual environment of increasing the competence of students based on a bayesian ap-proach // News of the National academy of sciences of the republic of Kazakhstan. Series physico-mathematical. - 2019. – Vol. 4(326). – P. 50-58.  (Web of Science или Clarivate Analytics)

11 Litvinenko A., Mamyrbayev O., Litvinenko N., Shayakhmetova A. Application of bayesian networks for estimation of individual psychological characteristics // Przeglad elektrotechniczny. - 2019. - Vol. 95(5). - P.92-97. (Thomson Reuters, IF 0.244, Квартиль Q3).

2018
Domestic publications 
1 Litvinenko N., Litvinenko A., Shayakhmetova A., Mamyrbayev O.  On the classification of types of evidence in Bayesian networks // Mater. conf. IICT MES RK "Modern problems of informatics and computing technologies." - Almaty, 2018 .- P. 143-152. (in Rus)
2 Shayakhmetova A.S., Satymbekov M. Analysis of the modern software for bayesian net-works // Science news of Kazakhstan. – Almaty, 2018. - №2 (136). – P.27-34. 
3 Litvinenko N., Litvinenko A., Shayakhmetova A., Mamyrbayev O., Satymbekov M., Turdauly M. The use of Bayesian networks in the study of the applicant's compliance with the vacant position // Proceedings of the III International. scientific. conf. "Computer Science and Applied Mathematics" - Almaty, 2018. – P.2.  – P.324-332.
Foreign publications
4 Satymbekov M., Shayakhmetova A.S. Деректерді кластерлеу кезінде байестік желіні қолдану // Proceedings of the XIV International Asian School-Seminar "Problems of Optimization of Complex Systems". - Kyrgyzstan. Cholpon-Ata, 2018. – P.1.  – P.58-63. 
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Bee npasa sautuent. J1106a3 Yacts, 9T0ii KHHTH He MOACT GhITh BOCTPOU3BECHA B KaKoil
b TO it G110 (hOPME H KAKHMI Gbi TO i G510 CPEACTRAMH GE3 HCLMEHHOFO PATpELICHI BIAE b=
1eB ABTOPCKIIX Npan.

MaTepiast, 310 eHiLIil 5 a0t Kitire, MHOTOKPATHO poseper. Ho, I0CKOILKY BepOAT
HOCTH TEXHHAECKIX OIMGOK BCE PABHO CYUIECTBYCT, HYATENLCTRO HE MOAKCT TAPANTHPOBATS AGCO-
TIOTHYIO TOMHOCTH 1 NIPABIIBHOCTb NPHBOMMBIX CBeeHHiL. B CBA3H € THM H3aTELCTBO He HeceT
OTBETCTRRHHOCTH 32 BOIMOKHEIC OWIMGKH, CBARAMHBIE ¢ HCTIOAL30BAHMEM KHHTH,

ISBN 978-601-332-888-1 © Jlntennenko H.F., Jlutunenxo Al
MavsipGaes OJK.. lllasxerosa A.C., 2020




[image: image43.jpg]Ornaenenne

BBEJEHUE 6

Tleas nannoii knnrn 6

CrpykTypa KHUTH 8
YACTbD 1. BA3OBBIE IIOHATUSI 10
1. BeposTnocTs, cTaTHeTHR 10
1.1. OcHoBHLIE ONpe/ieNen s TEOpHH BeposTHOCTE] 10
1.2 CBoiicTsa BepoATHOCTE] 18 IOMHOM TPYNINBI COBBITHiE 17
1.3. Venosnbie BeposthocTi 18
1.4. BBIUHCICHHE BEPOSTHOCTE ! /LT MIepeMeHHbIX 20
1.5. Tlpuvep Bbrumcaenms TaGmi BeposTHOCTei 25
1.6. Anre6pa noteriuanon 26
1.7. TIpnmepbi TaBmmiL yeloBHLIX BeposTHOCTei 28
1.8. Ctyuaiinnie BETHUMHBL W X pacipeeicHs 29
2. OcHOBHBIC NOHSATHS TeopiH rpadon 32
2.1. OcHoBHbIE NORSTIA 1 ONpeeneHs 32
2.2, Ilytn n kst 34
2.3. Casasmnocts 35
24. Jlepesbs 36
5. Oprpadu 36
2.6. M3omopdmbie rpadei 38
2.7. 3agaum n anroputMsl Ha rpadax 39
2.8. Croco6e! npenctanzenns rpados 39
2.9. Tporpammb! 114 paGoTsi ¢ rpagamu 42
YACTb 2. BAMUECOBCKHE CETH 49
3. TumHUHBIC PACCY/KICHNS B YCTOBHSIX HCONPEACTEHHOCTH 50
3.1. Tpuvep «ABTOMOGHTS He 3aBoHTC» 50
3.2 OCHOBHEIC IOHATHS 1 ONPC/C/ICHNA GaiiecoBCKOi ceTi 52
3.3. TIpHYHHHO-CIIC/CTBEHHEIE CETH 1 MOHATHE d-pasieicHROCT 56
4. Mieoaorns nocrpoenns Gaiiecoeknx cereii 67
4.1. Maeonorns nocrpoenns 67
4.2. JlonomuTenbibic BOIMOKHOCTH GaiiecoBCkuX cereit 80
4.3. OGnonenne yoexnenHi B GaitecoBekux ceTax 85




[image: image44.jpg]R R e
BBEJIEHUE

Leab naHHOH KHAUTH

HlcKycCTBeHHbil HHTE/UIEKT POUHO BOWIE B KH3Hb HCCAC0BATENCH MPOGICM B
DAIHMHEIX OGNACTAX HAyKH, IKOHOMHKH, OGUICCTBCHHOI KH3HH H NPON3BOACTBA.
HaitGosiee NOMy IApHBIM HANPABCHHEM HCTIONE30BANHA HCKY CCTBEHHOrO HHTEIIEKTa ¢
Havana 2000 ro10B CTAZ0 HCMOB30BARKE B HCC/ICIOBAHHAX ANMApaTa GaileCOBCKAX Ce-
‘Teil. BailecoBCKHe CETH HAXOMIAT LIMPOKOE MPHMEHEHHE B PA3IHYHBIX 00/IACTAX: B IKO-
HOMMUKE, B TICHXOJIOTHH, B COLHOJIOTHH, B TCOPHH YIIPAB/ICHNA FOCY/IPCTBOM, B ME/IH-
LHHE, B TCHETHKE, NIPH H3YYEHHH Pa3THUHBIX CIIOKHBIX QHU3MUECKHX NPOLIECCOB, H T.A.

BeposTHOCTHBIC MOZC/IH ABHO yYHTHIBAIOT HEONPEACICHHOCTh H HMEIOT AENO0 C
HALIMM HECOBEPIICHHBIM 3HaHMeM Mupa. Takue MoJenH HMEIOT (yHIAMEHTalIbHOE
3HAUCHHE B MALIMHHOM OGYUCHHH, MOCKOIBKY HAllle IOHHMAHHE MHpa Beeraa OyaeT
OFpAHIIHBATECS HALMH HAGIOACHHAMH H TOHHMAHHEM.

Hammuie Heonpesenentocrel

A TAIOKE HAJIMYHE NPHUMHHO-CIIC/ICTBEHHBIX CBA-
seii B TOI I MHOIH MEpE CYLECTBYET B GOIBLIMHCTBE H3yHaCMBIX IPOGICM.

MEi HHTYHTHBHO MOHIMACM, KaK PaGOTACT HEOMPEESHHOCTh B MPOCTHIX Cy-
uasX. CaienaTh pasyMHbIC BHIBOJIBI B CTIOKHBIX CHTYAIHSAX, I/1€ MOKET OBITh MHOTO BO3-
MOZKHO CBA3aHHBIX COGBITHI H MHOTO BO3MOKHBIX Pe3y/IbTAaTOB, 10CTATOMHO CIIOKHO.
HyskHa (hopMasbHas Teopis, paclunpAIoNIas HalIM HHTYWTHBIbIE MpeicTaBterus. Tlo-
HATHS, MATEMaTHYECKHIT A3bIK H NPABHJIA BEPOATHOCTH JAIOT HAM HEOOXOAUMYIO OC-
HOBY. B 570/ KHUTE GyAyT PACCMOTPEHbI OCHOBHbIC KOHIICTILHH TCOPHH BEPOATHOCTH,
B YACTHOCTH, YCIOBHAs BEPOSTHOCTS H MaBILIO Baiieca, COCTABIAIOUIME OCHOBY Teo-
piit GaiiecoBCKHX ceTeli, a TaKuKe OIHO H3 HANPABICHHIE HCKYCCTBEHHOTO HHTSMIEKTA
M MALIHAROTO 0Gyueris. Ellie ofiHa CHIbHAS CTOPOHA A3bIK BEPOATHOCTE l COCTOT B
TOM, 4TO OH CTPYKTYpHpYeT npoGiembl B hopme, yA06HOI U1 KOMIBIOTEPHOIT peai-
JalHK.

Dp(pekTHBHOE HCTIOb30BaAHME anmapaTa GailecOBCKHX ceTeil TpeByeT Hammms
XOPOLIEi BBIMHCIHTEBHOI TEXHUKH H XOOLIX MPOFPAMMHBIX TPOAYKTOB 1 Peaiii-
SLUIH PasIHAHBIX 30124 B 0G21ACTH GaiiecoBCKHX ceTeil. C BHIMCIHTEbHOI TeXHHKOI
B COBPEMEHHOM MHPC 1IpOG/IeM, Kak MaBILI0, He Bosukaet, Bortee ciokias npodieMa
— HQMHE XOPOLIMX MPOrPAMMHBIX IPOAYKTOB 1% aBOTHI € GaileCOBCKHM CETAMH.

C Hayana ABYXTBICAYHBIX TOI0B HA PHIHKE MOABHIOCH MHOKECTBO POrPAMMHBIX
NIPOYKTOR /U1 padoTh! ¢ GaiiecoBckmMi ceTam. UacTh TaHHEIX NPOAYKTOB — KOMMEp-
decKHe, ua

Th - Gecatubie. OAHHM H3 HaHBO/ICE UHTEPECHEIX  TEPCHEKTHBHbIX, Ha

6
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Artifical ntellgence has iy entered the ife of problem researchers in various Selds of science. The Anvares

‘most popular use of artifical intelligence since the beganning of 2000 was the use of Bayesian networks in
research.

‘There are many ways to provide mofivation for using Bayesian nefuworks. You can approach Bayesian
‘networks from different poins of view, such as machine leaing, probability theory. knowledge management
Interestin Bayesian networks i direcly relted to the accumnlation of a huge amount of nformaion in various
fields and the need for ifs analysi, faking into account the constant receipt of new data. Models based on
‘Bayesian nefworks are capable of selfearning and self-improvement a5 new data sccumilate. Such models
are quite insensitive to posible erroneous or incomplete data. Another advantage of using Bayesian nefworks
is the ability to integrate heterogeneous data. This is because Bayesian nefworks model the most common
‘causal relatonsbips befween parameters of interet to the researcher. Bayesian learning algoritims allow
‘paralelization of computations. Models using Bayesian networks easly bypass data redmdancy.

For the correctuse of Bayesian nefworks, an appropriate mathematical apparafus was developed. There
are wide opportmities for studying problems in various felds of science. However, massive, comples
calculations when using the Bayesian nefwork apparatus urgently required the nvolvement of good computer
technology and the availability of good soffware products that provide convenient work with Bayesian
nefworks.

Many interestng packages for working with Bayesian nefworks have appeared on the software market. f e —
The most popular packages include: BayesiaLab, AgenaRisk, Bayes Server, Nefica, Hugin Expert.

‘BayesFusion. Despite the fact that some packages are already more than 15 years old., there is sl grinding
befween mathematicians involved in the theoretical foundations of Bayesian networks, developers of
algorithms and programmers, a5 wel a researchers in applied fields of science.
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APPLICATION OF BAYESIAN NETWORK ON THE EXAMPLE =
‘OF TRAINING MODEL «RABOTA» o= Peaaxtuposats PDF

[ cosaars POF v
Abstract. In a modem information environment, the application of artficil

intelligence, including the Bayesian approach, is relevant for solving various ;

applied problems. The Bayesian approach is used as a method of adapting B fobasurs kommerTapuii

exsting probabilties to newly obtained experimental data. The main idea of

buiding a Bayesian network is to decompose a complex system info simple ;

elements. The article is devoted to the applcation of the Bayesian network on the. OBueaunnTs daiins

‘example of the training model “Rabota’” The advantages of Bayesian networks

and a real example of use in determining the abilty of an applicant to take a

vacant position have been considered. The proposed research method takes into A Vicnpasuts

‘account the main factors affecting the assessment of the candidate’s potential

for a particular position using the Bayesian approach. The results of the study

including probabilistic relationships between individual nodes of the constructed BaummuTs

Bayesian network have been presented

Key words: artificial intelligence, Bayesian networks, probability dependence.
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S(CTEPUMEHTANbHLIM  AGHHLIM. OCHOBHOM WAGEit MOCTROSHMA GaiiecoBcko # Lononnumenstitie wHcTpywerTsl
CeTH SBRRETCA PAsNoXeHMe CTIOXHOM CUCTEMI HA NPOCTHIE JNeMeHTEl. CTaTes

noCBSilEHa MPUMEHEHMIO BAlleCOBCKO CETW Ha mpuMepe yqeGHOA moaenn

«Rabota». PaccMoTpessl NpeuMyllecTsa BaiecoBCKUX CeTeil W peansHsiit

FPVMEp WCTIONL30BaHMA MPH OMPEAENEHII BOSMOXHOCT MPETEHAGHTA 3aHAT

BAKAHTHYIO AOMKHOCTL. [TPENOKEHHLI METOA WCCIEMOBAHAA YMMTLIBAET

OCHOBHbIE (DAKTOPH BNWSIOLME HA OUSHKY MOTEHUMANA  MpeTeHpeTa

Ha Ty WM WHYIO OOMKHOCTb C MCMIOMb30BaHWEM BaiiecoBCKOTO MOAXOAA.

MpUBeaeH  PeaynbTaTsl  WCCIE[OBAHAR, EKTIOYGIOUME  BEPORTHOCTHbIE

B3AMMOCBAGH MeX1y OTHENLHLIMM y3namy MOCTPOSHHOM BaiecoBcKoii ceTh
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Annomayus

Cmames nocssujena nexomopus sonpocaw, omuxaKowu npu paspadomke
arcopumuoa 0 pewenus pacvemusx sadau & Gatecosckux cems. Kopomso
paccuompena meopus nomenjua10a npuvenumeseio meopuu Gailecoacxu cemeti. Ha
npuvepe  noxazauw  eozvoxcuocmu  ucnotsosanun  nomenyuaios.  Iposteuan
UENOIB206aIA NeCKOABKILX GalecoaCKILY cemeil NP UCCTE006ANI NPUKIGONSEX 2a0a.
Cyuecmayom npuxiadusie 3a0aw, xomopwe. 00CMaMOWO C10XHO adeKBAMHO
onucams woderwio, npedcmasiowen u3 cedn eduncmsennyo Gaiiecoscky cems. B
MIOXCE 6PENS 6 UCCIEOYNOIL 300UE MO CYUECMIE0BaM® GIONI ¢ PATILHMI GUOAMI
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Graph models with multiple Bayesian networks

Abstract. This paper is devoted to some issues of using multiple Bayesian networks in the various applied problems. Sometimes we deal with

applied problems that are difficult to describe with a model that is represented by only one Bayesian nefwork. At the same time, the
problem may contain blocks with various types of uncertainties that can be well described by multiple Bayesian networks.

solution with the help of existing software products. In this case, it is better to decompose in some way this large Bayesian e
smaller ones. However, existing software products are poorly adapted to work with several Bayesian networks simultaneously. In
develop and describe a software product that allows us to work with several Bayesian networks simultaneously.

Streszczenie.

Ten artykul poSwigcony jest niektorym zagadnieniom wykorzystania wielu sieci bayesowskich w roznych zastosowany
mamy do czynienia z zastosowanymi problemami, ktére sq trudne do opisania za pomoca modelu reprezentowa
bayesowska. Jednoczesnie rozwazany problem moze zawierac bloki o r6znych typach niepewnosci, ktore mo;

sieci bayesowskich.

Nawet jesli problem moze zostac opisany tylko przez jedna sie¢ bayesowska, rozmiar tej sieci moze by tak
pomocy istnigjacych programow nie bedzie mozliwe. W takim przypadku lepiej roziozy¢ w jakis

mniejszych. Istniejace oprogramowanie jest jednak stabo przystosowane do pracy z kilkoma sieciamjgbayeSowsk]
mi baye:

opracowujemy i opisujemy oprogramowanie, ktdre pozwala nam pracowac jednoczesnie z kilkoma si

bayesowska na_kika
Zesnie. W tym projekcie
Skirmi.

Keywords:Bayesian networks, graph models, uncertainties, machine learning
Slowa kluczowe:Sieci bayesowskie, modele wykresow, niepewnosci, uczenie maszynowe.

Introduction

The capabilities of artificial intelligence are widely used
to solve various applied problems in different research
areas. One of the leading tools in the field of artificial
intelligence is the use of Bayesian networks. Many ‘(hors
consider and utilize Bayesian networks as a tool
studying models with uncertainties. A ven

learning and self-improvement as the
assimilated. These models are usuall
incomplete and redundant data. Bay
the use of heterogeneous data.

Although the mather
Bayesian networks is we
theoretical features in algori
programming code is
sufficient number of s}
and these algorith
popular software

Despite som e development of efficient
algorithms, the sian networks may require
massive involving quite complex algorithms,
and th ime-consuming. Very often, in such

of data has to be processed. This
age of Bayesian networks. And it motivates
twork community and us to develop new,
flechniques and software products. Examples
of good are products and tools which are working with
Bayesian networks include well-known Bayesialab,
AgenaRisk, Hugin Expert, etc.

The main difficulties in the process of algorithm
development for the Bayesian network tools are due to a
large amount of data and high computational cost. This data
are obtained during the construction and training of
Bayesian networks. The amount of data and the
computational cost are growing exponentially w.r.t. the

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 96 NR 1

ometimes we need to describe rather complicated
cesses Wwith uncertainties. In this case, a Bayesian
network is a very convenient tool. Bayesian network theory
is based on the probability theory and graph theory. The
basic definitions from the probability theory can be found,
for example, in [3,4]. The definitions and concepts of graph
theory used in Bayesian Network theory can be found in
[5,6,7]. The basic principles of the Bayesian network theory
can be found in [8, 9, 10,11,12,13]. The main principles of
work with Bayesian networks in popular software product
BayesialLab can be found in [14] and in software product
AgenaRisk in [15].

For the sake of completeness, we list some definitions
from the theory of Bayesian networks that are necessary for
more comfortable reading of this article.

Definition. A pair G = (V(G), E(G)) is called an
undirected graph (or just a graph). Here V(G) is a set of
vertices, and E(G) is a symmetric relation on V(G). This
relation is also called the adjacency relation. If this relation
exists on a pair of vertices a and b of the graph, then these
vertices are adjacent vertexes, or that these vertices are
connected by an edge. Typically, an edge is denoted by
{a,b} or ab. In the undirected graph we have {a,b}={b,a}.

Definition. Two vertices are called adjacent if there is
an edge (or arc) connecting them. Adjacent
edges are edges that share a common vertex.

Definition. If the vertex X is the end of the edge e, then
we say that X and e are incident.

Definition. The degree of a vertex X of a graph G is the
number of edges that are incident to this vertex x. The
degree of a vertex X of a graph G is denoted as dG(x).
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[image: image70.jpg]Definition. A graph is called oriented or digraph if
each edge of the graph has a direction. The edge of the
graph in this case is called the arc.

Definition. The route from vertex ao to vertex an in an
oriented graph (in a Bayesian network) is an alternating
sequence of vertices and arcs of the form ao, {ao0 a1}, a1,
{a1 a2}, az, {a2 @3}, ---, an.
on. The path is a route without repeating arcs.
on. The vertices a and b of a graph G are called
if there is a path between them in the graph.
ition. A graph is called connected if any two of its
vertices are connected.

Definition. A graph is called triangular if it has no
cycles without chords of length 4 or more.

Definition. A directed graph is called acyclic if it does
not have oriented cycles.

Definition. A Bayesian network is an acyclic oriented
graph with Markov condition. The vertices of the graph are
often called nodes. Nodes represent some variables that
reflect the main entities in the developed model. Arcs in a
Bayesian network define some probabilistic connection
between corresponding nodes. Sometimes such a
relationship is causal. The reason is the node where the
oriented arc comes from, and the consequence is the node
where the oriented arc comes in.

However, sometimes real models may contain directed
cycles. Calculations in such networks are fundamentally
different from calculations in ordinary Bayesian networks

Definition. A skeleton of a Bayesian network is a graph
obtained from a Bayesian network by replacing arcs with
edges.

Definition. If an arc goes from the vertex a to the vertex

b, then a is called the parent of b, and b is called the child
vertex of the vertex a.

Definition. Let Y is some subset of vertice‘of a
Bayesian network, then P(Y) is the set of all parents
C(Y) denotes the set of all children of Y.

Definition. If there is an oriented path from theve a
to the vertex b, then a is called the ancestoy
called the descendant of a.
on. If a vertex has no ancestol

ity distribution is called uncahdi
conditional.

Definition. If the no
then these nodes are
independent.

Definition. Topolagi
Bayesian network is
of any node is greate|

of a

Bayes’ theorem is stated mathematically as

ation
P(B|A)P(A

Definition. The law of total probability. Let there is a
complete set of pairwise incompatible events Aj. Then, for
any event B we have the following formula for calculating its
probability:

P®) = P(BlA)PA)
j=1

Definition. Bayes’s formula (extended):
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P(B|AL)P(Ax)

PAD) = s p(Bla)P(ay

Calculations in Bayesian Networks
The computational algorithms in Bayesian networks in the
absence of evidence and the presence of evidence are
fundamentally different. In the process of development of
algorithms, the concept of “Generation” is often used. This
concept allows conveniently systematize the nodes of the
network (graph) for the development of various alg:
One can distinguish between two types of gener:

For a generation of descendants, this is a
that have parents only from earlier genggati

it is a set of vertices that
generations (or do not ha
parents only from earlier
parents at all). The onlygdif

not have
the construction of
nodes that do not
uction of generations of
at do not have children.

have parents, and
ancestors begins wiff

odes with parents from Oth, 1st, 2nd, ... Kth
generation belong to (K+1)th generation of descendants.

Generations of ancestors are constructed starting from
vertices which do not have children.

Definition. Generations of ancestors are defined as
follows:

» Nodes without children belong to the 0th generation of
ancestors.

* Nodes with children from only Oth generation belong
to 1st generation of ancestors.

* Nodes with children from Oth and 1st generation
belong to the 2nd generation of ancestors.

+ Nodes with children from Oth, 1st, 2nd, ... Kth
generation belong to the (K+1)th generation of ancestors.
Initialization of a Bayesian network, i.e. calculation of values
in the nodes from the values of unconditional variables
(nodes without parents) and conditional probability tables is
a simple task. Below we briefly describe the initialization
algorithm with the concept of “Generation”.

1. We separate the vertices of the Bayesian network
into generations of descendants, as described above.
Recall that the Oth generation consists of vertices without
parents. For nodes of Oth generation calculations are not
needed.

2. We calculate the values for all nodes of the 1st
generation, using the values of the nodes of the Oth
generation and the formula for total probability.
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[image: image71.jpg]3. We calculate the values of the nodes of the 2nd
generation, using the values of the nodes of the Oth
generation and the calculated values of the nodes of the 1st
generation, as well as the formula for the total probability.

4. Similarly, we calculate the values of the nodes of the
third generation.

.. ete.

At some point, some nodes in the Bayesian network get
evidence. It is required to recalculate the values of the
network nodes considering the obtained evidence. This task
is much more complicated than the initialization task. One
of the difficult issues is determining the order of calculation
of Bayesian network nodes. Obviously, the nodes that
obtained the evidence do not need calculations. Also, the
nodes that do not have parents and satisfy to the following
condition do not need calculations. The condition is that
among the descendants of these nodes there are no nodes
that have obtained evidence.

It would be useful to collect all the nodes for which we

do not need to make calculations in one set. This set will be
called the zero level (set) of the Bayesian network nodes.
In the next set we will collect all the nodes for which
calculation we need information from only the nodes of the
zero-th level. This set will be then called the first level of the
Bayesian network nodes.

In the next set we will collect all the nodes, for which
values calculation we need the information from the nodes
of the zero and first levels. This set will be called the second
level of the Bayesian network nodes.

In the next set we will collect all the nodes, for which
calculation we need information from the nodes of the zero,
first and second levels. This set will be called the third level
of the Bayesian network nodes, and so on.

Most existing Bayesian software products suggest that
the problem you are studying is described by tl‘ only
Bayesian network you need to build. The construgted
network can have a sufficiently large number of
probabilistic connections between nodes. This

* A general mathematical graph model
process is not always adequately reflecti
process. Often it is more convenient

developers of Bayeslan net
specially developed li

products offer
les for various
e user can write their

in several blocks rather
ach of these blocks is well
ased on a Bayesian network.
orks software products are not really
s work with several networks.

o the number of connections between nodes;
o the number of parents of individual nodes;
o the probabilistic scale of nodes.

Let us consider in more details the difficulties that arise
with growing the Bayesian network.

Nodes with parents are characterized by the so-called
Conditional Probability Table (CPT). The computational cost
and storage requirement can be estimated from a certain
combination of the largest CPTs. The size of a CPT can be
computed by the formula:
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Vepr=Up* U1 * Uz* Us™...* Uy,
where Uj denotes the number of all possible values, which
the considered node and its parents can take.

Let us evaluate the capabilities of a typical personal
computer (PC) for handling Bayesian networks. Typically,
most researchers use a 32-bit Windows operating system,
which allows addressing no more than 4GB of RAM. The
operating system itself and some related programs usually
occupy from 1 to 1,5GB of RAM. The available rest is
approximately 2.5 GB of RAM.

Let us consider an abstract Bayesian network. Let, for
example, the vertex Uo has 10 parents - Ui, Uz, U3 ... Uo.
Let each of these 11 vertices can take 5 different v
example, {1, 2, 3, 4, 5}. In this case, the nu
elements in CPT for the vertex Uo is equal to

5'1 = 48828125.

The storage cost is approximatel
consider 5 such vertices, we need alr
we can see, 5 vertices need
available RAM. This exampl
algorithms for large Bayes|
take into account a po
of the data on e
increase the compuli

The second prob|
filled either manually

RAM. The storage
may dramatically

expert d; To fill 48 millions of elements in the CPT
manuall problem above is impossible. To find an
expel nstructing 48 million elements of CPT
autom: impossible. Practically this problem

in the following ways:
one is reducing the number of values the
take. Usually, every node can take only two
eg., (Y, N) or (Yes, No) or (0, 1). The
tages of this method include the loss of accuracy
in estimating the factor due to reducing the number of
ssible values (coarsening of the scale). However, if we
consider the previous example, the number of elements in
the CPT will already be:

211=2048.

The amount of required memory is approximately 16 KB. As
we can see, these are quite acceptable RAM requirements.

+ The second one is a reasonable simplification of the
Bayesian network structure. Elimination of not important
connections between BN nodes quite effectively reduces
the RAM requirements. If in the previous example, the
number of parents does not exceed five, then the number of
elements in the CPT will not exceed:

56 = 15625

elements and will require not more than 125 KB of memory.
With such improvements, it will be possible to process
networks with hundreds of nodes.

+ Reducing the number of nodes may also significantly
reduces the required storage.

« Often, it is possible to simplify the topology of the
Bayesian network to use fast and efficient computing
algorithms in the Bayesian network. For example, one can
try to build a “Markov Blanket”.

The considered methods are not always construct
Bayesian network correctly reflecting the studied problem
and, at the same time, allowing an effective processing.

We are trying to fill this gap and propose the following
approach:
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ABSTRACT

The Bayesian theory s secenty become vy popul in solving various appled probles i
unitple Gelds bf science nd ey, For e pracacal spphcstion of G Beyesin pproach. 3 hih
ity softvare product it iplements e matbeticl ey of Bayesin networks 1 requred. The
Bapesion spprosc 15 # pronusng approach for rening n mteligent emromoen to enhaice sdent
compeence To Bapesian newerks, e BayesLab aplcation softvare package s well med
0 1 one of the g ity sofvare producs. which s speciaied i arfca aveligence tchoologies
With the bep o the BayesaLab package,various model of Bayesia networks can b created. explored,
edited mnd alysed. This srticle izoquees smdent competences and explres the possibibes o wing
‘Bapesian neworks s the formstionof e coupetences ofsformtion echnology (1) sudents s fr s
puipose. 3 general slgoritn and  specift ahtecue of the tellecual exoument hve been
Geveloped. Tt 1 3 known fict tit muproved profession competence i educaion ncrexes e

competitveness of specialists nd pdates the camresponding educational enviromment.
‘Keywords: Bayesian approach, competence formation, T students, ecicarion, Bayesialab package

1. INTRODUCTION

In modem pedagogical literaie, the categories
competence and competence are vwidespread [1].
The analysis of a mumber of scientsts’ works
allows s to pick out several approaches o the
definfion of the concepts competence and
competence.

In the papers TE saeva, NT_Pechenyuk, NF
Talyznoy. A V. Kiutorskoy, K V. Shaposimikova
et al [] competence is undersiood s 2 set of
interrelated personaliy traits such 25 knowledge,
skills, abilites, and ways of doing things
Competence s tnderstood 35 the possession of &
‘person with relevant competence. In their opinion. &
‘Competent person has the relevant knowledge and
abilites that enable him to reasonably judge such
Seld

The analysis of peychological and pedagogical
Jterature allows s to give a generalized defnition
of the term competence (ss obtained a5 2 result of
training n the wniversity a knowledge, skl

abilites and ways of activity aimed at successfl
‘professional self resization) and competence (the
ability and willingness to use the competences
acqured and developed at the universty fo salve
educational and professional problems).

Competence mems o be able to
accumlate wmd apply its knowledge, skills
experience, that i, to focus on the real siuation and
engage in action. At the same fime, the matwe of
competence and _competence emerged. _and
education inthe field of education is double.cdged
Fint of L it depends on social and individual
reasons (individuality). Tt opens opportnites for
‘people fo achieve goals and. personalty. Then
depending om the goals of th educatonal wor. The
pupose of the higher education imstifution is fo
ram professionals with 2 poychological Teadiness
towork in the labour market

It 5 necessary to take info accoust the
following crifeia for_ competence development
oy ety o i ik Fdng
e ‘nformation and - explaming
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information in_differentways. _Transforming
information, finding evidence and maling decisions
Som a critcal thinking. By bulding these skills we
‘ill reach the required competence.
ety Beyes pproch s perpecveapect
for solving applied problems in various research
areas. Mathematical methods and computer
technologies are widely used in biology, techmology
and medicine. The techmique of a monotheis gives
precise solutions and theoretical development of
these sciences [1],
‘The method of monotheism is ot only rapidly
in the field of science and technology.
‘out also in the Seld of education. The method of
edication is used to_determine the quality of
students” education of in education system, testing
Systens and competence of students.

2. LITERATURE REVIEW
Recently, the Bayesian approach has become a
‘promising

an approaches have received good we in
the Beld of biomformatis. [7] discusses the
‘problem of recognizing the secondary structre of
‘proteins wwing Bayesan procedures. An empiical
Bayesian netvork bas been bult that surpasses
ofher methods in predicton scuracy
The artice (5] describes the models of assesing
the miemsity of socilly signiicant behavier of
students’ research projects using the Bayesian st
nefwork

The Bayesian approach is also wed in
solving many satisical problems, i ecopomic
analysis, i statstical estmation [9). The main
Giffrence between the Bayesin approach and
otherapproaches s that before dat 5 obained. the
decision. maker considers the extent of his
confidence in possble models and presents them a5
probabilities. Once the data s obtained. Bayed
theorem allows to calalate 3 new set of
‘probabilites.
Today, the applicaion of the Bayesian approach
in the definitions of the student model 5 well
developed and is one of the man components of
itellgent computer systems. The sudy [10]
describes the process of bulding 2 Bayesian

NpeoGpasyiire Gaiinei PDF & Gopwar Word nan
Excel uepes VikTepher

Penaktuposars PDF

[ Cosaars PDF v
B [o6asuTs kommerTapuit

O6beantTs paitnsi

network for modeling leamers. The main sieps in 4 Vicnpasns
fhese Sciences [3]. 4] descrbes 2 program that
determines the rik of clnical manifestation of  performed using the bult Bayesian etwork. [11] SaummuTs
caries. It s calelated by a computer program using _ presents a new approach o diagnostics n student
Buyes theorm The developed diagmostic modeling, based on Bayesian nefwatks and
algontim i a quick and easy way o clnically  compute adapive tess. A new nfegrated student X
determine caries n cildrenat an erly stage ‘model i defined and combined with m A&k Cxars PDF

The possbilties of arificial imtlligence (AD)
ave been widely used in practical medicine [5]. 1
his work, 2 model based on the Bayesian nefwork
as been developed. This model is used for initial
diagnosis of diseases that are manifested by high
‘lood presaue. The stuche and parameters of the
model at this stage we determined by Literary
information on the significace of complains,
‘md other signs 35 indicators of the
diagnosed disease. The publication [6] discusses 3
‘method of predicting breast cancer outcomes by
‘using Bayesian nefworks built on the basis of &
database of patients with a verified diagnosis of
‘oreast cancer. This work differs from other works
in that it wes maive Bayesian networks. Using
significant parameters of 2 particular patint, based
o e comdtra bl of e g
outcome obtained in the Bayesian network survey,
s patnt'sassged o cn of ek rups and
‘bfined valte s used fo determine the

adaptive testng algoritim. The advantage of the
‘proposed structural model i the ahilty to detall
Students at different levels, which makes it possible
o sguficantly smplfy the determination. of
‘porameters (conditional probablies) fr blding a
Bayesian network ia descibes the shudent's model
and supportsthe adaptive diagnostic lgortim The
valdity of the pproach i venfed wsing the student
model The resuls shov tat the student’s Bayesian
‘model s accurate and efficent

In [12], 2n expert system of asessing the
‘professional competence of e IT specalistshas
‘heen developed. This system i implemented based
on the Bayesian inference model
In pape [13]discusses one v cycle, which will
Ielp Students get more informion sbout
mattematical modeling Using IBM SPSS Modeler
i bl s depy e e ks of

the modeling process.  Studentswil beter
undersand the real problem, analyze the correlation
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APPENDIX D
List of used foreign information resources
The following foreign information resources were used during the implementation of the interim report:
        Scopus;
        Clarivate Analytics.
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