Brief information about the project

Name of the project

AP19679142 «Search for optimal solutions in Bayesian
networks in models with linear constraints and linear
functionals. Development of algorithms and programsy

Relevance

There is an extensive class of practical problems
containing various types of uncertainties. The results in
solving such problems are usually probabilistic in nature,
indicating the degree of reliability of the result obtained. In
many such tasks, various causal relationships between the
objects under study are often found. To solve this class of
problems, the apparatus of Bayesian networks is usually
used. The use of Bayesian networks is quite transparent
and, as a rule, gives good results. Difficulties arise when it
IS necessary to find an optimal solution in some sense, to
quantify the results. To solve such problems, Bayesian
networks have been further developed — influence
diagrams. Influence diagrams allow you to search for the
most appropriate solution from the various solutions under
consideration and obtain some Kkind of quantitative
assessment of the solutions under consideration. However,
it is not necessary to talk about the optimality of the
resulting solution in some sense. Only the best solution is
chosen from several considered ones. For example, when
solving linear programming problems, the extremum of
some linear functional is found under given linear
constraints. The idea arises whether it is possible to use the
linear programming apparatus for problems with various
types of uncertainties that are probabilistic in nature. At the
same time, some of the variables of the task may be limited
by cause-and-effect relationships. Otherwise, is it possible
to supplement linear constraints in linear programming
with constraints on some variables (not all) that arise in a
Bayesian network containing these variables. The presence
of such restrictions is causal in nature and such restrictions
are difficult or simply impossible to describe by linear
inequalities. In this project, it is planned to develop a
mathematical apparatus that allows using the ideas of
Bayesian networks in conjunction with the capabilities of
linear programming.

Purpose

Development of the theory of constructing optimal
solutions in Bayesian networks under linear constraints
and for linear functionals. Development of algorithms that
implement this theory. Implementation of the constructed
algorithms in the program code.

Objectives

1. The theory being developed in this project is at the
junction of the theory of Bayesian networks and the theory
of linear programming. The implementation of this theory
in a software product is supposed to be carried out in an
environment (WINDOWS10 + Visual Studio19(C#)).




2. Research of the modern market of algorithms and
software products for working with Bayesian networks, as
well as for solving linear programming problems.

3. Development of an extended Bayesian network
structure focused on the use of linear programming
methods.

4. Development of the theory of working with Bayesian
networks containing extended types of evidence.

5. Development of algorithms for working with Bayesian
networks containing extended types of evidence.
Implementation of algorithms in the program code.

6. Development of the theory of working with Bayesian
networks containing elements of linear programming.

7. Development of the theory of solving linear
programming problems in environments containing
Bayesian networks.

8. Development of algorithms for working with Bayesian
networks containing elements of linear programming.

9. Development of algorithms for solving linear
programming problems in environments containing
Bayesian networks.

10. Development of the structure and appearance of the
software package.

11. Development of methods for storing Bayesian
networks containing elements of linear programming.

12. Development of software modules for working with
Bayesian networks containing elements of linear
programming.

13. Development of software modules for solving linear
programming problems in environments containing
Bayesian networks.

14. Development of software modules that create images
of Bayesian networks containing elements of linear
programming.

15. Development of software modules for working with
images of Bayesian networks containing elements of
linear programming.

16. Debugging software modules.

17. Checking the operability of software modules on test
examples.

18. Adjustment based on the results of testing software
modules.

19. Development of technical documentation.

Expected and achieved results

In this project, the following will be developed:

* The theory of using evidence of various types in Bayesian
networks.

* The extended structure of the Bayesian network, focused
on the use of linear programming methods.

* Theory of working with Bayesian networks containing
extended types of evidence, algorithms have been
developed and implemented in software code.




* Theory of working with Bayesian networks containing
elements of linear programming, algorithms have been
developed and implemented in software code.

* Theory of solving linear programming problems in
environments containing Bayesian networks, algorithms
have been developed and implemented in software code.

» The general structure and appearance of the software
package.

* Ways to store Bayesian networks containing linear
programming elements.

* Software modules for working with Bayesian networks
containing linear programming elements.

» Software modules for solving linear programming
problems in environments containing Bayesian networks.
» Software modules that create images of Bayesian
networks containing elements of linear programming.

* Software modules for working with images of Bayesian
networks containing elements of linear programming
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