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Abstract. This article provides an analytical review of the most common modern
software for Bayesian networks. The history of development of Bayesian networks
was considered. The relevance of the application of Bayesian networks in various
areas of research has been featured. The most common software for Bayesian
networks were considered. The comparative analysis of their characteristics was
carried out and tools of development were considered. There were identified the
features of the functioning of Bayesian networks in the financial sphere for risk
research, in development of various expert systems, artificial intelligence systems,
etc. The advantages of Bayesian networks (take into account cause-effect re-
lationships, uncertainties, the ability to work with incomplete and inaccurate in-
formation and take into account random factors) are shown in creation modern
intellectual technologies. The advantages of application of Bayesian networks and
the prospects of their using for development of complex applications have been
analyzed.
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AHHoTauus. B gaHHOW cTaTbe NpoBefeH aHanuTuyeckuin ob3op Hanbonee pac-
MPOCTPaHEHHbIX COBPEMEHHbIX MPOrPamMMHbIX MPOAYKTOB Mo 6aieCoBCKUM CETAM.
PaccmoTpeHa nctopus passutus banecosckux ceTell. OTMeYeHa akTyanbHOCTb
npuMeHeHWs BaliecoBCKOro MoAxoda B pasfuMyHbiX obracTax uccrnegoBaHus.
PaccmoTpeHbl Hanbornee pacnpocTpaHéHHblE MPorpamMmMHble NpodykTbl Mo Bane-
COBCKUM ceTsaM. [poBefeH cpaBHUTENbHbIN aHanms nx XxapakTepUCTK U paccmo-
TPEHbl UHCTPYMEHTBI paspaboTky. BelgeneHbl 0coBeHHOCTU YHKLMOHUPOBaHNS
NpUnoXeHnii No 6anecoBcKMM ceTsM B hMHaAHCOBOW cdhepe AN UccrnefoBaHus
pYCKOB, Mp¥ paspaboTke pasfUyHbIX 3KCMEPTHBLIX CUCTEM, CUCTEM UCKYCCTBEHHO-
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ro nHTennekTa n gp. NokasaHbl focToMHCTBa BarecoBckoro nogxoaa (yunTeiBaloT
NMPUYNHHO-CEACTBEHHbIE CBA3W, HEONMpeaeeHHOCTH, BO3MOXHOCTb paboTaTth ¢
HEMOMHOW N HETOYHOW MHPOPMaLMEN U YUUTBIBAKOT CryYalHble hakTopbl) npu
CO3JaHNN COBPEMEHHbBIX UHTENNEKTyanbHbIX TEXHOMOrUA. poaHanmnanpoBaHbl
0ocobeHHOCTN NpUMeHeHne BanecoBCKUX CeTEN M MepCrnekTUBbl UX UCMoMb30Ba-
HWSA AN pa3paboTKU COXKHbIX MPUNOXKEHNIA.

KntoueBble cnoBa: GalecoBckue ceTW, aHamMTuYeckuii o63op, NporpaMmMHbIin
NpoayKT.

TyniHgeme. 3epTtTeyaiH 6yn makanaga 6ariecTik xeni GorbIHILIA KeH TaparsFaH
3aMaHayun nporpammarnslk eHiMaepre aHanuTukanblk Loy xacangbl. banecTik
XeninepaiH famy Tapuxbl KenTipinreH. 3epTreyaiH Typni cananapbiHaa 6anecTik
TocingepdiH KorgaHblnyblHbIH ©3eKTinir KapacTblpbliiFaH. BarnecTik xeninep
BolbIHLIA eH KeH TaparsFaH nporpaMMarblK eHimaep KenTipinreH. OnapabiH cu-
naTTamanapbiHa canbiCTbipMarbl Tangay Xyprisinin, onapgel Kypy Kypangapbl
KapacTblpbl/iFaH. SpTypii capanTay Xyhenepi MeH xacaHObl WHTENNEKT Xyhe-
NepiH KypyOa, KapXbl canacbiHiarsl Teyekenaepa 3epTreyae banecTik xeni Ko-
CbIMLLAnapbiHbIH epeKweniri aHblKTanapl. 3amMmaHayn MHTennekTyanasl TeXHomno-
rusnapabl Kypyda baliecTik TecingepaiH (ceben-cangap 6arnareickl, Genricisgik,
TOSbIK €MEeC XoHe aHblK emMec aknapaTreH XyMblC icTey MyMKIHAir, Ke3aencok
cakTopriapdbl eckepy) epekLlenikTepi kepceTingi. BanecTik xeninepai KongaHy-
OblH epeKLeniKTepi MeH KypAeni KocbiMwanapapl Kypyaarel 6onalarsiHa Tangay
Xyprisingi.

Tyningi cesgep: GarecTik xeninep, aHanMTUKarnbIk Tangay, nporpaMmMarblk eHiM.

Introduction. Nowadays the interest in application of Bayesian net-
works (BS) in various fields of research has been grown. The application
of BS in medicine, economics, sociology, psychology, ecology, information
and communication technologies, bioinformatics and many other areas of
science is actual problem [1]. Many applications of Bayesian networks in
medicine have been developed. The possibility of using Bayesian network
for differential diagnosis of arterial hypertension of various etiologies in a pa-
tient's primary treatment to a general practitioner was presented in work [2].

Bayesian networks are successfully used in the development of var-
ious expert systems and artificial intelligence systems [3]. The structure
of knowledge of students is can show the structure of the. It is possible to
show the structure of knowledge of students using the structure of Bayes-
ian network. The publication [4] considers the use of Bayesian network in
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the construction of model of students to assess the level of competence
formation. The developed algorithms for construction competency mod-
els based on BS were described in detail. In article [5], the realization of
Bayesian model of logical inference was implemented in the development
of an expert system for assessing the compliance of the level of training
of graduates of technical specialties with the requirements of modern em-
ployers in the field of IT services.

One of advantages of the application of Bayesian networks is possi-
ble to work with incomplete, inaccurate and inconsistent information. The
paper [6] describes the application of Bayesian network of trust to assess
economic risk and support decision making in a case uncertainty.

Bayesian networks are one of the most suitable models for dealing
with incomplete, inaccurate and contradictory information. The study [7]
describes the use of Bayesian networks to solve the problem of finding
the place and type of failure of complex technical system. A method and
algorithm for the optimal search for a place and type of failure of a com-
plex technical system have been developed, which allows to reduce the
time and other types of resources for conducting inspections significantly.
Experimental researches confirm the effectiveness of this method.

Bayesian theory is hamed after Thomas Bayes and was published
in 1763 [8]. Bayesian networks are widely used graphic models with a
variety of applications applied in the field of knowledge detection, clas-
sification, forecasting and control [9]. The networks consist of two main
parts [2]: a graphical structure, which defines a set of dependencies and
independencies in a set of random variables and a set of probability distri-
butions determining the strength of the dependency relationships that are
encoded in the graphical structure.

There are various software for work with Bayesian networks of trust
[10]. One of the features of using the apparatus of Bayesian networks of
trust is visual visualization of the interrelations between the elements.

Overview of Software for Bayesian Networks. There is a large
number of software for implementation of Bayesian network. The most
famous software are GeNle & SMILE [11], RISO [12], Bansys [13], Sam
lam [14], Agena Risk [15], Bayesia [16], Hugin Expert [17], Netica [18],
BNet [19] and others.

The most of the listed software are based on the programming lan-
guage C++, Python and R. Each software has its own advantages. Most
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of them are in open source and are free. Software in closed source do
not allow to change the source code and are mostly paid. The most well-
known software and their characteristics are presented in table 1.

Table 1 - The main software products for Bayesian networks

Graph Free or Which
Name Authors . : . graphics are
interf. user | Commercial
supported
GeNle & SMILE Decisi
SCISION Sy Yes Free Oriented
tems laboratory
RISO Codier{l: Yes Free Oriented
Colorado)
Bansys U. Helsinki No Free Oriented
Sam lam Darwiche(Ucla) Yes Free Oriented
Agena Risk Norman Fen- )
. ton, Martin Neil Yes Free Orlen.ted
Bayesia Bayesia Itd Yes Free d_Chaln
_ iagrams
Hugin Expert Hugin Yes Commercial d_Chaln
_ iagrams
Netica Norsys[9] Yes Commercial Oriented
BNet Murphy
(U.C.Berke- Yes Free Oriented
ley)[10]

GeNle & SMILE [11]. The software product is a graphical interface for
the SMILE library (Structural Modeling, Inference and Learning Engine),
which provides the possibility of building Bayesian networks. In this
software, the amount of designed network depends on the performance of
the computer. The resulting models can be integrated into other systems
and on most platforms.

RISO [12] - supports distributed trust networks that operate on
different hosts and are integrated into one large trust network. The means
of communication is Internet, and the Java Remote Method Invocation
(RMI) is protocol.

Bansys [13]. Software for data mining with Bayesian networks.
The system implements several algorithms for studying the topology of
Bayesian networks. It has several modules (module of learning topology,
module of learning parameter (probability), output module, correction
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modulation module, classification module) that allow the user to perform
data mining using Bayesian networks.

Sam lam [14]. A complex modeling and analysis tool based on
Bayesian networks, developed in java is Sam lam. This software product
includes two main components:

- A graphical interface that allows users to develop Bayesian network
models and save them in different formats;

- The reasoning mechanism supports a variety of tasks, such
as classical output, parameter estimation, time-based trade-offs and
sensitivity analysis.

AgenaRisk uses the latest developments in the field of artificial
intelligence and visualization to solve complex risk problems [20]. This
product includes intelligent analytics and scaling the level of monitoring
and risk assessment. It is ideal for planning risk scenarios. AgenaRisk,
is used in many industries: banking, defense, aerospace, energy,
telecommunications and technology [21].

Bayesia [16]. Bayesia software focuses on all aspects of decision
support with Bayesian networks and includes Bayesialab, BEST and
BRICKS. These applications consist of individual decision support and
large-scale policy analysis and risk assessment of industrial systems.

Hugin Expert is an advanced intelligent analytical solution from
HUGIN EXPERT [17]. Hugin is a software implementation of decision-
making system based on Bayesian networks of trust. It has two versions
of Pro and Explorer. It is operates in the Windows operating system. It has
a version for Unix. This system has a developed interface. The system
allows to create knowledge bases and facts. The paper [22] presents a
methodology for calculation project risks based on Bayesian networks using
the Hugin software package. This package uses two main operating modes:

- mode of editing and building the cause-effect network;

- a mode of calculation of probabilistic estimations for decision-
making on all events in the cause-effect network.

Bayesian networks provide a convenient apparatus for research
risks, draw up their models and quantify them.

Netica [18]. The most widely used software for the development of
Bayesian networks in the world is Netica. This software is simple, reliable
and highly efficient. It is possible easily find patterns in data, create
diagrams, code knowledge and create probabilistic expert systems using
this product [23]. A study of the migration factors of rural youth based on
Bayesian networks of trust is conducted in [24].

This research is conducted on the results of students’ questionnaires.
Based on the results of the questionnaire, a Bayesian network of trust was
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developed. The network structure is trained on the basis of an assessment
of the statistical significance between the factors. The final network
includes 11 factors, the software part is implemented in the package
NETICA, which has an intuitive and pleasant user interface. Application
of Bayesian network technologies will allow to bring the results to a
qualitatively new level. Netica is used to manage uncertainty in business,
engineering, medicine or the environment. It is a tool of choice for many
leading global companies and government agencies.

BNet [25]. Belief Networks is a powerful modeling tool that covers
a large number of models for creating and learning BS. This software
product implements most of the logical inference mechanisms and has
open source code. Allows you to develop your own models and algorithms.

The conclusion. Thus, as a result of the review, the most known
software products on Bayesian networks were considered and a
comparative analysis of their characteristics was carried out. Examples
of practical applications developed with the help of existing software in
various fields of industry, science and education are given. There are
several advantages of using the Bayesian network in applied research
areas:

- allows to describe sufficiently well-defined cause-effect relationships;

- the ability to work with incomplete and inaccurate information;

- allows to bring the results to a qualitatively new level;

- high performance;

- presentation of results in an intuitive graph form.

In this direction, the work has started only. In the future, there will be
practical applications with specific examples.

Source of research funding. The work has been performed under
grant project of «Development and software implementation of a package
for solving applied problems in Bayesian networks» (2018 - 2020).
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