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Abstract. The paper presents a developed software tool that includes software systems Prolog,
JavaScript, Python, as well as database management systems PostgreSQL and MySQL.With the
help of the created integrated development environment, experimental versions of specialized
expert systems in the field of education and health care were developed. In the field of education,
a prototype of an expert system focused on the support of the discipline “development and
analysis of requirements for the creation of a software product” was created. This prototype of
the expert system should provide an opportunity for students to build various software systems
based on the formulated requirements and rules from the knowledge base of the expert system,
taking into account the specifics of the relevant subject areas. In the field of health care, a
prototype of an expert system focused on supporting the processes of vaccination of patients has
been created. The knowledge base of the expert system includes clinical characteristics of
patients, as well as a set of rules governing the decision - making processes for vaccines.

1. Introduction

Recently, CASE-tools [2], providing automation of design, development and implementation of various
software applications, have become widely popular. CASE-tools can significantly reduce the complexity
of software development and improve their quality [1]. Especially important is the use of CASE-tools
to build intelligent systems such as expert systems.

In the framework of the scientific research were used methods and techniques in the field of artificial
intelligence, expert systems[3, 4], systems of support of decision-making, development and analysis of
requirements for software products, which are presented in scientific works of scientists: G. S. Osipova,
V. N. Vagina, [. B. Fominykh, M. R. Romanov, A. N. Shvetsov, D. V. Alexandrov, M. D. Shapot, V.
E. Wolfengagen, M. R. Quillian, S. L. Goldstein, N. Nilsson, M. Simon, and others.

Software tools based on the development of expert systems [5], have been rapidly spread in modern
IT technologies. Modern software tools for organizing the construction of expert systems, significantly
increase the efficiency of the use of computer technology in various fields of human activity (health,
education, economics, law, etc.), namely by expanding them to new solutions and tasks that were
previously solved by traditional approaches.

One of the important advantages of using such systems is as follows:

* software tools for the organization of interaction of software systems significantly expand the range
of practical tasks, the development of which brings savings in time, finance;

* technologies of construction of expert systems are the most important software in solving the
problems of traditional programming, which consist in great complexity and high cost of developing
complex applications;
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» software development based on dynamically updated knowledge bases and programming
technologies adds new qualitative advantages to software products by providing dynamic modification
and updating of the application knowledge base by the user rather than the programmer, which makes
software products more friendly for user interaction with applications.

Analysis of the state of software tools aimed at building expert systems [6—10]. Software products
such as NEXPERT OBJECT, EXSYS, XpertRule, GURU, FLEX, ACQUIRE, ReSolver can be
distinguished [11].To date, there are a number of negative factors and difficulties affecting the
development of software tools that provide interaction of software systems to automate the construction
of expert systems:

* the problems of building a knowledge base for dynamically changing facts and rules of the subject
area, which come in real time, and the complexity of their subsequent structuring;

» complexity of interaction between different programming paradigms and systems in a single
integrated development environment aimed at building dynamic expert systems;

* high cost of foreign analogues of software and tools for building expert systems;

* lack of such open source software tools (open source) for flexible change of knowledge bases;

* lack of a universal UML model for building an integrated environment for the development of
expert systems based on dynamically updated knowledge bases.

The above problems determine the complexity of the construction of such software, in particular
systems for building expert systems based on dynamically updated knowledge bases.

2. Method of research
To date, there is no comprehensive or partial solution, as well as a universal approach aimed at solving
the problems presented at all stages of the life cycle of the development of such complex systems.

The above analysis of modern tools, as well as the main problems in the creation of software tools,
are the key points of scientific research in the field of expert systems.

It is known that the least studied of these tasks is the development of an integrated environment,
which includes interrelated approaches for the organization of interaction of software systems, which
will later be used in the life cycle of the development of software tools and will provide automation of
the construction of expert systems based on dynamic updated knowledge bases.

The development and implementation of the expert system is quite a time-consuming process, so the
use of appropriate CASE-tools would significantly reduce the complexity of the development and
implementation of expert systems.

CASE-tools for the development of various software applications have been used for a long time,
but these tools for automating the construction of intelligent applications (in particular expert systems)
have been actively used recently.

A distinctive feature of the proposed project is the creation of an integrated development
environment, which includes a wide range of popular software systems (PROLOG, C#, Python, database
management systems PostgreSQL, MySQL, machine learning tools. Another feature is the possibility
of dynamic updating of knowledge bases, providing for the filling of knowledge bases with new facts
and new rules.

The research methods are based on CASE technologies, the theory of the production model of
knowledge representation, the development of the software module of telemetry tools, the theory of
syntactic construction of facts and rules in the knowledge base, as well as algorithms for the analysis of
the search for associative rules. Based on the proposed approaches, the following has been
accomplished:

* developed an integrated environment that allows professionals who do not have programming skills
to create practical applications, which dramatically expands the use of expert systems in everyday life;

* representation of the structure of the integrated development environment aimed at automating the
development of expert systems;

* integration of software systems Prolog, JavaScript, Python, as well as database management
systems PostgreSQL, MySQL in integrated applications;
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* a software module aimed at the qualitative integration of experimental expert systems in the
processes of collection and analysis of requirements, which includes telemetry and search algorithm of
Association rules Apriori;

« the integration of logical rules into the integrated development environment was applied.

To form requirements for the software being developed, an analysis was made of the area in which
the expert systems will be used (figure 1).
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Figure 1. Formation requirement interface.

3. Research

Programmable expert system shell presented in figure 3 and is described further in system RBSoftExpert
is a reasonable compromise between generality and specialization where the expert provides the means
for dynamic modification of many elements of the system taking into account the nature of work in each
subject area. The possibility of such a dynamic change and development of human-machine system with

the accumulation of experience and knowledge distinguish such systems from other developments in
this area.

RBSoftExpert

Ananus TpeboBaHuit K NPorpaMMHoMy NpoayKTY

Moaynb ynpaeneHus nonbsoBaTensmMm

Co3paTb HOBYIO CHCTEMY

Baza 3HaHWiA m Mogaynb cucTeMbl Prolog 7-rule2(v)|
CnpaBKka U MHCTPYKUMA @ BbIIATU 13 cUCTEMBI |

Figure 2. Experimental version of the expert system for the course “Development and analysis of
requirements”.

Associations rules learning

To search and analyze the data, an algorithm for searching Association rules was used. This module
was implemented in Python programming language and Apyori library (figure 5).
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Education on association rules (hereinafter Associations rules learning - ARL) is quite often
applicable in real life method of finding relationships (associations) in a data set. For the first time,
Piatesky-Shapiro G wrote about this in detail in “Discovery, Analysis, and Presentation of Strong
Rules”.

There are a number of basic concepts in ARL:

o Support

¢ Confidence

o Lift (support)
Support
To check when a transaction is a single element set Result, (1) is used:

) [teT, X et}
supp ITl (1)

Where,

X is a data element to determine the similarity in a set of sets in all transactions.
T is the number of transactions.

To check several items (Figure 2.) with transaction (2):

alx, U x,)

supple, Ux, )= 71 @

Where,

o is the number of transactions containing x, 34 %5

T is the number of transactions.
In the example of collecting and analyzing performance requirements:

Windows transactions and resolution 1280: 768
all transactions =P ("‘r'1 uB ) 3)

Supp =

The result is presented in the form of a diagram created with the matplotlib module (Figure 3) in
Python:
supp = 80% (Windows 05)

supp = 100% (Screen resolution) )
Confidence
This indicator is designed to test the entire set of Result elements, (5) is applied:
supp (x, U x.)
conflc, Ux,)= PP 71 -
supp(xy) (5)

where,

confley Uxs) = the rule is checked, namely in which transactions the rule “A” supp (X) is
executed, in the elements A to H “Results”:

supp(X¥ U Y) (6)
Lift

The Lift indicator is used in identifying how items of items are dependent on each other (7):
supp G, U x.)
liftCe, ury) = — 0 21 T3

supp (x,) x supplx,) (7)
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Figure 3. The use of the algorithm for finding Association rules.

4. Results

Software tool RBSoftExpert is a software shell. Such a shell can be reprogrammed for a specific task. It
is important to note that the system configuration RBSoftExpert on a new task an order of magnitude
easier than creating a new system, because neither the format of the knowledge base or the machine
output is unaffected, instead, the reprogramming is implemented by inclusion in the knowledge base of
the so-called attached procedures, the possibility of which is stipulated in most major expert systems
and shells.

The peculiarity of the logical functions in the system R B Soft Expert is that they are able to influence
the algorithm of the system and, if necessary, almost completely change it. For example, the expert
system shown in figure 4 uses the reverse output “from the target”, but you can use the attached functions
to make it work in the forward direction, “from the data”.

HazeaHue oTuéTa: | RESoftExpert

HaumMeHoBaHNWE NPOrpaMMHOre NPoayKTa: | RESoftExpert

Mpofinema KOTOPYI PEWAET NPOEKT: | MOCTPOEHME IKCMNEQTHBIX CMCTEM, CTPYKT YPHSELMIO ASHHBIX

Llenk npoerTa: | PaspaBoTaTh NDOrpaMMHbIA MDOAYKT HANDAENEHHSI Ha paspaBoTky 3C

3apaun: \1 OBs0p nMTepaTypel 2, @opMuposake UML mogenk 3. Beibop nporpammHore obecneqerna 4, PaspaE:\

CTek TEXHONOTHIE: ( PHP, JavaScript, Prolog, HTML, CSS, MySQL, PostgreSQL

YpoBHU + paboT] Cpok cgaun DAKT MCNONHEHUA Pesynerat
D"p"f'anf”" [‘esibop npeawervo || 04.02.2016 1|[04.02.2015 JIES |
C6op TpeGosaniit || ofwene, anketip ||| 15.05.2016 || 15.05.2018 ™ |
Anannz TpeGosannil || aHanus, crpw(Typ|| | 09.08.2016 ‘ |09.DB.2016 ‘ |20 |
Mpoexruposanie (| paspaBorka, UML ||| 15.12.2017 || 15.12.2017 |20 J
TecTupoBaHue | EBTOMETM3MDDBEH(| | 15.05.2019 ‘ | 15.05.2018 ‘ |ZD |
Chaua npoekTa | IKCNNYSTAUMA | | 25,07.2019 ‘ |30.0?.2019 ‘ |20| |

Figure 4. Interface with experimental data.
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Experimental versions of specialized expert systems in the field of education and health care were
built using the integrated development environment. Namely, the following is done:

* in the field of education, a prototype of an expert system focused on the support of the discipline
“Development and analysis of requirements for the creation of a software product” was created. This
prototype of the expert system provides an opportunity for students to build various software systems
based on the formulated requirements and rules from the knowledge base of the expert system, taking
into account the specifics of the relevant subject area;

* in the field of health care, a prototype of an expert system has been created to support patient
vaccination processes. In this case, the knowledge base of the expert system includes clinical
characteristics of patients, as well as a set of rules governing the decision-making processes in
vaccination.

In parallel with the theoretical studies of dynamic production systems, a dynamic version of the
RBSoftExert system was created, in which users themselves had the opportunity to dynamically
simulate the graphical shell of the template (figure 5), setting the necessary requirements for the system.

Haaag Pepakmipoare Yaanute

Haasanue wabnoHa: AHanus TpeboBaHWIH K NporpaMMHOMY NPOOYKTY

Haseanue InewenTa ®axr Prolog Tun noms

HaumeHoBaHHe NPOTPaMMHOTO NPOAYKTa projectName Crpoka

MpodneMa KOTOPYI PEWAsT NPOSKT problem Crpoka

Uent npoekTa goal Crpoka

3apaum tasks Crpoka

Crex Texnonommi techn Crpora

Tafinuua UcnonHeHHa table Ta@nuua (duec.)

YpOEHH HanmeHoBaHuA paGor | Cpok caaym | DAKT HCNONHEHWA | Pesynerar
OnpeaeneHne KoHUENLWM
CHop TpebosaHuil
Axanuz TpefoBaHnil
poekTHPOBaHHE
TecTHpOBAaHWE
Cpaya npoekTa

Hernsie

Wenensimenn performers Crpora

3arazumen) customer Crpoka

Hata date Hara

Figure 5. Dynamic modeling of the system.
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