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CUCTEMHMI AHAJII3 1 TEOPISI IPUAHSTTSA PINIEHD

CUCTEMHBIN AHAJIU3 U TEOPUSI IPUHATUS PEIIEHUMI

SYSTEM ANALYSIS AND DECISION-MAKING THEORY

UDC 519.816 DOI: 10.20998/2079-0023.2020.02.01
V. L. LYSYTSKYI, M. O. BOIKO

IDENTIFICATION OF PROBLEM SITUATIONS IN FUNCTIONAL DIAGNOSTICS OF
INTELLIGENT BUSINESS SYSTEMS

The paper discusses the issues of increasing the efficiency of production activities of an intelligent business system operating in a dynamic environment
by reducing its losses by creating a subject technology for reliable identification of problem situations in the process of functional diagnostics of a
business system. The object of the research is an intelligent business system of the IT industry, which produces intelligent products, the results of which
depend on the mental abilities of its personnel, who own effective intelligent information technologies. The problem-containing environment was chosen
as the basis for analyzing the problem situation, in the depths of which the problem situation arises, develops and manifests itself. A problem-containing
environment is characterized by structure and behavior. The behavior of the problem-containing environment is determined by the multidimensionality
of the ongoing business processes, their interaction and dynamics. To identify deterministic and non-deterministic problem situations, it is proposed to
set them by bipartite graphs and use the technology of inference based on precedents, which has serious advantages over the method of inference based
on knowledge. In this work, a cognitive method is used to analyze problem situations of an intelligent business system. The basis of cognitive analysis
is formed by the problem-containing environment, in the depths of which the problem situation arises. To study the problem-containing environment,
the method of analysis of hierarchies is used, the basis of which is a hierarchy which is a system of levels, each of which consists of elements, factors of
the problem-containing environment and an intelligent business system. A complex of models has been developed to construct a bipartite graph of a
problem situation and to analyze its problem-containing environment. On the basis of a complex of models, a subject technology for identifying problem
situations arising in the process of functional diagnostics of intelligent business systems has been created. The results obtained can be used as a theoretical
platform for creating an information technology for functional diagnostics of intelligent business systems operating in a dynamic environment.

Keywords: intellectual business system, functional diagnostics, identification of the problem situation, algorithmic model, hierarchy analysis
method, base of precedents

B. JI. JHCHIIBKHH, M. O. FOHKO

IIEHTU®IKALIS TPOBJIEMHUX CUTY AL TP ®YHKIIOHAJIBHIN JIATHOCTHIII
IHTEJIEKTYAJIbHUX BI3BHEC CUCTEM

VY poboTi po3riIanaoTeCs MMTAHHS MiABUIIEHHS eeKTHBHOCTI BUPOOHNYOI MisITBHOCTI iHTENEKTYyanbHOI Oi3Hec-cHCTeMH, Mo (YHKIIIOHYe B yMOBaX
JIMHAMIYHOTO 30BHILIHBOTO CEPEIOBHIIA, 33 PAXyHOK 3HW)KCHHs ii BUTPAT LUIIXOM CTBOPEHHS MPEIMETHOI TEXHOJOTIl TOCTOBIPHOI imeHTHdiKaIil
NpOOJIEMHNX CHUTyaliii B mporeci (yHKIioHaNbHOI miarHOCTHKH Oi3Hec-cucteMu. OOG'€KTOM JOCIIJDKEHHS € iHTeNeKTyalbHa OisHec-cuctema IT-
IHIYyCTpii, sIKa BUPOOIIAe iHTENEeKTyallbHy MPOJIYKILFO, Pe3yabTaTH MisNIBHOCTI SIKOI 3aleXkaTh BiJl pO3yMOBHX 3/1i0HOCTeH i mepcoHay, 1o Bomozie
e(eKTUBHUMHU IHTENEKTyaTbHUMH 1HOOPMALIHIME TEXHOJOTISIMH. B SKOCTI OCHOBHM IJIs aHami3y mpoOsieMHOI cuTyamili oOpaHo mpobiieMoMicHe
CepeJIoBHIIe, B HAJpaxX SIKOTO NMPOOJIeMHA CHUTYallisi 3apOJUKYEThCS, PO3BUBAETCS 1 TMPOsBIAEThCs. [IpobieMoMicHe cepenoBHINE XapaKTepu3yeThCs
CTPYKTypoto 1 moBermiHkoio. IloBemiHka NpPOOJIEMOMICHOTO CEepENOBHINA BH3HAYAEThCS 0araToacleKTHICTIO NPOTiKarounmx Oi3Hec-Tpomecis, ix
B3aEMOJII€I0 1 AmHaMikoro. J{iis inenTudikanii 1eTepMiHOBaHHX 1 HEAETEPMiHOBaHUX MPOOJIEMHUX CUTYaLlill IPONMOHYETHCS 3a1aBATH 1X IBOYACTKOBHMH
rpadamMu i BUKOPUCTOBYBATH TEXHOJIOTIIO BHBOJY, 3aCHOBAHOTO Ha TpEIEJCHTAX, KU Mae CEpio3Hi MepeBaru B NOPIBHSAHHI 3 METOJIOM BHBOAY,
3aCHOBAHOTO Ha 3HAHHAX. Y poOOTI I aHANI3y MPOOJIEMHHUX CHTYaLiil iHTENeKTyaIbHOI Gi3HEC CHCTEMH 3aCTOCOBYEThCS KOTHITUBHUI MeTo. OCHOBY
KOTHITHBHOTO aHai3y YTBOPIOE MPOOIEMOMICHE CEPENIOBHIIIE, B HAAPAX SKOTO 3apoauiacs npodiemMHa cutyaris. s nociipKeHHs TpoOIeMOMICHOTO
CepeIoBHUINAa BUKOPHCTOBYETHCSI METOJT aHAJI3y i€papXiif, OCHOBOIO SKOTO € iepapXisi — CHCTeMa PiBHIB, KOYKEH 3 SIKHX CKJIAJA€ThCS 3 eTIEMEHTIB, (hakTOpiB
MPOOJIEMOMICHOTO CepeIoBHINA Ta IHTEIEKTyalbHOI Gi3Hec-cucTeMu. Po3pobieHo koMIuleKe Mojenel, HeOOXiTHUX JUIs TOOYIOBH JBOYACTKOBOIO
rpada mpobnemHOi cuTyauii i aHamizy 1 mpoOieMOMICHOTO cepenoBuina. Ha OCHOBI KOMIUIEKCY MOJeNel CTBOpEHa MpeIMeTHA TEXHOJOTis
inenTudikarii poOIeMHNX CHUTYaIlii, II0 BUHUKAIOTH B IIpolieci QyHKIIOHAIBHOI AIarHOCTHKH iHTENEKTyanbHUX Oi3Hec cucteM. OTpuMaHi pe3ynbTaTh
MOXYTh OyTM BHKOPHCTAaHI B SIKOCTI TEOPETHYHOI IIaTQOpMU I CTBOPEHHS iH(OpPMAILiiHOI TeXHONOTIl (YHKIIOHANBHOI AiarHOCTHKH
IHTEIEeKTyaIbHUX Oi13HEC-CHCTEM, IO (DYHKIIOHYIOTh B YMOBaX AWHAMIYHOTO 30BHILIHBOTO CEPEIOBUIIA.

KurouoBi ciioBa: iHTenekTyanpHa Oi3Hec-cucTeMa, (pyHKIIOHATbHA JIarTHOCTHKA, ineHTHdIKaLisl TPOoOIEMHOI CHTYallii, alrOpUTMiYHA MOJEIb,
METOJI aHaJi3y iepapxii, 0a3a mpereneHTiB

B. JI. THCHIIKHH, M. 0. BOHKO

HUAEHTUO®UKAIIAA MPOBJIEMHBIX CUTYAIIUN ITPA ®YHKIIMOHAJIBHOM IMATHOCTHUKE
HHTEJUVIEKTYAJIBHBIX BUBHEC CUCTEM

B pabote paccMaTpuBalOTCS BONPOCHI IOBBIICHUS A3()(MEKTUBHOCTH IPOM3BOACTBEHHONW JEATENBHOCTH HHTEIUICKTYalbHON OHM3HEC-CUCTEMBI,
(yHKIHOHUpYIOMIEH B YCIOBUSIX JUHAMHYHON BHEIIHEH CPEABL, 3a CUET CHIDKEHHUS e€ IIOTeph IIyTeM CO3aHUs MPEIMETHOH TeXHOIOTHH JOCTOBEPHON
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UICHTHOHUKALMK TPOOJIEMHBIX CHTyalMid B mpouecce (GyHKIMOHANBHOH AMArHOCTUKM Ou3Hec-cucTeMbl. OOBEKTOM HCCIICAOBAHMS SBISIETCS
HHTeIUIeKTyanbHasl OusHec-cucteMa IT-HHIycTpuH, IPOU3BOASAIIAs HHTEIIEKTYANbHYIO IPOAYKIHUIO, PE3yIbTaThl AESTEHHOCTH KOTOPOH 3aBHCST OT
YMCTBEHHBIX CIIOCOOHOCTEHl €€ mepcoHana, Biaaeiolero 3GQeKTHBHBIMA HHTEIUIEKTyalbHBIMH MH()OPMALMOHHBIMU TEXHOJIOIMsIMH. B KauecTse
OCHOBBI JUISl aHalu3a NpOOJIEeMHON CUTyallud BbIOpaHa IpoOIeMocozepiKallas Cpeia, B HEApax KOTOpPOH HpoOJieMHas CHUTyalus 3apoxIacTcs,
pa3BuBaeTcs u mposBisercs. [IpobiaeMoconepxamas cpefja XxapakTepusyercs CTpyKTypoll i moBeieHreM. CTPYKTYpHBIMHU dJIEMEHTaMU €€ SIBILIFOTCS
3NIEMEHTHI (PYyHKIIMOHATBHBIX 30H, KOMIIOHEHTHI KOPIOPATHBHOM, KOHKYPEHTHON (DYHKLHOHAIBHBIX CTpATErii, OU3HEC-TPOLIECCH pacCMaTPHBAEMOM
6usHec cuctembl. IloBeneHne mnpobneMoconepiKaleil Cpeibl ONpeNeNnseTcss MHOTOACIEKTHOCTBIO IPOTEKAIOIUX OHU3HEC-NPOLIECCOB, HX
B3aHMOJCHCTBHEM U JUHAMHKOH. I maeHTHHKAnUM JSTepMUHUPOBAHHBIX M HEAETEPMUHHUPOBAHHBIX HPOOIEMHBIX CHTYallWi Ipeiiaraercs
3a/1aBaTh UX JIBYAOJIbHBIMHU Ipad)aMy U HCHOJIB30BATh TEXHOJIOIHIO BHIBOJIA, OCHOBAHHOT'O Ha IPELECHTAX, KOTOPBIi MMEET Cepbe3HbIC PEUMYIIECTBA
B CPaBHEHHHU C METOZOM BBIBOJ@, OCHOBAaHHOIO Ha 3HaHMAX. B pabore mis ananusa mpoOiIeMHBIX CHUTyalUil MHTEIUICKTYalbHON OM3HEC CHCTEMBI
MPUMEHSCTCS KOTHUTHBHBIH MeTox. OCHOBY KOTHHTHBHOTO aHaim3a oOpasyeT mpoOiieMoconepikamas cpefa, B HeIpax KOTOpOH 3apoaniIach
npobnemHas curyanus. s uccienoBaHus npoOiieMocoepskallield cpebl UCIOJIb3yeTCsl METOJ aHallu3a UepapXuid, OCHOBOW KOTOPOTO sBISETCS
uepapxus — CHCTeMa ypOBHEH, KaXIblii U3 KOTOPBIX CKIIAIBIBACTCSA M3 JJIEMEHTOB, (PaKTOPOB MpoOIEMOCOAepIKalleil cpelbl U MHTEIUICKTYalIbHOH
OusHec-cucTeMbl. Pa3paboTaH KOMIUIEKC MopeNnel, HeoOXOMUMBIX Ui HMOCTPOSHUs ABYHOILHOTO rpada MpoOTeMHOI CHTyallMu U aHamm3a e
npobiemMocozaepxkaiieil cpensl. Ha ocHOBe KOMIUIEKca MoOJeiel co3qaHa IpeIMETHAs TEXHONOTWsl MICHTU(GUKALUH MPOOJIEMHBIX CHUTYaluid,
BO3HHUKAIOIIUX B Ipolecce GPyHKIMOHAIBHON JUarHOCTUKH MHTEIUICKTYalbHbIX Ou3Hec cucteM. [lomydeHHble pe3yabTaTbl MOTYT ObITh MCIIOJIb30BaHbI
B KaueCTBE TEOPETHUECKOH IIaT(OPMBI ISl CO3aHU MHGOPMAMOHHON TEXHOJIOTUH (YHKI[HOHAIBHOH IMATHOCTUKH MHTEIUICKTYaIbHBIX OH3HEC-

cHCTeM, (QyHKIMOHUPYIOIIUX B YCIOBHAX JMHAMUYHOM BHEIIHEH Cpe/bl.
KioueBble cjI0Ba: WHTEIUIEKTyalbHas OM3HEC-CHCTEMA,
ITOPUTMIYECKast MOJIENb, METO]] aHAIIN3a HepapXuii, 0a3a IpereseHTOB

Introduction. The intensive formation of the
information society is accompanied by the creation of
global network technologies, cognitive business systems,
the emergence of e-business, cognitive business
management, etc. The change in the "material" economy
based on physical labor, mechanization, automation,
"intellectual” economy, characterized by a significant
increase in the role of human and social capital, innovation,
information and knowledge, creative labor, creative
activity in various fields, represents a global structural shift.
which, covering all spheres and branches of the post-
industrial economy, changes its scale, dynamics, and
internal content. The ongoing shift determines the
relevance of revising the old methods of management and
organization, the creation of effective methods of strategic
management not only of tangible assets, resources, cost, but
also the management of intangible assets, intellectual
capital. Effective management of strategy implementation
presupposes systematic diagnostics of the state of
intelligent business systems, one of the components of
which is functional diagnostics [1]. In this regard, the
purpose of the work is to increase the efficiency of
economic activity of an intelligent business system by
creating a subject technology for identifying problem
situations in functional diagnostics (FD) of intelligent
business systems.

Formulation of the problem. The main trends in the
development of the world system indicate that the main
property of the business system of the future is its constant
adaptation to a dynamic external environment. At the same
time, the business system should be characterized by great
organizational flexibility, inclination to individuals,
predominant use of teams, accumulated knowledge, high
internal competitiveness, a desire for diversification, etc.
[1]-[6].

The strategy of the business system should determine,
in a dynamic internal and external environment, a long-
term, qualitatively defined direction of development
towards a fixed target state. At the same time, the business
system remains free of choice, taking into account changes
in the external environment. The strategy, ensuring the
implementation of the tree of goals of the business system,
must contain a corporate, competitive and functional
strategy [5, 6]. These strategies implement the structural

(YHKUMOHATbHAS JMAarHOCTHKA,

uaeHTHGHUKALWS MPOOJIEMHON CHUTYyaluH,

elements of a business system (BS) that form its functional
zones, which determine the purpose of these zones
(marketing, production, personnel, finance, management,
foreign economic activity, etc.) [5, 6].

In the course of the functioning of the BS, the
structural elements of its functional zones perform separate
components of the strategy. This ensures the realization of
the goals of the BS goal tree, and, thereby, its movement in
a given direction [5]. The description of the BS as a
functional system makes it possible to represent it as an
integral organism, the effective functioning of which is the
main task of the control system of the BS control loop.

FD is intended for reliable assessment of the state of
the functional areas of the BS, the state of the processes of
implementation of corporate, competitive, functional
strategies and their components. In the process of FD, the
mechanisms of interaction of functional zones (FZ) and the
component of the BS strategy are revealed, when it moves
in a given direction, emerging problems are analyzed,
influencing factors, the main aspects of the relationship
between problems, the implementation of the goal tree, and
the results of the BS activity are identified. Thus, the object
of FD is the organizational structure of the BS, its FZ, BS
strategies and their components. FD of the current state of
the BS is directed to the following [1]:

1. Analysis of the degree of achievement of the goals
of the BS goals tree at the strategic, tactical,
functional levels of strategy implementation
management.

2. Early detection of problem situations in the
process of strategy implementation.

3. ldentification and analysis of the root internal
causes that worsen the BS activity.

4. Creation of a scenario of BS actions aimed at
updating the functions and structure of the BS,
ensuring overcoming the problem situation that
has arisen.

5. Introduction into practice at a new qualitative
level of the adopted management decisions and
control over their implementation.

In the process method of managing the imple-
mentation of the strategy, the BS is considered as a complex
of interacting business processes (basic, supporting, busi-
ness processes of management, development), forming a

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIIy. Cepisn: Cucmemnuii
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defining structure designed to actively achieve the target
state with a given efficiency [7].

At the stage of formation of the knowledge economy,
special attention is paid to human capital, the creation of
such a developed infrastructure that would make it possible
to use the accumulated experience and knowledge in the
field of production and consumption, and would contribute
to their further development. Lagging in the process of
mastering and creating new knowledge, as a rule, leads to a
loss in the competitive struggle [2], therefore, when
managing the functioning and development of BS, it is
necessary to take into account the most essential features of
the knowledge economy. The first of these is the
discreteness of knowledge as a product. Specific
knowledge is either created or not. The second feature of
knowledge is that it is similar in nature to other public
goods: once created, they become available, in principle, to
everyone, without any discrimination. The information
society, by its very nature, ensures an even distribution of
knowledge among its members. The third feature of
knowledge is that, behind its nature, knowledge is an
information product. It does not disappear after
consumption, like an ordinary material product. The noted
features make significant adjustments to the BS
management process. Production base stations are highly
dependent on their technical equipment (production
capital). This feature significantly affects the methods of
managing them. Intelligent BS (IBS) is completely depen-
dent on the mental abilities of personnel with the latest
intelligent information technology. It is assumed that IBS
creates intelligent products that meet the requirements of
efficiency, predictability, reliability, safety [2].

Since the processes of demand, supply, production,
consumption, exchange, and distribution of intellectual
products are largely determined by humans, the “blind”
application of methods for managing production BSs to
managing IBS may not be effective. For ischemic heart
disease, it is advisable to apply methods of cognitive
(knowledge-based) management, taking into account the
specific features of the existing technological and human
limitations. The basis of cognitive management, as a rule,
is the technology of situational management, which
provides for making managerial decisions not as planned,
but as problem situations (PS) arise, characterized by the
presence of a significant gap between the selected and
actual directions of development of the BS. PS is called
deterministic (routine) if a way to close the gap is known.
Deterministic PSs are typical for production BSs. IBS is
characterized by non-deterministic PS. In this regard, for
the functional diagnosis of ischemic heart disease there is
an urgent problem of identification of PS using the positive
experience accumulated in the situational management of
production BS [8, 9, 10].

Subject technology of identification of PS. When
controlling the process of implementing the I1BS strategy, it
is important not so much the high accuracy of the
performance of individual works, but rather finding out
how the implemented strategy corresponds to the internal
and external conditions of the IBS functioning and to what
extent the actual direction of development is able to bring
the IBS to the target state. If the detected deviation poses a

significant threat to the achievement of the target state, then
they speak of the occurrence of PS. The importance of the
PS is estimated by the amount of IBS losses due to the non-
detection of the PS, or not eliminating it. All PSs are
divided into three following classes [7];

1. Resource PS, due to the disproportion of
resources, which determines the "bottlenecks" in
the process of implementing the strategy.

2. Structural PS, caused by the inconsistency of the
structure of the BS with the structure adequate to
the implemented strategy.

3. Informational PS caused by the lack of
information and knowledge about PS and ways to
overcome it.

The selected classes of PS, complementing each
other, form a PS system, which is a complex of interacting
PSs that form a certain structure that actively opposes the
process of achieving the target state of the BS. The
complexity of the analysis of PSs that arise during the
implementation of the strategy is conditioned by the
variability of processes in time, the lack of quantitative
information and knowledge about the dynamics of
processes, the complexity of the PS system and their mutual
influence. To analyze PS, two methods are used -
informational and cognitive (knowledge-based). The
information method is effective in the analysis of
deterministic PSs arising under standard conditions. For
IBS, problematic situations, as a rule, are not deterministic,
informational and the cognitive method is used to analyze
them. The basis of cognitive analysis is formed by the
problem-containing environment (PCE), in the depths of
which PS is generated. PCE is characterized by structure
and behavior. The structural elements of the PS are
structural elements, functional areas of the IBS,
components of corporate, competitive, functional
strategies, business processes, incipient, operating, fading
PS, etc.

The purpose of the PS analysis is to find, by
immersion in the PS, an answer to the complex question:
what factors, under the influence of what forces and
circumstances, guided by what objects and pursuing what
goals, led to the emergence of PS.

The behavior of the PCE is determined by the
multidimensional nature of the business processes
associated with the PCE, their relationship, dynamics. This
causes the emergence of new discrete structures of the PCE,
which have a new quality, determine the dynamics of the
change in the gap between the selected and actual directions
of the IBS movement. To study such PCE, it is advisable to
use the method of analysis of hierarchies (MAH). The basis
of the MAH is a hierarchy — a system of levels [11], each
of which is made up of elements, factors of PCE and IBS.
The task in the language of hierarchy is to determine the
intensity of the influence of elements of lower levels on the
focus of the problem. In the process of implementing the
strategy, IBS PS arises as a result of the activity of the
structural elements of the FZ participating in the
implementation of the strategy components. Therefore,
each PS is characterized by a certain interaction between
the FZ and the strategy components. If F = {f;} is the set
of FZs, f;,i = 1, N of the considered IBSand S, c S isthe
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setof S, j = 1, M strategy components, then F, c F is the
set of FDs associated with the PCE, and S, < S is the set
of strategy components associated with the PCE. The
binary relation R, c F, xS, defines the interaction
between the selected objects of the PCE generated by the
emerging PS. The < f;, s; > € R ordered pair indicates that
the FZ f; is involved in the implementation of the s; IBS
strategy component. The bipartite digraph, the set of
vertices of which splits into two sets F, and S,. No vertices
from the same set are connected by oriented edges,
determines the structure of the PCE. Each ordered pair
< fi»sj > € R (an edge of a bipartite graph) defines some
variable (concept) that sets a joint influence f; and s; on
the emergence and development of PS, on the change in the
gap. This U;; influence can be significant and insignificant
and is determined by the U;; = a; + B; formula, where o;
is the significance of the f; influence on the focus of the
problem, and f; is the significance of the s; influence. To
determine the o; and B; significance, a hierarchical model
is considered, where an increase in the gap between the
chosen and actual directions of development is considered
as the focus of the problem (upper level). The size of the
break is determined at time t by the value of the angle a(t)
between the selected and actual directions. The cosine of
the angle a(t) is determined by the expression

a(t) = x’ba x’¢(t)/|x,ba x’¢>(t)|3 (l)
where

x'y = (xp, e xp, s x b)) (2)

is the vector that specifies the chosen direction of
development,

¥ () = (23O, o x5 (0. 2h () ()

is the vector that determines the actual direction of
development. Violation of inequality cosa(t) =1 —&,
where ¢ is the permissible error, indicates the occurrence of
PS. The x/(t),j =1, p variable determines the current
state of the ischemic heart disease. At the second level of
the hierarchy are the systemic characteristics of the
functioning and development of IBS, which affect the
changes in the gap. This can be income, IBS costs, losses
due to risks, etc. At the third level of the hierarchy are
fi € F FZ. The fourth (lower) level of the hierarchy
contains the s; € S components of the strategy. As a result
of the implementation of the MAI expert procedure, the
global priorities af of all f; FZs and the global priorities B}
of all components s; of the IBS strategy are found. To select
a set of essential FZs, they are ranked by decreasing o and
a set F, is formed from the first elements of the resulting
series

Po
F0={fsjepzzasi=o.8is}, @)

=1

where ¢ is the permissible error, p, is the cardinality of the
F, set. To highlight the essential s;, they are ranked by

decreasing B? and the S, set of the first elements of the
resulting series is formed:

9o
So = sleS:ZBlizﬂ.Bis , (5)
=1

where g, is the cardinality of S;. The resulting priorities

(s)i> i= 13 Po> B?]? ] = 15 Yo (6)
normalize and receive the ag; significance of the essential
FZ and the B,; significance of the essential components of
the strategies associated with the PCE of the current PS in
the formula (7).

(04

0 0

asi Bl]

Ui = BRI Blj =Sdo po- (7)
j=1 Blj

?21 asi

A bipartite digraph, defined on the set of vertices F,
and S, defines the structure of the PS, serves as a structured
description of the current PS. The concepts corresponding
to the edges of a bipartite digraph have the following
properties:

1. The weight of the < f;, s;; > concept is deter-

mined by the sum of ay; + B,; significances

2. RyCFyxS,cFxS

3. The f;; FZ is involved in the implementation of

the s;; component of the IBS strategy.

The Ry = S, X @, binary relation characterizes a lot
of essential, difficult to formalize relationships that
significantly affect the increase in the gap, which
determines the mechanism of influence of the PS on the
process of implementing the IBS strategy.

When resolving PS, it is proposed to use the
precedent-based inference method, which has significant
advantages over the knowledge-based inference method. It
is especially effective when the following conditions are
met:

1. The main source of knowledge about PS is

experience, not theory;

2. The managed solution is not unique for a specific

software system, but can be used in other cases;

3. The goal is not a guaranteed correct solution, but

the best possible [8, 9].

The use case provides a description of a variety of
sequences of actions, including the options performed by
IBS, to overcome the arisen PS. It includes a description of
the PS, the scenario for permitting the PS, the result
(validity) of the application of the management decision to
resolve the PS. The problem of setting a precedent is the
problem of choosing information and knowledge to be
included in the description of a precedent, finding a
structure that defines the content of a precedent, organizing
and identifying a precedent knowledge base (PKB), which
ensures efficient search and reusable use. At the same time,
one should distinguish procedural knowledge (“dissolved”
in algorithms) from knowledge that is separate from
algorithms [12]-[14].

The use case knowledge base should contain the
following:
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1. All known precedents of resolved PS.

2. Adopted management decisions to resolve
emerging PS, available recommendations and
other experience.

3. The results of the research carried out on the
identification, identification, and resolution of PS.

PKB reduces the degree of uncertainty in the for-
mation of management, reduces the risks of making wrong
decisions. It is an effective tool for managing knowledge
about use cases and how to resolve them by means of the
following:

1. New information about similar precedents and

experience in resolving their PS.

2. Information on the results of conducted and
ongoing research of the precedent, PS, PCE.

3. Information on the results of the resolution of the
PS of various precedents.

Since the PCE is constantly updated due to its
maintenance, its information can be used to identify PSs
that correspond to the same precedent, but do not repeat
exactly, which is typical for IBS PS [12].

Setting a precedent should be consistent with the goals
and technology of functional diagnostics of IBS. If the
precedent with the number e corresponds to g PS forming
the T, = {PS,,,r = 1, q} set, then it can be specified by a
reference PSg, reflecting the invariant properties of all
PS € T, and their PCE. The binary relation

Ror © For X Sor, For €F, Sor €S 8

is given for each PS, € T,. For the reference PSg it is
necessary to determine

Rog € Fog X Sog, Fog €F, Sop € S. )

Let’s assume that Ryr = UY_,R,,.. For each
< fi,S; >E Ryo  concept, it determines the p;; value,
which is the number of occurrences of the concept in the
Ry, binary relation. It's obvious that p;; < q. To determine
Rop the < f;, s; > concepts are ranked in descending p;;
and the R, set of the first elements of the resulting series
is formed in the formula (10):

ROE =< < fl,S] >€ ROO:

<fi,Sj>€RoE

Pij =hepo T &
(10)

Po = Z pij;0<h, <1;,

<fi,Sj>€Roo

where g, is the permissible error, and the h,, threshold value
for each precedent with the number e is found considering
the historical experience of the formation of the T, class. In
particular, if Ry, = R for all » =1, q, then Ry, = R, and
h = 1. Therefore, for deterministic PS the value is close to
unity. For non-deterministic PS, the value of h decreases.
h = 0.8 is taken as an initial approximation. The sets

Fog = Di(Rog), Sog = Dy (Rog) (11)
are determined by the left and right regions of the Ryg
binary relation defining the bipartite graph of the reference

PCE of the precedent with the [ number. If the current
problem situation of the PS; is determined by the

Ror € For X Sor, For € F, Sor €S (12)

binary relation, then to assess its belonging to the class T,
it is necessary in the case when h satisfies the

IR°| (13)

>h,+e¢
|Rool ~— ¢

condition, where ¢ is the permissible error, |R°| is the
cardinality of the Ry = NY_, R, set, |Rgol is the
cardinality of the set R,, check the fulfillment of two
conditions:

Ry € Rory— = he £ & (14)

[Rool N

If the conditions are true, then PS; belongs to the class
T,. Otherwise, it is referred to a different use case. If PS; is
a deterministic PS belonging to the T, class, then the
managerial decision to overcome the PS; is determined by
the reference PS of the T, class. If PS; is a non-
deterministic PS belonging to the T, class, then the
management decision on its resolution is determined by one
of PS? € T,. To find PS?, the set of

Qe = {g]’ ] = 1’ ke} (15)
segments g; of the knowledge base is selected, containing
information about the PCE of the precedent with the
number e, k. is the cardinality Q,.

For each (g;, PS,) pair, the probability m;. was
obtained expertly that the knowledge segment g; can be
used to reliably describe the PS,.. The degree of similarity
between PS; and PS; can be estimated by the value

G, N G;
160G o

= b 16
" |GSUGI:|’ N ( )

where G is the set of q; € G, that reliably describe PS;, G;
is the set that reliably describes PS;. When §;; = 1 the
degree of similarity according to the selected criterion is the
greatest.

To reduce the Q, power, determine the average value
m;,., which is equal to m

(Z;{il z:1 mjr) .

K.

m= a7
and build a generalized similarity table PS, € T,. Matrix
columns PS, € T, are defined, rows are g; € G,. At the
intersection of the j-th row and the r-th column, the m.
value is recorded determined by the formula (18):

_ {1,mjr =m

m .
0,m, <m

Jr

(18)

Simultaneous similarity of all PS, € T, is estimated
by the value
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q
-1 G
szlng—ilr|,05651. (19)
|U‘r=1 GT|
The value § =1 is achieved when the G, =G,

r =1, g condition is met. The G € Q, set is obtained by
successive deletion of the rows of the generalized similarity
table containing the largest number of zero elements, until
a column of the matrix containing only zero elements
appears. The remaining rows of the table without zero co-
lumns are determined by the Q. setof g; € Q. knowledge
segments that provide the greatest degree of similarity
PS, € T,. On the basis of g; € Q,, knowledge segments,
the vector of x; informative features used for PS,. € T, task
is formed:

x, = (xf, s XF, ...,x,‘;’e).

(20)

To determine PSP, find the smallest dr, which is
Euclidean distance from the current PS; problem situation
to PS, € T,.

The problematic situation m determines the
management decision recommended for the resolution of
the current PS [15]-[17].

The described process of identifying problem
situations defines a subject technology containing a
sequence of stages.

Stage 1. Identification during the monitoring of the
functioning of the IHD of the arisen PS.

Stage 2. Construction of a bipartite graph defining the
current PS and the formation of its two-dimensional image.

Stage 3. Selecting a use case to which the current
software belongs.

Stage 4. Identification of the current PS.

Stage 5. Formation of a management decision recom-
mended for the resolution of the current PS.

Conclusions. As a result of the research, a subject
technology for identifying problem situations arising in the
process of functioning of intelligent business systems has
been developed.

The created subject technology can serve as a
scientifically grounded platform for the development of
information technology for functional diagnostics of intel-
ligent business systems.
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YIPABJITHHS B OPTAHIBAIIIHHUX CUCTEMAX
YIIPABJIEHHUE B OPI'TAHU3AIIMOHHBIX CUCTEMAX

MANAGEMENT IN ORGANIZATIONAL SYSTEMS

YK 004.4.075 DOI: 10.20998/2079-0023.2020.02.02
M. JI. TO/UVTEBCBKHH, A. O. TOJIOCKOKOBA, I'. 0. BYPTAKOB

JTAHAMIYHA MOJIEJIb INIAHYBAHHA PO3BUTKY NIJIMHOKWHU ITPOIECIB ETAJIOHHO{
MOJEJII 3PIUIOCTI SPICE

CTucno po3riisiHyTo 00'€KT JIOCHTIDKEHHS — Tporec po3poOku mporpamuoro 3abesnedenus (IIP I13). Bia3HaueHo, IO HEPIIMMH KPOKaMH
YIIOCKOHAJICHHSI TIporecy >kutTeBoro mukiy (JKLI) mporpaMHHX cHCTeM € OLIHKA IOTY>KHOCTI (3piJIOCTi) MpoleciB i Ha il OCHOBI po3po0Kka IUIaHy
mporpamu ix BpockoHaneHHs. Jlo ocHoBHEX migxoaiB momimenss [1P Bigaocsitees mozmeni 3pimocti CMMI i SPICE. IlpoBeneHo aHaii3 HayKOBHX
PoOiT, MpHCBsYeHHX 1X popMaitizanii. 3a3Ha4eHO, 110 3HAYHI Pe3yJIbTATU B [IbOMY HAIPSIMKY JOCATHYTO I10 BigHOIIEHHIO 10 Mozerni CMMLI. Ilpu upomy
BOHa He BpaxoBye ocobimBocTi IT-kommanii, Taki sk: po3mip kommarii; Moxeni JKLI ITP I13, siki BUKOPHCTOBYIOTHCS; OCOOIUBOCTI IIpeAMeTHOT 0071acTi
mpoeKTiB; wini kepiBHukiB IT-kommnanii. Tomy Oyo 3anpomnonoBano Ha 6a3i mozgeni SPICE ctBoputn ananor mogeni CMMI, ane 3 ypaxyBaHHAM HUX
ocobmuBocteit, sikuit HazBano SPICE INT. IloOymoBa Takoi Mozmeni € 3ajadelo CTPYKTypHO-TIapaMeTpHYHOro cHHTe3y. IlocTaBiieHa 3ajmada
[IapaMeTPUIHOTO CHHTE3Y, OAUH 3 SJIEMEHTIB SIKO1 — IUTAaHyBaHHS PO3BHTKY ITi IMHOXHHH TIpoleciB etanonHoi Moneni SPICE. ITposenena dopmarmizamis
11 OCHOBHUX HOHSTH 1 BBEJCHO MHO)KHHU: TPYII TPOLIECIB, KATEropii, mporecis (mamnporuecis), npaktuk. Ha wiit ocHoBI npoBeneHa hopmaizaris OLiHKH
PIBHS MOMJIMBOCTI OKPEMOI IPAKTHKU 1 Ha Iiff OCHOBI PO3pPOOICHO MOZEIb OL[IHKU JOCSTHYTOTO PiBHS MOXIIMBOCTI IIPOLECY i CTYICHS TOCSTHEHHS
OinbII BUCOKUX piBHIB. CHHTE30BaHa (YHKIIS BUTpAT IPH NEPEeXO0i MiAMHOKUHH NponeciB 3 (t — 1)-ro Ha t-if mixnepioxn mianyBanHs. Po3pobiena
a/INTHBHA L[1J1b0Ba (YHKIIif, SiKa BU3HAYAE IHTErpaIbHy KOPUCHICT MOKPAIICHHS SKOCTI MiAMHOXHHH nporeciB Mozeni SPICE Ha nnanoBomy nepiofi
[1, T] B pesynbrati possurky I1P I13. Ha ocHOBi 1inboBoi GyHKIiT i 0OMexeHb Ha pecypcd chOpMOBaHa IUHAMIUHA MOJIENb [UIAHYBAHHS PO3BUTKY
MiAMHOXXWUHH TIpoIieciB. Bia3HaueHo, 1110 0JiMH 3 MiAXOAIB /10 11 BUpilIeHHs € anroput™ «KHIBCbKUIT BIHMKY.

KurouoBi coBa: mporec po3poOKH IpOrpaMHOTro 3a0e3MeueH s, JKUTTEBHI UK, CTPYKTypPHO-TIApAaMETPUIHHI CHHTE3, PiBeHb MOXJIMBOCTI
IPOLECy, aJUTHBHA iNbOBA (YHKIIis, pecypcHe OOMEXEHHs, JHUHAMIYHa MOJEIb.

M. JI. TO/UTEBCKHH, A. A. TOJIOCKOKOBA, I. A. BYPIAKOB

JUHAMMNYECKAS MOJEJIb INTAHUPOBAHUSA PASBUTHUS TIOJMHOXKECTBA ITPOLIECCOB
3TAJIOHHOM MOJIEU 3PEJTOCTH SPICE

Kpatko paccMOTpeH OOBEKT HCCllenoBaHMsI — mpouecc pa3pabotku mnporpammuoro obecreuenust (ITP I10). OrmedeHo, 4TO MEPBBIMU MIaraMH
yCOBEpLIEHCTBOBAHMUS Mpolecca xu3HeHHoro nukia (JKL) nporpaMMHBIX CHCTEM SBJISETCS OLIEHKA MOIIHOCTH (3PEIOCTH) IIPOLIECCOB H HAa 3TOH OCHOBE
pa3paboTka IDTaHa IPOrpaMMbl HX ycoBepuieHcTBoBaHMS. K ocHOBHBIM nomxoxam yayumenus ITP otHocstes monemu 3penoctt CMMI u SPICE.
IpoBesieH aHAMM3 HAyYHBIX PAOOT, MOCBSIICHHBIX UX (POpPMANH3aLUU. YKa3aHO, YTO 3HAYUTEIBHBIC PE3y/IbTaThl B 3TOM HAMPABICHUH TOCTUTHYTHI IO
otHotieHnto K mogean CMMI. Ilpu 3ToM OHa He yYHUTBIBaE€T 0OCOOEHHOCTH I T-KOMIAaHUH, TaKUe KaK: pa3Mep KOMIIAHWH; UCTob3yeMble Mozaenu JKI|
ITP I1O; ocobeHHOCTH HMpPEeIMETHOH 00JIACTH NMPOEKTOB; LelH pykoBomuTenel IT-kommanun. ITostomy GbLIO mpemtoxkeHo Ha 6ase monemn SPICE
coznate axanor momenu CMMI, Ho ¢ yuerom atix ocobenHocteit, koTopsiii HasBan SPICE INT. Iloctpoenne Takoit Momenu sBISIETCS 3aaadeit
CTPYKTypHO-TIapaMeTpuueckoro cuuresa. IlocTasieHa 3ajauya mapaMeTPUYECKOrO CHHTE3a, OAMH U3 3JIEMEHTOB KOTOPOH — IIAHUPOBAHUE PAa3BUTHS
MIOZIMHOXECTBa nporeccoB dTanoHHoi Moaemu SPICE. IIposenena ¢opmann3anust ee OCHOBHBIX MOHATHI M BBEICHBI MHOXKECTBA: TPYIIT POIECCOB,
KaTeropuii, mporeccoB (IIOAIPOLEeccoB), mpakTuk. Ha 3Toil ocHOBe mpoBeaeHa GopMau3alis OLCHKY YPOBHS BO3MOXXHOCTH OTACIBHOM MPAKTHKH U
Ha 9TOH OCHOBE pa3paboTaHa MOJENb OLECHKU IOCTUTHYTOrO YPOBHsSI BO3MOXKHOCTH IIpoliecca M CTEMEHH JOCTHXXCHHsS 0ojee BBICOKHX YPOBHEH.
CuHre3npoBaHa (GyHKIHUS 3aTpaT MPH Nepexoe MOMHOKECTBa IporeccoB ¢ (t — 1)-ro Ha t-i Hoxnepro mIaHupoBanus. Pa3paboTaHa a[iUTHBHAS
1ieseBast PyHKIUS, ONpeessIonias HHTErPATBHYIO ITONIE3HOCTD YIy4IIeH s KauecTBa IOAMHOXKeCTBa nporeccoB Mozenu SPICE Ha mimaHoBoM neprose
[1, T] 8 pesynbrare passutus I[1P I10. Ha ocHoBe 11en1eBoii (DYHKIMK U OTPaHUYEHHI HA peCypChl chOPMHUPOBAHA INHAMUYECKAS MOJIENb IUIAHUPOBAHUS
Ppa3BHUTHS IOJMHOXeECTBA MporieccoB. OTMEUEHO, YTO OJMH U3 MIOAXO0O0B K €€ PELICHHIO SBISIETCS anroput™ «KneBckuii BEHHK.

KuaroueBble ciioBa: mpornecc pa3paboTKH IPOrpaMMHOTO OOECHeUeHNs], KU3HEHHBIH IUKJI, CTPYKTYypPHO-TIapaMeTPUYECKUH CHHTE3, YPOBEHb
BO3MOXKHOCTH TIpOLIecca, alIuTHBHAS 1ieneBast QyHKINS, peCypCHOE OrpaHHICHHUE, THHAMIIECKAst MOJICIb.

M. D. GODLEVSKYI, A. A. GOLOSKOKOVA, G. A. BURLAKOV

A DYNAMIC MODEL FOR DEVELOPMENT PLANNING OF PROCESS SUBSETS FOR THE SPICE
REFERENCE MATURITY MODEL

The object of the research is briefly considered, namely, the software development process (SDP). It is noted that the first steps in improving the life
cycle (LC) process of software systems is to assess the capacity (maturity) of processes and, within this framework, to develop a plan for their
improvement program. The main approaches to improving DP include the CMMI and SPICE maturity models. The analysis of the studies devoted to
their formalization is carried out. It is indicated that significant results in this direction have been achieved in relation to the CMMI model. However, it
does not consider the characteristics of an IT company, such as: the company size; used models of software DP life cycle; features of the projects subject
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area; IT company leaders’ goals. Therefore, it was proposed to create an analogue of the CMMI model based on the SPICE model, but taking into
account these features, which is called SPICE INT. The construction of such a model is the task of structural and parametric synthesis. The problem of
parametric synthesis is set, one of the elements of which is the development planning for process subsets for the SPICE reference model. The
formalization of its basic concepts is carried out and sets are introduced: groups of processes, categories, processes (sub-processes), practices. On this
basis, the formalization of the possibility level assessment of a particular practice was carried out, and within this framework, a model was developed
for assessing the achieved level of the process capability and the degree of achievement for higher levels. The cost function is synthesized for the
transition of process subsets from the (t — 1)-st to the ¢t-th planning sub-period. An additive objective function has been developed that determines the
integral relevance for subset quality improvement for the SPICE model processes in the planned period [1, T] as a result of the development of the DP
software. Based on the objective function and resource constraints, a dynamic model for planning the development of a subset of processes is formed. It
is noted that one of the approaches to its solution is the "Kiev broom" algorithm.

Key words: software development process, life cycle, structural and parametric synthesis, process capability level, additive objective function,

resource constraint, dynamic model

Beryn. LentpanbHuM 00’ €KTOM BUBYEHHS IIPOTrpaM-
HOi imxkeHepii € mporec po3podku (IIP) mporpamuoro
3abe3neueHns ([13). Lle Oe3nmiv pi3HUX BHUIIB MisSUTBHOCTI,
METO/IIB, METOJIUK 1 KPOKIB, sSIKi BUKOPUCTOBYIOTBCS LIS
po3podku Ta eposromii [13, i MOB’A3aHUX 3 UM MPOAYKTIB
(moxkymeHTallil, MporpaMHOro Koy, TecTiB i T. iH.) [1].
Y ockoHaNeHHs OiI0YHMX B OpraHi3alii mporeciB — oJHa 3
TOJIOBHUX 3a/1a4 iH)KeHepii SKOCTI MpOrpaMHUX CHCTEM
(TIC). Bimmosiguo ao cranmapry ISO/IEC TR 15504-7
MEPIIUMH KPOKaMH yJOCKOHAJICHHS IPOLECIB KHUTTEBOTO
mukiy (XKLL) TIC € oriHka moTy>KHOCTI MPOIECiB 1 Ha Wil
OCHOBI po3po0Ka IUIaHy MPOrpaMH iX YIOCKOHAJCHHS.
TepMiH «HOTYXHICTB» PO3IJISLJAETbCS SIK  CHHOHIM
HACTYITHUX MOHSTbH: 3PLTICTh, AOCKOHAJICTh, MOTEHIAN.
3pinicte [IP TI3 MoxHa XapakTepu3yBaTH SIK CTYIiHb
YITKOCTi: BU3HAYCHHS, YIPABIIHHA, BUMIPIOBaHHS, KOHT-
podto i BukoHaHHS ycsoro [1P I13 abo okpemux CKITagoBUX.

Cepen niaxoxis go nokpameHHs [1P MoxHa BHIITHTH
Taki, ski Gasyrorhcs Ha crangapti 1SO-9001:2000 [2],
MOHATTI Mozieni 3pinocri [3, 4], texuounorii Six Sigma [5],
Ta iHmn. OmHa 3 TOJIOBHUX 3a1ad I10 BIIHOIIEHHIO 10
MoJIeel 3piIocTi — Iie iX popMaltialist | BAKOPUCTAHHS HE
TIJIBKH JJIS OLIHKU PIBHS 3pLIOCTI OKPEMOTO mpoiiecy abo
ycboro mpornecy po3podku I13, a i MOXIMBICT IUIa-
HYBaHHs iX PO3BUTKY y 4aci B yMOBaxX OOMEKEHUX pecyp-
ciB. Ile m03BOJIsIE KEPIBHUIITBY KOMIaHii po3pobHuka 113
chopMyBaTH CTparerito mpocyBaHHs ¢GipMu 10 OiIbII BU-
COKOro piBHA 3pimocti. Ha temepimHid 9ac Taki [o-
CIIIJPKEHHS], B OCHOBHOMY, ITPOBEJICHO T10 BiJIHOMIEHHIO /10
mogeni CMMI. ¥V po6oti [6] Bnepuie HaBemeHo dop-
MaJi3amilo OCHOBHHX IOHATH Mopmenmi 3pimocti CMMIL
BBenmeHo 3MiHHI, SKi BH3HAYaIOTh PIBEHb MOKIUBOCTI
OKpeMoi mpakTHKH (GOKycHOI oOmacti y t-i migmepion
mnanyBanns, e t € [1,T]; T — KinbKicTh migmepionis
IUTAaHOBOTO Tepiony. Ha ocHOBI ITMX 3MiHHNX BH3HAYAETHCS
piBeHb MOXKIIMBOCTI POKyCHOI 007acTi i Ham GopMyeThes
GYHKIIST PiBHS NMPUHAJIEKHOCTI 10 K-TO PIBHS 3pUIOCTi
yeworo TIP 113, ne k = 1, 5. Po6oru [7, 8] mpucpsdeni
po3poOri Ta pearizamii IMHAMIYHOI MOJENI ITUTAHYBaHHS
nokpauienns skocti [1P 113 na mnanosomy nepioni [1, T].
VY pobotax [9, 10] po3pobnero merox npocysauus [1P T13
opraHizanii 0 OiJbII BHUCOKOTO PiBHS 3pUIOCTI, SKHHA
0azyeTbcsl Ha KOB3HOMY IUIaHYBaHHI Ta JIO3BOJISIE 32
paxyHOK CTaTHYHOi MOJENl MiABUIIUTH  TOYHICTH
pe3ynbTaTy, a 3a paxyHOK CIPOIIEHOI AMHAMIYHOT MOJIEi
3MEHIINTH  poO3MipHiCTh  3amaui. Ilepmoiro  BuKO-
PUTOBYETHCSI TUHAMIYHA 3aJlada Ha TUIAHOBOMY TIEpioji
[1, T], pe3ynbratu sIKOi € OCHOBOIO IJIsl BHPIIICHHS CTa-
TUYHOI 3aJa4l Ha repuiomy mianepioai miuanysaHus. aii

JMHAaMiUHa 33j1aua po3riIsaacThes Ha mepioxi [2, T + 1] 3
ypaxyBaHHSIM pe3yJbTaTiB CTaTHMYHOI 3adadyi, sKa Aaaii
PO3TISLIAETHCS BKE HA JPYroMYy Minepioni i T. 1.

[epmri cnpobu hopmanizanii mogeni 3pinocti SPICE
HaBeneHi y po0Oori [11], ska mpucBsiueHa CTPYKTYpPHOMY
cuaresy wmoxeni 3pinocti SPICE INTEGRATION Ha
ocHoBi etanonHoi Mmozeni SPICE. V po6ori [12] HaBeneHO
nuisixd migBumenHs skocti [TP I13, sxi 6azyroThes Ha
Mozersax 3pinocti i B mepury uepry CMMI ta SPICE. Bcee
I 3aCBIMYy€ aKTyaJbHICTh MOCIHIPKCHb TNPUCBIUYCHUX
dopmamizarii moxeni 3pimocti SPICE Ta moGymnosi
MOJIeNicH TUTAHYBAHHS TMOKPAIICHHS MPOIECIiB €TaJIOHHOT
mozeni 3pinocti SPICE.

IMocTaHoBKA Ta WiJIL 3a1a4i qocTiKeHHs. STk OyI0
CKa3aHO BHWINE, YAOCKOHAJCHHS ICHYIOUMX B OpraHizamii
mporeciB — oOXHA 3 TOJOBHUX 3amad imKeHepil
MPOTpaMHOro 3a0e3NedeHHs . BHECeHHS YIOCKOHaJeHb
MIPOBOIUTHCA 3 TOTIISAY LUIeH i MPiOpHUTETIB opraHizarii
po3pobnuka I13. 3a3Buuail miyi yIooCKOHaJCHb BH3HAYa-
IOTBCS KUTBKICHO 1 TIOTODKYIOTBCS yCiMa 3allikaBJICHUMHU
croponamu. Jlaai BOHH O(OPMITIOIOTHCS y BHIUISAII MPO-
rpamMy YAOCKOHAJICHHS Ipoliecy abo MHOXXHWHH MPOLECIB.
Ha rtenepiminiii yac s po3poOKH MpOrpaMu YIOCKOHA-
neHHs QopmarnizoBaHa Monens 3piocti CMMI, Ha Gasi
sKOi chopMoBaHi MOJENTi, AITOPUTMHU Ta iH(pOpMaIliiHa
TEXHOJIOTIs, SKi JIO3BOJIIIOTH BHPILIMTH 3ajiauy IUIaHYy-
BaHHS MOKpAIIEHHS SKOCTI OKPEMOTro IIpoIecy, TakK i
Bceoro [IP II3 opranizamii. Ame po3poOieHi Mopmeni Ta
aNrOpuTMHU, sKi popmanizyrots Mmoaens CMMI, He mo3Bo-
JSIOTH BpaxoByBaTH ocobmuBocti I T-kommanii [12]:

- po3Mip KoMmaHii po3pooHuka [13;

- 0COOJIMBOCTI METOOJIOTIi YIPABITiHHS MPOCKTAMU 1
mozemi XK1 ITP I13, sixi BUKOPHCTOBYIOTHCS B OpTraHi3aiii;

- 0co0IMBOCTI TIpeaMETHOT 06JacTi po3podku [13;

- nim IT-opranizarii (po3BHTOK, cTabidbHE iCHYBaH-
HS 1 T. iH.).

Tomy OyaemMo BBaKaTH JOIUIBHUM TMOJAJIBIITY
po3po0Oky ananora mojeii 3piocti CMMI na 6a3i SPICE,
skuit 6ymemo HasuBatu SPICE INTEGRATION (INT)
[11]. Moro ninm, — BpaxoByBati ocoGmuocti IT-opra-
Hi3auii A7 IIaHyBaHHS HOKPAIIEHHS SKOCTI HE OKPEMOT0
nporiecy, a ecboro 1P I13 opranizanii. Mogens SPICE INT
Oyne yHIKaIbHOIO JUIsl KOXKHOI OKpPEeMOi opraHizatii i Tomy
MOX€ BHKOPHCTOBYBATHCS TUIBKH JJIsi BHYTPILIHHOTO
ayIUTy Ta parioHAJFHOTO (ONTHUMAaJIbHOTO) po3BUTKY 1P
13 Ha ocHOBI 1iinel kepiBHMIITBA Kommadii. OTxe,
chopmoBaHa mporpamMa po3BUTKY Oyze OiTBII IOIITBHOIO
3 oryIsiAy Ha iHTepecu IT-kommaHii y MOpiBHIHHI 3 TUIAHOM
po3BUTKY 3a Mojemtio CMMI.
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Hnst moGynosu mopxeni 3pinocti SPICE INT Heob-
X1JTHO BiJITIOBICTH HA HACTYITHI MMUTAHHS:

1. Sxi ocobmuBocTi IT-koMmnanii HE0OXiTHO Bpaxo-
ByBaTH npu no0yno.i i Hei mogeni SPICE INT.

2. Slkumii TN IOKaNW 3piIoCcTi HEOOXiTHO BUKOpPHC-
TOBYBaTH?

3. CKinbKH piBHIB 3piJIOCTI MIOBUHHA MaTH IIKaja?

4. CKiNmpKY 1 AKi IIPOIIeCH MOBHHHI PO3TILIIATHCS HA
KokHOMY piBHi 3pinocri TP I13 opranizamii?

5. SlkuM piBHAM MOJIMBOCTI IIOBHHHI BiIIOBiTaTH
MpoIlecH, SKi pO3TAlIOBaHI Ha BiMMOBITHUX PIBHAX 3pi-
jocTi?

Hamano oCHOBHI mMHTaHHS, ajie MOXKe OyTH Oe3liu
iHIMX. Hanpukiaza, SsKUM 9YMHOM BU3HAYArOTHCS MPiOpH-
TEeTH MHOXXMHHU TIPAaKTHK, 3 SKUX (OPMYETHCS IpOIEC i
T. iH.

®opmysanns mozerni 3pinocti SPICE INT € 3anauero
CTPYKTYpHO-TTapaMETPUYHOTO CHHTE3Y. Jlo CTPYKTypHOTO
CHHTE3y HEOOXiZHO BIJHECTH BH3HAUCHHS THITy IIKaJIH,
KUTBKICTh PIBHIB 3pITOCTI 1 Mepemik mporeciB, sSKi HE0O-
XiTHO BUKOPHCTOBYBAaTH Ha KO>KHOMY piBHi. [lo mapamer-
PUYHOTO CHHTE3Y BiTHOCHTBHCSI BU3HAUCHHS PIBHIB MOX-
JIUBOCTI OKPEMHUX IPOICCIB HA KOXKHOMY PiBHI 3pLIOCTI.
HeoOxinHo BinpizHsaTH no0ynoBy Mojeni 3pinocti SPICE
INT i QopmyBanHs Mojenell OLIHKM Ta IUIaHyBaHHS
posButky IIP II3 opranizaunii Ha i ocHoBi. J{nst 1poro
HeoOxiHo copmyBaTu kputepii po3Butky [P I13 pizHoro
poay OOMEXKEHHsS, y TOMY YHCIi PECypCHi, NMPIOPUTETH
OKpeMUX IPaKTHK, IPOIECIB i T. iH.

Himmo poboTu € moOyq0Ba THHAMIYHOI MO TUIa-
HYBaHHS PO3BHTKY MHOXXHHH OKPEMHX IPOLECIB MOJENi
spinocti SPICE na nimanosoMy niepioni [1, T]. Llg 3anaua €
CKJIQJIOBOI0  YAaCTHHOIO  CTPYKTYPHO-TIAPAMETPHUYHOTO
cunre3y (opmysanns moneni SPICE INT Ta cunresy
MoJeni 1 anroputMmy IulaHyBanHsi po3sutky [IP I3 IT-
kommanii Ha ocuoBi SPICE INT. V Bcrymi o6rpyHTOBaHa
aKTyaJbHICTh BHUpILICHHS i€l 3amaui. [ mocsrHeHHs
MOCTABJICHOI 1l y poOOTI PO3IISIAIOTECS Ta BUPILIY-
FOTBCS TaKi MUTAHHA:

- (hopMatizarist CTpYKTypH €TaIOHHOI MOJIei 3pijoc-
1i SPICE;

- opmasizarist OI[iHKY PiBHSA MOXIJIUBOCTI OKPEMOTO
nporecy monem SPICE;

- opmyBaHHS (QYHKIII BHUTpaT HpH INEpexoai 3
(t — 1)-ro Ha t-ii mignepiox MIaHyBaHHS;

- CHHTE3 AMHAMIYHO{ MOJeNi MIaHyBaHHS PO3BUTKY
ITiIMHOKHHH MIPOIIECiB eTamonHoi Moeii 3piocti SPICE.

3aBepiryeTbest podoTa BUCHOBKAMH Ta TPECTABIICH-
HSIM IUISXIB MOJAIbIINX JOCHIIKEHb Y HAMPSIMKY CTPYK-
TypHO-niapameTpuuHoro cunredy moneni SPICE INT i
po3poOku TexHoiorii rianyBanHst po3Butky IIP I13 IT-
opranizanii Ha ocHOoBi SPICE INT.

®opmanizanis  CTPYKTYpPH e€TAJOHHOI MojeJi
3pigocti SPICE. Etanonna monens SPICE moxe Oyrtu
BUKOpHCTaHa Juisl Oynb-gKol opraHizauii po3poOHuka I13.
s monmenp He 3aJIeXKUTH Bl TMEBHOI (ipMH, CHUCTEMH
YIOpaBIiHHA, MoOJeNeil )kuTTeBoro IuKiry 113, TexHOIOTIN
nporpamyBasast i T. iH. Y pobori [12] mpencrasiena
crpykrypa etanionHoi moxaeni SPICE y Burmsami Tabm. 5.
3 Mmetoto ii (opmarizamii i BUKOPUCTAHHSA y TUHAMIYHIHA
MOJENl TJIaHyBaHHA pPO3BUTKY IIIMHOXXHHH OKPEMHUX

npoueciB  JKI[ BBememo HacTymHi NO3HaueHHsA. G —
MHOXHHA TPYyN TMpPOIECiB, sIKi B CTAJOHHIN Mozemi
NpPE/ACTaBICHI TphOMa BUAAMH: OCHOBHI IPOIIECH,
JIOTIOMDKHI ITpoIlecH, OpraHisamiiHi mporecu. B cBoro
4yepry KoXHa g-Ta Tpyla IpoueciB, g € G CKIIQaeThCs 3
IeBHOI MHOMHHM KaTeropidl mpouecis K. Buxoxsun 3
€TaJIOHHOI MOZEJ OCHOBHI NPONECH MICTATh HACTYITHI
KaTeropii.

1. Customer-supplier category (CUS) — npouecu, 1o
0e3mocepeIHRO MOB’A3aHi 31 CIIOKHBAYCM.

2. Engineering category (ENG) — mpouecu, mio
BCTaHOBJIOIOTh BHMMOTH JI0 CHCTEMH 1 HpPOrpPaMHOTO
MPOJYKTY, MPOLIECH peai3alii Ta CynpoBOy.

JlomoMixkHI TIpoIIecH MaroTh OMHY Kareropiro. Ile —
Support category (SUP), sixi 3a6e3me4yroTs i miABHIIYIOTE
MPOAYKTUBHICTE 1HIITNX MPOIECiB IPOEKTY.

Oprani3amiifHi IpoIecH MaloTh HACTYITHI KaTeropii.

1. Management category (MAN) — nporiecu 3amycky
MPOEKTY Ta YIPaBIiHHA HOTO pecypcamu.

2. Organization category (ORG) — mnporuecu, 1m0
BU3HAYAIOTh OIi3HEC-NIJII OpraHizamii 1 J03BOJIAIOTH iX
JIOCSITTH.

B cBoro 4epry koxHa Kateropis k € K; MicTHTBH
MHOXHHY OKPEMHX MPOLECIB (TiAmponecis) Py j 1 KOXKHAH
nporec (manpouec) p € Py MiCTUTH MHOXHMHY NPaKTHK
I;k. Tomy mnpaktuka i € I;k. Harnmsansaa iHTepupeTamis
ctpykrypu etanonHoi moneni SPICE mpeacraBiena Ha
puc. 1.

G <:| MHOXHHa rpyIl MPOLECiB

v
MHOXHHA KaTeropii I:> Kg 2 € G
T
v
Pg,k ke Kg <1 Muoxuna npouecis
L

v
p
MHuoXkHHa IPaKTHK :> Ig,k ,DE Pg,k

Puc. 1. ®opmanizanis crpykrypu etanonsoi moaeni SPICE

@®opmanizanis  OMIHKM  PiBHA  MOMJIUBOCTI
okpemoro npouecy moaei SPICE. Sk Oymo po3ristHyTO
BUIIE, OKPEMHH ITPOIIEC MICTUTH B COO1 MHOXHHY NPAKTHK.
BukoHaHHS KOXHOI 3 HHMX CIpHUSi€ NOKPALIEHHIO DPiBHSA
MOXIIMBOCTI OKpeMoro npotecy. [Ipononyerscs y moaaib-
IIOMY JJISl OLIHKHM TPaKTUK BHKOPHUCTOBYBATH METOIUKY
OLIIHKH PIBHS MOXKJIMBOCTI MPOIIECY/IiJI MPOLECy €TajIoH-
Hoi Mozeni 3pinocti SPICE. Otxe, piBeHb MOXKIUBOCTI
MIPOIIECY 3aJIEKUTh BiJl PiBHS MOMJIMBOCTI HOTO MPAKTHK 1
OO0YHCITIOETHCS K arperoBaHui MOKa3HUK MHOXHHH PiBHIB
MOKJIMBOCTI IPAKTHK, SIKi BiH MicTHTbh. BinmosinHo mo [12]
OyneMo piBeHb MOXIJIMBOCTI OKPEMOI MPAKTHKH 0OUUCITIO-
BaTH HACTYITHUM YMHOM (Taour. 1)

3 metor (opmaizamii OIHKK PIBHS MOXKJIHBOCTI
okpeMoro mporecy eramonnoi mogeni SPICE Beememo
JIICKPETHI 3MiHHI, sIKI pO3KPHBAIOTh CYTHICTH NO3HA4EHb
N,P,L,F, ski naBegeno B Tabm. 1. 3MiHHa X;’j{ (i, )
BU3HAYa€ CTYIIHb BOJIOJIHHS PUCOIO aTpHOyTa Ol MHOXKHUHH
A, KUl BITHOCUTBCS 0 P-i NPAKTHKH, i-TO mporiecy, K-i
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kareropii, g-i rpymnu npoueciB mozeni SPICE y t-my
mignepioni maanysanus nepiogy [1, T], ne T — kinbkicTsh
iAnepioiB.

Tabmumt 1 — O0uncieHHs piBHIB MOXKIMBOCTI OKpPEeMOT
MIPaKTHKH npouecy Moxeni 3pinocti SPICE

Atpu6 PiBeHb MOXIIBOCTI

PHRYTH 1[2]3 [4]5
1. BukoHaHHSI IPaKTUKH L/IF| F F F F
2. YrpaBiliHHS BHKOHaHHIM L/F F F F
3. YnpasmniaaS pobounmu L/F F F F
HPOAYKTaMU
4. Bu3HaueHHsI IPAKTUKH L/F | F F
5. 3abe3MeueHHs PAKTHKH L/F | F F
pecypcamu
6. BuMiproBaHHs LIF | F
7. KinbkicHe ynpaBiiHHS L/F | F
HPaKTHKOIO
8. 3MiHa NpaKTHKH L/F
9. besnepepBHe L/F
YIOCKOHAJICHHS

VY Hamomy BUIIQJAKy MHOXHHa A CKIagaeTbes 3
JeB’siTi aTpuOyTiB, sIKi HaBeJeHo B Tabul. 1. BianosigHo 1o
Tabs. 6 podotu [12], B sIKiii HABEICHO CTYIMiHb BOJOMIHHS
PHUCOI0 OKpEeMHX aTpHOyTiB, OyJeMO BBaXKaTH, IO 3MiHHI
X' (i, @) npuiiMaroTh TaKi 3HAUCHHS:

XPo(, ) =
1: N - He Bonogie, [0 %—15 %];
{2: P - Bonogie 4acTkoBo, [16 %—50 %]; )
3: L - Bonogie B ocHOBHOMY, [51 %—85 %;

4: F - Bonogie nosHictio, [86 %—100 %].

Otxe, KOXKHHUHI MPOIEC €TAIOHHOI MOZENI 3plIoCTi
SPICE y t-my ninnepiofi riiaHyBaHHSI XapaKTepU3y€eThCs
MATPHIICIO OI[IHOK

t t s
X;’k = {X;k(l, a), [ € ng,

k€K, gea, te[1,T].

a=m}a p € Pg,ka (2)

. . . c o t .
Bigmosigno ta6m. 1 ta 3minHid X 5 k(l, Q) BBEIEMO
MOHATTS TPAHWYHOI MATPHUIl OI[HKH PIiBHS MOXKIHBOCTI
OKpEMOI IPaKTUKU

A={A(y,®), y=0,5, a=1,9}, ®)

Jie Y — piBEHb MOXIIMBOCTi, O — HOMep aTpuOyra. [Jonmar-
KOBO BBEICHO HYJIBOBHH PiBEHb MOJMIIMBOCTI MPAKTHUKH
JUTSE SIKOTO BCi aTpuOyTH piBHI oxuHUII (Tabu. 2).

Tabmuis 2 — ['panryHa MaTPHIL

PiBenb AtpubyTn

el ]2 s a5 6|7 |89
0 1 11 1 1 1 1 1 1 1
1 3 11 1 1 1 1 1 1 1
2 4 13 |3 1 1 1 1 1 1
3 4 14 14 13 3 |1 1 1 1
4 4 14 14 1414 13 3 1 1
5 4 14 14 14 14 |4 4 3 3

Jani 11 KOKHOTO PiBHS MOXKIIUBOCTI Y (POPMYETHCS
. . . t .
MAaTPHIISL «BiIOBITHOCTI» dJZ (V) ILIIXOM MOpIBHSHHS

. . t . .
MaTpull OIHOK X;k Ta T'paHU4YHO1 MaTpHUIl A HaCTyITHUM

HHOM:
L (y) =
Xpt (i, 00): Xpt (i, @) < Ay, o), ]
Y¢§1(ua)=={
- ’ A(Ya (X)I g,k(la a) 2 A(Ya (X), (4)
L i€ Ig =19,

PEP, k€K, geG, te[1,T], y=0,5.

Bume Oyio 3a3HaueHO, HIO pPiBEHb MOXKIJIHUBOCTI
MPOIIECY € arperoBaHUM MOKA3HUKOM PIBHIB MOXKJIHBOCTI
MPaKTUK, SKi BiH MiCTUTh. bymemMo BBakaT, 10 KOKHA

i .
IMpakKTUKa Ma€ CBOIO Bary pgpk IO BIAHOUICHHIO D0 arpe-

TOBAHOTO IIOKa3HMKA PIBHS MOXJIMBOCTI mpouecy. Tonxi
BaroBi Koe(ilieHTH MOXyTh OyTH OOYMCIIEHI Ha OCHOBI
METOZOJIOTii KOJICKTUBHOIO EKCIEPTHOTO OLHIOBaHHS
(MKEO) i 3a10BONBHSIOTh HACTYITHUM YMOBaM:

pgk>0 Vi € gk’z pgk—l p EP,
LEIIJ (5)
kEKg,gEG.

Hactynaunii Kpok — Ha OCHOBI MAaTPHIIh BiIOBITHOCTI
pt . . . .
(o} 9.k (Y) dopmyBaHHS BEKTOPIB BiAMOBIIHOCTI ISt KOKHO-
T'O PiBHS MOXITUBOCTI Y:

My (y) =
M0 = ) ol YRS G,
= LEISk ’ (6)
a=1,9

PEPy, gEG, t€[L,T], y=0,5

Psanxu
Ay) = {A(y, ), «=1,9}, y=0,5

rpaHnyHOi Marpuili A OyZeMo Ha3MBATH ETAIOHHUMHU
BEKTOpaMH Y-PiBHS MOXIHUBOCTI. [IpONOHYETBCS BEKTOp
BIJIMOBIAHOCTI PIBHAM MOXJIIUBOCTI IJISI P-TO TPOLECY
eranonnoi mojieni SPICE 3HaxoauTH HACTYITHUM YHHOM:

vt _ [gpt [mgao]]
Og. _{ =T ¥=054 @

Hopmu BekTOpiB po3paxoBYIOTbCA SK EBKIIIOBI
HOPMH.:

IMgk Il =

AW =
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Buxonsun 3 po3paxyHKy CKJIAJOBHX BEKTOpa @ka
KO’KHa 3 HUX JIOPIBHIOE 200 MEHIIIE OAMHHILI 1 O1JIbIIIE HYJIS.
SIkmo y-ckiagoBa BEKTOpa G)Efk JIOPIiBHIOE OJWHHMII, TO
MPOIIEC BIAMOBIAAE Y-PIBHIO MOXKIMBOCTI. SIKIO Y-CKia-
JI0BA MEHIIIE OJIMHUIII, BOHA BIJIIOBI A€ PiBHIO JOCSITHEHHS
MPOIIECOM Y-piBHA MOXJINBOCTI. OTXe, PiBEHb MOKIJIH-
BOCTi p-To mpouecy k-i xaTteropii g-i Tpymu mporeciB
eranonHoi Mozeni 3pinocti SPICE y t-i migmepion Bu3Ha-
Ya€ThCA HACTYITHUM YHHOM:

Y =
g,k
51000 (@) =1,¢=05; 00, () <1, A=5+1,5
5: @ka(cp) =1, ¢ =0,5.

5=0,4.

Mogenb IUIAHYBAHHSA PO3BUTKY IiIMHOXKUHH
npoueciB eragonHoi moperi 3pinocti SPICE. Koxna
3a7a4a MPUHHATTS PilIeHb PO3TIILAAETHCS 3 IOTIIIAY TPHOX
IpyI KpUTEPIiB:

1) mepuia rpyna — piBeHb JAOCSTHEHHsI IIOCTaBJICHOT
METU 3 MOTIIAY LiJIed CHCTEMH, siKa PO3IIIAHAEThes. Y
HAIIOMY BHIAJKy Ii¢ 30UIbIICHHS PIBHS MOYKIHBOCTI
IiIMHOKHHH MPOIIECIB;

2) opyra rpyna — pecypcHe 3a0e3ledeHHS Uit
JIOCSITHEHHST TIOCTaBJICHOI METH. Y HaIIOMy BHNAAKY
(iHaHCOBI BUTpATH;

3) Tpers rpyma — 4ac, HEOOXiTHHHA IS BHUPIMICHHS
MOCTaBJICHOT 3a/1adi. Y poOOoTi po3risgaeThes (pikcoBaHUH
iHTepBan yacy — miaHoBuii nepion [1, T1.

Tomy Monenb GopMyeTbes [Uisi MEPIIMX JIBOX TPYI
KpUTEpiiB 3 BUAUICHHSIM Iepuiol 3 JBOX IPYI y SIKOCTI
OCHOBHOT'O KPUTEDIl0, & KpUTEpii Apyroi rpynu BiJIHECEHO
JI0 OOMEXKEHb.

[epeiinemo no po3risay nuTaHHs GopMyBaHHS KpPH-
Tepiro 3a7adi, SKUi (PaKTHIHO TOB'SI3aHUH 31 30UTBIICHHSIM
PiBHS MOXKIIMBOCTI migMHOXHHHU miporeciB mogeni SPICE
BIPOJOBK I1anoBoro mepiony [1,T]. Bynemo BBaxkatu,
10 PO3IJISAETHCA JedKa MiIMHOKMHA G TPy MpOIIECiB,
JUTA KOXKHOT g-1 TpyIH MiqMHOXKHHA I?g KaTeropii mporecis
i s KoxHOI k-i kareropii — MigMHOXXHWHA TMPOLECIB
(nignpoueciB) Py, S Py, ne G S G, K; € K,;. Beezemo
MOHATTS IHTETPAJILHOTO PiBHSA MOXIIUBOCTI IiIMHOXHHHU
nporieciB. Buxonsuu 3 (7) KoxXHMIA p-1 MpoLec A0CATaE Y-
pIBEHb MOJMJIMBOCTI TPU yMOBI @5,’;(\() =1. Sxupo
@z; (y) < 1, 6yzmemo BBaXaTH, 10 CTYITHB TOCSTHEHHS Y-
PiBHS MOJIMBOCTI P-TO TIPOIECY TOPiBHIOE @Z,t{ (y). Tomi
MOYKHA BBa)KaTH, 10 IHTETPAIILHUH PiBEHb MOXKIIMBOCTI P-
O Ipolecy y t-My MiAnepioJii IIaHyBaHHS BU3HAYA€ThHCS
HACTYITHUM YHHOM:

5
) = 1_[952 V), p € Py k€K, g €G,
= ®
te[1,T].

HynboBuii piBeHb MOXKIIUBOCTI BBAXKAETHCSI TOCATHY -
THM TI0 BU3HAYCHHIO 1 TOMYy Y = 1,5.

Bynemo BBakaru, 1o nponecam k- kareropii Ta g-i
IpYIH; KaTeropisM MpoLEeciB g-i rpyny; rpymnam Mpolecis,
AKi po3rspalTbes, etanonHoi moxeni SPICE  Bimno-
BiZIAIOTh BEKTOPH BaroBHX KoedillieHTIB {(_)Zk}, {5gk},
{f)g}, SKi MOXKYTh OyTH mpu3HaueHi (3HaiineHi) Ha OCHOBI
MKEO 1 3a10BOJBHSIOT HACTYITHUM BUMOTaM:

o >0 Vp € Py Z pox =Lk €Ky, g€G;
PEP gk

Pgk > 0 Vk € K; Zgz)gkzl,ge(f;

kng

Py >0 VgEG;Zr)gzl.
geG

[ 9)

Toni iHTerpabHUN PiBEHb MOKIHUBOCTI MTiAMHOXKXHUHH
npoiieciB eTanonHoi moseni 3pinocti SPICE y t-my mizme-
piofi IaHyBaHHS BU3HAYAETHCS HACTYITHIM YUHOM:

= Zﬁg Z f_)gk Z f_)gk'@_g]i-
gea keKg PEP g (10)
BianosinHo 10 (2) xoxHuUit Ipolec y t-My mianepiosi
XapaKTepU3yEThCsl MaTPULICIO OLIHOK. J[MHaMi4HaA MOJENb
dbopmyeTbes A1 minMHOXKHHE TporieciB Momenm SPICE.
ToMy y nomansuioMy 6yeMo NpamoBaTi 3 MATPULIIMU

g
()

1 BBaXaTH, MI0 IHTETPaJbHUN pPIBEHh MOXKIUBOCTI €
(YHKII€IO BiI MATPHUIIH OIIHOK 1 Ma€ HACTYITHUH BUTIIS!

7t {Xg,ﬁ(i, W, i€, a= 1,?, pEPD,
k€K, gea
te(1,T]

Tt = Ft(XY).
x5 (12)
Toxi mpupicT piBHS MOXKJIMBOCTI MiAMHOXHHH IPO-

neciB mozeni SPICE BU3Ha4a€eThCsl HACTYITHUM YHHOM

P, (X1, XE) = FE(XE) — FE(RED).

(13)

Ynm panime Oyne npupict, TM OibLIe MiANEpioiB

BiH Oy/ie BIUIMBATH Ha IHTETPaJbHUHI PiBEHb MOXKIJINBOCTI.

Tomy JsoriuHO BBECTH BaroBi KOe(iLiEHTH Ba)KJIMBOCTI
OKpEMHMX MiINepioAiB IIaHyBaHHS:

Et > 07 te [17 T], Zte[l,T] Et =1 (14)
Tonmi mpupict iHTerpaJpHOTO pIiBHA MOXKIMBOCTI
3aMHCY€THCS Y HACTYITHOMY BHTJISI

cbt()?t_l, X = & CT)t()?t_l, X.

(15)

VY mifcyMKy aguTHBHA LidboBa (YHKIS, sIKa BH3HA-

9a€ MOKa3HUK 301UTBIICHHS IHTETPAJbHOTO PiBHSI MOMIIN-

BOCTI MIJMHOXXHHHU TIPOIIECIiB Ha BCHOMY ILIAHOBOMY
MepiofIi 3aMUCy€EThCS HACTYITHUM YHHOM
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F(X) =

te[1,1]

®, (X1, X0),
( ) (16)

ne X ={Xt te[1,T]}.

[epeiineMo m0 po3risiLy NUTaHHS (OPMYyBaHHS
BuTpar Ha (t — 1)-My mianepioi IuiaHyBaHHS, sIKi 3a0e3-
MIEIYIOTh TPHUPICT IHTErPAITEHOTO PiBHSA MOXIIUBOCTI Mij-
MHOXHHH TporieciB Mogmeni SPICE, nmoumnatounm 3 t-ro
miAmepioga Ha BENWYMHY, SKa BU3HAYAETHCS BiIIIOBITHO
(15). 3 miero MeTor0 BBEIEMO TPHUKYTHI peCypCHI MaTPHIIi
aTpuOYTIB MPAKTHK, AKi BU3HAYAIOTh HEOOXiTHI (iHAHCOBI
pecypcu Uil TiJBHMIICHHS CTYNEHS BOJOMIHHS PHCOIO
OKpeMHX arpuOyTiB. Takux CTYHEHIB BOJIOJIHHS YOTHPH
(tabum. 6 [12]). Okpemi eneMeHTH LUX MATPHUIb 3310BOJIb-
HSIOTh HACTYIIHUM YMOBaM:

. t—1,. t, .
A a)[ng (i, ), X7 (i, ] = o:
to t=1,.
ng(l: o) > X;)k (i, o);
. t—1,. t, .
@, a)[ng (i, ), X7, (i, a)] =o:
to t-1;
X5 G ) < X0 (1, ).
SIkimo  BBaKaTHW, WIO HA IEpiOAl IUIAHYBaHHS
[0, 1 — T] Gynp-sikuit aTpuOyT NPAKTHK IPOLECIB, SIKi PO3-
[JISIAI0THCS, € MTOTEHIIHHUM 00’ €KTOM YKJIaJaHHs (iHaH-

COBUX pecypciB, Toxi ¢iHaHCOBI BuTpaTH Ha (t — 1)-my
miAnepioi IIaHyBaHHs BU3HAYAETHCS HACTYITHUM YHHOM

9

R (X150 = Z Z Z Z ngpk(i,a)x

17)
(XD 0, XDeG, 0], £ € [1,T]
TIpH YMOBI
Xl @ = X;ﬁ_igi, 0, a=19, i€lg,
pEPy, k€K, geG, te[1,T] (18)

Bynemo BBakaTH, 10 Ha KOKHOMY Tiarepioni t Ha
PO3BHUTOK MiAMHOXUHHU mporieciB moaeni SPICE Bumins-
I0Th pecypcH B 00°eMi R, 1 pecypcen, siKki He BAKOpPUCTaHI Ha
t-My mizgnepioai, MOXyTb OyTH BUKOPUCTaHI Ha HACTYITHUX
mianepiofax miaHyBaHHA. Tofi pecypcHe 0OMeXeHHS 3a-
MIUCY€ETHCS HACTYITHUM YHHOM

t t—1
Z R.(X*™1 X% < Z R, =R, te[1,T]. (19)
=1 =0

B pesynbraTi nuHamMiyHa MOAENb IUIAHYBAaHHS PO3-
BUTKY IIiJMHOXKHHH TIPOILIECIB €TAJIOHHOT MOJIEJ 3pijocTi
SPICE 3anmcyeTbcsi HACTYHHHAM YHHOM. 3HaWTH OINTH-
MaJbHe 3HaueHHS MaTpuIi X = X*, ske 3a6e3Meuye Makcu-
ManbHe 3HaueHHs KpuTepito (16) mpu ymosax (1), (3)—(15),
(17)—(29).

BucHOBKM, HLISAXH NMOAAJIBINMX AOCTiIxKeHb. Ha
OCHOBI IIOCTaBJIEHOI METH y po0OOTi mpoBeaeHo: (opma-
Ji3anilo CTPyKTypu eranioHHoi mogxeini 3pinocti SPICE;
¢dopmyBanus GpyHkuii BuTpar npu nepexoais (t — 1)-ro na
t-ii  migmepion IUlaHyBaHHS; (OPMYBaHHS — LiIBOBOT

¢byHkuii Mozeni. B pesynbTati npeicTaBieHa AMHaMIi4HA
MOJIeTIb IIJIaHYyBaHHS PO3BUTKY IIJAMHOXKHHH IIPOIIECIB
etaonHoi mozeni 3pinocti SPICE, Ha ocHOBI 5IKOi KepiB-
HuUTBO IT-KOMMaHii Moxe copMyBaTH CTpaTerito mpo-
cyBaHHs (ipMu 10 OinblI BUCOKoro piBHs 3pinocti TP 13
B YMOBaX OOMEKEHHX PECYpCiB.

[Momamemm mocmimkeHHS OyOyTh MPUCBIYCHI CTPYK-
TypHO-TIapameTpuaHoMy cuHTe3y Mogaeni SPICE INT, na
OCHOBi fKOi Oyme pospobieHo anamor mozeni CMMI i
Bukopuctano SPICE INT mns mmanyBanuas po3sutky I1P
13 xkommaHii 3 ypaxyBaHHAM 11 0COOIHUBOCTEIA.
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MATEMATHUYHE I KOMIP'IOTEPHE MOJAEJIIOBAHHA

MATEMATHYECKOE 1 KOMIIBIOTEPHOE MOJIEJIMPOBAHUE

MATHEMATICAL AND COMPUTER MODELING

YJIK 519.876.2 DOI: 10.20998/2079-0023.2020.02.03
1 II. T”AMAIOH, C. 1. €PIIIOBA

METOJY KOMIIPOMICHOT'O BUBOPY IHTEPBAJIY 3MIH MOJEJTBHOI'O YACY B
IMITAIIHUX MOJEJISIX

PosrisparoTecs mponec iMiTalifHOro MOJETIOBaHHS SIK OJWH 3 OCHOBHHX 3aCO0IB JUISI BHBYEHHS IUHAMIKU (YHKIIOHYBaHHS peajbHHX CHCTEM,
30Kkpema, ckiaamgHux. Cucrema Moxke OyTH IpeICTaBIeHA CYKYIHICTIO KOMIIOHEHT. (DYHKIIOHyBaHHS KOMIIOHEHTA IPEICTAaBISEThCS pealizalicro
MHOXHHH (YHKI[IOHATBHUX [iH, SIKi MPEICTaBIAIOTHCS BiAIOBIIHUME aKTUBHOCTSMHU Y BUIISAI TMAPH: aIrOPUTM BUKOHAHHS (DYHKIIOHATBHOI Ail —
TPUBATICTh BHKOHAHHSA. [IpoGiema BinoOpaxenHs B IM omgHowacHOro abo mapayiebHOTO XapakTepy (yHKIIOHYBAaHHS BCiX KOMIIOHEHTIB CKJIaJHOL
CHCTEMH BUPILIYETHCS BBEACHHSIM MOZEIBHOTO 200 CHCTeMHOT0 Yacy. OCHOBHHMH METOaMH BBEJICHHSI MOZIGIILHOTO Yacy € MeTO/ (pikCOBaHOTO KPOKY
Ta METOJ 3MIHHOTO KpoKy. B Meroni ¢ikcoBaHOro Kpoky Ba)KIHBOIO MPOOIEMOI0 € BUOIp BEMHYHHHU IHTEPBATy 3MIiHH MOJAEIBHOro vacy. IcHyroui
pexoMeHanil Uit BUOOpY BENIMYMHM 1HTEPBay 3MiHH MOJEIBHOTO Yacy MAalOTh SIKICHUH XapakTep i iX BHKOPHCTaHHS HO3BOJISIE MiABUIIATH TOYHICTH
MOJIEITIOBaHHSI, aJIe TIPU bOMY 3POCTAIOTh BUTPATH PECypCy 4acy KOMII IoTepa. 3aIpoIlOHOBaHO IPH BHOOPI BEIMYMHY iHTEPBATY 3MiHH MOJEIEHOTO
Yacy BHKOPHCTOBYBATH KINbKICHI OLHKM 3HA4YCHb KPUTEPIiB SKOCTI — TOYHICTh 1 BHUTPATH PECYpPCy 4acy KOMII'IOTepa. Y3araibHEHHH KpHTepii
MPEACTABISIETECS. 3BAYKCHOK CYMOIO IIEPETBOPEHb JIOKAJIBHUX KpHUTEpiiB. 3Ha4ueHHs Koe(illieHTiB, Ha SIKI MHOXAThCs BiJIOBiIHI TEPETBOPEHHS,
BHUCIIOBIIIOIOTH IIepeBaru ocoOH, IO NpHiMae pillleHHs, JOKAIbHAM KPHUTEpisiM ONTUMAaJbHOCTI. HaBoguThes reoMeTpuyHa iHTepHperamnis mporecy
BU3HAYCHHsI KOMIIPOMICHOI aJbTePHATHBU HA MHOXXHHI €()eKTHBHHX albTEPHATUB IS PI3HUX BHUIIAJKIB BOXIHBOCTI JIOKATBHUX KpHUTepiiB. L{i omiHku
JIO3BOJIAIOTH OOTPYHTYBATH XapaKTep 3MiHM KPUTEPiiB SIKOCTI JUIs Pi3HUX BapiaHTIB 3HAYEHb iHTEPBATY 3MiHM MOJIENBHOTO Yacy Ta BUKOPHCTOBYBAaTH
X JU1s BHOOPY KOMITPOMICHOTO BapiaHTy cepesl epeKTHBHIX IIUIAXOM MiHiMi3alii y3araipHeHOro KpuTepiro. Bubip koMnpomicHOro 3HaueHHs iHTepBaIry
3MiHH MOZIEIBEHOTO Yacy peaji3yeThCsl B YIPABISIOUii IPOrpaMi MOJETIOBAHHS.
KurouoBi ciroBa: cxiiagHa cucTeMa, iMiTaliiiHe MOJIETIOBAHHS, IMITAIIiHI MOJeNi, MOIENIBHUI Yac, METOIH, KOMIPOMICHUH BHOIp.

H. I1. TAMAIOH, C. H. EPIIIOBA

METOJAbI KOMITPOMHUCHOI'O BBIBOPA HHTEPBAJIA MOJIEJIBHOI'O BPEMEHHU B
NMHUTAIIMOHHBIX MOJEJIAX

PaccmarpuBatoTcs Ipoliecc IMHTAIIMOHHOTO MOJIETIMPOBAHMS KaK OTHO M3 OCHOBHBIX CPEJICTB JUISI H3YUEHNS TMHAMUKHY (DyHKIIHOHHPOBAHMS PEaTbHBIX
CHCTEM, B YaCTHOCTH, CIOXHBIX. CHcTreMa MoOKeT OBITh TPEICTABICHA COBOKYIMHOCTBIO KOMIOHEHTOB. (DyHKIMOHMPOBAHHWE KOMITOHEHTa
HPEJICTABIIACTCA pean3aluell MHOKeCTBa (DYHKIMOHAIbHBIX AeHCTBHIl, KOTOPBIE NPEACTABIIAIOTCS COOTBETCTBYIOIMMH aKTUBHOCTSIMU B BUJIE TIAPbI:
AJITOPUTM BBITIONHEHUS (PYHKIIMOHAIBHOTO JEHCTBHS - MPOAOKUTENHHOCT BBIMONHEHHA. [Ipobnema orobpaxernus B FIM omxHOBpeMEHHOTO MIH
TapauIeNbHOTO XapakTepa (pyHKIMOHUPOBAHMS BCEX KOMITOHEHTOB CIIOJKHOI CHCTEMBI PElIaeTcsi BBECHUEM MOJIENBHOTO MM CHCTEMHOTO BPEMEHH.
OCHOBHBIMH METOJaMH BBEIEHHS MOJEIBHOTO BPEMEHM SBIAETCS MeTOA (MKCHPOBAHHOIO ILIara M MeTO] IepeMeHHoro mara. B merone
(DMKCHPOBAHHOTO IIIara BaXKHON IPOOIIEMOH SBIISIETCS BEIOOP BENIMYMHBI HHTEPBAIa H3MEHEHHUS MOJIENBHOTO BpeMeHH. CyIecTByIomuIe peKOMEH Al i
JUIsL BEIOOpA BENTMYMHBI MHTEPBajda M3MEHEHHs MOJICNBHOTO BPEMEHM MMEIOT KayeCTBEHHBIH XapaKTep M WX HCIOJIb30BAHHE TO3BOJSET MOBBICUTH
TOYHOCTH MOJIEIMPOBAHMS, HO TIPH 3TOM PACTYT 3aTPaThl PECypca BpeMeHH KoMmbloTepa. [IpeaokeHsl Ipy BEIOOPE BETMYMHBI HHTEPBANa H3MEHEHUS
MOJIENBHOTO BPEMEHH HCIIOJIb30BaTh KOJIMYECTBEHHbIC OLICHKN 3HAaYEHUH KPUTEPHEB Ka4ecTBa - TOYHOCTh M PACXOJIbl pecypca BPEMEHH KOMIThIOTEpa.
OO600IIEHHBII KPUTEPHHA TIPE/ICTABIISIETCS B3BEIICHHOW CyMMON TpeoOpa3oBaHHil JTOKaIbHEIX KpUTEpHeB. 3HaYeHUS KO3(OHIMEHTOB, Ha KOTOpHIE
YMHOXKAIOTCSL COOTBETCTBYIOIIME INPeoOpa3oBaHMs, BBIPAKAIOT HPEANOYTCHUS JIHIQA, HPUHMMAIOLIETO pEIICHUS, JIOKaIbHBIM KPUTEPHAM
ontuManbHOCTH. [IpUBOMTCS TeOMETpHUUECcKast HHTEPIPETALHMS TIPOIecca ONpe/IeIeHHs] KOMITPOMICCHOM allbTepHATUBEI HA MHOXKeCTBE 3()(EKTUBHBIX
IBTEPHATUB JUIA PA3IMYHBIX CIy4acB BAXXKHOCTH JIOKAJBHBIX KPHTEPHEB. DTH OIEHKH ITO3BOJISIOT OOOCHOBATh XapaKTep M3MEHEHHs KpPHTEpHEB
KayecTBa Ui Pa3iIU4HbIX BAPHAHTOB 3HAYEHHIl MHTEpBala M3MEHEHUs MOJIEIbHOrO BPEMEHHM U HCIIONBb30BaTh MX IS BHIOOpA KOMIPOMUCCHOTO
BapuaHTa cpeii d3QPEKTUBHBIX ITyTeM MUHUMH3AIHN 0000IEHHOTO KpUTepHs. BEI60op KOMIIPOMUCCHOTO 3HaUeHHs HHTEPBala U3MEHEHHUS MOJICTTHHOTO
BPEMEHH pealin3yeTcsi B yIPaBISIONIEH IporpaMMe MOJIETHPOBaHHS.

KiioueBble ¢j10Ba: CI0XKHAS CHCTEMA, HIMHTALMOHHOE MOJEITMPOBAHIE, UMUTALMOHHBIE MOJIEIIH, MOZIEIIBHOE BPEMsI, METOIbI, KOMIPOMHCCHBIIT
BBIOOD.

I. P. GAMAYUN, S. I. YERSHOVA

METHOD OF COMPROMISE CHOICE OF INTERVAL OF MODEL TIME CHANGE IN IMITATION
MODEL

The process of simulation is considered as one of the main means for studying the dynamics of functioning of real systems, in particular, complex ones.
The system can be represented by a set of components. The functioning of a component is represented by the implementation of a set of functional
actions, which are represented by the corresponding activities in the form of a pair: algorithm for performing a functional action - duration of execution.

© L. IL. Tamaton, C. L. €puosa, 2020
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The problem of displaying the simultaneous or parallel nature of the functioning of all components of a complex system in the Ml is solved by introducing
model or system time. The main methods for introducing model time are the fixed step method and the variable step method. In the fixed-step method,
an important problem is the choice of the value of the model time variation interval. The existing recommendations for choosing the value of the interval
for changing the model time are of a qualitative nature and their use makes it possible to increase the accuracy of modeling, but at the same time the
consumption of the computer time resource increases. It is proposed to use quantitative estimates of the values of quality criteria - the accuracy and
expenditure of the computer time resource when choosing the value of the model time change interval. The generalized criterion is represented as a
weighted sum of transformations of local criteria. The values of the coefficients by which the corresponding transformations are multiplied express the
preferences of the decision-maker for the local optimality criteria. A geometric interpretation of the process of determining a compromise alternative on
a set of effective alternatives for various cases of the importance of local criteria is given. These estimates make it possible to substantiate the nature of
the change in the quality criteria for various variants of the values of the interval of change in the model time and to use them to select a compromise
option among the effective ones by minimizing the generalized criterion. The choice of the compromise value of the model time variation interval is

implemented in the control simulation program.

Keywords: complex system, simulation modeling, simulation models, model time, methods, compromise choice.

Beryn. Imitaniitne mozemoBanns (IM) B Ham gac €
OJIHUM 3 OCHOBHHMX IHCTPYMECHTAJbHHUX 3aco0iB Jis
BUBYCHHS JMHAMIKMA ()YHKIIOHYBaHHS pCalbHUX CHCTEM
pi3HOTO BHAY, fKi, SIK TPABHIO, BITHOCATHCS IO KIACy
cmaaaux cucrem [1-9]. Tlpu upomy cucrema S, sika
BHUBYAETHCS, MPEICTABIAETECA OE3MUII0 KOMITOHEHTIB
K; (i€1,n), To6T0 S* ={K;|i € 1,n)}. Dyukuiony-
BaHHA KommoHeHTa K; (i € 1,n), mpeacraBisieThCs
peamizamiero 1eskoi MHOXHWHH (YHKIIOHABHUX i

{®D;;|j €1, mi} 3TiIHO BCTAHOBJICHOMY MOPSIKY (IIOCITi-
DNOBHOCTI), IO 3aa€ThCsl BIAHOCHHAMH MEPEIyBaHHS.
Hampuxnan:

Vi€ 1,n:®Dy < @D < - < PD;j < - < @Dy

B IM pgns BuBYeHHS OUHAMIKH (DYHKI[IOHYBaHHS
cuctemu S ynxuionanshi aii {PD;;|i € T,n;j € 1, m;}
MIPEACTABISIIOTHCS BIATIOBITHUMHU AKTHBHOCTSIMH
{AKU-| i€E1l,n;jE 1,_ml} Koxna aktnBHicte AK;; Ha-
OmmKxeHo BUpaXkae BiAMOBiAHy (yHKIiOHaNbHY Hito PD;;
Ta MPEJCTaBIISETHCS Y BUTIISI TTapH:

i€ 1,7’1; V] = 1,mi: AK” =<< A'}Iijatij >,
ne AJl;; — anropu™, 10 HabIMXKEHO BifoOpakae BHKO-
HaHHA QyHKIioHaIbHOT Hii ®D;;, a T;; — TPUBAICTS ii BU-
KOHaHHS.

Junamika (yHKLIIOHYBaHHS KOXHOI KOMIIOHEHTH
K; (i € 1, n) onucyerbes 3MIHOIO i CTaHy B JIOKQJIbHOMY
qaci t; (i € 1,n). Ilpm upomy ¢yHKIIOHANEHI Hil
{®D;;|j € 1,m;} xommonentn K;(i€I,n) B IM
peani3yrThCs BiAMOBITHUMU AKTUBHOCTSIMHU

JE)

{AKi]-| JjE 1, m;}, Tak, mo 3 mMoYaTKy npu (iKCOBAHOMY
3Ha4YeHHi JOKambHOI koopauHaTH t; (i € 1,m) BHKOHY-
erbes anroputM AJl;jaktuBHOCTI AK;), @ OTiM JIOKaIbHA
KOOp/IMHATA {;3MIHIOETHCS HA BENUYMHY T;;. Y PE3yIbTari
B IM BinOyBaeTbes nofist C;; B MOMEHT JIOKABHOTO Yacy
t;j. 3micToBHicTh mojii C;; o3Hauae, MO aKTUBHICTh AK;;
peanizoBana B IM.

Hapani mMozemoeTbesi BUKOHAHHS HAacTynmHOT (QyHK-
uionansHoOi mii ®D;j,; Tak, mo y hikcoBaHMH MOMEHT
JIOKAJIbHOTO  4acy t;; BUKOHyeTbcsi amroputm AJljj.q
axkTuBHOCTI AKj; 1, @ HOTIM 3MiHIO€TBCS JIOKANBHUH Yac t;
Ha BEIMYMHY T;j11. B MOMEHT JIOKaJbHOIO 4acy
tij+1 = tij + Tij41 B IM BinOyBaetbcs me omHa momis
Cij4+1, WO BimoOpaxae 3aBepmIeHHs ()YHKIIOHANBHOT Jii
®D;jt1-

Junamika QyHKIIOHYBaHHS KOMIOHEeHTH K;
(i € 1,n) B IM Gyze npejcTaBieHa TOBHICTIO B MOMEHT
JIOKAILHOTO Yacy tip, , KON HACTA€E MOAIS Cipy,, SIKA Bi/106-
paxka€ 3aBePLICHHs OCTaHHBOIT QYHKLIOHATIBHOT /i PD;ypy,
KOMITOHEHTH, 5IKa PO3TIIAAETHCS.

B cknaniii cuctemi S = {K;| i € 1, n} Bci ii cknamosi
KOMITOHEHTH (YHKIIOHYIOTh OJHOYACHO 200 MapajelbHO.
Y IM ocHOBHHM 3aco0oM 00poOkm iH(popMamii €
KOMIT'IOTep, SKAH B KOXHHH MOMEHT dYacy o0poOise
iH(pOpMAIIifO TITEKHA OAHOTO 3 KOMITOHEHTIB, III0 3BOAUTHCS
10 BHKOHaHHsA Jeskoro anroputmy AJl;; Ta 3miHy 3Ha-
YeHHs BIAMOBITHOT JOKaJIILHOT KoopauHaTH t;. Takum uu-
HOM, BUHHUKa€ npobiiema BigodpakenHs B IM ogHodacHOro
a0o mapaynenbHOro Xapakrepy (yHKLIOHYBaHHS BCiX KOM-
MIOHEHTIB CKJIaTHOT CHCTEMH.

I mpobnema BUpILIyeThCSI BBEACHHAM MOJIEIBHOTO
a00 CHCTEMHOTO 4acy, KMl 3a3BUYail TO3HAYAETHCS 5K ty.
3a J101oMOr o010 IIOT0 Yacy B IM BCTaHOBITIOETHCS MOPSIOK
00poOku iH(popMaIii B pPI3HUX KOMIIOHEHTaX CHUCTEMHU
KOMIT’ FOTEPOM, 10 TPALIOE MOCiiJoBHO. OCHOBHUMH Me-
TOJIAMHU BBEJICHHS MOJIEJILHOTO Yacy € MeTo/ (JiKCOBAHOTO
KpOKy abo0 TOCTIHHOro iHTepBaly Ta METOJ| 3MIHHOTO
KpOKy a60 KpOKY JI0 HACTYITHOT nozii. Ix mie inakme Hazu-
BalOTh MpuUHIMIOM At Ta npuHImMIOM 0z BiamoO-
BigHO [2, 7].

BuxopucTaHHsS KOKHOTO 3 X MeToAiB B IM icToTHO
3aJ1€XkKUTh BiJl XapakTepy pO3MOAiLY MOMEHTIB 4Yacy t;;

(i€1,n; j€T,m).

IMocTtanoBka 3amaui. B MeToxmi ¢ikcoBaHOTO KpPOKY
a00 MOCTIHHOTO IHTEPBAIy BaXKIIMBOIO IIPOOIIEMOIO € BUOIp
BEJINYMHHM 1HTEPBATY 3MiHH MOJIENILHOTO Yacy At.

Icaytoui pekomengamii A BHOOPY MarOTh AKiCHUI
XapakTep 1 3BOJISTHCS, SIK PABHJIO, JI0 TOTO 1110 3MEHIICHHS
At 103BOJISIE TABUIUTH TOYHICTH MOJISITIOBAHHS, alle TIPH
IbOMY 3POCTaIOTh BUTPATH PECYPCy Yacy KOMII FoTepa.

B crarTi po3risiiaroThesl KiTBKICHI OIIHKH 3HAYEHBb
JIBOX BHKOPHCTOBYBaHHX IIPH BHOOpPI KpUTEPIiB SKOCTI -
TOYHOCTI 1 BUTpAT pecypcy dacy KOMII FoTepa Julsl pi3HUX
BapiaHTiB 3HaueHb At. Ili OWIHKK JO3BOJISAIOTH OLIBII
OOIpYHTOBaHO BHUCIIOBUTH XapakTep 3MIiHHM 3a3HaYEHUX
KpUTEpiiB A pi3HUX BapiaHTiB 3Ha4eHb At Ta BHKOPHC-
TOBYBATH iX JI1 BUOOPY KOMIIPOMICHOTO BapiaHTy.

Meton Bubopy. Bubip KOMIPOMiCHOTO 3HAYEHHS
At peamizyeTbesi B ynpaBIslOdiil iporpaMi MOJEITIOBAHHS
(YIIM), 110 € 0ozHi€I0 3 YAaCTHH CTPYKTYPHOTO BU3HAUCHHS
IM y Burmsizai koprexy [2, 7]:

IM = ({(AK;;| i € T,n;j € T,m,)}, YIIM).

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIIy. Cepisn: Cucmemnuii
18 ananis, ynpaeninus ma ingopmayitni mexnonoeii, Ne 2 (4)°2020



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

VIIM B 3a3nadeHoMy Bu3HaueHHi IM 3abe3neuye
B3aemonito axtuBHocTell  AK;; (i € 1I,njel,m) i
BUKOHYE Oprai3youi QyHKIii:

e 3MiHY MOJIENBHOTO Yacy t, Ha BenmuuuHy At;

® 3MiHYy JIOKaJIbHUX KOOPJMHAT t; Ha T;j;

®  3aIlyCK Ha BUKOHAHHs anroputmis AJl;;;

® TIepeBipKy YMOB 3aKiHYCHHA IMiTamii, 10
BUPAXKAETHCS Y BUIJBIII JOCATHEHHS JESIKOTO 3HAYCHHS
MO/JIETIBHOTO Yacy, a00 y BUIIISAI BAHUKHEHHS AEsKOT Ol

OueBuIHO, IO peaizalis 3a3Ha4eHUX (YHKLINA
3aJeXKHUTh BiJ 3Ha4eHHs At. MonenpHuH 4ac t, 3TiIHO
METOly TIOCTIHHOTO iHTEpBaly, 3MIHIOEThCSI Ha BEIMYHHY
At 1 HaOyBa€ 3HaYCHHS:

to € {0, At, 2At,3At, ..} ={kAt|k€0,1,2,3,..}.

Hexait k = 1. B B/l BUABIAIOTHCS Ti 3HAUCHHS t;4, K1
nanexars intepBany (0, At), To6To iHTepBanmy, SKHi
OXOIUTIOE TepeXifl BiJl MONEpeHbOr0 [0 HACTYITHOTO
MOMEHTY MOJIEJIBHOTO 4acy ty. OCKIIbKY MEXaHi3M 3MiHH
MOTOYHOTO 3HAYEeHHS j He BMHKaBcst, To j =1 i

PO3TIISIAETHCSL UM HANekKaTh 3HAYCHHS t;; IHTEpBaIy
(0, At).
Uepes [; TO3HAYaeThcs MiAMHOXKHHA 1HIEKCIB

KoMHoHeHTiB K; (i € 1, n), mis Akux:
Vi€l; ty €(0,At).

Lle o3nauae, mo B intepsani (0, At), BinOyBaroThCs
momii Cy; (i €1;) 3aBeplIeHHS BHUKOHAHHSA MEPIIUX
¢yHKmioHanpHUX Aiit PD;; (I € I;) B pi3HUX KOMIOHEHTaX
CKJIQJHOI CHCTEMHU.

Sk mpaswno, 3HaueHHs t;; (i €I1;) pismi i
PO3NOALIAIOTECS TIeBHUM unHOM B iHTepBam (0, At).
IIpote B IM nepenbayvaeThes, 0 BCi Il MOMEHTH OHAKOBI
Ta X 3HAYEHHS NPHUPIBHIOIOTHCS JI0 3HAYEHHS MPABOTO
KiHIIA iHTEepBay, T00TO Vi € I, t;; = At.

TakuM 4MHOM, IOMTYCKAETHCSI TOXUOKA MOJICTFOBAHHSI
F;, sixa Ha iepmromy intepsaini (0, At), OliHIOETHCS BEJH-
unHOM Fy = Y, (At — t;7).

Y MOMEHT MOJIeNIbHOTO Hacy t, = At BHpPOOIIOETHCS
curHan s YIIM Ha 00poOKy iH(oOpmamii KOMIIOHEHT
Ki(i€l.)

Ilepmr 3a Bce BKIIOYAETHCS MEXaHI3M 3MiHU
MOTOYHOTO 3HAYEHHs 1HIEKCY ;j TakK, 10 BHKOHYETHCS
ymoBa: Vi €L; j=j+1.

ITotiMm peamizyeTscst  iHimiami3amist aKTHBHOCTEH
AK;; (i € I;), mo mnepenbdayae NOCHIIOBHE BHKOHAHHS
anroputmis AJl;; (i € ).

Jlokanbhi koopauHat t;(i € [;) 3MIHIOIOTBCS Tak,
10 MOMEHTH BMHUKHEHHS IIOIii Ci}' (i € ;) Bu3Haua-
1oThes AK Vi € Iy, t;; = At + Tjj, a OTPUMaHi 3HAYEHHS
BHOcsTbest B BJl 1 3amam’sitoBytothes. IlepeBipsieTses
YMOBa 3aBeplIeHHS iMiTarii. SIKIo BOHa HE BUKOHYETHCH,
TO TPOLEC MOJETIOBAHHS MPOJOBXKYEThCS. 3Ha4YeHHS k
301IBIIYETHCS TaK, M0 k = 2.

Y BJl BUABIAOTBCA 3HAYEHHA t;;, SAKi HaleXaTh
HACTY[IHOMY iHTepBaiy MonensHoro uvacy (At, 2At).
Busnauaerbcs MHOKMHA 1HIEKCIB [, Taka, 10

Vi€ I, t; € (At, 2At).

Ha inurepsami (At, 2At), skuii po3riIsmaETHCS,
BinOyBatoThes momii  C;j(i € I;), #AKi  3aBepiIyoTh
dynxuionansri aii @D;; (i € I;) B pi3HUX KOMIOHEHTaX
CKJIa{HOI CUCTEMHU S.

Bci momentu t;; (i € I;) B IM BBakaloThcs piBHUMH
3HAYEHHIO NPABOTO KiHIL iHTEPBAJy, IO PO3IJIANAETHCS,
TOOTO Vi E [2, tl] = 2At.

[MpunyuieHHs: MPU3BOAUTE J0 NOXUOKH, 3HAYEHHS
SIKOT OLIIHIOETHCS BEJTMYUHOIO:

F12 = Z(ZAt - tl.])’

i€l,

Jie t;j pO3MOMINAIOTECA B Mexax inteppainy (At, 2At).

B MomeHT MozienbHoTO yacy t, = 2At YIIH nounnae
00poOKky iHdpopmanii komnoHeHT K; (i € I,).

SIk 1 paHile, BKIIOYAETHCS CIOYATKY MEXaHI3M 3MIHH
MOTOYHOTO 3HAUEHHS IH/IEKCY j Tak, o Vi € I, j = j + 1.

Ininiamizamis aktusHoctedt AK;; (i € I;) 3BoauThCS
JI0 HOCTTiIOBHOTO BUKOHaHHs anroputmiB AJl;; (i € I).
MO Cij(i€L)
BU3HAYAIOTLCA AK V [ € [, t;; = 2At + 755

Otpumani 3Ha4eHHs t;; (i € 1) BHOCATLCA 10 BJI Ta
3amaM’ ITOBYIOTBCS

[lepeBipsieTbess yMOBa 3aBEPIICHHS IMITAIll i, SKIIO
BOHA HE BUKOHYETHCS, TO 30UIBIIyeThCA 3HAUCHHA K, IO
O3HaYae Iepexifi [0 HACTYIIHOTO MOMEHTY MOJEIBHOTO
qacy.

B 3arajpHOMY BUNAJKY, KOJIU 3/1IHCHIOETHCS MEPeXif
JI0 MOMEHTY MojeibHOTO 4Yacy kAt, B BJl BUABISIOTHCS
3HAYEHHS t;; AKi HaJle)kKaTh YEPTOBOMY iHTEPBATY MOJIENB-
HOTO Yacy ((k — 1)At, kAt).

Bu3HayaeThCsl MHOXHHA 1HICKCIB [
Vie€l, t; € ((k — DA, kAt).

Ha inrepBaii ((k — 1)At, kAt) BiIOYBArOTHCS MOIIT
Cij (i € Iy). Sk i panime, Bci MomenTH t;; (i € I}), B AKHX
BinOysatoThes monii C;; (i € Iy) TNpUPIBHIOIOTECA 10
3HAUEHHs MMPABOTO KIiHIS PO3MIISTHYTOIO iHTEpBaly, TOOTO
Vi € Ik’ tl] = kAt.

Bu3HauaeThCs BETMUMHA OLIIHKY MOXUOKHU HA PO3TJIs-
HYTOMY IHTepBaJIi:

Fup = Z (KAt = t;)).
i€l

YIIM B MOMEHT MOAENBHOTO Yacy t, = kAt nmounHae
00poOKy iH(OpMaIii, sKa BITHOCHTBCS IO peaii3aril
dyHKIiOHATBHEX [il B KoMrioHeHTax K; (i € I;).

3MiIHIOETHCSI IOTOYHE 3HAUYEHHS 1HJEKCY j THX aKTHB-
HOCTEH, AKi iHIMIaTi3yloThcs B PO3TIHYTOMY iHTEpBai
Tak, mo Vi €L, j=j+ 1.

Ininianizauis axruBsocteit AK;; (i € I) nepenbdauae
MOCJIIZIOBHE ~ BUKOHAHHS  BIANOBIAHMX  QJITOPUTMIB
AJl;; (i € Iy) 1 BU3HAYEHHS MOMEHTIB BUHUKHEHHS TIOJIii
Cij (i € I):

Mowmentu BUHHUKHCHHA

Taka, MO0

Vie [k! tl.] = kAt + T,:j_
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V' pesynpTari b/l MONOBHIOETHCS 3HAYEHHAMH t;
(i € I;).

YeproBuil pa3 mepeBipsAETbCS yMOBa 3aBEPIICHHS
imiTamii. K110 BOHA HE BUKOHYETHCS, TO POIIEC MOAEIIIO-
BaHHSA IIPOJOBXKYETbCS. B iHmOMY BHmanmky, 3aBepiy-
€TBCH.

Hexail B nmeskuil MOMEHT MOJENBHOIO Hacy to =
k'At yrBOoproeThcs Taka MHOKHHA [, 110 V i € I, j = m;.

OCKINTbKY BCl IHAEKCH I, UISl IKUX 3a3HaYeHa yMOBa
BUKOHYETHCSI, IOBUHHI OyTH BUKJIFOUEHI 13 MHOXHHH [, TO
otpumyemo, o I = @. Ile o3Havae, Mo iHiNmiaTiI30BaHi BCi

axktuBHOCTI AK;j (I € 1,n,j€1, mi), IIpOLIEC MOJENIO-
BaHHS IUHAMIKA (QYHKIIOHYBaHHA CKJIAIHOI CHCTEMH S
3aBEpIICHHH 1 BiH MOke OyTH BiATIOBiTHUM YHUHOM IIpeJ-
craBieHuil. Ha puc. 1 HaBeneHo mpukiIag Takoro mpen-
CTaBJICHHS [T BapiaHTa, Koiu At = 8.

BuxiaHi 1aHi po3risIHyTOrO MPUKIIANY TaKi:

S=1{Kli€l,3},

K, ={®D;;|j € 1,4},

K, ={®D,;|j € 1,3},

CDD21 < q)DZZ < CDD23,

K; = {®D;;|j € 1,3},

CDD31 < q)D32 < CDD33,

T11 =5 T12=8,T;13=9, T2 =7,

To1 =10, T, =7, T3 =9,
T31 = 8, T32 = 12, T33 = 10.

Hlnsxom peanizanii Bkazanux aiid IM, nokaximo st

BUNAJKY, Ko At = 8, muHamiKy (QyHKIIOHYBaHHS CKJIa]l-
HOI CUCTEMH Y BUTJISII CYKYITHOCTI MapalielIbHUX MPOLECiB
(YHKIIOHYBaHHS CKJIaJJOBUX KOMIIOHEHT cHCTeMH K;
(i€ 1,—3) [Tpu npOMY KOXXHMH 3 NpPOLECIB BigoOpakae
BUKOHAHHs anmpoKCUMYIOUUX (yHKLioHanbHUX Al P D;;
anroput™iB -~ AJl;;. lle TpH3BOOMTL 10 3MiHM CTaHy
KOMITOHEHTH y BIMOBIIHUX JIOKAIBHUX YaCOBUX KOOPJIH-
HaTax t;.

Otpumane Ha ocHOBI IM mpencTaBicHHS AUHAMIKA
(YHKIIOHYBaHHS CKJIaJHOI CUCTEMHU ITO3BOJISIE OTPUMATH
MOBHY OIIIHKY MOXUOKH MOJICITIOBAHHS IS 33JJAHOTO 3HA-

yeHHsa At
Fip = Z Z (kAt = t;5),
= LEl

kei k'

kei k'

ne t;; € ((k — 1)At, kAt).

SIk 3a3HAYanI0Cs, 1HIIOK OLIHKOKI SKOCTI MOJIEIO-
BaHH € BUTPATH PECypCy Yacy KOMII I0Tepa Ha OTPHUMAaHHS
3a3HaYCHOTO TPEACTaBICHHS TUHaMiku. Henpsmoro omiH-
KOIO ITUX BUTPAT 3 ypaxyBaHHSIM IPyIoBoi 00poOku iHpOp-
Marjii pi3HUX KOMIIOHEHT B MOMEHT MOJENBHOTO dYacy
Moske OyTH uncio 3BepHeHb 10 YIIM. Lo omiHKy mo3Ha-
9uMO SIK F,.

OueBnano, mo F, = k', OCKiTbKH B MOMEHT
MOJICIIBHOTO Yacy t, = k'At 3abe3neuyerhes 3aBepIICHHS
ininiamisanii Beix axtupHocTelt AK;; (i € 1,n,j€ 1,—ml)

Hns posrnsnytoro npuxnany F; = 21, F, = 4 . Ilpu
npoMy F; BUMIpDIOETBCS B OJMHHIUIX dacy, a F, — Oes-
pO3MipHa BeJNMYMHA, sSKa 3a YMOBH peaiizaulil BUMIipIO-
BaHHs BHUTPaT PECypcy 4acy KOMIT'IOTepa TaKOX MOXKe
BUMIPIOBATUCS B OJIMHUIISX Yacy.

B 3amauax BuOOpy abo NpUIHATTS pillleHHS pi3Hi
3Ha4yeHHs At e Bapiantamu anstepHatus At; (I € L), ne -
iHAGKC aNbTepHATHBH, a L — 3arampHa KUIBKIiCTB
anprepHaTHB. OUiHky F; 1 F, € KpUTEPisIMU OITUMAITEHOCTI
200 miTbOBUMH (QYHKIIISIMH, SKi HEOOXITHO MiHIMI3yBaTH B
pe3ysnbTati Bubopy ansrepHatusu [10-12].

3HaueHHs F; 1 F,, 110 OTpUMaHi B pe3yIbTaTi iMiTaIii
JUTSE PO3TIITHYTOTO MPUKJIAMY 1 BIMOBIAAIOT BiJAMOBIIHUM
pi3HUM anpTepHaTHBaM At; (l S 1,_L), HaBeJieHi B Taom. 1.

AHauti3z pe3ynbraTiB y Tabi1. 1 3 ypaxyBaHHIM MiHIMi-
3anii kpurepiiB F; 1 F, mnoka3ye, 1o aJbTepHATHBH
l=3,4, nmna saxux F,=5a F;, =19 i
F, = 25 BiANOBITHO MOXYTh HE BPaxOBYBAaTHCS B 3aaadi
BHOOpPY, OCKUIbKH € anpTepHaTtuBa [ = 2, i sKoi

—_—
Ay - T T
oy, T W 1,

1 -
i, A - T

=

Puc. 1. Haoune npescrasnenns pesyisraris IM gunamiku dynkiionysanns cucremu S = {K;| i € 1, 3}
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F, =5,sx 1 g | = 3,4, ane npu upomy F; = 11, mo
MeHIIe Hix 11 | = 3, 4.

Tabmuns 1 — 3HaueHHS JTOKaJIbHUX KPUTEPIiB Ha MHOXHHI

AJIbTEPHATUB
I [1]2[3[4]5]6]7]8]9]wo]u1
At, |4 5|6 |7 |89 |10]|11]|12]13 |14
F, |9 | 11|19 | 25| 21 | 22 | 22 | 29 | 25 | 32 | 39
F, |7|5|5|5]|4]|3|3|3]|3]3]3

3 miel x npuanaK ansTepHatnBu | = 8,9, 10, 11 mna
skux F, = 3, F; = 29, 25, 32, 39 BiamoBixgHO, MOXYTH HE
BpaxoBYBaTHCS TIPH BUOOPi, OCKUTBKH € ajJbTePHATHBU
l = 6,7 3 TuM camMuM 3HaueHHAM I F3, Tak sk F; = 22.
Kpim 1poro, ockinbku ansTepHaTiBu | = 6, 7 piBHO3HaU-
Hi, TO /J1s1 BHOOPY MO>KE BUKOPHCTOBYBATHCS OJlHA 3 HHUX,
Hanpukian l = 6.

TakuM YMHOM, NONMYCTHMMa MHOXHHA aJlbTCPHATHB
JUIsl pilleHHs 3a7adi BUOOPY CKJIQNAIOTHh AIbTEPHATHBH
l=1,2,5,6. s BU3HAYEHHS KOMIPOMiCHOT
aJbTEPHATHBH HA MHOKHHI JIOKaIbHUX KpUTepiiB {Fy, F,}
BUKOPHCTOBYIOTCS IEPETBOPCHHS:

F1 (l) - Flmin
Flmax - Flmin ’
F2 (l) - FZmin

9
FZmaX - FZmin

Wi (l) =
w, (l) =

1€ Fimins Famins Fimax» F2max — BIATIOBITHO MiHIMaJbHI i
MakCHMallbHi ~ 3Ha4YeHHs  KpurtepiiB  Fi, F,, ki
MIHIMI3YIOTBCS Ha MHOXHHI JONYCTHMHX aJTbTCPHATHB
[=1,2,5,6.

Posmonin ankTepHAaTHB Y ABOMIPHOMY MPOCTOPI 3HA-
yeHb QyHKIii W; 1 W, moka3zaHo Ha puc. 2, Ha IKOMY Y
BUTJISIII TEMHUX KUJI IPEJCTaBIISIOTHCS €PEKTUBHI albTep-
HatuBU. KoMITpoMicHa ajbTepHaTHBa BU3HAYAETHCS CEPe/l
e(eKTUBHMX MUIIXOM MiHIMi3amii y3arajibHEHOro KpuTe-
pito:

WO =) WO,

r€i, R

neVre1LR,o>0,% sxra. =1

3mauenns o,>0 (r€ 1,R) mokasyiOTh mepeBaru
ocobu, MmO NpuiMae pilIeHHs, JOKAJIBHUM KpUTEpisM
ONITHMAJIEHOCTI.

Ha opwuc.2 cTpikor0 TOKa3yeTbesi  HANPSIMOK
NepeMillleHHst JIiHIl piBHS y3arajlbHEHOTO KPHUTEPIilo
W) = oWy (1) + a,W,(1) = b ipu #oro minimizamii B
pasi, Kouu JoKajbHI Kputepil piBHO3Ha4yHi (b — min),
KOJIM JIOKAJBHI KpuTepii piBHOMpasHi (0 = a,).

VY upoMmy BHMNajaky epeKkTUBHA ajnbpTepHaThBa | = 2
BHOMpPAETHCS K KOMITpoMicHa. [HIIa eeKTHBHA anbTepHA-
THBa MOXe OyTH oOpaHa B SKOCTI KOMIPOMICHOI, SIKIIO
3MIHUTH Opi€HTAMIO JiHil piBHA B mpocTtopi ¢yHKIii Wy,
W, mmsxoM 3MiH 3HAa4eHb 04 1 Oy, SIKI BHpaKaroTh
BaXIUBICTh BIAMOBIMHUX (QYHKIIH IJsi 0COOH, MO MpHiA-
Mae pileHHs.

BucnoBku. TakuMm 4rHOM, IPOBEAEHO aHalIi3 MPOO-
JeMu BUOOPY BEJIIMYMHM IHTEPBAJIY 3MiHH MOJEILHOTO
4acy B MeTOJIi ()iIKCOBaHOTO KPOKY, 1110 BU3HAYA€E NOPSIOK
00poOku iH}popMmanii KoM I0TepoM HpH peaiizamii imita-
LIIfHOTO MOJIENIOBaHHS INpoliecy (YHKI[IOHYBaHHS CKJIaj-
HOI CHCTEMH, fKa CKIAJacTbCsl 0araTbOX IapaesbHO
HPaLOI0YNX KOMIIOHEHT.

Wi

14

Lh————
13

W(1)=0,326
1=2

=1

P
1

e -

Puc. 2. Po3nozin eeKTHBHUX albTEPHATUB 1 HOIIYK Cepes HUX
KOMIPOMICHOT

Bymno mokaszaHo, mo icCHyr0Ui peKOMEHAaIil MaroTh
JIMIIE SKICHUH XapakTep.

V cTaTTi 3aIPOIIOHOBAHO METO BHOOPY, KU 3aCHO-
BaHUI Ha PO3PaxyHKY KiJIbKICHHX OILIIHOK 3HA4eHb JBOX
KPHUTEPIiB SKOCTi: TOYHOCTI Ta BUTPAT Pecypcy KOMII ¥o-
Tepy Ui Pi3HUX 3HAYCHb IHTEPBATY 3MIHH MOJEIHEHOTO
yacy. Li ouiHKK JO3BOJISIIOTH OLIBII OOTPYHTOBAHO IOKa-
3aTH XapakTep 3MIHHM KPUTEpIiB, SKi PO3INISAAIOThCS IS
pI3HMX BapiaHTIB 3HA4YEHb IHTEPBAJY 3MIiHH MOJIEIHLHOTO
4acy i BUKOPUCTOBYBATH iX Ul BUOOPY KOMIIPOMICHOTO
BapiaHry.
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A. M. KOPP, D. L. ORLOVSKYI

CAPTURING SOFTWARE REQUIREMENTS FOR BUSINESS PROCESS MODEL ANALYSIS AND
IMPROVEMENT

This paper considers the problem of software requirements capturing for business process model evaluation and recommendations generation to suggest
how detected modeling errors may be eliminated in order to improve business process model correctness. Existing software tools for business process
model analysis are based on metrics and thresholds that allow assume presence of errors in business process models, but they are not capable to
recommend structural changes required to eliminate detected modeling errors. Therefore, business process model analysis and improvement tasks
become relevant, since early detection and elimination of possible errors presented in business process models may allow organizations avoid extra costs
that may occur on any of the steps of business process lifecycle. Since business process models are shared organizational assets, it is also necessary to
consider the capabilities of collaborative and concurrent usage of business process models by multiple stakeholders. Hence, the workflow of business
process model analysis and improvement was analyzed and its key steps, which describe expected user and software behavior, were formalized using
the IDEFO functional model. Functional software requirements were captured in the form of user stories according to modern agile practices of software
development. These user stories are based on features and drawbacks of existing software tools for business process model analysis. Captured user stories
were formalized using the use case modeling. Non-functional software requirements were also captured; they include maintainability, readability,
testability, understandability, integrability, and complexity requirements. Captured requirements can be used to design and develop business process
model analysis and improvement software capable to provide recommendations to eliminate detected modeling errors.
Keywords: business process model, model analysis, modeling errors, software requirements, software tool.

A. M. KOIII, /1. /1. OP/IOBCbKHH

BU3HAYEHHA BUMOTI 1O IPOI'PAMHOTI'O 3ABE3ITIEYEHHA J1JISA AHAJII3Y TA
BJIOCKOHAJIEHHSI MOJEJIEM BI3HEC-TTPOIIECIB

V nasiit poboTi po3risiaeThes mpodiaeMa BU3HAYCHHST BHMOT 0 IPOrPAMHOrO 3a0e3MeveHHs I aHaji3y Mojernel Oi3Hec-mporeciB Ta GpopMyBaHHs
peKoMeHaniil o0 YCYHeHHs BHSABICHHX ITOMMJIOK MOJENIOBAHHS Ui ITiABHINEHHS KOPEKTHOCTI Mopenel Oi3Hec-mpoueciB. IcHyroui mporpamHi
3aco0u aHati3y Mozeneit Gi3Hec-mporeciB 6a3yl0ThCsl HA METPHUKaX Ta MOPOrOBUX 3HAYCHHSX, IO JO3BOJISIIOTH MPUIYCTUTH PO HASBHICTH IIOMHJIOK Y
MoJIeNsiX Oi3HeC-NPOLECiB, IPOTE HE HANAIOTH CTPYKTYPHI 3MiHH, HEOOXIi/JHI JUIs yCYHEHHs BUSBICHUX IOMHIIOK MOJICNIIOBaHHS. TOMY aKTyaJIbHOIO CTa€e
npobiemMa aHalli3y Ta BIOCKOHAJIEHHS Mojelel Oi3Hec-IIPOIeciB, OCKIIBKH PAaHHE BUSBIICHHS Ta YCYHEHHS MOXKIMBHX HOMMWJIOK, IPEICTaBICHHX Yy
MozeIsIX Gi3HeC-TPOLIeciB, MOXKE JO3BOJIUTH OPraHi3alisiM YHUKHYTH 3aiiBUX BHTPAT, SIKi MOXKYTh BUHUKHYTH Ha Oy/Ib-5IKOMY 3 €TAIIiB )KUTTEBOTO LIUKITY
6i3nec-mporueci. OckinbK MOzeNi Gi3HeC-IPOLIECIB € CUTBHUMU OpraHizaliiHUMH PECYPCaMHt, TAKOX HEOOXiIHO BPAXOBYBATH MOXKIIHBOCTI CIITEHOTO
Ta OJHOYACHOI'O BUKOPUCTAHHS Mojeneil Oi3Hec-TpoleciB JeKiIbkoMa 3allikaBlieHUMH cTopoHamu. Omke, OyJI0 MpoaHasi30BaHO pOOOUMid mporec
aHaJi3y Ta BJOCKOHAJEHHsS Mojeneil Oi3Hec-TpoleciB, a HOro OCHOBHI €TamH, 10 ONMUCYIOTh OYiKyBaHy MOBEAIHKY KOPHCTYBayiB Ta MPOrPaMHOrO
3abe3meuenns, Oymu GpopmanizoBani 3a gonomoron ¢ykiionansaoi Mogeni IDEF0. dyHKIioHaTbHI BUMOTH [0 MPOrPaMHOTO 3abe3nedeHns 0yim
BijloOpaXkeHi y BUITIAAI KOPHUCTYBAIbKMX ICTOpIH 3TifHO i3 CyYacHMMHM TpaKTHKaMM THYYKOI PO3pOoOKM mporpamHoro 3abesneuenHs. JlaHi
KOpPHUCTYBAIIbKI iCTOpii 3aCHOBaHI Ha OCOOIMBOCTAX Ta HEAOJIKaX iCHYIOUMX IMPOrpaMHHX 3ac00iB JUIs aHali3y Mojenei OisHec-mporieciB. BusHaueni
KOpUCTYBAIIbKi icTopii Oyiu Gopmaii3oBaHi 3a J0MOMOTO0 MOJICIIIOBAaHHS BapiaHTIiB BUKOPUCTaHHs. Takox Oyinu BpaxoBaHi HE(YHKIIOHAIBHI BAMOTH
JI0 TIporpaMHOro 3a0e3NedeHHs, SIKi BKIIOYAlOTh NPHAATHICTH IO MiATPHMKH Ta TECTyBaHHS, YHTAOCNBHICTB, 3PO3yMINCTh, IHTErPOBAHICTH Ta
CKJIaJHICTh. BU3Ha4eH1 BUMOTY MOXYTh OyTH BUKOPUCTAHI JUIsl POEKTYBAHHS Ta PO3pOOKH MPOrpaMHOro 3a0e3NneyueHHs I aHalli3y Ta BIOCKOHAJICHHS
MoJeselt Gi3Hec-MpoleciB, 34aTHOTO MPONOHYBATH PEKOMEH ALl 3 YCYHEHHS BUSBICHUX OMUIOK MOJIETIOBAHHS.

Kuiouosi c10Ba: Mozens 6i3Hec-nporiecy, aHai3 MOZEN, IIOMIJIKH MOZEIIOBAHHS, BUMOTH JI0 IPOIPaMHOTO0 3a0e3NeyeHH s, IporpaMHHii 3aci6.

A. M. KoIIl, /. /1. OP/IOBCKHH

OINIPEJIEJIEHUE TPEBOBAHUI K TPOTPAMMHOMY OBECHEYEHUIO IS AHAJIM3A U
COBEPHIEHCTBOBAHUS MOJIEJIEA BU3HEC-ITPOIIECCOB

B nannOi#1 pabote paccmaTpuBaeTcs mpobliemMa onpesieNneHns TpeOoBaH i K MPOrpaMMHOMY 00€CTIEUEHHIO [T aHaIN3a MOJieIel OM3HeC-TIpoIiecCcoB U
(hopMHpOBaHHUS PEKOMEH/IALNI IO YCTPAHEHHIO BHIBICHHBIX OMIMOOK MOJIEIMPOBAHHS U MOBBIIICHHS KOPPEKTHOCTU MOAeNeH OusHec-mpoueccos. B
OCHOBE CYIIECTBYIONIMX IMPOrPAMMHBIX CPEJCTB U1 aHAIN3a MOJIe/eil OU3HEC-TIPOLIECCOB JISKAT METPUKH H HOPOTOBBIC 3HAYCHHSI, KOTOPBIE O3BONISAIOT
MPEIIIONIOKUTh O HAJMYMH ONIMOOK B MOJEISIX OM3HEC-NIPOIECCOB, HO HE IPEUIaraloT CTPYKTYpPHBIC M3MEHEHUs, HEOOXOAUMBIE JUIS YCTPaHECHHS
BBISIBIICHHBIX OIIMOOK MOAEIMpPOBaHMs. [103TOMY aKTyalbHOH CTAaHOBHTCS MpoOJeMa aHauM3a M COBEPIICHCTBOBAHMS MOJENCH OH3HEC-TpOIEeccoB,
[IOCKOJIBKY PaHHEE BBISIBIICHHE U YCTPaHEHHE BO3MOXKHBIX OIIMOOK, IPE/ICTABICHHBIX B MOJEISIX OM3HEC-MPOLIECCOB, MOXKET MO3BOJIUTH OPraHH3aLIIM
n30exath JUIIHUX PACcXO/I0B, KOTOPbIE MOTYT BO3HUKHYTh Ha JIFOOOM U3 3TAaNOB KM3HEHHOTO IHKJIa Ou3Hec-mponeccoB. [Tockonbky Monenu 6usHec-
MPOLIECCOB SIBISIIOTCS OOIMME OpraHM3allHOHHBIME PECYpCaMH, Tak)Ke HEOOXOAMMO YYHUTHIBATH BO3MOXKHOCTH COBMECTHOTO M OJHOBPEMEHHOTO
HCIHOB30BaHMS MOJENeH OHU3HEC-POLECCOB HECKOIBKUMH 3aMHTEPECOBAHHBIMU CTOpoHamu. [103TOMy OBLI MpOaHATH3MPOBaH PabOYMil mporece
aHaJlM3a U COBEPIICHCTBOBAHMS MOJENel OM3HEC-TIPOIECCOB, a €ro OCHOBHBIEC BTAllbl, ONMKCHIBAIOIINE OXKMJAEMOE IMOBEJICHHUE MOJb30BaTeNel |
MPOrpaMMHOTro odecredeHus, OblH GpopMann3oBaHbl Ipu momMotyu (yHkronansHoi Moaenu IDEF0. dyHkironansHble TpeOOBaHUS K IPOrPAMMHOMY
obecredeH o ObLTH OTPaXKEHBI B BUAE ITOJIb30BATEIBCKUX HCTOPHIT B COOTBETCTBUH C COBPEMEHHBIMH IIPAKTHKAMH THOKO# pa3paboTKH IPOrpaMMHOTO
obecrieuenys. JlaHHBIE TOTB30BATENbCKIE HCTOPHU OCHOBAHBI HA OCOOCHHOCTSIX M HEJOCTATKAX CYLIECTBYIOLIIMX HPOrPaMMHBIX CPEICTB IS aHAIU3a
Mozenelt OusHec-mporieccoB. OmpesereHHbIe MOb30BATENbCKUE HUCTOPUH ObUTH (DOPMATM30BAHBI IPU IOMOINM MOJCIUPOBAHUS BAPUAHTOB
ucnonb3oBaHus. Takxke ObUTH OHpeseeHs! He()yHKIMOHAIbHBIE TPEOOBAHHS K HPOrPAMMHOMY OOECIICUEHHIO, KOTOPBIE BKIIIOYAIOT HPUTOAHOCTH K
MOAZIEPKKE M TECTUPOBAHHIO, YUTAOCIBHOCTD, TOHATHOCTh, HHTETPHPYEMOCTD U CIIOXKHOCTE. OnpeieNieHHbIe TPeOOBaHMUsI MOTYT OBITh HCIIOIb30BaHbI
JUISL TIPOGKTHPOBAHHS U Pa3pabOTKM MPOrpaMMHOrO OOECIIEUEHHMs AUl aHAIM3a M COBEPLICHCTBOBAHHS MOJENeH OH3HEC-MPOLECCOB, CIIOCOOHOTO
Hpeasarath PeKOMEHAALIH [0 YCTPAHEHUIO BBISBICHHBIX OMIMOOK MOJIECITHPOBAHHUS.

KaioueBble coBa: Mojens OH3HEC-TIpoIecca, aHAIM3 MOJENH, OIIMOKM MOJICTUPOBAHHS, TPEOOBAHHSA K IPOrpaMMHOMY OOECIICUEeHMIO,
[POrpaMMHOE CPEZCTBO.

© A. M. Kopp, D. L. Orlovskyi, 2020

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii
ananis, ynpasninus ma ingopmayiini mexnonozii, Ne 2 (4) 2020 23



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

Introduction. In the recent decades business process
management (BPM) has became one of the most popular
and commonly used disciplines, which combines together
knowledge and experience from both management and IT
(Information Technology) domains. Methods and tools of
business process design, analysis, and automation are the
baseline of BPM. A business process can be considered as
the structured set of activities (or tasks) that takes different
resources (materials, information, documents etc.) as input
and produces products or services valuable for customers
as output [1].

Since BPM combines expertise of managerial and IT
disciplines, it has attracted a lot of attention because of its
process management capabilities. These capabilities allow
organizations to improve performance, reduce costs, and to
shorten execution time of business processes. Business
process modeling is the key technique of BPM. It is used to
[2]:

e Document organizational activity (e.g. to provide

process regulations for employees).

e Analyze organizational activity (e.g. to search for

errors and measure performance).

e Improve described processes (e.g. by eliminating

detected errors).

Hence, tasks of business process model analysis and
improvement become relevant, since early detection and
elimination of errors presented in business process models
may allow organizations avoid extra costs that may occur
on all the phases of business process lifecycle [3].

Research object includes the business process model
analysis and improvement workflow.

Research subject includes software requirements for
business process model analysis and improvement.

Research goal is to improve the IT used for business
process model analysis and improvement by introducing
the software requirements, which are based on the latest
research in this field and are suitable for collaborative and
concurrent usage of business process models by multiple
stakeholders (involved business parties).

Related work. Business process models are special
enterprise models that serve to reflect specific features of
business process. Business process models describe the
business process structure, which includes the set of all
nodes (activities, events etc.) and arcs (sequence flows, data
flows etc.) that belong to the business process graph of any
complexity and topology. When modeling business
processes, their topology should be considered in order to
design as understandable models as possible, which reflect
real scenarios of business processes. Also labels of nodes
and arcs that belong to the business process graph, which
display names of tasks and transitions, may be considered
as well [4].

There are various kinds of business process models
(e.g. activity models and behavioral models [5]) that allow
describing business processes from different perspectives
and that serve their own purposes.

According to the recent survey [6], BPMN (Business
Process Model and Notation) is the most popular business
process modeling notation, which is used by almost 64%
respondents. Almost 18% of survey participants use EPC

(Event-driven Process Chain) notation that is also used to
create behavioral models. As for activity modeling, IDEFO
and DFD (Data Flow Diagram) diagrams are used only by
4% of respondents.

Therefore, it is quite naturally that existing software
solutions used for business process model analysis support
BPMN or at least EPC (as extremely popular once in 90s
and early 2000s) modeling notations.

Existing software tools are based on the metrics and
corresponding thresholds in order to check the correctness
of business process models. There are following software
solutions:

e BPMN Quality. It is the stand-alone Java-based
application for evaluation of BPMN models [7]. It
contains the modules used to extract business
process structure data from XML-like documents
(BPMN uses interexchange file format based on
XML syntax), to calculate metrics, and interpret
obtained results by comparing metrics’ values to
threshold values. This software tool uses control
flow complexity (CFC) metrics for evaluation of
business process models [8].

¢ BPMN Quality Tool. It is the plug-in for BPMN
modeling tool Business Process Visual Architect
that is also developed using Java [9]. This plug-in
provides calculation of process model metrics
including the coefficient of network connectivity
(CNC), CFC, and source code metrics [10].

e Plug-ins for ProM (process mining software tool)
that provide calculation of density, connectivity,
size, and other metrics for EPC models [11]. This
tool only calculates metrics but the interpretation
is user responsibility.

e BEBOP (understandaBility vErifier for Business
Process models). It is another Java-bases tool for
BPMN models evaluation [12]. Unlike previous
software tools, this is a web-based system, which
may be integrated with other systems or may be
extended. The analytical capabilities of this tool
are based on process modeling guidelines [13].

Hence, all of the considered software tools are based
on metrics and thresholds that allow assume presence of
errors in business process models. But these software tools
are not capable to recommend structural changes required
to eliminate possible modeling errors.

Problem statement. The research problem includes
requirements capturing in order to design the software for
business process model evaluation and recommendations
generation to suggest how detected modeling errors may be
eliminated in order to improve business process model
correctness. It is also necessary to consider the capabilities
of collaborative and concurrent usage of business process
models by multiple stakeholders.

Workflow analysis. Before functional requirements
are captured, it is required to analyze the business process
model analysis and improvement workflow.

Functional model (fig. 1) of this workflow has been
designed using the IDEFO notation.

It is shown that business process model analysis and
improvement workflow includes the following steps:
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e Model designer (business user) uploads a created
business process model prepared using one of the
available modeling notations (BPMN, EPC etc.).

e Uploaded business process models are processed
by the software tool, as the result model metrics
and detected errors are calculated and displayed.

e Required changes, based on modeling guidelines
are generated by the software tool, are displayed
for processed models in order to suggest the user
how detected errors could be eliminated.

Modeling
notation

Created
model Upload Uploaded
——= created |~ model
model
1 Model
metrics
Metric values
Maodel Calculate and errors
designer 1> metrics and ——>>
find errors
2 Modeling
guidelines
Suggested
Suggest changes
required ——>
changes
3
Software
tool

Fig. 1. Business process model analysis and improvement
workflow

Captured user stories. Software requirements were
captured with respect to the analyzed workflow. There are
functional requirements presented as “user stories” widely
used in agile methodologies [14]. Captured user stories are
estimated using Fibonacci numbers: 1, 2, 3, 5, 8, and 13.

Users need to upload models for analysis (table 1).

Table 1 — Requirement to upload a new model

Title FRO1 Priority | 8
User Model designer
User story Task Upload a new model
Goal Access a model for analysis
Context User wants to upload a model
Acceptance | Action User selects a file from disk
criteria Model is appeared in a list of
Outcomes
stored models

Existing models need to be updated (table 2).

Table 2 — Requirement to update existing models

Title FRO2 Priority | 8
User Model designer
User story Task Update existing model
Goal Track recent model changes
Context User wants to update a model
Acceptance | Action User §e|ects stored model_
. and picks new file from disk
criteria —
File is updated for a stored
Outcomes
model

Also existing models need to be deleted (table 3).

Table 3 — Requirement to delete existing models

Title FRO3 Priority | 3
User Model designer
User story Task Delete existing model
Goal Avoid outdated models
Context User wants to delete a model
Acceptance | Action User selects existing model
oo to be deleted
criteria —
Model is disappeared from a
Outcomes X
list of stored models

Users should be able to perform analysis of existing
models (table 4).

Table 4 — Requirement to analyze stored models

Title FRO4 Priority | 13
User Model designer
User story Task Analyze a model _
Obtain model metrics and
Goal .
detect possible errors
Context User wants to analyze a
model
Acceptance Acti User selects stored model to
ok ction
criteria be analyzed
Metrics and detected errors
Outcomes .
are displayed and stored

After a model is analyzed and metrics with possible
detected errors are shown, users should be able to receive
recommendations on how exactly detected errors could be
eliminated (table 5).

Table 5 — Requirement to obtain recommendations for model

improvement
Title FRO5 Priority | 5
User Model designer
Obtain recommendations for
User story Task .
model improvement
Goal Eliminate detected errors
User wants to obtain
Context .
recommendations
A(_:ceptance Action User selects already analyzed
criteria model
Recommendations for model
Outcomes . .
improvement are displayed

Obtained analysis results should be downloadable as
a stand-alone report (table 6).

Table 6 — Requirement to save model analysis report

Title FRO6 Priority | 8

User Model designer

User story Task Save model analysis report
Goal Use analysis results any time
Context User wants to save report

Acceptance . User selects already analyzed

criterFi)a Action model g g
Outcomes | Report file is downloaded
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Users should be able to login into a workspace that is
personal for each user (table 7).

Table 7 — Requirement to login to a system

Title FRO7 Priority | 5
User Model designer
User story Task Login to a system
Goal Work in a personal space
Context User wants to login
Acceptance | Action User inputs name and
oo password
criteria -
Workspace is opened or
Outcomes . -
warning message is displayed

Also users should be able to logout (table 8).

Table 8 — Requirement to logout of a system

Title FRO8 Priority | 2
User Model designer
User story Task Logout of a system
Goal Prevent unauthorized access
Context User wants to logout
fﬁt% e;?&tlance Action User clicks a logout button
Outcomes | Login form is displayed

User stories considered above have been captured by
analyzing features of existing software tools [7; 9; 11; 12].
It was taken into account that existing tools do not support
multi-user access and do not suggest recommendations for
business process model improvement.

As it is shown in tables above, captured user stories
were estimated by their size (table 9).

Table 9 — Prioritized user stories

User story Task Priority
FRO8 Logout of a system 2
FRO3 Delete existing model 3
FRO5 Obtain_recommendations for 5

model improvement
FRO7 Login to a system 5
FRO1 Upload a new model 8
FRO2 Update existing model 8
FRO6 Save model analysis report 8
FRO4 Analyze a model 13

Use cases. Captured user stories demonstrate generic
functional capabilities of business process model analysis
and improvement software, which were formalized as use-
cases outlined in fig. 2.

There use-cases of business process model analysis
and improvement software are following:

e User logins to a system.

User uploads a business process model.

User updates existing business process model.
User deletes existing business process model.
User calls for business process model analysis.
User requests for recommendations to improve
business process model correctness

User downloads analysis report.

e User logouts of a system.

Non-functional requirements. Among the plethora

of non-functional requirements we have captured:

e Maintainability. Any changes must be quick and
cost efficient, so all classes and methods must be
documented. Uncommented code units must not
exceed 20% of all units.

e Readability. Developers need to follow declared
indents and keep naming conventions to provide a
consistent code style. Source code that violates
established rules must not exceed 10% of KLOC
(kilo lines of code).

e Testability. Maintainers should be able to detect
and fix defects. Thus, unit tests must ensure 90%
coverage.

e Understandability. User interface (Ul) should be
easy for perception: Ul elements must not exceed
7 items per screen.

e Integrability. The system must accept BPMN 2.0
exchange file format to be integrated with almost
any modern business process modeling suites. It
must be possible to integrate with at least one of
version-control systems (Subversion, Git etc.) to
ensure collaborative work on process models.

o Complexity. It highly affects maintainability and
readability. Hence, no class method may exceed
100 LOC (lines of code).

Update a model

aextends»

«extends»

Upload a model k]

«extends»

Login to a system

Model
designer

Analyze a model

«extends»

Obtain suggestions

Fig. 2. Functional capabilities of the software tool

Defined non-functional requirements are measurable:
integrability constraint is binary, while others are based on
threshold values.

Conclusion. The problem of requirements capturing
for the business process model analysis and improvement
software has been considered. Captured requirements are
based on features and lacks of existing software tools, but
ensure recommendations generation in order to eliminate
detected process modeling errors. While current software
tools are mostly desktop or even plug-ins, when capturing
requirement it was considered possibility of collaborative
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V. L. LISITSKY, A. I. SEMENCHENKO

ASSESSMENT OF THE STRATEGIC POTENTIAL OF AN INTELLECTUAL BUSINESS SYSTEM
OPERATING IN ADYNAMIC EXTERNAL ENVIRONMENT

The paper discusses the issues of increasing the efficiency of the functioning of an intelligent business system by reducing its losses by creating an
integrated set of models for assessing the level of its current strategic potential and the degree of achievement of its fixed target state. The object of the
analysis is an intelligent business system of the IT industry that produces software products, the results of which depend on the well-established abilities
of its personnel, who has effective intelligent information technologies. The task of assessing the strategic potential, determined by the totality of available
resources (human, material, intellectual) that can be put into action, mobilized to achieve the target state of the enterprise, this calculation is based on
estimates of the material and intellectual potential of the business system. We will build a complex of models for determining estimates of material and
intellectual potential based on the significance and intensity of the influence of the strengths and weaknesses of the material, human, intellectual resources
of the functional zones of the business system. Development of a subject technology for assessing the strategic potential of an intelligent business system,
assessing the degree to which it reaches a fixed target state. Obtaining the results can serve as a theoretical basis for creating information technology for
assessing the strategic potential of an enterprise in the IT industry.

Keywords: intelligent business system, assessment of strategic potential, target state of the enterprise, material and intellectual potential, hierarchy
analysis method, functional areas of the business system.

B. JI. THCHIIbKHH, A. . CEMEHYEHKO

OIIHKA CTPATETTYHOI'O MIOTEHIIAJY IHTEJEKTYAJIbHOI BIBHEC-CUCTEMM, 1110
®OYHKIIOHYE€ B YMOBAX JTUHAMIYHOTI'O 30BHIIIIHBOT'O CEPEJJOBHUIIA

B po0oti po3rismacTbest MUTaHHS MiABUIIEHHS e()eKTHBHOCTI (PyHKIIOHYBAaHHS IHTENEKTyaJbHOI Oi3HEC-CHCTEMHU 33 PaXyHOK 3HIDKEHHS ii 30UTKiB
LIIIXOM CTBOPEHHSI iHTErPOBAHOT0 KOMILIEKCY MOJIENeH OL[IHKH PiBHA 1l IOTOYHOTO CTPATEri4HOr0 MOTEHIIANY i CTYIIEHs JOCATHEHHS ii 3a(ikCOBAHOTO
inpoBoro crany. OG'ekTOM aHaM3y € iHTeNIeKTyanbHa 6i3Hec-cuctema IT iHayCTpil, sika BUPOOIIsiE MPOrpaMHy MPOAYKIITO, PE3yIbTATH isTbHOCTI SKOL
3aJIeKaTh BiJl YCTAJIEGHUX 3MiOHOCTEH CBOTO HEpCOHANy, IO BOJIOAIE e()eKTHBHHMH iHTENEKTYaIbHUMH iH(QOpPMALifHUMH TEXHOJIOTiIMHU. 3aBIaHHS
OLIIHKU CTPATEri4HOr0 MOTEHIIiay, [0 BU3HAYAETHCS CYKYMHICTIO HAsBHUX PECYPCIB (JIOACHKHX, MATepialbHUX, IHTEICKTYAIbHUX), SIKI MOXKYTh OyTH
MpPUBE/ICH] B Aif0, MOOLII30BaHi ISl JOCATHEHHS LITBOBOTO CTaHY IiANPUEMCTBOM, MOJSITa€ B OOYMCICHHI HOr0 Ha OCHOBI OLIIHOK MaTepialbHOrO i
IHTEJIEKTYaJIbHOTO TIOTeHIIaNiB Oi3Hec-cucteMu. [1o0ynyemMo KoMIIIeKC Moiereil BU3HAUSHHS OLIHOK MaTepiaJIbHOTO 1 IHTENIEeKTyalIbHOTO IIOTeHITiaiB
HA OCHOBI 3HAYUMICTh 1 IHTEHCHBHOCTEH BIUIMBY CHJIBHUX i CITAOKHX CTOPIH MAaTepiajbHHX, JIOACHKUX, IHTEIEKTyallbHUX PecypciB HYHKIN OHATBHUX
30H Oi3Hec-cuctemu. Po3poOka mpeaMeTHa TEXHOJOTiS OLiHKM CTPATeriYHOro IOTEHIany IHTeNeKTYalbHOI Oi3HEC CHCTEMOIO, OLIHKH CTYMEHs
JIOCSITHEHHSI HEto 3a(hiKCOBAaHOTO 1iboBOro cTany. OTprMaHHs pe3yJIbTaTH MOXKYTh CIIyI'yBaTH TEOPETHIHOK OCHOBOIO JUIsl CTBOPEHHS iH(pOpMaLiiHOT
TEXHOJIOTIT OLIIHKHU CTpaTeriyHoro noreHuiany mianpuemcrsa IT ingycTpii.

KurouoBi cioBa: iHTenekTyanpHa Oi3Hec-cMCTEMa, OI[IHKAa CTPATEriyHOro IOTEHLialy, IIbOBE CTaH MiANPUEMCTBA, MaTepiajJbHUH 1
iHTEIeKTya IbHUH MOTEeHIIiall, METOJ] aHaJIi3y iepapxiif, QyHKITiOHaIBHI 30HM 6i3HEC-CHCTEMH.

B.JI. THCHIIKHH, A. H. CEMEHYEHKO

OIEHKA CTPATETMYECKOT O IOTEHIUAJIA UHTEJJIEKTYAJIBHOU BU3HEC-CUCTEMBI,
®YHKIIMOHUPYIOIIEA B YCJOBUSAX JTMHAMHAYHOMN BHEIIHEX CPE/IbI

B pabore paccmaTpuBaeTCsl BOIIPOCHI MOBBINICHNS 3(P(EKTUBHOCTH (YHKIIMOHUPOBAHUS MHTEIIEKTYalbHON OM3HEC-CHCTEMBI 3a CUET CHIDKEHHS ef
yOBITKOB ITyTe€M CO3[[aHHsI HHTETPUPOBAHHOTO KOMILIIEKCA MOJIENel OLIEHKH YPOBHS €€ TeKYIEro CTPaTerndecKoro MOTeHNUaa U CTeNeH! JOCTKEHHS
ed¢ 3a(MKCHPOBAHHOTO IENEBOr0 COCTOSHUA. OOBEKTOM aHaIM3a SBIACTCS HHTEIUICKTyallbHas OusHec-cucTeMa IT MHIyCTpHH, NMPOM3BOASALIAS
TPOTPaMMHYI0 TPOJYKIHIO, PE3YJbTaThl JIEATENbHOCTH KOTOPOH 3aBHCAT OT YCTOSABIIHMXCS CIIOCOOHOCTEH CBOETO MepcoHana, 00JIafaroIero
9((EKTUBHBIME HHTEIUICKTYAIbHBIMH MH()OPMAIMOHHBIME TEXHOJIOTHSAMH. 3ajiada OLCHKH CTPATErHYECKOro IOTCHINANa, ONpEaeIsIeMOro
COBOKYITHOCTBIO HMEIOIIUXCS PecypcoB (UeIOBEUECKUX, MaTepHAIbHBIX, HHTEIUICKTYalbHBIX), KOTOpBIE MOTYT ObITh IpHBEICHBI B JEHCTBHE,
MOOMII30BaHBl IS JIOCTYD)KEHHS IEJNEBOTO COCTOSHUS TIPEJNPUATHEM, COCTOMT B BEIYHCICHHH €r0 Ha OCHOBE OIIGHOK MaTepHabHOTO H
HHTEJUIEKTYalbHOTO MOTEHIINAIOB OM3Hec-CHCTeMbl. [locTpouM KoMILIEKC Mojeneil ompelereHHs] OLEHOK MaTepHaIbHOTO M HHTEIUIEKTYalbHOIO
MOTEHI[HAIOB HAa OCHOBE 3HAUMMOCTEH M MHTEHCHBHOCTEH BIMSHUS CHIBHBIX M CIAOBIX CTOPOH MAaTEPHANIbHBIX, YEIOBEUESCKHX, HHTEIEKTYalbHbIX
pecypcoB (QYHKIMOHAIBHBIX 30H OM3HEC-CHCTEMBI. Pa3paboTka mpeaMeTHas TEXHOJOTHS OLEHKH CTPATerHYeCKOro MOTEHIHala HHTEIUIEKTYalbHOH
OH3HEC CHCTeMOH, OIEHKHU CTETICHH JOCTIDKEHHS €10 3a()HKCHPOBAHHOTO IIEJIEBOr0 COCTOSIHUA. [lomydenue pe3ynbTaTsl MOTYT CIIyKUTh TeOPETUIECKOH
OCHOBOH /ISt cO3maHMsI HHGOPMAIIMOHHON TEXHOJIOTUH OIEHKH CTpaTeTHIecKoro noTeHnuana npeanpustus 1T ungyctpun.

KaroueBnle cJ0Ba: WHTEIUIEKTyaldbHass OM3HeC-CHCTEMa, OIIGHKA CTPATErMYecKoro IOTEHINana, IEIeBOe COCTOSHUE HPEANPUSTHS,
MaTepHaIbHBIH H HHTEIUIEKTyaIbHbII IOTEHIHAI, METO]] aHAIN3a HepapXui, (GyHKIMOHATbHBIE 30HbI OH3HEC-CHCTEMBL.

Introduction. At the present stage of the formation of
the information society, there is a significant change in the
structure of its productive forces, the relationship between
their material and intellectual components. This is
explained by the intensive appearance, along with material
business systems, of a wide class of intelligent business
systems. Existing production business systems are largely
dependent on their production capital (material potential).
This especially significantly affects their management
methods, and methods for assessing their strategic
potential. Intelligent business systems that produce

intelligent products are completely dependent on the mental
abilities of their staff with the latest information
technologies (intellectual potential). “Blind” application of
methods for assessing the strategic potential of production
business systems to the assessing the strategic potential of
intelligent business systems may be ineffective. In this
regard, it is urgent to develop effective methods for
assessing the strategic potential of an intellectual business
system (IBS), which operates in a dynamic external
environment. The aim of the work is to increase the
efficiency of IBS functioning by developing subject
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technology for reliable assessment of the strategic potential
of IBS, developing in the direction of a fixed target state
[1-3].

Literature review. Literary sources and publications
that are used in this article allow us to describe in detail the
mathematical apparatus of solving a problem, assessing the
strategic potential of an intellectual business system. This
is the use of the hierarchy analysis method, strategic
management techniques and others.

Formulation of the problem. In process
management, an intelligent business system is understood
as a set of intelligent business processes (IBP) (main,
providing, as well as IBP management, development),
which form a certain structure designed to actively achieve
a fixed global goal with maximum efficiency [4]. IBS has
the resources (human, material, intellectual) that determine
its material and intellectual potentials. IBS, as a rule, is
based on knowledge, contains a complex of software
linguistic and logical-mathematical knowledge
management tools for intellectual support of personnel
activities, information and knowledge search in an
interactive solution in a natural language [3-5]. The IBS
structure is dynamic. It develops and changes under the
influence of the features of the implemented IBS strategy,
its internal complexity and changes in the external
environment. It is assumed that IBS has a matrix structure
in which the members of the project team are subordinate
not only to the project manager, but also to the heads of
those structural divisions in which they constantly work.
IBS intellectual products are software for the automation of
management accounting in trade, catering, and small and
medium-sized businesses. The design and development of
software is based on its life cycle model, which contains the
following steps: analysis; design; development; testing;
implementation; escort. It is generally accepted that its
resources determine the potential of any enterprise. The
strategic potential of IBS is understood as the totality of
available resources (human, material, intellectual) that can
be put into action, mobilized to achieve the global goal of
IBS, determined by its mission. Typically, strategic
potential is defined by a multitude of quantitative
indicators. Taking into account the features of the IBS
subject area, such as the quality and efficiency of decision
making; unclear goals; the number of agents involved;
chaos, fluctuations and quantization of the behavior of the
internal and external environment; the multiplicity of
mutually influencing factors; weakness structurefull,
unigueness, non-stereotyped situation, etc. It is difficult to
indicate the degree of attainability of the target state based
on all indicators [4, 6].

In this regard, an urgent task arises of assessing the
strategic potential of the IBS with one quantitative indicator
characterizing the degree of its achievement of the global
goal.

Subject technology for assessing strategic
potential. The levels and mutual influence of its material
and intellectual potentials determine the strategic potential
of IBS. Each of these potentials depends on the intensity of
the influence of the strengths and weaknesses of the
resources of the IBS functional zones (marketing;
production; research work (innovation); personnel;

finance; management; external economic activity; other
functional areas) on the degree to which the IBS target state
is achieved. The intensity of the influence of the strong,
weak sides of each functional area is determined by its
significance and forecast probability and its manifestation
on the time interval [0; T] with duration T. It is assumed
that U < U < U, where U is the bottom limit, U is the top
limit of the probability of a side appearing during the
movement of the IBS to the target position. The Importance
of strengths and weaknesses is determined by its
contribution to assessing the level of IBS potential. In the
following, the material potential of IBS is understood as the
totality of the available material and human resources of the
IBS functional zones that can be activated, mobilized to
achieve the global goal of IBS. Similarly, the intellectual
potential of IBS is understood as the totality of the
intellectual and human resources of the IBS functional
areas that can be activated, mobilized to achieve the global
goal of IBS. The level of Strategic Potential (SP) IBS is
determined by dependence

SP = @(MP, IP), 1)

where MP is the level of material potential of IBS, IP is the
level of intellectual potential of IBS. It is assumed that

MP, < MP < MP, ,IP, < IP < IP, )

where MP,, IP, is an optimistic assessment of the material
and intellectual potentials of IBS and MP,, IP, is a
pessimistic assessment of the material and intellectual
potentials of IBS.

An optimistic assessment is manifested under the
condition that the weaknesses of the resources of the
functional zones are manifested with a probability equal to
U = U. A pessimistic assessment is manifested under the
condition that the strengths of the resources of the
functional zones are manifested with a probability equal to
U=U. In an optimistic assessment, strengths are
manifested with probability equal to U € [U, U]. In the case
of a pessimistic assessment of potentials, weaknesses
appear with the probability equal to U € [U, U]. In reality,
strengths and weaknesses are manifested with probability
equal to U € [U, U]. In this case, the material potential is
determined by the formula

MP = ¢,(MP,, MP,), (3)
and intellectual potential is determined by dependence

IP = @,(IP,, IP,), (4)

In addition to U, the second factor affecting the IBS
potential level is the significance of the i strengths and
weaknesses of the resources of the IBS functional zones:

a; is significance of the i—th strength of the material
and human resources of the functional zones of IBS,
i = 1,n,, n, is the number of strengths;

B; is significance of the i-th weaknesses of the
material and human resources of the functional zones of

IBS, i = 1, n,, n, is the number of weaknesses;
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y; is significance of the i—th strength of the material
and human resources of the functional zones of IBS,
i = 1, m,, m, is the number of strengths;

0; is significance of the i—th weaknesses of the
material and human resources of the functional zones of
IBS, i = 1, m,, m, is the number of weaknesses;

Taking into account the introduced designations,
complex estimates are found:

e optimistic assessment of material potential MP, is
found [7, 8].

e pessimistic assessment of material
MP, [7]is

potential

mp =1- "6 (U= 0)/(T-v),  ®

e optimistic intellectual potential IP, [7] is.

B, =Y vi(Ui-v)/(T-v)., @

e pessimistic intellectual potential /P, [7 ] is

ms

IP, = Z 0. (U - v.)/ (T: - vy)- ®)
i=1
Considering the additive nature of dependences (5-8),
in determining PM and IP according to (3, 4), the geo-

metric mean value MF, and MP,, IF, and IP, is used.

MP = (MP, -Mpp)l/z, P = (1P, -11910)1/2 )

Assessment of strategic potential is defined as the
geometric mean value of PM and IP.

SP = (MP - IP)'/2 (10)

When defining values «;,i=1,n;, B;, i = 1,n,,
Yi,i=1,my, 0;, i =1,m,, it should be mind that the
functioning of IBS in the process of moving to the target
state is determined by the multidimensional nature of
business processes, their interconnection, dynamics, the
multiplicity of participating agents, randomness, poor
structure, etc. This leads to the emergence of new discrete
structures with a new quality and influence on the process
of achieving a global goal. It is advisable to use the method
of analysis of hierarchies for study the influence of
strengths and weaknesses on the achievement of the target
state [9]. The basis of AHP is a hierarchy, which is a system
of levels, each of which consists of elements and factors.
The task in the language of hierarchy is to determine the
intensity of the influence of lower-level elements on the
focus of the problem. In an optimistic assessment of
potentials, the focus of the problem is to increase the degree
of achievement of the global goal. In a pessimistic
assessment of potentials, the focus of the problem is to
reduce the degree of achievement of the global goal. Fig. 1
shows the hierarchy for determining significance of «;,

i=1,n,andy;, i =1, m,.

Problem focus

Functional Zones

Strengths of material (intellectual) IBS
resources

Fig. 1. Hierarchy for an optimistic assessment of the material

(intellectual) potentials of IBS

Fig. 2 shows the hierarchy for determining the signifi-
cance of B;,i = 1,n,and 6;, i = 1, m,.

Problem focus

Functional Zones

Fig. 2. Hierarchy for pessimistic assessment of material
(intellectual) potentials of IBS

IBS resources

To implement the procedure for determining «;, f;,
vi, 6; a group of experts is created from numbers
experienced IBS specialists who fill out questionnaires for
the corresponding elements of the hierarchy (fig. 1, fig. 2).
On the grounds of the completed questionnaires, a
generalized matrix of pairwise comparisons is formed.
Based on this matrix, local and global priorities of the
elements of the lower and middle levels of hierarchies are
determined. The global priorities of the elements of the
lower level of hierarchies (fig. 1, fig. 2) determine their
significance. The expert method determines the predicted
values of U, U, U for each strong and weak side [8, 10].

The results obtained make it possible to determine
MP,,MP,, IP,, IP,, using dependencies (5-8), then using
dependence (9) to determine MP and [P. Based on
dependencies (10), the strategic potential of IBS is
estimated.

As a result of the described technology, the value SP
of the strategic potential of an intelligent business system is
received. Fig. 3 shows the geometric interpretation of the
SP, as the length of the side of the squares, with the area
M = MP-IP [11,12].

The use of an expert procedure using the technology
of the hierarchy analysis method to evaluate the
significance of the strengths and weaknesses of the
material, human, and intellectual resources of the
functional areas of the business system is supposed to be
operated by the expert with qualitative concepts (more,
much more, etc.) [12, 13].
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Fig. 3. Geometric interpretation of the strategic potential of an
intelligent business system

At the same time, the real reasoning of experts based
on natural language cannot be described within the
framework of traditional mathematical formalisms.
Therefore, when assessing the degree of achievement of the
target state by an enterprise, it is advisable to use fuzzy sets.
M is considered as a logical variable with the core [0.49, 1].
The function of membership p (M) of the "masses" in the
set H,, providing the necessary degree h, of achievement
by the enterprise of the goal, is trapezoidal (fig. 4), where
[AC] is the core of u (M). M, = {M: h, < u(M) < U}.

=]
.
&

A B C

0 o1 02 03 04 05 06 07 08 09 1 11 12
Fig. 4. Membership function parameters
The formula for p (M) has the form
0, M <A,
W =1n-2 =2

5 ASM<B, (11)
h, B<M<C.

In the case under consideration, A=0.49, C =1.
Value B=0.7, the value of U is chosen equal to 0.9,
ho <h<U.

The described sequence of actions defines the subject
technology for assessing the strategic potential of IBS,
which contains the following steps:

e Collection of qualitative and quantitative
information about the internal environment of IBS, the
material and intellectual resources of its functional zones;

o Identification of the strengths and weaknesses of
the material resources of the IBS functional zones;

e Identification of strengths and weaknesses of the
intellectual resources of the IBS functional zones;

e Determination of forecast probabilities of

manifestation of U, U, U of all IBS strengths and
weaknesses;

o Expert procedure for the formation of matrices of
pairwise comparisons;

e Determination of the significance «;,i = 1,n,,
Bi, i =1,ny, v;, i = 1,my,8;, i =1, m, of the strengths
and weaknesses of IBS;

e Assessment of the material potential of IBS;

e Assessment of the intellectual potential of IBS;

e Assessing the Strategic Potential of IBS.

As a result of the implementation of the developed
subject technology, the SP value is obtained. Let the
threshold h is specified that defines the minimum
acceptable degree of achieving a global goal. If SP < h,
then it is logical to expect that the target IBS state will not
be achieved [14].

Conclusions. The proposed subject technology
allows us to determine a comprehensive assessment of the
strategic potential of IBS, striving to achieve a given target
state, to assess the ability to achieve IBS. The proposed
subject technology can serve as the basis for creating
information technology for assessing the strategic potential
of IBS.
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V. Y. SOKOL, P. Y. SAPRONOV, M. O. BILOVA

USING CLOUD PLATFORMS TO BUILD DISTRIBUTED LEARNING MANAGEMENT SYSTEMS

Distributed systems have problems with downtime, data loss during malfunctions, scalability and efficient use of computing resources. At the same time
in the learning and training process, the use of a distributed system has the advantage of data processing: storage of information about students,
construction of training courses, verification of passed material, etc. The problems of scaling and efficient use of resources in distributed learning
management systems are investigated in this research. Cloud platforms for hosting the system, such as Amazon Web Services, Microsoft Azure, Google
Cloud Platform and DigitalOcean are reviewed. Problems and features of a scalability in cloud computing are discussed. Methods, scaling and load
balancing algorithms for the efficient use of computing resources are proposed. According to the list of advantages, the DigitalOcean platform was
selected for the investigation. DigitalOcean provides cloud servers that can be used for quick creation of the new virtual machines for the projects. These
servers allow to fully control the web hosting environment at the same time that the user pays only for the resources used. The main goal of DigitalOcean
is to use a solid-state drive (SSD) to create a user-friendly platform that will allow clients to migrate projects to and from the cloud, increasing productivity
with high speed and efficiency. As a result of analyzing information on existing technologies, approaches and methods for using cloud platforms in
distributed systems, they have been applied to develop a solution to reduce downtime for a distributed adaptive Learning Management System (LMS).
It is concluded that the use of cloud platforms for the construction of distributed LMS a practice that allows to use only the required amount of computing
capacity. It is proven, that the implementation of the proposed solution into the work of adaptive LMS will improve its efficiency by reducing the time
of the content delivering.
Keywords: cloud platforms, distributed systems, cloud computing, scaling, load balancing, virtualization, containerization.

B. €. COKOJL, 11. 0. CAIIPOHOB, M. O. b1'IOBA

BUKOPUCTAHHA XMAPHUX INJIAT®OPM JJIAA HOBYAOBHU PO3NOAIIEHUX CUCTEM
YIIPABJIIHHSI HABYAHHSAM

Poznoxineni cucteMi MalOTh TMPOGIEMH 3 POCTOEM, BTPATOIO JaHHX IMiJ YaC HECHPAaBHOCTEH, MacIITabOBaHICTIO Ta eEKTUBHIM BHKOPUCTAHHSM
obunCTIOBaNBbHUX pecypciB. BopHowac y mporeci HaBuaHHSA Ta TPEHIHTY BHKOPHCTaHHS PO3IMOJAIIEHOI CHCTEMM Mae IepeBary oOpoOKM JaHHX:
36epiranns iH(OpMaIil Ipo CTyAEHTIB, MOOYI0Ba HABYATIHLHHUX KYPCIiB, IIEpEBipKa 3MaHOr0 MaTepiany Tomo. Y daHiii poOOTi TOCIiHKeHO mpobieMu
MacimTadyBaHHS Ta €(EKTHBHOIO BUKOPUCTaHHS PECYPCiB B PO3MOAUICHUX CHCTEMax YNpPaBJiHHS HaBYaHHSAM. PO3risHyTO XMapHi rutathopmu ais
po3MileHHs cucTeMu, Taki sk Amazon Web Services, Microsoft Azure, Google Cloud Platform ta DigitalOcean. Po3risayTo mpo6iemu Ta oco0IHBOCTI
MacmTaboBaHOCTI XMapHUX OOYMCIEHB. 3alpOMOHOBAHO METOIM, aJTOPUTMU MaclITaOyBaHHS Ta OalaHCYBaHHS HaBaHTAXXEHHS Uil €(EKTUBHOTO
BHUKOPHCTAaHHS 0OYHCITIOBATBHUX peCypciB. BiamoBinHo 1o mepemniky mepesar, i ToCiipKeHHs 0yino obpano miatdopmy DigitalOcean. DigitalOcean
HaJla€ XMapHi cepBepH, SIKi MOXKHa BHKOPHUCTOBYBATH JUIS IIBHKOTO CTBOPEHHS HOBHX BIpTYaJbHHX MAIIHMH JUIs IPoeKTiB. L{i cepBepH 103BOISIIOTH
MOBHICTIO KOHTPOJIFOBATH CEPEIOBUILE BEO-XOCTHHTY, IIPH LIbOMY KOPHCTYBay IUIATUTh JIMIIIE 32 BUKOpUCTaHi pecypcu. OcHoBHOIO MeToro DigitalOcean
€ BUKOPHCTAHHS TBEPAOTLIBHOTO Hakonu4dyBada (SSD) it cTBOPEHHS 3pyvHOI IaT(hOPMH, sIKa TO3BOIHTH KITIEHTAM TIEPEMIIyBaTH IIPOESKTH B XMapy
Ta 3 Hei, i IBUIIYIOYH IPOAYKTUBHICT 3 BUCOKOIO MIBHAKICTIO Ta epeKTHBHICTIO. B pe3ynbrati aHanizy iHopMaii mpo icCHyro4i TeXHOJIOT 1, MiaX0an
Ta METOIY BUKOPHCTAHHS XMapHUX IIATGOPM Yy PO3MOAUIEHHX CHCTeMax Oyio po3poOJIeHO PIllIeHHsS MO0 CKOPOYEHHS IPOCTOIB PO3MOIiICHOT
aJlanTUBHOI cucteMu yripasninas HaBdauusM (LMS). 3po6iieHo BUCHOBOK PO Te, 10 BUKOPUCTAHHS XMAPHUX IUTAT(HOPM IS TOOYI0BH POIMOIIIEHHX
LMS — ne npakrtHka, sika 03BOJISIE BUKOPHCTOBYBATH JIHIIE HEOOXiAHY KUIBKICTh OOYHMCIIIOBAIBHUX IOTY)XHOCTEl. J[oBeneHO, M0 BIPOBAHKCHHS
3aIPOIMIOHOBAHOTO PillieHHsI B po00Ty agantuBHOi LMS migBumuTs ii e(eKTHBHICT 32 paXyHOK CKOPOUCHHS Yacy JOCTABKU KOHTEHTY.

KarwouoBi cioBa: xmaphi mmiatopmu, pO3NOAIIEHI CHCTEMH, XMapHi oOYMCIICHHS, MaciiTaOyBaHHS, OalaHCYBaHHS HaBaHTa)KCHHS,
BipTyaJti3aisi, KOHTeHHepH3aIlis.

B. E. COKOJI, I1. IO. CAIIPOHOB, M. A. BEJIOBA

HCITIOJBb30BAHUE OBJAYHBIX IJIAT®OPM JIJIAA IOCTPOEHUA CUCTEM YIIPABJIEHUSA
PACHIPEJEJIEHHBIM OBYYEHUEM

PacrnipenienieHHbIe CHCTEMBI HMEIOT NPOOJEMBI C IMPOCTOEM, IOTEpei NaHHBIX HPH HEHCIPABHOCTAX, MAacIITaOUPYeMOCTBIO ¥ 3((EKTHBHBIM
HCIOJIb30BAHUEM BBIYHMCIUTEIBHBIX PECYpcoB. B To sxe Bpemst B mpomecce 00ydeHHsI U TPEHWHTA UCIOJIb30BAHUE PACTIPECICHHOI CHCTEMBI NMEET
peuMyIecTBa 00pabOTKH JAaHHBIX: XpaHeHHE MH(OPMALHMU O CTYACHTAX, MOCTPOCHHE Y4eOHBIX KypCOB, MPOBEpKa CAAHHOTO MaTepuaja M TOMY
nono6Hoe. B manHOl paboTe McciienoBaHBI MPOOIEMBI MAaCIITAOMPOBAHUS M HCIIONB30BAHHS PECYPCOB B PACIpPEIEICHHBIX CHCTEMAX YIPaBICHUS
oOy4yenuneM. Paccmorpensl obnaynble miaTdopMbl A1 pa3MelleHns] CUCTeMbl, Takue kak Amazon Web Services, Microsoft Azure, Google Cloud
Platform u DigitalOcean. PaccMoTpensl mpo6ieMsl 1 0COOEHHOCTH MacITabUpyeMOCTH OOJaYHbIX BBIYHUCICHUH. [IpeaoKeHbl METO/IbI, aITOPUTMBL
MacITabupoBaHus M OaJaHCUPOBKM HArpy3kd I 3((EKTHBHOTO MCIOIb30BAHHSA BBIYMCIHTENBHBIX PEcypcoB. B cooTBeTcTBHMM C mepedHeM
MIPEUMYIIeCTB, UL HCCIeNOBaHUs Oblta BhIOpaHa mmatdopma DigitalOcean. DigitalOcean mpermocraBiser o0IadHbIe CepBEpHI, KOTOPHIE MOXKHO
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UCHOJIb30BATh JUIs OBICTPOrO CO3JaHUS HOBBIX BUPTYaJIbHBIX MAIIUH JUIS IPOCKTOB. DTH CepBepa MO3BOJIAIOT NOJHOCTHIO KOHTPOIUPOBATh CPEy BeO-
XOCTHHIa, IPU STOM I0JIb30BaTelb IUIATUT TOJBKO 3a KCIIONB30BaHHBIC pecypchl. OcHoBHO#M wnenbro DigitalOcean sBisieTcst HCHONIBb30BaHHE
TBepaOTeNnbHOro Hakonurenst (SSD) st co3nanust ynoOHON miathopMbl, KOTOpask MO3BOJIUT KIMEHTaM MepeMeIlaTh MPOEKThl B 00JIaKO U U3 HEro,
TOBBIIIAs IPOU3BOAUTEILHOCTh C BBICOKON CKOPOCTBIO U 3((eKTUBHOCTBIO. B pesyipTare aHammM3a MHGOPMALMH O CYILIECTBYIOIIMX TEXHOJIOTHSAX,
[OIX0aX M METOAAX HCIOJIb30BaHMS 00JauHBIX IUIAT(OPM B PACIPENCICHHBIX CHCTEMaX ObLIO pa3pabOTaHO pEIICHHE MO COKPAIICHHI0 IPOCTOCB
pacrpeeneHHOW aJanTHBHOW CHCTeMbl ympasieHus oOydeHuem (LMS). Caenan BBIBOA O TOM, YTO HCIONB30BaHHE OOJAYHBIX IIATGOPM s
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Introduction. The emergence of distributed systems
in the field of IT technology was because one computer
could not process all the information that comes every day
with the development of technology.

However, distributed systems still have problems with
downtime, loss of important data during malfunctions,
scalability and the most efficient use of computing
resources. Over time, platforms have emerged to help solve
this problem by providing cloud computing services. Cloud
technologies (or cloud computing) are distributed digital
data processing technologies that provide computer
resources to the Internet user as an online service.

For the training system, the use of a distributed system
has the advantage of data processing: storage of
information about students, construction of training
courses, verification of passed material, etc. When using
cloud computing in such systems, mobility is an advantage.
Therefore, a person can access training materials, courses,
or test their knowledge from anywhere on the planet with
Internet access and the device they need.

Learning management systems have become an
integral part of the e-learning content development process,
especially if there are many trainers and few trainers in the
school or not, so one of these systems needs to be used to
facilitate the tasks and refine the learning process.

Taking into account integrated knowledge-based
methodological framework for staff-training in IT-
companies [1; 2], the purpose of this work is to explore the
technologies, approaches, and methods used in cloud
platforms. Develop a solution to reduce downtime,
scalability, and use only the required computing resources
at any given time that can be deployed in distributed
adaptive Learning Management System (LMS) [3].

Existing platform and technologies overview.
Overview of cloud platforms. The hardware and operating
environment of a server in an Internet-based datacenter.
The system software components (OS, virtual machine
monitor, etc.) are called the “cloud stack” [2].

When using cloud platforms by clients, only the
organization of the workplace (computer/laptop/tablet) is
required, regardless of the location. The only condition is
the availability of Internet access. The client (user of the
cloud platform) is only responsible for the administration
of its applications and software.

Amazon Web Services is a subsidiary of
Amazon.com, which provides a cloud-based leasing
platform to individuals, companies, and governments on a
paid subscription basis. The technology allows subscribers
to have a complete virtual cluster of computers, which is
always accessible via the Internet.

Microsoft Azure is a cloud platform and infrastructure
of Microsoft Corporation designed for cloud computing

developers and designed to streamline the process of
creating online applications. A close competitor to AWS
with an extremely capable cloud infrastructure. The Azure
platform is also working with data centers.

Google Cloud Platform is Google's suite of cloud
services that run on the same infrastructure that Google
uses for its end-user products, such as Google Search and
YouTube. Google later entered the cloud market and has no
enterprise focus to help attract corporate clients. But his
technical knowledge is deep, and his leading capabilities in
deep learning and artificial intelligence, machine learning,
and data analytics are significant strengths.

DigitalOcean is a US-based hosting company focused
on helping developers launch more applications faster and
easier. DigitalOcean provides cloud servers that developers
can use to quickly create new virtual machines for their
projects. They allow you to fully control the web hosting
environment at the same time that the user pays only for the
resources used. DigitalOcean's ultimate goal is to use a
solid-state drive (SSD) to create a user-friendly platform
that will allow their clients to migrate projects to and from
the cloud, increasing productivity with high speed and
efficiency [3].

Scalability in cloud computing. Scalability is the
unique feature of cloud computing where dynamic
provisioning of the resources is being done by the clients
themselves with in the real time slice. Vertical scalability is
the ability to increase the capacity of existing single
hardware or software by adding more resources to the same
server or hardware. Horizontal cloud scalability is the
ability of the system or resources to connect multiple
hardware or software entities, such as servers or networks
so that they work as a one logical unit [4].

Load balancing. Load balancing is a method that has
helped networks and resources, to provide maximum
throughput with minimal response time [5].

In the static load balancing method, the performance
of nodes is determined at the beginning of execution. Then,
depending on their performance, the workload is
distributed at the outset by the master node. The slave
process calculates its distributed work and transmits its
result to the master. The task is always performed on the
node to which it is assigned.

Dynamic load balancing differs from static algorithms
in that the workload is distributed between nodes at
runtime. The wizard assigns new processes to subordinates
based on the newly collected information. Unlike static
algorithms, dynamic algorithms distribute processes
dynamically when one of the processors becomes under
load.

Virtualization. The creation of isolated environments
within a single physical device. Each environment looks
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like a separate computer with its characteristics, such as
memory, processor and so on. This environment is called a
set of logical resources [8].

Containerization. An alternative to full machine
virtualization, which involves encapsulating the program
into a container with its operating environment. This
provides many benefits of downloading the application to a
virtual machine since the application can be run on any
physical machine without having to worry about
dependencies.

Proposed approach. Choosing a cloud platform.
Among all cloud platforms considered for use in a
distributed system, DigitalOcean was selected. This
platform has several significant advantages over other
platforms:

e uptime 99.99 %;

e convenient tariff plan for the use of resources —

payment only for what they used;

e laaS is a provider of computing resources, so it is
possible to adjust the distribution of resources
according to needs [9];

o the ability to get computing resources quickly by
deploying the required number of virtual
machines or “drops»;

o the use of solid-state SSDs, which raises the speed
of cloud computing on the platform;

o use of KVM (Kernel-based Virtual Machine)
hypervisor [10, 11].

Scaling the system. When reviewing scaling methods
for a distributed system, two main ones were selected —
horizontal and automatic, and manual as a secondary.

The horizontal method is best suited for running LMS
in the cloud since it is easier to create new virtual machines
on the platform during high load and transfer to them the
load that arises from systems upon request. If you take the

vertical method, you need to create a new virtual machine
of larger size and transfer all the data to it and deploy it in
the cloud. This means that the system may not be available
for some time, so users will not be able to work with it [12].

The second main method is automatic. It will allow
you to create new computing units to distribute the
increased system load in the cloud.

We will also use the manual method as an auxiliary.
After all, if the system administrator knows that the load
will increase, then he can add new virtual machines himself
or remove if some of them are no longer in use.

Load balancing in the system. Throttled load
balancing method was chosen for system load balancing
(fig. 1).

The load balancer (LB) maintains a table of virtual
machine indexes, as well as their states (Available or Busy).
The client/server first requests the data center to find a
suitable virtual machine (VM) to perform the
recommended task. The data center requests a LB to
distribute the virtual machine. The LB scans the index table
from above until the first available virtual machine is found
or the index table is completely scanned.

If a virtual machine is found, the data center passes
the request to the virtual machine identified by the
identifier. Also, the data center confirms the load balancing
of the new distribution, and the data center appropriately
revises the index table. When processing a client request, if
the corresponding VM is not found, the LB returns “~1” to
the data center. The center request is processed by the data
center.

This choice is due to the following factors use only
the required computing resources, simple implementation
and speed of execution.

At the moment, this algorithm is optimal for our
system. But it should be noted that in the future, with

Client/Server Data Center Controller

Load Balancer Virtual Machine

Receives the
request
Queries for the
available VM

Send
reguest

Sends the request to
VM identified by id

Receives the
query
Check ifthere is a VM
available
Check the weight of
busy VMs
Get VM id of the

VM of higher weight,

LB returns
VM id

MNotifies of the new
allocation

Receive

Updates the
allocation table

Handles the
request

response

MNotifies of the VM
deallocation

Get
response

®

Updates the
allocation table

Fig. 1. Activity diagram for throttled load balancing
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system scaling, a more sophisticated algorithm will have to
be used to efficiently use all computing resources.

Deployment in the cloud. The chosen cloud platform
is DigitalOcean, which provides computing units called
drops (fig. 2). To ensure maximum data security and the
fastest data processing in the cloud, we will use
containerization in a virtual machine. Containerization will
be provided by Docker Compose, as the system consists of
several components (fig. 3). Also, to create containers, we
will create virtual machines that have a specially designed
OC for the best Docker support [13].

Comprasion of solutions. Let's compare the
proposed solution with the solution where vertical scaling
will be present. When using this scaling method, we need
to move all the data from one virtual machine to another
with higher characteristics (CPU, RAM, hard disk). In this
case, LMS will be in downtime for a certain time:

tdowntime = tallocation + ttransferv (1)

where tgowntime — downtime for LMS;

tallocation — time for hypervisor to allocate resources
for VM

tiransfer — time for transferring data from one VM to
another.

Moreover, time for transferring data from one VM to
another growing as more size of data is.

At table 1 we can find a simple comparison between
the data size of VM and time for copying its data to another
VM.

Here you can clearly see that the time to copy data is
growing along with the volume of this data. Accordingly,

In the proposed solution, the downtime time formula
remains the same (1), but the data transfer time will be
constant, because it is limited by a certain template size of
our virtual machine. Now we can get the efficiency and
availability of the proposed solution (2):

Ef = (@—1) -100 %, @)

thor

where Ef — efficiency of the proposed solution;

tvert — time for transferring data with vertical method;

thor — time for transferring data with vertical method,
we set it to 86, if we use 1024MB template of VM for
deploy.

with each change of VM, the downtime will increase.

Table 1 — Dependency between time and data size

Size(MB) Time(secs)

32 10

64 14

128 24
256 40
512 60
1024 86
2048 115
4096 148

Table 2 presents the efficiency calculations for two
cases in which it is necessary to change a virtual machine
that has a larger volume. You can see how the efficiency of
solutions using horizontal scaling is growing in comparison
with vertical.

Table 2 — Calculation of efficiency

tvert thor Ef
115 86 43,75 %
148 86 85,00 %

These data are illustrated in more detail in Fig. 4.

Where y-axis is Efficiency and x-axis is the size of
data in VM growth in the vertical method.

The implementation of this solution into the work of
adaptive LMS will improve its efficiency. Now users will
not need to wait more and more times each time before they
can again access their training courses. Of course, increase
their effectiveness during training [1].

Conclusions. The use of cloud platforms for the
construction of distributed systems is a practice that allows
to use only the required amount of computing capacity.
This way you can focus on other aspects of the system.

Client HTTPS <<component>> a <<component>> a
Load balancer Processing power
~ o . A
~
N I
Running a virtual :
machine deployment Deploying and running
S a virtual machine
~ 9 :
~
A N I
Creating and Downloading the S \
configuring a virtual machine N :
The ownerof || _vlrt_uill_niafh_m_e = <<component>> gl 1|8 _t_o—tl'l_e—st_oia?e— _____ S <<component>> a
the software Virtual machine Data storage

Fig. 2. Model of system operation using Digital Ocean cloud platform
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Fig. 3. Web application deployment diagram
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Fig. 4. Efficiency growth 8.
Cloud computing and platforms, scalability, load
balancing, virtualization, and deployment through 9.
containerization were reviewed during the work. The
DigitalOcean platform was investigated their way of
providing computing resources with Drop-lets. 10.
As a result of analyzing information on existing
technologies, approaches and methods for using cloud
platforms in distributed systems, they have been applied to
- . o 11.
develop a solution to reduce downtime for a distributed
adaptive LMS.
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O. IO. TOBCTOKOPEHKO, P. O. ’'AM3A€B, M. B. TKA4YYK

EKCNNEPUMEHTAJIBHE JOCJIJKEHHSI EGEKTUBHOCTI 3ACTOCYBAHHS BAPIABEJIBHUX
MPOEKTHUX PIIEHb HA ETAIII CYIIPOBOJY MPOIT'PAMHOI'O 3ABE3IIEYEHHSI CHCTEM
«PO3YMHUM BYJIUHOK»

V crarTi po3riIsHyTO OTOYHM CTaH HAYKOBUX ITyOUIiKaliil 3a TeMOFo iHTeNeKTyani3arii ycix OCHOBHUX mpoleciB moBHOro xurreoro tukiy (full life
cycle) nporpamuux cucrem (T1C), mizxoau uist 100ya0BH BapiabenbHUX Mojeneid st cucteM «Po3ymunii 1im». [IpoBeseHo orisi iCHYrO4HX M IX0/1iB
0 aHami3y sKocTi moOynoBu Takux pimeHs. [IpoanamizoBano Feature-Oriented Development Architecture (FODA) mozmenb cucteMH pO3yMHHI
OyIHHOK, MiIKPECIICHO aKTyaIbHi IPOOIeMHI IPOSKTyBaHHS CHCTEM PO3YMHOTro foMy. IIpoaHanizoBaHO cTaH IyOmiKaliii 3a TEMaTHKOIO OLIHKHU SKOCTI
cucteM tuny «Pozymuuit nim». IToTiM 3anpomOHOBaHHUN MifXi[ EKCIEPUMEHTAIBHOI OLIHKU CYNPOBOKYBAHOCTI CHCTEMH 3aCHOBAaHHH Ha aHai3i
CyMapHHX BHTpAT HEOOXiMHMX JUI MiATOTOBKM (PYHKIIOHATy CHCTEMH Il poOOTH. B Xoxi mpoBeeHHS eKCIepHMEHTAIBHUX PO3PaxyHKIB OylIo
BUKOPHCTAaHO JOMEHHY MOJeNb cucTeM «Po3yMHHil 1iM» B JBOX BapiaHTax, 3 BUKOPHCTAHHSIM IHTETPalifHOr0 MOYIIO Ta 3 BUKOPHCTAHHSI OKPEMUX
MPUCTPOIB YIPABIIHHSI, OKPEMO AJIs KOXKHOrO 3 BUPOOHHKIB. 3ampONOHOBAHMMA MiaXix it owiHku anprepHaTuBHUX FODA Moperneil 3acHOBaHHIA
kputepii «maintainability». B sikocti maHuX Oyia0 BHKOPHCTAaHO 4ac, HEOOXimHMIT Ui KOH(DIrypyBaHHs NpOrpaMHOro 3a0esmedeHHs uisi Habopa
OKpEMHX MOJYJIB CHCTEMH, Ta HaJAIITYBaHHS iX sK €quHOI cucTeMu. OTpUMaHi 1aHi, IO AO3BOJLIIOTH NMPUHHATH PIilIeHHS PO BHOIp apXiTEeKTypH
moOyI0BH CHCTEMH IPYHTYIOUHCH Ha 3a/IaHiil JOMEHHOI MOJEN, 0 MIiCTUTh Hadip MPUCTPOIB i onuCy HagaHuxX HEUMH (yHKUiA. Pesynprati poboTu
MIOBMHHI CTaTH OCHOBOIO JUISI PO3POOKH LEHTPATi30BaHOTO CXOBHIIA, ULl HAKONMYCHHS, aHAI3y Ta IOBTOPHOTO BHKOPHCTaHHS KOH(Irypamii sk
OKpEMHUX MiAMOJYIIB cucTeM «PO3yMHUIT IiM», Tak 1 IUTICHUX CHCTEM, SIKi BiIIIOBIIAIOTh IEBHUM BUMOTaM, y pe3yJIbTaTi 40oro OyJie 3arnporoHOBaHO
KOMILUIEKCHU# MiAXi/ A0 MiBUIICHHS SKOCTI CYIIPOBOAY cucTeM «Po3yMHHII [iM» HA MPUKIIAl IOKA3HUKA CYTIPOBOLY.
Kurouosi ciioBa: po3ymHuii 1im, [HTepHET peueii, JoOMEHHA MOJIelIb, BapiaOebHICTh, pOorpaMHe 3a0e3neYeHHs, KOHPIrypyBaHHS.

O. IO. TOBCTOKOPEHKO, P. A. TAM3AEB, H. B. TKA4YK

IKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUE DOPEKTUBHOCTU IPUMEHEHUSA
BAPUABEJIbHBIX TPOEKTHBIX PEINIEHUAN HA 3TAIIE COITPOBOXKJIEHUA TPOTPAMMHOI'O
OBECHEYEHUS CUCTEM «YMHBIA JIOM»

B craThe pacCMOTPEHO TEKYIEE COCTOSHUE HAYYHBIX ITyOJIMKALMiA 110 TEME MHTEIUIEKTYIN3alll BCEX OCHOBHBIX MPOLIECCOB MOJIHOIO )KU3HEHHOTO
mukiia (full life cycle) mporpammubix cucrem (I1C), OAXO0BI IS TOCTPOEHHS BapHabEIbHBIX MOJIENIEN Ui cUcTeM «YMHBIN 1oM». [IpoBenen 0630p
CYILIECTBYIOIIMX IIOIX0/I0B K aHAJIM3y KaueCTBa OCTPOEHUs TakuX peuienuid. [[poananusuposansl Feature-Oriented Development Architecture (FODA)
MOJIENIb CHCTEMBI YMHBIH JIOM, MOJYEPKHYTHI AKTyalbHbIE MPOOJIEMBI MPOEKTUPOBAHMS CUCTEM YMHOIO JoMa. IIpoaHaIn3MpOBAHO COCTOSHHUE
nyOiMKamuil Mo TeMaTHKE OLEHKH KayecTBAa CHCTEM THIA «YMHBIH JOM». 3aTeM TpeIIOKEHHBI TMOJXO0J SKCIEPUMEHTAIBHON OLEHKH
COMPOBOXKIAEMOCTH CHCTEMBI OCHOBAH Ha aHAJIM3€ CYMMApHBIX 3aTPaT HEOOXOMMMBIX JUIS MOATOTOBKH (DYHKIMOHAJIA CHCTEMBI Ul paboThl. B xome
NPOBE/IEHH YKCIIEPUMEHTATIBHBIX PACYETOB Obla MCIIOIb30BaHA JOMEHHAS MOJIENb CHCTEM «YMHBIH JOM» B JBYyX BapHaHTaX, ¢ MCIOIb30BAHHEM
MHTErPAMOHHOr0 MOJYJIA U C HCIIOJIb30BAHHEM OT/EIbHBIX YCTPOHUCTB YIPABIEHHS, OTAENBHO IS KaXI0r0o U3 mpousBoauteneil. [IpeiokeHHbIi
MOAXO/ JUlsl OleHKH anbTepHatuBHBIX FODA Mopeneii ocHoBaH Kputepuu «maintainability». B kauecTBe naHHBIX OBLIO HCIIOJNB30BAHO BpEMS,
HEOOX0MMO€ [Tl HACTPOWKHU IIPOrPaMMHOr0 OOeCIeueHus [isi Habopa OTIENbHBIX MOJYJIEH CHCTEMBI, U HACTPOMKH MX KaK €IMHON CHCTEMBI.
TTony4eHHbIE JAHHBIE, TO3BOJSIOLINE TIPUHSTE PELIEHNE O BLIOOPE ApXUTEKTYPHI TIOCTPOEHHS CUCTEMBI OCHOBBIBAsACH HA 3aIaHHOM IOMEHHOI MOJIEIH,
CONEP)KUT HAGOp YCTPOWCTB W ONMMCAHHS TPENOCTABIAEMBIX MMHU (yHKIMA. Pe3ynbTaThl paGoThl JOJDKHBI CTaTh OCHOBOW JUIsS paspaboTKh
[EHTPAIN30BAHHOTO XPAHWIIMINA Ul HAKOIUIEHHs, aHAlH3a W MOBTOPHOTO HCIIOJNB30BAHMS KOH(HIYpalmy Kak OTAENbHBIX TOAMOJAYJIEH CHCTEM
«YMHBII JI0OM», TaK ¥ IEJOCTHBIX CHCTEM, OTBEYAIOLINX ONpEIETEHHBIM TPEOOBAHHUAM, B PE3YJIBTATE YEro Oy/EeT MPEIOKEH KOMIUIEKCHBIN MOIXO0 K
TMOBBINIEHUIO KAYECTBA COMPOBOMKIEHUSA CUCTEM «YMHBIH I0OM» Ha TPHMEPE MOKA3aTeNs COMPOBOKIAEMOCTH.
KuroueBble c10Ba: yMHbIH 10M, HTEpHET BelleH, JOMEHHAs MOJIENb, BAPHAGEIBHOCTD, IPOrPAMMHOE O0eCIeUeH e, KOHDHUTYPUPOBAHHE.

0O.Y. TOVSTOKORENKO, R. 0. GAMZAYEV, M. V. TKACHUK

AN EXPERIMENTAL STUDY ON EFFECTIVENESS USAGE OF VARIABLE DESIGN SOLUTIONS
BY MAINTENANCE STAGE OF SOFTWARE FOR “SMART-HOME” SYSTEMS

Article considers current state of scientific publications on topic of intellectualization of all main processes for full life cycle development of software
systems, approaches to building variable models for “Smart Home” systems. A review of existing approaches to the analysis of quality of construction
for such solutions. The Feature-Oriented Development Architecture (FODA) model of smart home system is analyzed, the current problems of smart
home systems design are emphasized. The state of publications on topic of quality assessment of systems such as «Smart Home» is analyzed. Then, the
proposed approach to experimental assessment of system maintenance is based on the analysis of the total costs required to prepare functionality of
system for operation. In the course of experimental calculations, domain model of Smart Home systems was used in two variants, using an integration
module and using separate control devices, separately for each of the manufacturers. The proposed approach for evaluating alternative FODA models is
based on «maintainability» criterion. The time required to configure the software for a set of individual system modules and to configure them as a single
system was used as data. The obtained data, allowing to make a decision on choice of construction architecture of system based on the set domain model,
contains a set of devices and the description of functions provided by them. The results of the work should be the basis for the development of a
centralized storage for the accumulation, analysis and reuse of the configuration of individual submodules of Smart Home systems and integrated systems
that meet certain requirements, resulting in a comprehensive approach to improving the quality of Smart Home systems on the example of the traceability
indicator.
Keywords: smart home, Internet of Things, domain model, variability, software, configuration.

Beryn. [IpoTAroM oCTaHHBOTO ACCATHIITTS CTA€ BCE
OibII aKTyaJIbHUM TIMTaHHS IHTEJEKTyamizamii ycix
OCHOBHHX mpoleciB moBHoro xurteBoro uukmy (full life
cycle) Bigmosimamx mnporpamuux cucrem (IIC) [1-2].
OmHMM 3 OCHOBHHX TIEpeBar JaHOTO MiAX0Ay 0 pO3pOOKH

iHpOpMaNiHHOT CHCTEMH € Ha/IaHHSI MOKJIMBOCTI ITPO30pO-
rO yIpaBIIiHHA BCiMa eTamaM# PO3pOOKH, BIIPOBAKEHHS
Ta CYHpOBOJly, 32 PaXyHOK YOTO BIPOBA/KYETHCS TIEBHUH
(YHKITIOHAT, 32 paXyHOK SIKOTO CTa€ MOKJIMBUM MTPHHMATH
OinbI eEKTUBHI PIMICHHS 3 TOYKH 30pYy SK IiJBUIICHHS
SIKOCTI KIiHIIEBOTO TPOAYKTY TaK i OUTBII paIlioHaILHOTO
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BUTpayaHHs (iHAHCOBMX KOWITIB Ha pO3poOKy. J[lis
MIATPUMKH TaKUX TPOLECIB MOXKYTh 3aCTOCOBYBATHCS
HacTymHi: goMeHHe MopemoBanus (domain modeling),
METO/I M ATPUMKH BapiabeIpbHOCTI IpOorpaMHOro 3abe3re-
yeHHs (Software variability) Ta apxitexTypHi Mozeni Ta
TEXHOJIOTii PO3POOKH IiHIHOK MPOTpaMHHUX IPOAYKTIB
(software product line) [3]. Hesaxkarounm Ha IIHpOKe
BUKOPHCTAHHS NIEpepaxoBaHMUX BHUIIE MiIXO/IB B IpoIiecax
po3pobku mporpamuoro 3abe3nedeHus (I13), 3anumaerses
BCC INEC AaKTyaJbHHUM 1 BHMAara€ IOCHIIKCHb HHUTaHHS
3aCTOCYBaHHS TMONIOHHX cucTeM B oOmacti «Po3ymHmMit
nim» (“Smart-Home” systems — SHS ) ta [urepHer — peueit
(Internet of Things — IoT) [4, 5, 9-11]. Orasa HaykoBo-
NPaKkTHYHUX PO3poOOK y ranmysi po3podku SHS-cucrem
JI03BOJISIE 3pOOUTH BUCHOBOK, L0 Hapasi ICHYe JOCUTH
3HaYHUU MPOTPEC Yy CTBOPEHHI BHUCOKOTEXHOJIOTTUHHX
anapaTHO-NPOTPaMHUX pillieHb, 30KpeMa, 3 BAKOPUCTAHHS
METOJIB i TEXHOJIOTIH 3 iHCTpyMeHTapito modymoBu 10T —
cucreM 1 kibepdiznunux cucrem (cyber-physical system)
[6-8]. OnHum 3 HaliMEHI MPOAHATI30BAaHHX MUTAHb B
CHOTOJTHI € MUTaHHA OTPUMAHHS KITBKICHUX OIIIHOK e(eK-
THUBHOCTI MPOIIECIB MPOSKTYBAaHHS Ta peatizalii caMme KOM-
nmoneHTiB [13 nursixom 3abe3nedyeHHs iX BapiabeIbHOCTI Ta
MOXIIMBOCTEHl ~ TOBTOPHOTO  BHUKOPUCTAHHS  JIHIAOK
nporpamuux npoaykris (JIIIIT) B kontekcti 10T cucrem.
BaxnMBUM NHTaHHSAM TaKOX € MOXJIMBICTh OTPHUMAaHHS
OLIHOK  e(eKTUBHOCTI  3aCTOCYBaHHs  BapiaOesbHUX
NPOEKTHUX pillleHb 3 TOYKM 30py IX BIUIMBY Ha
TPYAOMICTKICTE  TporeciB  cympoBoxmy II3  cuctem
«Po3ymunmit niM». CaMe TOMY METOIO IIbOTO JTOCIIIKEHHS
€ po3poOKa MigXomy OO BHpIMICHHS 3aJadi OI[IHKH
e(eKTUBHOCTI 3aCTOCYBaHHS [JOMEHHOTO MOJIEJIIOBAHHS
U TIOOY/IOBH BapiaOeNbHIX MPOSKTHHUX PIllleHb Ha eTarti
cynposony I13 Takux cucrem.

Crucauii orjsig icHyloUMX HiAXOAiB 0 OUIIHKH
sikocTi cuctem «Po3ymumii nim». 3a nanumu [14] no 2021
poky g0 10T Oyne migkmroueHo mpudau3Ho 50 MiTbAPIIB
npuctpois. Tomy BUpilanbHUM (AKTOPOM € SIKICTh QYHK-
uioHany ta [13 camux 10T mpuctpoi. PisHi Tpaguuiitni
MiAXOMU 70 BUMIPIOBAHHS SIKOCTI MPOTrPaMHOro 3abesre-
YeHHsI TOTPeOYIOTh BAOCKOHAJICHHS Ta aIaNTalii 10 Xapak-
tepuctuk |0T. Crartsa [14] npomoHye neTambHHUNA OIS
MoJieNi SIKOCTI mporpamHoro 3abesnedeHHs misd 10T cuc-
Tem Ha ocHoBi ISO/EC25010 Ta arpubyrtiB sikocTi iHdop-
Manii COBIT 4.1. Aptropamu Oyno BUAIICHO BimoOpa-
JKCHHS Ta B3a€MO3B’ 30K MK xapakrepuctukamu 10T Ta
XapaKTepUCTHKAMH SIKOCTI IPOTPAMHOTO 3a0e3MeueHHs Ha
OCHOBI fIKOCTI iH(popMarii. OTpuMaHi pe3yabTaT JOCHTiI-
KeHHs JohanJ. Ta iH. TIaHYIOTh BHKOPHCTOBYBATH SIK
OCHOBY U CTBOPEHHA KOHTYpy ympasiinHsa 10T cuc-
TemaMu. OIHUM 3 aKTyaJbHUX MUTaHb B PaMKax JOCIiJ-
KEHb B KOHTEKCTI poekTyBaHHs |0T Tak camo € nuTaHHA
aHaiizy 1 xnacudikanii GyHKIiOHANPHUX 1 He QyHKIIO-
HajpHUX BuMor [15]. Tainyi (Ted) Luor ta iH. Bmepiue
3aIpOINOHYBAJIM 3aCTOCYBAaTH MOiesIb KaHo Sk TeopeTHIHy
ocHOBY Ut (hopMyBaHHS Kiacudikamii (yHKIIOHAIBHUX
MoxuBocTel SHS-cucteM, posrnsgaroun  KOXHY 3
(GYyHKIOIA 3 TOYKH 30py NMPHBAONMBOCTI YW HEOOXiTHOCTI
JUUISl TIOTeHIIIMHOTO KOpHUCTyBaya, abo i te, 1 inmre. Takox,
y [15] 3anpormoHOBaHO TpH MOJIEINI Ta TIEpEBipKa CTaBICHHS
KOPHCTYBa4iB 10 TPbhOX (YHKI[iOHAIGHUX THIIB SHS-

cucreM. Ha ocnoBi mozeni KaHo po3paxoBaHO OCHOBHI
pesynbtaty, a came aBa «[IpuBabmusi sikoctiy» (Attractive
Quality) ta meB’sTp myHkTIB «baiinyxa sikicte» (Indiffe-
rent Quality). TlepeBipka rimore3 TakoXx BKa3ye Ha Te, IO
¢yHKIil pos3Bar, Oe3meku Ta aBTOMaTrU3alii CYTTEBO
KOPEJTIOOTh 31 3MIHHUMH «CTIPHIAMATH KOpHUCHE» (Perceive
useful) ta «craBiaenns»(attitude). Tainyi (Ted) Luor ta in.
3a3HA4al0Th, 110 MIPKYBaHHS BUTPAT HETaTHBHO KOPEIIIO-
IOTh 31 CTaBJICHHSM JI0 pO3Bar Ta aBToMarm3ailii. Pe3yms-
tata [15] moka3yroTh, mo mocradanbHuUKH SHS-cuctem
MTOBHHHI MOCTIHHO JOCIIKYBaTH IIOTPEOU KOPHUCTYBAYiB y
CBOEMY IIPOJYKTi, TOMY IIIO AaHa 00JAcTh € ANHAMIYHOIO
Ta TOCTIHHO PO3BMBAETHCSI. 3 OMNIALY Ha TOH (akT, IO
Oinpmiicte  SHS-cucrem cnig posrsgaru sk JIIIIL, 3
orsiAy Ha X QyHKIIOHAJIBHI Ta apXiTEKTypHI 0COOIUBOCTI
[17], akTyanbHHM 3aBIAHHSM € OIlIHKA SKOCTI Bapia-
oenpHOCTI st JITIIL. Y po6ori [16] mpencTaBieHO MOIEIb-
Ho-opieHToBanuii (model-driven) imkeHepuuii Meron Ta
IHCTpYMEHT Ui OIIHKHM SKOCTI KOH]Irypariii ToBapHOI
JiHI] IULIXOM TEPEeXpecHOTro aHalli3y apXiTeKTypHOTO
BUrILy. OCHOBHMM BHECKOM Li€i poOOTH € MeTaMOJedi,
BU3HAYCHI IS BUPa)KEHHS CLIEHAPiiB OLIHKH SKOCTI, KaTa-
JIOTiB KOMIIOHEHTIB Ta TOYOK 4yTiauBocTi Beepeauni JITIT
ta ii apxitekrypu. Y [16] aBTOpH TaKoX NPONOHYIOTH
Ha0ip crmoco0iB MepexoAy BiJl MOJETI 0 MOJCIi Ta Bif
MOJIETI JI0 TEKCTY, SIKi MOXKHA BUKOPHCTOBYBATH JUIsl aHa-
73y BIUIMBY pillIeHHs MOA0 KOHQirypauii BapiaOenbHOCTi
Ha OCHOBI aTpHOYTIB SKOCTI B mpoueci KoHdirypauii npo-
IOykTy. B Toil xe wac y Takux poOOTax HEZOCTATHHO
ONPAllbOBAaHUMHK  3ANUINAIOTHCA IHTAHHA OTPUMAaHHS
KUTBKICHIX OIIHOK MOXITUBOTO MiJBUIICHHS €()EeKTHB-
HOCTI IIPOIIECiB POCKTYBaHHS Ta peaizallii caMe KOMIIO-
HeHTiB [13 mumixoMm 3abe3medeHHs iX BapiaOeIbHOCTI Ta
MOXKJIUBOCTEH MOBTOPHOTO BHKOPHCTAHHS Y BIANOBIITHHX
JITIII, ToMy MeTor0 poOOTH € po3poOKa MiAXOAY 0 BUPI-
IICHHS 3a/a4i OILIHKK SIKOCTI 3aCTOCYBaHHS IOMEHHOTO
MOJICTIFOBaHHs JUisi 1MOOY/JI0BH BapiaOeibHUX IMPOSKTHUX
piienp Ha etani cynpoBoay 13 Takux cucrem.

MogentoBaHHs BapiabebHUX MPOSKTHUX PIlLIEHb IS
noOy/IOBH apXiTEKTypH CHUCTEM «pO3YMHHUl aim». Dakr
BiJICYTHOCTI €IMHOTO CTaHHAPTY/TMPOTOKONY 3B’SI3KYy MiXk
MPUCTPOSIMH Ta CHUCTEMaMH IpH po3podbmi SHS-cuctem
3YMOBIIIOE HEOOXIIHICTh MOETHAHHS OKpemux 10T — Kom-
MIOHEHTIB Pi3HUX BUPOOHUKIB B O/IHY CUCTEMY yIIPaBIiHHS,
3 MO>KJIMBICTIO [IEHTPAJIi30BaHOTO KEpyBaHHs yciM 00J1az-
HaHHsM [17].

s BimoOpakeHHS 3a3HaudeHoi mpobiemu Oyio
nobyaoBaHo joMeHHy Mojeib (M) 3 BHKOpPHCTAHHSIM
Hotatii FODA [1, 2], sixa HaBeneHa Ha puc. 1. CTpykTypa
i€l Mojeni MICTUTh CEHCOpPH (SENSOr — TMpPHCTPOi, Mo
30uparoTh JaHHi) Ta akTyaropu (actuator — mpuctpoi, mo
BUKOHYIOTbH II€BHI (DYHKIIT) pi3HUX BUPOOHUKIB. Takox Ha
MoJieNi BioOpakeHO (YHKIi, SKi HAJa€ KOXKEH 3 MpH-
cTpoiB. PYHKIIII0O KEpyBaHHsS CEHCOPaMHU Ta aKTyaTOpaMH
BUKOHYE 050K ynpasninHs — «Huby». ¥V [17] 6yno Bunine-
HO 2 BapiaHTH peanizauii Tperboro piBHsa M, mepmmii
cmiBnagae 3 puc. 1 i mictute HUb Moy U1 KOKHOTO 3
BHUPOOHUMKIB, y IPyroMy BapiaHTi 3alIPOIIOHOBAHO BHKO-
PHCTATH MPOrpaMHUH MOIYJNb IS YHPaBIiHHA Ta ajall-
Tallii yrpasiHHSI KOMIIOHEHTaMU HIDKIHUX piBHIB JIM Ta ix
GyHKITIIMY.

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIIy. Cepisn: Cucmemnuii
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Puc. 1. IM SHS 3 npuctposiMu pisHUX BUPOOHHKIB

Ha nmanuii yac 3a3Haueny B [17] mpoGnemy MoxHa
BUPIIIUTH ABOMA CIIOCO0aMH, NEPIIUI — IIe BUKOPUCTAHHS
Habopa OKpeMHX MOOUTPHHX IOHATKiB JJIS KOXKHOTO 3
BHPOOHUKIB (HaBeneHO Ha puc. 2). Jpyruit (HaBemeHO Ha
puc. 3) — BUKOPHCTaHHS MOJYJIIO 3 OINlepaliifHOI cucTe-
Moro [yt yrpasiiHHg 10T kommoneHTamu [12].
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Puc. 2. BapianT 1 JIM cuctemu «Po3ymuuii nim». PiBens Hub
JUISL CUCTEM Pi3HUX BUPOOHUKIB [17]

[Tpu BUKOpUCTaHHI BapiaHTy apXiTEeKTypH CUCTEMH 3
Habopom MoxyiB Hub (puc. 2), 3’ BiseThest HEOOXITHICTH
Yy HacTynHux npouecax [17]:

e HanamryBaHHS 3B’s3Ky 3 KOXHHM 3 Hub s
I0TCY.

OxpemMe HajamTyBaHHS KOXKHOTO 3 Hub.
HamamryBanas 3B’sa3ky Mik Hub ta meBHUM
MIPUCTPOEM (CEHCOP/aKTyaTop).

e HanamryBanss/mManidr QyHKIIH Ta clieHapiiB uis
KOKHOTO MTPHUCTPOIO (CeHCcop/akTyarop) Ha piHi Hub.

e HanamrryBanss/mManidr GyHKIIH Ta crieHapiiB 1uis

KOXKHOT'O MPUCTPOIO (CEHCOpP/aKTyaTop) Ha piBHI CUCTEMHU
ynpasininas 10T (10TCY).
SIK anpTepHaTHBa INPOIOHYETHCS BUKOPHCTOBY-
BaTH yHi(piKOBaHMH NPOTPaMHUI MOAYJIb, SIKUH JI03BOJINTH
CTBOPIOBATH, HAKOIIMYIYBaTH, IOBTOPHO BUKOPUCTOBYBATH
KoH(irypauii Juis iHTerpauii MeBHUX CEHCOPH/aKTyaTOpH
ta nepaux 10TCY (puc. 3) [17].

Mo/ysib IPOIIOHYETBCSI PO3TAIIOBYBATH SIK YaCTUHY
cucremu 10TCY. IIpu BUKOpHCTaHHI BapiaHTy apXiTEKTy-
pu cuctemu 6e3 Habopy Hub s xkoxHOro 3 BUpOOHHKIB
3TUIIAETHCS HEOOX1THICTh Y HACTYIMHUX TPOIIECax:

e HanamryBanus 38°s3ky Mk |0TCY Ta meBHHM
MIPUCTPOEM (CEHCOp/aKTyaTop).

e HamamryBanHs ¢yHkuii Ta cueHapiiB Ui
KO>KHOTO ITPUCTPOIO (CEHCOP/aKTyaTop).

VY [17] 6yno HaBeAeHO aHAali3 e()EKTUBHOCTI 3aCTOCY-
BaHHS 3alPOIIOHOBAHOTO IIJXOMYy 32 PaXyHOK BHKOpHC-
TaHHS OLIHKH CIIOJIyYHOT CKJIagHOCTi. /sl MOpiBHIILHOTO

aHaJIi3y 3a3HAYCHUX APXITEKTYPHUX PIlLIEHb IPOIIOHYETHCS
BUKOPHCTATH MI/IXiJ] HA OCHOBI OIIIHOK 4acy HE0OXiIHOTO
JUISl HAJAINTYBAaHHSA IEBHOTO (YHKLIOHATY Ui IEBHOL

ApXITEKTYpH.
House

HASystem

conllgurlble
module

— g

Puc. 3. Bapiant 2 JIM cuctemu «Pozymuuii gim» [17].

ExcriepumeHTanbpHe OCIIIKEHHS 3aCTOCYBaHHS 3a-
MPOMOHOBAaHOTO Mifxoay. /lyisi MOpiBHSHHSA JIBOX BHIIE-
onucaHux BapiaHTiB JIM NponoHyeThCss BAKOPUCTOBYBAaTH
MOKa3HUK CYyNpoBOJy MporpamHux cucreM [18]. Pospa-
XYHKH 3aIllpOIIOHOBAHOTO MOKAa3HHKa 0a3yloThCs Ha CyMi
3aTpar, HeOOXiTHHWX MJIS MiATOTOBKH MEBHOTO (PYHKIIO-
Hairy cuctemu Ui pobotu. B kontekcri 10TCY nmanwmit
MPOLIEC 1Ie — HAIAIITYBAHHS KOMIIOHEHT pOOOTH B 3arajib-
Hiit SHS-cucremi (MepexeBi HanalTyBaHHS, BCTAHOBJICH-
HS peXUMIB poboTH, Tomo). B skocri 3aTpar posrisi-
JIa€ThCsl 4ac, HEOOXiTHMU /IS HANAIITYBaHHS MEBHOTO
(GYHKIIOHATY 1H)XEHEPY CYNPOBOY.

Takum YMHOM, Ui PO3PAaxXyHKY IOKa3HUKA OYIo
MPOAHaJII30BaHO €TaIN, HABE/IEH] Y MONIepeIHbOMY ITyHKTI
JUTSA TBOX BapiaHTiB Mojeni (puc. 2 Ta puc. 3) Ta CKIaJIeHO
TaOJHIIO MapaMeTpiB AJIst KOKHOT 3 Mojeneii (tabu. 1).

Hami Ha ocHOBI 3i0paHMX JaHUX pPO3paxyBaTH
3HAUCHHs OOpaHOi METPUKH JJIsi KOXKHOI 3 MOjelneil.
OTpuManuii pe3ynbrar Oyne BioOpakaT NPHOIM3IHUNA
3aralbHUM 4Yac, HeOOXiMHWI AN HAJAIITYBaHb ITEBHOTO
BapiaHTy apxXiTeKTypH. {7 OIiHKH SIKOCTi 3aIpOIIOHO-
BaHOTO MiJIX0AY 0YyJ0 BHKOPHCTaHO ITOKa3HUK CYNPOBOIY
nporpamMHux cucteM [18]. B sxocTi BXigHHX maHUX OyIio
BUKOPUCTAaHO JOMEHHY Mojaenb «PosymHmid nim» 6e3
BUKOPHCTAHHSI 3alIPOIIOHOBAHOTO MOJYJIS Ta MiCHsi MOJH-
¢ikanii [17]. dns po3paxyHKy 4acy Ha HaJaIITyBaHHS
cucreMu OyJI0 BUKOPUCTAHO HAcTyNHI Gpopmynu [18]:

1

Maintainability = m ) 1)
n

F — neBHuii HaOlp QyHKUIN cucTemy;
Arch,Conf (F) — pecypc (y posrisinyTiit SHS — vac)
HEOOXiTHUH JUIS MIITOTOBKH MEBHOTO (DYHKIIOHATY N,

ac
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Arch,Conf (F) = ZArchnConf(Fi) , 2)

ne F; — meBHa (i-Ta) QyHKIS CHCTEMH; M — 3arajbHa
KUTBKICTh (pyHKIiH cucTeMn.

B saxocti ¢yHKIiA cucTeMu OyJo pO3IIISHYTO Haii-
HIDK4iH piBeHb JIM (puc. 1). [{ns cnpolieHHs po3paxyHKiB,
B SKOCTI 4acy /IS HaJallTyBaHb OyJIO BHUKOPHUCTAaHO
cepesHe 3HAYEHHS UL BCIX KIHIEBHX (YHKLIH CHCTEMHU,
TaKk SK B JaHI poOOTI OLNBII BaXXITMBUM € 3arajibHa
pi3HMIL 3aTpadyeHoro pecypey. Takum 4MHOM, 3a cepeqHii
Yac MEeBHOTO €Taly HaJallTyBaHHs OyJIO B3STO 3HAYCHHS
HaBeneHi y Taba. 1. lomenna mozaens cucteMu «Po3ymani
nim» (puc. 1), mpencraBieHa B IONEPEAHBOMY IYHKTI
HapaxoBye 16 mMoOyTOBMX HPHUCTPOIB, SKi B CBOIO YEPry
MPONOHYIOTE 34 QyHKII.

VY tabn. 1 yci eranm HajexaTh IO IMPOIECY HaJall-
TyBaHHS y BUINAJAKY 3aCTOCYBAaHHS IEpIIOl apXiTeKTypH,
CIpUM KOJIbOPOM BHJIUICHO €Tany HeoOXiIHi /Ui Hajail-
TyBaHHS CHCTEMH, Ha OCHOBI apXiTEeKTypH 3a BUKOPHC-
TaHHSM 3aIIPOIIOHOBAHOTO MOAYJIS.

TakuM YMHOM, Yac, [0 € HEOOXIAHMM JUIS Hajalll-
TyBaHHS 3a3HAYCHOTO B OMEHHIN Mojeni (QyHKIIOHATY

JUTSL apXITeKTypH 1:
1

" 8+4+17+3+255
~ 0,0173
Yac HeoOXimHUIA A HANAIITYBaHHA (YHKI[IOHATY
JUISL apXITEKTypH 2:

Maintainability srch,

Maintainabilityaycp, ~ 0,0235

174255

SIK BHIHO 3 PO3paxyHKiB KPUTEPIilO CYNpOBONY, 3a-
CTOCYBaHHS 3alPOIIOHOBaHOI MOAMQIKAIl apXiTeKTypH
cucteMu «Po3yMHuU AiM» BeIe 10 MiBUIICHHS IOKA3HUKA
SIKOCTI, & CaMe CYIPOBO/AY CUCTEMH.

BucHoBkM Ta mopaneiia podora. PesynbraTom mpo-
BEJICHOTO aHaNi3y Cy4aCHHX HayKOBO-TIPAKTHUYHUX PO3PO-
0ok y ramy3si crBopeHHst SHS-cucrem Oysio BUSIBIIEHO, 10
HEJIOCTaTHHO ONPALbOBAHUMHU 3aJIUIIAIOTHCS TUTAHHS OL1i-
HOK sikocTi Mojeneit B momeHi [oT cucrem. B pobori Oymo
PO3IIISIHYTO apXiTeKTypy CHCTeMH THITY «PO3yMHUI aiM»,

MiIKPECIIEHO MpoOJeMH, iCHYIOYl B Ipolecax IpPOEKTY-
BaHHS MONIOHMX CHCTEM, 3alpPONOHOBAHO IIAXiN IS
OI[IHKH SKOCTI JOMEHHOI MOJEN, Ha OCHOBI IIOKAa3HHKA
cympoBony. B moganbimux poboTax MmiaHyeThCs pO3podKa
IEHTPAJII30BAaHOTO CXOBHUINA JJIsi HAKOIMYCHHS MCBHHUX
HAJANITYBaHb, 110 3 Y4COM JI03BOJIUThH TOBTOPHE BUKOPHUC-
TaHHS KOH(DIrypamiid, B pe3yIbTaTi 90r0 MOKa3HUK CYTIPO-
BOJY TIIAHYETHCS MiJBHUIINTH OibIIe, Ta 3aIPOIIOHYBATH
OiMBII JeTaNbHI MAXOAW OO aHAJi3y SKOCTI 3a3HAYCHHUX
MOJCTICH.
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Y. R. SELIVORSTOVA, I. V. LIUTENKO, S. V. OREKHOV

FRAMEWORKS ANALYSIS AND EVALUATION USED IN THE WEB-APPLICATION
DEVELOPMENT

This article presents the approaches used to analyze and evaluate modern frameworks that are used in the development of web applications. The analysis
and evaluation of frameworks allow you to choose the framework that can be most efficaciously used for each specific case of software development.
The popularity of using frameworks in the development of web applications is due to a significant reduction in the time and other resources spent on
project execution. The article describes the concept of a framework as a technology for developing web applications and the classification of frameworks.
Five main types of frameworks are briefly described. Criteria for the rationality of using frameworks for developing a web application are considered.
The advantages and disadvantages of using them when creating web-oriented software are given. When evaluating web applications according to
COCOMO model, software options were considered with the use of frameworks in development, and without the use of frameworks. This article provides
an overview of the families of modern Back-End frameworks. A comparison of the functionality of the Back-End frameworks of six manufacturers for
commercial software solutions is carried out. The choice of criteria for assessing the quality of frameworks is examined. As a basis, when choosing
quality criteria, it is proposed to use the 1ISO 25010 standard. The coefficients of importance for the evaluation criteria, the values of which were obtained
with the help of experts, are given. When forming the final assessment of the frameworks, such characteristics as functional suitability, security of
working with data, modifiability, interface quality, interaction with payment systems, and integration with JIRA, compatibility, productivity were
mentioned. General quality scores were obtained for all the frameworks under consideration. Assessing the quality of frameworks allows you to improve
the process of developing a web-oriented software product, the purpose of which is to obtain a web application of a given quality.
Keywords: software, framework, Back-End, web applications, quality assessment, assessment criteria.

IO. P. CEJIIBbOPCTOBA, 1. B. TIOTEHKO, C. B. OPEXOB

AHAJII3 TA OLIHKA ®PEMMBOPKIB, 11O BUKOPUCTOBYIOTHCS JJIs1 PO3POBKH WEB-
JTIOJATKIB

V nawiif cTaTTi npeacTaBIIeHi MIXOAH, SIKi BUKOPHCTOBYIOTCS JUIS aHAJIi3y Ta OI[IHKH Cy4acHHX (ppeiMBOPKIB, sIKi BHKOPHCTOBYIOTBCS TIPU PO3poOIIi
web-noznarkiB. AHami3 i ouiHka (pedMBOpPKIB 103BONIsIE 00paTH (peHMBOpK, KU HAHOIIBII epeKTHBHO MOXe OyTH BHKOPHCTAHHH Ui KOXKHOTO
KOHKPETHOTO BHIAAKY PO3POOKH MpOrpaMHoro 3abesneueHHs. [lonynspHicTh BUKOPUCTAaHHS (PEHMBOpPKIB IPpH po3podLi BeO-101aTKiB 00yMOBIEHa
ICTOTHAM 3MEHIICHHSAM BUTPAT TUMYAaCOBUX i IHIIMX pecypciB Ha BHUKOHAHHs NMPOEKTY. Y CTaTTi HAaBEIEHO MOHATTA (QPEHMBOPKY, SK TEXHOJOTii
po3pobku BeO-monatkiB i kiacudikanis ppeiiMBopkiB. KopoTko oxapakTepu3oBaHi I'ATh OCHOBHHUX THUIIB (peliMBOpPKiB. Posrmsmarotsest kpurepii
PaLiOHANBHOCTI BUKOPUCTaHHS (PEHMBOpKIB Il po3poOKu BeO-momaTku. HaBoAsThes mepeBard i HeIONIKH BHKOPHCTAHHS iX IPH CTBOPEHHI BeO-
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opieHTOBaHOro mporpaMHoro 3abesnedeHHs. IIpu ominmi BeO-moxatkiB mo moxeasi COCOMO po3riisiHyTI BapiaHTH MPOrPAMHOro 3a0e3MeucHHs 3
BUKOPHCTAaHHAM ()peHMBOpPKIB B po3poO1li, i 6e3 BUKOpUCTaHHS (peliMBOpPKIB. Y CTaTTi HaBeIeHO oIy ciMelicTB cydacHux Back-End ¢peiimBopkiB.
IpoBeneHo mopiBusaHHS (yHKHiOHATEHOCTI Back-End ¢peiiMBOpKiB miecTd BUPOOHHKIB [UIsi KOMEPLIHHUX MPOrpaMHHX pilieHb. Po3risiHyTo BUGIp
KPUTEPIiB U151 OLIHKK AKOCTI PppeiiMBOpKiB. B sikocTi 0cHOBH, npu BHOOPI KPUTEPIiB SIKOCTI, 3aIPOIIOHOBAHO BUKOPHCTOBYBaTH cranaapt 1SO 25010.
HageneHo xoe(hilieHTH BaXKIMBOCTI UL KPUTEPIiB OIHKH, 3HAYEHHS SIKUX OTPUMaHi 3a JOIIOMOT 010 eKcriepTiB. I1pu GpopMyBaHHS TiACyMKOBOI OLIHKI
(bpeliMBOPKIB PO3MIIIAIMCS TaKi XapaKTEPUCTHKH SIK (yHKIIOHAJIbHA MPUIATHICTh, Oe3neka poOOTH 3 JaHUMHU, MOXKIUBICTh MOAU(IKYBaHHSI, SIKICTh
iHTepdeiicy, iHTerpauis 3 MWIATDKHUMHU cucTeMaMH 1 inTerpauis 3 JIRA, cyMiCHICTb, NpOAYKTHBHICTE. OTPUMAaHO 3arajibHi OLIHKH SIKOCTI JUIs BCIiX
po3rIHYTHX (pedMBOpKiB. IIpoBeneHHS OIIHKH SKOCTI (peHMBOPKIB J03BOJSE MONIMIIUTH NPOLEC PO3POOKU BeO-OPIEHTOBAHOTO MPOTPAMHOIO
HPOZYKTY, METOIO SIKOTO € OTPUMAHHS BeO-10AaTKy 3a/[aHOl SIKOCTI.
Kurouosi ciioBa: nporpamue 3a6esnedennst, ppeiimBopk, Back-End, web-nonarku, ouiska sikocti, Kpurepii sKOCTi.

I0. P. CEJIHBEPCTOBA, H. B. TIOTEHKO, C. B. OPEXOB

AHAJIN3 1 OHEHKA ®PEMMBOPKOB, UCITIOJIb3YEMbBIX ITPH PA3PABOTKE WEB-
NPUWIOXKEHUN

B naHHOi cTaThbe NpEeJCTABICHBI MOJAXOJbI, HCIOJb3yeMble JUIS aHANN3a M OLECHKH COBPEMEHHBIX (PEHMBOPKOB, KOTOpbIE HCIIONB3YIOTCS IPH
paspabotke Web-mpunokeHuid. AHanu3 ¥ OLEHKa (peiMBOPKOB MO3BOJSIET BBIOpaTh (PpeiiMBOPK, KOTOpHIA Hanbosee 3()PEeKTHBHO MOXKET ObITh
UCHOJIB30BaH U KaX[IOro KOHKPETHOTO Cilydas pa3paboTKH mporpamMmHoro obtecredenus. [lomynspHOCTh HCIONb30BaHUs (DPEHMBOPKOB IIpH
pa3paboTke BeO-NPHIOKEHUI 00yCIIOBIEHA CYIECTBEHHBIM YMEHbIIEHUEM 3aTPAT BPEMEHHBIX U IPYTHX PECYPCOB Ha BBIIOIHEHHS IpoekTa. B cratbe
IIPUBE/ICHBI HOHATHE (QpeiiMBOpKaA, KaK TEXHOJOTUH Pa3pabOTKH BeO-NpHIoKeHH u Kiaccudukanus ¢peiiMBopkoB. Kpatko oxapakrepu3oBaHbl 5
OCHOBHBIX THIIOB ()pEHMBOPKOB. PaccMaTpHBAIOTCs KPUTEPHU PALMOHATIBHOCTH HCIIONB30BaHHs (PPEHMBOPKOB AJIs pa3paOOTKH BEO-TPUIOKEHHSL.
IMpuBonsTCa NpeuMyIecTBa U HEAOCTATKY MCIIOIb30BAaHUs UX IIPU CO31aHUH BeO-OPUEHTUPOBAHHOIO IIporpaMMHoro odecneyenus. I[Ipu ornenke Be6-
npuinoxeHud mo Mozxenmn COCOMO paccMOTpeHbI BapHaHTHI IPOrPAMMHOIO 00ECIedeHUs ¢ UCIIONIb30BaHHEM (peHMBOPKOB B paszpaboTke, n Oe3
UCHonb30BaHus  (ppeiiMBopkoB. B crarbe mnpuBemen 0030p cemeiictB  coBpemenHbix Back-End  ¢peiimBopkos. IlpoBeneHo cpaBHeHue
¢dyukiuonansHocTn Back-End ¢dpeiiMmBopkoB 6 1pou3BoaMTENEH i KOMMEPYECKMX MPOTPAMMHBIX pelleHui. PaccMOTpeH BbIOOp KPUTEPUEB Ist
OLICHKH KauecTBa (GpeiiMBOpKOB. B kadecTBe OCHOBEL, IIPU BEIOOpE KPUTEPHEB KauecTBa, NPEIIOKHO Hcnonb3oBaTh cranaapt 1ISO 25010. Ilpusenens
K03()(UIMEHTHI BaKHOCTH JUIsl KPUTEPUEB OLICHKH, 3HAYCHHSI KOTOPBIX IMOJY4YEHBI C MOMOIIbI0 dKcHepToB. [Ipu (opMUpOBaHHS UTOrOBOH OLICHKH
(peiiMBOPKOB paccMaTPUBAIIMCh TAKHE XapAKTEPUCTHKHU KaK (QYHKIMOHAIIBHAS IIPUTOJHOCTD, O€30I1aCHOCTh PAOOTHI C JaHHBIMHU, MOAH(HUIINPYEMOCTb,
Ka4ecTBO MHTepdelica, HHTErpanys ¢ IIaTeKHBIMU cUcTeMaMH M uHTerpanus ¢ JIRA, COBMECTHMOCTD, IPOAYKTHBHOCTSG. IlomydeHs! ob1ue oOneHKH
KavecTBa Ul BCEX PacCMaTpHBaeMbIx (GpeiiMBOpKoB. [IpoBeeHne oeHKH KayecTBa (GpeiiMBOPKOB MO3BOIISET YIIYYIIUTh MIPOLECC pa3paboTK BeO-

OPHEHTHPOBAHHOT'O IIPOrPAMMHOI0 IPOIYKTa, LIEbI0 KOTOPOTo SBJIIETCS MONIyYeHHe BeO-IPHIIOKEHUS 3a1aHHOTO KayecTBa.
KuroueBble ciioBa: nporpaMmmuoe obecriedeHne, dppeiimBopk, Back-End, web-nprsioxenus, onenka kauecTsa, KpUTEPHH OLICHKH.

Introduction. The massive appearance of sites has
provoked the development of high-quality web-applica-
tions. The popularity of developing web resources for
disseminating information has prompted the world to create
new systems and programs that greatly facilitate the writing
and development of web applications. These programs
provide an opportunity to easily and simply increase the
efficiency and speed of development at a lower cost, and
the developer can focus on improving the understanding of
the business logic of the program. A variety of
programming languages, databases, and frameworks based
on them contribute to the development and integration of
various components.

Nowadays, frameworks have become very popular
and are the most important part of web application deve-
lopment, they offer and define the structure of software.
Using frameworks saves a lot of time by increasing the
number of components for developers written for them,
limiting the load of development processes, reducing
project costs, using code duplication issues, and helping to
build programs quickly. Developing a web application
without the use of a framework becomes a difficult task to
create, maintain, and upgrade all stages of the software life
cycle. Also, the use of frameworks makes the process of
creating programs more accessible and functional.

There are a large number of frameworks for
developing web applications. Choosing the right
framework for work is a difficult task because each of them
has a large number of attractive features that the other does
not have. To select a framework, you must first consider all
existing solutions and choose the most appropriate for the
task.

The purpose of this article is to present an approach
to the analysis and evaluation of frameworks for web
application development, which will improve the quality of
software development. By choosing the right and based on
the functionality framework, you can significantly reduce
development time and create software, which corresponds
to modern quality assessments.

Framework as a technology for developing web
applications. “Framework” is a “construction” or
“structure” [1]. It is a kind of special-purpose software
environment that is used to significantly facilitate the
process of combining certain components when creating
programs. The framework allows you to add components
as needed. It is the basis on which you can create a program
for any purpose quickly and easily.

We can highlight a significant advantage of
frameworks if we compare a framework and a dynamic
library (DLL) with limited functionality. It is the link that
unites all the software components used. Also, within the
framework, there are often the necessary thematic libraries
that are needed to develop a specific software system [1].

Classification of frameworks:

o application frameworks — use the paradigm of
object-oriented programming, automate the process of
creating graphical interfaces;

o software system frameworks — frameworks of a
system or subsystem that have everything to facilitate the
development and grouping of various components; include
frameworks for the web;

e conceptual model frameworks — it is a theoretical
concept of the given structure for decision-making methods
of some problems or difficulties.
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All of these frameworks make it easier to create an
interface, connect to a database, and reduce the likelihood
of duplicate code. Also, most modern frameworks are built
on the MVC (Model View Controller) architecture, which
proposes to divide the future system into independent parts
so that changing one of the elements has minimal impact
on other components [1].

The types of web-frameworks are shown in the
following fig. 1. Knowing the types of frameworks makes
it easier to choose a tool for developing a web application.

Web frameworks

@eta framework@

incorporate

./‘/"/r-- -%-7“-_""‘-._,_%__

Pl i —

_/I{qgest-based Hybrid ™ Component-based (R|A Frameworks
frameworks ‘(@ameworks  frameworks

—

Fig. 1. Types of web-frameworks

Consider the types of frameworks in more detail [2]:

Request-based. Used to process requests from the
user, but the data is stored only through sessions. Examples:
Django, Ruby on Rails, Struts, Grails.

Component-based. Serve to abstract the processing of
requests from the user inside the components and
independently monitor the status, reminiscent of
conventional graphical tools. Examples: JSF, Tapestry,
Wicket.

Hybrid-based. It is combining request-based and
component-based frameworks. They take control of all data
and logical flow in the model generated in response to a
request from the user of the system. The main advantage of
such frameworks is that hybrid frameworks provide an
object model of components that behaves differently in
different situations. Besides, components can be separated
and effectively added to other projects. Example: RIFE.

Meta-based. They have interfaces for general product
maintenance and an easily extensible basis for adding new
components and services. Example: Keel.

RIA-based. Exist to develop Rich Internet Appli-
cations (RIA), help develop applications that run in the
browser. Examples: Flex, SAP Hybris.

Request-based and component-based are the most
popular web frameworks.

Criteria to the rational use of frameworks for web
application development. To better understand the need
for frameworks in the development of web applications,
you should focus on the criteria for the rational use of
frameworks, which are given in table 1 [3].

Frameworks simplify the development of scalable and
unique web applications. Although development using
ready-made CMS is uncomplicated, unlike buildout with
frameworks, but CMS is not designed for this. It should be
noted that all unique web-applications developed with the

help of the framework are developing dynamically. When
a developer changes the system, for example, with a
novelty in design, a new article, or section, it is enough to
add only a new module.

Table 1 — Criteria for the functionality of using the framework

Characteristic
Database support is an influential point
because some frameworks support
ORM and some do not, so depending
on this criterion, you should choose the
right framework for development.
The framework has to support the
possibility of the simultaneous work of
several developers.
Some frameworks do not have
documentation, or it is, but not relevant,
so when choosing a framework, you
should take into account the availability
of appropriate, all the time updated
documentation.

Name
Database support

Community
support

Documentation

Productivity The framework has to be productive in
any system. Currently, a large number
of frameworks are not efficient.

Threshold of It is a crucial factor because it can

familiarization happen that a year is not enough to
become the master in the selected
framework, and you have to develop a
web application as soon as possible.
Different frameworks require different
time to develop an application.

Give your preference to those
frameworks that were designed using
the MV C architectural pattern. It will
help you in application development.

Development
speed
Architecture

Using templates
when developing
ul

Using templates for the user interface
significantly reduces resource costs.

Thus, the following are the advantages of using
frameworks in the development of web-applications:

o software's flexibility and extensibility by adding
additional libraries to the source code;

o the use of the MVC architectural approach, which
extends the flexibility of the project and allows the output
to receive clean code to facilitate further support;

o the existence of detailed documentation on the
intricacies of development using the selected framework;

e security of use for prevention of hacking of the
system;

o all the code is essential in the system, unlike a
CMS (CMS creates countless code that is not used, and it
reduces the efficiency of the project);

e an excellent output.

The disadvantages of using frameworks in the deve-
lopment of web-applications are somewhat insignificant
compared to the advantages:

o the cost of development is cheaper than creating
using a CMS because the time spent on development is
several times less;

o difficulty in mastering;

o difficulty in maintenance;
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e the requirement to develop unique additional
modules and components that are put forward by the client.

Thus, comparing the existing advantages and disad-
vantages of using frameworks, we can conclude that the
development of web-applications using frameworks is the
best solution.

Evaluation of software with and without using
framework by COCOMO model. In addition to the
criteria for the rational use of frameworks, the software can
also be evaluated by the COCOMO model by the number
of lines in the developed web-application.

A web application developed using the framework is
40 KLOC in size and 63 KLOC without the framework. We
calculate the costs and the time required for development
according to COCOMO model [4]. For this purpose, we
will use formulas 1-2, and we will take the data for them
from table 2.

E = a, * (KLOC)P» 1)

where E — an effort in person-months;
KLOC — the number of lines of the code in thousands;
a, and b, — data from table 2.

D=c,*E% (2)

where D — amount of time required for the completion of
the job in months;

KLOC — the number of lines of the code in thousands;

¢, and d;, — data from table 2.

Thus, a web application developed using a framework
belongs to an organic type of software, and without a
framework to a semi-detached.

Table 2 — Constant values for COCOMO model

Software projects a, by, ch d,
Organic
(2-50 KLOC) 240 | 105 | 250 | 0.38

Semi-detached
(51-300 KLOC)
Embedded
(>300 KLOC)

3.00 1.12 2.50 0.35

3.60 1.20 2.50 0.32

Thus, we have the following estimates of the efforts
and duration of development using the framework:

E =a,* (KLOC)?® = 2.4 x 4095 = 115.44

D =c, % E% = 2.5 x 115.44938 = 15.19

Therefore, using the framework, the development of a
web application requires 115.44 person-months and 15.19
months. Let's calculate the cost of creating without using
the framework:

E = ay * (KLOC)? = 3 x 63112 = 310.73
D =, * E% = 2.5 x 310.73%35 = 18.63

Based on the calculations made, without the use of the
framework for the development of web-application
requires 310.73 person-months and 18.63 months, which is
much more than creating using the framework. Therefore,
we can conclude that developing a web-application with the

framework significantly accelerates it because the
development time is reduced by almost 4 months.

An overview of modern Back-End frameworks.
For Back-End, there are hundreds of frameworks
implemented in different programming languages, such as
Java, JavaScript, PHP, C#. Here are some of them for
developing web applications using these languages.

SAP Hybris. It is a family of products of the German
company Hybris, which sells software for e-commerce,
marketing, sales, service, and product content management.
SAP Hybris provides solutions that help any organization
reduce costs, save time, simplify development, and require
less attention to achieve excellent customer service [5]. The
Hybris product focuses on the following main areas:

e commerce;

e marketing;
e Dilling;

e sales;

e service;

e Hybris as a service.

IBM. IBM's cloud platform combines Platform as a
service (PaaS) with Infrastructure as a service (laaS) to
provide an integrated experience. The platform scales and
supports both small development and organization teams
and large business enterprises [6]. An integral part of it is
source technologies such as Kubernetes, Red Hat
OpenShift, and a full range of computing options. Thereby,
the project has as much control and flexibility as the
customer needs to support workloads in a hybrid
environment. The developer can deploy applications that
run in the cloud while ensuring the mobility of the
workload.

ATG. Oracle ATG Web Commerce programs imple-
ment a component development model based on JavaBeans
and JSP. The developers assemble programs from compo-
nents by linking them between configuration files in Nuc-
leus, Oracle's open object structure ATG Web Commerce.
Page designers build an interface for a JSP application that
uses the Oracle ATG Web Commerce DSP tag library. The
DSP tag library allows you to embed Nucleus components
in the JSP and use these components to supply dynamic
content. This structural solution provides easy interaction
between the programmer and the layout designer [7].

Demandware. Provides a cloud-based single e-com-
merce platform with mobile devices, Artificial Intelligence
personalization, order management capabilities, and related
services for Business to Consumer (B2C) and Business to
Business (B2B) retailers and brand manufacturers world-
wide [8].

Magento. An e-commerce platform was built on open-
source technology that provides online retailers with a
flexible shopping system, as well as control over the appe-
arance, content, and functionality of their online store [9].

Heiler. Specializes in SAP customers and supports the
purchase of companies in SRM and suppliers with the
extraction, conversion, and publication of their product
information, providing comprehensive solutions consisting
of the latest software technologies [8]. Heiler provides
distributors and manufacturers with product information
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management support that allows them to optimize the
information process with their customers.

Comparison of Back-End framework
functionality. Each of these frameworks is a fitting
solution and attracts with its advantages. Unfortunately,
you have to make a choice based on the project to be
developed because none of the frameworks can solve all the
problems for any project. A comparison of the main
functionalities of the above frameworks was shown in
table 3.

Compared to IBM, Oracle, and others, the SAP
Hybris web application development platform is ahead of
its nearest competitors in many respects [10]:
thoughtful architecture, which was created on the
latest stack of Java-technologies;
universal functionality in its class;
accelerators for B2C and B2B commerce
significantly accelerate the project;
depending on the customer's needs, different
software installation, and payment methods.

Criteria for assessing the quality of frameworks.
The above frameworks for web application development
have plenty of functionality. To more accurately select the
framework for application development, it is necessary to
choose quality criteria and their impact on the efficiency of
development and implementation of the requirements. It
was proposed to use the ISO 25010 standard as a basis for
the selection of quality criteria. According to ISO 25010,
quality software must meet the following norms [11]:
functional suitability (completeness, correctness,
expediency);

o efficiency (temporary behavior, use of resources,
bandwidth);
compatibility (coexistence, compatibility);
usability (compliance of functions to needs,
ability to learn, working capacity, protection against user
errors, aesthetics of the user interface, accessibility);
reliability (maturity, availability, failure stability,
reproducibility);
security (confidentiality, integrity, indisputability,
responsibility, authenticity);
maintainability (modularity, reusability, analysis,
modification, testing);
portability (manufacturability, the possibility of
installation, and replacement).

The criteria described in 1SO 25010 are used to assess
the quality of the software. In our case, we will evaluate the
previously selected frameworks as standalone software.

Fuzzy sets and fuzzy logic can improve the situation,
as not, all ISO 25010 criteria need to be calculated, and help
to use these criteria more accurately.

To assess the quality of frameworks, fuzzy logic can
be used as a coefficient to assess the quality criterion. The
higher the coefficient, the more significant the criterion.

The fuzzy set algorithm presented by A. Zade in 1965
was used to calculate the quality [12]. For the mathematical
definition, X is used, which is a point in space (object), with
a common element, denoted by x. Thus, X = {x}. The
fuzzy set (class) A in X is characterized by the membership
function (characteristic) f,(x), which associates with each
point 2 in X a real number in the interval [0, 1] with the
value of f,(x), where x represents the “degree
membership” x in A. Thus, the closer the value of f,(x) to
one, the higher the degree of membership x in A. When A
is a set in the usual sense of the word, its membership
function can take only two values 0 and 1. Therefore
fa(x) =1 or 0, according to x does not correspond to or
does not belong to A. Accordingly, in this case, f,(x) is
reduced to an informed characteristic function of the set A.

Verbal assessments and their corresponding coeffi-
cients are highlighted in the table 4.

Table 4 — The metrics of criteria's importance

Verbal assessments Coefficient
No impact 0.00
It has little effect 0.25
Average impact 0.50
The impact is more than average 0.75
Strong influence 1.00

Functional suitability is an important criterion.
Testing is a complex process and requires that the testing
system meet all needs, meeting all user needs. Functionality
is strongly influenced, so the coefficient is equal to 1. The
ease of use of the program depends on the speed of creation
and launch of testing and the cost of staff training. All
frameworks require the user to have a basic knowledge of
programming languages. The program interface also has
little effect on performance, but the frameworks under
consideration always provide an interface that makes the
developer's job much simpler.

Also, we can distinguish the criterion of "training
requirements™ and the criterion about ease of use, which
have an impact above average with a factor of 0.75. Plus,
an important criterion for buying products online is the
security of the application, namely data privacy. Users of
the system should not hesitate to fill in the fields with
personal information. The coefficient of this criterion has a
strong influence, so we have 1. Today nothing stands still,
so online stores are constantly updated. Therefore, an
essential criterion for assessing the quality of the
framework is the ability to modify in the future already

Table 3 — Comparison of the functionality of Back-End frameworks for the organization of e-commerce solutions

Producer PCM B2C B2B WCMS Mobile Print Call center

SAP Hybris + + + + + + +
IBM + + + + + - +
Oracle ATG - + + + + - +
Demandware - + - + - -
Heiler + - - - - -
Magento - + + + + — —
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written code. This criterion has a greater than average effect
with a coefficient equal to 0.75. Most developers use JIRA
to develop their products, or, given that the application will
be developed for e-commerce, you need the ability to
integrate with different systems to pay for the order.
Therefore, the possibility of integration has an average
coefficient of 0.50. The web application is developed for
use on a single server and is used by a large number of
clients, so it does not require development for different
operating systems. But sometimes servers can be updated,
so portability or compatibility has little effect with a factor
of 0.25. Because e-commerce applications need to do it
24/7, you need a high-performance framework. Therefore,
performance has an above-average impact, and its scope is
1. The last criterion for using frameworks is its price. This
criterion is not imperative, because web-applications
usually offer those online stores that can afford the cost of
the framework. The same coefficient has a small impact
and is equal to 0.25.

We pass to the last stage of calculation of the quality
of frameworks. After defining the main criteria and
providing them with the appropriate coefficients, it is
necessary to evaluate frameworks. Each criterion has a
score from 1 to 5.

Taking into account the abbreviations with meanings
were presented in table 5, with the help of expert opinion,
essential evaluation criteria were selected, and verbal
evaluations of all considered frameworks were compared,
which was presented in table 6.

Table 5 — Meanings of abbreviations

Abbreviation Meaning
Cl Functional suitability
C2 Requirement for training
C3 Interface
C4 Security data
C5 Modification
C6 Integration with JIRA and payment systems
Cc7 Compatibility
C8 Productivity
C9 Price
P1 Hybris
P2 IBM
P3 ATG
P4 Demandware
P5 Magento
P6 Heiler

Table 6 — Evaluation of frameworks

Criterion | Coefficient | P1 P2 P3 P4 P5 P6
C1l 1.00 5 3 5 4 5 3
c2 0.75 3 2 3 3 4 3
C3 0.75 5 2 1 5 5 3
c4 1.00 5 5 5 5 5 5
C5 0.75 5 5 5 5 3 5
C6 0.50 4 4 3 5 4 1
c7 0.25 4 5 5 5 3 5
C8 1.00 5 4 3 2 5 5
Cc9 0.25 2 1 5 1 1 2

To calculate the overall quality assessment of
frameworks, we should use formula 3 that was presented
below:

n_k.C:
Total =L_1 e
n

@)
where k; — a criterion coefficient;

C, — a criterion;

n — total number of criteria.

The total assessment of each of the criteria was given
in the table 7.

Table 7 — Overall evaluation of frameworks

The name of a framework Final assessment
Hybris 3.13
IBM 2.47
ATG 2.63
Demandware 2.75
Magento 3.00
Heiler 2.61

In this manner, based on the data given in table 6,
Hybris is the framework that meets the largest number of
criteria. But keep in mind that even Hybris cannot meet all
the needs of any project.

Conclusions. When evaluating frameworks, it is
possible to use modern models for estimating the quality of
software. It is advisable to make such an assessment when
choosing a framework at the beginning of web-based
software development, which will improve the quality of
software development and save time.
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C. ®. YAJIUH, B. O. IEL[HHCHhKHH, I. O. TEII[HHCHKA

JEKJIAPATUBHO-TEMIOPAJIBLHUI MIAXIJ IO MOBYAOBU MOSICHEHD B
IHTEJEKTYAJBHUX IHOOPMALIIITHUX CUCTEMAX

IIpeameTom ROCIIKEHHS € HPOLECH T00YA0BH HOSCHEHb 1010 3aIPOIIOHOBAHUX IHTENEKTyalbHO0 iHPOPMALIHHOK CHCTEMOIO pillleHb. [TosicHeHHs
MOJIa€ B YIOPSAKOBAaHOMY BHUIJISAI 3HAHHS ILOAO PE3yJbTAaTiB POOOTH iHTENEKTYaJbHOI CHCTEMH 3 ypaXyBaHHsS KOHTEKCTy Horo moOynoBu. Merta
moysirae B po3poOui maxoay 0 MOOYJOBH OMKCY 3HAHb U MPEACTABICHHS IMOSCHEHHS, M0 3a0e3ledye MOXKIIMBICT TIIyMadeHHs pilleHb
IHTEJIEKTYaJIbHOI CHCTEMH y OHJIAHH-PEXUMI, 3 BUKOPUCTAHHAM HAMOUIbII aKTyalbHUX 3aJEKHOCTEH IOAO CTaHy MPEAMETHOI 00JacTi Ta moTped
KopucTyBaua. Jls JOCATHEHHs MOCTAaBJICHOI METH BHPILIYIOTHCS Taki 3agadi: MMOCTaHOBKA y3arajJbHEHOI 3amadi (OpMyBaHHsS I[OSCHEHHS Ta
(hopMyITFOBaHHSI IPUHIMIIIB il BUPILICHHS; BU3HAYCHHSI IPHHIMIIB OOYI0BH ONICY 3HAHB UL MOSICHEHHST; PO3pO0Ka I1iAX01y O M0OYI0BH MOSICHEHHS
Ha OCHOBI IHTerpauii AEKIApaTHBHOIO ONUCY MPEIMETHOI O0JACTi Ta TEMIIOPAIBHOrO OMUCY MPOLECY HPHHAHATTS pilIeHHS. 3alpOIOHOBAHO
y3araJibHeHy OCTaHOBKY 3a/1a4i GOpMyBaHHS HOSICHEHHS Y GopMi 3HAXOKEHHS MOJENI TIyMadeHHs, L0 1a€ MOXJIUBICTh MiHIMI3yBaTH HETOYHICTh
OIIMCY TIPOLIECY OTPHMAHHS PIlICHHS BIIHOCHO Mojeni mpouecy (yHKLIOHYBAaHHS IHTEICKTYallbHOI CHCTEMH B YMOBAaX OOMEXEHb Ha CKJIA/IHICTH
nosicienHs1. CpopMyITbOBaHO MPUHIIMIK BUPILICHH 3a4a4i MOOYI0BU MOSICHEHHS, K Iepea0avaroTh MOCIiI0BHE (HOPMYBaHHS ACKIAPATHBHOTO OMUCY
MpeaMeTHOI o0siacTi y BHIJIAAI BiAMOBIAHOI OHTOJNIOTII, & TAKOXK OIMKCY MPOLECY MPUIHATTS PIMICHHS B IHTEIEKTYalbHIH CHCTEMI Ha OCHOBI
TEMIOpaJIbHUX MPaBWI, IO Aa€ MOXKIIMBICTH aJalTyBaTH IMOSICHEHHS Ha OCHOBI (h)OPMAJILHOTO ONHCY 3MiH Y IpeIMeTHIH 001acTi. 3anporoHOBaHO
JIeKJIapaTUBHO-TEMIOPAIbHUN MiAXiA A0 MOOYIOBU MOSCHEHHS B iHTENEKTyalbHiil iH(opMauiiiHiii cuctemi. 3riHO AAHOTO MiAXOAY MOCITiJOBHO
BHUPILIYIOThCS 3a/aui Aeraimizamii winell MOSICHEHHsS B paMKaxX BHU3HAYCHOI KOHIICMIIl Ha OCHOBI BUKOPHCTAHHS OHTOJIOTII MpeAMETHOi obiacri,
(hopMyBaHHS HOSICHEHHS 3 ypaxyBaHHAM CTPYKTYPH iHTEIEKTyalbHOI CHCTEMH Ta B3aEMO/III 11 CKIIaJOBUX, IEPCOHAII3aLliT TOSICHEHHS! Y BiJIIOBi JHOCTI
110 BIO00aHb KopucTyBaya. JlaHUH Mifxix Jae MOXKIIMBICTb OIEPATUBHO aKTyalli3yBaTH BUTIyMa4CHHs, 1[0 CTBOPIOE YMOBH IS II00YIOBH MOSICHEHb
B PEXKHUMIi OHIIAKH.
Ku11040Bi ci10Ba: MOSICHEHHST; 3HAHHS; IHTENEKTyallbHa iHpOpMAaLIiiiHa CHCTEMa; TeMITOPAIbHI IPaBUIIa; BUMOTH JI0 [IOSICHEHHSI.

C. ®. YAJIBIH, B. A. JIEIITHHCKHH, H. A. TEII[HHCKAA

JIEKJTAPATUBHO-TEMITIOPAJIbHBIN ITOJAXO/ K IOCTPOEHUIO OB bSICHEHUI B
HHTEJJVIEKTYAJIBHBIX THO®OPMALIMOHHBIX CUCTEMAX

IIpenqmeroM HCCIEROBAaHUS SIBISIOTCS NPOLECCHl ITOCTPOCHUS OOBSCHEHWH IS NPEIIOKEHHBIX HHTEUIEKTYaIbHOH HH(OPMAIMOHHONW CHCTEMOI
peutenuii. [losicnenue mpeacTaBiseT B yHOPSAA0YEHHOM BHJE 3HAHUS O Pe3ylIbTaTaxX pabOThl MHTEIUIEKTYaIbHOH CHCTEMBI C YUE€TOM KOHTEKCTa €ro
noctpoenus. Llenp 3akmouaercs B pa3paboTke Moaxoja K IOCTPOSHHUIO ONMMCAHMS 3HAHWH JUIS MpPEICTaBICHUS OOBSICHEHUs, 00eCHEeYHBAIOLIETO
BO3MOXKHOCTb TOJIKOBAHUS PEIICHUH HHTEIUICKTYaJbHOH CHCTEMBI B OHJIAMH-PEXHME, C HCIIOJIb30BaHHEM HaMOoOJee aKTyalbHBIX 3aBUCHMOCTEH,
OTpPaKAIOIIUX COCTOSHME MPEIMETHOH 001aCTU U MOTPEeOHOCTH MOIb30BaTeNs. /I JOCTIDKEHHS TOCTABICHHOMN 1IN PEIlaloTcs CIeAYIONHe 3a0a4u:
MOCTaHOBKa 000O0IIEHHOM 3amaun (GopmupoBanus oOBsICHEHUS U (OpMHUPOBAHHE NPHUHIMIOB €€ PELICHHs; ONpEeiIeHHe MPUHIMIOB MOCTPOSHUS
OIMCAaHWsI 3HAHMIT 11 0OBSICHEHNUST; pa3paboTKa MOAX0/a K MOCTPOCHUIO O0BSICHEHNH Ha OCHOBE HHTETPAlliH IeKIapaTHBHOTO ONMHCAHHS IPEAMETHOM
001aCTH U TEeMIOPAIBLHOTO OMHMCAHUS Hpolecca NpUHATHSA peuieHus. [Ipemioxkena 0000IIEHHAs MOCTaHOBKA 3a/1a4u (JOPMUPOBAHMS OOBICHEHMUS,
OPHEHTHPOBAHHAs HA HAXOXKICHHE MOJEIN MOSICHEHHsI, KOTOpask MO3BOJIsIeT MUHUMU3UPOBATh HETOUHOCTH OMMCAHHS IPOIIecca MOTydeHUs PelIeHHs
OTHOCHTENIFHO MOJENH Iporiecca (YHKIMOHMPOBAHMS HHTEIUICKTYalbHOH CHCTEMBI B YCJIOBHSIX OIpPaHHUCHHH HA CIIO)KHOCTh OOBSCHEHHS.
CoopmynupoBaHbl HPUHIMIB PEIIEHHS 3aJayd IOCTPOSHHS OOBSICHEHMS, KOTOpbIE IIPeIyCMaTpUBAIOT MOcIefoBaTenbHoe (GopMHpoBaHHE
JIeKJIapaTUBHOTO OINHMCAHUS IPEeAMETHOH 00NacTH B BHAE COOTBETCTBYIOIIEH OHTONOTMH, a TakKe ONHCAHHE Ipolecca MPHUHATHSA pElIeHus B
HHTEIUIEKTYaIbHOH CHCTeMe Ha OCHOBE TEMIIOPAIBHBIX MPaBUII, JAaeT BO3MOXKHOCTh aallTHPOBATh OOBSCHEHHE HAa OCHOBE (POPMANIBHOTO OIHCAHHS
U3MEHEHUH B MpeaMeTHOM obnactu. [IpeanokeH neKIapaTHBHO-TEMIIOPAJBbHBIA MOAXOM K IOCTPOCHUIO OOBSICHEHHWH B WHTEIUICKTYaJbHOU
nH(OPMALOHHON cucTeMe. B cOOTBETCTBUY C HaHHBIM MOAXOJOM IIOCIEAOBATENBHO PEMIAIOTCA 3a[aud AETAIH3alHu Ielel 00BACHEHUs B paMKax
3a/IaHHOI1 KOHIIEIIINY Ha OCHOBE OHTOJIOTHH IIPEAMETHOH 00s1acTH, pOpMUPOBAHUS OOBSICHEHUS C YIETOM CTPYKTYPhI HHTEIUIEKTYaIbHOH CHCTEMBI 1
B3aHMOJEHCTBUSI €€ COCTABILIONIMX, MEPCOHANU3ALUU OOBACHEHHs B COOTBETCTBHU C IIPEANOYTEHMSIMHU IONb30BaTelsd. JlaHHBIM HoaXod Haer
BO3MOXKHOCTb OIEPAaTUBHO aKTyaIM3UPOBATH HOSICHEHMUS, YTO CO3/aeT YCIOBHS UL IOCTPOSHUs 00BbSICHEHUH B peKHMe OHIIAiH.

KioueBnle c10Ba: 00OBSCHEHNS; 3HAHNS; HHTEIUIEKTyalbHasi HHQOPMAIOHHAs CHCTEMa; TEMITOpaJIbHBIC IIPABIUIA; TPEOOBAHHS K O0BSICHEHUIO.

S. CHALYI, V. LESHCHYNSKYI, I. LESHCHYNSKA

DECLARATIVE-TEMPORAL APPROACH TO THE CONSTRUCTION OF EXPLANATIONS IN
INTELLIGENT INFORMATION SYSTEMS

The subject of the research is the processes of constructing explanations for the solutions proposed by the intelligent information system. The explanation
provides in an orderly manner knowledge about the solution of the intelligent system, taking into account the context of its construction. The aim is to
develop an approach to constructing a description of knowledge to provide an explanation that provides the ability to interpret intelligent system solutions
online, using the most relevant dependencies on the state of the subject area and user needs. To achieve this goal, the following tasks are solved: setting
a generalized problem of forming an explanation and principles for its solution; definition of principles of construction of the description of knowledge
for explanation; developing an approach to constructing an explanation based on the integration of a declarative description of the subject area and a
temporal description of the decision-making process. A generalized formulation of the problem of forming an explanation in the form of finding an
interpretation model is proposed, which makes it possible to minimize the inaccuracy of the description of the decision-making process regarding the
model of the intelligent system functioning process in the conditions of explanation complexity. The principles of solving the problem of constructing
an explanation are formulated, which provide for the consistent formulation of a declarative description of the subject area in the form of an appropriate
ontology, as well as a description of the decision-making process in the intellectual system based on temporal rules. A declarative-temporal approach to
constructing an explanation in an intelligent information system is proposed. According to this approach, the tasks of detailing the goals of the explanation
within the defined concept are consistently solved on the basis of the ontology of the subject area, the explanation is formed taking into account the
structure of the intelligent system and the interaction of its components, personalization of the explanation according to user preferences. This approach
makes it possible to update the interpretation, which creates the conditions for building explanations online.
Keywords: explanation; knowledge; intelligent information system; temporal rules; requirements for explanation.
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Beryn. CyuvacHi inTenexryaibHi iHpopMaLiiizi cuc-
TEMH BUPIIIYIOTh HECTPYKTYpPOBaHI a00 YacTKOBO CTPYK-
TypOBaHi 3aJiaui 3 BUKOPHCTAHHSAM CKJIQ[HUX aJTOPUTMIB.
Js Toro, mo6 Taka cucTeMa Oyia «Ipo30pOIo» s
KOpHUCTYyBaya, pillleHHs, 110 BOHA POIIOHYE, TONOBHIOIOThH
nosicieHHsIMH [ 1, 2]. [losicHeHHST MaroTh OOTPYHTOBYBAaTH
3alPONIOHOBAHI 1HTEJEKTYAIbHOIO CHCTEMOIO Pe3yIbTaTH
AQHAJIOTIYHO JIIOIWMHI — CIICMiaNiCTy y BiAMOBimHIN mpen-
MeTHii obOmacti. B ocTaHHI pokum 3HauHy yBary mpumi-
JSIFOTH BJIACTHBOCTI CaMOIOSICHIOBAHHS 1HTENEKTYaJIbHUX
cucreM. PimmeHHs Ta mpormec poOOTH TaKOi CHCTEMH MOXKe
Oytn OesnocepenHbO IHTEPENPETOBAHUI KOPUCTYBa-
gem [3].

BaxiuBicTh NMOSICHEHb OB s3aHa TAKOX 13 THUM, IO
cy4acHi MeTOAM OOYHMCIIIOBAJILHOTO IHTENEKTY BHKOpPHUC-
TOBYIOTH HEsIBHI, HEOUCBHJHI Ul KOPUCTyBaua 3HAHHSI.
30KkpeMa, B alropuTMi KoslabopaTuBHOT (BibTparii JaTeHT-
Hi pakTOpH BU3HAYAIOTH BIOJOOAaHHS KopucTyBada [4]. Li
(aKTOpH BUABITIOTHCS MUITXOM MaTPUIHOT (paKTOpH3aLii i
TOMY BOHH 0€3110CepeIHbO HE MOXKYTh BUCTYIIATH B SIKOCTI
OOTpYHTYBaHHS BIIOJI0OAHP [UIA BIATIOBIAHOTO KOPHCTY-
Baya. B Takomy BUmaaky HeoOXigHO chOpMyBaTH IOAAT-
KOBE IOSICHEHHS, 1110 OOIPYHTOBYE OTPUMAaHe PillleHHS s
CHOXKUBAYiB.

B wmizomy mnosicHeHHs MoJae B AETali30BaHOMY Ta
YIOPSIIKOBAHOMY BHIVISAI 3HAHHS 1100 c(HOPMOBAHOTO
IHTEJIEKTYaIbHOI CUCTEMOIO PIllIEHHS Ta KOHTEKCTY HOTo
o0yI0BH, MI/IBUILLYE CTYIHb AOBIPH JI0 IILOTO PilLICHHS Ta
e(eKTHUBHICTh HOTO BHKOPHUCTaHHS, IO SIK HACIIJIOK,
MPU3BOAMTE 10 30UTBIICHHS KITBKOCTI KOPHCTYBaYiB TaKO1
CHCTEMH.

Takum uynmHOM, mpoOiemMa MOOYJOBH TOSICHEHb 3
ypaxyBaHHSIM 3HaHb MIONO CTaHy INpeIMETHOI obiacTi,
CTPYKTYPH Ta MEXaHi3My ()YHKIIOHYBaHHS 1HTEICKTYaJlb-
HOi CHCTEMH, a TakKOX BIOJO0OAaHb KOpHUCTyBaua €
aKTyaJbHOIO. BupileHHs 1iei mpodiieMu 1a€ MOMKIIUBICTh
CHPOCTHTH BUKOPHUCTAHHS 3alPOIOHOBAHOTO 1HTEJIEKTY-
aJIBHOIO CHCTEMOIO PILLICHHS, a TAKOX aIalTyBaTH IPOLeC
Horo gopMyBaHHs 3 ypaxyBaHHIM HOTpeO KOPHUCTyBaya.

AHaJti3 ocTaHHiX 1ocimKkenb i myomikanii. CyvacHi
MiAXOMU 10 TMOOYIOBU MOsICHEHb [1] 0a3yroThes Ha TBOX
KIIFOUOBUX 1/1esIX: BUKOPHUCTAHHS OIUCY BHYTPILIIHBOTO
MEXaHi3My TPHAHATTS pIICHHS B IHTEICKTYaNbHIH
CHCTEMI Ta BUKOPUCTaHHS CX0XKOCTI MPOIECiB MPUHHATTS
piwens. Ilepia igest peanizye nmpuHIMI O1IOTO SIIUKY i
OyJa 3arporoHOBaHa MpU PO3POOITi MiIXOAIB 10 TOOYI0BU
MOSICHEHb B €KCTIIEPTHUX cUCcTeMax [4], e BBaXKaIoCh, 10
MOCITIIOBHICTh MPABWJI JIOTIYHOTO BHUBOJY € €IEMEHTOM
MOSICHEHHSI OTpHMaHoro pesynsTaty [5]. pyra imes
0a3yeTbcs Ha IPUHIINII YOPHOTO SIIIUKY Ta 3HAMIIIIA CBOE
BHKOPHUCTAHHS B CHCTEMaX Ha OCHOBI MpeIe/eHTiB [6], ae
NPUIHATE TIPElE/eHTHE pIlleHHs € OOIPyHTYBaHHIM
NpOLIECY NPUHHATTS CXOXHX pIllleHb Y ICHYIOUil iHTeeK-
TyasbHill cUCTEMI.

CrorozHi npu MoOy0Bi TOSICHEHb BUKOPHCTOBYETHCS
KOMOIHaIlsl 1BOX PO3MNISIHYTHX HinxoniB. Hanpukmiazx, B
crcTeMax eJIeKTPOHHOT KOMEpLiT /IS MOsSICHEHHsI BUKOPHUC-
TOBYIOTh TONYJIAPHICTH TOBApiB, 3HAYEHHS PEUTHHTIB,
CXOXICTh 1HTEpECIiB KOPHUCTYBadiB ab0 XapaKTEPHCTHUK
ToBapiB [4].

[Tinxig Ha OCHOBI YOPHOTO SIIMKY JUIA (pOpMyBaHHS
MOSICHEHb Peali3yeThesl IUIIXOM 1T00yI0BY 0a3 3HaHBb, 10
MICTSITh MOXJIMBI JIOTi4HI 3aJIE)KHOCTI Ta 0OMEXEHHSI, CyT-
TEBl JUIA NPUHHATTS pIlICHHS B IHTEJEKTyalbHIH cuc-
temi [7, 8]. ITiaxix 10 oGy J0BH MOSCHEHD 3 YPaXyBaHHIM
moTped KOPHCTyBadiB 3aIPOIIOHOBAHO B podoTi [9].

AHami3 ICHyIOUHX MiAXOIiB O3BOJSIE 3pOOUTH
BHCHOBOK, 1110 BOHH BPaXxOBYIOTb CTPYKTYPY ¥ BIaCTHBOCTI
MIPEeIMETHOT 00JIaCTi Ta IHTENEeKTyalIbHOI CHCTEMH, a TAKOXK
iHTepecn kopucTyBada. OJHAK TEMITIOPAITEHOMY acIIeKTy,
mo BimoOpakae 3MiHM iHTEpeciB KOPUCTyBada 3 4acoM, a
TAaKOXX 3MIHMA y TPEAMETHIH 005acTi, HE MPUAUIIETHCS
JIOCTAaTHBO YBarw.

[Mosicnenns 06e3 BpaxyBaHHS 3MiH y IpeIMETHIN
obmacti MOXe HEe BpaxOBYBaTH KIIOYOBHX KpPOKIB 3
(dbopMyBaHHs pIllICHHS B IHTEJICKTyalbHil cuctemi. B
pe3ynbTaTi TIYMadyeHHS MOXYTh OYTH CXOXHUMH IS
PI3HUX pillIeHb, 10 3HIDKYE TOBIpY KOPUCTYBada. 3 iHIIIOTO
00Ky, BpaxyBaHHS TEMIOPAJIBHOTO  aCIEKTy Jae
MOXIIMBICTh aKTyalli3yBaTH 3HAHHS IIOJO MPEAMETHOL
obJyacTi Ta KOpUCTyBaya, IO € OCOOJMBO Ba>KIIMBUM IS
NPUIHATTS pillleHb B OHIaiH-pexumi [10].

JIBoxacmekTHHH mijxia noTpedye moOynoBru KOMOIHO-
BaHOTO, JEKJIapaTUBHO-TEMIIOPAILHOTO ONUCY 3HaHb, L0
OyznyTh BUKOpHCTaHI y MOsICHEHHsX. JlekinapaTuBHHHN ac-
MEKT MPEICTABIAETHCA Y Popmi oHTOJOTIT. TemMnopaabHuit
ACIIeKT 3aJIa€ThCS 3aIKHOCTSIMH, 10 BiIoOpaXkaroTh I10-
CIIZIOBHICTH Mi# 13 NPUIHATTA pinieHb y yaci. Jis Bino6-
PaKEHHS TaKUX 3aJIC)KHOCTEH MOXXYTh OyTH BHKOpHCTaHI
TeMnopaibHi nmpasuna [11, 12] ra oomexenns [13], abo x
TeMHnopaibHi rpadu [14].

Mertoro miei crarTi € po3poOka JeKIapaTUBHO-
TEMITOPaJIbHOTO MiAXO0AY 0 ONHCY 3HAHb MO0 HOSICHEHb
3 ypaxyBaHHSM 3MiHM IUX 3HaHb 3 4yacoM. IloOymoBa
OIIMCY 3HaHb JJIs TPEACTABIICHHS MOSICHEHHS Ma€ 3abe3Iie-
YUTH MOJIIMBICTh TIyMa4yeHHS pe3yjbTaTy iHTEIEKTY-
aIbHOT CHCTEMH Y OHJIAHH-PEXUMi, 3 BUKOPHUCTAHHIM
OCTaHHIX, HaWOUIbII aKTYaJbHUX 3QJIKHOCTEH IOJ0
CTaHy MpeIMeTHOI 00J1acTi Ta MOTped KOpUCTyBaya.

JlocsirHeHHsI TIOCTaBJIeHOT MeTH Iiependadae BUPi-
IICHHS TaKHX 33/1a4:

— IIOCTAaHOBKa y3arajbHEHOI 3aaadi (QopMyBaHHS
MOSICHEHHSI Ta ()OPMYJIIOBaHHS IPUHIMIIB 11 BUPIIICHHS;

— BU3HQUEHHS TNPHHIMIIB IMOOYZOBH OIUCY 3HAaHb
JUISl IOSICHEHHS 1010 3aIIpOIIOHOBAHUX 1HTEJIEKTYaIbHOIO
CHUCTEMOIO PIIIeHb 3 THM, 100 3a0€3MEeYNTH Y3r0KEHICTh
Ta aKTyaJlbHICTh BKa3aHUX 3HAHB;

— po3pobka MiaxXomy A0 MOOYJOBHW MOSICHEHHS Ha
OCHOBi iHTerparii AEKIapaTUBHOTO OIHCY TPEeIMETHOI
o0yacTi Ta TEMHOPAJIBPHOTO OINMHUCY MPOIECY NPUHHATTS
pimreHHs.

JexjapaTHBHO-TEMIIOPATbHU T
no0y10BH NMOSICHEHb.

KopucryBau iHTENneKTyaabHOI CHCTEMHM Yy CKJIaji
MOSICHEHHSI Ma€ MOOAYHUTH BiIOMi oMy (akTH a Takox
3aIeKHOCTI MDK UMMM (akrtamu, mo 0a3yroTbcsi Ha
BIIOMHMX Ta 3pO3YMUIMX JUIsi KOPHCTYBada KOHIICTIIISX,
CTPYKTYypax, ajropurmax. HasBHICTH BiJOMUX IIOHSTb,
KOHIIENTIB Ta 3pO3yMUIHX 3B’S3KiB MiXK UMM MOHITTIMH
POOUTH «IPO30pHM» SIK caMme TIOSCHEHHS, TaK i MpoIlec

miaxin o
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NPUHHATTS pIlICHHS B IHTEJEKTYaJIBHINM cucTeMi i, Bifmo-
BIJIHO, CIIPHSIE ITiIBUIIEHHIO JIOBIpH KOPUCTYBaya IHTENeK-
TyaJbHOI CHCTEMH.

VY3aranpHeHa MOJENb MOSICHEHHS P, IO BiANOBigae
TaKUM BHMOTaM, HaJIEXHTh IO Kiacy moneneil P, mio
MOXYyTh OyTH Oe3mocepenHro iHTepmperoBaHi. Popma
MIPECTABICHHS 3AIEKHOCTEH Ta KOHIEMIN y MOIEeIIx
JAHOTO KJIACY MA€ BiMOBITaTH THIIOBUM, 3pO3YMUTAM IS
KOPHCTYBava, 3aKOHaM IpeAMeTHOi obmacTi. Taka mpo3opa
(dopma TpenCTaBICHHS 3a0e3MeuyeThCs, HAIPHUKIAL, 3a
Jonomororo mpasui «if-then», TemmopanbHUX TpaBHI,
JICpeB pIlICHb, 3 BHUKOPUCTAHHSAM IIHIHHUX MOJENEH,
TOLIO.

Jis Toro, mo0 TOSCHEHHS BiIOOpaXkanao MpoIec
BUpIIIEHHS 3aja4l B IHTENEKTyaJIbHIH cucTemi, o0nactb
BU3HAaUYCHHA Monenmi domp Mae OXOIUTIOBaTH BCi
pi3HOpiZHI MaHi, MO MOXYTb OYTH BHUKOPHCTaHI [UISA
¢dopmyBaHHS TOsSCHeHHA. Hampukman, ¢akTa, 10
BiTOOpakarOTh CTaHM IHTEJEKTyalbHOI cuctemu abo Il
micHCTeM Y Tporeci (opMyBaHHS pIllICHHS, NaHi, sKi
BUKOPHCTOBYBAINCH €JIEMEHTaMH CHUCTEMH Ha pI3HHX
eranax MpUHHATTS pimeHHs, Tomo. Tomy o6nactek
BHU3HAYCHHS MOJICII MOSCHEHHS I N BXIHUX €JICMCHTIB
JOLIIBHO PO3IJISIAaTH 3 TOYKU 30pYy JOCTYMHOCTI IIHX
€JIEMEHTIB Ta 33JlaTH aHAJOTIYHO 00JIaCTi BH3HAYEHHS
oyneBoi ¢pynkuii: dom p = {0, 1}".

[HTepmperarniitHi MOXXIMBOCTI MOZETI P 3HAYHOIO
MIpOFO 3aJIeKaTh Bif 11 CKIaqHOCTI. BiIbIn cKiTatHa MOeTTh
3abe3neuye TOOYAOBY MAETANBHIMMX MMOscHeHb. CKian-
HicTh O(p) Monenell po3rISHYTHX KaciB Moxe OyTh
BHU3HAYCHA Yepe3 KUIbKICTh eieMeHTiB. Hanpukian, yepes
KUIBKICTh MpaBHI, 10 OyJM BHUKOPUCTaHI AJsl OOYIOBH
mosicieHHst. OUYeBHIHO, MO0 HE3HAYHA KUTBbKICTh MPaBHII
Jla€ MOJKJIMBICTh MOOYAYyBaTH CIIPOIICHE 1| HETOYHE IMOSIC-
HeHHs. 3 1HIIOro OOKy, 30UIbLICHHS PO3MIpY MHOXHUHH
MpaBWJI NPU3BOAWTH O HAUIAIIKOBOI Jetamizamii i
BiINIOBITHUX OOYHCIIOBAIIFHUX BHTpPAT, IO YCKIAIHIOE
cBoeyacHe (HOpMyBaHHS TOSCHEHHA. TOMY CKIIQJHICTh
JOLUTEHO PO3TILNATH SIK OOMEXKEHHS B 3a/a4i MOOYI0BH
MTOSICHEHb.

3amada moOyIOBU MOSCHEHHS TOJIATa€ B TOMY, 100
migiopatd Taky MoOJAEdb P, MI0 Ja€ MOXJIHMBICTh
MiHiMi3yBaTi HeTouHIcTh [(p(x), m(x)) moscHEeHHs 110110
Mozeli pyHKIIOHYBaHHSI IHTENEKTYaIbHOI CHCTEMH 1M TIPH
BUKOPHCTaHHI OJHAKOBHMX BXIJIHMX JaHMX X 332 YMOB
0OMeKeHHSI 0 CKJIaHOCTI Mojeni noscHeHHs O ( p):

p' = argmin [(p(x),m(x))w(P)- 1)
pEP

JleTaumizariist 3arajibHOI MOCTAHOBKH 3a1a4i MOOYI0BU
MTOSICHCHHSI BUKOHYETHCSI HACTYITHUM YHHOM.

[Mo-mepmie, BU3HAYAETHCS KIIAC MOJETI MOSICHEHb P.
Knac 3amae Tumnum 3anexxHoCTeH, sIKi OyIyTh BUKOPUCTaHI
pu NOOYI0BI NMOsICHeHHs. Hampuknan, kay3anbHi 3aiex-
HOCTI BHW3HAYAIOTh NPUYNHHO-HACIIAKOBI 3B’SI3KH MIiXK
(akTamMu, TEMIIOpaTbHI 3aJIe)KHOCTI 3aJaf0Th IOCIIIOB-
HICTh (hakTiB y 4aci, oHTOJOTI] (POPMYIOTH CEeMaHTHYHI
3B’SI3KH MIXK TIOHATTSAMH y TPEAMETHINH 00acTi.

ITo-npyre, B 3aJexHOCTI Bifg Kiacy P 3amaroThes
OOMEXeHHS Ha CKJIAIHICTh MOJeNi, abo IOIMyCTHUMUI

niana3oH CKIagHOCTI. B sSKOCTi MOKa3HUKa CKJIAIHOCTL
MOXYTb BUCTYIIATH HE JIMIIE KUIbKICTh €IeMEHTIB MOJEII,
aje ¥ KUTBKICTh 3B’A3KIB MK €JEeMEHTaMH, KiJIbKICTh
PiBHIB i€papXii, KUTbKICTh THIIB 3aJIeXXHOCTEH, TOILO.

[o-Tpere, nns xnacy P BU3Ha4aeThes Mojenb (abo
MeTOoZ) OOYMCIeHHS HeTOYHOCTI [, TOOTO cTymeHro
HEBIATOBIAHOCTI MK TOSCHEHHAM Ta OTPUMAaHUM
pe3ynpTaToM pPoOOTH iHTENeKTyanbHOi cucteMu. s
obuncienHs [ Moke, HANpHUKIAA, OyTH BUKOPHUCTAHWH
MeToa KNN (HaitOnmk4doro cycina).

B ueTBepTHX, BH3HAYAIOTHCS MOXJIMBI BiIMIHHOCTI
BXiJIHMX JaHUX JUis Mojeieidl mosicHeHHs p(x) Ta
(bYHKIIIOHYBaHHS 1HTEJIEKTyaJIbHOT cucTeMu m(x). 3rigHo
moctaHoBkH (1) oOmaBI Mozen MalTh BUKOPHUCTOBYBATH
onHaKoBi Habopw BXigHUX maHUX. OmHAK MpH MOOYIOBi
MOSICHEHHSI JTOCTYN A0 HaOOopy BXIJHHX IaHHX X MOXKe
OyTH oOMEKeHNM 3 KOMEPUiIHHUX MipKyBaHb, BHACHIIOK
3axoniB  Oesmeku, TOmoO. B  Takomy  BHHagKy
BUKOPHCTOBYETHCSl IIIMHOKMHA BXIJHUX NaHUX, ab0 XK
BTOpHHHI 1aHi v(X), sKi QIiKCYIOTh BUKOPUCTAHHS BXiJHUX
JAaHUX X B Ipoleci poOOTH IHTEJIEKTyalbHOi CHCTEMH.
HerouHicTh TpM BUKOPHCTaHHI BTOPUHHUX JaHHUX Y
MOSICHEHHI Ma€ BUIJIAL: l(p(v(x)),m(x)). [Mpuknagom
BTOPUHHHX JaHHX JJIsl MOOYAOBH MOSICHEHD € JIOTH (3Kyp-
HallM TOJii) IHTEeNeKTyaJbHOI iH(POPMAIIWHOT CHCTEMHU.
Taki joru BimOOpaXKarOTh IOCIIJOBHICTh BHUKOHAHHS
orepariiii 3 JOCATHEHHsI KiHIIEBOTO pPe3yNbTaTy 1 MICTITh
3aIUCH PO 3HAYCHHS 3a1aHOT i IMHOKHHU 3MIHHUX TTiCIIS
BHKOHAHHS KOXKHOI orleparii B iHpopMarriiiiii cucremi.

B-m’sTux, neranizoBaHa NMOCTaHOBKA 3a1adi MOKE
OyTH JOTIOBHEHA JOATKOBUM OOMEKEHHSM y3TO/PKEHOCTI
JIAHUX Ta 3aJeXHOCTEH MK IMMH JAaHUMH. KoHmermis
Y3TOJDKEHOCTI B TEMITOPAJIbHOMY ACIEKTI MOJIATAE B TOMY,
mo0 BU3HAYMTH 0a30Bi ()aKTH Ta 3aEKHOCTI 1 TOTIM
Y3roIUTH 3 HMMH BCi iHIII JaHi Ha 0a3i peanizoBaHOl
MOCHIZOBHOCTI [l TIpolecy NPUHUHATTS pIMICHHS B
IHTeJIeKTyaNnbHii cuctemi. ba3oBi Qakth 3anexarb Bix
BXITHUX JaHUX [polecy MNPUHHATTS pIilIeHHS Ta
iHpopMmauii npo 3anutH it xaii kopucryBada. OOMeKEHHs
Y3TOJDKEHOCTI MOJISITae B TOMY, 1100 JOBUIbHA ITIAMHOXKHHA
TEMIOPATHHO YIOPSIKOBAHOTO HaOOpy (akTiB Ta Hid
MOSICHSUTA BIITOBIAHI CKIAIOBI IEPEXOqy BiJ BXITHHX
JIAaHUX JI0 TOTOYHOTO CTAHY 1HTENEKTyaIbHOI CHCTEMH.

Ipu BupimeHHi 3ana4i HOOYAOBH MOSICHEHHS p' y
noctaHoBli (1) TPOMOHYETHCS BHUKOPUCTOBYBATH TakKi
MPUHIUITH.

1) IlosicHeHHs nif 3 OTPUMAaHHSA pe3yIbTaTy B
IHTeNeKTyalbHIH cucTeMi Mae 0a3yBaTHCh Ha MHOXKHHI
BiJOMUX KOPUCTYBaueBi (hakTiB i3 BU3HAYCHOI MPEIMETHOT
obnacTi; maHa MHOXHMHA (aKTiB BIAMOBITAE KOHIIEIIIi,
3TiJTHO SIKOT (POPMYETHCS MOSICHEHHSI.

2) TloscHenHss Mae ¢GOpPMYyBaTH YHOPSIKOBaHY
MHOXHHY (TIOCIIJJOBHICTh) 3aJIE)KHOCTEH MiX BiJJOMUMHU
KopucTyBauy (akraMu Ta OTPHUMaHUMH pILICHHSIMH
IHTEJIEKTYaIbHOI CUCTEMH B PaMKax 3arajJbHOIPHHHITHUX
a0o crieriani3oBaHMX Ta BIIOMUX KOPUCTYBady KOHLETIIIIH.

3) MHoxuHA 3aleKHOCTEH MK JTaHUMH MOXKe
BimoOpaxkatn iepapxiuHi, (QyHKIIOHAJIBHI, MPOCTOPOBI,
arpuOyTHBHI, a TaKOXX TNPUIMHHO-HACTITKOBI  Ta
TEMITOpabHI 3B’S3KH, IO OIMUCYIOTh KOHTEKCT Ta
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MOCHIZIOBHICTh NPHUHHATTS pIlICHb B IHTENEKTYaJIbHIH
CHCTEMI.

3riIHO MepIIOro NPHHIMITY, JUIs MO0y J0BU MOSCHEHb
HEOOXITHO c(hOPMYBaTH OHTOJIOTIK MPEAMETHOI 00IacTi,
0 BiOOpakae CIPUIHATTS I1i€i 007acTi KOPUCTYBAYEM.
Hanpukian, 1 pekoMeHIamifHUX CHCTEM OTIHC IIPEeIMET-
HO1 00JIaCTi Ma€, y BIATIOBIAHOCTI i3 BIIOT00AHHSIMH KOPHC-
TyBada, MICTHTH 5K iHPOpPMAIIiI0 PO 3araibHy MOITYJISp-
HICTH TOBapiB abo0 MOCIYT, TaK i MpO IX XapaKTePHCTHKH,
IO € CYTTEBUMH UL KOPHCTYBava.

3rigHO APYroro NPHHIIMITY, MOSICHEHHS Mae 0a3yBa-
TUCH HA 3araJlbHOMY METOJi, KOHLEIii, TOIIo, 10 Bigo0-
pakae KIIOYOBI IPUYMHU BHOOPY BiIHOBIAHOTO PillIEHHS
IHTeJIeKTyanbHOW iH(opManiiiHoIo cucrtemMoro. Hampuk-
Jan, Ui CUCTEM MiATPUMKH CTpaxyBaHHS B MEIHIMHI
BUKOPHCTOBYETBCSl KOHIICMIisI NPO(IIaKTHYHUX 3aXO0/iB
11010 MIATPUMKH CTaHy 3/10pOB’Sl KOPUCTYyBaya.

3rigHo TPeThOro MPUHLMITY, MOSICHEHHS Mae 3a0e3-
NICYHUTH TaKi pe3yJIbTaTH:

— IIOKa3aTH, SIKUM CII0COOOM Mii iHTeNeKTyalbHOI
iHpOpMaLifHOI CHCTEMH [AaIOTh MOXKIUBICTD JTOCATTH
Linel KopucTyBaya;

— eTanizyBatu, K (OpMyETbCs MOCIINOBHICTD Aii
peaitizoBaHuX Jil;

— BU3HAYUTH, siKa (a00 SKUM YMHOM) MOCJiJIOBHICTH
IiH 13 JOCATHEHHS 11111 Oyie copMoOBaHa y MaiilOyTHHOMY.

CyKyIHICTh HaBEJICHHX NPHHIUIIB CTBOPIOE 0azy
Uil (OPMYBaHHS TOSICHEHHS y BUIJISIL y3araiabHEHOI
3aJICKHOCTI MDK BXIIHAUMH JaHUMH IHTEICKTyalbHOT
CHUCTEMH Ta TPOMDKHUM a00 KIHIEBHM pPE3yIbTaToOM Il
poboti. ToOTO KOXHE WOSICHEHHsS 3aJa€ JIaHII0KOK
MpaBWJI, AKi i3 3aJaHUM CTYIIEHEM JeTaji3alii OMUCYIOTh
MOCTITOBHICTh MEPEeXOAy Bil BXiMHUX JaHUX JO
OTPUMAHOro pilleHHA. TakWil JAHLIOKOK € MOXKe
CKJIaIaTHCh 13 TEMIIOPAIbHUX 200 TPUYUHHO-HACIIIKOBHUX
3aJIe)KHOCTEN fj, SIKi CTAarOTh ICTHHHHMH Y TOCIIiJIOBHI
JIUCKPETHI MOMEHTH 4acy t; Ta € MONapHO Y3TO/KEHUMHU
MiX cO0OK0 y CeHCi, IO pe3yibTaT OJHOTO IpPaBHJA €
HEOoOXiHMM JUIsi BUKOHAHHS HAacTyHHOro. Ilo3HauuBLIM
Y3TOKEHICTh  3alexHocTed f; Ta [ Ak fi~fiiq,
OTPUMAEMO TaKy peali3alilo MOSCHEHHS, IPEACTaBICHOTO
MOJIEILIIO P

(VDfirfin > Q)

3anponoHOBaHUN JBOXACIIEKTHUHA MiIXil O MMOOY-
JIOBU TIOsiCHeHHs (puc. 1) nependadae BUPIMIEHHS TaKHX
3ajad:

— leTamizamlis IiIell TOSICHEHHS HA OCHOBI OIHCY
CTPYKTYPH Ta BIIACTHBOCTEH IpeIMeTHOI 0011acTi;

— KOH(QIrypyBaHHS TOSICHEHHS 3  ypaxyBaHHIM
CTPYKTYPH IHTEJIEKTYaJIbHOT CHCTEMH Ta 3 BUKOPUCTAHHSIM
3BOPOT.

— IHAMBIAyami3alis Iijei mosSCHEHHS 3 BUKOPUCTaH-
HSIM MOJIeJi KOPHCTyBaya, sika BimoOpakae Horo iHTEpecH
I0JI0 PE3yJbTATy IHTENEKTyalbHOI iH(OpMaIiiHOT CHUC-
TEMH.

[epmia ta TpeTs 3a1a4i BUKOPUCTOBYIOTH MPHUHIIMIT
YOPHOIO SIIUKY NpU MOOYJOBI MOSICHEHHS, a JApyra —
PO3KpHMBAE BHYTPILIHIO CTPYKTYPY CHUCTEMH, TOOTO 0asy-
€THCS HA MPUHIMII OLIOT0 SIIUKY.

Di =< fljs sfija fij+1>

Bxingni nani

e ;/IH¢>0pMauia npo aii
\ xopuctyBaya B IIC

/ Jloru nmponecy
’ NPUHHATTS PilICHHS
B IIC

/~ CrpykTypoBanuii
OIMC NPEAMETHOT
o0Jacti

1.daza neranizamii

1.1.®opmyBaHHS OHTOJIOTI HOHSTH
JUTsL BHOpAHOT IpeAMETHOT 00JIacTi

v

> 1.2 ®opmyBaHHS MOAETi <
KOPHCTyBayda

v

1.3 [eramnizaris mijicii Ha OCHOBI
OHTOJIOTIT ITOHATP 3 YPaxyBaHHIM
00MeXeHb KOpHCTyBada

2.Ma3a xoH}IrypyBaHHs

2.1 ®opmyBaHHS MHOKHHH TIap
(hakTiB, MO BiTOOpaKAIOTh MIOTOYHUI
nporec npuitHATTA pimeHs B 1IC

v

2.2 BusHayeHHs 3aJI€)KHOCTEN Mix
(akxTamu

3.da3a nepconamizarii

3.1 Binoip tpiiiok (haxr-npuunHa,
BIZIHOIICHHSI, (haKT-BHCHOBOK) 3
ypaxyBaHHSAM piBHS AeTaji3amii

v

3.2 ®opMyBaHHs Ta YHIOPSAKYBaHHS
MHOYXHHH MOJIMBHX TTOSICHCHb
OpolieCcy NPUAHATTS PillIeHHS!

3.3 Big0ip nosICHEHHS 3 ypaxyBaHHIM
MOKa3HUKA TOYHOCTI Ta 0OMEXKEHb
KOpHCTyBaya

Puc. 1. TTocninoBHicTh (a3 AeKIapaTHBHO-TEMIIOPATIBHOTO
MAXO0Y 10 TOOYIOBH MOSCHEHB

3amaua geTamizamii Iijed BUPINIYETbCS HA MEPIIii
(hazi JaHOTO MigXOMdY.

JHeranizanis misiei nonsrae y po3KpurTi riobaisHOT
LIl MHOXKHMHOK JIOKanbHUX Iitei. Taka peramizalris,
3TiHO  TEpmIOro INPHHIMIY MOOYZOBH  MOSCHEHb,
0asyeTbcst Ha iepapXii MOHSTH, IO OIMCYIOThH L L.

Heranizamis 1mijeu, 3rifHO Jpyroro IpUHIHKIY,
BUKOHYETBCSl y BUIAIKY, KOJM MOSCHEHHS HE MICTHTh
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BIZIOMOI KOpHCTyBa4eBi KOHIEIIii, ab0 y3arajibHEHOTO
MiXOMy J0 JOCATHEHHS MOTOYHOI Ifiyti. Po3mineHHs 1mimi
J1a€ MOKJIMBICTb BUSBUTH II0B’sI3aHi 13 IMAIAAMHY 3araibHi
METOIM, IO 3a0e3MeuyroTh JOCSTHEHHS JIOKaJbHUX
pe3ynbTaTiB. YHOPSAKYBaHHS IOCHTIZOBHOCTI JIOKAJIBHUX
pe3yIBTATIB y Yaci 3TiAHO TPETHOTO MPHUHIUITY A€ MOXK-
JUBICTh TPEACTABUTH 3aralbHy KOHIICTIIIO TOCATHEHHS
pe3yIBTATY SAK MPOIIEC i3 MOCTITOBHO TOCATHYTHX JIOKAITb-
HUX IUIEH.

Takum uuHOM, [eTamizamis Iiyeii OazyeTbcs Ha
BHKOPHCTAHHI OHTOJIOTIi IIOHTH, a TAKOXK JIOJaTKOBO Ma€
BpPaxoBYBaTH TEMIIOPAJbHY YIOPSAKOBAHICTD Ml 13
JOCSITHEHHSI JIOKAaJbHUX IIell B paMKax BH3HAYeHOI
KOHILENii 00y J0BU MOSICHEHHSI.

Ha npyriii ¢asi gopmyroThcst 0a30Bi €JICMEHTH
mosicHeHHsI. Taki 0a30Bi eJIEMEHTHU 3aJal0Th YIOPSIKOBA-
HICTh A7 JOBiUNBbHUX Tap dakriB. TemmnopanbHa ynopsi-
KOBaHICTh, Ha BiAMIHY BiJl Kay3aJbHOI, Ja€ MOXJIHBICTh
3B’s13aTH JOBUTHHI mapu (DakTiB BiTHOIIECHHSIM IOCIHIiOB-
HocTi y Yaci. Taki akT MOXyTh OyTH iICTHHHHMH SIK
MIOCTITOBHO Y Yaci, Tak i 4epe3 3Ha4Hi MPOMIXKKH Jacy. B
OCTaHHHOMY BHIAJIKY 33JalOTHCS TEMIIOpAlbHI paMKH
MPOLIECY «JIaHi-pe3yabTaT», SIKi MOTIM JAETaJi3yI0ThCS MPO-
MDKHUMH, OUTBII KOPOTKUMH TEMITOPAJIbHUMH 3aJIEKHOC-
TSAMH.

dasza nepconaizallii nepegdavyae MONEPEaHIO O0Y-
JIOBY JICKIIBKOX BapiaHTIB IOSCHCHb Ha OCHOBI 0a30BHX
3aJIe)KHOCTEH, OTpUMaHKX Ha nonepeaHii ¢asi. Lli remmo-
paIbHI 3aJIe)KHOCTI YITOPSAKOBYIOTHCA B YacCi, III0 CTBOPIOE
YMOBH IUISL 3aJOBOJICHHS OOMEXEHHSI Yy3TOJKCHOCTI.
[ToTiM i3 MHOXHHH MO>JIMBHX IIOSICHCHB BiIOMPAIOTHCS
Taki, IO BIAMOBIIAIOTE OOMEXEHHSIM KopuCTyBada. Pe-
3YJNBTYIOUE IMOSICHEHHS Mae HaHOiNblle 3HAYCHHS IOKa3-
HHUKA TOYHOCTI 3TiIHO [TOCTAHOBKHM 3a1a4i (2).

[lpn BUKOpPUCTAHHI JAHOTO TIJIXOJy BHUKOPHCTO-
BY€TbCS KOMOIHAISl BXIJIHUX JaHUX IIPO MNPEAMETHY
00J1acTh, PO i KOPUCTYBaYa B iHTEICKTyallbHIl cUCTEMI,
a TakoX 1po Aii 3 mpuiiHsTTs pimenss B 11C. 3anucu npo
MTOCTTITOBHOCTI [Iii MiCTATh TEMIIOPAIbHY 1H()OPMAILiO, 110
Jla€ MOXKJIMBICTh c()OPMYBaTH BINMOBIJHUI acHeKT IOsC-
HEHHS.

BucHoBKH. 3anpoIIOHOBaHO y3arallbHEHY HOCTAHOB-
Ky 3a71adi GOpMyBaHHs MOSICHEHHS: 3HAXOKEHHS TaKol
MOJIeIi, 1110 MiHIMi3y€e HETOUHICTh OIMCY TPOIECy A0CAT-
HEHHSl pPe3yNbTaTy BiHOCHO Mojeni (yHKIIOHYBaHHS
IHTENIeKTyanbHOI CHCTEMH TpH 33JaHOMY OOMEXeHHI Ha
CKJIAJIHICTE IMOSICHEHHS.

CchopMynTp0BaHO IPUHIMITK BUPIMIEHHS 3a1a9i (op-
MYJIIOBaHHS TIOSICHEHHSI B y3arajbHEHiil MOCTaHOBIN, SKi
nependadaroTh MOCHiTOBHE (DOPMYITIOBAaHHS JCKJIapaTHB-
HOTO OIHUCY MPEAMETHOI 001acTi y BUTISAI BiAMOBiIHOT
OHTOJIOTI1, @ TAKOK ONUCY NPOLIECY NPUIHATTS PillICHHS Ha
OCHOBI TEMIIOpAJIbHUX TIPaBWi, IO JIa€ MO>KJIUBICTB
aJanTyBaTH NOSCHEHHS 3 ypaxyBaHHSAM TEMIOpPAIbHUX
3MiH y IpeJAMEeTHi! 00acTi.

3anporoHOBaHO JICKJIAPATHBHO-TEMIIOPATIBHUM ninxin
70 1o0OyJIOBU TOSICHEHHsI B iHTEJIEKTYyalIbHIH cucTeMmi. B
paMKax JaHOTO IiJXOAy IOCIIiJOBHO BHPIMIYIOTHCS 3a1adi
JeTalizamii iIel MosSCHEHHS HAa OCHOBI OHTOJIOTIi Tpe-
MeTHOI  oOyacTi, KOH(]IrypyBaHHS  TIOSCHEHHS 3
ypaxyBaHHSAM CTPYKTYpH IHTENEKTYyaJbHOI CHCTEMH,

MepCOHaNi3alii MOsSCHEHHS 3 ypaXyBaHHSIM BIOI00aHb
KOPHCTYBava.

Januii migxig qa€ MOXIIUBICTh aKTyali3yBaTH MOSC-
HCHHS, IO CTBOPIOE YMOBHU Ui MOOYIOBH TOSCHCHb B
PEXKUMI OHJIAMH.
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C. @. YAJIHH, €, 0. BOTATOB

TEXHO.JIOT'ISI ABTOMATHU30BAHOI IOBY/IOBU MOJEJII NIPOTOTHUILY BI3HEC-ITPOLIECY HA
OCHOBI NONEPEJIHLOI OBPOBKH 'KYPHAJY MOIIN

[IpenqmeroM JOCTIDKEHHS € MpoLecH HOoOYyIOBH Mojeneil mpoToTumiB Gi3Hec-mpoueciB  «AS—IS», 1o BigoOpakaloTh MOTOYHY MisUIBHICTH
mignpuemctBa. [ moOynoBu momedmi «AS—IS» BHKOPHCTOBYIOTHCS KYpHAIHM MOIIH, IO MICTATh 3alKC pEali30BaHUX NPH (YHKLIIOHYBaHHI
MiANpHEMCTBA omnepaniil i3 mitkamu 4acy. [ToOynosa npomecHoi Moaeni «AS—IS» B BUKOPHUCTaHHSM JIOTiB BUKOHYETHCS 3aC00aMH IHTEIEKTyaIbHOIO
aHaJti3y npotecis. Pe3yibTyioua Mozelb IPOTOTHITY Oi3HEC-TIpoLiecy Mae BUIII rpady, 110 BixoOpaskae BCi BioMi i3 )ypHaITy MoJii ioro peaisaii.
Meroro po6OTH € HiJBUIICHHS eeKTUBHOCTI BIPOBAKEHHSI IIPOLIECHOrO YIPABIIIHHS [UIIXOM PO3POOKU TEXHOJIOTIT 00YI0BH MOJENIeH NPOTOTHIIIB
nporuecy «AS—IS» B yMOBax HEYIOpSAKOBAHMX IO Oi3HEC-TIpOLeCaM Ta MOMMIIKOBHX BXIAHHX HaHUX. JlJIsi OCSTHEHHS ITOCTAaBJICHOI METH B CTATTi
BHUPILIYIOThCS Taki 3a7adi: po3poOka TexHoJoril GopMyBaHHS MOAENeH MPOTOTHIIB Oi3HEC-NIPOLECIB; eKCepUMEHTalbHa MepeBipKa TEXHOJOTTI.
OTpuMaHO HacTyNHI pe3ynbTaTu. PO3po0IeHO TEXHOJIOrII0 aBTOMATH30BaHOI MOOYIOBU MPOTOTHIIB Mozenei Gisnec-npoueciB «AS—ISy, sika MicTUT
y co0i eTanmu CTpyKTypu3amii >KypHAIIiB HOXill y IpoOLECcHO-OpieHTOBaHy (opMy i momamsmiol MoOymoBH Mojeneil Oi3Hec-IpoOIEeCiB MeTogaMH
IHTEJIeKTYaJIbHOro aHai3y npouecis. Po3pobieHa TeXHOIOris 03BOJIsIE OTPUMATH rpadoBY MOJIENb IPOTOTHUITY Oi3HEC-TIPOLIECY, KA BUKOPUCTOBYETHCS
MPU BIPOBA/DKEHHI MPOLECHOrO YMIPABIiHHA B paMKax IIEpIIOro Ta APYroro piBHIB mporecHoi 3pimocti. Ha 6a3i orpumanoi mozmemi «AS—IS»
(hopmyeTbest yaockoHaneHa nporuecHa moaens « TO—BEy. [IpoBesieHa ekcriepiMeHTalbHA IepeBipKa IoKasana, o po3pobIieHa TeXHOJIOTis 3abe3neuye
moOyI0By MPOLIECHO-OPIEHTOBAHOIO Jiora Ta MOAaiblie (HOPMyBaHHS MOIETI MPOTOTUIY Oi3HEC-IpoIecy, IO BimoOpakae MOTOYHY MisTbHICTH
MANPHEMCTBA.
Kurouosi ciioBa: GizHec-mpoliec, Jior, Mojenb «AS—ISy, iHTeIeKTyallbHUI aHaITi3 IPOIIECiB, process mining.

C. ®. YAJIBIH, E. 0. BOTATOB

TEXHOJIOI'USA ABTOMATU3UPOBAHHOT' O ITIOCTPOEHUA MOAEJIM TPOTOTHUITIA BU3HEC-
MMPOIIECCA HA OCHOBE NIPEJIBAPUTEJBLHOM OBPABOTKH KYPHAJIOB COBBITHUI

IIpenqMeroM HCCIeNOBaHUS SIBISIFOTCS IIPOLECCH IIOCTPOSHMSI MOJeNell INpOTOTUIIOB Om3Hec-mporeccoB «AS—IS», oTpaxaromue TeKyIIyo
JiesTeNbHOCTh npennpustus. s nocrpoeHust mozpenu «AS—IS» Mcnonb3yroTcst KypHaibl COOBITHH, COAEpIKAIIUE 3alUCH PEaTU30BAHHBIX IPH
(YHKUHOHUPOBAHUH PEINPUSTHS ONepalnii ¢ MeTkamu Bpemeni. [loctpoenue mporeccHoit Moaenu «AS—IS» ¢ Hcrnonb30BaHHEeM JIOTOB BBITOIHACTCS
CpeICTBAMH MHTEJUICKTYaJIbHOTO aHAIIM3a IIPOLECCOB. Pe3ynpTupyromas Moxelns NpoToTUna Ou3Hec-Iporiecca nMeeT BUA rpada, oTpaxaronmii Bce
U3BECTHBIC U3 XKypHasIa COOBITUI ero peanu3auun. Llenbio paboTs! ABIsIeTCs NOBbIICHHE Y3(Q)EKTHBHOCTH BHEAPEHHS IIPOLIECCHOTO YIIPABICHUS ITyTEM
pa3paboTKK TEXHOJIOTHH MOCTPOSHUS MOJIeNIe MPOTOTHIIOB Ipolecca «AS—IS» B yCI0BHAX HEYNOPSAIOUEHHBIX 110 OM3HEC-TIpoLieccaM U OMIMOO0YHBIX
BXOJHBIX JaHHBIX. JUJIsl OCTIDKEHHMS ITOCTABICHHON IIEJIN B CTAaThe PEIIAIOTCS CIEAYIOINe 3a1adl: pa3paboTka TeXHOJIOTHH (OPMUPOBAHUS MOJeNeH
HPOTOTUIIOB OHM3HEC-TIPOIIECCOB; OKCIIEPUMEHTANIbHAsT NPOBEpKa TeXHOJorud. IlonydeHbl ciemyromue pes3yinbTaThl. PaspaboTaHa TeXHOJIOTHs
aBTOMATH3MPOBAHHOT'O NMOCTPOEHHUS IPOTOTUIIOB MOJieiel Ou3Hec-TipolieccoB «AS—ISy», koTopas BKIOYaeT B ce0s 3Tarbl CTPYKTYPU3ALUH KyPHAIIOB
COOBITHII B TIPOIIECCHO-OPHEHTHPOBAHHYIO (hOPMY U JJABHEHIIIEr0 MOCTPOSHHS MoJIeNell OM3HEC-TIPOIECCOB METOAAMH MHTEINIEKTYalbHOTO aHaIIh3a
nporeccoB. PazpaboTaHHast TEXHOIOTUs TO3BOJISIET HOIY4YHTh IpadOBYIO MOZIEIb IPOTOTHUIIA OH3HEC-TIpoliecca, KOTOPast HCTIONb3yeTCs IPH BHEAPCHUU
MPOLIECCHOTO YNpPABJIEHHUS B paMKax MEPBOrO W BTOPOTO ypOBHEH MporeccHoW 3penoctd. Ha Gaze momydenHoit momenu «AS—IS» dopmupyercs
yCOBepIIeHCTBOBaHHAs IporeccHass Mozenb «TO-BE». IlpoBeneHHas skcriepuMeHTalbHas MpOBepKa IIOKasala, 4To pa3paboTaHHAs TEXHOJOTHS
obecrednBacT IMOCTPOCHHE MPOLECCHO-OPHEHTHPOBAHHOTO JIOra M JaibHeiiinee (OpMHUpPOBAaHHE MOJENH IPOTOTHIIA OH3HEC-TIpoliecca, KOTOpas
OTpaXkaeT TEKYIIYIO ACATEIbHOCTD PEANPHATHUS.
KroueBnle c10Ba: OM3HEC-IIpolLecc, JIoT, MoJenb «AS—ISy», HHTeIIeKTyalbHBIH aHaIM3 IPOLECCOB, Process mining.

S. CHALYI, I. BOGATOV

TECHNOLOGY OF AUTOMATED CONSTRUCTION OF A BUSINESS PROCESS PROTOTYPE
MODEL BASED ON PRE-PROCESSING OF EVENT LOGS

The subject of the study are the processes of building models of prototypes of business processes "AS—IS", reflecting the current activities of the
enterprise. To build the "AS-1S" model, event logs are used, which contain a record of operations with timestamps implemented during the operation of
the enterprise. Construction of the process model "AS-IS" in the use of logs is performed by means of intellectual analysis of processes. The resulting
model of the prototype of the business process has the form of a graph showing all known from the log of events of its implementation. The aim of the
work is to increase the efficiency of process control implementation by developing the technology of building prototype models of the process "AS—IS"
in the conditions of disordered business processes and erroneous input data. To achieve this goal, the article solves the following tasks: development of
technology for modeling business process prototypes; experimental verification of technology. The following results were obtained. The technology of
automated prototyping of business process models "AS—-1S" has been developed, which includes the stages of structuring event logs in a process-oriented
form and further construction of business process models by methods of intellectual analysis of processes. The developed technology allows to obtain a
graph model of a business process prototype, which is used in the implementation of process management within the first and second levels of process
maturity. On the basis of the received model "AS-IS" the improved process model "TO-BE" is formed. The experimental test showed that the developed
technology provides the construction of a process-oriented log and the subsequent formation of a prototype model of a business process that reflects the
current activities of the enterprise.
Keywords: business process, log, “AS—IS” model, process analysis, process mining.

Beryn. Lukn ¢yHkuionyBanHs cydacHux mianpu- — BE» [3, 4]. Mogens «TO-BE» cTBOproeThest 3 ypaxyBaH-
€MCTB Ilepeidadae MOCTiMHMI PO3BUTOK Ta MOKPAIIEHHS  HSM IOTOYHOTO CTaHy PUHKY, aHAJIi3y CTaHy KOHKYPEHTIB
icHyrounx OizHec-mpoueciB [1, 2]. [nsa BupimeHHs mie€i  Ta Oa)kaHb KiHIEBUX CIIOXKHBAUiB MPOAYKTY ab0 MOCIYTH,
3a7a4i HeoOXiJHO BiZl MOZieJIel iCHYI0UHX Oi3HEC-NPOLECiB 1[0 BUITYCKAETHCS Ha MmignpreMcTBi. Mogenb «AS—IS» mae
«AS-IS» nepeiitu 10 uinpoBHUX NpouecHux moaener «TO—  OGa3yBaTucsi Ha JaHMX, LIO BiJOOpaXkaloTh MOTOYHY

© C. ®. Yamuii, €. O. boraros 2020

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XI1Il». Cepis: Cucmemnuii
ananis, ynpasninus ma ingopmayiuni mexmonozii, Ne 2 (4) 2020 57



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

JUSUTBHICTD HiAMPUEMCTBA. Y SIKOCTI TAKUX JAHUX BUKOPHC-
TOBYIOTBCSI JKypHAIM MNOAIA (JIOTH), IO MICTATH 3aIuc
peai3oBaHMX IIPU BUKOHaHHI Oi3Hec-mporeciB aid. [1o0y-
JI0Ba TponecHoi Mojiei «AS—IS» B BUKOPUCTaHHSM JIOTIB
BUKOHYETBCSl 3ac00aMM process mining — iHTENEKTyallb-
Horo anaii3y mporecis (IAIT) [5, 6]. B pesymbrari 3acTo-
CYBaHHS IUX METOAIB Oi3HEC-aHATITHK Ma€ 3MOTY OTPHMa-
TH TpadoBy MOJENb, M0 BimoOpakae MOCITITOBHICTD Ail
6i3Hec-nporecy. Jlana Mozenb He MiCTUTh YMOB MIEPEXO/IiB
MIDX JiIMHU i TOMY BH3Ha4a€e MpOTOTHI Oi3HEc-Tporecy. Y
MOJATBIIOMY MOZIETh MO>KE OyTH yTOYHEHA Ha OCHOBI OITH-
TyBaHHS €KCIIEPTiB Ta BUKOHABIIIB.

IcHye neBHUIT nepenik BUMOT /10 JIOTiB moziit indop-
MAIliIfHAX CHCTEeM, 10 MOXYTh OyTH 00poOIeHi 3acobam
IAII. 1o Takux oOMeXeHb BiJHOCATH: I'PYyIyBaHHS MOMIN
3a eK3eMIULIPaMH IPOLECIB; YIOPSIIKyBaHHS O/l eK3eM-
IUISIpY MPOIIECY 3a YacOM BUHUKHEHHS. J[0laTKoBO MOxe
3a71aBaTHCh Meperlik 000B’I3KOBHUX Ta OMIIIOHATBHUX aTPH-
OyTiB OIHCY MOMIM.

3HaYHa YaCTHHA JIOTiB, B 0COOIMUBOCTI JIOTH (YYHKITIO-
HAJIbHO-OPIEHTOBAaHUX iH(OPMAIIHHUX CHCTEM, HE BIIIO-
BiZIalOTh HaBEJECHHM BHUMOTaM. B Takux sorax He BH3Ha-
YEHO HaJIeKHICTh MOJiH 1o mpoueciB ToMmy nepeTBopeHHs
TakhX JIOTIB y MPOIECHY (GOpMy 3 METOK MNOOYI0BU
nporotuniB Oi3Hec-mponeciB  «AS—IS» € akryanbpHOMNO
3a/1a4eI0.

Bupimienns 1iei 3agaui 6a3yeThCs HA MOXKJIMBOCTI
Tpanchopmalilii JIoTiB 10 popmary, HeoOXiTHOTO It poOo-
TH 3aco6iB [AIl 3a paxyHOK aHami3y H0JaTKOBOI iH(pOp-
Marlii, mo mpeacTaBiIcHa aTpuOyTaMu Tofii. 3a3Buuait
aTpuOyTH abo rpymu aTpuOyTiB XapaKTepU3YIOTh OKpeMi
KPOKH i3 BHpINIEHHS (QYHKIIOHANBHUX 3alad, IO BUKO-
HYIOTBCA Ha MiANPHEMCTBI. [loCIiZOBHOCTI BHKOHAHWX
(GyHKIOIA BU3HAYAIOTh MOTOKH POOIT MiAMPHEMCTBA, IO
MPU3BOJATH IO CTBOPEHHS KIHIIEBOTO ITPOIYKTY, aHAJIOT Y-
HO Oi3Hec-mporiecaM. ['0JIOBHA BiAMIHHICTh TaKWX JIOTIB
NOJIArae y HEeBIINOBIAHOCTI MK 3amuMcaMu Ta MOCIII0B-
HOCTSIMH POOIT, TOOTO HEBIIOPSIIKOBAHOCTI 3alKCIB B
paMKax MpoIecy CTBOPEHHsI KiHIIeBOTO Mpoaykry. [Tomii x
0i3Hec-NpoLeCiB 3a3BHYAll yIOPSIKOBaHI B paMKax OJHi€l
TpacH, mo (ikcye BUKOHAHHS OJTHOTO eK3eMILTIPY Oi3Hec-
Iporecy.

AHaJi3 ocraHHIX gocailKeHb i myOaikanii.
Icnyrwui minxomu n0 moOymoBu TpadoBHX MoJIeNeH
0i3Hec-mporieciB [5—8] HakIamarOTh JOAATKOBI BUMOTH JIO
BXiJJHUX JaHWX: HE3HAYHA KUTBKICTh TTOMUIKOBUX JTaHUX;
HasBHICTH HACKPI3HOTO MpoIiecy abo MOCIiJOBHOCTI MOIiH;
BiJICYTHICTh MapaleIbHOTO BUKOHAHHS BEIHMKOI KiITBKOCTI
nporieciB. Taki BUMOTH sIKi HE 3aBXI1 3a10BOJIGHIIOTHCS B
JIorax pealbHuX, 30KpeMa (yHKI[IOHaTbHO-OPiEHTOBAHUX,
iHpOpMaLifHIX CHCTEM.

Y poborax [9-11] Oyno 3amponoOHOBAHO MOENi
CTPYKTYpPOBaHOTO Ta HECTPYKTYpPOBAHOTO JIOTIB, & TaKOX
3alpOIIOHOBAHO METOAM CTPYKTypu3auii JIoriB, sIKi Bif-
PI3HSIOTBCSL 33 BUMOTOIO JIO BXIIHMX JAaHUX Ta 3HaHb.
[HTerparis pe3ynbTariB UX poOIT B €IMHY MOCITIIOBHICTH
Il Ta€ MOXIIUBICTh MOOYAYBaTH TEXHOJIOTIIO aBTOMATH-
30BaHOi NOOYZOBH MPOTOTHUIIB Oi3HEC-TIponeciB «AS—IS».

Metoto mi€i crarTi € miaBHIEeHHS e()EeKTHBHOCTI
BIPOBAKEHHS MPOIIECHOTO YIPABIIHHS HIITXOM pO3p00-
KM TEXHOJIOTii MOOYJOBY MOJIENEH MPOTOTHIIB IMPOLECY

«AS-IS» B yMoOBax HEyHMOpsSAKOBAaHUX IO MHpolecaM Ta
MOMHJIKOBUX BXIZTHUX JaHHX.

Jnst noCSITHeHHS ITOCTAaBIICHOT METH B CTATTI BUPILIy-
I0ThCS TaKi 33/1a4i:

— po3pobka TexHoJI0Tii popMyBaHHS MoJeNeH TPOTO-
TUMiB Oi3HEC-TIPOIIECiB;

— eKCTIepHMEHTAJIbHA TTepeBipKa TEXHOJIOTII.

TexHoJiorisi mo0ya0BH MojeJi mpoTroTumy Gi3Hec-
npouecy.

Po3pobniera TeXHOJOTIS IHTETpye METOIH CTPYKTY-
pu3arii XxypHamiB MOAiH, oo Oy 3aIpOIIOHOBaHI B po-
6otax [6, 7].

lonoBHa imes naHOl TEXHOJOTII MOJSATae y IMoOIe-
peIHbOMY YHOPSIKYBaHHI IOJIH 3a MPUHAJIEKHICTIO JI0
MIEBHOT'O MOTOKY POOIT Ha OCHOBI MOPIBHSHHS aTpUOYTIiB
mux nofiit. Ilicns anamizy atpuOyTiB noaiil GpopmyroTbes
BXiJIHI JaHi 70 3alpOINIOHOBAaHUX METOMIB TpaHchopmarril
Jiora ayst Horo MepeTBOpeHHs y GopMy, MpUAaTHY I 00-
pobku 3acobamu ATl TlepecTpykTypoBaHi JorH Iiepesa-
10ThCS Ha BXix 3acobam IAIl 3 meroro moOynoBu Moseneit
6i3Hec-miporeciB «AS—IS». B sixocti mmatdopmu IAIT 6ymo
BHKOPHUCTAHO IIporpamMHmii 3acid6 ProM.

3ampornoHoBaHa TEXHOJOTiS MICTUTh Yy CO0i Taki
eTarm.

Eran 1. ITinroroBka BXiJHOTO Jiora.

Ertan 2. Anaini3 arpuOyTiB BXiTHOTO XXYpHaIy HOMIH.

Ertan 3. ®opmyBanHs MIPOLIECHO-OPIEHTOBAHOTO
KypHaITy TIO/iH.

Etam 4. [To6ynoBa mMozeni mporecy «AS-IS» meto-
JTAaMHF IHTENEKTYaIbHOTO aHalli3y IPOIECIB.

Ha nepmomy erarmi nepeBipsi€ThCs MOMXIHUBICTD TOOY-
JTIOBH TIPOIIECHOT MOJIENI i3 )KypHaITy moJii iHGopMariifHo1
CHUCTEMH. YMOBa IOOYIOBH MOJIETi — HASIBHICTh MiHIMAJTb-
HOI KiJIbKOCTI aTpuOyTiB MOMil, IO 33Jal0Th OMHUC il 3
BUpilIeHHsT (YHKIIOHAIbHUX 3anad. J[o Takux atpuOyTiB
BIJTHOCSITh: YaC HACTAHHS IMOJii, BUKOHABEIb Ta iACHTU(I-
KaTop mouii siora. [Ipu monaneoMy aHanisi 10 3Ha4YHOTO
MOKPALIeHHs KIHIEBUX pPE3YJIbTATIB INPHU3BOJAUTH HasB-
HICTh MHOXXHHH JIOJATKOBHX aTPUOYTIB MOAiH BU3HAYCHOT
y JAaHiii npeaMeTHii obnacti. [Ipuknaa onucy takoi mosii
HaBeZIeHO Ha puc. 1.

<event>

<string key="org:group" value="M3"/>

<string key="resource country" wvalus="Sweden"/>

<gtring key="organization country" valus="ss"/>

<string key="org:resource" walus="Johanna"/>

<string key="organization involved" wvalue="Org line C"/>

<string key="org:role" value="v3_2"/>

<string key="concept:name" wvalue="Accepted"/>

<string key="impact" value="Low"/>

<string key="product" wvalue="PRODZ&2"/>

<string key="lifecycle:transition" value="Wait - User"/>

<date key="time:timestamp" value="2012-04-23T09:48:24+02:00" >
</event>

Puc. 1. Ilpuknan onucy noxii jgora

[Micns ycninrHoi nepeBipky BUKOHYETBCS (BibTpartis
ICHYIOYOTO KYpHAaIy MHOZIA 3 ypaxyBaHHSIM JIOJATKOBHX
(30KpeMa, eKCIIepPTHUX) 3HAHb MPO MPOIECH Ha IIiJIIpPHU-
eMcTBi. QinbTpanis mojiii BUKOHYETHCS 32 TAKMMH aTpH-
OyTamu: 4yac BHKOHAHHS, BHKOHABI, MiIPO3IiJ, TOIIO.
Jlanuit eTan gae MOXIJIHMBICTh Ha OCHOBI KOHTEKCTHOI iH-
(dhopMalrii BUKITIOYUTH TOii, 0 HE MAIOTh BiTHOIICHHS J0
BUPOOHUYHX TPOIIECIB MiMPUEMCTBA Ta HE MOXKYTh OyTH
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BUKOPHCTaHI Jsi MoOYIOBM Mojeli Oi3Hec-npouecy.
[MpuknagoM Takux HEBUPOOHMYMX TOAIH MOXe OyTH
TIO/IisL, IO OIMCYE NisUTbHICTD OyXranTtepii Ipu po3paxyHKy
3apIUlaTHI CHIBPOOITHHMKA. BXiOYeHHs Takux MOmid y
BXIIHMH Hal0ip JMIIe TNPU3BOAUTL 10 (QOPMYyBaHHS
«crmareTi-moaibHoTO» Tpady Momermi GizHec-mpomecy [5].
Janmii rpad MICTUTh HAAIWIIKOBY MHOXHHY Iyr Ta
BEepIIMH, IO HE Ja€ MOJXJIHMBOCTI BHABHTH KIIOYOBI
TIPUIHHHO-HACIIIKOBI 3B’ SI3KM MIX JisiMu Oi3HEC-TIpOLIeCy.
Tomy cmareri-niogiOHy MO/ETh BaXKKO TpaHchopMyBaTH y
Mozenb 6i3Hec-tiporiecy « TO—BEy.

Ha npyromy erami BUKOHYETHCSI aHaJli3 OTPUMAHOTO
XKypHaJTy nofii. Pe3ynbraroM aHaii3y € 4ucioBa OIlIHKA
Ba)KJIMBOCTI KOXKHOTO 3 aTpHOYTIB NOAIT )KypHaIIy, a TAKOX
OlLIiHKa 3aB’s3KiB MiX arpuOyTamu. OIiHKAa Ba)XJIMBOCTI
aTpuOyTIiB 0a3yeThCsl HA YAcTOTI IX BUKOPUCTAHHA 3 ypa-
XYBaHHSM Jliaria30Hy MOXKJIMBHX 3HA4Ye€Hb IIMX aTpUOYTIB.
I1# omiHKa BUKOHYETHCS y ABa KpokH. [lepmmm Kpokom
PO3paxoBYIOThCS BarWl JUIA KOXKHOTO aTpHUOYTy OKpEMO 3
METOIO0 BHSIBIICHHSI aTPUOYTIB 3 KPUTHYHO Mallor0 abo
BEJIMKOIO KUTBKICTIO IPUIYCTUMHX 3Ha4eHb aTpuOyTy. Lli
aTpuOyTH BHUKIIIOYAIOTHCS 3 MOJABIION0 aHAJI3y SK TaKi,
110 HE JI03BOJISIOTh BU3HAYMTH MPHUHAICKHICTH MOl 10
neBHol Tpacu. Ha npyromy kpoiti GOpMyrOTECS MHOKHUHU
MO 3 arpuOyTiB, 110 HE OYJIM BUKJIIOYEHI HA HEPIIOMY
kpoui. [Ticast 4oro po3paxyHOK OI[IHKH TOBTOPIOETHCS LIS
BU3HayeHUX MHOXHUH. OILiHKa MHOXHH aTpuOyTiB
JI03BOJISIE BUSIBUTH TI€PEJTiK aTpuOyTiB, KOTPi J03BOJISTH
BiTHECTH TOZif0 10 meBHOI Tpacu. OIiHKA 3B'SI3KIB MiX
aTpuOyTaMHd BU3HAUYAETHCA HAa OCHOBI aHami3y BCIX
MIPUIYCTUMHX 3HA4YeHb aTPUOYTIB JUIl MEBHOI MHOXXHUHH
aTpuOyYTIB Ta MOXE JOTIOBHIOBATHCS 3HAHHIMH, IO Oyin
HasaHi ekcnepramu. OTprMaHi OI[IHKA BUKOPHCTOBYIOTHCS
Ha HACTYITHOMY €Talli TEXHOJIOTi 1 € BXITHIMU JaHUMH IS
METOJIIB CTPYKTYpH3allii JIOTIB MOIiii.

Ha tperboMy erani T€XHOJIOTii BUKOHYETBCS CTPYK-
Typu3allis Moaid 3 METOK MOOYIOBH MPOIECHO-OPIEH-
TOBaHOTO Jiora. J[js LbOro BUKOPHUCTOBYETHCS METOIH
CTPYKTypH3alil XKypHaiB nojiii. Merox moOynoBu aTpu-
OyTuBHOTO omucy GizHec-mpouecy [9] mo3Boisie oTpUMaTH
TIOTIepeTHE TPYMyBaHHS MO 3a NPHHAIEKHICTIO 10
MEBHOTO IOTOKY poOiT. Ha BXig Meromy monaeTscs
OTpUMaHa Ha TIONIEPEAHBOMY €Talli TAOIIUIISI Bar aTpHOYTIB.
[lpoBeneHa HHU3Ka EKCIIEPUMEHTIB JOBOAWTH, L0 HEH
METOJl € IIBUJIIIMM 3a ICHYIOYHM aHAJOTiYHI METOIH 1 €
JOCTaTHBO e(EeKTUBHUM 3a YMOBH, IO iCHY€ JOCTATHS
KUTBKICTh TOJATKOBHX aTpHOYTiB MpeaMeTHOi obmacTi. Y
pasi BiACYTHOCTI OCTaHHIX, a TaKOX IJIsI YTOYHEHHS pe-
3yJIBTATIB, OTPUMAHKX [[IM METO/IOM, MOKITUBE JI0JIATKOBE
BUKOPHCTAHHS METOJy CTPYKTYpyBaHHs JIOTa, KOTpHi
6a3zyerbcs Ha iHBapiantax noniit [10]. InBapiantu nomii
BU3HAYAIOTHCS 32 PaXyHOK aHali3y 3MiHHM 3HaYeHb IOCIIi-
JIOBHOCTI HOAIiH{, 1110 BUKOHY€ETHCSI Ha MOIIEpeIHbOMY €Talri
TEXHOJIOTI1, a00 IIIXOM ONHUTYBAHHS €KCIIEPTIB.

YerBepTuili eran mnependavyae moOynoBy Mopeien
«AS-IS» musxoM aHanizy CTPYKTYpPOBaHHX JIOTiB METO-
JaMu process mining. /i mporo mnependayeHO BHKO-
pPHUCTaHHS ICHYIOUOTO BiJKPHTOTO MPOTPAMHOTO IOJMATKY
ProM 6.0. Ha Buxo/i 3 IpOrpaMHOTO JOAATKY KOPUCTyBad
OTPUMYE TOTOBY MOJIEITh TPOTOTHITY Oi3HEC-TIpoIiecy «AS—
IS», o moOynoBana 3rigHo 3 33/1aH0I0 HOTaIliero. HoTarist

1 ajNropurt™, IO BHUKOPHCTOBYIOTHCS IJIsl aHaJi3y Jiora,
o0uparoThCst 6e3rnocepeIHbO0 KOPUCTYBaueM Iig4ac BHKO-
PHCTaHHS NOAATKY.

ExcnepuMenTaabHa nepeBipka TeXHOJI0ril
no0ya0BM MoJeJi MPoToTUIY (i3Hec-mpoiecy.

[1ig wac mpoBeAeHHS eKCIIEPUMEHTAIBHOI MIEPEBIPKU
Oy70 BUKOPHUCTAHO pEaNbHHUH JIOT, IO € Y BUIBHOMY
JOCTyTI B 6a3i JIOTiB MPOLIECHO-0PiEHTOBaHUX cucTeM [12].
3 METOI0 IPUBECHHS JIOTa IO CTPYKTYPH, XapaKTepHOT I
(YHKIIOHATHFHO-OPIEHTOBAaHUX CHCTEM, 3 HBOTO OYyJIO BH-
JTAJIEHO BCi imeHTH(ikaTOpH Tpac, a moii Oymo BHIOps-
KOBAHO 32 MITKOIO yacy. Y pe3yJbTaTi 0yJo OTpUMaHo JIOT
3 OIIHIEI0 TPacow Ta 65 TucsyaMu MOJii. 3riHO BUMOT
MEpILIOTo eTaly TEXHOJIOTii, KOXHa 1o/is Jiora Oyia Bepu-
¢ikoBaHa Ha HASBHICTH OOOB’S3KOBHX aTpUOYTIB MOMIi.
Oinprpanis moxid micns Bepudikauii He MPOBOAMIACH,
BHACJIJIOK BIICYTHOCTI OOMEKEHb IION0 NPHITYCTHMHUX
3Ha4YeHb aTpuOyTiB. Bei monii Oymo 30epexenHo y «*.xes»
¢dopmari.

Ha ngpyromy ertari B pe3ynbTaTi aHaii3y MeTa-IaHHX
Oyiy BUKOHAHO MEPIINii 3 KPOKIB OILIIHKK Bar aTpHOYTiB —
OIliHKa BaYKIIMBOCTI aTpPUOYTIB OKPEMO OAWH Bifl OJHOTO.
OTtpumaHa pe3ynbTaTH HaBeAEHO B Ta0I. 1.

Ta6murs 1 — Ouilka Bar KOKHOTO 3 aTpUOYTiB MOJIT Jiora

Kinbkictsb
ATpHGyTH N0 Bara an.IfI.6yTy 3HAYCHb
oAl TIPUITYCTUMHX
aTpuOyTiB
"org:group” 0.004846153846 315
~organization 0.000307692308 20
involved
"org:role” 0.000307692308 20
""concept:name” 0.000076923077 3
"impact" 0.000046153846 3
"product” 0.002353846154 153
lifecycle: 0.000076923077 5
transition
"org:resource” 0.009338461538 607

3 rtabmumi 1 BuAHO, WO TOBTOPEHHS 3HAYECHHS
"concept:name" BiIOyBa€eTbCA y KOXHIA TpeTid moii.
VYpaxyBaHHA [BOrO aTpuUOyTy, SK 3HAYYIIOTO, MOXeE
MPU3BECTH JI0 PO3JUIEHHS JIOTA HA TPH TPacH JIOBXKHHOIO
Oimpbm HiX 20 THCSY moxmii koxHa. Taki arpuOyTH
BUKIIIOYAIOThCS 3 MOAAJBUIOrO PO3PAaXyHKY Bar Juist
MHOHH ITOII.

B pe3sysnbraTi BUKOHAaHHS JAPYroro eTamy 3 HojAaib-
mIoro aHamizy OyJo BWIyYeHO HACTYIHI aTpuOyTH:
"concept:name”;  "impact";  "lifecycle:  transition";
"org:role"; "organization involved".

Ha npyromy kpoui maHoro eramy OynuM OTpUMaHi
OLIHKK Bar artpuOyTiB, IO 3amummiucs. Pesynbratn
BUKOHAHHS JJAHOTO KPOKY HaBeJCHO B Tal. 2.
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Tabmuit 2 — OwiHka Bar s MHOXKUH aTpUOYTIB mozil jiora

Kinekicts
MOKJIMBHX
3HAYEHb
1393

PospaxyHok Bar
Ha Habopy
aTpHOYTIiB

0.021430769

MHoxuHa
aTpuOyTiB

["org:resource",
"product"]

Pesynbratn QopmyBanus Mmoxeneit «AS—IS» s
CTPYKTYPOBAHUX JIOTiB HaBEJICHO Ha pHC. 2—7.

P cepleda 1y
- User

1854 0.028523077

["org:group”,
"org:resource"]

["org:group”, 626 0.009630769
"org:role",

"product"]

["org:group”,
"org:resource”,
"product"]

["org:group”,
"org:resource",
"org:role",
"product"]
["org:group”,
"org:resource”,
""organization
involved",
"org:role",
"product"]

2415 0.037153846

2415 0.037153846

2415 0.037153846

3 tabnwmi 2 BUAHO, MO iICHYIOTH TPYIIOBI aTpUOYTH,
110 3MIHIOIOTHCS TTOMapHO. [IpuKiiazoM Takux aTpuOyTIB €
"org:group”, "org:role".

ToMmy npu noAanbIIOMy aHali3i JOCTaTHRO BUKOPHC-
TOBYBATH JIMIIE OJUH aTpuOyT 3 TPYHH 3 METOI OITHMI-
3ail po3paxyHKiB, NpU [bOMY KIHIEBUH pe3yibTar
aHaJi3y He 3MIHUTHCS. B Haciijok BUKOHAHHS APYroro
eTary BU3Ha4eHO HACTYIIHI Baru aTpuOyTiB:

—"org: resource " — 0.14504727,

—"org:group” — 0.27950378;

— "product” — 0.57544896.

3a pe3ynpTaTaMu OIIHKH 3aB’SI3KiB MiXK aTpHOyTamMu
OyJi0 BH3HAYCHO HACTYITHI iHBapiaHTH:

— ko 3HayeHHs aTpuOyTy "product" € piBHUMH
I 000X mOAiM — momii ciij BBaXkaTw 3a moxil omHiel
Tpacm»;

— «[TouaTKOBUMHM  BB@XKalOThCS MOAIl  3HAYEHHS
aTpuldyTy «concept:namey SKUX PiBHO OJJHOMY 31 3HAUCHb:
«Queued», «Accepted»»;

— «KiHIIeBUMU  BBaXKAIOThCSA TMMOMII JUIsI  KOTPHUX
3HaueHHs aTpuOyTy «concept:name» € «Completed», a
3HaueHHs atpudyty «lifecycle:transition» e «Canceled»».

Ha tpetsomy erami neprmmm 0ys10 BHKOPHCTAHO alro-
PHTM, 110 0a3y€eThCsl HA MOPIBHSAHHI aTpHOYTIB, MICIS YOTO
OTpHMaHi pe3ynbTaTu OyJI0 YTOYHEHO 3a paxyHOK BHKO-
pHCTaHHS METOIy, IO 0a3yeThCsl HAa BUKOPHCTAaHHI iHBa-
piaHTiB MOJIH.

Ha werBepromy eTami CTpyKTypoBaHi Joru Oyio
MepeslaHd Ha BXiJ NporpamMHOMY nonatky ProM 6.8 3
MeTor0 noOynoBu mozenedt «AS—ISy». Jlns mporo Oymo
BUKOPHCTAHO HACTYIIHI QJITOPUTMH IHTEJIEKTYaJIbHOTO aHa-
Ji3y 6i3HeC-TpoIIeciB:

— anbda-aaroputM ++;

— EBPUCTHYHIH aJITOPHUTM;

— (azzi-asropuTm™.

——

A0 E b+ Iy
Q— — P Progress ——————
"U||||.lf:1l.m
IC om pleteds
- ()

Compleed+Rascivad

b c epted+ A

Puc. 2. Ilpuxiag BUKOPUCTaHHS TOKPAIIEHOTO albda-
AITOPUTMY 0 JIOTa OTPUMAHOTO, CTPYKTYPOBAHOTO METOIOM
MOPIBHSHHS aTpHOYTIiB

Ha pucynkax 8—10 my1st HOpiBHSIHHS HaBEACHO MOZEII
«AS-IS», mo oTpuMaHi 3 BHUKOPHCTAHHSIM THX IXKE
anroputMmiB [AIl s HeCTpyKTypOBaHUX JIOTIB, MO OyIH
OTpHUMaHi Ha MOYATKy eKCIIEPUMEHTY IIISIXOM BUJIAJICHHS
ineHTudikaTopis Tpac.

Puc. 3. [Ipukias BUKOPUCTaHHS MOKPAIIEHOTO ajbda-
ITOPUTMY IJIsl TOOYI0BH MOJIENi IPOTOTHUILY Oi3Hec-mporiecy i3
JIaHKX JIOTa, CTPYKTYPOBAHOTO 3 BUKOPHCTAHHSM iHBapiaHTiB
MOJIiH

[NopiBHSAHHA MoOJeNIe TPOTOTHINIB Oi3HEC-TIPOIIECiB
MOKa3ye, 0 BUKOPUCTAHHS METOY 1HBapiaHTIB J03BOJISIE
BUSIBUTH JJOJIATKOBI BEPIINHU Ta 3B’ SI3KH.
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ARTIFICIAL_START

Completed

ARTIFICIAL_END

Puc. 4. IIpuknag BAKOPUCTAHHS €BPUCTUYHOTO aJITOPUTMY IS
moOyI0BU MOJIEITi TIPOTOTHUITY Oi3HEC-TIPOIIECY 13 TaHHX JIOTa,
CTPYKTYPOBAHOTO METOIOM ITOPiBHSHHS aTpuOyTiB

Takum unHOM, Monenb «AS—ISy», sika oTpuMaHa Ha
OCHOBI aHai3y jora, chOpMOBaHOTO METOIOM MOPIBHSIHHS
aTpuOyTiB, Oyjia J[0OJAaTKOBO YTOYHEHA 3a PaxyHOK

BUKOPHCTaHHS METONYy, L0 BHKOPHCTOBYE IHBapiaHTH
MO,

ARTIFICIAL_START

Completed

’ ARTIFICIAL_END ‘

Puc. 5. Ilpuknan BUKOpUCTaHHS €BPUCTUYHOTO AJITOPUTMY ISt
moOy0BU MOJIEITi IPOTOTHUITY Oi3HEC-TIPOIIECy 13 TaHHX JIOTa,
CTPYKTYPOBAHOTO 3 BUKOPUCTAHHIM iHBapiaHTIB MOil

Accepted
In Progress
1,000

Completed
Resolved
0.135

Wait - User
0.248

Completed
Closed
0,912

Accepted
Assigned
0,095

Queued
Awaiting Assignment
0,669

Puc. 6. [Ipuxnag BUKOPUCTAHHS aIrOPUTMY HEUiTKOTO MOLIYKY
IUist TOOY/I0BH MOJIENIi IPOTOTHITY Oi3HEeC-TPOLeCy i3 AaHUX
JI0Ta, CTPYKTYPOBAHOTO METO/IOM MOPIiBHSHHS aTpUOYTIB

\
1P

Completed Queued \ Accepted
Cancelled Aw siting Ass ignment \ Wait
0,124 0385 \ 0,089
II
v |
' II
, /
/
Accepted / ‘Accepted
Assigned Wit - Implementaticn
0,153 / 0,078
./)'
Accepted Accepted
Wait - User Wait - Customer

0,170 0085

| Accepted
| Wait - Vendor
| 0,081

Unmatched
Unmatched
0,088

Completed
Clos ed
0,610

Puc. 7. Ilpuxnas BUKOPUCTaHHS allTOPUTMY HEUITKOTO TIOIIYKY
JUTS TOOYIOBH MOJICITi TPOTOTHITY Oi3HEC-TPOLIECY 13 JaHUX
Jiora, CTPYKTYPOBAHOTO 3 BUKOPUCTAHHSAM 1HBapiaHTIB MOIii

PR
. DyeE—————
G
-
oot st st
Lo prarmatan
E carmg et o

Puc. 8. [Ipukiias BUKOPUCTaHHS MOKpPAIIEHOTo ajbda-
ITOPUTMY JUISI TOOYIOBH MOJIETI MPOTOTHITY Oi3HEC-TIPOLIEeCy i3
JAaHUX HECTPYKTYPOBAHOTO JIOTA.

[opiBHsAHHA MoOJENeH CBIMYHUTH IPO BAXKIUBICTH
HOTIepeIHbOT CTPYKTYpH3aLii moaii

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XI1Il». Cepis: Cucmemnuii

ananis, ynpasgiinua ma ingopmayitini mexnonoeii, Ne 2 (4) 2020

61



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

ARTIFICIAL_START

A J

Accepted )
l b
Queued
l‘ /
Completed D

A J
ARTIFICIAL_END

Puc. 9. Ipuxnan BUKOPUCTAHHS €BPUCTUYHOTO JITOPUTMY JUIS
1mo0yI0BU MOJIeINi TPOTOTUILY Oi3HEC-TIPOIIeCy 13 AaHUX
HECTPYKTYPOBAHOT'O JIOTa

Aocepted
Wit - User
0219

Accepted
Wit
/ 0,326

]
R Acoepted
Wit - Gustomer
0.200

Puc. 10. [Tpukiiaj BAKOPUCTaHHS aIrOPUTMY HEUITKOIO MOIIYKY
JUTS IOOYIOBH MOJIENTi IPOTOTHITY Oi3HEC-TIPOLIECY 13 TaHUX
CTPYKTYPOBAHOTO JIOTa

3rigao Texuosoriero IAIl, kinmesi momem «AS—IS»
MOXYTh OyTH OILIHEHI 3a HACTYIHUMHU IOKa)KYHKAMHM:
TOYHICTh; THYYKICTb; y3araJbHEHICTh; IpocToTa [5].
Xoua epepaxoBaHi KPHTEPii € CylepedInBIMH, BBa-
JKA€ETHCS IO afeKBaTHAa MOJeNs Mae OyTu 30armaHcOBaHA
BiIHOCHO KOXKHOTO 3 HHMX [5]. Tak, Moxmeni orpumaHni 3

BUKOPHCTAaHHIM IHBapiaHTIB € HalOLIbII aJJleKBATHUMH Y
MOPIBHSHHI 3 yCiMa IHIIMMH MOJENSMH: BOHH € OUIBII
TOYHHMH HIK MOJIEJNII OTpHMaHi 32 PaxyHOK MOPIBHSHHS
aTpuOyTIiB, Ta OUIBII THYYKHMH, y3araJbHEHHUMH i MpOC-
TUMH Y TIOPIBHSIHHI 3 MOACISAMHE 10 0YJI0 c(hOPMOBaHO Ha
0a3i HeCTPYKTYPOBAHOTO JIOTa.

BucHoBkn. Po3po0ieHO TEXHOJOTiI0 aBTOMAaTH30-

BaHOI MOOYIOBM NHPOTOTHIIIB MOAEJNEH Oi3HEC-TporeciB
«AS-ISy», sika MICTUTH y cO0i eTamu mepecTpyKTypHu3arii
JKypHaJIiB TOMiH y TPOLECHO-OpieHTOBaHY QopMmy i
MOJANTBITY TTOOYIOBY MOJeTel Oi3Hec-TIpoIieciB METOgaMu
process mining, 1o Jae MOXKIJIUBICTh CHOPMYBaTH rpadoBy
MOJIeTIb MPOTOTHUITY Oi3HEc-Ipolecy NpH BIPOBAKEHHI
MPOLIECHOTO YIPaBJIiHHA B paMKax IEpIIOro Ta JPYroro
PIBHIB MPOLIECHOT 3pLIOCTI 1, TAKUM YHHOM, 3a0€3IEUUTH
MOXIIMBICTh YJOCKOHAJEHHs Oi3Hec-NpoleciB Ha OCHOBI
dhopmysanus mozeni «TO-BE».

HpOBeI[CHa CKCIICPUMCHTAJIbHA nepeBipKa II0Kas3saja,

0 po3po0IieHa TEXHOJNOTIA 3abe3nedye MoOyHoBYy IIPO-
[IECHO-OPI€HTOBAHOIO JIOTa Ta TMOJajblie (OPMYBaHHS
MOJIeINi IPOTOTHITY Oi3Hec-Tiporecy «AS—IS».
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O.M. HIKYJITHA, B. I1. CEBEPUH, H. B. KOITIObA

PO3POBKA IHOOPMAIIMHOI TEXHOJOI'Ti ONTUMI3AL YIIPABJIHHS CKJIATHUMHA
JUHAMIYHUMHU CUCTEMAMHA

Po3pobiniena cTpykrypa indopManiifHoi TeXHOJIOTIT ONTHMI3awil CKJIaJHIX AUHAMIYHUX cucTeM. CTPYKTypa BKIIFOYAE OJIOK MOJeNeil CHCTeM, MOYITb

METO/IiB IHTETpYBaHHS, OJIOK 00YMCIICHHS KPUTEPITB SAKOCTI CUCTEM, OJIOK METO/IIB ONTHMI3allii, MOJYJIb CTPYKTYp AaHHX Ta OJOK mogaHHs iHdopmarii.
IpencraBnena ¢yHkIioHadbHA MOJENb iHGOPMALifHOT TeXHOJOTII. Y O10Li MOJeNel CHCTEM 3HAXOAATHCS MOJEIN TUHAMIYHHX CHUCTEM — 00’€KTiB
YIPaBIiHHA, PETryJIATOpPiB, iIHOPMaLIHIX yIIpaBIsIIOUNX cucTeM. Lle 1o3Bomsie MonemoBaty iHdopMaliiHi ynpasisiiodi cucreMu eHeproodiokis AEC,
CUCTEMY YNpaBIiHHA KBAJPOKONTEPOM, F€HEPATOPH ENEKTPUYHUX IMITYJIBCIB Ta iHIII JUHAMIYHI CUCTEMH. Y MOJIYJi METOIIB iHTErpyBaHHS 3i0paHi
METOJM IHTETpyBaHHS CUCTEM TU(EpeHIIaIbHUX PIBHSHB: METOJl MATPUYHOI EKCIIOHEHTH JJIsl iIHTErPYBaHHS JTIHIHHUX CHCTEM, CUCTEMHI METOJH ISt
IHTErpyBaHHS HENHIMHNX CHCTeM, iHIII MeToM. Y OJIOI 0OYHCIICHHS KPHTEPIiB SKOCTI CHCTEM CTBOPEHI IPOrpaMu Il OOUMCIICHHS Pi3HUX KpHTEpiiB
iH(pOpMaLIHHUX YIPABISIOUUX CUCTEM: CTIIKOCTI MPOIECIB YIIPaBIiHH, i1eHTHDIKali] HTapaMeTpiB, MPSIMHUX MMOKA3HHUKIB SKOCTI CUCTEM, IHTErpalbHIX
KBaJpaTUYHUX OLIHOK. Po3pobieHo Oiok meroaiB ontumizamii. Lleld Onok MiCTHTH MOJyNi METONIB OJHOBHUMIPHOTO MOUIYKY, OaraTOBHMipHOL
6e3yMOBHOI ONTHMi3aIii, TI06aIbHOTO MOIIYKY, TeHeTHYHHX aIrOPUTMIB, MiHIMI3allii cCyMn KBaJ|paTiB, yMOBHOI ONTHMI3allil, BEKTOPHOI ONTHMIi3allii.
Jlns TecTyBaHHS METOMIB CTBOPEHI MOAYJNI TeCTOBMX (yHKHiN. Lli MOAyni BKIOYarOTh TECTOBI (pyHKLII, X 0a3u NaHWUX Ta MPOTPaMH TECTYBaHHSI.
Po3pobneHo MOAyNb 3aralbHUX CTPYKTYp OAaHHX. 3alpONOHOBaHI ITMOOANBHI CTPYKTYPH JAHHX — CTPYKTypa IOCTIHHUX JaHHX 3a7ad 1 METOAIB
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OINTHMI3allii, CTPYKTypa 3MiHHHX apaMeTpiB CTaHy MPoLecy ONTUMI3allii Ta CTpyKTypa GpyHKIIN A5 y3roIpKEHHs B3a€MOIil METOAIB onTHMI3aLii. biok
noxaHHs iHdopMarii po3s’si3aHHS 3a1a4 JO3BOJIIE IOAABATH IIPOLIEC ONTHMI3alil y BUIIIsiAi Tabmuns i rpadikis.

KarouoBi caoBa: inpopmaiiiiHa TEXHOJIOTisS, AWHAMIYHA CHCTEMa, CKJIagHa cucTeMa, iH(opMaliiiHa ympapisiouda cUcTeMa, MaTeMaTH4Ha
MO/IeNb, MTOKA3HUK SKOCTi, METO/ ONTHMI3aLil, IpoLec ONTHMI3aLlii.

E.H. HUKYJ/IHHA, B. II1. CEBEPHH, H. B. KOL[IOFA

PA3PABOTKA TH®OPMAIIMOHHOM TEXHOJIOTUHA ONITUMMU3ALIUM YIIPABJIEHUS
CJIOKHBIMU JTUHAMWYECKUMHU CUCTEMAMHU

Paspabotana cTpykTypa HHHOPMALIMOHHON TEXHOJIIOTUH ONTHMH3AIMH CIOKHBIX JUHAMHYIECKUX cicTeM. CTpyKTypa BKIIFOYAeT OJIOK MOJEINel CHCTEM,
MOJIYJIb METO/IOB HHTEIPUPOBAHUsI, OJIOK BBHIYHCIICHHS KPUTEPHEB KAauyecTBa CUCTEM, OJIOK METOIOB ONTUMHU3ALHU, MOIYJb CTPYKTYP JaHHBIX U OJIOK
npezacrasieHus uHpopmaruu. [Ipencrapiena GpyHKIMOHAIBHAS MOAECNb HHPOPMAIIMOHHOM TEXHOJIOTHH. B O10Ke Moieleli CHCcTeM HaXOIsATCs MOJIEIH
JIHHAMHYECKHX CHCTEM — OOBEKTOB YNPABJICHMS, PEryasaTOpPOB, HHOOPMALMOHHBIX YIPABISIOUIMX CHCTEM. OTO MO3BOJSIET MOJACIHPOBATH
HHGOPMALIOHHbIE YIPABIIOUINE CHCTEMbI dHeproosokoB ADC, cucTeMy ymnpaBiieHHs KBaIpOKONTEpa, FEHEPATOPbl ANEKTPUUECKHX HMITYIbCOB H
JIpyrue TUHAMHYECKHE CUCTEMBbI. B MOyle METO0B MHTErpUpOBaHKs COOpaHbl METOABI MHTETPUPOBAHUS CUCTEM AU PEepPEeHIMAIBHBIX YPAaBHCHUI:
METO/I MaTPHYHON DKCIOHEHTHI Ul MHTErPUPOBAHHS JUHEHHBIX CHCTEM, CHCTEMHBIC METOIbI [UISl MHTETPUPOBAHHS HEIMHEHHBIX CHCTEM, IPYTHE
MeTosibl. B 0Ji0Ke BBIYHMCIICHHS KPHTEPHUEB KAuecTBa CHCTEM CO3JAHBI MPOrPaMMBI Ul BBIYHCICHHUS PAa3IMYHBIX KPHUTEpPHEB HH(DOPMALHOHHBIX
YIPaBISIOIMX CUCTEM: YCTOWYMBOCTH NPOLECCOB YIIPABIICHUS, UICHTH()UKAIIMY TapaMeTPOB, MPSIMBIX MOKa3aTeliell KauecTBa CUCTEM, HHTEIPAJIbHBIX
KBaJIpaTUYHBIX OLEHOK. Pa3paboTaH OJOK METONOB ONTHMHU3ALUHU. DTOT OJOK COAEPKUT MOIYIH METOIOB OJHOMEPHOIO IOMCKA, MHOTOMEPHOM
6e3yCIIOBHOW ONTHMU3ALNH, [TI00aTbHOTO MOMCKA, TeHETHIECKHUX alrOPUTMOB, MUHIMH3AIHH CYMMBI KBA/IPATOB, YCIOBHOW OMTUMU3ALNH, BEKTOPHOM
OoNnTHUMHU3aUK. [ TECTUPOBaHKS METOJIOB CO3/IaHbl MOJYJIM TECTOBBIX (YHKIMHA. DTH MOAYJIH BKJIIOYAIOT TECTOBbIE (DYHKIMH, UX 0a3bl JaHHBIX H
MPOrpaMMbl TeCTHPOBaHUs. Pa3paboTaH MOAYNb OOIIMX CTPYKTYpP AQHHBIX IJIsI YMEHBLICHUS KOJIHYECTBA (hOPMAIBHBIX APAMETPOB MOAIPOrpamMMm,
MOBBIILICHHS HAJSKHOCTU M COTNIACOBaHMUs HH)OPMAILIHOHHON TEXHOJOTHH MPHU ee paboTe u pa3BuTHU. [IpeasoxkeHb! r00aabHbIe CTPYKTYPBI IAHHBIX
— CTPYKTypa TOCTOSHHBIX JAHHBIX 33/1a4 U METOJOB ONTHUMH3AIMH, CTPYKTYpa IEPEMEHHBIX MapaMeTpPOB COCTOSHHsS MpoLecca ONTHMHU3AINUA U
CTPYKTypa (DYHKUHMIA [T COIAaCOBAaHMSI B3AHMMOJCHCTBHS METOMOB ONTHMH3ALMHU. BIIOK mpeacraBieHuss HHOOPMALMH PELICHHsS 337a4 MO3BOJSIET
MPEICTABIIATH MPOLECC ONTUMU3ALMHI B BHAE TAOIHI] U rPadUKOB.

KuroueBbie ciioBa: MHPOPMALMOHHAS TEXHOJIOTUS, AMHAMUYECKAs CHUCTEMa, CIIOXKHAs CHUCTeMa, MH(OPMAIMOHHAs YIPABISIOUIAs CUCTEMa,
MareMaTH4YecKas MOJIEIb, II0Ka3aTellb KauecTBa, METO/] ONTHMHU3ALINH, IPOLIECC ONTHMH3AIIUH.

O. M. NIKULINA, V. P. SEVERYN, N. V. KOTSUBA

DEVELOPMENT OF INFORMATION TECHNOLOGY FOR OPTIMIZING THE CONTROL OF
COMPLEX DYNAMIC SYSTEMS

The structure of information technology optimization of complex dynamic systems is developed. The structure includes a block of systems models, a
module of integration methods, a block for calculating system quality criteria, a block of optimization methods, a module of data structures and a block
for presenting information. A functional model of information technology is presented. The block of systems models contains models of dynamic systems
— control objects, regulators, information control systems. This makes it possible to simulate information control systems of NPP power units, a
quadrocopter control system, generators of electrical impulses and other dynamic systems. In the module of integration methods, methods for integrating
systems of differential equations are collected: the matrix exponential method for integrating linear systems, system methods for integrating nonlinear
systems, and other methods. In the block for calculating system quality criteria, programs have been created for calculating various criteria for
information control systems: stability of control processes, identification of parameters, direct indexes of the quality of systems, integral quadratic
estimates. The block of optimization methods has been developed. This block contains modules of methods of one-dimensional search, multivariate
unconditional optimization, global search, genetic algorithms, sum of squares minimization, conditional optimization, vector optimization. To test
methods, test function modules are created. These modules include test functions, their databases and testing programs. A module of common data
structures has been developed. Global data structures are proposed — the structure of constant data of optimization problems and methods, the structure
of the state variables of the optimization process and the structure of functions to coordinate the interaction of optimization methods. The block for
presenting information for solving problems allows the optimization process to be presented in the form of tables and graphs.

Keywords: information technology, dynamic system, complex system, information control system, mathematical model, quality index,
optimization method, optimization process.

MOJJIMBOCTI  MOJEIIOBAHHSA

Beryn. B rtenepimiHiii yac icHye 0arato CKJIAIHHX
nmuHaMigaux cucteM (CIC), ynpaBiuiHHS SIKUIMH BHMAarae
BUKOpUCTaHHA iH(opMamiitaux TtexHomoriit (IT) s
CTBOpeHHS a00 YIOCKOHAJEHHS CIeriaiizoBaHux iH(Op-
Mariitaux ymnpasisounx cucrem (IYC) [1-3]. Tumosum
npuknagom IYC CAC e IYC naiinoryxHimoro B Ykpaini
eHeproosoky AEC 3 simepauM peakropom BBEP-1000, mio
CKJamaeTbes 3 Oarareox JokansHuX [YC Ta motpebye mo-
JIEpHI3aIlil MUITXOM ONTUMI3allii TOKa3HUKIB SIKOCTI IIpoIie-
ciB ynpaBninas [4]. AHanoriuHi BAMOIY BUHHKAOTD 1 AJIs
IYC 6aratsox CJIC y pi3sHUX TeXHIYHHUX ramyssx [2, 3].

IT ontumizamii  ynpasninas CJIC  po3BuHeHi
HEJI0CTAaTHBO, 10 NOTpedye noaanpuIol po3pooku Takux IT
[1,2]. Ananiz npo6nem ympasninas CIC moka3sye, mo
HEBUPINICHOI0 aKTYyaJbHOIO MPOOJIEeMOI0 € po3podOKa
MeToniB Ta Mozenel onrumizanii ynpasminas CHAC, ski
XapaKTepU3YyIOThCS BEIUKUM 00cAroM HeoOXimHoi Juis ix
onucaHHA iH(OpMAaIlii, BUCOKUM TOPSIAKOM 1 BEJIHUKOIO
KUIBKICTIO TapaMeTpiB Ta HENMiHIHHOCTEH, Mo moTpedye
ctBoperns IT onrtumizamii ckmagaux 1YC [5,6]. IT
onruMizanii ynpasninas CJIC Ha erami X IpOEKTYBaHHS

MOBUHHA  peaji30ByBaTH
TMHIHHAX 1 HeMiHIRHNX auHamivHuX cucteM (/JC), aHamizy
1 CHMHTE3y TaKHX CHCTEM, IX ONTHMi3alii 3a pi3HUMHU
kputepisimu sikocti [7]. Ormsax mokasHukiB skocti 1YC
MOKa3ye, 10 HaWOiIbI e(PEeKTUBHUMU MOKA3HUKAMH JIS
IVC CAC € npsmi nokazuuku sikocti (ITT1A) Ta mominmreni
inTerpanbHi kBagpaTyHi ominku (IKO), oqHak muTaHHs iX
dbopMyBaHHS, OOYHCIEHHS Ta 3aCTOCYBAaHHS ISl OTITHAMI-
3anii [YC pospobneni HemoctatHbo [8, 9]. IlpoBenenuit
omIsi MEeToNiB Oe3yMOBHOI, yMOBHOI Ta OaraTokpuTepi-
aIbHOI ONTHMI3amii MoKa3ye, M0 He TOCTaTHHO PO3BHHEHI
Metoau cuHTe3y ontumansHuX [YC 3a IIITA i mokpame-
HuMu [KO, siki 103BOJISIIOTH €(DEeKTHBHO PO3B’A3yBaTH TaKi
3amadi onrtuMmiszamii mokasHukiB skocti IYC, ne dyHkmil
00MEeXeHb 1 MiIboBa PYHKINSI OOUHCITIOIOTHECS B €IMHOMY
00YnCITIOBAIbHOMY TPOIIECi Ta MaloTh 0OMexeHi obmacTi
BU3HAUCHHS B MPOCTOPI BapifioBaHux mapamerpis [10-12].

Mera 1aHO1 CTaTTi TOJIATAE B PO3POOII CTPYKTYPH Ta
€JIEeMEHTIB iHpopMaIlifHOT TEXHOJIOTIi onTUMi3allii ynpas-
JIHHS CKJIaJHUMH JUHAMIYHUMHU CUCTEMaMHU.
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Crpykrypa iHdopmaniiiHoi TexHoJiorii. 3aranpHa
ctpyktypa IT onrumizanii CJIC npeacrariena Ha puc. 1 i
BKJIIOYA€ INICTb OCHOBHHMX (YHKI[IOHAJbHUX EJIEMEHTIB:
ook moxenei cuctem (BMC), Mmomyns METONIB IHTETpY-
BaHHs (MMI), 6510k 00UKCIIEHHST KPUTEPIIB SIKOCTI CUCTEM
(BOKAIC), 6mok metoxie omrumizamii (BMO), mMomynb
crpykryp manmx (MCJ) ta 6mok momaHHsS iH(opMmarii
(BITI). Moy npeacTaBisiioTh CYKYITHICTh B3a€EMOTIOB’ s
3aHUX MPOTpaM Il BUKOHAHHA BiAnmoBimauX (yHkmii IT,
a OJIOKM — CYKYITHICTh MOIYJIB Ui BUKOHAHHS OUIBII
ckiaanaux (yskniii. BMC npusHaueHud U1 3aBIAaHHS
napametpiB Mozeneit [YC, BinnoBiguux cucrem audepeH-
mianbHuX piBHAHL (C/IP) Ta mnepenaBanbHUX (QYHKIINH
(I1®). MMI npuzHayenuit i po3s’s3anus C/AP pisHuMH
METO/IaMH 1HTETrpyBaHHSI.

BOKSIC npusHaueHuit 1yisi 00UMCIEHHS PI3HUX KpU-
TepiiB sikocTi [YC Ha ocHOBI ix Mogeneid y Burisiai C/IP
a6o I1®D. Lleit Moxyns BKIFOYAE IPOTPAMU KPUTEPIiB CTil-
kocTi IYC, xputepiiB inenTudikarii, METo1iB 00UHCICHHS
[ITA =Ha ocHOBI iHTerpyBanas C/IP, MeToniB oO4mcIeHHS
IKO Ha ocuoBi [1®. BMO npu3HadeHui s po3B’si3aHHS
3amad imeHTH]IKaIlii mapaMeTpiB MoJeNeH Ta CHHTE3Y
onruManbHux 1Y C. Ie#t 070K MICTUTB POrpaMu METOJIIB
OJTHOBHUMIPHOTO TIOIIYKY, 6araToBUMipHOT1 6€3yMOBHOI O~
TUMi3allil, TJI00aIbHOT0 MOIIYKY, TEHETUUHHX aJITOPUTMIB,
METOMIB MiHIMi3alii CyMH KBaJpaTiB, YMOBHOI OINTH-
Mi3allii, BeKTOPHUX METOAiB ontuMizaiiii. BMO Bukopuc-
toBye ¢pynkuii BOKSIC.

Huns B3aemomii Bcix enemeHTiB IT po3pobneHnit
MCA. Y ueil Momymp BXOAATH CTPYKTypa ITOCTIHHHUX
mmapaMeTpiB 3a7a4 i METOIIB ONITUMI3allii, CTPYKTypa TaHIX
MPOIIECiB  ONTHMI3allii, CTPyKTypa (GYHKIIA AN 3amad

ontuMizanii Ta Merogu oOpoOkuM 1ux cTpykTyp. BIII
NpU3HaYeHU A Tabnu4HOro Ta TpadidHOro BHBOIY
npotecy po3B’si3aHHs 3ana4 ontumizauii [YC.

Ha puc. 2 npexacrasieHa ¢QyHKUIiOHaNbHA MOJIENb
npouecy ontuMizanii. Taka Monens BpaxoBye CKIAAHICT
po3B’sa3aHHA 3amad onrtumizamii ympasuinas CJC Ta
3aBISKHM BUKOPHCTAHHIO CTPYKTYP IJAaHUX 337a4 i IIPOLECY
OoNTHMI3alil Ta pO3IINICHHIO TpPOIecy ONTHMi3amii Ha
MOYaTOK 1 TPOJOBXKCHHSA JO3BOJISIE 3amaM’ SITOBYBAaTH
MpoIlec ONTHMi3amnii 3 MOIIHMBICTIO WOTO MPOJOBKEHHS
a0o0 moaHHs pe3yIbTAaTIB.

Baok mopeneii cucrem. BMC wmicTuth mporpaMu
MaTematuunux moneneit JIC s anamizy, ineHrudikamnii ta
onrtumiszanii. Heminiiini mogeni JIC npencrasneni CJIP:

dX/dT=f(X7x’ Cng)n X(TO) =XO: (1)
X — BekTop BimHOCHMX 3MiHHUX cTany JIC;
T — BIIHOCHA 3MiHHA Yacy;
f — BexTopHa ¢ynkuis npaBux yactud C/IP;
X — BekTOp 3MiHHUX napamerpis [1C;
€ — BeKTOp nocTiitHux napamerpis JC;
g — BEKTOD 30BHIIIHIX Miif;
Ty — IIOYATKOBE 3HAUEHHS BiZIHOCHOI 3MiHHOI 4acy;
X — BEKTOp MOYATKOBUX YMOB.
[TigBUIINTH IUBUIAKICTH PO3PaxyHKIB I03BOJISIOTH
miaiiiai mogem JIC:

e

dX/dt = A(X)X + B(x)g, X(t)) =X,, (2

ne A(x) i B(x) — mMaTpuIi cTaHy i BXOAY, IO 3aJIe)KaTh
BiJ BeKTOpa 3MiHHUX mapametpis JIC x.

BJIOK MOJIEJIEM CUCTEM
Moneni simepuux peakropi Ta [YC peaktopiB. Moaeni maporeneparopa ta IYC maporeneparopa.
Moneni maposux Typ6in Ta IYC Typ6in. Moneni [YC BogomniarotoBku. Mozeni eHepro6ioky ta [YC erepro6ioky.
Mogens [VC kBagpoxonTepa. Moierni reHepaTopiB eIeKTpHYHUX IMITYIIbCiB. Moielni prCTpoiB JeBiTartii.
Mopeni dinbrpiB barrepBopra. Moneni «xmxak—kepTBay. Mozeni pU3sHKOBOTo HOPTQEIIo HiHHNX Tamepis.

{k

A 4

A
\ 4

MOAYJIb METOAIB IHTEI'PYBAHHSA
MeTo MaTpUUHOI €KCITIOHEHTH.

A

Cuctemni metoau 1, 2, 3 cTyneHis.
Meton Pynre — Kyrtu. Meton Mepcona.
Merton ®@enpadepra.

v

BJIOK OBUMCJIEHHS KPUTEPIIB AKOCTI CUCTEM
Kpurepii cTilikocTi npomecis.
Kpurepii inentudikanii napamerpis.
[psiMi TOKA3HUKH SKOCTI POLECIB YITPABIiHHS.
IuTerpanpHi KBagpaTHYHI OLIHKH IPOIECIB YIIPABIIIHHS.

A

BJIOK METO/IIB OITTUMI3ALIIT
Metoan 0HOBHMIPHOTO TOMIYKY. MeToan 6araToBuMipHOT 6e3yMOBHOI onrTuMi3arii. MeToan riio0albHOTO MOIIYKY.
lenernuni anroputMu. Metoau MiHiMi3amii cymu KBaapaTiB. MeToI yMOBHOT ONTHMI3aIlii.
BekropHi MeToan onTuMi3arii. Y THIITH METOAIB onrTuMi3anii. Kitach BeKTOpHUX (QYHKITIHA.

A 4

A
A\ 4

MOJVYJIb CTPYKTYP JAHUX
Crpykrypa QyHKIi# onTuMmizamii

CrpykTypa MOCTIHHUX HapaMeTpiB
CrTpyKTypa mpolecy onTumizaii

BJIOK ITOJIAHHS IHOOPMALI
I'padiku mepexiaHUX MPOIECiB.
Tabmnurii nporecis onTuMizarii
I'padixu mporneciB onTuMizarii

Puc. 1. Crpykrypa indopmaniiinoi TeXHOIOTI]
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1i#i moxeni Binmosinae [1D:

W(x,s) = B(x,s)/a(x,s), @)

ne  PBx,s) i alx,s) — mHOrounenu 3MinHoi Jlamaca s,
KOoeQiIlieHTH SKUX 3alekaTh BiJ] BEKTOpa 3MIHHHX
mapametpis JIC x.

Po3po6neni maremarnyani mozaeni st CAC Taix [VC:
snepuux peakropiB BBEP-1000 pisHux cepiii; mapore-
Heparopa [1I'B-1000; naposux typ6in K-1000-60/1500, K-
1000-60/1500-2, K-220-4,4-3; peakTOpHOI YCTaHOBKU;
cHCTEM Jpyroro KoHTypy eneprooioxky AEC; enepro-
6moky AEC 3 peaktopom BBEP-1000; xBampoxomnTepa;
TCHEPATOPIB EIEKTPHYHIX IMITYIHCIB HAIIPYTH Ta CTPYMY;
¢ineTpiB barrepropra; inmmx AC. Moaymi mis mux JC
BKJIIOYAIOTH (ailli 3 BUXIIHUMH IaHUMH IapaMeTpiB Ta
00YHCIICHHSIM MTapaMeTpiB, mporpamu 3 6azamu nanux (b1)
pizHEX Moxenel, (yHKHii cammx mozmenei ta ix IYC 3
PI3HHMH PEryJsTOpPaMH, MPOrpaMu JOCIHIIKESHHS MpolLe-
CiB, iZIcHTU(IKAI] Ta ONTUMI3aIlii TapaMeTpiB, a TAKOXK J10-
MOMDKHI ITPOTpaMHu.

Moayabr MeroniB interpyBannsi. MMI wmictuth
Mporpamu Jisl po3B’si3aHHs JIiHIHHKX Ta HeniHiiaux CJIP
(1) 1 (2) pizarMEu MeToaMu iHTETpyBaHHA. B 11eit Moayib
JUIS TIIBWINEHHS TOYHOCTI Ta HAMIHHOCTI OOYHCIIEHB
oOpaHi MaTpu4yHi METOAW IHTETPYBaHHI — METOJ
MaTpUYHOI EKCIIOHEHTH, CHCTEMHI METOAW IepIIoro,

meronu Mepcona, ®enpndepra Ta iHmi. [HTErpyBaHHS
niniiaux CHP (2) BHKOHYETBCS METOJIOM MAaTPHUYHOI
€KCIIOHEHTH Ta ii IHTerpasry 3a JOIOMOTO0 MiIpOorpamy,
Jie BXITHUMH TapaMeTpaMH € MaTpHlli MOJeli JiHiHHOT
CJIP (2), xiHerp iHTepBay iHTErPYBaHHS Ta YKHCIO KPOKiB
IHTETpyBaHHSA, a BUXITHAMH IapaMeTpaMH — MacHUB
MOMEHTIB HYacy, MacHB 3HA4YCHb IEPEXiJHOTO IPOIeCy.
Hmns imrerpyBanHs Heminiiamx CP (1) Bukopmc-
TOBYIOTBCSI CHCTEMHI METOAM TEpUIOTO, APYroro Ta
TPETHOTO CTYIIEHIB, IO pEajli3oBaHi MiANPOrpaMaMu, B
SIKMX BX1JHUMU MTapaMeTpaMHy € BEKTOpHA (DYHKIIIS IIPaBIX
qactun C/IP (1), BekTop cTaHy, BEKTOPH 3MiHHHX Ta
MOCTIMHUX NapaMeTpiB, BEKTOpP 3OBHIMIHIX [iif, KiHElb
IHTepBaJy iHTErpyBaHHS, KUJIbKICTh KPOKIB IHTETPYBaHHS,
a BHUXIIHUMU IapaMeTpaMyd — MachB MOMEHTIB 4acy Ta
MacuB 3Ha4€Hb IEPEXiTHOro Mpolecy Uil YCix 3MIHHHX
CTaHy y BHUIJISAI IBOBHMipHOTrO MacuBy. Lli miamporpamu
BHKOPHUCTOBYIOTH JOITOMDXKHI IiAIPOTpaMH: MiAMPOTrpamy,
mo obunciaroe Martpumrpo Sko0i A BEeKTOPHOI (PyHKINT
reniHitHOT C/IP (1); miamporpamy, 1o o04rCIIIoe iHTeTrpat
MaTpUYHO! €KCIOHEHTH y BUIVIAI MaTPUYHOTO psly 3
MiHIMI3aIi€l0 KITBKOCTI OOuYMCcIeHs 0e3 3MEHIIEHHS
TOYHOCTI.

Byok o0uyucjeHHs1 KpuUTepiiB AKocTi cucremM. Y
BOKSIC BxonmsaTh Momyni s OOYMCICHHS KpUTEPIiB
crivikocti [YC, kpurepiiB inenrudikauii, [T i IKO.

Monynb kputepiis criiikocti 1YC npusHaueHui s

Apyroro Ta TPETbOrO CTYIICHIB, a4 TAaKOX OJHOKPOKOBI aHani3y CTIMKOCTI miHifiHuX cucrem 3 II® (3) Ta
Oynkrii Mogeni Kpurepii Meronu OyHKii
dopmyBanns JMHAMITHUX AKOCTI onTumizanii (popMyBaHHS
CTPYKTypH CHCTOM Gaiina
JTAHUX

Daiin
LA CTPYKTYpH
. a L . JTaHKX 3a7adi
Jlani 3anauil Crpyxryp . 3anam'aTat Ta IpoIecy
A CdopmyBatu JIaHUX 3a/aul L
OITHUMI3AIIl onuMisanii CTPYKTYpPY HaHUX | onTUMI3aL1L
_ | CTPYKTYypy AaHHX » 3a1aui Ta mpouecy ————»
3aiaui onruMizauii | ) o
onTUMi3arii
Crpykrypa
Al \ B PYKTYP ™ A4l
JTAHUX
IToyatu npouec | mpouecy
i3amii i3arii Meroaun
N onTuMizanii onTuMi3anii iﬂrer;Iy- Oynxuii Oynkuii
A2 pammg  TEKCTOBI rpadiuni
A
IIponoxurn
nporec
> onTuMizanii
Daiin
A3 TexkcToBa Ta
CIpyKTypH A \ Tpencrasutn  |rpadiuna
JlaHuX 3aj1a4i pesynbTaTH indopmariis
Ta mporecy
s T nporecy E—
onTuMizanii \ P
R OnTHMI3ari
\ A4.2
Crpykrypa
JTTaHUX
npotecy
onTUMi3zamii
Oco0a, 110
npuitmMae
piteHHst

Puc. 2. ®ynknioHaasHa MOAENB MPOIECY ONTUMI3AIIT
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o0YnCIIeHHs1 KPUTEPiiB CTIMKOCTI HAa OCHOBI XapaKTepHcC-
TUYHOTO MHOTOYJICHA

alx, s) = ag(x)s™ + oy (X)s" . 4a,(x).  (4)

Y HpOMY peainizoBaHi METOIHM aHaJi3y CTIHKOCTI:
OOYHCIICHHS CTYIIEHS CTIMKOCTi, BH3HAYCHHS O3HAKU
cTilikocTti MEHOrowieHa (4) 3a o3Hakoro criiikocti CTomomu
Ta Kpurepito Payca 3 0OYMCIIEHHSIM €lIEMEHTIB HEepIIoro
crosrus Tabmumi Payca p;(x), i = 1, n, Bu3sHAUYEHHS MK
CTIMKOCTI, OOYMCIICHHS BEKTOPHOI IJIbOBOI (OYHKINT
(BLI®) criiikocti Fg(x) mis mOCHiIOBHOrO BHKOHAHHS
o0OMexeHb 00J1acTi CTIHKOCTI, MOOY10BH rpadikiB CTyNEHS
CTIMKOCTI.

Mopnynb kputepiiB inenTudikanii 1YC npuzHaueHunit
UL OO0YMCIIEHHS KpUTepiiB imeHTH(iKamii mapamerpis
cucTeM Ui MiHiMi3alii ceperHbOKBAIPATUIHOTO BiJIXH-
nenns (CKB) S(x) TeopeTHUHMX JaHUX BiJl eKCIIEpHMEH-
TaTbHUAX. Y IbOMY MOAYII peaji3oBaHi METOIHW PO3B’s-
3aHHS 3a]1a4 iIeHTH]IKAI] TapaMeTpiB THIHHAX CHCTEM —
¢ynkuii inentudikanii mapamerpis IYC, BL® inenTtu-
¢ikamii 3 CKB F;(x) Ha ocHosi Fg(x).

Mopyns [IIIS npusnaueHwit Juis  aHamizy Ta
o6uncnenns [T npouecis IYC: nepeperymoBanss o(x),
po3Maxy KoJmBaHb {(X), 3aracaHHs KonuBaHb A(X), dacy
perymoBanns T.(x) [7]. YV mwomy Momyni peanizoBani
METOJIM aHaJl3y Ta Po3B’s3aHHS 3ajad ONTHUMI3alii mapa-
metpi [YC 3a II1A:

0(%) < O, §(X) < Gy A(X) < Ay, min T (%), (5)

I€ O, Gms Ay — MAKCHMANBHO — JTOTYCTHMI
MTOKA3HUKIB SIKOCTI.

Monyns IIIT4 Brmrouae ¢yrknii oouucnenss [T
IYC, BU® 3 [T F(x) Ha ocHoBi Fs(x) mus minifiaux i
weminidax [YC (1) 1 (2).

Monynb MetoaiB obuncienns IKO npusHaueHui st
aHaui3y ta o6uncnenns nmokpamenux IKO sixocti [YC I(x)
[7]. Y wbomy peamizoBani MeTOmu pO3B’SI3aHHS 3a1ad
onruMizanii mapamerpie [YC 3a nokpamenumu IKO —
¢dopmysanHs eranonHoi 1YC, ¢yukmii oduncnenns [KO
IVC, o6uncnenns BL® 3 IKO Fz(x).

Bcei moxyni BOKAC Brmowatots B/I 3amad, TecToBi
MOJIe]Ii, ClieHapii TecTyBaHHs MPOrpaMm.

Baok meroxiB omrumizamii. BMO wmictuth mpor-
pamMH METOMIB ONTHMi3amlii: OJHOBHUMIPHOIO IIOIIYKY,
OaraToBuUMipHOT 0€3yMOBHOI ONTHMIi3alii, TI00ATEHOTO
MOITYKY, TEHEeTHYHUX aJrOpUTMIB, MiHiMi3amii cymu
KBaJpaTiB, YMOBHOi ONTHMi3alii, BEKTOPHHUX METOJiB
ontumizamii. Moaynp METOIiB OJHOBHMIPHOTO MONIYKY
UL po3B’s3aHHsA  3amadi  min f (x), x€R BioYae
NporpamMu METOJiB Ta JIONOMDXKHI Nporpamu. Y IbOMY
MoJyni peanizoBaHi meroau CBEHHa, MOJUTY iHTEpBaILy
HaBIUI, nauxoToMmii, Di0OHAYYi, 30JI0TOTO TEPEeTUHY,
ananranii Kpoky, Oicekii, KBaApaTHYHOI IHTEPIOJALIT 3
TpbOMa Ta JIBOMAa TOYKaMH, Ci4HUX, HbproToHa, KyOidHOI
IHTEePIOJIALIi 3 YOTHPMA Ta TBOMA TOUKAMH.

Y Moaymi MeToniB 0OaraToBUMIpHOI 0€3yMOBHOI
omTMMizamii T po3B’ssaHHs  3amadi min f (x),
X€ERP peamizoBaHi METOAM IOKOOPIHWHATHOTO CITYCKY,
cnonyyeHnx HanpsimMkiB [layemna, Bokca, cummiexcHoro

3HA4YCHHA

nomyky, Hennepa —Mina, Xyka — J[xuBca, HaimBuji-
moro cnycky, ®neruepa— PiBca, Ilomaka— PiG’epa,
Herotona, Mapksapara, bpoiinena, J[leBimona — ®mnet-
yepa — [layenna, bBpoiinena —dneruepa — ['onpadapba —
[llanHo. Y BIAMOBIAHOCTI 3 pHC. 2 IS IHX MiAIPOrpaM
peamizoBani (yHKMI] iHimiami3zamnii Ta iteparii.

Monyns MeTOHiB TIOOAIbHOTO MOIIYKY MiHIMYMY
OaraToekcTpeManbHUX (YHKLIH BKIIOYaE MeToau Beitns,
BUIIaJIKOBOTO IOLIYKY, C()EPUIHOTO BHUMAAKOBOTO ITOIIY-
Ky, HalpaBIIIOYMX KOHYCIB, POI0 YACTOK, OiHApHUH Ta
Oe3nepepBHUIT TeHETUYHI AITOPUTMH.

Monynb MiHIMI3aIil CYMU KBaJpaTiB Ui pO3B’sI3aH-
Hs 3aa4i min S (x), xeRP peanizye METOIU
I'aycca — HeroToHa i JleBenOepra — Mapksapra.

Y Moayni MeToJiB YMOBHOI ONTUMI3allil peanizoBaHi
Meronu Oap’epiB, BHYTPIIIHBOI Ta 30BHIIIHBOI TOYOK,
KOMOiHOBaHUX INTpadHUX (QYHKIIH, KOB3HOTO IOITYCKY.
IcHye MOXIMBICTH 3a7aBaTH JOBUIBHI METOAW OIHOB-
HUMIPHOTO TIOIIYKYy Ta 0araToBUMipHOi 0€3yMOBHOI ONTH-
mizamii.

BektopHi MeTomu oNTHMI3alii BHUKOPHCTOBYIOTH
METOIY OJHOBHUMIPHOTO IIOUIYKYy Ta METOAW OaraToBH-
MipHOi 0e3yMOBHOI onTHMi3auii [ po3B’si3aHHS 3a/1ad
YMOBHOI Ta 0araTOKpuTepiaabHOI OMTHUMI3aIlii HA OCHOBI
KJaciB BeKTOpHUX (yHkuid — Bekropuux D i BLO.
3aBIAKMA TEPEBAHTAKCHHIO OMepalliii BCi migmporpaMu
onTHMi3alil MPaLo0Th K 3 BEKTOPHUMH (DYHKLISIMH, TaK
W 13 3BHYHHMH CKAILIPHAMH IUTHOBAMH (DYHKIISIMHU
3aJIeKHO BiJ OTOJIOMICHHS X KJIACy B MigIpOTpaMi 3aaadi
OITUMi3arlti.

[MignporpamMu BCiX METOMIB ONTHUMI3aIlil MICTATH
HEOOXiJHI MaTeMaTH4Hi omepaiii KOHKPETHOTO METOIY.
Jist 3arajpHAX oTepamnii CTBOPEHUH MOIYITb YTHIIIT, SKUN
MICTUTh MIiANPOrpaMu OOYMCIIEHHS 3HAYEHHS IJIbOBOT
¢byHkuiil, obuucnenHs QyHkuii B HOBIM TOYI[ MOLIYKY,
NepeBipKU KPUTEPIiB BUXOY, JIUMIbHUKA YUCIIa iTepalil,
3araJlbHUX OIEPaTOpPiB iTepanii, KpPOKy OJHOBHMIPHOTO
MOIIYKY, MPOCTOr0 PEKUMY 3 OIHIEID 33a4er0 1 OIHUM
METOJIOM, IAKETHOTO PEeXHMY 3aIlyCKy 3a/1a4 i METOJiB
ONTUMI3aIll, TMepeMHUKaHHSI pPEXHMiB podoTu. ko
YCTaHOBJICHa O3HaKa JUIA 3amaM’sITOBYBaHHS IIPOLECY
ONTHUMI3aIlil, TpOoIeC ONTHMI3alii 3amaM’ sITOBYETBCS
30BHIIIHBOMY (aiini. L{eit mporec MoxkHa BimoOpa3uTu abo
nponopxkuti (puc. 2). IlepeBipka KpuTEpiiB BHXOIY
BUKOHYETHCS IIPU KOKHOMY 00UMCIICHHI HITbOBOT (QYHKIIII.
Ie no3Bosg€ TOUHIIIE OOYUCTUTH XapaKTEPUCTUKHU e(ek-
THBHOCTI METOMIB onTuMizamii. € MOXIMBICTE IMOJABATH
SIK BCl TOUKH IMOITYKY, TaK 1 TUTBKH KpaIlli TOYKH.

Y KOoXKHOMY MOAyNi MeToliB ontmMizarii € bJ]
METOIiB. SIKIIO METOJ] ONTUMI3aIlii MOYMHAE PO3B’A3yBATH
3a7a4y ONTHMIi3amlii, TO 3amycKaeTbcs (DYHKIIS MOYATKY
METOMY, IICJIA SKOI BHKOHYETBCS ITCpPAIlifHUN LIHKI
METOJly JIOTH, TIOKH HE BHKOHA€THhCS YMOBA 3aBEPIICHHS
Mmerony (puc.2). Jnsg TecTyBaHHS METOMAIB ONTHMIi3allii
CTBOPEHI MOAYJi TecTOBHX (YHKUIH, SKi BKIIOYAIOTH

3arajbHi cTPYKTYpH AaHuX. [ 3MEHIIEHHS KiJlb-
KOCTi (hopMasIbHUX MapaMeTpiB MiANpOrpam, IiIBUIICHHS
HaIHOCTI 1 CIIPOIIEHHS y3TOPKEHHS pOOOTH KOMIUIEKCY
MporpaM TpH HOro po3BUTKY Oe3 3MiHHM iHTepheHCHUX
YaCTHH MiAMpOrpaM 3arporoHOBaHi TI00aTbHI CTPYKTYPH
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naHux. CTpyKTypa MOCTiHUX MapaMeTpiB MICTUTB Y CBOIX
MOJIAX TOCTIHHI MapaMeTpH 3a1adi onTuMizanii, Meroxny ii
PO3B’si3aHHS, TaOMULB 1 TpadikiB BiIOOPaKEHHS PE3YJib-
taTiB. B Garatpox mignporpamax IT mupoko BHKOPHUCTO-
BYIOThCSI (DYHKLIT 3MIHU MOJIB L€l CTPYKTYPH Ta AOCTYII
mo ii ommii 3HadeHb. CTPYyKTypa MpoOIECy ONTHMIi3arii
MICTHTH 3MiHHI JaHI TpPO TOTOYHHHA CTaH MPOIEeCy
onTUMI3amii Ta TO3BOJSAE CIPOCTHTH YIIPABIIHHI LIHM
nponecoM. Llg cTpyKTypa CTBOPIOETHCS 1 PO3IIMPIOETHCS
MiATIporpaMaMu BioOpaxeHHs 1 30epekeHHs TaOnuIh i
rpagikiB mporecy ONTUMIi3allii, MomepeTHhOr0 BUAIIICHHS
mam’sTi M MacuBH U1 TaOJUYHOTO 1 rpadiyHOro
nofaHHs mnpouecy ontumizamii. Crpykrypa QyHKIiH
onTuMizanii MICTUTh THUNM (QYHKUIA AT pO3B’s3aHHA
PI3HUX 3ajay ONTUMi3alii Ta Y3rO/DKCHHS METOIIB
OJHOBHMIPHOTO TOLIYKY, OaraToBHMipHOi 0Oe3yMOBHOI
onrtuMizanii # ymoBHOI ontumizauii. Tunu QyHKIiNA miel
CTPYKTYPH [JO3BOJISIFOTH BUKOPHCTOBYBATH Pi3HI METOIH
ONTHMI3allil Ui PO3B’A3aHHS CKIAIHUX 33734 1 YHUKATH
JyOJIFOBaHHS MIPOTPAMHOTO KOJY.

Baok nopanus ingopmanii po3s’sizaHus 3agad. Y
BIII po3B’s3aHHs 3a7ad pealizoBaHi TEKCTOBI Ta rpadidHi
MoxxuBoCTi IT. Y Momysi TaOMUYHOTO MOAAHHS MPOIECY
onThMizalii 3HaXonAThesl PyHKIIT (OpMYBaHHS i MOAAHHS
€JIEMEHTIB TaOJHIIi: 3ar0JIOBKY, 3HAUYeHb KPUTEPIiB 3aKiH-
YeHHs, KUTBKOCTI iTepamiii Ta OOYUCICHHS (QYHKII, 3HA-
4yeHHst (GyHKUIT Ta 1l apryMeHTiB, pe3yabTaTiB ONTUMI3aLil.
Mopayns rpagiuHOro IOJAaHHS MPOLECY ONTHMi3alii
MICTUTh (QYHKIII OOYHCICHHS MEX apryMeHTIB Uit
moOymoBu rpadikiB, GopMyBaHHA TpapidHUX MAaCHBIB,
MoJaHHsA TPpadikiB TPaeKTOpii ONTHMI3AIifHOTO IMOIIYKY.
Monyne momaHHs mepeximaux mpoueciB y JC mictuts
¢GyHKIIT 00YNCIICHHS TEepeXiqHUX MPOIECiB Y MHIHHAX i
HEJHIHHUX cucTemMax.

BucHoBKH. 3anporoHOBaHa 3arajibHa CTPYKTYpa i
¢byHKIIOHaTIbHA MOZENb 1HPOPMAIIIfHOT TeXHOJIOTIi ONTH-
Mizamii CKIagHUX IMHAMIYHHX CHCTEM, sKa BKIIFOYAE
MOJICTIIOBAHHS JTUHAMIYHMX CHUCTEM Y BHIISAI CHUCTEM
nudepeHIiadbHUX PIBHSHb Ta IepelaBajbHUX (DyHKIIH,
IHTErpyBaHHS CHCTEM JU(EepeHIiabHUX PiBHIHb, 004HC-
JICHHS] KPUTEPIiB SKOCTI CHCTEM, METOH JUIS PO3B’SI3aHHS
PI3HUX 3a7ad ONTUMI3aIlil, HAOUHE TIPEICTaBICHHS iH(OP-
Marii mojo po3B’sA3KiB 3aJad ONTHUMI3aIil JTUHAMIYHIX
cucreM. [IpeacraBneni Oioku W Monymi iHpopmamiiiHOT
TEXHOJIOTII: OJIOK MoJeNell CHCcTeM, MOIYJIb METOJIB
iHTerpyBaHHS, OJIOK 00YHMCIICHHS KPUTEPIiB AKOCTI CHCTEM,
OJIOK METOIB ONTHUMI3allii, MOIYIb 3aTaJbHUX CTPYKTYP
JTAaHHUX Ta OJIOK MOJaHHS iH(popMaIii.
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K. S. KHABARLAK, L. S. KORIASHKINA

MOBILE ACCESS CONTROL SYSTEM BASED ON RFID TAGS AND FACIAL INFORMATION

RFID tags see a widespread use in modern security systems, including home intercoms, access control cards, contactless credit cards, biometric passports.
Here we focus on a single application, namely access control systems. Currently they have either high cost or low security guarantees. Hence, the
developments focusing on improving access control security while lowering the cost is a rapidly developing field. The purpose of this work is to create
an alternative access control scheme, where card scanners are replaced with passive RFID tags, and all of the communication is done via user’s
smartphone Wi-Fi. Based on the analysis of existing approaches to the development of access control systems, it was concluded that use of mobile
systems is the most promising due to their expandability and presence of a large number of sensors, such as NFC, camera etc. In the proposed model
RFID tags are mounted near a turnstile or a smart door. Tag reading and programming is done via NFC chip directly on an Android or iOS mobile
device, which allows for a significant price cut for such a system implementation. A detailed description of a tag writing procedure with the data required
to perform it is provided. To enhance security, together with smartphone-based authorization we require the user to provide his photograph while entering
a secure gate. The photograph is then displayed on a monitoring dashboard side-by-side with his registration picture, so that the two can then be matched

© K. C. Xab6apnax, JI. C. Kopsmkuna, 2020
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against each other. The developed client-server application offers administrative system used to configure gate access policies and monitor entrances
with filters by access time, user and gate. Besides that, we propose a mobile application that allows gate registration and serves as a door unlock key.
The access control model that we suggest reduces installation costs required, as it is fully wireless and uses cheap autonomous RFID-tags as its main
component. We expect the presented application to be easy in adaptation to customer needs and to existing security systems.

Keywords: access control system, RFID tags, NFC, mobile access control, security, person identification.

K. C. XABAPJIAK, JI. C. KOPAIIIKIHA

MOBLIbHA CUCTEMA KOHTPOJIIO JOCTYITY I3 BUKOPUCTAHHSAM RFID MITOK TA
IH®@OPMANII ITPO OBJINYYA

VY cydacHux cucremax Gesneku RFID-MIiTKH BHKOPHCTOBYIOTBCS BCHOAM — Yy HOMO(OHAX, IUIACTUKOBHUX KapTKaX CHCTEM KOHTPOJIFO JOCTYILY,
0E3KOHTAKTHUX KPSAUTHUX KapTKaX, 010METPUYHUX MacrnopTax. ¥ jaHiit poboTi MU c(hoKyCyeMO yBary Ha OJHOMY 3aCTOCYBaHHI — CHCTEMAaX KOHTPOJIIO
noctyry. OCKUIbKM ICHYIOUM KOMEPLIiiHI peai3alii Takux CHCTEM XapaKTepU3YIOThCs a0o0 K BHCOKOIO BapTICTIO, a00 HU3bKUM piBHEM Oe3HeKH,
aKTyaJbHUM HaIpsIMKOM HayKOBHUX JOCITiMXKEHb B 00JAcCTi KOMII'IOTEPHUX 1H(OpPMAaifHIX TEXHOJOTIH € pO3pOOKH, IO CIPHSIOTH yAOCKOHATIEHHIO
cucTeM Oe3leKH MpH OJHOYACHOMY iX 3/elIeBlieHHI. MeToro 1aHoi poOOTH € CTBOPEHHS albTEPHATHBHOI CXEMH CHCTEMH KOHTPOIIIO JAOCTYILY, Y sKiif
3aMicTh CKaHepiB BUKOPUCTOBYIOThCst RFID-MiTkH, a 1u1st komyHikauii yepe3 Wi-Fi — Tiibku MoOiibHMI HpUCTpii BigBigyBaya. Ha ocHOBI pe3yibraTis
aHai3y iCHYIOUHX IiXO/IB 0 PO3POOKHU CUCTEM KOHTPOIIIO JOCTYITy Ta IX peanizamiii, 0y10 3p00JIeH0 BHCHOBOK IIPO T€, 110 HAHO1IbII HepCIIeKTUBHIM
€ BUKOPHCTaHHs MOOUTFHHX CHCTEM B CHITY iX PO3LIMPIOBAHOCTI Ta HAasBHOCTI BeMHKOI KijbKocTi ceHcopiB — NFC, kamepa Ta iH. Y 3ampornoHoBaHii
Mozeni cucteMu KOHTpoutio goctymy RFID-MiTKu BCTaHOBIIOIOTHCS CTamioHapHO Oitst TypHiKeTy abo po3ymHOi aBepi. [IporpamMmyBaHHs Ta YUTaHHST
Mmitok BinoyBaerscst ynom NFC mobinbHOro npuctporo Ha miatdopmi Android abo iOS, mio 103BoJIsi€ 3HAYHO 3MEHIIUTH BapTiCTh BIPOBAKCHHS
TaKol CHCTeMH. B po0OTi AeTanbHO OMHUCAHO MPOLEAYPY 3aMUCy MITOK, & TaKO)K BHKOPUCTOBYBaHI mpH IOMY HaHi. Pazom i3 aBTOpH3amicio 3a
cMmapTdoHOM, 1 3a0e3meyeH s JOAaTKOBOI Oe3neku, pororpadis KopucTyBada, 3podieHa Mpu BXo i Ha PPOHTAIbHY KaMepy MOOLIBHOIO IPUCTPOIO,
BinoOparkaeThesl Ha IaHeNli MOHITOPHHTY IOPs] 13 #oro ¢ortorpadiero mix 9ac peectpariii Uit MOpiBHAHHA. Po3pobiieHnii KilieHT-CepBepHUi J0IaTOK
BKJIIOYAE HE TUIBKU aJMIHICTPAaTHBHY CHCTEMY IS HANALITYBAHHS MOJITHK JOCTYIY A0 00’€KTiB Ta MOHITOPHUHTY i3 (ilbTpamMu 3a 4acoM AOCTYILY,
KOPHCTYBauy Ta IBEpi i3 MITKOIO, aje if MOOUIbHHI MOATOK, LIO TO3BOJSIE PEECTPYBATH OO €KTH Ta € MEPEHyCTKOI Uil BIAKPUTTS ABEpEil.
3anporoHoBaHa MOJEIb MOGIIEHOI CHCTEMH KOHTPOJIIO JOCTYITy JZ03BOJISIE 3MEHILIMTH 3arajibHy LiHy BCTAHOBJICHHS TAaKOi CHCTEMH, OCKIIbKH BOHA €
6e31pOTOBOIO Ta BUKOPHCTOBYE Hemopori aBroHoMHI RFID-mitku. KpiM Toro, apxitektypa po3po0aeHoro mporpaMHOro IpoayKTy 3a0e3redye JIerky
ajlanTariro 10 notped mianpueMcTBa ab0 iICHYIOUHX CHCTEM KOHTPOJIIO TOCTYILY.
Kurouosi ciioBa: cucrema koHTpoutio goctyiy, RFID-mitkui, NFC, MoGLIbHIIT KOHTPOJIB AOCTYITY, Oe3IeKa, i1eHTU]IKaLis 0COOH.

K. C. XABAPJIAK, JI. C. KOPAIIIKHHA

MOBUWJIbHAS CUCTEMA KOHTPOJISA JOCTYIIA C UHCIIOJIb3OBAHUEM RFID METOK H
NH®OPMALUMA O JIUIE

B coBpemenHbIx cuctemax 6ezonacHoctr RFID-MeTkr MCHONB3yrOTCS MOBCEMECTHO — JOMOGMOHEI, IITACTHKOBEIE KAPTHI CHCTEM KOHTPOJIS JOCTYIIa,
OECKOHTaKTHbIE KPEIUTHBIE KapThl, OMOMeTpuyeckue nacrnopra. B nanHoit pabote Ml cdokycupyeM BHUMAaHHE Ha OJHOM NPUMEHEHMH — CHCTeMax
KOHTpOJIs focTyna. TIocKobKy CyIIecTBYIOIME KOMMEpPUYECKHEe Pealn3allii TaKHX CHCTEM XapaKTepH3yIOTCs MO0 BBICOKOI CTOMMOCTBIO, OO
HHU3KHM YPOBHEM O0€30TacHOCTH, aKTyalbHBIM M aKTHBHO Pa3BUBAIOIINMCS HANpaBICHHEM HayYHBIX HCCIEIOBAHMH B 00NACTH KOMITBIOTEPHBIX
MH(OPMAIMOHHBIX TEXHOIOTHH SBIAIOTCS Pa3pabOTKH, CIOCOOCTBYIONIME YCOBEPIICHCTBOBAHHIO CHCTEM OE30NaCHOCTH HPU OJHOBPEMEHHOM MX
ynemesnenuu. Llenpio faHHONH pabOTHI ABIACTCS CO3IaHME ANbTEPHATHBHOM CXEMBI CHCTEMBI KOHTPOIS JIOCTYNa, B KOTOPOH BMECTO CKaHEPOB
ucnons3ytorest RFID-meTky, a 11 kommyHukanun depe3 Wi-Fi — Tonbko MoOWIBHBIA TeneoH mocerurtens. Ha ocHOBe pesynbTaToB aHaim3a
CYIIECTBYIOIIHUX TOAXOI0B K Pa3paboTKe CHCTEM KOHTPOIS JOCTYIA M UX Pealn3alyii, ObLI CIeNaH BBIBOA O TOM, YTO HauOosee NEepCHEeKTHBHBIM
SIBJISIETCSL MCIIOJIB30BAaHHE MOOMIBHBIX CHCTEM B CHIIYy MX PAacIIMPAEMOCTH M Haanmyus Gonblioro xommuecrsa ceHcopoB — NFC, kamepa u gp. B
TIPEIOKEHHON MOJIeNH cUcTeMbl KoHTponst joctyma RFID-mMeTku ycTaHaBIMBAIOTCS CTalIOHAPHO BO3J€ TYpPHUKETa WM YMHOH [IBEpH.
[porpaMMupoBaHue ¥ YTeHHE MeTOK mnpousBoautcs uunoM NFC moGuibHOro ycrpoiictea Ha miargpopme Android wimm i0S, uro mossonsier
3HAUMTEIHHO YMEHBIIUTH CTOMMOCT BHEJPEHHS Takoii cucTeMbl. B paboTe moapoOHO onucaHa Npolesypa 3al1ucH METOK, a TAKXKe HCIOIb3yeMble IIPU
3TOM JlaHHBIE. BMecTe ¢ aBTOpn3armeii mo cMapThoHy, 1s 0OecIeueHns AOMOTHUTENBHOH 6e30macHoCcTH, oTorpadus IOIb30BaTENs, CIETaHHas TPH
BXOJIe Ha ()POHTANIBHYIO KaMepy MOOHIIBHOTO yCTPOHCTBA, OTOOpaXKaeTCs Ha MaHeId MOHUTOPHHTA PAIOM ¢ ero doTorpadueil Npu perncTpanuu as
ee uaentudukanmu. PaspaboraHHOe KIMEHT-CEpBEpPHOE NPHUIOKEHHE BKIIOYAET HE TONBKO aJMHHUCTPATHBHYIO CHUCTEMY JUIS HACTPOEK IOIHTHUK
JlocTynia K 00BbEKTaM M MOHHTOPHHTA ¢ (QMIBTpaMH MO BPEMEHH IOCTYTa, MOJB30BATENI0 M JBEPH C METKOW; HO M MOOWIIEHOE NpPUIIOKEHHE,
HO3BOJIAIONIEE PETMCTPUPOBATE OOBEKTHI U ABIISIOIIEECS MNPOIYCKOM Il OTKphITUs ABepeil. IIpennoxeHHas Moaenb MOOHIBLHOMH CHCTEMBI KOHTPOJIS
JIOCTYIIA TIO3BOJISIET YMEHBIIUTh OOLIYIO LIeHy YCTAHOBKH TaKOH CHCTEMBI, TAK KaK SBIAETCS OSCIPOBOAHON M HCIONB3YeT HEIOPOTrHe aBTOHOMHbIE
RFID-merkn. Kpome Toro, apxurekTypa pa3pabOTaHHOTO INPOTPAMMHOTO IIPOAYKTa OOECITeUMBAET JIETKYI0 €r0 ajaNTaldio K II0TPeOHOCTIM
HPEIPHATHS U CYIIECTBYIOIMM CHCTEMaM KOHTPOIIS IOCTYTIA.

KaioueBsle ci10Ba: cucrema KoHTpostst goctyna, RFID-metku, NFC, MOGHIBHBII KOHTPOJIb JOCTYIIA, 6€30MaCHOCTD, HACHTH(UKAIS TAIHOCTH.

Introduction. Many of the modern enterprises use
turnstiles or smart doors with access card scanners, where
predominantly RFID cards are used. To provide extra
security guarantees schools and universities also employ
such systems as being cheap and easy to use. In the same
time, they have a serious drawback, namely the card can be
easily lost, which means an intruder can access the
enterprise unnoticed, that in turn may cause critical
consequences such as an accident, sensitive information
loss etc. Installing video surveillance cameras may be a
partial solution, which allows to detect such an access in a
retrospect. However, storing video surveillance during a
long timeframe may take a lot of disk space. The most
efficient yet expensive approach to solving the problem is
an installation of expensive biometric systems recognizing

face or fingerprint (the latter can be recognized via the
terminal or directly on a special access control card).

Using smartphone’s NFC chip for secure authen-
tication sees an ever-increasing interest. In this paper, we
describe a novel access control scheme, which doesn’t use
card scanner and offers higher security guarantees when
entering a gateway without needing video surveillance
cameras.

Review of existing approaches. To begin with, let us
describe existing commercial systems, which control the
access by means of a personal identifier. Company [1]
proposes systems based on using plastic cards or
fingerprint. Manufacturer [2] features a more advanced set
of products including virtual mobile cards (NFC-based),
bank credit card authentication or biometric systems
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(fingerprint or facial recognition). A comprehensive list of
currently available commercial products is presented in [3].
These can be categorized in 1) products supporting only
classical plastic card id; 2) products that additionally
include support for NFC or Bluetooth Low Energy (if NFC
is not available); 3) biometric systems. Unique identifier in
NFC compatible systems (point 2 above) is granted either
via a global server for all clients (in this case a regular fee
is taken) or for free based on a unique id of a smartphone
(IMEI) or a SIM-card (IMSI). Identifier can be blocked if
requested. Wherein, there may arise at least two cases of
unauthorized access to the enterprise, that are impossible to
track down: 1) after having lost the mobile device and
before locking its id; 2) in case of intentional transfer of a
smartphone to third parties. That is to say that such systems
are quite vulnerable on its own.

Let us also highlight some of the more advanced
systems. In [4] authors note a growing interest in access
cards having an extra level of security. Multi technology
cards offering embedded fingerprint scanner together with
a standard passive RFID tag are said to be an interesting
and promising advancement in the field. To supply the
scanner, these cards also have an ultra slim battery. Surely,
this comes with a higher price.

Next let’s consider research of promising combined
systems. Patent [5] contains a description of a biometric
system, in which RFID tag holders are also verified via a
standalone facial recognition system. This allows to solve
additional problems of access control systems like 1) buddy
badging, when one person logs two badges, while only one
actually enters the gate; 2) tailgating, when several people
enter while using the same badge. Let any access violation
occur, the door will be locked and a special lighting stack
will alert the guards to intrude. A similar system with a
different alerting method is proposed by [6] for access
control in university hostels.

To sum it all up, all of the abovementioned systems
have either almost no defense against card transfer
(classical or NFC-based systems) or have a high price
(biometric systems including fingerprint and facial
recognition, as well as combined systems).

Mobile access control system model. Here we
propose to turn the classical access control scheme “upside-
down”. Firstly, instead of a RFID card scanner, which has
to be connected to a computer or can be embedded into a
smart door, we propose using passive RFID tags similar to
those found in today’s plastic cards. They can store enough
data for our system and are much cheaper. Secondly,
instead of plastic cards we suggest employing user’s
smartphone. By holding the device near a passive tag, the
application we have developed, will be automatically
started. All information about gate location to which the tag
is attached will also be automatically scanned. Also, to
avoid the need of a standalone video surveillance camera
installation, we require the user to take a photograph on his
frontal camera. After that, information from the tag as well
as user’s data, including user id, location and photograph,
is sent to the server via a corporate Wi-Fi network. Figure 1
has a comparison of typical access control system (fig. 1, a)
and the one we propose (fig. 1, b). As can be seen from the
picture, the proposed system doesn’t need camera or RFID
scanner installation, furthermore no wiring is required as all
of the communication is done using smartphone’s Wi-Fi
connection.

Adding tags to the system. As is known, RFID
(Radio Frequency ldentification) tag is a device that can
store a small amount of data, usually below 888 bytes
(while there exist modifications with higher memory
capacity, they are rate). The tags are classified into active,
which contain an embedded energy source (battery). Their
advantage is in high acting distance (up to 100m). And
passive — this is the type of tag used in intercoms, biometric
passports, contactless credit cards and classical access
control systems. Such tags are cheaper that active, but can
work only on a short distance ranging from several
centimeters to meters depending on a standard and working
frequency. Because in passive tags the microchip has no
built-in power source, an electromagnetic coil is installed
instead. A device for reading and programming the tag
(including a smartphone) creates an electromagnetic field
inducting a current in the tag by the Faraday’s law [6].

I
I
I
I
I
;: |
Connected l
Camera } i
i ' 1%
| |
RFID |
Reader 1 |
| Server
Smart Lock |
Door |
1
o—
Network |
a Switch |

Access

S @[5
I
Stationary Use your Smartphone,

Passive to unlock the door !
RFID Tag over Wi-Fi I |

Smart Lock
Door

Wi-Fi

Fig. 1. a—typical access control system; b — our system

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XI1Il». Cepis: Cucmemnuii
ananis, ynpasninus ma ingopmayiuni mexmonozii, Ne 2 (4) 2020 71



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

Smartphones contain a so-called NFC chip (Near
Field Communication) to read and program RFID tags. It
should be noted, that not all of existing tags on the market
are compatible with NFC. Three main tag types, supporting
NFC include: MIFARE Classic ®, MIFARE Ultralight ®
and NTAG ®. The latter two have the best support among
mobile devices [7], and NTAG has the largest capacity.
Thus, in our product we support two its main modifications:
NTAG213 (144 bytes) and NTAG216 (888 bytes) [8].
Besides the described writable memory, the tag also
contains serial number, an option to enable write password
protection and an irreversible switch to read-only mode.

In our system tag programming is supposed to happen
on a device of an enterprise security administrator with a
use of a special account. The first step is to fill data about
the gate to which the tag is going to be attached. The data
includes unique object name and its location. In response to
tag registration request, server generates a unique unsigned
integer id for the gate, which together with server identifier
is written on the tag. In order to avoid data rewrite by third
party applications or intentional data corruption, tag
programming is protected via tag programming password
(as we have described earlier, this capability is built into the
chosen RFID tag standards). The password is global for the
given organization and is automatically sent from the
server. Given the described information, the administrator
should bring the device to the tag at a distance of 1-3 cm
for the programming to take place. If the tag is already
password protected, then the operator should enter old
password and take the device to the tag again. Then the
administrator needs to setup user access policies for the
registered tag in a special server-side administrative
application (which we will describe in the next section).

The data written to the tag is stored in a special binary
format called NDEF (NFC Data Exchange Format), that is
implemented on Android via a special NdefMessage
message type, containing a set of data records, called
NdefRecord [9]. In our system we write:

1) global unique server identifier (server GUID),
which we use to verify that the user registered in one
organization will not try to get access to another one. It
should be noted that a distinctive feature of GUID
generation is its high randomness, meaning that its
collisions are nearly impossible [10];

2) unsigned integer, representing gate id inside the
organization;

3) a special Android Application Record (AAR) [9]
used to launch the application instantly, when the device is
held near the tag. The only requirement here is that the
device should be unlocked. It is of no importance if any
application is already running (either our or third party);

4) a similar record for iOS devices, containing the so-
called Universal Link.

Having calculated each field’s size (table 1), it can be
noted, that each one of the considered RFID tag standards
has enough memory for the developed system.

It is noteworthy that Apple iOS smartphones did not
contain NFC chip for a long time [7], and even after its
appearance NFC use was limited to Apple Pay functionality
only. Currently, NFC development APIs are being rapidly
added to the iOS operating system. Since iOS 11.0 it is
possible to read RFID tags, and iOS 13.0 has introduced a

tag write capability [11]. New devices also feature support
for background tag reading [12]. That is a feature mostly
analogous to the AAR, with a difference in that the
application is not launched automatically, but a notification
is presented to the user, inviting him to launch it. As we
have already mentioned, the iOS launch record is written in
Universal Link format [13]. Thereby, while we have
developed the mobile application for Android devices only
(at least for now), all of the functionality is available on
both mobile platforms.

Table 1 — Data written on the RFID tag

Content (bs)jtzees) Description

Server ID 16 GUID

Secure gate ID 4 Unsigned integer

Android Application | 42 Depends on application

Record name length

iOS Universal Link 58 Depends on application
name length

Overall 120

Server-side control system. The main instrument for
administrator is a server-side control panel, implemented in
a form of a web-site. Administrative account is needed to
access the panel. In there the administrator can register a
new smartphone user. Entering first and last name, as well
as person’s photograph is sufficient to complete the
process. It should be noted that it is the administrator’s
responsibility to guarantee the correctness of the entered
data. Here the configuration of gate access policies is also
available. In a separate monitoring tab of the control panel
latest accesses can be viewed.

To setup gate access policies, the tags needed must
have already been registered via the mobile application as
it was previously described. Then the administrator can
select the tag to configure from the drop-down list (fig. 2)
to add, view or edit existing accesses. To enhance the
security each access record should have an expiration date
set, after which the access will automatically be disabled (if
access is not extended by the administrator). Based on the
expiration date a corresponding status (active or expired) is
shown.

After the initial setup, the main panel that we expect
to be used is the monitoring panel, where we propose a
number of features (fig. 3): 1) an ability to view access
records in real time or by time filter (for example, during or
outside the working hours); 2) filter by the tag to which an
access attempt has been made; 3) filter by user; 4) also, an
option to display denied accesses only can be selected.
Each of the filters can be left empty if need. It should be
noted, that while currently we use face information only to
be able to track the actual person that tried to pass the gate
manually (by a human being), in future we suggest
extending such a system via mobile face recognition as
described in [14].

Backend and third-party services integration.
Along with the above described user-facing parts, we also
have a server backend used to communicate with a mobile
application via REST API. Also, we have implemented a
SignalR [15] endpoint for third-party services integration.
In our system we do not propose turnstile or smart door
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systems, so we expect the end-users to be able to quickly
adapt their existing door or turnstile systems via the
provided API. The SignalR itself is a set of libraries for
server-side as well as mobile and web integrations, which
as we hope, will allow for a seamless implementation of our
system into existing infrastructure.

system to configure gate access policies and monitoring
with filters by access time, user and RFID-tagged gate;
2) mobile application made to register gates and being a
key to unlock the doors. The implementation of the
developed system will allow to lower the cost of access
control systems in schools, universities and enterprises by

not only replacing stationary RFID scanner by a cheap tag,
but also by not requiring video surveillance camera
installation. The latter is not needed as it’s enough for the

Conclusions. Client-server application has been
presented in the paper, which includes: 1) administrative

Access Monitoring App Home Configure Monitor E:
Configure Gate Access
Gate IT Department v Who: Konstantin Khabarlak
Access Status: Active
Add Rule Valid Until: 11 Nov 2021 #
Registration Picture
Who: Larysa Koriashkina
Access Status: Active i
Valid Until: 14 Oct 2021 7 J}q
ngi‘stralion Picture
Who: James Bond —
(o w)
Access Status: Expired \
Valid Until: 14 Oct 2020 7 g
Registration Picture

Fig. 2. Configuration tab of the proposed access control system

Access Monitoring App Home  Configure ~ Monitor
Monitor
Who: Konstantin Khabarlak
-Time Interval- Gate: Main Engine
From: 24102020 1025 Time: 24.10.2020 14:47
Status: DENIED Registration Picture Gate Picture
To: 24.10.2020 15:45
Who: Konstantin Khabarlak
Gate Main Engine Gate: Main Engine
Time: 24102020 13:15 -
Person Konstantin Khabarlak Status: DENIED Registration Picture Gate Picture
Show denied accesses only
Who: Konstantin Khabarlak
Gate: Main Engine
Time: 24.10.2020 11:30
Status: DENIED Registration Picture Gate Picture

Fig. 3. Monitoring tab of the proposed access control system
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user to take a photograph on his mobile phone when
unlocking the door. We hope, that the proposed application
will make a contribution to the development of more secure
and less expensive access control systems.

We see an implementation of a mobile face

recognition system as one of the next steps to enhance the
proposed application.

10.
. Core
12.

13.

14.
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