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

VY poboTi po3riIafaoTECs MMTAHHS MiABUIIEHHS eeKTHBHOCTI BUPOOHNYOI MisSITBHOCTI 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 cioBa: iHTenekTyanpHa Oi3Hec-cucTeMa, (yHKIIOHATbHA JiarTHOCTHKA, ineHTHdIKaLis TPOoOIEMHOI CHTYallii, alrOpUTMiYHA MOJIEIb,
METOJI aHaJi3y iepapxii, 0a3a mpereneHTiB

B. JI. THCHIIKHH, M. 0. BOHKO

HUAEHTUO®UKAIIAA MPOBJIEMHBIX CUTYAIIAN ITPA ®YHKIIMOHAJIBHOM TMATHOCTHUKE
HHTEJUVIEKTYAJIBHBIX BUBHEC CUCTEM

B pabote paccMaTpuBalOTCS BONPOCHI IOBBICHUS 3()(MEKTUBHOCTH IPOM3BOACTBEHHONW JEATENBHOCTH HHTEIUICKTYalbHONH 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.
KuroueBble ciI0Ba: 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
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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

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii
ananis, ynpasninus ma ingopmayiini mexnonozii, Ne 2 (4) 2020 5



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

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 X3 (0. 2h () (B)

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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