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ONTOLOGICAL MODELING OF SITUATIONAL MANAGEMENT

The purpose of the article is to research and consider general problems and perspectives
of modeling of situational management in particular ontological modeling.

The research methods cosist of the methods of semantic analysis of the basic concepts of
the considered subject area (situational management). The article considers approaches to the
development of appropriate ontological models.

The novelty of the research is the analysis of ontologies and their application to modeling
of processes of situational management.

The conclusion of the research conducted in the article is as follows: analyzes the simi-
larities of the structural diagram of the decision-making process for regulating the problem
situation and the general scheme of ontological modeling. Between the elements of these
schemes, compliance is established to justify the ontological approach to the implementation
of situational management.

The contents of the corresponding elements of the schemes are compared with the aim of
revealing the mechanisms of situational management. The construction of information models
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of understanding in situational management is proposed to be considered as the task of con-
structing ontologies of subject areas and ontological models of situations.

Keywords: subject area; system models, ontology; ontology model; situational manage-
ment; decision-making process; regulating the problem situation.

Introduction. Information is one of the most important resources of the modern
world. Situational management of processes that occur in society, production, education
and science is an important aspect of their functioning. To date, a huge amount of infor-
mation has been accumulated, which is not used to the full in the organization of manage-
ment, including situational. To solve these problems, ontological modeling is used.

The main objective of ontological modeling in situational management is the con-
struction of adequate ontologies and ontological models of situations.

Many authors have studied various aspects of modeling processes and systems in
these areas of human activity (Kulinich, 2003; Maksimov, Kornoushenko and Kachaey,
1999; Kostenko, 2016; Denisenko and Krasina, 2014). The authors of these works, in
particular, argue that the simulation has an iterative nature, when each stage includes
an analysis of the result obtained and it is possible to return the process to any of the
preceding stages.

The main text of the article. Conceptual models of subject areas (SA) can be natu-
rally identified with ontologies. Figure 1 shows the scheme of ontological modeling of
the SA. Here OM  is the object model of the i-th subdomain of SA (i=1, ..., M), TMj is
the transformation model of SA (j =1, ..., K).

The scheme is presented without feedbacks, which allows us to understand only
the sequence of stages of the simulation of software.

Information necessary for situation management can be provided in the form of
multimedia, texts, data bases, etc. The type, type, and degree of accessibility of source
information affects the ontological modeling.

Difficulties can arise in the semantic analysis of texts in natural languages. It is
better to deal with structured reference data, for example, measurement protocols in
the form of “object-property” tables (https://spravochnick.ru/informatika), relational
data bases (https://younglinux.info/sqlite/db), etc.

The incompleteness of the information can be taken into account in ontological
models and/or investigated by various methods of data analysis (Rubakov, 2008).

Providing in-source information in a form convenient for situational management
is the task of ontological modeling. We are talking about the aggregation of beingin a
formal way, suitable for constructive theoretical analysis.

The problem of ontological modeling can be reformulated as follows: providing
the source information in a convenient form should be understood as the task of cre-
ating subject-oriented interfaces to disparate sources of information about actual, ob-
jective information.

Awareness of the problem situation and the formation of adequate structures for
its regulation (overcoming) contain the nature of the organization of complex system
(Tkachenko, ed., 2019; Greger and Porshnev, 2013; http://www.ipu.ru/labs/lab51/
projects.htm; Smirnov, 2001).
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Fig. 1. Scheme of ontological modeling (top-down)

Identification of problem situations can be based on knowledge engineering:
various models based on visualization of network structures (intelligence cards,
conceptual graphs, Isikawa diagrams, etc.); methods for extracting knowledge (from
passive observation to “brainstorming” and discussion “behind a round table”).

Ontological modeling provides visualization of models that stimulate cognitive
abilities of users in the structuring of information, and are applicable for creating
registers of problem situations (not only with a linear, but also with a network

structure).

Ontological models can be integral parts of the information model of a problematic
situation, determining its corresponding aspects.
Ontologies as an interface to domain information. A ot of subjects are involved in
the design and management of the conceptual information technology model of the

SA. Ontology is the means of their commu
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Therefore, the stage of conceptual analysis of the ontological modeling of
ontological modeling corresponds to the stage of fixing (in the form of ontology) the
preferences of decision makers when making decisions on the regulation of a problem
situation.

Understanding the problematic situation depends on the target settings of the
subjects in the process of analysis and generalization of the data available to them and
reveals the semantics of information.

The comprehended understanding filters and configures the data arriving to the
subject. It is in this context that the development of ontology can be considered as the
creation of an object-oriented interface to accessible sources of information about SA.

Nowadays, there are three main ways of developing an ontology.

Most often, a path is used that is associated with a direct formalization of the
subject’s experience and knowledge. The construction of the ontology of the SA is
carried out in a language defined by the metamodel of ontological specifications,
when the subject — the expert of the SA — forms his own understanding or uses the
help of a knowledge engineer.

The second way is implemented by means of ontological engineering in the
presence of tested ontologies of a different level and direction. In this case, the
ontologies are synthesized as a result of the procedures performed by an expert of
the R&D jointly with the knowledge engineer.

The third way is connected with the automatic “deduction” of the ontology
from the available data, which can be the results of measurements of objects of the
simulated software.

These results are represented by the tables “property-properties”, the analysis
of which leads to the identification of the conceptual structure of the SA. Often the
methods of this path are based on the analysis of formal concepts, adapting it to the
tasks of ontological engineering.

The role of the subject in such an ontological analysis of the data (Smirnov,
2001; Bondarenko, Matorin and Soloveva, 2000) changes dramatically: nominally, he
is excluded from the “actors”.

Its task becomes a priori completeness of the spectrum of measurement
procedures, with the help of which the software is studied. Formally, this problem
corresponds to the hypothesis about the properties of SA objects.

Any manifestation of validity allows for many interpretations that correspond
to interconnected understandings of a problem situation. They may contradict each
other and mutually supplement one another, when each interpretation reflects only a
narrow view of the SA.

This is reflected in the possibility of constructing several different ontologies
simultaneously SA the first stage of ontological modeling — the stage of conceptual
analysis of ontological modeling (Fig. 1).

When solving real tasks of situational management, these ontologies — ontologies
of the “target” SA — are supplemented by the independently existing ontologies
of other SA, which in the context of the original problem have a method-oriented,
instrumental character (Bondarenko, Matorin and Soloveva, 2000).
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A complete picture of all ontologies that are involved in the decision-making
process for regulating a problematic situation is given by analytical methods of on-
tological engineering, and the understanding of the subjects is based on methods for
comparing and combining ontologies.

Ontological models of situations. At present, as a fundamental basis of ontologi-
cal modeling, the most commonly used are logistic descriptors and a methodology for
analyzing formal concepts.

And since the basic elements of ontological specificity are the classes, relations,
functions, and axioms, such a representation is close to the algebraic systems of A.N.
Maltsev, building from a similar set of modeling primitives.

Ontological models of situations are often identified with denotations of ontol-
ogy — object models of SA. Indeed, the result of the denotative modeling phase is a
description of the specific situation as a system of interconnected objects of SA.

The description is carried out in accordance with the understanding fixed by the
ontology of this software.

The correct construction of ontological models of situations means the following:

— every object of the ontological model of the situation is in relation to instan-
ceization with one of the fundamental (i.e., not generalizing) concepts of the ontology
of the SA;

— for the properties of the object, the set of which is established by the content of
the corresponding concept, the values are determined (at least partially);

— all axioms of the SA are fulfilled, which are enclosed in its ontology and are for-
mulated in the form of restrictions for the values of the properties of objects;

— communications between objects are reflected in the values of the special ref-
erence properties of the objects.

In ontological modeling, any ontological model of the situation is exogenous, since
its occurrence is caused by an external cause — understanding by the subjects of the
problematic situation. However, this does not mean the unity of subjects in the assess-
ment of the simulated situation.

The achievement of an understanding by different subjects of a problem situation
is based on the joint construction of an ontological model of the situation (Tkachenko,
ed., 2019; Greger and Porshnev, 2013; http://www.ipu.ru/labs/lab51/projects.htm;
Smirnov, 2001), sometimes called the object model.

The ontological model of the situation is a description of the situation in the form
of concepts and relationships through the dialogue of subjects. In the process of de-
veloping such a model, the knowledge of subjects united by the general idea of a
problem situation is integrated.

The ontological model of the situation should be built in real time. Using this mod-
el, some integrated idea of the problem situation is created, expressing a common
understanding of the situation by all actors.

A common understanding of the problem situation does not mean that there is a
common understanding of ways to overcome it.

This does not mean that a solution to the problem associated with finding a way to
resolve the situation was found, since it may turn out that some characteristics of the
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situation (for example, the distribution of financial resources) do not suit individual
entities.

In other words, there is understanding, the task is clear to everyone, but there is
no solution. Thus, understanding the situation initially leads only to the statement of
the problem, and not to its solution.

The stage of understanding in the decision-making process to overcome the prob-
lem situation (regular or contingency) ends with the statement of the problem, which
is expressed in the constructed ontological model of the situation.

The process of further coordination of the points of view and concessions of the
subjects is iterative in nature and comes down to the transformation of the ontological
model of the situation, since it reflects, but still satisfies, the conflicting demands of
the subjects.

As a result of mutual coordination, a model is developed in which mutual under-
standing and consensus of different actors is achieved.

The preferences of the subjects depend on the context and nature of the interac-
tions between them, and preference scales are built in the negotiation process, not
being a priori given.

This limits the use of classical mathematical methods when conducting experi-
ments with ontological models of situations, and leads to the search for other meth-
ods, which, for example, include multiagent models and technologies (Osipov; Boev).

Transformational modeling and finding solution. Ontological modeling for solving
problems provides for the development of special transformational object models —
denotates “technological” SA, which is defined by the ontology of problem solvers
(Fig. 1).

The construction of transformational models can be considered as a specification
of the scenario or schedule for solving the problem, a description of the effects on the
exogenous denotative model of the “target” SA, as a result of which it must acquire
some satisfying subjects.

The operational basis of the transformation is the calculation, which is based on
the functional components of ontologies, which are used jointly in solving the prob-
lem and describe various aspects of the “target” SA, and also other SA (if necessary).

As functional components of ontologies, properties and methods of their fun-
damental concepts usually come out (Kulinich, 2003; Maksimov, Kornoushenko and
Kachaev, 1999; Kostenko, 2016; Denisenko and Krasina, 2014).

According to the diagram in fig. 1, after understanding the subjects, transforma-
tional models can be developed in parallel with the construction of an ontological
model of the situation. At the same time, the multiplicity of transformational models
reflects the many different tasks in each SA and the many ways to solve them.

At the stage of computing the situation ontological model, the scenario of solving
the problem (overcoming the problematic situation), developed in the form of a trans-
formational model, is applied.

The exogenous ontological model of the situation is transformed into endoge-
nous — “The result of modeling” (Fig. 1).
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The degree of participation of subjects in this model provides a scenario for solv-
ing the problem, which can reflect any methods of solving the problem: struggle to
defer personal and group interests, striving for interest, etc.

To regulate a problematic situation, the following is important:

— the sequence of effects on an exogenous ontological model of a situation or a
chain of intermediate endogenous forms, up to the final one, can have methodological
value;

— the final endogenous ontological model of the situation can be of great
importance, since, according to the scenario of solving the problem, it must have
some of the sought-after characteristics of the problematic situation.

Note that the meta models under construction — meta-ontologies and ontologies
of problem solvers — define a unified representation for both themselves and all the
results of individual stages of the ontological modeling scheme (Fig. 1).

Thus, ontological modeling, forming a multi-model environment, ensures unifor-
mity of all without the exclusion of the models created in the process of making a
decision on the regulation (overcoming) of a problem situation.

In the figure. 1 of the scheme, it is assumed that the decision to resolve the prob-
lem situation is carried out as a result of the consensus of the entities reached through
negotiations to bring their positions closer.

This means that if the built ontological model of the situation does not suit at least
one of the subjects, then the decision is not made, and in the final stage of decision
making, one returns to any of the previous stages.

Such iterations can be repeated several times, which will lead to a delay in the de-
cision-making time, and in order for them not to go beyond the permissible limits, it is
necessary to constantly monitor the state of development of the situation.

If the subjects understand that the time for making a decision will soon end, this
will encourage them to make mutual concessions to find compromises In other words,
the number of iterations needed to reach consensus will self-regulate, providing re-
al-time control.

With this approach to decision making, a bet is made on the solidarity of the sub-
jects.

An alternative is the «majority principle»: do not waste time on lengthy negoti-
ations and rapprochement of positions, but make a decision by a simple majority of
votes.

In this case, time can actually be saved, but there are no guarantees of the quality
of the solution, since some of the entities that have significant arguments do not agree
with the chosen method of resolving the problem situation.

Therefore, voting, which does not involve joint negotiations and mutual under-
standing, cannot be recognized as an acceptable way of decision-making in situational
management, focused on the effective use of intellectual and volitional resources of
all entities involved in resolving a problem situation.

Final Results and Conclusions. In organizing decision-making processes in poorly
formalized complex systems, ontological models play a key role: formal descriptions of
conceptual structures; persons involved in decision-making (subjects), ontologies and
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object descriptions of problem situations within the framework of such conceptual
representations (ontological models of the situation).

The developed methods for the unification of ontological models allow one to take
into account the diversity of the knowledge involved and the variety of mechanisms
of their use, and the corresponding information systems open up new possibilities for
solving the multidisciplinary tasks of situational management in social and technical
systems.

The article analyzes the similarities of the structural diagram of the decision-mak-
ing process for regulating the problem situation and the general scheme of ontological
modeling.

Between the elements of these schemes, compliance is established to justify the
ontological approach to the implementation of situational management.

The contents of the corresponding elements of the schemes are compared with
the aim of revealing the mechanisms of situational management.

The construction of information models of understanding in situational manage-
ment is proposed to be considered as the task of constructing ontologies of subject
areas and ontological models of situations.
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OHTONOTIYHE MOLENIOBAHHA CUTYALIMHOIO YNPABJ/IIHHA

MerTa cTaTTi — 4OCNiANTM Ta PO3INAHYTU 3arasbHi Npobaemu Ta NnepcnekTMBM MOAEN0BAH-
HSl CUTYaUiMHOrO YNpaB/iHHA, 30KPeMa OHTO/IONYHOrO MOAE/IFOBAHHSA.

MeToam focnigKeHHA — e MeToan CEMAHTUYHOTO aHalisy OCHOBHUX MOHATb PO3MISHYTOl
npegMmeTHoi chepu (CUTyaUiiHUIA MeHeaKMeHT). Y cTaTTi A0CNIAXKEHO Migxoan A0 Po3pobKu
BiZANOBIAHNX OHTONOTIYHUX MOZENEN.

HoBu3Ha gocnifgKeHHA — aHani3 OHTO/OrIN Ta iX 3aCTOCYBaHHA B MOAE/OBaHHI NpoLeciB
CUTYaLLiMHOIO yNpaB/iHHSA.

BUCHOBKMU. Y CTaTTi NpoaHani30BaHO CXOXKiCTb CTPYKTYPHOI CXemMu npouecy NpUNHATTA
pilleHb WoA0 peryntoBaHHA NpobieMHol cuTyauii Ta 3araibHOi CXeMW OHTOJ/IOFYHOrO Moze-
NOBaHHA. MiX efemMeHTamM LMX CXeM BCTaHOBJIOETbCA BiAMOBIAHICTb AN O6rPYHTYBAHHSA
OHTOJIOTIYHOrO NigxoAy A0 peanisauii cuTyauiMHOro ynpasaiHHA. 3MicT BiANOBIAHUX eneMeH-
TiB CXeM MOPIBHIOIOTb 3 METOI PO3KPUTTA MEXaHi3MiB cUTyauiiHOro ynpasniHHa. MNobyaosy
iHpOopMaLiMHNUX Mozenelt Po3yMiHHA CUTYaALIMHOrO yNpaBaiHHA MPOMOHYIOTb PO3MAL4ATU AK
3aBAaHHsA NobyA0BM OHTOMONI NPeaMeTHUX chep Ta OHTONOTIYHUX MOAEeNEeN CUTYaLLilA.

Kntouosi cnoBa: npeameTHa chepa; CUCTEMHI MoAENi; OHTONOTiA; MOAEb OHTOOFIT; CUTY-
auiriHe ynpasiHHA; NPOLEC NPUIMAHATTA pPilleHb; peryitoBaHHA NpobaemHOl cuTyaLlil.

31



Lindposa nnatdgopma: iHdopmaLiiHi TEXHONOTIi B COLLIOKYNLTYPHI cdepi 2020, Tom 3 Ne 1

V/IK 004.02:005

TkaueHko Onbea,

KaHOudam ¢hu3uKo-mamemamu4yecKux Hayk,

doueHm Kaghedpbl UHGHOPMAYUOHHbIX mexHosoaul,
locydapcmeeHHsblli yHU8epcumem uHgpacmpykmypel U mexHosoaud,
Kues, YKpauHa

oitkachen@gmail.com

https://orcid.org/0000-0003-1800-618X

TKavyeHKo AneKcaHop,

KaHOUAam pU3UKO-MamemMamu4ecKux HayK,

doueHm Kaghedpbl UHHCEeHepuu MpoepamMmmHo20 obecrneyeHus,
HayuoHanbHbIl a8uayUOHHSIU yHUBepcumem,

Kues, YKpauHa

aatokg@gmail.com

https://orcid.org/0000-0001-6911-2770

TKayeHKo KOHCMaHMuH,

KaHOUGam 5KOHOMUYECKUX HaYK,

cmapwuli npernodasamesnt Kagedpsbl UHPOPMAYUOHHbIX mexHosno2ul,
TocydapcmeeHHsblli yHUsepcumem uHgpacmpykmypel u mexHosno2ud,
Kues, YKkpauHa

tkachenko.kostyantyn@gmail.com
https://orcid.org/0000-0003-0549-3396

OHTONNIOIN'MYECKOE MOAENTMPOBAHUE CUTYALLMOHHOTO YNPAB/IEHUA

Lienb cTaTbu — MCCNefOBaTb M PAacCMOTPETb 06LLMe Npobaembl 1 NepcneKkTUBbI MOAENUPO-
BaHMA CUTYALMOHHOTIO YNpaBAeHMA, B YaCTHOCTM OHTOIOTMYECKOTO MOAENIMPOBAHMA.

MeToabl uccneaoBaHUA — 3TO METOAbl CEMAHTUYECKOTO aHaM3a OCHOBHbIX MOHATUI pac-
cMaTpuBaemon npeameTHoM 061acTu (CUTyaLMOHHbIA MeHeaXMEeHT). B cTaTbe paccmaTpuBa-
IOTCA NoAXoAbl K pa3paboTke COOTBETCTBYHOLMX OHTONIOTMYECKUX MOAENEN.

HoBu3Ha uccnefoBaHUA — aHANN3 OHTONOMUIA U UX MPUMEHEHWE B MOAEIMPOBAHUN NMPO-
LLeCCOB CUTYALLMOHHOTIO ynpaBaeHums.

BbIBOAbI. B cTaTbe NpOaHaNM3MPOBAHO CXOACTBO CTPYKTYPHOM CXeMbI NpOLLecca NPUHATUS
peLeHnin No perynmpoBaHMio NPobaeMHOM CUTYaUnn 1 obLwel cxembl OHTONOMMYECKOrO MO-
AennpoBaHusa. Mexay 3/leMeHTaMKn 3TUX CXeM YCTaHaB/MBAETCA COOTBETCTBME ANA 0H60CHO-
BaHMA OHTO/IOIMYECKOrO NOAX0AA K peanu3aumm cUTyaumoHHOro ynpasaenus. CogeprkaHue
COOTBETCTBYIOLUMX SN1EMEHTOB CXEM CPAaBHMBAETCA C LENbl0 PACKPbITUA MEXaHU3MOB CUTYa-
LMOHHOrOo ynpasaeHus. NoctpoeHne MHGOPMALMOHHBIX MoAenelt MOHUMAHUA CUTYaLUOHHO-
ro ynpaBneHuA npeanaraeTcs paccMaTpMBaTb Kak 3afayvy NOCTPOEHUA OHTONOMMIA NpeameT-
HbIX 06/1aCTEeN N OHTONIOTMYECKUX MOAENEN CUTYaLUN.

KntoueBble cnoBa: npeameTHas 06/1acTb; CUCTEMHbIE MOAENN; OHTO/IOTUS; MOAENb OHTONO-
TMKN; CUTYaUMOHHOE ynpaBiaeHWe; NPoLLecC NPUHATUA pelleHui; peryinposaHme npobaemHom
CUTyaLuun.
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