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Abstract. A lot of problem situations arise in our everyday life, that worsen quality of life,
reduce labor productivity. Modern science does not have decision-making technologies in
problem situations under conditions of uncertainty, when the subjects themselves need to
decide what to do, and not how to do it. The only theory that proposes actors a new
approach to managing the problem situations solving is the theory of intersubjective
management, proposed at the beginning of the XXI century. The fundamental difference
between intersubjective management and classical one is that management functions are
assigned to people themselves, immersed in a problem situation and actively acting
(actors). In the process of decision making in a problem situation actors need
methodological and informational support. For this purpose, a decision support system is
developed that uses methods and tools of slightly formalized subject areas. When choosing
models, methods and tools that support actors in the process of problem situation solving,
the features of the group decision-making process in intersubjective management are taken
into account. The choice of methods for application by actors is also influenced by the
subjective component, i. e. their personal characteristics and preferences, knowledge, and
skills. Decision support system design is based on the Nonaka-Takeuchi knowledge
management model.

Keywords: problem situation, intersubjective management, decision making, decision
support system

Introduction

Among modern tools that can assist in solving semi-structured problems and
provide support to decision-makers in weakly formalized subject areas, a special place
is occupied by interactive computer systems and decision support systems (DSS).
Functioning of the DSS is aimed as "helping decision-makers by providing access to
communication technologies, data, documents, knowledge and / or models in order to
identify, solve problems and make decisions” [1]. The use of DSS for solving semi-
structured problems, providing data, knowledge, objective and subjective models for
their analysis and solution has particular importance [2, 3]. The problem situations, in
which the actors in the socio-technical object find themselves, belong precisely to this
category. In the process of solving a problem situation with uncertainty, heterogeneous
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actors really must solve many incompletely defined problems, which are problems in
an open form, with incompleteness, redundancy and ambiguity.

Therefore, for informational support of actors who jointly solve problem
situations in conditions of uncertainty and incompleteness of the initial data it is
proposed to develop a DSS because of the absence of an analytical model of the
problem being solved, and the use of information of a qualitative, declarative nature.

1. The process of problem situation solvinge

A group of actors with various visions of the problem and different personal and
value characteristics usually participates in making a decision on solving a problem
situation.

The basic concept which is proposed to use in problem situations for solving them
is the theory of intersubjective management [4-7]. As it was mentioned by the author
of the theory V. Vittikh, “the stake is made on non-violent means of decision-making
oriented towards attainment of mutual understanding and consensus of heterogeneous
actors who are in a problem situation and aimed to settle it.” [4] The Vittikh’s theory is
appliable when:

o there is a group of active people (actors) bound by a common problem
situation;

e they find themselves in problem situation, which couldn’t be solved
individually by each actor;

o they realize the situation differently;

o they recognize simultaneously the necessity to control the situation by means
of coordinated actions;

o they are ready to discuss the situation, demonstrate their point of views, accept
each other opinions;

¢ the way of making a decision as consensus is accepted [8].

An agreement how the problem situation could be solved may be achieved in the
group of heterogeneous actors [9]. This group possesses certain subjective knowledge
which is true for a restricted circle of actors. So, actors’ intersubjective mind and
intersubjective knowledge gave the name to the theory.

The problem situation model is revealed in [10].

To describe the intersubjective decision-making process by actors, which should
be supported by the DSS, and to study the parameters and characteristics of the
decision support systems of solving the problem situations by actors, we will make
decomposition of the process of solving a problem situation in a socio-technical object
(Fig. 1). It can be used to describe the decision-making processes by actors in the
socio-technical objects. Structured presentation of system functions and analysis of
system requirements, as well as formalization of processes is required.

The details of the problem situation settlement process and its formalized
description are presented in Fig. 1. The top-level process in the problem being solved is
the resolution of the problem situation. The decomposition considers such second-level
processes as:

o "Awareness of problem situation",

"Search for like-minded people”,

"Self-organization into the community",

"Discourse management",

"Building an ontological model of problem situation”,
"Decision-making".
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Settlement of a problem situation by
actors in a socio-technical facility

Sub-process 1: awareness of the
problem situation

Sub-process 2: finding like-minded
people
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Sub-process 4: conducting discourse

Subprocess 3: building an ontological
model of a prob]em situation

Sub-process 6: decision making

\

Fig. 1. Decomposition of the process of solving a problem situation
in a socio-technical object
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2. Creating a decision support system based on ontologies

One of the modern approaches to DSS creating is to use ontologies as their basic
element [11-13]. The key element that determines the ideology of the decision support
system created for the regulation of problem situation is ontology. Therefore, the
developed decision support system for intersubjective management of problem
situations solving is built on the basis of ontologies (Fig. 2). Ontologies can be defined
as “knowledge bases of a special type that can be read, understood and alienated from
the developer and / or physically shared by their users” [14] according to T.R. Gruber.

a ] . ™
Settlement of problem situations

Decision support system

Knowledge base

[ Ontologies ]

Fig. 2. Ideology of decision support system for solving problem
situations based on ontologies

Ontologies in the decision support system knowledge base for solving problem
situations are represented by ontologies of two types:

e method-oriented;

e subject-oriented.

A general scientific approach to the process of regulating problem situations on
the basis of theory of intersubjective management is presented in a method-oriented
ontology. Using the formalism of descriptive logic, the ontology of the subject area of
the regulation of problem situations by actors can be represented as a tuple:

0=(C,R.F),
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where C is a finite set of concepts of the subject area; R is a finite set of relationships
between concepts; F is a finite set of interpretation functions given on concepts and / or
relationships.

The main elements of the tuple were revealed by author in [15].

When constructing an ontological model of a problem situation in accordance
with the five types of intersubjectivity [16], actors in the course of the decision-making
process build semantic, logical, operational, empirical and normative ontologies aimed
at achieving mutual understanding of heterogeneous actors in joint decision-making
processes (Fig. 3).

Semantic
ontology

Normative Logical
ontology ontology

Ontologies of

intersubjective
management

Empirical Operational
ontology ontology

Fig. 3. Ontologies built by actors in joint decision-making process

These ontologies depend on a variety of subjective factors (a set of individual
characteristics of actors, environmental factors, features of the socio-technical object,
etc.) and differ in each problem situation.

Semantic ontology. Semantic intersubjectivity presupposes a general
understanding and agreement of actors on issues related to the mission of the socio-
technical object, the rules of behavior formed within this formally limited community,
the value priorities of the community, etc. and conduct a dialogue “in one language”.
A common corporate culture and trust are the basis for the negotiability of actors. It
determines the importance of semantic intersubjectivity, which is reflected in the
semantic ontology.

Logical ontology. Consensus between actors can be achieved by relying on logical
intersubjectivity. Note that the decision-making logic of actors does not imply the use
of classical logic, which is based on the sequence “concept — judgment — inference”.
This refers to the logic that is shared by all actors involved in solving a problem
situation (they can use, for example, democratic principles, or opposite type of
principles, as autocratic one. It depends only on the group’s preferences). The concepts
and relationships of this intersubjectivity represent the logical ontology of decision
making.

Operational ontology. It includes concepts that relate to the concept of deliberate
action and are related to the reproducibility of patterns of action. According to Alfred
Schiitz, the behavior of an actor is based on a pre-thought out project [17]. It is
assumed that acceptable technologies of activity are accepted and approved by
consensus. The combination of these technologies is an operational ontology of
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activity, which includes a description of technologies with an indication of the
responsibility for their implementation.

Empirical ontology. Empirical intersubjectivity implies the need to support the
actors' conclusions with facts that must be recognized by all, otherwise mutual
understanding may not be achieved. Such an ontology does not necessarily contain
only objective facts (scientifically substantiated), it includes those facts that are trusted
by actors who have a subjective color in a given community.

Normative-legal ontology. The normative-legal ontology includes a set of
normative documents that ensure the regulation of the relationship of actors.
Depending on the situation, these can be different agreements, standards, orders, as
well as laws. If, at a given level of uncertainty, these agreements are not enough, then
new rules for the interaction of actors can be adopted. The normative and legal
ontology can be supplemented and adjusted in the decision-making process.

4. Using transformation of knowledge in a decision support system

When constructing an algorithm for finding an exit from the problem situation, we
will take into account the transformation of the knowledge of actors, relying on the
Nonaka — Takeuchi model (named after Ikujiro Nonaka and Hirotaka Takeuchi). The
model includes such processes of transformation and transmission of explicit and
implicit knowledge as socialization (transformation of implicit knowledge into
implicit), externalization (transformation of implicit knowledge into explicit),
combination (transformation of explicit knowledge into explicit) and internalization
(transformation of explicit knowledge into implicit) [18]. Transformation of the
knowledge of actors was described by author in [19].

In the process of making a decision on the problem situation regulation, actors
need methodological and informational support. We’ll try to propose such support
corresponding it to various stages of knowledge transformation.

Let's consider these stages sequentially, specifying the names of methods, means
and tools in relation to the processes of each stage.

1. The stage of knowledge socialization.

1.1. Awareness of problem situation. The actor has implicit knowledge, a pre-
understanding of problem situation is formed in his consciousness. The explicit image
of the problem situation has not yet been formed. The actor thinks about the presence
of some intellectual difficulty about an unmet need and realizes that something needs
to be done. At this stage, the actor needs information from the environment.
Information is needed on the means that can provide support in solving problem
situation in general (for example, decision-making theory — in particular, the theory of
intersubjective management, the presence of a decision support system for solving
problem situations of actors, etc.).

1.2. Search for like-minded people. To search for actors who find themselves in
the same problem situation, the subject turns to the means of infocommunication
support (social networks, instant messaging (IM) technologies, etc.) to build
communications with them. The transformation of implicit knowledge into implicit
knowledge occurs at the verbal level.

1.3. Revealing the meaning of problem situation. Formation of a situational
association. Actors form a community to solve a specific problem situation. They need
the means to unite, to formally designate their community within the framework of this
problem situation. One of the possible means of uniting actors on one site is a website
or web portal that is part of the decision support system structure for solving problem
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situations of actors. At this stage, it is necessary to have access to the decision support
system for the actors — potential users, providing "easy" entry and further friendly
human-computer interaction, as well as information about the concept of
intersubjective management.

2. Externalization of knowledge. The transformation of implicit knowledge of
actors into explicit one during their externalization requires the use of various
formalization tools for the transmission and presentation of information.

2.1. General principles for making group decisions in a given situational
association formulation.

2.2. The choice of an actor — leader who will further act as moderator of the
process of discussion of the problem situation and decision-making.

To present his view, the actor needs the following means and tools:

o for verbal presentation of one's point of view (means of infocommunications);

o for presenting information in the form of texts (text-graphic editors),

o for a quick and vivid presentation of information — the use of pictures and
images (tools for visualizing information in the form of pictures, graphs, etc.), tools for
the formation and presentation of ontologies),

¢ to display connections between objects (information visualization tools, tools
for the formation and presentation of ontologies (ontology constructor), tools for
depicting dependencies, tools for representing hierarchies (mind maps, trees, etc.),

o for operational communication — means of infocommunication support (social
networks, IM technologies, etc.);

o for time scheduling (network modeling);

e to make choice from alternative variants (multi-criteria analysis, methods of
expert assessments, etc.);

e to compare problem situation with already solved problems (methods of
reasoning based on precedents).

2.3. Discourse management (discussion of problem situation, presentation of
different points of view, formation of personal ontologies of actors). All of the above
tools are required, to which three more methods are added (they are the last in the list
bellow):

o for verbal presentation of one's point of view (means of infocommunications);

o for presenting information in the form of texts (text-graphic editors),

e for a quick and vivid presentation of information — the use of pictures and
images (tools for visualizing information in the form of pictures, graphs, etc.), tools for
the formation and presentation of ontologies),

e to display connections between objects (information visualization tools, tools
for the formation and presentation of ontologies (ontology constructor), tools for
depicting dependencies, tools for representing hierarchies (mind maps, trees, etc.),

o for operational communication — means of infocommunication support (social
networks, IM technologies, etc.);

o for time scheduling (network modeling);

e to make choice from alternative variants (multi-criteria analysis, methods of
expert assessments, etc.);

e to compare problem situation with already settled (methods of reasoning based
on precedents).

e methods of organizing negotiations (Delphi, brainstorming, etc.);

¢ methods of organizing consensus — mediation, facilitation, moderation;
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e means of displaying, aligning and combining ontologies.

3. Combination of knowledge.

3.1. Building an ontological model of the situation and reaching consensus.

The transformation of the explicit knowledge of individual actors into the explicit
knowledge of all actors that form a situational association, when combined, requires
the addition of the above methods and means with tools for the group use of shared
resources. The general list of methods, means and tools is as follows:

o for verbal presentation of one's point of view (means of infocommunications);

o for presenting information in the form of texts (text-graphic editors),

e for a quick and vivid presentation of information — the use of pictures and
images (tools for visualizing information in the form of pictures, graphs, etc.), tools for
the formation and presentation of ontologies),

¢ to display connections between objects (information visualization tools, tools
for the formation and presentation of ontologies (ontology constructor), tools for
depicting dependencies, tools for representing hierarchies (mind maps, trees, etc.),

o for operational communication — means of infocommunication support (social
networks, IM technologies, etc.);

o for time scheduling (network modeling);

e to make choice from alternative variants (multi-criteria analysis, methods of
expert assessments, etc.);

e to compare problem situation with already settled (methods of reasoning based
on precedents).

methods of organizing negotiations of actors (Delphi, brainstorming, etc.);
methods of organizing consensus — mediation, facilitation, moderation;
means for displaying, aligning and combining ontologies;
sharing tools for shared resources.
. Knowledge internalization. Converting explicit knowledge of actors to implicit
knowledge.

The solution of the problem situation has been found. After the problem situation
is solved, the result of its resolution should be placed in the library of precedents by the
actor-moderator.

To visualize the methods and tools necessary for making decisions by actors, we
will use a mind mapping tool that allows us to graphically interpret semantics for its
visual presentation. The mind map presents the main groups of methods and tools that
can support decision-making by actors in the socio-technical object when settling the
problem situation (Fig. 4).

When choosing models, methods and tools that support actors in the process of
problem situations regulation, it is necessary to take into account the peculiarities of
the process of making a group decision in intersubjective management theory. The
choice of methods to be applied by actors is also influenced by the subjective
component, that is, their personal characteristics and preferences, knowledge and skills.
The determining factors in the formation of a library of models, methods and support
tools are:

e the importance of subjective assessments;

e non-professionalism of users;

¢ the fundamental role of communications;

N e o @
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the absence of a clearly expressed goal in the search for a way out of the problem
situation (i.e., the search for an answer to the question of what to do, and not how to do

it).

lebods andhols

Decision maing methods

riamaton n decison
making mehods

Fig. 4. Methods and tools required to resolve problem situations of actors

The following groups of methods are proposed for inclusion in the decision
support system:

e methods of discourse and consensus;

¢ methods which help to make choice when alternatives are available.

Most of the proposed methods should be used in combination with each other,
thus enhancing the effect of applying each of them separately.

When building a general ontological model of a situation, the actors jointly make
decisions about the way of solving the problem situation. The convergence of the
decision-making process depends on which way of presenting and formalizing semi-
structured subjective knowledge they chose, and how well they were able to use it to
present their point of view to the community.

Among the modern information means for the presentation and transmission of
information available for understanding and use by actors in the problem situation, one
can single out the means of visualization. The use of the same set of visualization tools
will allow actors to use uniform tools that make it possible to more or less the same
interpretation of the drawings.

The use of modern visualization tools will allow actors to present the personal
ontology of the physical picture of the world seen by them in a form convenient for
visual perception, transforming verbal-symbolic information into spatial-visual
information. Visualization tools are designed to complement the communication of
heterogeneous actors with means that support the communication of subjects within
a situational association and perform the function of "social glue" [20].

Conclusion
The work is devoted to the further development of the main provisions of the
theory of intersubjective management. Information support of actors in problem
situations is discussed.
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An approach to the construction of decision support systems in socio-technical
objects is described. This approach is based on the construction of ontological models.

The transformation of actors’ knowledge is taken into account. The processes of
realizing the situation by actors, discussing it and making a decision on getting out of
situation are considered.

The following tasks were solved and their results were presented:

e decomposition of the process of solving a problem situation in a socio-
technical object;

o ideology of decision support system for solving problem situations based on
ontologies is developed,

o five types of ontologies (semantic, logical, operational, empirical and
normative ontologies) built by actors in joint decision-making process are described;

o transformation of the knowledge of actors in joint decision-making process in
accordance with the Nonaka — Takeuchi model is described.

In the future, we plan to expand these ideas, build decision support systems in
socio-technical objects of different nature and test them.
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TEOPUSA HUHTEPCYBBEKTHUBHOI'O YIIPABJIEHUS:
MNPOEKTUPOBAHMUE CUCTEMBI NOAJAEP KK
NPUHATUA PEIIEHAA"

T.B. Mouceesa

Camapckuii GenepanbHbIi HecaenoBaTensckuii nentp PAH,
HucTuTyT MpoGieM ynpasieHus CIOKHbIMU ciucteMamu PAH
Poccus, 443020, r. Camapa, yi. Cagoas, 61

Annomayusn. B nawetl n08ceOHe8HOU HCUSHU BOZHUKAEH MHOJICECMBO NPOOIEMHBIX CU-
myayuil, KOmopbvie YXyouarnm Kawecmseo JHCU3HU, CHUICAION NPOU3B0OUMENbHOCTb MPY-
Oa. CospemenHas HAYKA He UMeem MeXHOL02Ull NPUHAMUS peuleHuti 8 NPOOIeMHbIX CUMY-
ayuAxX 8 YCL08UAX HeONpeOeieHHOCMU, K020ad CYObeKMam camum HeobXoOUMO NpUHAMb
pelerue, 4mo HyJ*CHO 0elamy, a He Kak dmo coeiams. Eouncmeennoii meopueii, komopas
npeodiazaem akmopam HO8blll NOOX00 K YAPAGLEHUIO paspeuienuem NpooieMHbIX CUmya-
yutl, A6AeMcs meopus UHMePCyObeKMUBHO20 YNpagieHus, npediodxcentas 6 Havare XXI
sexa. [lpunyunuanenoe omauyue UHMEPCYOLEKMUBHOZO YRPABLEHU OM KIACCUYECKO2O0
3aKOUAEMcst 8 MOM, YUMo (DYHKYUU YNpasneHus 8031a2ar0mcesi Ha camux aooet, nozpy-
JHCEHHBIX 6 NPOOIEMHYIO CUMYayulo U aKmueHo Oelicmeylouux (akmopos). B npoyecce
NPUHAMUSL PEWeHUll 8 NPOOIeMHOU CUMyayuu cyObeKmsl HyAHCOAIOMCS 8 MEMoOUUecKol
u ungpopmayuonnou noodepoicke. s smoeo 6 cmamve paspabamvléaemcs CUCmeMd
noooepoicku npunsimusi pewrenuti (CIITIP), ucnonv3yowas memoost U UHCMPYMEHMbl Clad-
bogopmanuzosanuvix npeomemuvix obnacmeu. Ilpu evibope moodenei, mMemooos u uH-
CMPYMEHMO08, NOOOePAHCUBAIOUUX AKMOPO8 8 Npoyecce peuieHusi NPoOIeMHOU Cumyayuu,
VUUMBIBAIOMCSL OCODEHHOCMU 2PYNR0B020 NPOYECCcad NPUHAMUS DeuleHUll 8 MelcCyObeK-
mugHom ynpagnenuu. Ha 6vlO0p memo0o8, npumeHsemviXx aKmopamu, makdxice 6iusem
CYOBEeKMUBHASL COCMABNAIOWAS, M. e. UX TUYHOCHIHble XAPAKMEPUCMUKY U NPeOnoymeHnus,
snanus u Hasviku. Ilpoexmuposanue CIIIIP b6aszupyemcs Ha moOenu ynpasienus 3HAHUS-
mu Honaka — Taxeyyu.

Kniouesvte cnosa: npobnemnas cumyayust, uHmepcyoObeKmueHoe ynpasieHue, npuHsmue
pewtenuil, cucmema noO0epIHCKU NPUHAMUSL PeLeHUll
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