AJITEBPO-JIOTNYECKUWE METO/JbI B UTH®OPMATUKE
" ICKYCCTBEHHBIN MHTEJIJIEKT

ALGEBRAIC AND LOGICAL METHODS IN COMPUTER
SCIENCE AND ARTIFICIAL INTELLIGENCE

N3BECTNA

Cepus «<MaremaTuka» Hprymesoeo
2025. T. 54. C. 7895 20cydapcmMeeHHozo

yrueepcumema
OHJIafiH-IOCTYII K >KyPHAJLY:

http://mathizv.isu.ru

Research article

VIIK 519.7
MSC 68W30, 68U35
DOI https://doi.org/10.26516/1997-7670.2025.54.78

Task-Based Approach to Digital Transformations

Evgenii E. Vityaev'™, Dmitrii I. Sviridenko', Arkady R. Rofe!

1 The Artificial Intelligence Research Center of Novosibirsk State University,
Novosibirsk, Russian Federation
= vityaev@math.nsc.ru

Abstract: In this paper, the problem of digital transformation of the object and the
subject of management of the economic actor into their Digital Twins (DTs) is considered.
By economic actors we understand digital computer models that provide system histori-
cal, operational and forecast data about both the object and the subject of management
and the environment. The DTs of economic actors’ subjects of management have been
studied very poorly since their construction raises a nontrivial problem of completeness
and adequacy of their digital representation. We believe that the main and true content of
problem solving is the task solution, and the activity of managing an actor is nothing but
tasks! The management of resources, risks, data, changes, etc., has a secondary character
and therefore represents a special case of options for solving managerial tasks. The
authors propose that the original task approach to artificial intelligence, which takes into
account the achievements of the physiological theory of functional systems of purposeful
behavior, effectively overcomes the problem of building DTs of economic actors. The
concept of a task is carefully analysed: what is its nature; what is the criterion for its
solution; how should the task be formulated in terms of executable specifications leading
to its solution; how should the task be constructed and solved. The logical and functional
model of the subject of management of the economic actor is described in the paper. As
a representative example of the subject of management, the urban management system
is presented.



TASK-BASED APPROACH TO DIGITAL TRANSFORMATIONS 79

Keywords: digital twins, subject of management, object of management, economic
actor, artificial intelligence

Acknowledgements: This work was supported by a grant for research centers, provided
by the Ministry of Economic Development of the Russian Federation in accordance with
the subsidy agreement with the Novosibirsk State University dated April 17, 2025 No.
139-15-2025-006: IGK 000000C313925P3S0002

For citation: Vityaev E. E., Sviridenko D. I., Rofe A. R. Task-Based Approach to Digital
Transformations. The Bulletin of Irkutsk State University. Series Mathematics, 2025,
vol. 54, pp. 78-95.

https://doi.org/10.26516/1997-7670.2025.54.78

Hayunas crarbs
SagadHblili moaxoa K nudpoBoii TpaHcdopMalun
E. E.Bursaes'™, /1. 1. Ceupugenko!, A.P.Pode!

L' Uccnenosarensckmit 1eHTp B cdepe uckyccrsennoro naretekra HI'Y, Hosocubupck,
Poccuiickas dpenepanus
X vityaev@math.nsc.ru

Amunorarusi: Paccmarpusaercst npobiiema mudpoBoit TpancdopManyun 06beKTa U CyOb-
€KTa yTPABJICHUS SKOHOMHYECKOTO aKTOpa B uX 1udposbix asoitankos (11/1). Ilom sxoro-
MUYECKUMU aKTOPAMU ITOHUMAIOTCS I POBbIE KOMIIBIOTEPHBIE MOJIEJIN, KOTOPBIE IIPEJI0-
CTaBJIAIOT CUCTEMHbBIE, HICTOPUIECKNE, ONIEPATUBHBIE U MMPOTHO3HBIE JAHHBIE KaK 00 00b-
eKTe M CyObekTe ynpaBiieHus, Tak U 00 okpyxkaromieit cpeme. I/l cyGbekToB ypas-
JIEHUSI SKOHOMUIECKUX aKTOPOB M3yU€HBI OUEHBb CJIa00, TMOCKOIBKY MPHU UX MOCTPOCHUU
BO3HUKAET HeTPUBHAJbHAsl MPOobJieMa TOJHOTHI M aJIeKBATHOCTH UX [MMPOBOTO IPE/I-
craBjieHus. [JIaBHBIM M UCTUHHBIM COJIEPXKAHMEM TPOOJIEM SIBJISIETCS DEIIeHUe 3aad U
IeITEeJIbHOCTh YIIPABJISIONIET0 CYObeKTa. YIPaBIeHNE PECypCaMu, PUCKAMU, JTaHHBIMU,
U3MEHEHUSMH U T.J[. HOCUT BTOPOCTEIIEHHDBIN XapaKTep U, CJIEJ0OBATEJILHO, [IPEJICTABIIAET
coboit YaCTHBIN C/lydail BApUAHTOB PEIeHUs yIpaBIeHIecKux 3a1ad. [Ipeamonaraercs,
YTO OPUTIMHAJBHBINA 3aJ[@9HBIA [IO/IX0J, K MCKYCCTBEHHOMY HWHTEJUIEKTY, yYIUTHIBAIOIINN
JOCTHKEHNST (DU3UOJIOTUIECKON Teopun (DYHKITMOHAJIBHBIX CHCTEM IEJIEHAPABIEHHOTO
noBezienust, 3@ dexkTuBHO perraer npobiemy mnocrpoerus L[/] SKOHOMUYECKMX aKTOPOB.
TmarepHO aHAM3UPYETCsT KOHIEMINST 3a1a9n: KAKOBA €€ MMPUPOJIA; KAKOB KPUTEPHUil ee
pellleHnsT; KaK JIOJKHA ObITh cOPMYJINPOBAHA 33/1a1a B TEPMUHAX HCIIOJIHUMBIX CITEI-
dukanmii, BeIyImuX K €€ PEIeHIO; KaK JT0J2KHA ObITh IOCTPOeHA 1 perrena 3agaqda. Omnm-
caHa Jiormyeckasi U (pYHKIMOHAJIbHAsT MOJE/b CYObeKTa yIPaBJIEHUS SKOHOMHIECKOTO
akTopa. B KayecTBe penpe3eHTATUBHOIO MpUMepa CyObeKTa yIPABJIEHUs MPEJICTaBICHA
CHCTeMa TOPOJCKOTO yIIPABJIEHUSI.

KuaroueBsbie ciioBa: 1mudpoBble IBOWHUKH, CyOHEKT yIPaB/IeHNsI, OObEKT yIPABICHUSI,
SKOHOMMYECKUI aKTOP, UCKYCCTBEHHBI! NHTEJJICKT
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Ta) MCCJIENOBATENILCKUX IIEHTPOB, IPEJOCTABJIEHHON MUHHCTEPCTBOM SKOHOMUYIECKOIO
pasButust Poccuiickoit @enepanyu, coryialieHne O IPeIoCTaBIeHun U3 (heepasibHOro
GroKeTa TpaHTa B popMe cybcuanu deiepaJbHOMY roCyIapCTBEHHOMY aBTOHOMHOMY 06-
pa3oBaTeIbHOMY YUpEeXKJIEeHUIO Bbiciero obpazoBanus «HoBocnOupckuil HarmoHa IbHbIH
WCCJTETOBATEbCKII TOCY/IapCTBEHHBIN yHUBepcuTeT» OoT 17 ampesns 2025 1. Ne 139-15-
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1. Introduction

Computer science now represents the main tool of the modern direction
of human society development, which is fundamental in nature — its digital
transformation, which is based on the active and widespread use of digital
information technologies provided by computer science. Among a wide
range of such technologies, according to the authors, the key and promising
are as follows:

Internet = Artificial intelligence = Smart contracts = Dis-
tributed registries

Next, we will show that the basis of the digital transformation of the in-
tellectual activity of human society is the ability to set and solve tasks, that
is, the widespread automation of the process of setting and solving tasks.
These issues are being investigated in the direction of problem solving as
a human problem-solving process [19;21;22]. We have developed an orig-
inal “task approach” for problem solving, which simultaneously provides
(1) an objective declarative description of the task in terms of executable
specifications (section 2.1) and (2) problem solving, which is based on the
original cognitive architecture of purposeful human behaviour, based on the
physiological theory of functional brain systems [27-30] (section 2.2).

Let us pay special attention to the problem of trust. This issue is espe-
cially relevant in connection with the rapid development and application of
artificial intelligence technologies, particularly neural network technologies.
By analyzing this problem, we can conclude that the problem of trust is
closely related to the responsibility of the problem solvers. The latter,
in turn, necessitates the presence in the formulation of the task being solved
a criterion of the task solution (sections 2.1-2.2).

Earlier, we noted the importance of the digital transformation of tech-
nologies provided by computer science, since their wide availability and
new opportunities allow us to build relationships and interactions between
authorities, enterprises and employees within enterprises, business compa-
nies, individual entrepreneurs, and citizens, i.e., all those who are active
participants in economic relations. Such participants in the social and eco-
nomic literature are often called economic/business actors [15;18;20],
meaning, by this, such a participant in economic relations who produces a
number of products (goods, services) and possesses the following:

— a certain independence (autonomy) in decision-making;
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Figure 1. The general structure of the economic factor

— Having your own behaviour strategy;

— the ability to compare one’s strategic goals with the institutions of
society as the rules of a certain game and set oneself up not only to
adapt to these rules but also to change them, up to the transformation
of the entire game, on the basis of one’s own goals;

— the availability of ways to achieve the set goals and the necessary own
resources (tangible and intangible, real and potential) for this;

— the ability to make a practical impact on the environment and change
it through their actions.

Another feature of the economic factor is its peculiar informational
structure, in which the object of management and the subject of man-
agement are distinguished (Fig. 1).

At the same time, the peculiarity of such a structure is its possible
deep hierarchy and what can be called fractality. It is about defining
this contour and the level of the management system, which we attribute
to the main functions of the actor’s management entity. For example,
a certain plant can be considered as a system consisting of production
workshops and support services, i.e., all that plant management, as the
subject of plant management, considers its management objects. Moreover,
each workshop and service can also be considered as a subsystem consisting
of an object and a subject of management, where the role of the latter, for
example, is performed by the head of the workshop together with his or
her management team.
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management

Figure 2. The digital twin of an economic actor

Among the main directions of the development of the digital transfor-
mation (DT) of economic actors, we first note the following:

— Daigital platforms — digitalization of relations between economic part-
ners;

— Digital twins — digital models of economic actors themselves (Fig.
2).

A typical example of the first direction is the appearance of so-called
marketplaces (OZONE, Yandex.taxi, Valdberis, etc.). We will focus on
the second direction — the digital twins of economic actors — which, in
the future, will be understood as digital computer models that provide
system historical, current operational and forecast data about both the
object and the subject of management, as well as about the environment, as
well as, possibly, additional software that allows improving the management
system and providing support decision-making to improve the efficiency of
management activities and achieve set goals.

Note that in Fig. 2 above, we use the concepts of the “digital twin”
and “digital shadow”. For example, we designate the digital model of the
environment as a “digital shadow”. Let us provide some explanations of
the concepts used here.

We call the digital communication channel connecting the simulated
object with its digital model a digital thread. If there are no such
threads between the object and the model, then we deal with an ordinary
digital model. If the digital thread binds the economic factor to the digital
model and this model is updated with data about the object automatically,
then they talk about the digital shadow. If the digital thread binds the
economic actor to the digital model as a source of calibration information
for it and the digital model to the economic actor, in turn, as a source
of calibration information for the actor, then we are talking about a full-
fledged digital twin. The problem of creating digital threads, shadows and
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doubles is currently being addressed by scientific and engineering disciplines
such as digital engineering.

Now, a few words about the digital twins (DTs) of the object and the
subject of management of the economic actor are presented.

For the DT of the control object, at present, the topic of building and im-
plementing the DT of the control objects is quite well developed, which, in
many ways, is explained by the presence of parameter lists for a wide range
of control objects that fully and adequately characterize the object. This
circumstance significantly facilitates the construction of a digital model.
The following is the most common understanding of the DT of the control
object (see [1;33;34].

The DT of the control object is a continuously adaptable digital
model of the control object, duplicating its states and life cycle using
real operational data from the control object (including real-time data),
which ensures the relationship between physical and virtual states with
the appropriate synchronization speed and allows automatic control of the
behavior of the object.

The development of the DT of management objects is largely de-
termined by the abundance of methods and a variety of tools for their
construction. These tools should include, first of all, computer-aided design
systems such as CAD, CAM, CAE and others; communication systems
such as PDM and IIoT; and linking physical and virtual objects, as well
as artificial intelligence (AI) and machine learning (ML) tools. Specialized
instrumental and technological software platforms are also emerging, an
example of which is the first AloT platform in Russia, the SberMobile AloT
(see, for example, https://sberlabs.com/news?news=1701). The platform
makes it possible to integrate various devices, sensors, systems and services
into a single digital environment, which allows one to effectively manage
heating, ventilation, lighting, and access control systems and intercoms;
track leaks; and analyse data from CCTV cameras. Notably, the creation
of such tool platforms is a very expensive and resource-intensive event that
only very rich customers and/or performers (in this case, the Sberbank)
can afford.

For the DT of economic actors’ subjects of management, the topic
of building their DT has been studied very poorly, since their construction
raises a nontrivial problem of completeness and adequacy of the digital
representation of the actor’s subjects of management, which we discussed
above, and the related problem of choosing the right aspect and level of
digital modelling of the organization managing an actor. Note that since we
are interested in the problem of effective management by an economic actor,
it is advisable to consider the DT of the subject of management, first, as
a management decision support system (MDSS). Moreover, by endowing
MDSS with the ability to store and process large amounts of data and
expand it with Al technologies, we can create so-called intelligent DTs
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that are able to connect information about the past and present with future
scenarios.

Since the DT of the subject of management is, first, its digital model,
then there is a difficult problem of accurately and completely determin-
ing what the real meaningful model of the subject of management is. In
other words, we address the problem of identifying the level of managerial
decision-making related to the object of management, as well as what the
employees of the organization representing the actor’s management entity
actually manage. What should be taken as the main subject and man-
agement tool when building a meaningful model of the organization that
serves as the basis of its digital model? Therefore, starting with the digital
modeling of the subject of management, one should first ask the following
question: what does the decision maker (DM) truly control the subject of
the actor’s management?

The standard answers to this question usually look like this: the DM
manages resources —finances, people, projects, processes, assets, data,
risks, situations or changes. Our point of view is somewhat different —
we believe that the main and true content of a manager’s activity is the
formulation and solution of managerial tasks. In other words, the manager
manages nothing but tasks! At the same time, setting (formulating) a task,
solving it and /or accepting a task solution from the contractor, the manager
is obliged to treat his activities extremely responsibly, taking into account
both the goals of the organization (as social education), the overall strategy,
and the specifics of its activities. The central point here is understand-
ing responsibility as an obligation to set tasks correctly, solve effectively
and/or make decisions, being responsible for the result. A more precise
understanding of responsibility can be defined as the obligation to provide
a certain, predetermined result to account for the decisions and actions
taken and their consequences/results to the members of the organization
and actors of the external environment, as well as to understand and accept
such possible consequences as incentives and penalties, i.e., all that, in the
future, we call it a criterion for solving a management task.

The authors suggest that the proposed original task approach [2;
16; 27-30], which takes into account the achievements of the Theory of
Functional Systems (TFS) [23;25;26] of the human purposeful behavior,
effectively overcomes these obstacles and difficulties in solving the problem
of building DTs of actor management subjects. The logical and functional
model of the actor’s control subject is described below, which is based
on the experimental scheme of the functional system developed in [25;26]
on the basis of the provisions of the TFS. As a representative example of
a management subject, the urban management system will be mentioned
below.
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2. Materials and Methods

2.1. A TASK-BASED APPROACH TO ARTIFICIAL INTELLIGENCE

We have already noted earlier that the true content of any manager’s
activity is the formulation of tasks. The question that arises — what is
the task itself as an entity? This question is answered by the original task
approach, the main provisions of which will be outlined below.

The first answer to how the task is arranged was obtained in the works
of academician Yu.L. Yershov and Dr. sci. K.F. Samokhvalov, devoted to
the application of the ideas and provisions of the task approach to the
foundations of mathematics [13; 14]. According to their reasoning, the
problem is defined (understood) if and only if we have a criterion for the
task solution — a criterion for checking whether the presented solution is
really a solution to the task. Otherwise, any proposed consideration can
be considered as a solution of the task. Note that the conclusion about the
necessary presence of the criterion of its solution in the formulation of the
task allows us to raise and solve at a practical level the question of creating
a digital model of the concept of “responsibility” of the Problem Solver.

The propositions formulated and substantiated in the works of Yu.L.
Yershov and K.F. Samokhvalov were subsequently developed and adapted
by a team of mathematicians in relation to the problems of artificial in-
telligence, since the need for practical application of the task approach to
solve as large a class of specific artificial intelligence problems as possible
forced the authors to consider in more detail the structure of the concept of
“task”. The result of such consideration was the formulation of this concept
at first at the methodological level, and then at the formal, mathematical
level, which led to the creation of an original logical-probabilistic theory of
semantic modeling [2-12;16;17;24-32].

First, let’s give an informal definition of the task concept and then move
on to its formal counterpart. We will assume that the task is defined if and
only if its formulation contains:

— an indication of the subject domain, fixed in the form of a formal
model, including a description of the signature and structure of the
language (ontology), as well as knowledge about the subject domain,
including source data, facts and hypotheses;

— to which request (goal, question) formulated in the task to the sub-
ject area, we should receive an answer (solution of the problem);

— criteria for satisfying the request — in which case it can be con-
sidered that the answer (solution) to the request (question) has been
received;

— in what context should we look for an answer (solution) to the request
(question) — what goal do we pursue when solving the problem, i.e.
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what do we expect from the result and what are its consequences and
what to do if the answer turns out to be negative.

This definition allowed the authors of the approach to clarify the un-
derstanding of artificial intelligence itself, since, according to the propo-
sitions of the task approach, the true purpose of artificial intelligence is
to automate the formulation and subsequent solution of tasks with the
presented justification for compliance with the criterion of solvability, as-
suming that tasks can be formulated in terms of executable (declarative)
specifications.

As is known, mathematical logic is engaged in the fundamental study of
the concept of computability in mathematics and implements this within
the framework of two main approaches: axiomatic and model-theoretic.
As noted above, it is the axiomatic approach that forms the mathemat-
ical basis of the existing declarative programming. But after all, as a
conceptual basis for computer problem solving technology, one can also
choose a model-theoretic approach, taking, for example, as a mathematical
base the possibility of formulaic definiteness of computability on
constructive models and using oracular (relative) computability, and
the computability process itself can be thought of, for example, as a process
of verifying the truth of a formula or the process of calculating the
value of a term in a constructive model. This idea was the basis for the
concept of semantic modeling, put forward in the 80s of the last century
(the authors used the term “semantic programming” at that time) by the
staff of the SB RAS, academicians of the Russian Academy of Sciences S.S.
Goncharov, Yu.L. Yershov and Dr. sci. D.I. Sviridenko [6-8;11;12].

The provisions formulated and substantiated in these works were sub-
sequently developed and adapted by a team of mathematicians in relation
to artificial intelligence as the task-based approach. In short, the essence
of this concept is as follows:

1) It is assumed that there is an initial basic model acting as the core
of a certain calculator, by means of which tasks will be specified and
solved. All the objects of this model (elements, functions, and pred-
icates) and their logical operations are assumed to be constructive,
i.e., computable. Note that in semantic modelling, this model is con-
sidered together with its list add-on, consisting of inherently finite lists
generated by elements of the basic model, which, by the way, allows
you to work with almost any data structure. Moreover, as mentioned
above, some predicates of the basic model can be interpreted as oracles
calculated by external calculators.

2) The initial conditions of the task are compared with a mixed formula-
thermal, i.e., a logical-functional definition of the new model using the
so-called X-formulas and Y-terms of the predicate calculus language
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of the first order of the signature of the original basic model. Moreover,
the thermal part of the used X-language is significantly expanded
by assuming conditional and recursive terms [3;9;10]. Recursive
descriptions of not only new functions but also defined predicates are
also allowed (Gandy’s theorem).

3) As a response to a formula query or term query, written either as a
Y-formula or as a X-term, in the first case, such concretizations of
the free variables of the formula are algorithmically searched for which
this Y-formula is true, or the value of the Y-term query is calculated.
We should immediately note that in practice, it is proposed to limit
ourselves to the class of so-called Ag-formulas and Agp-terms, which
differ from X-formulas in that when writing Aq formulas and Ag terms,
it is allowed to use only limited quantifiers of existence and universality.
The reason for this limitation lies in the desire to limit oneself from the
very beginning to efficient calculations, i.e., calculations of a given, for
example, polynomial or automaton complexity. In [4;5;17] it was just
shown that the Ag determinability of the problem and its polynomial
computability coincide.

Thus, in the proposed semantic modelling, the main steps are the process
of a formula-therm description of a certain problem area in the form of a
constructive model and the procedure for either verifying the truth of the
Y)-formula query on this model or calculating the X-term in this model.
Moreover, as shown in the works of E.E. Vityaev [24;31;32], such a specifi-
cation language can be effectively enriched with probabilistic constructions,
which significantly expands the expressive capabilities of the specification
language. Practice has shown that such a logical-probabilistic approach
makes it possible to adequately represent and fully preserve the original
semantics of the task. This is why it is called semantic modelling.

Currently, semantic modelling is one of the concepts of the automatic
solution of intellectual tasks; it is not only based on the methodology and
theory of the task approach but also has at its disposal a developed toolkit
aimed at supporting and maintaining the technological scheme of solving
intellectual tasks in the form of several platform solutions [27-30]. The
DOSL platform represents the next generation of so-called business rules
engines (BRE) [www.dOsl.org]. bSystem platform for building DTs of
organizations and processes. The DISCOVERY platform is used for the
ontological inductive inference of knowledge on the domain model and the
“Discovery” system implementing it [27-30].
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2.2. FUNCTIONAL THEORY OF SYSTEMS

The introduced concept of a task makes it possible to adequately model
the purposeful human activity, which is very important when solving the
problem of adequate digitalization of management entities of economic
actors. This allows us to answer the question: to what extent can they
correspond to the human way of solving problems? We show that the
above concept of a task is, in particular, a fairly accurate formalization
of any purposeful human activity described in the physiological theory of
purposeful behavior of humans and animals — the Theory of Functional
Systems (TFS) of brain work. As a result, we will get a “cognitive” ap-
proach to the concept of tasks, where tasks are formulated as goals with the
obligatory fulfillment of the same condition — the goal cannot be achieved
without having a criterion for its achievement — otherwise it can always be
considered that it has already been achieved.

In the works [25;26;28;29] devoted to the formalization of TFS, a cog-
nitive architecture of purposeful human activity was developed. Here is
a short description of purposeful activity, how the brain solves tasks to
achieve goals — to meet certain needs.

1) When a need (task) arises, motivational arousal arises, which is trans-
mitted to the cerebral cortex and “extracts from memory” all ways
to achieve the goal that satisfy this need. Together with each of the
ways, the entire sequence and hierarchy of intermediate sub-goals and
sub-results that must be achieved in order to achieve the goal are also
extracted.

2) For each sub-goal and sub-result, the criterion for achieving this sub-
goal and obtaining this sub-result is fixed as a “set of afferent stimuli”,
indicating that the sub-goal has been achieved and the result has been
obtained. This sequence, together with the required parameters of all
intermediate and final results, are in a certain sense the control points
of the goal achievement process.

3) Only the experience that takes into account the current situation and
is applicable to it is extracted from memory. “Trigger” stimuli are also
extracted, which indicate the start time of certain actions (a call for a
dog).

4) For all ways to achieve the goal, the emotion apparatus evaluates the
probability of achieving them and the costs associated with labor in-
tensity, risks and possible obstacles. These estimates can be modeled
fairly accurately by some utility function developed in decision theory.

5) At the decision-making stage, taking into account both the probability
of achieving the goal and the costs, only one of the ways is chosen.
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6) After that, the goal is achieving by completing the entire sequence and
hierarchy of intermediate sub-goals and obtaining all the sub-results
along with monitoring their receipt.

7) If all intermediate results and the final result are achieved, then the
purposeful behavioral act ends with the last sanctioning stage — re-
inforcement, when the received method of achieving the goal, taking
into account the new situation and possible modifications, is recorded
in memory.

8) If any of the intermediate results or the final result is not obtained,
then the plan for achieving the goal (sub-goal) is reviewed taking into
account other ways to achieve the goal (sub-goal).

From the point of view of the task approach, this scheme of purposeful
behavior is formulated as follows. The task of satisfying some need is:

1) there is a need (goal) that must be satisfied (a request to the subject
area), which can be determined by some predicate P;

2) there is an experience (domain model) obtained as a result of pur-
poseful behavior to meet this need. If there is no experience, then it
is accumulated by the method “trial and error”;

3) decision-making is carried out by choosing from the available ex-
perience a specific action plan to achieve the object, situations that
satisfy this need and make the predicate Py true.

4) satisfaction of a need is fixed by a “set of afferent stimuli” (criterion
of satisfaction of a need), indicating satisfaction of a need.

3. Results. The functional model of the subject of management
of an economic actor

In this section, we will show how the functional description of the brain
activity of a living organism, presented in the previous section, can be used
for the digital transformation of an economic actor, aiming to significantly
increase the actor’s ability to adapt dynamically to the flow of tasks being
solved in a changing environment of functioning.

When embarking on the digital transformation of an actor, it is necessary
to answer the following fundamental questions. Who needs a digital coun-
terpart of an economic actor’s management entity, or, in other words, what
is the composition of the stakeholders of the future digital counterpart?
Why and for what they need it? What tasks do they plan to solve with
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its help? What kind of “functionality” of the subject will we represent
in a meaningful and digital model, or, in other words, what goals will we
achieve? Only after receiving answers to these questions can we proceed to
further logical and physical design of the digital twin.

It is clear that this is quite difficult for large-scale and complex eco-
nomic actors. For this reason, we adhere to the following initial conceptual
provisions.

1) The

digital twin of a complex and large-scale economic actor is pro-

posed to be considered a hierarchical set of digital twins of different
subsystems of the actor, functioning independently of each other but
taking into account the results of the work of others, as it was arranged
for functional systems. An example of a possible digital twin scheme
for such a factor as a city is shown in Fig. 3.

2) By replacing the functions of the subject of management with the tasks
it solves, we can thereby describe and digitize any subject management
by means of a task-based approach. In this case, the tasks solved by
this management entity will be local goals, whose activities are aimed
at achieving.

3) For each task, described by its F'S, it is necessary to determine:

2)

b)

i)

f

what goal (request) defined by some set of indicators, properties,
parameters, etc. determined by some predicate Py we need to
achieve?

what control points (acceptors of action results) for achiev-
ing goals and subgoals that satisfy corresponding Py need to be
controlled to effectively solve the task?

what data (information) (situational afferentation) about the
current situation (context) is needed to find a right solution of
the task in this context and what properties should they have
(completeness, consistency, timeliness, sources)?

what is estimates of the solution of what is “good” and what is
“bad” are needed to choose the right way to solve the task (here
we are talking about using an analogue of emotions, which can
be formally represented by a utility function)?

what method of rewarding or punishing do we choose for the solu-
tions of the tasks that achieved goals or subgoals (reinforcement
of the solutions in the learning process)?

All these data from the previous points, which are necessary for
the FS functioning of the task, constitute the context of this
task.

Wssectus VIpKyTCKOro rocy1apCTBEHHOIO YHUBEPCUTETA.
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Intelligent DT of the city

Database Models Knowledge Database of
database base precedents

DATA SOURCES

Figure 3. A possible scheme of the digital twin of the city

4) We assume that for a subject of management whose functioning is
determined by a certain system of regulations (sets of rules and re-
strictions that the entity must adhere to when achieving a particular
goal), the search for ways to achieve the goal is carried out in a certain
“corridor of possibilities” determined by these regulations. In this case,
successfully fulfilled solutions and methods produce the experience.

5) The Worldview (WV) that the subject of management uses to solve
the tasks that ensure its functionality includes an ontological model of
the subject area, a set of regulations for achieving goals, the existing
organizational structure of the subject of management, as well as all
the data required for the contexts of these tasks.

6) The perception of the WV by a digital twin is carried out through
events on the ontological model of the subject area. At the same
time, the subject of management monitor the contexts of solving tasks
and especially their control points. Also a digital twin need to pre-
dict arising of a new goals determined by corresponding predicates Py
activating new (next) tasks.

On the basis of the conceptual provisions of the subject of management
of the economic actor and taking into account the provisions formulated
above, we can build a functional scheme of the subject of management of
the economic actor Fig. 4.

In this figure, “OC” is the designation of the environment, including the
current context of the flow of goals and tasks coming to the input of the
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Search for meanings Processing of meanings Meanings definition

/‘ Decision ‘\
= Hypothesis Inference Task
Perception Experience with criteria
~

Virtual reality Real world

Figure 4. Functional scheme of the subject of management of the economic actor.

subject of management. The °

6.

Arising goals, determined by corresponding predicates Py, activate new
tasks with their criteria and control points. Based on the task context and
available data a set of hypothesis is put forward, according to which, on the
basis of previously accumulated experience, the subject can solve the task.
In the decision block in virtual reality these hypothesis predict the goal
and subgoals achievement in the current context with the corresponding
Py predicates satisfaction. For each hypothesis that achieve its goal and
subgoals and provide the solution of the task its estimation is calculated.
In decision the solution with the best estimation is choosing.

At the same time decision block create control points in terms of corre-
sponding predicates Py for the choosed hypothesis. After that subject of
management begin to execute this solution of that task. During the exe-
cution the achievement of control points and the corresponding predicates
P, satisfaction is control.

Thus digitizing of subject management by means of task-based approach
can be fulfilled.

‘perception” block is described in the point

4. Conclusion

In implementing the main tools for the digital transformation of an actor
— its digital twin we need to take into account that tasks, environment and
regulations may changing. Therefore, it is necessary to modify the digital
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model of the actor’s subject accordingly. Thus, we need to be able not
only to digitize the subject area and existing business processes but also
to provide a special instrumental mechanisms that would allow us to easily
and quickly respond to the emergence of new circumstances and effectively
achieve newly emerging goals in changed conditions. These features distin-
guish the problem of creating, implementing and operating a digital twin
of the subject of management from the creating and operating a digital
twin of the object of management and therefore require special methodol-
ogy, technology and tools. According to the authors, the development of
such a methodology and its corresponding instrumental and technological
platforms aimed in creating intelligent digital twins of management actors
that can be based on the task approach and its theoretical part — semantic
modeling, including its logical and probabilistic section.
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