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Abstract

Objectives. When creating models of system dynamics, the basic construct at the design stage is the representation
of the process under study in terms of a causal relationship consisting of a positive feedback loop and a negative
feedback loop. The construction of a model of a dynamic environment can experience a number of difficulties in
using feedback. This work shows the possibility of designing modules of system dynamics for decision-making
systems based on the situational-activity approach. The study proposes the gap in knowledge about models of
system dynamics to be filled with a conceptual model of an act of activity, by means of which an expert system can
be implemented based on production rules. In this context, conceptual models are applied to human reasoning
with reference to certain types of activity. The objective of the study was to investigate the possibility of applying
the situational-active approach to designing models of system dynamics of infectious diseases based on particular
representations of the conceptual structure of the act of activity.

Methods. By synthesizing Bolotova’s situational algorithm and Shchedrovitskiy’s system-activity approach,
the conceptual structure of the act of activity is presented as a methodology of the situational-activity approach.
The analysis of this structure leads to the construction of a plan of processual structure and a plan of analytical
relationships. The article proposed a hypothesis that the process representations describe the notation of flows and
levels, and the analytical relationships implement differential equations. In order to prove this hypothesis, the subject
area of infectious diseases was investigated.

Results. Based on the set of these plans, a graphic image was synthesized for constructing models of system
dynamics, which is identical to the diagram of flows and levels of development of the SIR process. However, the
problem of constructing conceptual structures is nontrivial, complex, and laborious. Therefore, the Designer—Solver—
Interpreter software suite was implemented. The software tools enable a visualization of the conceptual structures
and implementation of the knowledge bases for expert models of system dynamics. It also tests the completeness
and viability of the model.

Conclusions. To date, there is no single conceptual structure for designing expert systems and situational and
simulation dynamic models. The proposed method and software tools allow these problems to be resolved using
the situational-activity method. Various types of dynamics in expert systems interact, thus confirming the reliability
of knowledge in the models of system dynamics. The conceptual structures of the act of activity are the core part of
designing expert systems, while he derivative process and analytical representations of the act of activity are the core
part of developing modules of system dynamics.

Keywords: situational-activity approach, conceptual structure of an act of activity, process representations,
analytical representations, models of system dynamics
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Pe3iome

Llenu. MNpu npoekTMpoBaHMM MOAENEN CUCTEMHOM ANHAMUKN GA30BbIM KOHCTPYKTOM CTaaun NMpOeKkTUpOBaHUS
ABNSETCH NPeACTaBlEHME UCCIeAyeMOro nNpoLecca B TepMUHaxX NPUYMHHO-CNEACTBEHHONW CBA3M, COCTOSALEN N3
neTenb NOJSIOXUTENBHO 1 OTpULATENIBHON 06paTHON cBS3W. MNpn NOCTPOEHUN MOAENN ANHAMUYECKOM Cpebl BO3-
HUKaeT pag, TPYAHOCTEN UCMNONb30BaHNs 0OpaTHOWN cBA3W. HacToswee nccnegoBaHne nokasslBaeT BO3MOXHOCTb
NPOEKTUPOBAHNS MOAYNIEN CUCTEMHOW OAMHAMUKM AN CUCTEM MOAAEPXKN MPUHATUS PELLEHMIA HA OCHOBE CUTYa-
LMOHHO-AEATENbHOCTHOrO noaxoaa. Npeanonaraetcs BOCMOMHUTL HEXBATKY 3HAHUN O MOAENAX CUCTEMHON Au-
HaMVKWN KOHLLENTYaslbHON MOAENbIO aKTa AESATENbHOCTU, C MOMOLLbIO KOTOPOW MOXET pPeann3oBaTbCs SKCnepTHas
CUCTEMA Ha OCHOBE MPOAYKUMOHHbIX npasui. KoHuenTyanbHble MOAEAN NMPU TaKOM acnekTe NMPUMEHSIOTCH K Ye-
JIOBEYECKMM PACCYXOEHMSM C NPUBSA3KON K ONPeAENIEHHbIM BUAaM aeaTensHocTu. Lenbio paboTbl sBnseTcs mc-
cnenoBaHne BO3MOXHOCTU MPUMEHEHMUS CUTYAUMOHHO-AeATENbHOCTHOrO NoAX0Aa A NPOEKTUPOBAaHNSA MOAENEN
CUCTEMHOW AMHAMUKM MHDEKUMOHHBIX 3a00/1€BaHNIN HA OCHOBE YaCTHbIX NPeACcTaBNeHn pa3paboTaHHOM KOHLEeN-
TyanbHOWM CTPYKTYPbl akTa AEeATENbHOCTH.

MeTopbl. Ha ocHOBEe cuHTE3a ABYX NOOAXOAOB — CUTYaUMOHHOro, npeanoxeHHoro J1.C. bonoToBowr, 1 CUCTEMHO-
[eATenbHOCTHOrO, npeasnoxeHHoro .M. LLleaposuuknm, npeactaBneHa KoHUenTyanbHas CTPYKTypa akTa oedTerb-
HOCTW KaK METOAMKA CUTYaUMOHHO-AEeATENbHOCTHONO NoAxoaa. AHanmM3 AaHHOW CTPYKTYPbl NMPMBOANT K NOCTPOE-
HUIO MPOoLLECCyanbHOrO NiaHa 1 ninaHa aHanuTUYeCckmnx 3akOHOMepHOCTeN. bbina npoBepeHa cnefytoLas rmnoTesa:
NPOLLECCHbIE MPEeaCTaBfeHNsT OMMCbIBAIOT HOTAUMIO MOTOKOB M YPOBHEN, a aHanuTuyeckme 3aKOHOMEPHOCTU
peanusyloT anddepeHLumanbHble ypaBHeHus. Onsa nokasaTtenbcTBa rmnoTesbl UccnenoBanack npegmeTHas o0-
NaCTb NHMEKLMOHHbIX 3a00/1eBaHNIA.

PesynbTatbl. Ha COBOKYNMHOCTN Aa@HHbIX MIAaHOB CMHTE3MPOBAH rpaduyecknii obpas nons NocTpoeHus MoAEeNei
CUCTEMHOW AMHAMWNKM, KOTOPbIN NAEHTUYEH guarpamMmmMe NoTOKOB 1 ypoBHeN pa3smutusa SIR-npouecca. OgHako 3a-
[a4vy NOCTPOEHUS KOHLLENTYyasbHbIX CTPYKTYP CNneayeT Npu3HaTh HETPUBUASIBHOWM, CIIOXHOW 1 TpygoemMkomn. [oaTto-
My pPeann30oBaH NPOrpaMMHbI KOMMIEKC cneaytoLwero coctana: «Odpopmutenb», «Pewwatene» n «MHTepnpeTaTop».
MporpamMMHbIA MHCTPYMEHTAPWIA NO3BOJIU BU3YaNM3npPOBaTh KOHLEMNTYaslbHbIE CTPYKTYPbl U peann3oBaTtb 6a3bl
3HaHWI A58 9KCNEPTHbIX MOAENEN CUCTEMHOM AVHAMMKU, @ Takxke NPOBECTU UCCNEe0BaHNs Ha MONHOTY U aAeKBaT-
HOCTb MOAENN.
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BbiBOoAbl. Ha cerogHaWwWHMN OeHb HE CYLLEeCTBYET €0MHON KOHLENTYyaslbHOW CTPYKTYPbI A1 NPOEKTUPOBAHUSA 9KC-
MEepPTHbIX CUCTEM, CUTYALMOHHbBIX 1 UMUTALMOHHBLIX AMHaAMUYeckux mogenei. MpennoxeHHblin B pabote meton u
MPOrpaMMHbIN MHCTPYMEHTaApPUIA NO3BOASET PELWNTb AaHHbIE 3a4a4M Ha OCHOBE CUTYaLMOHHO-AEATE/IbHOCTHOIO
MeToda. Takum 0oOpa3oM, OCYLLECTBASETCA B3aMMOOENCTBME Pas/iMYHbIX BUOOB OEATESIbHOCTU B 9KCMEPTHbIX
cucTemax, TeM caMbiM NOATBEPXOAETCA OCTOBEPHOCTb 3HAHMM B MOAENSAX CUCTEMHOW AnHaMnKn. KoHuenTyasnb-
Hble CTPYKTYPbI aKkTa AeATENbHOCTU ABASIOTCS SAEPHON YaCTbiO NPU NMPOEKTUPOBAHNM SKCMEPTHbLIX CUCTEM, a Mpo-
M3BOOHbIE NPOLLECCHbIE N aHANIMTUYECKME NMPEeaCcTaBNEHNS aKTa AeATEeIbHOCTY ABAAIOTCS S0EPHOM YacTbio Npu pas-

paboTke Moaynen CUCTEMHOWN ANHAMUKMA.

KnioueBble cnoBa: CUTyauMOHHO-AEATENBHOCTHbIN MOAX0A, KOHUENTyabHas CTPYKTypa akTa AesaTenbHOCTU, NPo-
LLeCCHble NpeacTaBeHns, aHaINTUYECKNE NpeacTaBieHns, MOAEN CUCTEMHON UHAMUKN

e Moctynuna: 27.12.2021 » Aopa6oTaHa: 15.05.2022 ¢ MpuHaTa k ony6nukoeaHuio: 20.06.2022

Ansa uutnpoBaHusa: CopokuH A.B., XenesHsk J1.M., CynpyHeHko [.B., Xonmoropos B.B. MNMpoekTnposaHne moaynei
CUCTEMHOW AMHAMUKW B CUCTEMAaX NOAAEPXKM NMPUHATUS pewleHnin. Russ. Technol. J. 2022;10(4):18-26. https://doi.

org/10.32362/2500-316X-2022-10-4-18-26

Mpo3payHocTb GUHAHCOBOW AEATEJNIbHOCTU: ABTOPbI HE UMEIOT (PUHAHCOBON 3aMHTEPECOBAHHOCTM B NPEACTaB/IEH-

HbIX MaTepuanax nin Mmetogax.

ABTOpbLI 329BNAI0T 06 OTCYTCTBUN KOHDNNKTA MHTEPECOB.

PROBLEM STATEMENT

The value of the decisions made depends on the
reliability and completeness of the data used. At the
same time, the activity in a highly dynamic environment
is intense and tends to independently choose its own
state. Acts of activity also impose requirements on the
decision-making system. The objects of acts of activity
in situations of a dynamically changing environment and
the need to make a managerial decision are controlled
by their states. These states, in turn, are determined by
the definition of objectives by the controlling object. If
there are sufficient controlling actions in the system,
then there is uncertainty in the dynamics of processes,
favoring a simplified perception of reality and an
emotional solution to a complex control problem [1]. A
situation arises in which the sequence and relationships
of actions in the decisions being made are impossible to
identify. Therefore, the hypothesis of the behavior of a
complex object controlled by several controlling actions
needs to be defined, on this basis, the process of change
in the object with various variants of solutions to be
simulated [2].

A simulation model is defined by a logical-
algorithmic description of the behavior of a complex
object and includes continuous and discrete states. The
discrete model consisting of conventional functional
blocks, can be characterized by an average level of
abstraction, and is implemented using the structured
analysis and design technique (SADT) or function
modeling (IDEF0) methodology. The continuous
modeling supports all levels of abstraction and is written
in the unified modeling language (UML), mainly, state
and activity diagrams.

In the simulation model, there is a high level of
abstraction, referred to as system dynamics. Real-world

processes in the system dynamics are represented in
terms of information and flows between levels and
storages, while their formal basis is represented as flow
rate equations using dynamic processes in the state
space. The idea of changes by feedback loops is one of
the most important in determining the structure of the
system dynamics. This led to the creation of tools for
constructing causal (feedback) loop diagrams (CLDs).
The graphical model obtained by the modeling process
is, in fact, a diagram of links, reflecting the relations
between elements of the system modeled as a CLD. If a
change in the cause entails a similar change in the effect,
then such a relationship is called positive. However, if
the change in the cause causes the opposite change in
the effect, then the relationship is called negative, so the
correctness of the model mainly depends on the correct
definition of the role of the CLD. This process without a
conceptual study is laborious [3].

Knowledge representation models are similar in
expert and situational systems. A frequent tool for
situational modeling is the use of simulation models.
This means that the language of situational design must
include certain tools of modeling languages.

INVESTIGATION OF THE STAGE OF DESIGNING
MODELS OF SYSTEM DYNAMICS

Models of system dynamics comprise two main
stages. The first of them 1is called “qualitative,” the
implementation of which takes into account the
relationships of elements of the system and also
the structure of the problem itself. Here, the basic
construct of the system is the process diagram,
consisting of a positive feedback (“+”) and a negative
feedback (“—) with the corresponding notation of their
polarities (Fig. 1).
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Fig. 1. Polarities of relationships

The second stage is called “quantitative.” When it
is implemented, the correctness and reliability of the
model are checked, as are the scenarios of the behavior
of the system under various conditions [4].

If two negative relationships are connected in
series, they form a positive relationship. In turn, causal
relationships (CRs) can form a loop that is unidirectional
and closed. It can be either positive feedback (PF) or
negative feedback (NF).

The rules for determining the polarity of a feedback
loop in a generalized form state that the absence or
an even number of CRs therein makes it a PF loop,
while an odd number of negative CRs makes it an NF
loop.

The dynamic nature of the modeled environment
can give rise to difficulties. For example, if the
system is sufficiently complex, then there may
simultaneously be both several PFs and several
NFs, while the causes of dynamic changes in the
environment can be difficult to achieve in the model.
Note also that only the CRs that are understandable
without any additional actions need to be determined.
An important role is also played by the objectification
of the feedbacks that incorrectly reflect the objective
reality of the problem [5].

The CRs of the model enable the quantitative stage
of modeling the dynamic system to be determined, thus
making them the main tool for designing flows and
levels of systems. The elementary units of the system
are levels, decisions (of a functional type), information
flows, and material flows (Fig. 2).

Information flow

- ~o

Material flow & P+ Level

Decision function

Fig. 2. Structure of the quantitative stage

Levels have a clear time dependence and denote
a certain variable (at a particular point of time),
while their content can be completely heterogeneous.
Mathematically, the level value at a certain point of time
is equal to the sum of the level value at the previous
point of time, while the product of the rate of change
in the level value and the increment of time. The rate
of change in the level value is the difference between
the rates of the incoming and outgoing flows. Figure 3
presents a model of the levels.

d (Storage) / dt = — Outgoing flow

O

Incoming flow

—=—>3

Outgoing flow

Storage

d (Storage) / dt = Incoming flow — Outgoing flow

Q¢>

Incoming flow

Storage

d (Storage) / dt = Incoming flow

Fig. 3. Simulation dynamic model of the levels

If the equations of the levels allow the value of a
certain level to be determined at the current point of time
from its value at the previous point of time, then the rate
equations are predictive, i.e., can predict the values at
the next point of time [6].

In the problem of predicting the rates, it is important
to take into account not only the direct, but also the
indirect factors of influence, e.g., time, as well as the
information flow.

A single experiment may be sufficient to
obtain results from the decision space. However, a
comprehensive study of the environment requires
a certain set of experiments, which may ensure the
variability of decisions for the decision maker.

DESIGNING MODELS OF SYSTEM DYNAMICS
BASED ON THE SITUATION-ACTIVITY APPROACH

According to the methodology of the situational-
activity approach, the types of activities that exist in the
complex dynamic environment need to be determined,
thereby defining the boundary of the validity of the
selected subject area. Imagine, e.g., a dynamically
complex environment “Combating infectious diseases,”
in which there are many activities (Fig. 4) [7].

(.E Combating infectious diseases

Demographic activity

Virological activity

Epidemiological activity

—J J _J

Therapeutic activity

Y

Pharmacological activity ]
. J/

Fig. 4. Numerous activities in a dynamic environment

The structuring of an activity enables certain types of
the activity to be identified. This in turn, makes it possible
to transition to another activity within the selected type
by a logical (formal) analysis. In the structure created,
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Object Object : Object
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is expressed as quantitative
assessment

Quantitative assessment

Quantitative assessment

. ' —~
Interrelation

Fig. 5. Structure of the plan of relationships

the fundamental unit is an act of activity, which does not
limit the researcher in identifying any other units that
depend on the setting of objectives and problems [8, 9].

From the conceptual structures of acts of activity,
four different contents of the act of activity can be
defined: a plan of functional structure, a plan of
processual structure, a plan of context, and a plan of
analytical relationships [10]. These plans are expressed
in a single structure which combines them into a single
whole. Not only does not this create contradictions, but
also it allows them to be applied both in parallel and in
series [11, 12]. In view of the above, the main subject of
this work is the plan of processes and relationships of the
dynamic simulation model.

The planning of processes is determined by the
processes themselves, the objects involved in them,
the states of these objects, and the means by which the
system reaches its objective state [13].

The planning of relationships is determined by the
set of objects and the set of relations between them, and
also by the properties of the objects and the relationships
between them (Fig. 5).

The plan of relationships is implemented in
accordance with the following rules:

e the state of the object of action is equal to the product
(production element) expressed by the quantitative
assessment and is associated with the decision;

e the properties of the means of action are equal
to the quantitative assessment and are associated
with the parameters defined in the structure of the
equations;

e the relations must be unidirectional, and the relations
of the type of “a > b by x,” “a < b by x,” “a > b by
a factor of x,” and “a < b by a factor of x” (where
x is a real number greater than one, and a and b are
some signs of comparison of objects or relations of
objects of the subject area) should be indicated using
the corresponding arithmetic operations;

e objects of relationships of the “increase” type should
be denoted by the plus sign; of the “decrease” type,
by the minus sign; and “define,” by the equals sign.

A variety of representations of the sequence of
arithmetic operations in the models of system dynamics
is formed due to the plan for defining relationships for
its further application in the differential equations of the
corresponding models.

SOFTWARE SUITE
FOR THE IMPLEMENTATION
OF DYNAMIC MODELS
OF DECISION SUPPORT SYSTEMS

The conceptual modeling of a subject area (SA)
requires the specialist to understand the methods of
analyzing situations, activities, and processes occurring
in a given SA [14]. In particular, there is a range of
assignments that can only be performed using software
that can:

1) represent concepts (as elements of sign systems);

2) check the completeness and consistency of systems;

3) generate databases.

As part of the first assignment, we developed the
Designer application, which performs the following
tasks [15]:

e creates objects based on standard geometric shapes
(primitives);

e implements links between objects;

e cdits text of elements of the model;

e scales the model.

Tasks 2 and 3 are solved using the Small Problem
Solver (SPS) application designed especially for
situational analysis. SPS supports the following
functions [15]:

e creation, storage, modification and testing of the
model, and also verification of the correctness of
production knowledge bases (KB) consisting of a
working database (WDB) and a rule base (RB);

e logical conclusion;

e creation of reports on the analysis of problem situations
and on the achievement of objective situations.

The functionality of the SPS is determined by its
architecture (Fig. 6).
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Logical

t Interpreter software 1

conclusion
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Fig. 6. Designer—Solver—Interpreter software suite and the SPS architecture

Thus, the following sequence in the operation of
the Designer—Solver—Interpreter (DSI) software suite
can be defined. When a file is saved in the Designer
program, an XML file is created with the markup of a
graphical model. Then this file is opened by the SPS,
and the program using its own application programming
interface (API) reads information from a file. It writes it
to its knowledge base, checks the model for syntax errors,
and informs the user about the loading result. The next
step is to check the knowledge base for completeness
and consistency. Initial values are set in the editors of
objects, relationships, conflict resolutions, and objective
situation, after which the situation is checked in the
Description/Analysis section.

The knowledge base consists of WDB and RB,
which contain the model elements and the names of
rules and products.

Products have a left side (precondition), which is a set
of the values of properties and relations that are required
to activate the rule, and a right side (postcondition),
which is a set of the values of properties and relations
that that these properties and relations take after the rule
is executed.

In essence, the Interpreter is an API receptor for the
perception and translation of XML files of a graphical
model of the concept of the subject area. Its structure
includes:

e aparser which searches for data in the XML markup
using certain pointers (tags);

e alexer which translates the data located in the places
labeled by the tags into a form understandable by
the SPS.

Upon completion of the transformation and
transmission of data by the lexer, the main stage of
the operation of the SPS begins. After setting the
initial conditions for the properties of objects and
relations, the initial situation, and the conflict resolution

strategies, a logical conclusion is attained from the RB
in accordance with the production rules. The report
obtained as a result of the operation of the SPS allows
the researcher to understand the degree of correctness
of the conceptual model of the subject area which he
or she constructed. This is because the SPS not only
can create a basic initial situation but it also allows the
researcher to modify it by changing the initial objects,
properties, relations, and rules and adding additional
ones.

In the act of conflict situations in the modeled
system, or if these conflicts were intentionally created
by the researcher, there are two main ways of resolving
them [16]:

e prioritization of production rules in the rule editor
with subsequent assignment of top priority to a
conflict resolution strategy;

o definition of conflict resolution strategies other than
prioritization, e.g., “getting closer to the objective,”
“not creating cycles,” etc.

The optimal solution for the conflicts created
intentionally when designing the conceptual model is to
set priorities. The highest priority should be defined by
the rule which is related to the most important factor,
e.g., human life. If the conflicts are related to errors
made at the design stage, then the SPS user can manually
change the products in the rule editor. This provides for
the possible branching when the model is implemented
under changed initial conditions.

In general, it is recommended that at least three
problem situations be checked for:

(1) all the conditions of the problem situation should
correspond to the initial logic of the graphical model
(no changes are made to the initial conditions);

(2) for one (or several) key properties, the value of
which changes during the actions of the model,
the values to be reached in the course of the
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operation (state changes in accordance with the

knowledge base) of the model need to be set.

Thus, the result of the operation of the SPS needs

to be checked, in order to verify that it converges

with the logic (which the researcher assumed) of
the model;

(3) one (or several) properties need to be set to such
values that the logic of the model is broken or
does not work at all. This makes it possible for
the correctness of the model to be verified under
impracticable and contradictory conditions.

Thus, the main purposes of the DSI software suite
are [16]:

e to construct a conceptual model of the subject area
of the problem considered by the researcher;

e to convert the model from the graphical model to a
software one, common for most actual applications;

e to analyze the program model for possible problem
situations using a formal theory.

Summarizing all of the above, it can be stated that the
DSI allows the researcher to create a conceptual model
of the subject area under investigation and to understand
how true and complete this model is, i.e., whether the
logic embedded in the model works from the point of
view of program logic (and from the point of view of
formal theory), and whether the model provides for all
kinds of situations and their consequences.
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CONCLUSIONS

The experience and practice of creating decision
support systems (DSSs) show that, to date, there is no
single conceptual structure of a knowledge base for the
implementation of intelligent modules, and also the
software that supports the situational-activity approach.
The absence of such a single structure indicates that, at
present, there is at least one problem in decision support.
The situational-activity approach allows systems that are
complex in terms of dynamics to be studied efficiently,
in order to create simulation models, models of expert
systems, as well as other intelligent DSSs.!

Asetofconceptual structures are defined as a certain
elemental composition, which when synthesized enable
the construction of intelligent DSSs. Given that the
knowledge of a complex dynamic environment based
on the conceptual structures of the situational-activity
approach is the key to designing intelligent modules,
there are several potential directions for development:
as a language for understanding and modeling, as well
as a tool for identifying a knowledge base.
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