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Abstract. The manuscript discusses theoretical and practical examples of the use of graph analytics to solve
the priority tasks of the digital economy, as the first stage of the knowledge economy. First, authors outline
a simulation model which can be used to track fluctuations in inflation. Since a rise in inflation can reflect
the rise in prices of goods and services, and how consumers lose ground as their earnings buy fewer goods,
predicting inflation — and its effects — can be of great importance. The model presented is based on the
cognitive graph. The cognitive graph has 15 vertices which are factors impacting the economy. The bonds
between the vertices are analyzed and the incidence matrix is formed. Next, unbalanced cycles whose length
is more than 2 are recognized in the graph. It is these unbalanced cycles that typically cause inflation, and
the detriment to the economy. This model makes possible the examination of 5 unbalanced cycles, and its
use allows the government (decision-makers) to implement to control and limit inflation’s effects on the
economy. The theoretical basis applications of cognitive graphs for the quantitative assessment of
knowledge are also presented.
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1. Introduction example, the lockdowns in the course of the pan-
demic are regarded as an economic factor.

The goal of the research is to elaborate the fore-
cast model of inflation and to determine the possible
measures aimed at controlling and limiting infla-
tion’s effects on the economy.

To resolve the imposed task, a prediction model for
inflation dynamics is built in several steps: a cogni-
tive graph with 15 vertices, which are the economic
factors, is designed; next, the bonds between the
factors are described; after that, the incidence matrix
is formed and the unbalanced cycles whose length
is more than two are plotted on the graph. It is these
unbalanced cycles that typically cause detriment to
the economy. This model makes it possible to find

The one of the most challenging problems in the
economy is to estimate the inflation fluctuations in
separate industries, since it is inflation that deter-
mines the conditions for business and social wel-
fare. An approach of solving this problem, pre-
sented in this paper, is based on simulation
modeling, in particular, on the cognitive graph anal-
ysis that allows revealing the correlation between
impact factors and economy’s strength.

The cognitive graphs used to model economic
process have been analyzed in [1-5]. Much attention
was paid to the modeling of inflation processes in
the studies [6-8]. However, the model proposed in
this research takes into account great outliers. For
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and examine five unbalanced cycles, therefore, its
use allows the government (decision-makers) to im-
plement active measures against inflation’s effects
on the economy.

At the level of tasks of the digital economy, as
the first stage of the knowledge economy, the theo-
retical foundations for the use of graphs for the
quantitative assessment of knowledge are proposed.

2. Materials and Methods

The growing volume of analyzed data needs new
mathematical models of different systems to de-
crease material and time costs spent during the stud-
ies [9]. Each method of the mathematical modeling
has its own specific. One can classify the modeling
methods as follows: econometric modeling, ma-
chine learning models, simulation modeling [10].

The economic researches are based on the data
used in machine learning models [11]. Such models
can be created if the stable trend of historical data is
available [12].

Well-structured economic data also allow build-
ing classical econometric models. Data complete-
ness and reliability are critically important in de-
scription of evolutionary development of economic
process [13].

However, sometimes the evolutionary develop-
ment stops, and the dynamic processes are initiated
by the subjects’ instant actions, which previously
were not implemented, or by the political decisions,
the reactions on which could not be predicted in ad-
vance. In other words, such situations are regarded
as outliers and it is rather difficult to elaborate ro-
bust statistical methods for them [14, 15].

In this case, the proper analysis approach is to
design scenarios and to consider all reserves which
belong to economic subjects and which are used as
protective measures of subjects’ reaction. In this pa-
per, the reserves are regarded as a set of the elabo-
rated actions provided with material resources, and
prepared as the measures to manage risks.

The problem of econometric models is the emer-
gence of “revolutionary moments”, i.e. the moments
when evolutionary development, which potentially
can be predicted by models, is no longer evolutional
since development becomes a complex of unpre-
dictable reactions of the subjects to environment im-
pacts [16]. The reasons of that can be political deci-
sions or changes of reaction to the events. It is likely

that the nature of interaction between subjects un-
derlies these events [17].

The simplest example of the interaction between
two subjects is the “coevolution” model, called so
by biologists. As it can be understood from the
name, the evolution of one species impacts the evo-
lution of another species, that, in its turn, influences
on the evolution of the first one. For instance,
Lotka-Volterra “predator-prey” model forecasts
that the growth of predator population causes de-
crease of preys. At the same time, if the number of
preys falls, the population of predators falls too, that
is explained by shortage of food supply. The model
has the following differential equation:

dx_( )

ddt_ @ =By,
y— —

dt—( Y + 6x)y,

where x —number of preys, y —number of predators,
t — time, a,B,y,0=const — coefficients that charac-
terize relations between populations of predators
and preys [18].

To use econometric models for solving such
problems is not efficient. In reality, observing the
fact (number of preys or predators) we can “catch”
the moments (values of temporal series) when the
dynamics direction changes [19]. Today, in the con-
temporary world, it is unwise to assume the exist-
ence of isolation factors, but the more irrational de-
cision is to neglect the factors which can arise at
certain moments or, alternatively, stop impacting.
Even if we correctly determine the range of histori-
cal data, we cannot be sure that at a certain moment
a new character of interactions would not be
“switched on” or “switched off” causing unstable
condition of the system [17].

Sometimes we cannot apply the models which
are based on the principles of the theory of proba-
bility as they allow estimating only specific depend-
encies between random variables. In case when one
of the factors cannot be defined by measurable func-
tion (for example, it is a result of adoption political
decisions and it is just a parameter of controlling so-
cial and economic system), all models become pos-
sible for implementation only if a decision-maker
understands this aspect [20].

Machine learning models are less subjected to
critics of mathematical methods, since they reflect
the situation “as is”. However, training the models
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requires huge number of datasets and a great deal of
time which is not always possible [21, 22].

At the first stage, one needs to determine the fac-
tors impacting the state of the studied system. Inner
factors of the system are divided into two classes:
target and off-target. Outer factors (or control fac-
tors) are the indicators which are artificially intro-
duced into the system by the decision-maker to ob-
tain the specified state of the model [11].

At the second stage, the bonds between factors are
built. That means it is necessary to determine the char-
acter and strength of the bonds between one vertex and
other graph vertices. It is obvious that maximum quan-
tity of such bonds will be (n(n-1))/2, where n —number
of factors of the studied model [23].

The next stage is the assignment of action force
of the source-factor on the resulting factor to each
bond. Three main approaches exist:

e analytic, based on expert opinion of special-
ists in the given area;

e statistic, based on statistic approach, which
classical tool is correlation;

e statistic expert approach [24].

Each of these approaches has both advantages and
drawbacks. For example, analytic approach can be
highly difficult applied in models with numerous fac-
tors of high order. Statistic approach, for its part, tradi-
tionally faces the serious problem concerning unstruc-
tured data base of the bonds between factors (data
inconsistency, irregularity), that results in difficulties
arising in calculation of bond strength. Thus, the third
method is considered to be the optimal one as it is the
synergy of the first and the latter [25].

If a model is built not on numeric data but on
analytical ones, impact bonds of one factor on an-
other show only positive/negative influence of the
first factor on the second one. In this case, numeric
characteristics of the bonds are equal to +1 and -1
respectively. That will be the signed graph [26].

Further, on the basis of obtained data, a weighted
cognitive graph is to be built. Its vertices are the men-
tioned above factors, its edges are the bonds between
factors and the weights of these edges are numeric fea-
tures of the impacts between the factors [27].

Now we consider the term balanced model. Let
G = (V, E) be a cognitive graph describing the sys-
tem. Fig. 1 shows an example of a cognitive graph.
Let us suppose that there is at least one cycle of
length n>2. Then if [];sgn(w;;+1) =1, where
i=0,...,n-1, the cycle is called balanced. Otherwise,
if [[; sgn(w; ;41) = —1, the cycle is called unbal-
anced [28]. The model will be balanced unless all
graph cycles describing this model are balanced.

Balance of the graph influences on stability of
the model in mid-term and long-term forecast. Be-
ing stable in a short period, if unbalanced cycles pre-
sent, in long term period the model behavior will not
be consistent. To provide steady state for the sys-
tem, one can apply control action by which system
perturbations are regulated and, thus, to balance the
graph [16].

To determine the presence of the cycles of length
k in the graph with n vertices, it is necessary to make
an absolute incidence matrix A. To determine which
vertices are the vertices of the cycle of length k, one
needs to determine nonzero diagonal elements of
matrix A¥ [29]. These nonzero elements will indi-
cate the participation of the vertex in the cycle of the
length k. For example, diagonal vector of the matrix
A? will be (1, 2, 1, 0). The vector of diagonal ele-
ments of matrix A3 is equal to (2, 1, 2, 1). It is clear
that if the cycle of the length n exists, all diagonal
values of the matrix A™ must be different from zero.
Since diagonal values of the matrix A*arrange the
vector (3, 5, 3, 1), the cycle of the maximum length
exists.

Thus, the present graph possesses the following
cycles:

Fig. 1. Example of a cognitive graph
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e oflength 2: (1) i) 2) i) (1) — balanced cycle;
(2) > 3) i) (2) — unbalanced cycle;
o of length 3: (1) = (4) > (3) 5 (1) — unbal-

+ - +
anced cycle; (1) = (2) = (3) = (1) — unbalanced
cycle;

e of length 4: (1) > (4) 5> 3) > @) 5 (1) -
unbalanced cycle of maximum length.

This example does not clearly demonstrate the
necessity to apply method of cycle search by raising
matrix A to certain power. However, the more ver-
tices, i.e. the factors of the systems, graph possesses,
the easier procedure of cycle search becomes. Since
the modeled system, as a rule, have at least the sec-
ond order of quantity of factors, the given algorithm
is applicable.

In this example, it is the prevalent unbalanced
cycles that have great impact on the system. Unbal-
anced effect means that there is a cyclical nature in
the structure of analyzed system: like in the Lotka-
Volterra model [29], which is described by unbal-
anced cycle of length 2, it is very difficult to evalu-
ate dynamics of population development as the
model is cyclic. If one deals with such graph, re-
flecting the analyzed model, it is necessary to intro-
duce controlling actions which change the character
of the bond between model factors to bring the sys-
tem into steady state. That will make it possible to
apply econometric methods for further forecasting
dynamics of system development.

If the model possesses unessential disbalances,
which do not impact on target factors, such param-
eters can be considered as “blank noise”. Additional
controlling actions are often expensive and time-
consuming, and their contribution to the system
structure is small. Hence, it is important to deter-
mine which of unbalanced cycles have significant
effect on the system and to focus on bringing these
cycles to balanced state.

Knowledge and its quantitative measure-
ment, information

Little attention was paid to knowledge and its
quantitative measurement. Much more involved in
information, its transmission, quantitative measure-
ment. This was largely due to the technology of in-
formation transmission, the emergence and devel-
opment of cybernetics. In this regard, we note N.
Wiener with his book "Cybernetics", the Hungarian
mathematician A. Renyi, the winner of the Eduard

Rhein Prize in 1999 V.A. Kotelnikov with his pio-
neering publication of the "sampling" theorem,
which became known as the Wittker-Kotelnikov-
Shannon theorem and which marked the beginning
of the development of the digital economy. This
topic became especially popular after the publica-
tion of the works of S. Shannon. The first systematic
research in the field of knowledge economics was
carried out in the 1960s by Fritz Machlup, a profes-
sor at the University of Vienna, who used the con-
cepts of knowledge and information as full syno-
nyms. However, with the advent of the "knowledge
economy" in science, there was a need for a theoret-
ical understanding of the very concept of
"knowledge", the possibility of its quantitative
measurement.

Labyrinth task

Consider a oriented graph. Suppose someone
goes along this graph (in the direction of the arrows)
from left to right, deciding at each fork in which di-
rection to go. In this regard, we introduce the fol-
lowing axiom:

Axiom

Suppose that a question is asked, to which only an-
swers “yes” or “no” are possible and they are equally
likely. Then the answer to this question contains an el-
ementary amount of knowledge -1 bit.

Turning again to the graph, we note that the
knowledge of the correct path (for example, about
the passage of the entire graph or about the passage
to its end, somehow indicated) contains as many bits
of knowledge as there are forks in this path. This
knowledge can, for example, be sold to someone
who wants to buy it (let's imagine that this graph is
a labyrinth and the correct path is the path to the exit
from this labyrinth).

0

10

11

36 MHDOPMALMOHHBIE TEXHOJIOT M U BBIYUCNTUTENbHBIE CUCTEMbI 3/2023



Graph Analytics for Digital Economy Tasks

So, we propose to measure the amount (volume)
of knowledge by the number of equiprobable an-
swers "yes", "no".

So, in the well-known algorithm for searching
for a person (successive division of a group in half),
this algorithm for a group of 2" people allows you
to extract bits of information or knowledge

Note that if the specified specific answers are not
equally likely, then the knowledge in the answer
will be less than 1 bit. There are games that are not
quite for children, which adults also play. For exam-
ple, Renyi, in his already cited book, describes such
a game called "Bar-Kokhba". In this game, one par-
ticipant thinks of something, for example, some
phrase. The other participant must guess the riddle.
He is allowed to ask simple questions that allow
only “yes” and “no” answers. The stated point of
view on knowledge and its quantitative measure-
ment is indirectly confirmed by the fact that the
level of knowledge, a person's experience is often
assessed by the ability to give meaningful answers
to the questions asked.

Note that in our opinion, any research and scien-
tific work is quite similar to the above-mentioned
Bar-Kokhba game or a labyrinth problem, only in
scientific work it is not always clear where the exit
is and what it is.

In concluding this paragraph, let us challenge
some of the judgments about knowledge made at
different times by different people. The idea ex-
pressed earlier that knowledge should be clear, but
information is not obliged, and an example is given
with learning to ride a bicycle. They say that any
story about how to ride a bike is fuzzy and does not
help the student. But this example is not convincing.
Also not convincing are the considerations that
knowledge must be true, while information can be
false. Therefore, we believe that these two concepts:
knowledge and information are very difficult to dis-
tinguish; research and the search for new ap-
proaches in this direction should be continued.

3. Result: a Forecast Model
of Inflation Dynamics

One of the main tasks of the Central Bank of the
Russian Federation is the inflation targeting. Being
the key indicator of the health and stability of the
economy, the inflation reflects regular trend of price
increase for goods and services and it is equal to the

ratio of item of goods/service price in the present
period to the according price in the previous period.
The period depends on the basis respect to which the
inflation is calculated (week, month, quarter, year
inflation) [30].

Accordingly, the inflation in country is calcu-
lated for the set of goods and services. Formula for
calculating the consumer price index (CPI) is

_xopt

o = S

X 100%,

where t — present period, 0 — base period, Qj and P;
— amount and price of the goods respectively. It is
evident that the dramatic change of prices for any
constituent of CPI may have a significant impact on
the result, especially if we consider the effect of low
base (in case when core inflation is not high). Thus,
considerable inflation changes of some goods and
services may have a profound effect on the average
inflation in the country [31].

Since one of the important leverages to regulate
inflation is the state monetary policy (SMP), the
main tool of which is a key interest rate, the inflation
dynamics directly affects the population of the
country. The change of the key interest rate also di-
rectly affects the change of crediting rate for citizens
or business as well as investment of funds [32].

Our goal is to analyze the inflation forecast
model and to determine potential controlling actions
in order to mitigate inflation fluctuations on the gen-
eralized example in the industry in which price per
cent rise fast outrun the average historical one. As it
was mentioned earlier, to make the inflation dynam-
ics predictable, it is important to have such constit-
uents of food basket that would not have large price
outshoots.

Noticeable changes in some industries could be
observed during pandemic. For instance, the dra-
matic inflation rise was caused by demand inflation
rise as well as supply inflation rise. Since the Cen-
tral Bank launched soft monetary policy to increase
monetary supply and to stimulate local economy, in-
terest rates were at remarkably low level at the be-
ginning of the pandemic. That favored formation of
low basis effect and one could witness that during
economic recovering the influence of some indus-
tries on the integrate inflation indicator was higher
than the usual one (for example, automotive and
construction industries, some food products). This
atypical inflation in single industries resulted
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in rapid growth of the total inflation and later that
strongly affected the Central Bank’s decisions
which concerned welfare of the citizens.

We introduce some assumptions to build the
model to forecast emergence of inflation disbal-
ances on the generalized example of one industry:

1. Forecast model is a short term;

2. We will assume that the key interest rate
Rnominat = Rreal+E[1], where Rreal — a real target in-
terest rate, and E[l] — expected inflation. We are in-
terested in inflation surges which are different from
expected inflation;

3. Prices of goods are given in local currency;

4. The model is general: some bonds between the
model factors can be corrected in dependence on the
industry.

A set of graph vertices, corresponding to the fac-
tors of the system, is as follows:

Vi — The change in the worldwide prices for
goods denominated in local currency;

V, — The cost of the local currency against the
currencies of the main trade partners;

V3 — The change in the worldwide prices for con-
stituent parts of goods for the final product;

V4 — Government grants/reduced-rate lending
for population and corporations;

Vs — Growth rate of the real local inflation;

Vs — The change of demand level on the domes-
tic market and as a result:

product deficit; information support of the de-
mand for a product; acquisition of expensive tangi-
ble assets as an investment method; change of pop-
ulation preferences — migration to the lower cost
category of the goods.

V7 — The change in the level of fiscal stimula-
tion: modification of taxes, tariffs, budget expenses
on infrastructure projects and population support;

Vi — Activities of Federal Antitrust Authority;

Vo — A part of import equipment used in manu-
facture (in monetary terms);

Vio — A part of export-worthy products;

Vi1 — Probability of price fixing arranged by
companies:

e model “monopolistic competition”, demand
is elastic. Price fixing is arranged between all par-
ticipants of the market;

e model “oligopoly”, demand is not elastic.
Price fixing arranged between all participants is the
result of increased prices of one company.

V12 — Increase of production costs;

V13— Impose of lockdown;

V14 — The reaction of the population to imposed
restrictions (instant increase of demand for basic
need goods and essential commodities as a result of
panic);

V15 — The reaction of the government aimed at
controlling population panic (information via news
channels).

The Fig. 2 demonstrates the generalized industry
model.

Now we describe the bonds between the factors
of the given system:

Vi ¥ Vi: when the worldwide costs of raw ma-
terials increase , it is obvious that the constituent
parts of a product used in production on the local
market reflect worldwide cost dynamics;

Vi F Vo: when the cost of imported products
rises, the demand for it falls and the companies start
buying equipment on domestic market;

V1 ¥ Vio: the increase of worldwide prices mo-
tivates the companies to grow the export share as
sales of product become more profitable and the op-
eration profit margin rises;

Vi ¥ Vii: the increase of worldwide prices leads
to high probability of cartel agreements between the
companies which are out of the competiveness to
establish the specified prices on the local market;

V| ¥ V2 the increase of the cost of the equip-
ment and raw materials leads to the increase of the
production costs;

V2 = V;: strengthening of the local currency re-
sults in decrease of prices of world goods (denomi-
nated in foreign currency) in local currency;

V2 = Vs: strengthening of the local currency re-
sults in decrease of prices of imported products, all
that decreases the general price level in economy.
The effect of transferring currency exchange rate on
inflation in short term period is considered to be less
than the one in long term period;

V> ¥ Vo in the course of strengthening the local
currency, the foreign equipment price (denominated
in foreign currency) obviously falls, that will cause
increased demand for import.

V2 = Vo strengthening of the local currency re-
sults in the situation when the exporting companies
loose interest to trading on the international markets
due to more stable local market;
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Fig. 2. Generalized Industry Model

V3 F Vs: the increase of the price for the constitu-
ent parts of a product cause the rise of the price of the
final product and that results in increased inflation;

Vi ¥ Vi to stabilize the market prices, it is
likely that the companies will have cartel agreement
in case of increasing prices for the constituent parts
of a product, to keep the market competitiveness;

Vi + Ve reduced-rate lending for population
leads to growing money supply, that results in in-
creased consumer activity;

Vs + Va: opposed to long term effect, short term
effect of increased inflation leads to the increased
Central Bank’s key rate and that attracts the foreign
investors who are interested in assets, denominated
in the local currency, therefore, the demand for local
currency also increases favoring its strengthening;

Vs = Vg increased inflation leads to the neces-
sity to decrease monetary supply to restrict uncon-
trolled population purchases, that causes closures of
reduced-rate lending for population;

Vs = Vg increased inflation and prices for goods
leads to decreasing demand on the local market;

Vs = V7: increased inflation and prices for com-
modities leads to decline of growth rate in fiscal
stimulating;

Vs ¥ Vii: increased inflation leads to the in-
creased prices for the products and that can make
the “price-takers” companies establish a certain
mechanism to control the prices, which are poten-
tially ahead of inflation rate;

Vs ¥ Vs: direct correlation is obvious, demand
inflation.

Vs + Vii: probability of price fixing agreement
between companies to keep a certain price level on
the market increases if the demand rises, i.e. the new
consumers and capital come to the market;

V¢ = Vi4: the dramatic demand for the products
leads to its deficit, that implies decrease of unusu-
ally high consumer activity which is a result of
panic;

V7 ¥ Vs: the growth of fiscal stimulation leads
to increased monetary supply and, as a result, to in-
flation growth;

Vs = Vs: active measures of the Federal Antitrust
Authority will control price policy of the company
which market share is rather large, therefore, that
positively affects inflation rise;

Vo ¥ Vs: the higher cost of import equipment in
local currency, the higher price of the product (product
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costs always impact on the price), therefore, in-
creased price of import equipment exerts pressure
on the inflation;

Vg + Via: the rise of monetary terms of import
equipment results in increased costs of goods pro-
duction;

V1o + Va: the more goods are exported, the more
foreign currency comes to local market, the greater
demand on conversion of foreign currency into the
local one (to pay taxes and to develop business) ap-
pears. All that strengthens the local currency;

Vip + Vs: the more goods are exported, the
higher inflation pressure from export prices on the
goods is. The difference between lower prices on
domestic market and higher prices on overseas mar-
kets is compensated by increasing prices on the do-
mestic market;

Vi1 + Vs: the Federal Antitrust Authority starts
actively examining the companies if there is a price
fixing agreement between the companies-stake-
holders;

V12 ¥ Vs: the rise of production costs increases
the price of the goods that resulted in growing infla-
tion;

Vi3 + Va: the lockdowns are accompanied with
decreased economic activities, and the measures,
such as reduced-rate lending for population and
business, are applied to recover economy;

Vi3 = Vs: the lockdowns stop business opera-
tions, cause unemployment and decrease of aggre-
gate inflation;

Vi3 + Ve the lockdowns launch dramatic de-
mand on the essential goods as well as expensive
material assets. At the same time, there is a fall of
demand for services which do not have profound ef-
fect on inflation, therefore, we consider this bond as
a positive one;

Vi3 F Vi the correlation is clear;

Vi3 + Vi4: the population panic results in uncon-
trolled demand on the essential products;

Vis + Vis: naturally, to prevent the population
panic, the government imposes the preventive
measures;

Vis + Vi3: mitigating measures of the govern-
ment cancels lockdowns to restore business and to
normalize business activities among the population.

Incidence matrix of the graph is given in the
Table 1.

Next, we need to find all unbalanced cycles
which length is more than 2. There are 5 such cycles
in the given system:

I. VipVaVy

2. VsV Vg

3. V4 V6 Vs;

4. V4 Vi5s Vi3 Vg

5. Vi3VsVeViaVis;

6. Vi3VsViVsViaVis;

Table 1. Incidence matrix of the graph

Vi | Vo | Vs | V4| Vs | Ve | Vs | Vs | Vo| Vio | Viu Vi2 | Viz | Viu | Vis
Vi 0 0 1 0 0 0 0 0 1 1 1 1 0 0 0
\% -1 0 0 0 -1 0 0 0 1 -1 0 0 0 0 0
Vs 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0
V4 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Vs 0 1 0 -1 0 -1 | -1 0 0 0 1 0 0 0 0
Vs 0 0 0 0 1 0 0 0 0 0 1 0 0 -1 0
V; 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
Vs 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 0
Vo 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0
Vio 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0
Vi 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
Viz 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
Vi3 0 0 0 4 -1 0 0 0 0 0 0 0 0 1 0
Vis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Vis 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
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Disbalance of these cycles makes the system
state unsteady, therefore, it is important to control
the model by means of special measures.

As for the first unbalanced cycle, it is evident
that there are some measures, such as export quotas,
to regulate the export.

The second unbalanced cycle is the result of car-
tel agreements. Preventive measures conducted by
the Federal Antitrust Authority aimed at controlling
such problem often can be late. The time lag can
cause an uncontrolled oscillations of consumption
price index. One of the possible methods to control
such agreements is the unified database of product
costs which will be accessed by the regulatory bod-
ies. Using this database, one could compare differ-
ent companies from the same industry, as well as to
track large deviations of price policies from the ex-
pected price behavior.

The third unbalanced cycle requires operational
control of certain economic sectors which could ob-
tain large capital inflow due to stimulation. For ex-
ample, the growth of favorable mortage loans re-
sulted in uncontrolled growth of the prices on real
estate because the demand on the real estate had in-
creased manifold. The demand growth is explained
by purchasing real estate as investments, that had
never occurred massively in this area before. Thus,
stimulation of population to buy real estate led to
demand surplus, hence, increased inflation and real
estate price. It is important to stiffen requirements
for obtaining favorable credit conditions to avoid
excessive demand on the market.

The fourth unbalanced cycle reflects only in-
stinctive behavior of the individuals. To normalize
fluctuations of the given cycle, the controlling bod-
ies must instantly respond to population panic.

The fifth and the sixth cycles shows the influ-
ence of the lockdowns which brought overwhelm-
ing cheap financing to the economy. The methods
of normalizing such fluctuations in the system are
similar to the cycle 3.

4. Conclusion

The designed multifactor model demonstrates that,
generally, the system, describing macroeconomic
functioning of some industries, is rather steady in the
ideal world: presence of controlling bodies and regu-
lators should provide ideal environment for gradual
and predictable positioning of inflation expectations.

Since we face unpredictable events, it is getting
difficult to predict the inflation dynamics with high
accuracy. The new factors which make the state of
the system unsteady appear. When the system be-
comes unstable, any prognostic methods automati-
cally stop working efficiently that causes inade-
quate estimation of the inflation, all that leads to the
increased volatility on financial markets and weak-
nesses of economic environment.

The obtained system should offset inflation fluc-
tuations caused by the unbalanced graph cycles. Ap-
plication of additional controlling actions is neces-
sary to maintain not only the generalized inflation
within the target range but also each constituent of
CPI, because even one industry of economy may
have profound effect on the aggregate indicator.
Maintenance of one particular inflation of the spe-
cific industry within the specific range will favor
predictability of the Central Bank’s activities, that
will positively affect social and economic climate of
the state.

Modeling of various systems by means of cogni-
tive graphs helps clearly define weak points of the
system and to act against their negative impact by
introducing additional factors into the system in or-
der to create new bonds or to destroy the old ones.

In the given system, the unbalances cycles were
plotted on the graph and the controlling actions were
found in such a way to make the system more re-
sistant to the oscillations. Thus, unpredictable infla-
tion fluctuations in each industry can be prevented
by the proposed events. That will allow the govern-
ment to conduct clear policy concerning macroeco-
nomic conditions and allow citizens and entrepre-
neurs to trust the inflation dynamics forecast
produced by the Central Bank. All that makes it pos-
sible to take urgent measures on financing business,
issuing credits and depositing to provide healthy
business climate in the state.

Information is  formalized  knowledge.
Knowledge must be formalized, written down in
some generally understandable way and transferred
where necessary. And the receiving party must de-
cipher this information and, like a nucleolus from a
nut shell, peel knowledge out of this information.
But here, too, there is an objection. Information
about knowledge does not need to be written down
in a commonly understood way. Information about
it should be clear only to the receiving party. Let us
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pay attention to one more nuance in the difference
between knowledge and information: “Knowledge”

is

produced, born, extracted: “Information” in-

volves the transfer of it (information), while what is
transferred already exists and is either again infor-
mation or knowledge.

References

1.

10.

11.

12.

13.

42

Kochkarov, R. Multicriteria Optimization Problem on Pre-
fractal ~ Graph.  Mathematics 2022, 10,  930.
https://doi.org/10.3390/math10060930

Kochkarov, R. Research of NP-Complete Problems in the
Class of Prefractal Graphs. Mathematics 2021, 9, 2764.
https://doi.org/10.3390/math9212764

Ledashcheva, T.; Pinaev, V. Cognitive analysis of the so-
cio-ecological and economic system of the region for
choosing a sustainable development strategy (on the exam-
ple of oil-producing regions of Russia). E3S Web of Con-
ferences 2020, 169, 02020.

Paley, A.G.; Pollack, G.A.; Konova, E.A.; Kalashnikova,
N.V. Building models of economic systems using cognitive
methods. In Proceedings of the 31st International Business
Information Management Association Conference, IBIMA
2018: Innovation Management and Education Excellence
through Vision 2020, Italy, 25-26 April, pp. 4062-4069.
Ginis, L.A.; Gorelova, G.V.; Kolodenkova, A.E. Cognitive
and simulation modeling of regional economic system de-
velopment. International Journal of Economics and Finan-
cial Issues 2016, 6(5), 97-103.

Ivanyuk, V. Economies. Formulating the concept of an in-
vestment strategy adaptable to changes in the market situa-
tion. Economies 2021, 9, 95. https://doi.org/10.3390/econ-
omies9030095.

Sudakov, V. Improving Air Transportation by Using the
Fuzzy Origin—Destination Matrix. Mathematics 2021, 9,
1236. https://doi.org/10.3390/math9111236.

Krakhmalev, O.; Krakhmalev, N.; Gataullin, S.;
Makarenko, I.; Nikitin, P.; Serdechnyy, D.; Liang, K.
Korchagin, S. Mathematics Model for 6-DOF Joints Ma-
nipulation Robots. Mathematics 2021, 9, 2828.
https://doi.org/10.3390/math9212828.

Andriyanov, N.A.; Dementiev, V.E.; Tashlinskiy, A.G. Detec-
tion of objects in the images: from likelihood relationships to-
ward scalable and efficient neural networks. Computer Optics
2022, 46(1). DOI: 10.18287/2412-6179-C0O-922.

Bushin, P.Y.; Zakharova V.N. Mathematical methods and
models in economics. RITS HGAEP: Khabarovsk, Russian
Federation, 2006.

Kamaev V.A. Cognitive modeling of socio-economic systems.
TUNL VolGTU: Volgograd, Russian Federation, 2012.
Korchagin, S.; Pleshakova, E.; Alexandrova, I.; Dolgov, V.;
Dogadina, E.; Serdechnyy, D.; Bublikov, K. Mathematical
Modeling of Electrical Conductivity of Anisotropic Nano-
composite with Periodic Structure. Mathematics 2021, 9,
2948. https://doi.org/10.3390/math9222948.

Soloviev, V. Fintech Ecosystem in Russia. In Proceedings of
the 2018 11th International Conference; Management of
Large-Scale System Development, MLSD, Moscow, Russia,

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

1-3 October
https://doi.org/10.1109/mlsd.2018.8551808.

2018.

. Abramova, N.A.; Avdeeva, Z.K. Cognitive analysis and

management of application: problems of methodology, the-
ory and practice. Problems of management 2008, 3, 85-87.
Avdeeva, Z.K.; Makarenko, L.P.; Maximov, V.P. Cogni-
tive technologies of decision-making support in strategic
management of situations. Information Technologies 2006,
2,15-25.

Gorelko, G.P.; Korovin, D.I. Mathematical modeling of the
dynamics of changes in the qualitative indicators of the so-
cio-economic system using weighted digraphs. Proceedings
of higher educational institutions. Series: Economics, fi-
nance and production management 2013, 4(18), 84-91.
Gorelko, G.P.; Korovin, D.I. Modeling the interactions of
factors of the socio-economic system of Russia by the
method of graph theory. Proceedings of higher educational
institutions. Series: Economics, finance and production
management 2013, 2(16), 100-106.

. Korovin, D.I. On the use of cognitive graphs to analyze the

qualitative characteristics of socio-economic processes:
corruption in the university. Proceedings of higher educa-
tional institutions. Series: Economics, finance and produc-
tion management 2020, 2(44), 67-72.

Krakhmalev, O.; Korchagin, S.; Pleshakova, E.; Nikitin, P.;
Tsibizova, O.; Sycheva, 1.; Liang, K.; Serdechnyy, D.; Ga-
taullin, S.; Krakhmalev, N. Parallel Computational Algo-
rithm for Object-Oriented Modeling of Manipulation Ro-
bots. Mathematics 2021, 9, 2886.
https://doi.org/10.3390/math9222886.

Luchko, O.N.; Marenko, V.A. Cognitive modeling as a de-
cision support tool. Publishing House of the Siberian
Branch of the Russian Academy of Sciences: Novosibirsk,
Russian Federation, 2014.

Korchagin, S.A.; Gataullin, S.T.; Osipov, A.V.; Smirnov,
M.V.; Suvorov, S.V.; Serdechnyi, D.V.; Bublikov, K.V. De-
velopment of an Optimal Algorithm for Detecting Damaged
and Diseased Potato Tubers Moving along a Conveyor Belt
Using Computer Vision Systems. Agronomy 2021, 11, 1980.

Osipov, A.; Filimonov, A.; Suvorov, S. Applying Machine
Learning Techniques to Identify Damaged Potatoes. Lec-
ture Notes in Computer Science (including subseries Lec-
ture Notes in Artificial Intelligence and Lecture Notes in
Bioinformatics). In Proceedings of the LNCS, 20th Interna-
tional Conference on Artificial Intelligence and Soft Com-
puting, ICAISC 2021, Virtual, Online, 21-23 June 2021.
DOI: 10.1007/978-3-030-87986-0_17.

Kuznetsov, O.P. Methods of formalization, analysis and de-
cision-making in poorly structured situations based on
fuzzy cognitive maps. In Scientific session of MEPhI. Col-
lection of research papers in 17 volumes. MEPhI: Moscow,
Russian Federation 2007; Volume 3, pp. 27-30.

Pavlov, A.N.; Sokolov, B.V. Decision-making in condi-
tions of fuzzy information: textbook. GUAP: Saint-Peters-
burg, Russian Federation, 2006.

Pegat, A. Fuzzy modeling and control. BINOM Knowledge
Laboratory: Moscow, Russian Federation, 2011.

Mazny, G.L.; Kursova, N.V. Sign graphs and digraphs and
their application in modeling and analyzing complex prob-
lems in ecology, psychology, economics and politics.
Geoinformatics 1997, 3, 8-17.

MHDOPMALMOHHBIE TEXHOJIOT M U BBIYUCNTUTENbHBIE CUCTEMbI 3/2023



Graph Analytics for Digital Economy Tasks

27. llchenko, A.N. Economic and mathematical methods. Fi-  30. Goncharov, D.K. Development of hidden key competencies

nance and statistics: Moscow, Russian Federation, 2006. of the enterprise. Creative Economy 2009, 5, 92-96.

28. Gorelko, G.P.; Korovin, D.I. The use of balanced graphsto de- ~ 31. Luchko, O.N.; Marenko, V.A.; Khveckovich, E.B. Infor-
scribe the dynamics of economic processes in socio-economic mation and analytical systems. OmGA: Omsk, Russian
systems. Ivanovo State Power Engineering University named Federation, 2010.
after V.I. Lenin: Ivanovo, Russian Federation, 2013. 32. Marenko, V.A.; Luchko, O.N.; Stripping, L.O. Information

29. Roberts, F.S. Discrete mathematical models with applica- and analytical work in socio-economic systems. Publishing
tion to social, biological and environmental problems. house of SB RAS: Novosibirsk, Russian Federation, 2010.

Nauka: Moscow, Russian Federation, 1986.

Korovin Dmitriy I. Department of Data Analysis and Machine Learning, Financial University under the Government of the Rus-
sian Federation, Moscow, Russia. Professor. Doctor of Economic Sciences. Research interests: mathematical modeling, machine
learning, graph analytics. E-mail: DIKorovin@fa.ru.

Romanova Ekaterina V. Department of Data Analysis and Machine Learning, Financial University under the Government of the
Russian Federation, Moscow, Russia. Associate Professor, Candidate of Physical and Mathematical Sciences. Research interests:
mathematical modeling, machine learning, NLP. E-mail: EKVRomanova@fa.ru.

Muminova Svetlana R. Department of Data Analysis and Machine Learning, Financial University under the Government of the
Russian Federation, Moscow, Russia. Associate Professor, candidate of technical sciences. Research interests: mathematical mod-
eling, machine learning. E-mail: SRMuminova@fa.ru.

Mazutskiy Nikolai M. Department of Data Analysis and Machine Learning, Financial University under the Government of the
Russian Federation, Moscow, Russia. Assistant. Research interests: machine learning. E-mail: NMMazutskij@fa.ru.

Osipov Alexey V. Associate Professor Moscow Technical University of Communications and Informatics, Moscow, Russia. Can-
didate of Physical and Mathematical Sciences. Research interests: information security, artificial intelligence, machine learning.
E-mail: o.v.osipov@mtuci.ru.

Pleshakova Ekaterina S. Associate Professor MIREA - Russian Technological University. Candidate of Technical Sciences. Re-
search interests: information security, machine learning. E-mail: e.s.pleshakova@mtci.ru

Gataullin Timur M. Moscow Technical University of Communications and Informatics, Moscow, Russia. Professor. Leading
Researcher. Research interests: application of the mathematical apparatus in problems of economics and finance, optimization of
production and management processes. E-mail: tm_gataullin@guu.ru

Gataullin Sergey T. Moscow Technical University of Communications and Informatics, Moscow, Russia. Candidate of Economic
Sciences. Research interests: mathematical methods of decision making, economic and mathematical modeling, information secu-
rity, machine learning, artificial intelligence. E-mail: s.t.gataullin@mtuci.ru

NpadoBas aHanuTuka ans 3apad uMPpPoOBON IKOHOMUKU

. N. KoposuH', E. B. Pomanosa', C. P. MymuHosa', A. B. Ocunos', E. C. Mnewakosa",
H. M. Magytckuid, T. M. Fataynnud', C. T. FataynnuH'

'®duHaHCcOoBbI yHMBepouTeT npu MNpasutenscTee Poceuiickon deaepaumu, Mockea, Poccust
"MOCKOBCKMIT TEXHUYECKUIA YHUBEPCUTET CBA3M 1 nHpopmaTukn, Mocksa, Poccusa
"MWUP3A - Poccuiicknii TeXHONOrm4eckmin ynneepcutet, Mocksa, Poccus

AnHoTanus: B craThe paccMaTpUBarOTCsl TEOPETUUYECKUE U MPAKTUYECKHE PUMEPHI HCIIOJIBb30BaHUS
rpad)oBOM aHAJTUTUKY ISl PEILICHNUS IPHOPUTETHBIX 3a7a4 HU(GPOBOH SKOHOMHKH, KaK EPBOM CTyIIEHU
9KOHOMMKHM 3HaHHMH. Bo-niepBBIX, aBTOPEI 0OPHUCOBHIBAIOT UMHUTALMOHHYIO MOJEINb, KOTOPYIO MOXHO
WCIIOJIb30BATh JUIsl OTCIIeKUBaHUS KoNeOaHnid nHPIsuK. [10cKONbKY pocT HHQIISIHA MOKET OTPaXKaTh
POCT LieH Ha TOBaphl M YCIYTH, a TAKXKe TO, KaK HOTPEOUTENH TEPAIOT CBOU MO3HUILIUH 10 MEPE TOTO, KaK
Ha CBOMU JIOXOJIbl OHM IOKYTIAIOT MEHbIIIE TOBAPOB, MPOTHO3UPOBaHKE HHAIIALUH U €€ IOCIEACTBUI MO-
XKeT UMeTh OonbInoe 3HaueHue. [IpencTaBnenHas MOAETs OCHOBaHAa Ha KOTHUTUBHOM rpade. Kornu-
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MAaIOIIUM pEIeHHUs) KOHTPOJIMPOBATh U OrPaHWYMBATH BIMSHHE WHQIIAIUM HAa 3KOHOMHKY. Taxke
IIPEICTaBIEHbl TEOPETUYECKUE OCHOBBI NPUMEHEHUS KOTHUTHUBHBIX Tpad)oB A KOJIMUECTBEHHOMN

OILICHKU 3HAHUH.
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