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Abstract

Valuating the position of a controlled object using indicators which are management and
control tools is widely used in many areas of the economy. Usually such indicators are based
on internal data, however, as the volume of available open information grows, algorithms for
valuation of the position of certain control objects and on open structured data are appearing.
The disadvantage of these models is their narrow specialization and binding only to structured,
and sometimes strictly official data, which, as a rule, have a rare publication frequency. This does
not allow you to track the change in the position of the object at different times. The authors have
proposed a concept for constructing a universal complex indicator (UCI) for express valuation of
the position of a controlled object in various types of activity: banking, educational, industrial,
etc. Another difference in the construction of the UCI is that the concept presented in the article
assumes, as a reference point, to take into account the requirements of regulatory authorities,
while in most Russian and foreign studies, indicators are built for the needs of investors. It is
also proposed to use, along with structured and unstructured data, tracking the dynamics of
changes in the position of the control object. To determine the UCI values on the basis of various
econometric models and methods, the components that characterize the requirements of the
control bodies to the control object are calculated; using them the UCI value is determined from
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the truth table. The concept proposed was tested to build an express valuation of the financial
position of 108 banks for the period from 1 January 2018 to 1 February 2020. In accordance with
the requirements of the Central Bank of the Russian Federation, the values of the three UCI
components were obtained, and the value was calculated for each bank. The predictive ability of
the constructed model, tested on three banks of the test sample, was confirmed by the consistency
of the express valuation with their actual position in March 2020.
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Introduction

n the current economic environment,

the role of competent management in the

activities of an organization of any level
cannot be underestimated. Optimal manage-
ment saves resources, increases the efficiency
of activities, accelerates the repayment of
funds, and reduces the risk of financial losses.
In recent years there has been a great deal of
attention to the ways and methods of mana-
gement, as well as to the information on the
basis of which decisions are made. The more
detailed and qualitative the information used,
the more accurate the management deci-
sions made on its basis will be. Control does
not exist without monitoring and control-
ling the state of the control object [1]. Quite
a lot has been written about the problem of
managing economic objects in recent years,
both by Russian and foreign researchers [2].

The problems of improving the manage-
ment of various objects have been touched upon
in many scientific publications of the last 10
years. For example, the article [3] is focused on
the issues of improving the tools for planning
socio-economic development and evaluation
of control objects under the conditions of active
formation of the information society infrastruc-
ture. The author also assessed the impact of

digital technologies on the content of control
tasks — in the process of variability of control
objects and subjects in large-scale organiza-
tional systems. There is an underdeveloped level
of involvement of big data in management at the
tactical level [4]. The author proposes the stand-
ardization of technologies for collecting, trans-
mitting, storing and processing big data, the
construction of computer mathematical models
to provide a multilevel system of state strategic
planning [5, 6].

In [7] the author, analyzing the research in
the field of management and control, notes
that under the conditions of tightening compe-
tition, an effective tool for survival and adapta-
tion at present is internal control. At the same
time, the poorly developed system of internal
control of the majority of today’s enterprises is
considered. The author draws the conclusion
that heads of the majority of firms consider
introduction of internal control as expensive
and labor-consuming, thus they underestimate
the importance of this system.

In [1] the author identifies a number of sig-
nificant management problems concerning the
control functions of the organization. Thus,
when carrying out control, the accent of inspec-
tion bodies is made, as a rule, only on audit of
financial and economic activity; control acti-



vity turns into rechecking of accounting opera-
tions, including arithmetic recalculation. At the
same time, assessment of external non-quan-
titative indicators, such as the level of popular-
ity, customer loyalty, the quality of the object of
management, etc. remains outside the attention
of the control authorities.

From analysis of the methods and models
proposed both by Russian and foreign research-
ers, the advantage relies on the information
coming with a certain periodicity, often with a
significant lag relative to the current moment.
At the same time, the controlling bodies need
to obtain a reliable assessment of the state of
the object of management for the current
moment in time, which will allow taking the
necessary measures in time to prevent negative
developments.

This problem can be solved by conducting an
express-analysis of the current state of the con-
trol object based on the use of formalized and
non-formalized, structured and unstructured
information. The result of express-analysis is to
obtain an express valuation of the state of the
control object. Express valuation of the state of
the control object is a preliminary study, which
largely determines the feasibility of further,
more in-depth analysis.

Considering the above, the authors of this
article set the following research goal and
objectives. The aim of the study is to develop a
universal complex indicator for express valua-
tion of the compliance of the economic object
of management with the stated requirements
on the part of regulators or relevant services on
the basis of structured and unstructured data
from the internet.

The main objectives of the study are:

4+ developing the concept of express valuation
of the compliance of the state of the object
of management with the stated require-
ments of current controlling;

4+ development of an algorithm for construct-
ing a universal complex indicator for express
valuation of the compliance of the state of the

control object with the stated requirements;

4+ approbation of the concept developed on
the example of calculating the universal
complex indicator for express valuation of
the state of a Russian commercial bank.

The relevance of the study is explained by the
following factors:

4+ the need to develop a tool of economic and
mathematical modeling based on open
data for current monitoring, analysis and
forecast of the state of the control object;

4+ the need for a current assessment model,
which does not depend on the moment of
the release of statistical reports;

4+ conducting an express valuation of the state
of the control object (for example, a bank)
using open data;

4+ the need to track the dynamics of the state
of the control object on the basis of struc-
tured and unstructured data.

1. Statement
of the research problem

The proposed approach will provide a solution
to the problem of transformation of the existing
management and control system and the deve-
lopment of internal control system in the con-
text of digitalization of the economy [7, 8]. As
a rule, official statistical reports are published
in the public domain with a certain periodicity
and an appropriate lag, which makes it difficult
to respond promptly in force majeure situations.

An approach to the construction of a com-
plex indicator based on the use of open struc-
tured data on the control object at the current
moment in time to assess the degree of coastal
zone deterioration is proposed in [9]. The work
formulates a model for calculating a complex
indicator based on structured information col-
lected from public maps and communities
about the use by the population of the territory
as undeveloped wild beaches, mini hotels or
places of public assembly.



One of the problems raised by the authors of
this article is the problem of ongoing moni-
toring of control objects, with official sta-
tistical reporting coming out with great fre-
quency and a long time lag. For example, in
the banking sphere current control by the Cen-
tral Bank over other commercial banks is dif-
ficult because of the delay in the receipt of
information about the state of bank finances.
This problem is considered in [10]. We suggest
involving open sources of information and, on
the basis of a mathematical model, forming a
complex indicator using such data [2, 11]. The
approach outlined in the article makes it possi-
ble to obtain, on the basis of open data, opera-
tional information about the state of the bank
as an object of management, and to accele-
rate decision-making in relation to it. The
result of the application of the mathematical
model is the probability of license revocation
(as one of the components of the reliable bank
assessment model) on the basis of public finan-
cial statements and taking into account the
volatility of the external environment (changes
in currency exchange rates, the cost of a barrel
of oil, etc.) [12—14].

A distinctive feature of this paper is the
authors’ proposal to use, in addition to struc-
tured and unstructured data from “open”
sources of information, such as: qualitative and
express valuation of the overall condition of the
bank from the point of view of independent
Russian rating agencies, the tone of published
news mentioning the bank.

The unstructured data can be presented in
different forms — text, news reports, com-
ments, photos [15]. With the development of
internet technologies, their volume is growing,
and information based on such data can help
in express valuation of the state of the control
object.

In contrast to the works discussed above, we
offer the concept of building a universal com-
plex indicator of express valuation of the state
of the control object on the basis of open struc-

tured and unstructured data obtained from
official and unofficial sites. The data are col-
lected both from statistical resources, where
they are published periodically, and from inter-
net resources regularly updated with different
periodicity. In contrast to the structured data
used for many years, unstructured data is an
amalgamation of disparate information. This
allows end-users to monitor the consequences
of their decisions at an early stage, thus mini-
mizing risks. Consideration of unstructured
data in the evaluation of control objects allows
for operational monitoring of the current state
of the control object, taking into account quali-
tative characteristics (reputation, feedback,
trends) based on data obtained in a non-con-
tact method from open sources.

For processing by methods of machine
learning, mathematical statistics and mathe-
matical models, the unstructured informa-
tion is pre-structured in the form of a set of
some indicators by methods of mathematical
statistics, machine learning or econometrics
[16—18].

For example, in the conference proceedings
[19] we proposed using one of the components
calculated on the basis of unstructured data
indicating probability of instability of a bank’s
position (text content of the news highlighting
the negative references to the bank’s name), as
an attribute for constructing a complex indica-
tor. This indicator can be used for evaluating
the bank’s position that is different from the
stable one.

2. The concept of constructing
a universal complex indicator
for express valuation
of the state of the control object

The proposed concept of forming a universal
complex indicator (UCI) of express valuation
of the state of the control object makes it pos-
sible to assess not only the current, but also to
predict the future state of such a control object
[19-21].



The constructed universal complex indicator
(UCI) can be used for the following purposes:

4+ to assess the proximity of the state of the
control object to the critical level set by the
controlling body;

4+ to analyze trends in the state of the con-
trolled object on the basis of structured and
unstructured data;

4+ to collect and analyze operational informa-
tion about the state of the control object;

4+ to assess the reliability of reporting data on
the state of the control object;

4+ to compare the state of different-scale
control objects;

4 to take into account the external in relation
to the object of management characteristics
of its activity (the presence of actual mini-

hotels on the coast, the tone of the news
about the director of the bank, the comfort
of the infrastructure of the educational insti-
tution, the activity of the use of social net-
works by the respondent, etc.) [22—24].

The advantage of the use of open data is the
possibility to receive information with any
periodicity (not being restricted by the regular-
ity of updating of officially published statisti-
cal information), to expand and check the cor-
respondence of the actual state of the control
object to the official data.

The conceptual scheme of building UCI
express valuation of the state of the objectt for
monitoring and control to prevent the devel-
opment of negative events is presented in
Figure 1.
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Fig. 1. Conceptual scheme of the construction of a universal complex indicator (UCI)



The construction of a universal complex indi-
cator involves the following stages.

Stage 1. The first (initial) first stage is deter-
mining the components of UCI on the basis
of information about the requirements from
the supervisory body regarding the state of the
control object. Such information can be
obtained from decrees, orders, laws and other
regulatory acts. Such a body may be either an
external organization (the Central Bank, the
Ministry) or an internal control body of the
organization itself.

As a result of implementing the algorithm, a
universal complex indicator (UCI) is formed,
the values of which can be an integer represent-
ing binary or categorical values. These values
reflect the state of the control object relative to
the satisfactory state determined by the con-
trolling body. So an example of binary values of
the universal complex indicator is: 0 — no signs
ofillegal activities of the organization, 1 — there
are signs of illegal activities of the organization.
Most often, a categorical scale with three cate-
gories is used, for example, where: 1 means sta-
ble condition, 2 — unstable condition and 3 —
condition requiring closer examination.

Stage 2. After the formation of criteria char-
acterizing the state of the control object, which
in their totality should be described by the UCI,
the components of the indicator are defined.
They make it possible to evaluate the state of
various characteristics of the control object:
economic state, the probability of an object
state other than stable, media activity associated
with the object, characteristics of the object’s
location, financial or economic state forecast
of the object, etc. Then a list of UCI compo-
nents is formed, and data from public sources
are identified from which information can be
obtained for mathematical modeling and cal-
culation of the components. Unstructured data
are pre-processed for their possible use as cal-
culated indicators.

Stage 3. Using mathematical methods (logis-
tic regression, cluster analysis, regression anal-

ysis, statistical analysis) based on the available
data, the UCI components are calculated. They
represent numerical values used to rank all the
control objects.

Relying on the obtained UCI component
values, the value of the universal complex indi-
cator of express valuation of compliance of
the state of the control object with the stated
requirements is determined. For this purpose,
the component values are substituted as argu-
ments in the logic function that aggregates the
various UCI component values.

Let us consider such a logical function. Let
n requirements formulated in n criteria be
received from the controlling authority and &
components Ij ,j=1, ..., k, be formed for the
universal complex indicator. The values of the
components form the set X (as usual, Xe R).

In this case, a particular control object state
requirement received from a controlling entity
can be described by a few UCI components,
i.e. k > n. The values of the universal complex
indicator (UCI) take values from some given
discrete set Y, i.e. y, €Y, wherei=1, ..., p.

The logic function ¥(/,, I, ..., 1,) is speci-
fied by the truth table (7able I), based on the
importance of the criteria received from the
controlling body (Figure 2).

Each component IJ can take Qj values. The
values of the component [ ;”' € X, where
j=1, ..,k q,= 1, ..., Qj; IX;EX

The total number of combinations M of all
possible values of all kK components is deter-
mined as follows:

M=T]o,

In the general case, the table is a matrix of the
dimension M x k. The first row of the matrix
(combination s) is represented by the first
values of each of the k components /. The last
row of the matrix is represented by the maxi-
mum values of each of the k components / j(-Q").
The rows between the first and the last rows can
be formed in different ways, but so that a com-
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Table 1.
General form of the UCI multidimensional truth table
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plete enumeration of all possible combinations
of values taken by each of the 1/ components is
carried out.

Stage 4. In the next stage, after calculat-
ing the UCI value, the ranking of the control
objects is performed.

Stage 5. After the ranking stage, an assess-
ment is made of the compliance of the control
object with the stated requirements in accord-

ance with the obtained ranks (ratings). Based
on the values obtained at the moment, rec-
ommendations for the supervisory authori-
ties regarding the control objects are devel-
oped. As new information emerges during
the monitoring period for a group of control
facilities, data from public sources is updated
regularly and the model is re-evaluated on the
basis of the updated data.



3. Calculation of the universal
complex indicator of express valuation
of the commercial bank state

The proposed concept of constructing UCI
express valuation of compliance of the state
of the control object with the stated require-
ments on the part of regulators has been tested
to obtain an express valuation of the state of a
commercial bank. The controlling body for the
solution of this problem is the Central Bank of
Russia — the supervisory body in the banking
sphere.

The construction of the UCI mathematical
model of the express valuation of the commer-
cial bank’s condition in accordance with the
above concept consists of five stages.

Stage 1. Formation of target measures of a
bank’s state based on requirements for liquid-
ity and reliability indices derived from stand-
ards and legislative acts of the Central Bank of
the Russian Federation. In accordance with
the standards and requirements established by
the Central Bank of the Russian Federation for
commercial banks, the following characteris-
tics were formed:

4+ probability of financial bankruptcy of the
commercial bank;

+ financial stability of the commercial
bank;

4+ qualitative valuation of the commercial
bank’s activities by experts

+ market participants.

To assess the formed characteristics, the
values of the UCI components are calculated.

Stage 2. Determination of UCI compo-
nents of the express valuation of the bank’s
condition:

+ probability of financial bankruptcy of a
commercial bank (stated by the Cen-
tral Bank of the Russian Federation). To
determine this characteristic, the compo-
nent 1 is calculated. This component rep-
resents the forecasted probability of a com-

mercial bank bankruptcy; it is estimated by
means of logistic regression, using financial
and economic factors;

+ financial stability of a commercial bank
(stated by the Central Bank of the Rus-
sian Federation). To determine this cha-
racteristic, the component 2 is calculated.
This component is an indirect sign of insta-
bility of a commercial bank obtained on the
basis of the assessment of the bank’s belong-
ing to the “troubled” group. Homogeneous
groups of banks on the signs of stability are
identified by the clustering method [25];

+ qualitative valuation of the commercial
bank by experts — market participants
(stated by the Central Bank of the Rus-
sian Federation). To determine this cha-
racteristic, the component 3 is calculated.
This component represents the availability
of a negative valuation of the general state
of the bank by a market participant — the
expert agency “Expert RA”. The indicator
is constructed using a qualitative valuation
based on semantic analysis of news texts
mentioning the bank.

Stage 3. Construction of the UCI express
valuation of the commercial bank’s state. To
construct the UCI, we used a training sample
of 108 operating commercial banks. Informa-
tion was obtained from eight external sources
including the site of the Central Bank of Rus-
sia, rating agencies, reference books and infor-
mation-analytical portals. The requirements
relative to the bank’s condition were taken
from the norms of the regulator — the Central
Bank of the Russian Federation.

To characterize the stability of the financial
condition of a commercial bank and its market
behavior, the significance of fluctuations in the
dynamics of changes in bank rates without visi-
ble reasons was assessed. The main indicators
characterizing the rates of banks on deposits
were taken for the period from January 1, 2018
to February 1, 2020. Ratings agency indicators
are from 2017 to 2020. General characteristics



of commercial banks according to the Bank of
Russia website and other public sources were
taken as of February 2020.

The UCI calculation model used more than
60 initial indicators of the following type:

4+ rates of each of the commercial banks on
deposits for different terms;

+ indicators characterizing the state of the
bank: its assets and values of the statutory
indicators (H, — H7);

4+ macroeconomic indicators of the exter-
nal environment: key rate, average rates for
all banks of the Russian Federation and for
the 30 largest banks of the Russian Federa-
tion;

4+ indicators of rating agencies for the
period from 2017 to 2020;

+ semantic (textual) information about the
mention of each bank in the news feed of the
rating agency.

The following central tendency and disper-
sion indicators were calculated based on these
raw data:

4+ median, dispersion of deviations of deposit
rates for each commercial bank relative to
macroeconomic indicators: the key rate, the
average bank rate for all banks, for the 30 larg-
est banks in Russia;

4+ relative indicators of the rates dynamics,
their medians and dispersion;

+ relative and absolute place of the bank in
the rating of banks;

4+ negative mention of the bank in the news
feed on the website of the rating agency.

The criterion for checking the quality of the
model was the status of the commercial bank at
the time of information collection, i.e. whether
it was operating or liquidated.

To obtain the UCl values, the components /,,
[, and I, were calculated as follows.

The component 1 (Il ) — predicted probabil-

ity of a commercial bank going bankrupt. To
obtain an estimate of the probability of revoca-

tion of the commercial bank’s license, a logis-
tic regression model was built on the basis of
initial data and estimated indicators. These
indicators include: the bank’s position in the
rating, the volatility of bank rates, a qualita-
tive calculation indicator that characterizes
the perception of the expert community of the
activities of a commercial bank based on the
processing of unstructured text data — mention
of the downgrade of a commercial bank in the
news feed on the rating agency’s website. The
dependent variable Yis a binary variable taking
two values — 0 if the current status of the bank
is “active” and 1 if it is liquidated.

The estimated logistic regression model has
the form:

1
1+e

PY =1)=——, (2)
z7=—16.7 +1.4955. x,+0.024- x, +

+ 1,128 x, +0.389- x,, )

where x, — descending in the ranking;
X, — ranking position;
x, — median deposit rates;

x, —median deviation of demand deposit

rates from the market average rate.

All model coefficients are significant at the
5% level, the sensitivity (i.e. the share of liqui-
dated banks) and specificity (the share of oper-
ating banks) indicators of the model are high,
respectively 85.9% and 73.3%.

Relying on the results of the model’s work,
by dividing all the values obtained into three
intervals, a UCI component 1 was formed.
This component characterizes the probability
of license revocation within six months of the
time of the model’s estimation:

4+ low: P(Y=1)<0.25;

4+ medium: 0.25<P(Y=1)<0.35;

4+ high: P(Y=1) >0.35.

The cutoff limits were chosen based on sen-

sitivity and specificity optimization as follows.
The upper limit, equal to 0.35, was obtained



when the maximum values of sensitivity and
specificity of the model were achieved simul-
taneously (85.9% and 73.3%). The lower limit,
equal to 0.25, corresponds to a specificity value
of 80%.

The component 2 (I2 ) — Valuation of the
bank’s membership in the “disadvantaged”
cluster. When clustering the training sample
by the BIRCH method (two-step method) on
the main financial indicators of a commercial
bank, the data on the value of the seven basic
standards of banks (H, — H.), the position of a
commercial bank in the banking rating deve-
loped by the rating agency and the change in
this rating in the retrospective five homogene-
ous clusters were obtained.

The most interesting is the first cluster,
accounting for 14% of the training sample.
This cluster contained 30% of the liquidated
banks. All banks in this cluster ranked below
200. There was also a decrease in the median
of the norms of each commercial bank for the
retrospective period, a decrease in the median
of the dispersion of deposit rates for the previ-
ous period.

According to the results of the model, the
component 2 UCI was formed — belonging to
the first cluster, as a sign of “disadvantage” of a
commercial bank.

The component 3 (1) — availability of a
negative valuation of the bank’s activity by
a market participant — expert agency. This
component is formed as a binary indicator of
belonging to one of two sets. Component 3
takes value 1, if there is at least one negative
reference to the name of a commercial bank in
the newsfeed on the site of rating agency for the
current year, and value 0, if there is no negative
reference.

The values of universal complex indicator
(UCI) for training and test samples were cal-
culated from UCI components with the help of
truth table (7able I). The results are presented
in Table 2.

Stage 4. Ranking the commercial banks of
the training sample on the basis of the calcu-
lated UCI values. The result of this stage is a
list of commercial banks sorted by decreasing
UCI values.

Stage 5. Testing the developed model of
UCI calculation was carried out on a test sam-
ple of three commercial banks. The results of
modeling and recommendations for commer-
cial banks from the test sample are shown in
Table 3.

The results of approbation of the developed
model on the test sample of three commercial
banks, as shown in Table 4, are confirmed by
the current status of commercial banks as of
March 2020.

Thus, the concept of express valuation of
commercial bank’s state proposed on the basis
of the analysis of open structured and unstruc-
tured data, allows us to get the probability of the
bank having an unsatisfactory state. The results
obtained allow us to apply preventive measures
of support or protection of depositors’ interests
by the supervisory body (the Central Bank of
the Russian Federation).

Conclusion

This paper proposes a concept and algorithm
for constructing a universal complex indica-
tor. This allows us to get an express valuation of
the state of the object of control by the supervi-
sory authorities to prevent the development of
negative events.

The novelty of the proposed approach is the
possibility of using the universal complex indi-
cator (UCI) for express valuation of the con-
trol objects in various subject areas and activi-
ties using as input information structured and
unstructured data from open sources.

The information base of the study for the
express valuation of the state of the Russian
commercial bank, including 111 banks and 79
financial and non-financial indicators from
1.01.2018 to 01.02.2020 was formed.



Table 2.
UCI values of the valuation of the bank’s condition

Components of the universal complex indicator (UCI) The value (y] )
Component 1 (Z,): Gomponent 2 (L): Component 3 (,): of “::%l:"'i‘)il‘éi’sal
Probability of license 2" Availability of negative references S
revocation Cluster membership on the rating agency’s website indicator (UCI)
High Cluster membership Availability of negative references 3 Close
(more than 0.35) is not relevant is not relevant ant
attention
Medium (0.25-0.35) Belongs to the Cluster 1 1 (availability of negative references) s required
Medium (0.25-0.35) Belongs to the Cluster 1 0 (absence of negative references)
Medium (0.25-0.35) | Does not belong to the Cluster 1 | 1 (availability of negative references) 2: Attention
. is required
Low (less than 0.25) Cluisstenr oTreeTetz/%rr?thlp 1 (availability of negative references)
Low (less than 0.25) Cluisstenroinr%rlr;?/g;]sthip 0 (absence of negative references) 1- Attention
: : is not required
Medium (0.25-0.35) | Does not belong to the Cluster 1 | 0 (absence of negative references)

Table 3.
UCI values for test sample banks
Component 1 (Z,): Component 2 (I ): Component 3 (L) The value
Bank Probability Cluster 2 Availability of negative |  of the universal
of license membershi references on the rating | complex indicator
revocation P agency’s website (uci)
: Does not belong 3: Close attention is
PFS-Bank High (0.844) to the Cluster 1 0 required
Peresvet Bank Low (0.01) Belongs to the Cluster 1 1 2: Attention is required
y Does not belong 1: Attention is not
Citibank Low (0.007) to the Cluster 1 0 required
Table 4.

Comparison of the calculated UCI value and the current status of the commercial bank

Bank

The value of the universal

Current status of the bank

complex indicator (UCI)

PFS-Bank 3: Close attention is required The license was revoked in March 2020

Active. Repeated violations of the regulator's mandatory ratios

Peresvet Bank in the process of the bank’s rehabilitation are observed

2: Attention is required

Citibank Active

1: Attention is not required




The concept developed for building a univer-
sal complex indicator (UCI) for express valu-
ation of the state of three Russian commer-
cial banks was tested and a bank with a state
that does not meet the requirements for banks
imposed by the Central Bank of the Russian

Federation was identified. Conclusions about
the status of three commercial banks as of
March 2020 from the test sample obtained on
the basis of the analysis of UCI values were fur-
ther confirmed by information on the website
of the Central Bank of Russia. m
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