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ABSTRACT:

The article is devoted to solving the problem of
functional diagnostics of the redistribution process of
financial resources of the Russian stock market. In
solving the problem, a diagnostic entropy model is
formulated. It allows obtaining a reliable estimate of the
tendencies connected to the fact that the stock market
fails to perform the function of financial resources
redistribution for the analyzed time period. The
scientific novelty of the article consists in that, for the
first time, the technique of evaluation of the stochastic
system entropy formulated by Tyrsin and Vorfolomeeva
is applied to construction of a diagnostic model of the
Russian stock market. Also, the authors propose a new
quantitative indicator characterizing the intensity of the
process of capital transfers between the participants in
the appropriate cluster of the stock market. On the
basis of the time series of the daily values of the
proposed indicator for five clusters of the organized
stock market, a system of factors was formed. The use
of this system of factors in the entropy model allowed

RESUMEN:

El articulo esta dedicado a resolver el problema del
diagnéstico funcional del proceso de redistribucion de
los recursos financieros del mercado de valores ruso. Al
resolver el problema, se formula un modelo de entropia
de diagndstico. Permite obtener una estimacién
confiable de las tendencias relacionadas con el hecho de
que el mercado de valores no cumple la funcién de
redistribucién de recursos financieros para el periodo
analizado. La novedad cientifica del articulo consiste en
que, por primera vez, la técnica de evaluacion de la
entropia del sistema estocastico formulada por Tyrsin y
Vorfolomeeva se aplica a la construccion de un modelo
de diagndstico del mercado de valores ruso. Ademas,
los autores proponen un nuevo indicador cuantitativo
que caracterice la intensidad del proceso de
transferencias de capital entre los participantes en el
cliuster apropiado del mercado de valores. Sobre la base
de la serie de tiempo de los valores diarios del indicador
propuesto para cinco conglomerados del mercado de
valores organizado, se formd un sistema de factores. El
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estimating the change of entropy of the Russian stock uso de este sistema de factores en el modelo de

market for semi-annual time intervals for the period entropia permitié estimar el cambio de entropia de la
from 2015 to 2016. The analysis of the data obtained bolsa de valores de Rusia para los intervalos de tiempo
by the model revealed a trend demonstrating a semestrales para el periodo de 2015 a 2016. El analisis
decreasing role of the stock market of the Russian de los datos obtenidos por el modelo reveld una
Federation in the organization of redistribution process tendencia que demuestra una papel decreciente del

of financial resources during 2015-2016. mercado de valores de la Federacién de Rusia en la
Keywords: capital transfer, cluster, entropy model, organizacion del proceso de redistribucion de los

stock market, indicator of the system entropy, Russia. recursos financieros durante 2015-2016.

Palabras clave: transferencia de capital, clister,
modelo de entropia, mercado de valores, indicador de la
entropia del sistema, Rusia.

1. Introduction

The stable development of the modern financial system is the key to the effective
transformation of savings into investment and the competitiveness of the national economy.
Achieving and maintaining financial stability is impossible without effective distribution of
financial resources on the part of financial intermediaries, financial markets and financial
infrastructure, and without effective carrying out by them of key macroeconomic functions. The
disturbance of the process of transformation of financial resources and functional destabilization
of the entities of the financial system occur as a result of the impact of destructive processes,
phenomena and events. In this regard, the problem of early detection of such crisis factors is
closely related to solving the problem of systemic functional diagnostics.

The organized stock market is an integral part of the financial system. One of the main
functions performed by the organized stock market is the process of redistribution of ownership
of securities. In addition, the stock market promotes intersectoral and cross-industry transfer of
savings of the participants in the financial system. Solving the problem of identifying the signals
that testify to the failure of these functions of the stock market is a part of the complex task of
functional diagnostics of the financial system as a whole. The modern systemic approach and
the general theory of systems consider information as a quantitative measure of the closeness
and effectiveness of interaction of the system elements. Thus, information can be considered as
a quantitative measure of both systemic stabilization and destabilization. The formalization of
the information criterion within the diagnostic problem is reflected in entropy modeling.

At the present stage of the development of economic science, the entropy approach is
beginning to be applied in scientific research to evaluate the efficiency of functioning of the raw
materials markets (Ortiz-Cruz, Rodriguez, Ibarra-Valdez, & Alvarez-Ramirez 2012) and financial
markets (Alvarez-Ramirez, Rodriguez, & Alvarez 2012; Bury 2014; Eom, Oh, & Jung, 2008;
Kristoufek, & Vosvrda, 2014; Li, Liang, Zhu, Sun, & Wu, 2013; Sheraz, Dedu, & Preda, 2015).
Let us consider the following studies in more detail. Bury (2014) in his dissertation "Collective
behaviors in the stock market. A maximum entropy approach" constructs a pairwise maximum
entropy model of stock market. The author "shows that a pairwise maximum entropy model (or
autologistic model) is able to describe switches between the ordered (strongly correlated) and
disordered market states" (Bury 2014). He also "shows that it is a statistically consistent model
since pairwise co-movements explain almost all statistical dependencies" (Bury 2014). Sheraz
et al. (2015) use the entropy approach in order to estimate a volatile stock index. They view
the term "entropy" as the measure of disorder, uncertainty or ignorance of a system which also
resembles the features of the stock market volatility. They use "the Tsallis, Shannon and Renyi
entropy measures and the approximate entropy as well as an alternative way to reflect the
stock market volatility. Computational results show that the Paris Index for the period 2000 to
2012 is more volatile than other underlying indices in both weekly and monthly data series"
(Sheraz, Dedu & Preda 2015). In the study "Risk Contagion in Chinese Banking Industry: A
Transfer Entropy-Based Analysis" by Li et al. (2013), based on the stock market data, the
authors form an entropy model, determine the degree of interconnection of Chinese credit
institutions within the banking cluster, and simulate the process of realizing systemic risks in



the banking sector of China (Li, Liang, Zhu, Sun & Wu 2013). The absence of a single entropy
theoretical concept, explaining the functioning of financial markets, indicates the poor
development of the problem under study and the need for further scientific research in this
field.

2. Methodology



Within the framework of this article, we will formulate a mathematical model which is comprehensible to economists and
which allows relating entropy to the actual characteristics of the stock market. We present a mathematical model of the
organized Russian stock market on the basis of the Moscow Stock Exchange in the form of a multidimensional random

variableY = (1, Y,,...Y ). Within the framework of the proposed model, we make the assumption that each component Y;

of the vector Y is a one-dimensional random variable characterizing the intensity of the process of inter-subject transfer of
capital within the relevant market cluster. These components can be either correlated or independent. Developing the
approach of Shannon (1948), Tyrsin in his paper (2016) substantiates the possibility of using the entropy approach in the
development of the diagnostic model of a stochastic system. The entropy of the system according to Tyrsin (2016) is :
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where H.(Y) is the entropy component characterizing the entropy of randomness of the system;
H. (Y) is the entropy component characterizing the entropy of self-organization of the system;

O, are the root-mean-square deviations of one-dimensional random variables Y, Y5,...Y,;

(1- Rf. YV ¥ )are indices of determination of random variables Yy, Y5,...Y.;
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k‘. = —— | is the entropy index of the type of distribution law of random variables Yy, Y,...Y,.
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The first term H.(Y) defines the limiting entropy corresponding to the absolute independence of clusters of the organized
stock market and characterizes such property as additivity with respect to the object under consideration. The second term
H.(Y) reflects the degree of interconnection between clusters of the organized stock market, characterizing the system as a
whole (integrity property). Dispersions and entropy indices of the type of distribution law of one-dimensional random
variables Y,,Y5,...Y,, should be considered as characteristics of the closeness of relationship between the factors of the outside
environment and the process of inter-subject transfer of capital of the considered cluster. The indices of determination of
random variables act as characteristics of interconnectedness of the processes of capital transfer occurring in different
clusters of the market. If the components of the vector Y have a normal (Gaussian) distribution, then the entropy of the
system is calculated by the following particular formula:

H(Y)=He(Y>+H,(Y)=i%ln[(2m)ai]+§lnlkl @)

where |R| is the determinant of the correlation matrix R of the random normally distributed vector Y (Tyrsin & Vorfolomeeva
2011).

We introduce an indicator (ITC), which characterizes the intensity of the process of inter-subject transfer of capital within the
corresponding stock market cluster:

($y
ITC =In| —5 3,
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where V. is the volume of transactions in value terms concerning the shares of the issuers of the s-th industry index, included
in the corresponding cluster, during a unit period of time;

Cap wmoex < is the value of the estimated capitalization of issuers of the s-th industry index, included in the corresponding
cluster, for a unit period of time, calculated by the methodology of the Moscow Stock Exchange;

s is the ordinal number of the industry index, the issuers of which are included in the corresponding cluster;

l'is the number of industry indices in the cluster.

For the purposes of our analysis, the following conventional clusters of the organized stock
market are introduced: the "production and energy" cluster, the "raw materials sector" cluster,
the "financial sector" cluster, the "innovations and telecommunications" cluster, and the



"transport, trade and consumer sector" cluster. The indicators of the "production and energy"
cluster are calculated on the basis of such sector indices of the Moscow Stock Exchange as the
index of energy, the index of mechanical engineering, and the index of chemical production.
The indicators of the "raw materials sector" cluster include the data on the oil and gas index,
and the index of metals and extraction. The indicators of the "financial sector" cluster are
calculated according to the index of banks and finance. The indicators of the "innovations and
telecommunications" cluster are determined taking into account the data of the
telecommunications index and the MICEX Innovation Index. The indicators corresponding to the
"transport, trade and the consumer sector" cluster are formed on the basis of the transport
index, the index of consumer goods and trade.

The parameter Cap MOEX s differs from the total market capitalization of issuers, as it is
adjusted by a correction factor that takes into account the number of securities of an issuer in
free circulation (free-float ratio). Also, this indicator can be adjusted with the help of a
coefficient, which is set by the exchange, limiting the capitalization ratio of shares of a
particular issuer (weight coefficient). The first coefficient allows cutting off the volume of capital
that is owned by strategic owners and whose probability of transfer through an organized
market is small. The second coefficient smooths out the impact on the capitalization of the
largest issuers. As a unit period, one day is taken. The initial data for the calculation of the
indicator is the data on one-day volumes of trading in securities and the one-day estimated
capitalization of issuers that are taken into account when calculating the industry indices of the
Moscow Stock Exchange (Moscow Exchange. Sectoral Indices of Moscow Exchange: Chemicals,
n.d; Moscow Exchange. Sectoral Indices of Moscow Exchange: Consumer Goods and Services,
n. d.; Sectoral Indices of Moscow Exchange: Electric Utilities, n. d.; Moscow Exchange. Sectoral
Indices of Moscow Exchange: Financials, n. d.; Moscow Exchange. Sectoral Indices of Moscow
Exchange: Manufacturing, n. d.; Moscow Exchange. Sectoral Indices of Moscow Exchange:
Metals & Mining, n. d.; Moscow Exchange. Innovation Index MICEXINNOV, n. d.; Moscow
Exchange. Sectoral Indices of Moscow Exchange: Oil & Gas, n. d.; Moscow Exchange. Sectoral
Indices of Moscow Exchange: Telecoms, n. d.; Moscow Exchange. Sectoral Indices of Moscow
Exchange: Transport, n. d.)

The ratio of the volume of transactions to the value of the estimated capitalization shows the
fraction of the estimated capitalization of the issuers of the corresponding cluster, redistributed
among market participants during the day. In fact, this indicator illustrates the capacity of the
market to redistribute capital.

Table 1
Algorithm for diagnosing possible variants of market situations,
determined through a change in the ITC indicator

Value of
indicator

Short term period Medium and long term period

a) Panic on the stock exchange due to falling
stock prices and a wave of sales inside the

ITC -0 cluster;

An increase in the role of the stock
market in the organization of the
process of inter-subject transfer of

b) Feverish demand for shares of the issuers capital within the cluster

of the cluster

Reduction of the role of the stock
market in the organization of the
process of inter-subject transfer of
capital within the cluster

Reduction of liquidity for shares of the issuers
of the cluster traded on the market

ITC - —o0



Table 1 presents an algorithm for diagnosing the change in the market situation in a particular
stock market cluster through the proposed indicator (ITC). Using the proposed algorithm and

data on the dynamics of ITC for five clusters, we will analyze the potential of these clusters in
the context of providing the process of inter-subject transfer of capital.

Figure 1
Dynamics of the ITC indicator in the considered clusters
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e) the "Consumer goods, trade, transport” cluster

The dynamics of the ITC indicator for the respective clusters is shown in Figure 1. The "Raw
sector"” cluster is characterized by a weak downward trend in the ITC indicator. The "Finance



sector" and "Consumer goods, trade, transport" clusters are characterized by a volatile
downward trend in the ITC indicator. The obtained empirical results testify to reduction of the
role of the share market in the organization of process of inter-subject transfer of capital in
these clusters. As for the "Manufacturing and power" and "Innovations and
telecommunications" clusters, we can see from the figure that they are characterized by a
volatile lateral trend in the ITC indicator. These clusters demonstrate relative stability of the
process of inter-subject transfer of capital for the analyzed period.



Based on the time series of daily values of the ITC indicator for five clusters of the organized stock market, a matrix of initial
data is generated. To increase the accuracy of the model, the time period describing the stationary state of the stock market
is enlarged from the day period to the semi-annual one. We perform entropy simulation on the basis of the resulting system

of factors Y; =ITC1,Y2 =IIC2,Y3 =ITC,, Y, =ITC,,Y, = ITC; in the form of vector Y =(¥,,Y,,Y,Y,,Y;). Each

vector corresponds to a half-year period. Period 1 includes the range of factor values for the first half of the year 2015;
period 2, the range of factor values for the second half of 2015; period 3, the range of factor values for the first half of 2016;
period 4, the range of factor values for the second half of 2016. Checking by the Kolmogorov-Smirnov criterion confirmed the
fulfillment of the law of normal distribution for the vectors Y.

Using the MS Excel 2010 Data Analysis package, correlation matrixes of factors and variance of factors for each vector are
calculated. Next, the determinant of each correlation matrix is calculated. The obtained results are presented below:

(1 0.6569 0.5767 0.3985 0.2845) m

06569 1 07071 06414 05082 | [Re"|=0.09203807, =0.080217;
R,"=[05767 07071 1 05496 0.496 |;07, =0.178983,0%, = 0.144741;

03985 06414 05496 1 0359 2 _0095716,02, =0.165242.

(02845 05982 0496 03559 1

(1 04688 03183 02841 0.174)

04688 1 06732 04372 04345 Ri”|=023655807, =0.088407;
R,”=/03183 06732 1 04489 0.4697 o}, =0.186173,07, =0.151564;

02841 04372 04489 1 0128 o: _067437,07, 0260325

(0.174 04345 04697 0.1128 1

(1 03049 02628 0.3442 0.1566)

03049 1 08064 0.6646 06428 | R |=0.09656407, =0.1347;
R,”=]0.2628 08064 1 05431 0.5835|;07, =0.165198;07, =0.243385;

03442 0.6646 05431 1 03737| ;2 013500802, =0.152606

0.1566 0.6428 05835 03737 1

(1 03236 03029 03222 02371},

03236 1 06388 05573 0396 | Ri|=027881%0], =0.098116;
R,“=03029 06388 1 0417 03732 ;0% =0.179513;0%, =0.159689;

03222 05573 0417 102035 o2 010026502, =0.177784

(02371 0396 03732 02055 1

Let us calculate the entropy of the system for each period by formula (2).

H(Y)" = 0.5In[(27¢)0.178983] + 0.5In[(2722)0.095716] + 0.5 In[(272)0.080217] +
+0.5In[(272)0.144741] + 0.5In[(272)0.165242] + 0.5In(0.092038) = 0.558706 +0.245756 +

+0.157429 +0.452536 +0.518766 - 1.19278 = 0.740415.
H(Y)? = 0.5In[(272)0.186173] + 0.5In[(272)0.06743 7] + 0.5In[(2772)0.088407] +

+0.5In[(272)0.151564] + 0.5In[(272)0.260325] + 0.5In(0.236558) = 0.5784 +0.070661 +

+0.206037 + 0.475565 + 0.746027 - 0.72078 =1.355911.
H(Y)" = 0.5In[(272)0.165198] + 0.5In[(27)0.135098] + 0.5In[(272)0.1347] +

+0.5In[(272)0.243385] + 0.5In[(272)0.152606] + 0.5In(0.096564) = 0.518633 +0.41806 +
+0.416587 +0.712383 +0.478992 -1.16877 =1.375882.



H(Y)" = 0.5In[(272)0.179513] + 0.5In[(272)0.10026] + 0.5In[(272)0.098116] +
+0.5In[(272)0.159658] + 0.5 In[(2722)0.177784] + 0.5In(0.2788 19) = 0.560184 +0.268944 +
+0.258134 +0.501674 +0.555346 - 0.6386 = 1.505685.

Table 2
The results of evaluation of entropy change in the
organized stock market of the Russian Federation

1st half of
Periods 2nd half of 2015 1st half of 2016 2nd half of 2016
2015
H(Y)e 1.933192 2.076691 2.544656 2.144282
H(Y)s -1.19278 -0.72078 -1.16877 -0.6386
H(Y) 0.740415 1.355911 1.375882 1.505685

The results of calculations of the change in the system entropy parameter of the stock market

of the Moscow Stock Exchange, which is the largest in the Russian Federation, with respect to

the capital transfer process for semi-annual time intervals from 2015 to 2016, are presented in
Table 2.

3. Discussions

The conducted analysis of the organized stock market showed that the entropy component
characterizing the system relationship between clusters in the second half of 2016 most closely
approached 0 compared with the previous values (-0.6386 conventional units). This means
weakening of the interconnectedness of the processes of transfer of capital in different clusters
of the market. The maximum interconnection between clusters of the share market was
observed in the first half of the year 2015 (the value of H(Y)s was -1.19278 conventional
units). The local maximum of the entropy component, which characterizes the entropy of the
randomness of the system, is observed in the first half of 2016 (2.544656 conventional units).
Despite this fact, the system entropy parameter H(Y) reaches its largest value only in the
second half of 2016 (1.505685 conventional units). An increase in the parameter of system
entropy indicates that in some clusters the intensity of the process of capital redistribution
remains at the same level, while in other clusters the intensity is weakening. The decrease in
intensity may indicate the presence of endogenous and exogenous processes taking place in the
system of the Russian stock market. The endogenous processes are associated with the flow of
capital from equity securities to debt financial instruments (government and corporate bonds).
The exogenous processes are manifested in the outflow of capital from the Russian stock
market to foreign markets that are more attractive to investors.

4. Conclusion

In the present article, a particular problem of functional diagnostics of the state of the Russian
stock market is solved. In solving the problem, a diagnostic entropy model is formulated, which
allows detecting deviations and establish the extent to which the stock market fails to perform
the function of redistribution of financial resources. The input data of the model are the values
of the indicator characterizing the intensity of the process of inter-subject transfer of capital
within the relevant cluster of the stock market. The output data of the model are the values of
the system entropy indicator of the organized stock market of Russia. The analysis of the data
obtained with the help of the model makes it possible to conclude that the role of the Russian



stock market in the organization of the inter-subject transfer of capital in the second half of
2016 as compared to the first half of 2015 has decreased.
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