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Mykhailo Kuzheliev (Ukraine), Thor Rekunenko (Ukraine), Antonina Boldova
(Ukraine), Maksym Zhytar (Ukraine), Serhij Stabias (Ukraine)

MODELING OF STRUCTURAL

AND TEMPORAL CHARACTERISTICS

IN THE CORPORATE SECURITIES
MARKET OF UKRAINE

Abstract

The development of the corporate securities market and the effective use of tools for its

regulation cannot be achieved without models and methods of economic and mathemati-
cal modeling. The aim is to analyze and systematize the structural and temporal charac-
teristics of the corporate securities market in Ukraine by applying economic and mathe-
matical modeling methods. In the paper, linear interpolation is used to assess the temporal

characteristics of corporate securities under market uncertainty. Descriptive and simula-
tion modeling methods are also applied to carry out a formal description of the process of
evaluating the structural characteristics of securities. The result of the study involves de-
veloping a descriptive model to analyze the structural and temporal characteristics of the

Ukrainian corporate securities market. The approbation of the proposed model makes it
possible to draw the following conclusions. First, Perspektiva Stock Exchange, Ukrainian

Exchange and PFTS - the First Stock Trading System, are the most important trading plat-
forms. They are determined by the monthly bidding dynamics and can belong to the same

group - active players in the corporate securities market of Ukraine. Second, in terms of
endogenous priorities, the development of the corporate securities market is mostly influ-
enced by inflation rates (consumer price index), economic development indicators (key
branches production index) and interest rates on alternative financial instruments (new
deposit interest rates of deposit-taking corporations). Third, the rate of corporate securi-
ties issue and the native currency rate do not significantly affect the corporate securities

market development, in particular, the former is characterized by a slight negative impact,
and the latter - by a slight positive impact on the price dynamics.

Keywords shares, descriptive model, economic and mathematical
modeling, securities profitability, financial market
JEL Classification Gi11,G32

INTRODUCTION

The Ukrainian securities market is a multifaceted socio-economic sys-
tem that promotes capital accumulation for investment in production
and social sectors, restructuring of the economy, the positive dynam-
ics of the society’s social structure, increasing the welfare of every cit-
izen through the possession and free disposal of securities, the psy-
chological readiness of the population to market relations. The market
mechanism is always characterized by instability, as it is implemented
through the behavior of market counterparties, whose interests, as a
rule, do not coincide. Elimination or limitation of such immanence
usually results from the effective management in financial markets,
where excessive volatility can be localized via adequate methods. Their
development and implementation specify the relevance of the chosen
research problem, focusing on theoretical aspects and analysis proce-
dures, as well as management of structural and temporal characteris-
tics in the Ukrainian corporate securities market.

http://dx.doi.org/10.21511/imfi.16(2).2019.22
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1. LITERATURE REVIEW

The analysis of structural and temporal charac-
teristics in the corporate securities market can be
considered in terms of fundamental and techni-
cal approaches. In economic theory, they are also
characterized as “the theory of a solid foundation’
and “the pipe dream theory”. In this case, the
technical analysis is aimed at identifying short-
term trends in the share prices and provides for
a rather slow reaction of prices in response to the
fundamental factors effect. Technical analysts get
the information they need to make decisions by
analyzing historical price dynamics, while ignor-
ing the fundamental properties.

>

Charles Dow (who suggested the use of the Dow
Jones Industrial Average) and William Hamilton
(the author of The Stock Market Barometer)
(Hamilton, 1926) can be considered the founders
of technical analysis. The Dow’s ideas were further
developed by his followers: Elliott (1939), Gann
(1927), Lane (2007), Wilder (1978), Williams
(1938), Bongaerts, de Jong, and Driessen (2011).
Murphy (1986), Nison (2011), Ponta, Pastore, and
Cincotti (2006) studied the principles of analyz-
ing the structural and temporal characteristics of
the market. In addition, a fairly large number of
studies have revealed that, based on the analysis
of past price fluctuations, the future movement
of quotes cannot be determined, which calls into
question the effectiveness of using technical anal-
ysis. It should be noted, however, that in practice
this approach is often used by stock market play-
ers. Fundamental analysis is used to measure the
fair value of a financial instrument based on an
analysis of the issuer’s performance, as well as ex-
ternal factors affecting it.

Fundamental analysis focuses on long-term in-
vestment, because it is based on the identification
of long-term structural and temporal characteris-
tics of securities in the market. The founders of the
fundamental analysis are Benjamin Graham and
David Dodd (Security Analysis, 1934) and John
Burr Williams (The Theory of Investment Value,
1938). Further, Benjamin Graham himself imple-
mented fundamental analysis. This helped him
become a good investor. His most famous follower
was Warren Edward Buffett. Fundamental analysis
is real only in the environment where the state uses

http://dx.doi.org/10.21511/imfi.16(2).2019.22

a market economy, where any external and inter-
nal factors that are suppressed by the government
influence the sectors. In addition, the impossibility
of fundamental analysis is due to the fact that the
formation of prices is affected by a huge number of
factors, including random and unpredictable ones,
and it is impossible to take into account all factors
in principle, especially that it is not known in ad-
vance how any given event can influence the price
(for example, a natural disaster, on the one hand,
harms the national economy, which should lead to
a fall in the native currency rate, etc.).

One of the key factors that determine the ineftec-
tive use of fundamental analysis of the market
structural and temporal characteristics is the fol-
lowing statement: Markets may set “false prices” in
the short term, but they (markets) admit their own
“mistake” and the “correct” price will eventually be
reached. Thus, Hayes (2008), the representative of
the neo-Keynesian school, questioned the asser-
tion that prices in financial markets should reflect
the value of an asset, that is its internal (funda-
mental) value. While justifying, he paid attention
to the behavior of rational agents in the market
and confirmed that the choice of the agent is based
not on the personal preferences of the experiment
participants, but on an attempt to predict the final
result of the process based on other rational agents’
considerations. Interpolation of this concept to
the securities market shows that since agents usu-
ally do not take into account their advantages and
make decisions based on the advantages of other
people, then the price of assets is determined not
on the basis of their belief about the compliance
of this price with the fundamental value for this
asset, but based on the belief that all other agents
consider this asset value as its corresponding fun-
damental value. However, fundamental analysis is
actively used by professional corporate securities
market players.

Both approaches are used to analyze further move-
ment of prices for a particular financial instrument,
the findings of which can be used by investors to
obtain the desired income.

Yartey studied factors of the structural and tempo-
ral market characteristics. He divided the factors
into two main groups: macroeconomic and insti-
tutional ones (Yartey, 2008). Macroeconomic fac-
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tors include income level, gross domestic invest-
ment, the banking sector development, the inflow
of private capital, and macroeconomic stability.
Institutional factors include political risks, the level
of law and order, and the bureaucratic procedures
of the state apparatus.

Shkolnyk (2008) follows the similar view while
considering factors of the financial market develop-
ment. According to the researcher, they are shaped
influenced by the institutional environment and the
peculiarities of economic relations in the country.

Mirkin (2002) highlights “fundamental factors”
and considers those having the greatest impact on
the long-term securities market: ownership struc-
ture, models of economic behavior of the popula-
tion, sectoral structure of macroeconomics, finan-
cial depth, influence of international markets, etc.

Ponta, Pastore, and Cincotti (2006) investigate stat-
ic factors taking into account the mutual correla-
tion between the income of different shares, while
the general trends are investigated with disper-
sion-covariance price matrix.

At the same time, the analysis of the works con-
tained in the literature review shows that the prob-
lems of the corporate securities market develop-
ment in Ukraine, namely managing its structural
and temporal characteristics, need further research.

Aims

The purpose of the study is to analyze and sys-
tematize structural and temporal characteristics
in the Ukrainian corporate securities market, ex-
plore their impact on the macroeconomic indica-
tors of the country’s development based on eco-
nomic and mathematical modeling.

2. METHODS

The article uses a method of linear interpolation
to assess the temporal characteristics of corporate
securities under market uncertainty. Methods
of descriptive and simulation modeling are also
applied to make a formal description of the pro-
cess of evaluating the structural characteristics of
securities.

262

3. RESULTS

Financial markets as a whole, as well as the cor-
porate securities market, are economic systems
that grow very rapidly. The variety of assets and
relevant information presented in the financial
markets by various types of financial instruments
and market entities is characterized by high un-
certainty. The prices of individual corporate secu-
rities (CSs) and their operations are subject to the
multi-faceted impact of a large number of factors,
which further complicates the processes of analy-
sis, modeling and forecasting of key trends. That
is, the very fast development of financial markets
in various aspects of their functioning is a key
impetus to the development of theory and lead-
ing approaches to the modeling of economic pro-
cesses, namely: probability theory, mathematical
statistics, econometrics, economic and mathemat-
ical modeling, simulation, etc. Thus, in the mod-
ern information economic space, when the vol-
umes of information increase exponentially, it is
impossible to consider the systems of regulating
the corporate securities market in isolation from
modern methods of economic and mathematical
modeling, econometric forecasting tools and big
data analysis (Lysenko & Zherlitsyn (Eds.), 2017;
Yartey, 2008; Kuzheliev & Britchenko, 2016).

It is expedient to propose an author’s classification
of key methods of economic-mathematical mode-
ling, which determines the special nature of defi-
nition of structural and temporal characteristics
in the corporate securities market. Taking into ac-
count the previous studies on this subject, one can
formulate the conceptual approach to modeling
the structural and temporal characteristics in the
corporate securities market (see Figure 1).

According to the defined conceptual framework,
consider the process of development and imple-
mentation of the management models for the pro-
cesses of functioning of the Ukrainian corporate
securities market.

The first stage in modeling any system is collect-
ing and initial processing of information. At this
stage, Method 1 and Method 2 are used. That is,
the statistically significant information is selected
and the sampling volumes are reduced due to the
grouping of similar statistical data.

http://dx.doi.org/10.21511/imfi.16(2).2019.22
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Stage 1. Collecting primary information and de-
fining the law of distribution of relevant indicators.
When collecting primary information, the follow-
ing requirements regarding the correct informa-
tion are met:

« sufficient amount of information (at least 40);
o structural comparability (normalization).

If the index subject to normalization is a positive
value, then its value is normalized using logarith-
mation as follows (Mints, 2017):

a,=log(q,), M
where a; - element value from a multiplicity of
elements.

The logarithm basis is not important, but the nat-
ural logarithm is usually applied.

Basic asset markets

External markets

and international
competition

D,

CSs
market

If the multiplicity of elements is presented as neg-
ative and positive values, then:
7 - ai—min(.A) , )
max (A)—min(4)

where a; - element value from a multiplicity of
elements A, A - multiplicity of elements.

In order to fill the missing elements in the time
series, linear interpolation is used (Mirkin, 2002;
Meijers, Nomaler, & Verspagen, 2018):
t—t.
a=a;+ l (ai+1_ai)’
t..,—t.

i+1 i

®

where a, and a,,, - the element value from the
multiplicity of elements 4 before and after the
element, whose value is to be found, a, and q,,,
— the time period before and after the element,
whose value is to be found.

Financial resource
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9

Exogenous / f Endogenous
priorities y \ priorities
/ \\
7 ~
- ~
-~ ~
- ~ -
_-" _ Domestic ~<
s - economy VY——__ N
Vaad N
[ N
/ AN
v ¥ V|

~

fEconomic and mathematical modeling:
* Probably theory

® Factorial analisys

® Econometric modeling

® Time series analisys

* Descriptive modeling

K. Semulation

_—

/Sequence of processes of model \
formulation and implementation:
® Collecting and processing primary data
® Factorial analysis and grouping
* Determining mutual impact of factors
* Development trends analysis

K‘ Scenario forecasting

)

—_———

Figure 1. Modeling of structural and temporal characteristics in the corporate securities market
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Stage 2. Box-and-whisker plot is an important da-
ta grouping tool used in this stage. On the same
chart, it shows the data on the average, the maxi-
mum, and the minimum for the sample, the first
and the second quantiles. Parametric develop-
ment of this approach includes the methods of
dispersion and cluster analyses, which are used to
classify input data in more detail.

Stage 3. The comparability of structural and tem-
poral characteristics of the corporate securities
market is usually determined through indicators
(Tarasiuk, 2013; Shkliayev, 2012):

« mathematical expectation, mean value, mode,
median value, etc.;

« mean deviation, semivariation, dispersion, etc.;

o moving mean, especially during data narrow-
ing and trend identification; and

o growth rates.

Most often, at the stage of determining the essen-
tial statistical characteristics, parametric meth-
ods based on calculating the universal statistical
criterion of Pearson’s chi-squared test (x, criteri-
on) are used. This makes it possible to accept or
reject the hypothesis that the theoretical data set
corresponds to the same as the sample popula-
tion (Mirkin, 2002; Cherniak & Stavytskyi, 2010;
Shkliayev, 2012).

@

[

A specific tool for confirming the hypothesis
about the normal distribution of the sample small
data is the Shapiro-Wilk test, which is based on
the corresponding statistical criterion (Ayvazian
& Mkhitarian, 2001; Shkliayev, 2012; Kuzheliev,
Zherlitsyn, & Zhytar, 2016):

SWEJ

)C )C)

®)

i=1

Stage 4. Determining mutual impact of factors
(correlation matrix, linear dependence, multiple
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factor analysis). This group of methods is used on
the basis of tools for modern econometric analy-
sis and forecasting, which in turn provides for the
following algorithm of calculations:

o estimating values of the correlation matrix
or matrix of pairwise coefficients of linear
regression;

o determining the link significance;
« justifying the regression model coefficients.

The indicated calculations are based on the results
of stages 1 to 3, because it is based on the analysis
of prepared (processed) data.

Stage 5. Scenario forecasting in the form of im-
plementation of descriptive models (determining
factor dependence, financial mathematics, etc.),
construction of causal relationships diagrams,
system-dynamic modeling, etc.

Given the determined dependencies in stages 3-4,
which involves the definition of theoretical causal
relationships and their proof based on a series of
simulation experiments, the need to justify addi-
tional descriptive models is recognized.

Taking into account previous studies, the key
causal dependencies of the dynamic model of the
CSs market functioning can be presented as in
Figure 2.

As can be seen from Figure 2, peculiarities of the
corporate securities market functioning as an ob-
ject of regulation are determined by the dynamic
impact of the following factors: volumes of corpo-
rate securities issuance, a set of endogenous and
exogenous priorities.

Using this chart of causal relations of the de-
scriptive model of the corporate securities mar-
ket functioning (see Figure 2) enables to assess
and predict the specific development priorities
and effectiveness of the basic regulatory in-
struments for most of the corporate securities
markets.

Taking into account the research conducted and
available information on the development of

http://dx.doi.org/10.21511/imfi.16(2).2019.22
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world and domestic corporate securities mar-
kets, data from 2014 to 2017 are considered,
namely: the key indicators of the corporate se-
curities market development are the price, vol-
umes of issues and bids that are determined
by the following variables: x, - the Ukrainian
Stock Exchange index is a generalized index for
estimating the price level for the corporate secu-
rities (CSs) (the weighted average price for CSs),
the growth index before the previous month,
calculated as the average daily logarithmic in-
crease in prices, x, — volumes of CSs registered
by the National Securities and Stock Market
Commission, UAH mln.

Endogenous priorities and tools of influence
of the CSs market of Ukraine: x; — Consumer
Price Index (CPI), % growth before the previ-
ous month - indicator of the inflation impact
on the CS market dynamics, x, - interest rate
on new deposits of deposit-taking corporations
(except the National Bank of Ukraine (NBU)),
%, x; — NBU discount rate, % - generalized
index of financial asset minimum profitability,
X, — GDP at actual prices, UAH bln, x, - key
branches production index (IKSO), growth in
% before the corresponding month of the previ-
ous year.

Exogenous priorities of the Ukrainian CSs mar-
ket development: x, — average weighted rate of
USD/UAH in the interbank foreign exchange
market of Ukraine, UAH, x, - the index of the
foreign (international) stock exchange (DJIAVE)
is a generalized indicator of estimation of the
price dynamics in world CSs markets, growth
index before the previous month, calculated as
the average daily logarithmic increase in pric-
es, x,, — balance of stocks of direct investment,
taken into account at the price of the last trans-
action according to the NBU, USD billions.

The sources of primary information on these in-
dicators are the data of the State Statistics Service
of Ukraine (State Statistics Service of Ukraine,
n.d.), the National Securities and Stock Market
Commission (National Securities and Stock
Market Commission, n.d.), the National Bank of
Ukraine (National Bank of Ukraine, n.d.), the
First Stock Trading System (PFTS ua-exchange,
n.d.), the World Bank (The World Bank, n.d.),
and the S&P Rating (S&P Global, n.d.).

Preliminary data analysis showed that only x,,
X,, Xz, and Xx,, according to the Shapiro-Wilk
test, corresponded to the normal distribution
law, namely:

Increase of the CSs

Interest rates

GDP /\

pr|ce

Average
profitability from
the CSs price

Prewous CSs )
increase

prlce

Endogenous % CSs prlces

priorities

-

USD/UAN current
rate of exchange

Current
inflation (CPI)

(' \/Cssissue volume

Exogenous
priorities

Increase
of CSs issue

\ World CSs

market prices

Figure 2. Causal relationships of the descriptive model
of the Ukrainian CS market functioning
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Shapiro-Wilk normality test

data: x,
W =0.96752, p-value = 0.1102
data: x,
W =0.97987, p-value = 0.4117
data: x;
W =0.96234, p-value = 0.6193
data: x,
W =0.97682, p-value = 0.3093

For other indicators, certain transformations were
applied (normalization, tinkering, etc.).

X, is normalized using logarithmation:

Shapiro-Wilk normality test
data: log ()c2 )
W = 0.9546, p-value = 0.06112.

For x;, x5, X, a significant emission period of
March 2015 to April 2015 has been identified. The
corresponding estimates of the parametric test for
the specified variables, excluding data from March
and April 2015, are as follows:

Shapiro-Wilk normality test

data: x; (adjusted without March, 2015

and April, 2015)

W =0.97287, p-value = 0.2096

data: log ()c5 ) (adjusted without March, 2015
and April, 2015)

W =0.92765, p-value = 0.07576

data: x, (adjusted without March, 2015

and April, 2015)

W =0.90888, p-value = 0.03172

Shapiro-Wilk normality test

data: x; (adjusted without the year 2014)
W =0.90671, p-value = 0.02012

data: x,, (adjusted without year 2014)

W = 0.94111, p-value = 0.3966

That is, the relevant data will be used for future
analysis, adjusted without March 2015 and April
2015 values, as well as for x; and x,,, without the
2014 values.

In order to determine, in a preliminary manner,
the mutual influence of variables, a correlation
matrix is given based on the determined indica-
tors and the corresponding adjustments carried
out at stage 3 (Table 1).

As can be seen from Table 1, the most significant
linear relationship between the growth rate of CSs

profitability is shown only with the new deposit
rates of deposit-taking corporations (x4) and the

NBU discount rate (x4). In this case, the interac-
tion of x, and x, is sufficiently close, that is why
it is impossible to exclude one of them from the

analysis without significantly reducing the sim-
ulation adequacy. The smallest value of the pair-
wise correlation coefficient is determined for the

following variables: x, and x,, which indicates a
small impact of the information from the world
stock markets on the CSs market. That is why, the
corresponding indicator will be excluded from the
basic descriptive model, x, and x;, x,, X5, X,

X, Xg. Thatis, the volume of CSs issue is almost
not related to the volume of key economic indica-
tors of the country’s development, but is a specific
factor in the corporate securities market, which

Table 1. Correlation matrix of key indicators of the Ukrainian CSs market development

H Xl H X2 H XS H X4 H XS H X7 H X9 H XG H XlO H XB
X 1000 © -0202 0310 | -0604 . -0552 @ 0236 0013 . 0324 | -0248 = 0374
X, ..70202 . 1000 . 0115 . -0021 . 0062  -0015 . 0042 . -006l . 0143  -0.055
X, 0310 0115 . 1000 . -0228 = -0194  -0.332 . 0047 = -0259 | -0088  -0.148
X, ..0604 . -0021 . -0228 = 1000 0881  -0294 . -0220 = -0535 | 0405  -0.392
X 70552 . 0062 . -0194 = 0881 1000 0428 ~ -0305 = -0.604 = 0426  -0.407
X, 023 0015  -0332 . -0294 = -0428 = 1000 0333 .~ 0569 @ -0643 = 0816
X, 0013 0042 . 0047 | -0220 = -0305 = 0333 1000 .~ 0279 @ -0225 = 0337
X034 0061 . -0259 | -0535 = -0604 . 0569 0279 . 1000 @ -0237 . 0614
X, . -0248 0143  -0088 . 0405 = 0426 . -0.643  -0.225 . -0237 @ 1000 . -0.485
X 0.374 —0.055 —-0.148 -0.392 -0.407 0.816 ¢ 0.337 0.614 —0.485 1.000
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Consumer
Price Index
Key branches Endogenous

production index priorities
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Figure 3. Causal relationships of the descriptive model
of the Ukrainian CSs market functioning

statistically confirms the assumptions made with-
in the proposed descriptive model, x; and x,,,

that is, the balance of direct investment stocks is
not related to the inflation rate, but is determined
by fundamental factors (for example, key branch-
es production index).

Significant relationship between factor variables
(multicollinearity) is determined in cases with
the following variables: x, and x,, which is de-
termined by the correlation between the relevant
indicators of the level of deposit rates and the
NBU discount rate (as a tool for adjusting the
level of interest rates in the economy). Within
the next model, only one of the indicators will be
used as an internal influence factor, x,, which is
simultaneously related to x,, x;, and x,. That
is, within the limits of the above theoretical ap-
proach, the GDP indicator should be replaced
with the related index, namely key branches
production index, x,, and x,, indicating that
the factors of external economic influence are
connected because both are indicators of exog-
enous priorities, that is, during the analysis they
can be converted into a combined indicator, for
example, the balance of investment stocks in

http://dx.doi.org/10.21511/imfi.16(2).2019.22

UAH billion or the corresponding growth rate,
X,, and x,, which indicates the dependence of
producers on export-import operations. Within
the model, the corresponding multicollinearity
is overcome due to changes in the two previous
exogenous priorities.

Considering the Stage 3 results makes it possible
to specify the structural components of the de-
scriptive model of the CSs market functioning (see
Figure 3).

As can be seen from Figure 3, there are three
groups of components in the model proposed:

« endogenous priorities that combine the con-
sumer price index, index of growth in new de-
posit rates of deposit-taking corporations, and
key branches production index;

o exogenous priorities, which are limited only
by the indicator of the dynamics of the native

currency rate to the USD;

o volume of CS issues, representing time series
data.
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CONCLUSION

Thus, the research confirmed that, firstly, Perspektiva Stock Exchange, Ukrainian Exchange and PFTS
(First Stock Trading System) are the most significant trading platforms. They are characterized by simi-
lar dynamics of monthly bids and they can be attributed to one group - active corporate securities mar-
ket players.

Second, in terms of endogenous priorities, the development of the corporate securities market is mostly
influenced by inflation rates (consumer price index), economic development indicators (key branches
production index) and interest rates on alternative financial instruments (rates on new deposits of de-
posit-taking corporations). At the same time, the first two indicators have a positive impact on the CSs
price growth, and the third affects negatively.

Third, the volumes of issuance of corporate securities and the native currency rate do not significantly
affect the corporate securities market development, in particular, the former is determined by a slight
negative impact on the price dynamics, and the latter — by a small positive impact

Thus, it can be argued that a balanced percentage of banking policy and the steady production develop-

ment in key sectors of the economy are the key priorities of the corporate securities market development
and their price increase (profitability).
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