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ECONOMIC MODELING OF ASSESSMENT OF UKRAINIAN BANKING SYSTEM
Abstract. The investigation presents scientific and methodological approach of evaluation
of efficiency of the banking system through a generalized Harrington function (desirable function)
that allows to determine the current state of the banking system and to predict the perspectives of its
development. In the simulation of assessment of the banking system were used data from 49 banks
operating in Ukraine for 2003-2016 and 15 financial indicators, which provide formation of input
variables of the model. The method of data processing is implemented in the package Viscovery
SOMine. The approach is based on the analysis of the dynamics of patterns of banks and building
self—organizing Kohonen maps which enables to determine the trajectory of activity of individual
bank. This approach enables forecasting of individual bank crisis and the potential crisis of banking
system of a country. Conducted trend forecast of the Harington function suggests potential of
improving of Ukrainian banking system over the next 3 years.
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EKOHOMIKO-MATEMATUYHE MOOENIOBAHHA OLUIHKU ®YHKLIOHYBAHHA
YKPAIHCbKOI BAHKIBCbKOI CUCTEMU

AHoTamiss. Y JOCHiDKEHHI TPEJCTaBICHO HAYKOBO—METOJWYHI 3acajyl OIIHIOBAHHS
epeKTUBHOCTI (yHKI[IOHyBaHHA OaHKIBCHKOiI CHCTEeMH YKpaiHH 3a JOMOMOTOI0 Yy3arajJbHEeHOl
¢yukuii Xappunrrona (pyHkuii 6askaHocTi). 3anpONOHOBAHUN HAYKOBO—METOJUYHUHN MiAXij, 110
IPYHTYEThCSI Ha aHali3l AWHAMIKM MaTepHiB OaHKIB Ta MOOYIOBI CaMOOPraHi3ylOUHMX KapT
KoxoHena, 103BOJIsi€ BH3HAYUTH TPAEKTOPIIO PO3BUTKY OKPEMOTO OaHKy Ta CIpPOTHO3YBaTH
Kp130BHi (DIHAHCOBUI CTaH SIK OKPEMOTro 0aHKy Tak i 0aHKIBChKOI CUCTEMH KpaiHH B IJIOMY.
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OKOHOMUKO-MATEMATUYECKOE MOOEJTIMPOBAHUE OLIEHKU
®YHKLUMOHUPOBAHUA YKPAUHCKON BAHKOBCKOM CUCTEMbI
AHHoTaums. B wmccienoBanuu mpeacTaBieHbl HAYYHO—METOAWYECKHE OCHOBBI OIEHKH
s dexTuBHOCTH (PYHKIIMOHUPOBaHUSI OAHKOBCKOW CHCTEMBI C TIOMOIIBbIO 0000IIEeHHON (yHKIIUU
XappuHrToHa (QyHKINH JKEIaTeITBHOCTH), YTO JaeT BO3MOKHOCTH OMPEIEIIUTh TEKYIEe COCTOSTHUE
0aHKOBCKOH CHCTEMBI W CIPOTHO3MPOBATH TEPCHEKTHBBI €€ pa3BUTHA. [lpu MopaenmpoBaHHU
OIICHKN (YHKITMOHMPOBAHUS OAHKOBCKOW CHCTEMbl OBUIM WCIIOJB30BaHBI JIaHHbIE 49 OaHKOB,
nerctBytommx B Ykpaumde B 2003-2016 rr. B Mozenu Obuio ucmonb3oBaHo 15 (uHAHCOBBIX
nokaszaTteneil, ooecreunBaomux (popMUpOBaHNE BXOIHBIX MEPEMEHHBIX Mojend. [IpemiokeHHbIi
HAyYHO—METOJWYECKUIA TI0AX0Jl, OCHOBAHHBIM Ha aHAINW3€ [WHAMHKH TIATTEPHOB OAaHKOB W
MOCTPOEHUH CAMOOPTaHU3YIOMUXCs KapT KoXoHeHa Mo3BoIIeT ONpeAeTUTh TPACKTOPHIO Pa3BUTHUS
oTaenbpHOro 6anka. Takke Ha OCHOBE JIaHHOTO TMOJX0/1a BO3MOKHO IPOrHO3UPOBAHUE KPUZUCHOTO
(UHAHCOBOTO COCTOSTHHS KaK OT/ICIHHOTO OaHKa, TaK U OAHKOBCKON CHCTEMBI CTPAHBI B IICIIOM.
KiroueBble ciioBa: 0aHKH, 0aHKOBCKAs CHCTEMA, YKOHOMHUKO—MATEMaTHIECKOE
MOJIeITUPOBaHNE, (PYHKIUS JKeTaTeTbHOCTH XappUHITOHA, KIIACTEPHBINA aHAIN3,
camoopranusytouecs kaptol Koxonena.
®opmyin: 10; puc.: 2; Tabmn.: 2; 6ubdi.: 10

Introduction. In the context of globalization for each country exacerbated the problem of
sustainable economic development, which largely depends on the stability of the banking system.
Under these conditions, methods for early diagnosis of possible crisis in the banking system and the
choice of statistical methods for forecasting future state of the banking system are particularly
important. These will enable a timely manner to prevent the emergence of problems in the banking
activities.

In an unstable economic situation in the banking system of Ukraine research and financial
analysis of this segment of the financial market and individual banks is a priority task as for
researchers and for practitioners.

Literature review and the problem statement. Almost every country has its own method
of assessing the financial condition of banks allowing for the national economy. In the world, there
are several early response (notification) systems and developed number of models such as: CAMEL
(Capital adequacy — Asset quality — Management — Earnings — Liquidity), CAMELS (CAMEL +
Sensitivity to market risk), CAEL (Capital adequacy — Asset quality — Earnings — Liquidity), SCOR
(Statistical CAMELS off=site rating), FIMS (financial institutions monitoring system), SEER
(system for estimating examination ratings), SAABA (Support System for Banking Analysis),
BAKIS (BAKred Information System) [1, 2, 3]. All these models are applied in practice and
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through them conducted a qualitative analysis of the dynamic of the banking system in many
countries, but each of them has its advantages and disadvantages. In our opinion analysis of
common and distinctive features of banks and assessment of the banking system the most
appropriate for research is the use of cluster analysis. Kohonen self-organizing maps consist of
components called nodes or neurons. The number of such components manually enters by
researcher. Each node can be described by two lines (vectors). The first vector describing the
weight m and is characterized by a corresponding dimension input. Another vector 7 is the
coordinate data specific host on the general Kohonen map. The resulting map can be represented by
the elements (cells) that had rectangular or hexagonal shape. It should be noted that the most
common form is hexagonal because it provides greater visualization of maps and the distance
between the centers of adjacent cells are the same.

As for the structure of input data, most researchers thought the same, so according to O.P.
Zarutska [4], the most significant are the final (quality) parameters, quantitative (structural)
parameters of balance proportion of banks and profile of performed operations, financial indicators
characterizing the market sector, where is bank's profit are formed. Construction of clusters based
on the similarity among banks in the environment of indicators / factors selected for the study.
Group of indicators that characterizing a single cluster called a pattern. In practice, each cluster has
its own unique pattern, which it describes. Changing of dynamics of patterns may indicate a change
in the strategic objectives of the bank. The study of the dynamics of patterns and their temporal
characteristics can be a tool to assess the evolution of the bank and will predict individual indicators
of the bank in the future. We consider that the trajectory of the evolution of the bank can be defined
ordered set of patterns, each of which describes the activities of the bank at a time. The more range
of indicators of the efficiency of the bank, the more accurate will be conducted cluster analysis, as
an effective mechanism for building patterns prerequisite is a large amount of input data. Method of
clustering using of Kohonen maps considers the totality of the indicators [5, 6]. The study aims to
develop a model that will determine the trajectory of a single commercial bank and the banking
system and will enable to predict beforehand the potential banking crisis.

Research results. The algorithm of assessment of the banking system is represented as
follows:

L. The analysis of the patterns of banks in Ukraine includes 5 stages.

Stage 1. Defining the system of indicators on which the clusters map is based.

— Gradual collection of necessary input data (financial statements of banks);

— Formation databases, i.e. forming matrix input X.

Xll le
X=| . . . (1)
X, o X,

m — number of financial indicators;
n —number of banks participating in the analysis;
X,m — value of m indicator for the n bank

Stage 2. Normalization of input data of the model.

As the chosen indicators have different measurement scale, for their unique comparison it is
necessary to make the normalization.

The method of bringing information dimensionless to the normalized form is based on the
concept of "ideal" quality strategies as a vector.

ideal ideal, , ideal
Bl = (gl gty @)
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Using a component ideal column vector estimates (on q test) is reduced to normalized form:

E(e,)—>E"(e,),q=1,...0 (3)
e,(s;)
e:(sk)zzTe:l,kzl,...,m )]

q

A successful solution to the problem of normalization depends largely on proper and
objective definition of the "ideal" quality strategies. Method of determining the ideal vector method
determines the relative normalization.

As an ideal vector, can be used, for example, a vector whose components are the maximum
possible value of local criteria:

ideal

e, = ((rr;g;( e, (8,);3 (n;zg e, (5,5 (rr;gsx e, (s;)) %)

Stage 3. Optimizing of input data using the Harrington desirability function.

Generalized Harrington function (the desirability function) is quantitative, unambiguous,
unique and universal indicator of the quality of the object, but if you add qualities such as adequacy,
effectiveness and statistical sensitivity, it becomes clear that it can be used as a criterion for
optimization. To use the Harrington scale, we need all the studied parameters lead to dimensionless
form per the horizontal axis and calculate the value of partial Harrington functions.

G, = 4/1{:71 d, (6)

d, =expEexp(x;)) (7)
k—  number of indicators used to assess the desirability function;
dy— partial function which is defined per the Harrington scale;
X, — rate in dimensionless form.
n—  the number of investigated objects;

Particle coefficients calculated in generalized coefficients systems allow us with almost
mathematical precision determine their advantages and disadvantages. If the ratio of the desirability
of system is in the lower area features of Harrington function, for satisfactory results of functioning
of the bank will need to "pull" almost all the parameters of the system to an acceptable level (due to
the high cost of time and effort to be correctly estimate (Table. 1).

Table 1
Harrington function scale

Desirability Assessment
Very good [0,80-1,00]
Good [0,63-0,80)
Satisfactory [0,37-0,63)
Bad [0,20-0,37)
Very bad [0,00-0,20)

Analyzing partial coefficients of desirability of specific parameters, we can assess
opportunities and ways of upgrading of individual bank.
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Stage 4. Process data by means of software Viscovery SOMine.

The method of data processing is implemented in the package Viscovery SOMine. Using the
proposed method of grouping large volumes we can receive more information about the real state
and trends of each object by comparison with the totality of objects and generalize of similar
features.

a) Setting priorities of clustering features (efficiency of banks) by Fishburne method.

In multi decision—making tasks the local criteria have different importance for the person
who decides. This should be considered to select the optimal strategy, giving preference to a more
important criteria information or situations.

We check the balance of the distribution of weights for which we use a formula to sum
arithmetic progression of m parameters with strict descending order of priority. Further we
normalized weights and conducted weight coefficients calculated by Fishburne rule:

_2(N-n+1)
W;— weight coefficient of i indicator;
n—  weight of indicator;
N—  total number of indicators.

The amount of weighting coefficients should equal 1.

b) Setting up the training of Kohonen maps.

Installed the number of neurons of Kohonen maps (Number of nodes=1000) is conditioned
by the size of the target population of banks. The value of tension parameter set at 0.3 level to
increase the sensitivity of artificial neural network. For more accurate results, choose "Accurate"
schedule.

¢) construction of maps of clusters investigated banks;

d) analysis of the results of the model based on the Harrington desirability function scale;

d) distribution points for groups of banks in clusters;

f) evaluation of banks by groups within clusters.

5 stage. Assessment of the adequacy of the model.

To test the adequacy of the model we will input to model two conventional banks “The good
bank” and “The bad bank™ (with maximum and minimum value of synthesizing function). Reaction
of model will allow to conclude correct response of model of diametrically different value of
indicators.

The conceptual model of dynamic analysis of patterns of banks in the banking system
presented as:

X = {GlaGQ,G3,G4}—) max

G, = n/]‘n[ d,
k=1
d, = exp( —exp( —x,)) 9)
n=1.N
k=1..K
G, € [0;1]
z € [1;4]

We use methodical approach to analyze the dynamics of patterns of banks in the banking
system of Ukraine. To construct the model was chosen 49 banks of Ukraine. For clarity of the
results were taken representatives of each of the 4 groups of banks. The choice of banks for research
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was conducted based on the Decision of the National Bank of Ukraine "About distribution of banks
in the group" [7, 8, 9, 100mmoka! UcTOYHUK CCHIJIKU HE HAH/IEH. ].

Defining the metrics on which the clusters map is based. I the model we proposed using 15
indicators that provide formation of input variables of models.

We propose to use a relative approach to normalization of parameters used in mathematical
statistics.

e, (s;)

b
maxe, (S;
S,eS i ’)

g=1,.,0:k=1,...,m (10)

e;{ (s¢)=

Next stage is optimizing of input data using the Harrington desirability function. We
consider the significance of the 15 indicators and conduct convolution. This study investigates
banks in the following areas: a group of indicators characterizing the state of bank deposits (4
indicators); group of indicators characterizing the state of the bank's assets (5 indicators); group of
indicators characterizing the state of the bank's capital (3 indicators); group of indicators
characterizing the state of bank loans (3 indicators). We find the weight of each group of indicators.
To apply this, we use Fishburne rule. We find the weight of each group of indicators. To apply this,
we use Fishburne rule.

The process of data processing by means of software Viscovery SOMine.

We have set of Kohonen maps for selected groups of indicators and borders for partitioning
the clusters. Based on the presentation of colors we can determine the distance between elements of
the samples. You can also use Kohonen maps of the scale to determine the values of the cells, their
comparison and analysis.

Thus, data processing was obtained 6 clusters. General Kohonen map is presented
in Figure 2.

For the interpretation of the results we can generate the trajectory of banks
during 2003-2015.

The formation of ranks of clusters are presented in Table 2.

Table 2
Forming ranks clusters
Synthesizing function Distribution Group of
Clust Sh Rank
uster are G G, G Gs 1G.1G,1Gs G an banks

Sy 52,61% | 0,4923 | 0,5455 | 0,4616 | 0,5179 | 3 | 3 | 3 | 3 | 2** | Stable banks

S» 22,39% | 0,4739 | 0,4993 | 0,4779 | 0,5282 | 3 | 3 | 3 | 3 | 3** Problem

banks

S3 10,28% | 0,3845 | 0,5339 | 0,3181 | 0,5112 | 3 | 2 | 3 | 3 5 | Banks in crisis

S4 9,66% | 0,4556 | 0,4277 | 0,4930 | 0,5431 | 3 | 3 | 3 | 3 | 4%** Problem

banks

Ss 2,15% | 0,0042 | 0,5174 | 0,0587 {0,4990 | 3 | 1 | 3 | 1 6 Banks at the
stage of

bankruptcy

Se 2,91% | 0,5643 | 0,6447 | 0,4684 | 0,5201 | 4 | 3 | 3 | 3 1 Strong banks

** To set the rank for clusters S, S,, and S3, the average rate of synthesizing function was used

To assess the efficiency of the individual banks, we conditionally divide clusters into
groups. Based on the model results the group of strong banks include (Cluster S¢ — pink cluster):
PJSC Imeksbank (in 2012), JSC Oschadbank (2003-2008) and PJSC PrivatBank (2003-2015).
Crisis Group banks in 2015 include 5 banks (Cluster S3 _ yellow cluster): PJSC Zemelny Capital,
JSC Oschadbank, PJSC FUIB, JSC Ukreximbank, PJSC Ukrsotsbank (UniCredit Bank).

Group Banks at the stage of bankruptcy in 2015 include 2 banks (Cluster Ss — violet cluster):
PJSC Universal Bank and PJSC Prominvestbank.
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Banks included in the last 2 groups are requiring special supervision by the state banking
supervisors. Specific sanctions for Ukrainian and international banking legislation should be applied
to these banks.

To test the adequacy of the model we introduce to the model two conventional banks “The
good bank” and “The bad bank”.

fﬁf ¢kt_ﬁv\ss!

51

Figure 1. Kohonen map of Ukrainian banking system and New Kohonen map with conventional banks

In the upper left corner, there is a violet cluster Ss indicators which show the best financial
reporting data and in the upper right corner there is a pink cluster S¢ that contrast worst. Based on
the results we can conclude that “The bad bank™ with low financial performance thus was added in
the worst pattern, while the “The good bank” on the general Kohonen map goes to the best pattern
that confirming the adequacy of the proposed model. Normalization of data on the Savage basis.
The choice of normalization explained that Savage normalization is the most common among
researchers, economists and simultaneously combines 2 operations: changing indicator of the

effectiveness (E(eq))i M)(EH(eq))m) and natural method of normalization. After that data
should be optimized on Harrington function.
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Figure 2. Assessment of functioning of the banking system of Ukraine

Calculating of the integral index, we considered belonging of individual bank to the group of
banks, according to the National Bank of Ukraine classification of banks by assets. Balance
between groups of banks were allocated on the Fishburne basis.

Analysis of evaluation of the banking system based on scale of assessment of the Harrington
desirability function. Construction of the third—degree polynomial trend to identify general trends in
the banking system during the period.

Trend forecasting of developing the banking system for 3 future periods.

Results of the evaluation of the banking system of Ukraine is shown in Figure 3.

Conclusions. Thus, the following conclusions can be made. The activity of the Ukrainian
banking system underwent some fluctuations during the investigated period, but remained at a
satisfactory level in accordance with the values obtained by Harrington function. During 2003—
2004, the value of generalized Harrington function was at 0,52—0,49 points, but the following years
showed a significant improvement of Ukrainian banking system in 2005-2009 when it consistent
the level of 0,58—0,60 points.
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During 20102012, the Ukrainian banking system has experienced great upheaval that
accordingly affected the indicator of Harrington function whose value decreased to 0.5 in 2012. At
the beginning of 2013 we can notice a slight recovery of the system, however, in the following 2
years, the situation in the banking system again deteriorated. At the beginning of 2016 integral
assessment of the Ukrainian banking system is 0.57 points that corresponding to a satisfactory level
of desirability.

Conducted trend forecast of the Harington function suggests potential of improving of
Ukrainian banking system over the next 3 years. Based on the results of the model we see the need
to search resources to further improvement and reforming of the banking system of Ukraine.

It should be noted that obtained model can be expanded with additional indicators and
parameters that will not influence on its effectiveness. This model can also be used for the
simulation of other financial processes and systems.
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