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APPLICATION NEURO-FUZZY ECONOMIC-
MATHEMATICAL MODEL TO DETERMINE THE
OPTIMAL VOLUME OF INSURANCE PAYMENTS

The results obtained through the use of: classical economics and mathematical methods of
forecasting the likelihood of the risk, based on the unit of mathematical statistics; fuzzy-multiple
descriptions that are set adequate formalism for modeling financial systems in the face of
considerable uncertainty and right for a new interpretation of the classical probability and expert
evaluations; mathematical theory of fuzzy sets and fuzzy logic, which allows you to create relevant
provisions regarding management decisions towards preventing crises. A special feature is taking
into account expert knowledge in the subject area, which is a quantitative and qualitative
information on the operation environment of insurance companies, as well as optimization of
models based on operational data from indicators of financially stable insurance companies and
potential bankruptcies. The proposed building a model where the priority is to identify and list the
formation of a set of input parameters - independent variables based on fuzzy logic tools that are
selected to construct discriminant function by testing for multicollinearity.
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The construction of the membership function of input and result variables is shown for the
implementation of an adequate classification regarding the level of all indicators. It is proved that
the result of the model is not the division of companies on the basis of belonging to bankrupts or
stable functioning, and the time remaining until bankruptcy. The model not only finds the output
variable from the set of three given linguistic definitions, but also predicts the time during which a
company is threatened with bankruptcy. The conceptual approach to ensuring the possibility of
automatic adjustment of model parameters taking into account quantitative and qualitative factors
with the provision of a number of other undeniable advantages for the simulation of financial and
economic systems, which is reduced to the development of a system of response that would
correspond most closely to the requirements of a particular situation, is presented. The
recommended guidelines for determining the linguistic description of the bankruptcy risk of
quantitative interpretation obtained from a qualitative assessment are proposed.

Key words: insurance market, financial stability, financial risk, insurance payments,
economic and mathematical models, analysis, neuro-fuzzy technology.

Formulation of the problem. In recent decades, the role continuously
mentioned insurance companies goes to a new level by expanding the range of
insurance products, the introduction of complex financial products and positioning
itself as a reliable institutional investors.

Unstable state realities of the Ukrainian economy and the external economic
environment, where today the modern insurance companies are also developing
require constant adaptation to changes in the insurance business, because today is the
question of financial stability of companies and the creation of new tools to ensure
capacity to fulfill its obligations in the future.

The analysis of the insurance company's activity requires consideration of a
wide range of insurers' functions in the formation of information security, which
affects the quantitative assessment of the financial state. Particularly acute is the
problem of maintaining the solvency of the insurance company.

Because provision of liabilities is a necessary component in forecasting the
probability of bankruptcy in order to maintain the reputation and position of the
insurance market.

Thus, the existing needs for ensuring the financial stability of the insurance
company and reducing the potential for its deterioration justify the relevance of the
research topic.

In view of the above, to determine the optimal volume of insurance payments
in current conditions appropriate use of instruments of economic and mathematical
modeling, taking into account qualitative and quantitative factors. One of them is the
tool of fuzzy logic, which is currently the most promising area of research in the
fieldanalysis, forecasting and modeling economic phenomena and processes.

Analysis of recent research and publications. The theoretical, applied and
methodological aspects of the construction and use of economic and mathematical
models, the study of financial flows of the financial state of insurance companies,
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their financial stability and crisis management are devoted to a significant number of
publications by foreign authors.

Among them should be noted of E. Altman [1] W. Beaver [2] A. Kleffner [3]
and national scientists A. Matviychuk [4, 5, 6], V. Vitlinskoho [7] O. Cherniak [8]
O. Kozmenko [9, 10] O. Olkhovska [11] Z. Sokolovsky [12] and others.

Formulating the goals of the article. With the development of the insurance
market more and more attention is paid to the study of the conditions of maintenance
and maintenance of its stable activities.

The continuous monitoring of the environment for the operation and control of
the company's development strategy that would meet the requirements of a particular
situation requires the features and quality of the financial system in which the
domestic insurance business functions. Because of unforeseen circumstances it is in
an unstable economic development can break the financial stability of the insurer and
its ability to carry out its other obligations.

Accordingly, in the conditions of uncertainty and instability of the environment
of the insurance industry, the task of analyzing and assessing the financial position of
companies becomes of special importance. Therefore, the creation of solvency
potential in the state and the promotion of microeconomic stabilization of insurance
companies is a prerequisite for ensuring the reliable functioning of the insurance
market.

Thus, the purpose of the article is to conduct an analysis on the development of
optimal methodological support for the formation and evaluation of financial stability
of insurance companies and the approach to comprehensive financial analysis of an
insurance company in the context of aggravation of crisis phenomena, using methods
and tools of neuro-fuzzy economic-mathematical modeling, which allows to raise
efficiency of functioning of modern insurers.

Presentation of the main research material. Insurance is among the most
integrated forms of financial activity, and is a powerful tool for smoothing losses
arising in the course of business.

Insurance companies are financial institutions providing special kind of
services and implement important functions of protection and compensation,
maintaining the stability of the economic system of the state. A key element in
considering the insurance process is the definition of insurance risks in different
approaches to the formation of insurance payments. Naturally, a more appropriate
approach is to identify risks based on insurance models, with subsequent adjustments
to the results. Despite the fact that the main activity of insurers is the attraction of
insurance premiums and the implementation of insurance payments, a special role in
the functioning of insurance companies plays an investment component.
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Ensuring the stability of the functioning of the financial market in the
conditions of the mutual integration of many of its parts is placed on the insurance
and reinsurance sector as an instrument for ensuring financial stability of insurance
companies. Probabilistic nature of insurance determines the critical role of a high
level of solvency of the insurer, as the company should be able to meet the
obligations under insurance at any time. After all, insurance companies are required
to generate and post compulsory insurance reserves, including reserves and premium
reserves losses.

Therefore, to determine the optimal volume of insurance payments is an
important criterion for the assessment of the insurance company.

There are a number of classical economic and mathematical methods for
forecasting the probability of occurrence of risk that are based on the apparatus of
mathematical statistics, but the fuzzy-plural descriptions are, on the one hand, a set of
adequate formalities for the simulation of financial systems in conditions of
significant uncertainty, and, on the other hand, the field for a new interpretation of
classical probabilistic and expert estimates.

The generalization of the classical theory of sets and the classical formal logic
is a mathematical theory of fuzzy sets and fuzzy logic that allows for the creation of
appropriate guidance for making managerial decisions to prevent a crisis.

A special feature is taking into account expert knowledge in the subject area,
which is a quantitative and qualitative information on the operation environment of
insurance companies as well as optimization of models by operating data from
indicators of financially stable insurance companies and potential bankrupt.

Fuzzy logic model builds on the basis incorporated therein sets of logical rules
and set parameters of membership functions. This means that they can operate even
without real data.

The models are open and understandable, because they are presented in natural
language. Also, unlike other methods, they are able to combine the possibility of
adjusting their parameters to real data from the analysis of quantitative - qualitative
indicators of insurance companies, because they have a set of advantages inherent in
neural networks. And the use of decision-making rules in fuzzy logic models makes it
possible to take into account in the analysis of expert knowledge in the subject area.

The example of mathematical modeling of diagnostics bankruptcy independent
variables can hold the following sequence of calculations.

When building a model priority is to identify and list the formation of a set of
input parameters (independent variables) based on fuzzy logic tools X,,i=1,N that

are selected to construct discriminant function (1) by checking multicollinearity.
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For the evaluation of financial performance X, and forming a knowledge

base,i =1,N that allow to characterize the financial position, forming a single list of
three quality definitions: L - low X, I - intermediate X, ,HL- high level X .

In accordance with the current financial condition, the following definitions are
used to evaluate the values of the resulting linguistic variable G, which includes a
number of bankruptcy risk degrees (RD): L - low RD, A - average RD, H - high RD.

In case of uncertainty of the expert there are fuzzy descriptions of the
methodological approach of conducting financial and economic analysis. He can not
clearly distinguish the mean and high level of a particular parameter.

Therefore, it is necessary to build the functions of the membership of input and
result variable definitions for the implementation of an adequate classification
regarding the level of all indicators.

Possible range of change of input factors X,,i =1, N and resultant parameter G,
sets the appearance of membership functions {L, I, HL} of fuzzy definitions of the
input variable X,,i=1,N on the set X.

It is analytically possible to represent quasi-bell-like functions that belong to

fuzzy definitions, both input X,,i =1, N and output variable G, using the function [5]:
1
(1)

2

. [X ~b, }

Cr

C - concentration factor, extracting function; b - coordinate of the maximum of
the function (u (b) = 1); T - linguistic definition of the set { L, I, HL }. As in points of
maximum, the values of the functions of the membership of the side definitions L and
H of all variables outside of their maxima b are equal to 1.

If the configuration parameters of the model will not be in accordance with the

normative values and by comparing these indicators for different companies in
different periods of time necessary to set tentative limits of all the definitions of each

p(X)=

indicator X,,i=1,N. We set the levels of indicators that are consistent with their

linguistic definitions so that they are fairly consistent with the rules of bankruptcy
assessment [6].
To factor mobility assets (X,) distinction between the definitions of L and I

was set at 0,3, and between I and H - level 1. Payable turnover ratio (X,) defined

boundary between the L and I is set at 0,5, and between I and H — 1,5. For
coefficients of turnover of equity ( X;) and payback assets ( X,) defined at 0,4 and 1,2

respectively. For the coefficient of security of own working capital ( X,) - at -1 and O.
The coefficient of concentration of attracted capital ( X, )as the limits has a value of
0,6 and 1,2, and the ratio of debt to equity ( X, ) is 0,4 and 1,4[7].
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Crossing the functions of membership set above distinction between the values
for each definition 7 {L,I,HL} input variables that can get the parameters b, and c,
features (1). Thus, the boundaries of the intersection of the linguistic definitions of
the output variable can be determined.

Definition H, which characterizes the high degree of RD, was assigned to the
fact that they went bankrupt in less than 24 months from the statement of financial
results. The average degree of RD (I) gave them that they became bankrupt more than
in 24 months. For companies that have been working stably for more than five years
after submitting for the analysis of financial statements, they set the definition - L.
The starting point of the model is the time remaining before bankruptcy, rather than
the division of companies on the basis of bankruptcy or stable functioning. So, not
only is the model output variable set of three linguistic definitions set {L, I, HL}, but
also predicts the time at which the company faces bankruptcy.

After converting the fuzzy value of the output variable to a clear number, that
is, dephasing, the model calculates the time (monthly), which remains until the
probable bankruptcy.

An expert system based on fuzzy knowledge should contain a mechanism
allowing decision making, which should include knowledge relating to the financial
side of bankruptcy and form a system of fuzzy logic rules. This will help predict
bankruptcy based on analytics information.

The rules by which decisions show a low degree RD can be represented using
membership functions and weighted coefficients [7]:

(X e X0) = 0 " (X,) % 1" (X)) (X g7 (X)) 1 (X ) Jv
v ol [ ) () % (X)) w1 (X) % 1 (X ) * P (X))

)

1 j(X,,...X,) - membership function of input variables vector X,,i=1,N the
value of output variable d, the set { L, I, HL };

N - the number of input variables (in this problem N = 7);

u*" (X)) - membership function of input variable X, linguistic definition

a, j=Lmi=LN,p=Lk (g (X,)=1-u"(X,);

m - number of values of the output variable G (m = 3);

k; - the number of rules in the knowledge base that meet the definition of j-th
output variable G (k,=k,= 2, k,= 4);

oy - the weight of the p rule among those that correspond to the definition d,

of the output variable.
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In terms of the theory of fuzzy logic, this means linguistic expression: "If the
value X, (H) X, (H) X, not (H) X, no (L), X, (L)/IF X, no (L) X, () X, (L), X,
(H) x, not (H) X, (H), then the degree of risk of bankruptcy G is low (L)".

Expert confidence in the chosen rule characterizes the weight, which is the
number of interval [0, 1]. In the same way, all functional dependencies are formed,
which embody decision-making rules in mathematical form.

Find optimal solutions using different number of rules should be performed
with the maximum calculated value of membership function. In order for each rule to
take into account the values of all input variables, when calculating the membership
function of the output variable, the operation of minimizing the membership
functions of all input variables is replaced by multiplication.

In the presence of statistical data, it is necessary to optimize the parameters, but
this model can be used to assess the financial condition of the enterprise. Therefore,
before evaluation of enterprise financial condition should adjust the model data to
bankrupt companies and financially stable companies using optimization algorithms
of a neuro-fuzzy models, such as back mistake propagation algorithm [12]. If to
optimize the model on the available statistical material, the quality of its logical
conclusion is significantly increased.

When configuring the model parameters are optimized all the rules and
parameters of membership functions of input variables with certain restrictions. In
order to provide a clear identification of enterprises that, according to these financial
indicators, remained bankrupt for less than two years, for the initial variable, the
parameters of membership functions of all definitions remain unchanged [13].

Then, based on indicators X,,i =1,N, Financial reports and expert opinions for

different time periods after the construction and configuration parameters for the
model estimated the current level of financial condition of the company G, to be able
to monitor the dynamic changes in susceptibility to bankruptcy and enterprise
decision. The final decision on G models that for which the function of target variable

G is greatest for a given value X, ,i =1, N :

G =arg max[,ud’ (X*,...,X;,)ljzl,m 3)
d,={L, 1 HL}.

As for determining the effective rate G maximum use out of all the rules and
functions of target variable for each rule is calculated as the product of the functions
of all input variables, the model output variable calculated by the following function:
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N
G =arg max{a);f’ [T X! )} 4)
i-1

pzl,kj,jzl,m.

The result of the equation - the linguistic description of the risk of bankruptcy
and quantification of time until a possible bankruptcy - quantitative interpretation
derived from (4) quality assessment.

If modeling task is only to determine the possibility of bankruptcy, not
predictions since its onset, the dephazyfication cannot be done.

By moving from quantitative values to linguistic definitions in fuzzy models,
the meaning of multicollinearity can be lost and there is the possibility of
constructing a model on those informative indicators that a financial analyst considers
appropriate to use, without conducting a preliminary study on the existence of
correlation links between them.

The conclusions and recommendations for further research. An analysis of
existing approaches to ensure the financial stability of insurance companies can
conclude that since the author's model is based on the same sets of explanatory
variables and configured on the overall statistical results of comparative experiments
with prediction of bankruptcies allow to draw conclusions about the ability of various
mathematical tools to classify objects research. Fuzzy logic provides a convenient
tool for representing expert knowledge about the development of the studied systems
and processes in mathematical form. Involvement in fuzzy models ensures the
automatic adjustment of their parameters, taking into account quantitative and
qualitative factors, and gives a number of other undeniable advantages for the
simulation of financial and economic systems, which is reduced to the development
of a system of response that would be most in line with the requirements of a
particular situation, which is the reasoned choice of tools fuzzy logic as the basis for
constructing the corresponding mathematical models.
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IosoBiii FO.A., acmipanTka; JlozoBcbka JLI., k.¢g.-M.H., noument, HamionanabHa
MeTaJypriiiHa akajemisi YKpaiHu

3acTocyBaHHSI HeHPO-HEYITKOI €KOHOMIKO-MATeMaTHYHOI MojAesi JJs1 BU3HAYEHHS
ONTHMAJIBHHUX 00’€MIB CTPaXOBHX BHILIAT

Y crarti poO3MISIHYTO TEOPETHYHE Yy3arajJlbHEHHS METOOJIOTIYHOTO 3a0e3MeueHHs
¢dinaHcoBoi CTiiiKOCTI CTpaxoBOi KOMIMaHii B yMOBaX HEBHU3HAUYEHOTO 30BHIIIHBOTO CEPEOBHUIIA,
JUTs BU3HAYCHHS ONTHMAJIbHUX 00’€MIB CTPaXOBHX BHIUIAT 3 3aCTOCYBaHHSM I1HCTPYMEHTapIiO
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HeUiTKOi JIoriku. Pe3ymbrate oTpuMMaHi 3a paxyHOK 3aCTOCYBaHHS: KIACHYHUX EKOHOMIKO-
MaTeMaTHYHUX METO/IiB MPOTHO3YBaHHS MMOBIPHOCTI HACTAHHS PU3HKY, SIKI 0a3ylOThCs Ha amapari
MaTeMaTUYHO! CTAaTHCTHKU, HEYITKO-MHOXXHHHI OINHUCH, IO SIBJISIOTH COO0I0, HaOIp aaeKBaTHUX
¢dbopmanizMiB 111 MOAETIOBaHHS (DIHAHCOBHX CHCTEM B yMOBaX 3HAYHOI HEBM3HAYEHOCTI, a TAKOXK
MmoJie Ui HOBOI 1HTEpHpeTalii KIACHYHUX WMOBIPHICHMX Ta €KCIIEPTHUX OIlIHOK, MaTeMaTH4YHa
TEOpis HEYITKUX MHOXHMH 1 HEUiTKa JIOTiKa, siKa 103BOoJsi€ (hOpPMYyBAaTH BIiIMOBIIHI IOJIOKEHHS
CTOCOBHO TPHHHATTS YIPABIIHCHKUX pIllIEHb Yy HAaNpsMKY TONEPEPKEHHS] KPU30BUX SIBUIIL
OcoOnUBICTIO € ypaxyBaHHS €KCIEPTHUX 3HaHb B MPEIMETHIM 00JacTi, 0 CKJIagae KUIbKICHY Ta
SKICHY 1H(oOpMaIil0 M0I0 cepeaoBHIa (GYHKIIOHYBAHHS CTPAaxXOBUX KOMIIAHIM, a TaKOX
3MIACHEHHS ONTHMI3allii Mojeneld Oonepyl4d JaHUMU IIOKa3HUKIB JisSUIBHOCTI (D iHAHCOBO
CTaOUTPHUX CTPAXOBUX KOMITAHIM Ta MOTEHIIMHUX OAHKPYTIB. 3amponoHOBaHa MOOYI0Ba MOJENI,
Jie TepUIOYEeproBUM € BH3HAUEHHS Ta (OpMyBaHHS HAOOpPy MEpeiiKy BXiAHUX MOKa3HHUKIB -
HE3JIC)KHUX 3MIHHHMX, HA OCHOBI 1HCTPYMEHTApIi0 HEUITKOI JIOTiKH, 110 BimiOpaHi ais moOyaoBH
JTUCKPUMIHAHTHOI (YHKIII HUISXOM MEpeBIpKM Ha MyJbTHKOJiHeapHicTh. [lokazaHo MmoOynoBy
GyHKIT HAJIEKHOCTI BXIIHHUX 1 Pe3yAbTYIOUMX 3MIHHUX BU3HAY€Hb IS 3MIMCHEHHS aJeKBaTHOI
kiacudikamii o0 piBHA YCiX MOKa3HUKIB. JJOBEICHO, 110 BUXOIOM MOJETI € He MO KOMIaHii
3a 03HAKOI0 HAJIEKHOCTI 0 OAHKPYTIB 4M CTAaOUIBHO (PYHKIIIOHYIOYHMX, a dYac, IO 3aJMIIABCS 0
OaHKPYTCTBa, aJKe, MOJIENbh HE JIHMINE 3HAXOAWTh BUXIJHY 3MIHHY 13 MHOXHHH TPbOX 3aJaHHX
JIHTBICTUYHUX BU3HAYCHb, a ¥ IPOTHO3YE Yac, MPOTATOM SIKOT'O0 KOMIIaHii 3arpoKye 0aHKPYTCTBO.

HaBeneHo KoHIENTyanpbHUW MiAXiA MIOAO 3a0€3MMEeUeHHS MOMIJIMBOCTI aBTOMATHYHOTO
HaJIaro/UKEHHS ImapaMeTpiB MOJIeNl 3 ypaxXyBaHHSIM KUIBKICHUX Ta SIKICHHX (haKTOPIB 3 HAJIaHHSIM
HU3KM 1HIIUX HE3alepeyHUX IepeBar Uil MOJCNIOBaHHS (iHAHCOBO-€KOHOMIYHUX CHCTEM, IO
3BOJIUTHCS 10 PO3POOKH CHUCTEMHU pearyBaHHs, sSKa HAMOUIBIIO MIpPOI0 BiAMOBiganma O BUMOram
KOHKpETHOi cuTyalii. 3ampormoHOBaHO pPEKOMEHJAIiHI 1HCTPYKIii MoA0 igeHTHdiKarii
JIHTBICTUYHOTO OMHUCY PU3HMKY OAaHKPYTCTBA KUTBKICHOI IHTEpIIPETAIlii OTPUMAHOI 3 SIKICHOT OI[IHKH.

Knwuosi cnosa: ctpaxoBuil pHHOK, (piHaHCOBA CTiHKICTh, (DIHAHCOBUH PHU3HK,CTPAXOBi
BHILUIATH, EKOHOMIKO-MaTeMaTHYHI MOJIEI, aHaJl13, HEUPO-HEUITKI TEXHOJIOT 1.

IosoBmii 10.A., acnupanTka; JlozoBckas JLU., k.p.-M.H., nouent, HanunonaabHas
MeTAJLIyPruiecKas akajgeMusi Y KpauHbl

IIpumenenne HeHPOo-HeuYeTKOM IKOHOMHMKO-MaTeMATHYECKOM Mo eJIu Jif) §:
onpeaeJeHUs1 ONTUMAJIBHBIX 00bEMOB CTPAXOBBIX BbIIJIAT

B crathe paccmoTpeHBl TeopeTHYecKre OOOOIIECHHS METOJ0JOTHYECKOrO OOecredeHUs
(uHAHCOBOW YCTOWYMBOCTH CTPAaXxOBOM KOMIAHWU B YCIOBHUSX HEOIPEIEIEHHONW BHEIIHEH cpelbl,
JUIS OTIpeZieNIeHUs] ONTUMAIBHBIX O00BEMOB CTPaXOBBIX BBIILJIAT C MPUMEHEHUEM HHCTPYMEHTapHs
HeYeTKol Joruku. [IpoBeneH aHanu3 Mo pa3paboTKe ONTUMAIBHOTO METOAMYECKOro 00ecreYeHus
Uit GOpMUPOBAHUS M OIEHKM (PUHAHCOBOW YCTOMUYMBOCTH CTPAaxOBBIX KOMMIAHWW. BwimeneH
KOMIUICKCHBIM TIOJX0J] (PMHAHCOBOTO aHajn3a CTPaXOBOM KOMITAHUU B YCIOBUSX OOOCTPECHHS
KPU3HUCHBIX SIBJICHUM, C UCTOJIb30BAHUEM METOJIOB U HHCTPYMEHTOB HEHPO-HEUETKOI0 3KOHOMUKO-
MaTeMaTH4eCKoro wmojenupoBanusi. OOOCHOBaHA BO3MOXKHOCTh TMOBBIIIEHUST 3(PPEKTUBHOCTH
(GYHKIIMOHMPOBAHUSI COBPEMEHHBIX CTPAaXOBIIUMKOB C HCIOJIb30BAaHUEM OCOOEHHOCTEH Teopuu
HEYETKMX MHOXXECTB U HEUETKOH JIOTUKU, KOTOpPBIE IMO3BOJSIIOT (OPMHUPOBATH MPHHSITHS
yIpaBIeHYECKUX PEIIeHUH B HAMpPaBICHUH MPEAYIPEKICHUS KPUIUCHBIX SIBICHUM.

Knrwouesvie ciioBa: CTpaxoBOil PHIHOK, (pUHAHCOBAs yCTOMYMBOCTH, (DMHAHCOBBIH PHCK,
CTpaxoBbI€ BBIIJIATHI, 9KOHOMUKO-MaTeMaTHYECKUE MOJIENIN, aHAIIN3, HEHPO-HEUETKUE TEXHOIOTHH.
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