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MODELS AND SOFTWARE SOLUTIONS FOR THE PROBLEM OF DIAGNOSING THE FINANCIAL
STATE OF IT-ENTERPRISE

Today, the economy of Ukraine is in a relatively unstable position; therefore, Ukrainian enterprises require effective management. But in order to
effectively manage the enterprise, you need to know what state it is in. Solving the problem of diagnosing the financial state of an enterprise in the future
will allow developing an apparatus of effective management decisions that will help maintain the enterprise at the proper level of functioning and ensure
further development of both the enterprises and the economy as a whole. The relevance of research is manifested in the application of the results for
operational and effective management. The problem is in the need to obtain a more accurate solution for the problem of diagnosing the financial state of
the enterprise with the parameters that characterize the financial situation best of all. The main objective of the research was to solve the problem of
diagnosing the financial state of an IT company, using a model that implements a certain approach in order to obtain a qualitative conclusion about the
state of a company. A method based on the use of a fuzzy logic apparatus, namely, production models with a Mamdani fuzzy inference algorithm is
proposed for solving the problem. There are 10 input parameters were allocated to determine the financial state. The criteria according to which the state
was assessed were quantitative and qualitative indicators of the company’s activity over the selected period. The resulting mathematical model allows
to take into consideration both quantitative and qualitative indicators. The results of the research give an understanding of what indicators and how affect
the financial condition of the company, and can also be used in the future, for example, to solve the forecasting problem. The implementation of research
results can help speed up the diagnosis of the financial state of the enterprise and make a right management decision based on the results of diagnosis in
time.
Keywords: diagnosing, financial state, financial indicator, fuzzy logic, production model, Mamdani algorithm, rule base.
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MOJAEJII I ITIPOT'PAMHI PIINEHHSA 3ATAYI JIATHOCTYBAHHA ®IHAHCOBHUX CTAHIB
IT-MANTPAEMCTBA

Ha cporopuimmHiii JeHb, €KOHOMiKa YKpaiHH 3HAXOAUTHCS Y BIJHOCHO HECTAOLILHOMY IIOJIOXKEHHI, TOMY IiJNPHEMCTBA YKpaiHM BHMAararoTbh
edexTHBHOTO ynpaBiiHHA. A U1 TOro 1mo6 e(eKTUBHO YIIPABIATH MiANPUEMCTBOM, HEOOXIHO 3HATH B SKOMY CTaHi BOHO 3HAXOJMUTHCS. PileHHs
3aj1a4i JiarHOCTYBaHHs (hiHAHCOBOTO CTaHYy MiAIPHEMCTBA B MOJANBIIOMY J03BOJUTH PO3POOIISITH amapar eeKTHBHUX YIPABIIHCHKHX PIIICHb, SKi
JIOTIOMOXKYTb ITi ITPUMYBATH I IIPUEMCTBO Ha HAJIGKHOMY PiBHI (PyHKIIOHYBaHHS 1 3a0e31edyBaTH HOJaIbIINH PO3BHTOK, SIK CAMHX MiAIPHEMCTB, TaK
i GKOHOMIKM B I[JIOMy. AKTYaJbHICTh HOCII/DKEHb IHPOSBISEThCA B 3aCTOCYBAHHI OTPUMAHHX pE3y/bTaTiB Ul ONEPaTHBHOIO i e()EKTUBHOTO
ynpasiinas. [Ipo6iaema nosnsirae B HEOOXIAHOCTI OTPUMAHHS OiIbII TOYHOTO PILICHHS 3a7adi MiarHOCTYBaHHs (hiHAHCOBHX CTaHIB IMiANPHEMCTBA, 3
ypaxyBaHHSM IapaMeTpiB, IO XapaKTEepU3ylTh (IHAHCOBMH CTaH Haiikpaiie. OCHOBHUM 3aBJAaHHSIM JIOCHI/DKCHHS OyJiOo pillleHHs 3ajadi
JiarHocTyBaHHs (iHaHCOBHX cTaHiB IT-koMmnaHii, 32 I0OMOMOro0 MOJEN, 0 peanidye NeBHUH MiIXiJ 3 METOI OTPUMAHHS SIKICHOTO BUCHOBKY IIPO
CTaH KoMIaHii. J{yis BUpilieHHs 3aBIaHHs IPOIIOHYETHCS METO/, 3aCHOBAHUI Ha 3aCTOCYBaHHI aniapaTy HEYiTKOT JIOTiKH, a caMe MPOAYKII HHUX MOJIeNei
3 aITOPUTMOM HEUIiTKOTO BHCHOBKY Mawmpani. J{nst Bu3HaueHHs (inancoBoro ctany Oynm Bupineri 10 Bximaux nmapamerpis. Kputepisamu, 3a skuMu
OIIIHIOBABCS CTaH, OyNM KiIbKICHI Ta SIKICHI TOKAa3HUKHM [isJIBHOCTI KOMHaHil 3a oOpanuii mepion. OTpuMaHa MaTeMaTUYHAa MOJENb J03BOJISE
BpaxoOBYBATH sIK KUIBKICHI, TaK 1 AKiCHI OKa3HUKU. OTpUMaHi pe3yabTaTu JOCIIKEHHS IAI0Th PO3YMIHHS PO T€, SIKi MOKa3HUKH 1 K caMe BIUTUBAIOTh
Ha (piHAHCOBMI CTaH KOMIIAHIl, a TAKOX B IIOJAIBIIOMY MOXYTh BHKOPHCTOBYBATHCS, HAIpPHKIAJ, U BHPIIICHHS 3aadi IIPOTHO3YBaHHS.
BripoBapkeHHS pe3yIbTaTiB JOCIIDKEHHS MOYKE JOTIOMOITH TMIPUCKOPUTH MPOBEAEHHS JAiarHOCTYBaHHs (JiIHAHCOBOTO CTAHy Ha MiANPUEMCTBI, @ TAKOXK
BYACHO NMPUIAHATH T€ YH 1HIIIE YIIPABIIHCHKE PIIEHHS, 3aCHOBAHE HA Pe3yJIbTaTax JiarHOCTYBAHHS.

KurouoBi cioBa: miarHocTyBaHHs, (piHAHCOBHUI CTaH, ()iHAHCOBUII NOKa3HWK, HEWITKA JIOTiKa, MIPOAYKIiifHAa MOJENb, anropuT™M MamzaHi, 6a3a
TIPaBHIL.

A. E. 'O/IOCKOKOB, /1. B. TKAYEHKO

MOJEJIX U ITPOT'PAMMHBIE PEINEHUA 3AJJAYN JUATHOCTUPOBAHUSA ®PUHAHCOBBIX
COCTOSIHUM IT-IPEANPUASTUS

Ha ceronmusiniauii 1eHb, 5KOHOMUKA YKpauHbl HAXOJUTCS B OTHOCUTENHHO HECTAOMIBHOM MOJIOKEHHH, OATOMY HPEINPUSTUS YKPauHbI TPeOyIoT
addexruroro ynpapierus. Ho st Toro 4to0bl 3G HEKTHBHO YIPaBISTh MPEANPUITHEM, HEOOXOIMMO 3HATH B KAKOM COCTOSTHHH OHO HAXOHTCSL.
Penrenne 3ajaun AMArHOCTHPOBAHMS (PUHAHCOBOTO COCTOSIHHS NPEANPHATHS B JajJbHEHIIEM IO3BOJUT pa3pabaThiBaTh ammapar 3(pGeKTHBHBIX
YIPaBICHYECKUX PEHICHUI, KOTOPhIE MOMOTYT MOJICPKUBATh MPEANPUSITHE HA TOJDKHOM YPOBHE (DYHKIIMOHMPOBAHUS U 00eCHeYnBaTh JalIbHEHIIee
pa3BHUTHE, KaK CaMUX NPEINPHUITHIA, TAaK 1 YKOHOMHKHU B LIEJIOM. AKTYaJIbHOCTh UCCIICAOBAHUI MPOSBIIAETCS B IPUMEHEHUH MOTY4YCHHBIX PE3yJIbTATOB
JUIsL OlepaTHBHOrO U 3 ¢dekTuBHOro ympasieHus. IIpobiema 3akiaroyaertcs B HEOOXOIMMOCTH IOJMydeHHs OoJiee TOYHOTO PELICHUS 3aJadu
JIMarHOCTUPOBAHUS (DPMHAHCOBBIX COCTOSIHUH MPEANPUSTHS, C Y4ETOM IapaMeTPOB, XapaKTePHU3YIOUIHMX (DUHAHCOBOE MOJIOKEHUE JydIlle BCEro.
OCHOBHOMW 3a7a4eil MCCIIEIOBAHMS SIBIISUIOCH PEIICHWE 3a/laull TUATHOCTHPOBAHUS (DPMHAHCOBBIX COCTOSHME [T-KOMIaHuWM, ¢ MOMOIIBIO MOJEINH,
peanu3yolei OIpeaeeHHbIN TOX0/ C LENbI0 HOJIYICHHUsI KaUeCTBEHHOTO 3aKIIFOYECHUS O COCTOSTHUM KOMITaHUH. J{JIs1 pelieHnst 3a1aun peiaraeres
METO/]I, OCHOBAHHBII Ha MPUMEHEHNH armnapara He4eTKOM JIOTHKU, & IMEHHO NPOIYKIIMOHHBIX MOJIENEH ¢ aJrOpUTMOM HEYETKOrO BbIBOJa MamaaHu.
Jlns onpenenenust GUHAHCOBOTO COCTOSIHUS ObUIM BbIAENEHBI 10 BXOAHBIX MapaMeTpoB. Kpurepusmu, Mo KOTOPBHIM OLIEHUBAIOCH COCTOSHUE, ObLIH
KOJIMYECTBEHHBIC M KaYEeCTBCHHBIE MOKA3aTeN JICATSIFHOCTH KOMIIAaHUM 3a BBIOpaHHBIH nepro. [loydenHas MaTeMaTHueckas MOJEIb MO3BOJISIET
YUUTHIBATh KaK KOJMYECTBEHHBIC, TaK M KAYeCTBEHHBbIC MOKa3aTesnu. [lomydeHHbIe pe3ysbTaThl MCCIEIOBAHUS IAOT MOHMMAaHUE O TOM, KaKue
MOKA3aTeIM U KaK MMEHHO BJIMSIOT HAa (DMHAHCOBOE COCTOSHHE KOMITAHUH, A TAK)KE B JAJbHEUIIEM MOTYT MCIOJIB30BAThCS, HATIPUMED, [UIS PEIl CHUS
3a/1a4¥ IPOTrHO3UPOBaHS. BHeIpeHne pe3ynbTaToB HCCISIOBAHNS MOXKET IIOMOYb YCKOPUTH HPOBEACHNE THarHOCTHPOBAHUS (PHHAHCOBOTO COCTOSIHHS
Ha MPEANPUATHH, a TAK)KE BOBPEMsI IPUHATH TO MM MHOE YIIPABICHYECKOE PELICHHE, OCHOBAaHHOE Ha PE3yJIbTaTaX JUArHOCTUPOBAHHUS.

KiioueBble ciloBa: TUarHOCTUPOBaHHWE, (PMHAHCOBOE COCTOSIHUE, (DMHAHCOBBIM ITOKA3aTelb, HEYETKAas JIOTHMKA, MPOIYKIHOHHAS MOJENb,
anropuT™M Mamany, 6a3a mpaBmIL.

Introduction. In the conditions that have emerged situation; therefore, Ukrainian enterprises require effective
today, the Ukrainian economy is in a relatively unstable  management in order to prevent the bankruptcy of
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enterprises, which in turn can lead to a sharp decline of the
economy. Among a humber of tasks that are solving in the
field of effective management, an important role takes the
task of diagnosing the financial state of an enterprise,
because it is impossible to manage effectively without
knowing the condition of the control object.

Solving the problem of diagnosing the financial state
of an enterprise in the future will allow developing an
apparatus of effective management decisions that will help
maintain the enterprise at the proper level of functioning
and ensure further development of both the enterprises and
the economy as a whole. In modern conditions of
development of information technology, the automation of
the diagnostic process can also significantly improve the
efficiency of the enterprise. Some IT-company is
considered as an enterprise.

The relevance of diagnosing the financial condition of
an enterprise over time is obvious, because obtaining
financial states is a necessary tool for strategic planning and
management in the economic sector. Accurate
determination of financial status provides an adequate
understanding of the situation and the direction in which
you need to act. The relevance of research is manifested in
the application of the results for operational and effective
management.

Timely and accurate determination of the financial
state of the company is one of the main conditions for its
successful development and functioning. Accurate
determination of the financial condition in modern
conditions is the reason for the need to have approaches that
help determine the financial state of an enterprise and bring
enterprises out of their unsatisfactory condition, if they are
in it, by managing and subsequently ensuring their proper
financial and economic position.

Formulation of the problem. First of all, the
management of the enterprise needs to know the state of the
object of management. To do this it is necessary to solve
the problem of diagnosing the financial state of the
company and to develop actions to ensure its further
effective functioning and development.

Diagnosing is the process of determining and studying
indicators, which characterize the state of an object. It
consists in certain research methods, analysis of the
obtained results and their generalization in the form of a
conclusion (diagnosis) to determine possible deviations and
prevent disturbances in the normal functioning of an object.

The task of diagnosing the financial state of an
enterprise is characterized by the difficulty of obtaining
information, a large volume of analyzed data, and
multicriteria, because a large number of indicators are
calculated and investigated.

Existing models and methods of diagnostic of
financial state do not take into account the parameters that
are quite important in modern conditions, since they do not
bring them into consideration; therefore, the financial
situation can be determined insufficiently accurately. Some
mathematical models take into account a series of key
parameters, but do not have the optimal criteria, which are
necessary for determining the financial state. Also,
uncertain or unclear information may be contained in the
initial data and knowledge about the controlled object and

that information cannot be processed by traditional
quantitative methods [1].

Therefore, in the current economic conditions, the
issues of expanding and improving the models for
diagnosing financial conditions are relevant.

The problem is in the need to obtain a more accurate
solution for the problem of diagnosing the financial state of
the enterprise with the parameters that characterize the
financial situation best of all.

Thus, the main objective of the research was to solve
the problem of diagnosing the financial state of an IT
company, using a model that implements a certain approach
in order to obtain a qualitative conclusion about the state of
a company. The solution way, based on the obtained model,
can be automated in the future, which is necessary for the
quick and accurate determination of the financial condition
of a company in order to improve the efficiency of the
financial department and the company as a whole.

The subject of the research is the process of
determining the financial state of the enterprise, and the
object of the research is some IT-company.

The task and purpose of the research is to analyze the
company's financial indicators and determine the financial
condition with their help on the basis of the chosen
diagnostic method.

The financial state in this case can be evaluated as
good, normal or bad.

This article is aimed at implementing the practical
aspects of diagnosis of the financial condition of the
company. The approach to the diagnosis of the financial
state of the company, realized in the construction of
diagnosis model, differs from the well-known models of the
mathematical apparatus, which allows to carry out
diagnostic of the financial state of the company.

It is planned to build a model of diagnosing the
financial state of the company such a way that it allows to
take into account the optimal number of basic indicators
that have a significant impact on the determination of the
financial condition of the company with the greatest
accuracy.

Thus, the need for accurate diagnosis of the financial
condition of the enterprise is due to economic reasons and
the reason for the need to make correct and effective
management decisions. Solving this problem allows us to
accurately assess the current financial position and activity
of the enterprise.

Solution Method. The financial state of the company
(which is an IT-company) depends on the results of its
industrial, commercial and financial activities. It is
determined on the basis of a series of indicators that most
objectively reflect the trends of change in financial state, as
a rule, it consists of four groups: liquidity indicators,
financial stability indicators, profitability indicators
(profitability), business activity indicators [2].

Analysis of Ukrainian and foreign publications
and literary sources showed that the task of diagnosing
the financial conditions of an IT-company can be solved
using various mathematical approaches, such as: the
classical coefficient method with calculating rating score,
neural network technology, fuzzy logic apparatus and
others [3-6].
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For illustrate, the authors propose for the solving task
of diagnosing financial state of company method based on
the using of a fuzzy logic apparatus, namely, production
models with the Mamdani fuzzy inference algorithm.

Complex dynamic economic systems (which are en-
terprises) may be characterized by incomplete information,
instability, evolutionary changes, etc. This information
is usually characterized by inaccuracy; it comes not in
the form of quantitative, but in the form of linguistic variab-
les [7].

In assessing the activity of the enterprise often have to
deal with non-numeric data (qualitative characteristics).
Many financial indicators do not have a precise rationing
and are highly dependent on the scope of the enterprise. In
such cases, often resorting to expert estimates. The classical
model for assessing the financial condition cannot work
with such data, so we can use fuzzy sets in this case.

The methods of fuzzy logic can significantly simplify
the description of the model of objects of control and
diagnosis, and are easier for hardware implementation.

Fuzzy production models are the most common type
of fuzzy models used to describe, analyze and model
complex systems and processes that are badly
formalized [8].

The fuzzy production system is understood as the
agreement of the sets of individual fuzzy production rules
of the form "if A, then B", where A and B are the
precondition and the conclusion of this rule in the form of
fuzzy statements, designed to determine the truth level of
the conclusions of fuzzy production rules, based on
preconditions with a certain degree of truth of the relevant
rules [8].

A fuzzy logical conclusion for a model that reflects
the functioning of a company is called approximation of
dependence Y = f(x;,x5, ... ,X10) Using a fuzzy knowledge
base and fuzzy operations.

As input linguistic variables using variables, defined
on the basis of selected primary financial indicators of the
company (obtained from the financial accounting of the
company). They are combined into two large groups [9].

The first is a group of quantitative indicators of
financial condition

XO = f(X15X23X33X4—)a

where  X; — group of liquidity ratios, which including x;
— current liquidity ratio, x, — absolute liquidity ratio;

X, — group of indicators of financial stability, which
including, x5 — availability of current assets ratio, x, — debt
to equity ratio;

X5 —group of profitability indicators, which including
x5 — indicator of profitability of assets, x4 — indicator of
profitability of equity;

X, — group of indicators of business activity, which
including x, — asset turnover ratio, xg — equity turnover
ratio.

Second group Xs is quality parameters, which
including x4 — professional abilities of managers (point),
X0 — the level of wages and social protection of employees

(point) [9].

In order to be able to evaluate and process indicators
x; (i = 1,10) that can characterize a company in terms of
financial condition, we define a single scale of three quality
terms: L — a low level indicator x;, M — a middle level
indicator x;, H — a high level indicator x; [9].

Y will be used as the output linguistic variable. It is
the financial state of the company.

The obtained output parameter Y allows us to
characterize the financial state of the company as: G —
good, N — normal, B — bad.

Solving the assigned problem also requires solving
two subtasks, namely, the problem of parametric and
structural identification, i.e. the possible range of variation
of the selected parameters x; and the output variable Y must
be determined and the type of membership functions of
fuzzy terms should be set for the input parameters which
are used and for the output parameter too.

The membership function reflects elements from the
set x on the set of numbers in the interval [0, 1], which
indicate the degree of belonging of each element to
different qualitative terms [9].

Input indicators may correspond or do not match to
recommend or standard values, which are presented in the
form of some established intervals. Therefore, the
trapezoidal membership function will be used to solve the
problem, because it allows us to specify the basis of a fuzzy
set as an interval and is simple to set [10].

The levels of all terms of each of the indicators
x; (i =1,10), of a particular enterprise are set in
accordance with standard values for classical criteria. If
standards for the indicator do not exist, then the levels of
the terms are divided on the basis of expert judgments or by
comparing the values of the desired indicator for similar
enterprises in different periods of time.

We reflect the ranges of change of parameters x;, to a
single universal set x in order for constructing the
membership functions of three fuzzy terms of the input
variable {L, M, H} [11].

Three fuzzy subsets are set whose membership
functions are shown in Figure 1.
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Figure 1 — Fuzzy variable x with a trapezoidal membership

function

As an example, we can take the analytical form of
writing a trapezoidal membership function of one fuzzy
term L of the input variable x, shown in Figure 1:
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Membership functions of other fuzzy terms of the
input variables x; and terms of the output variable Y are
built by a similar way.

A system based on fuzzy knowledge should contain a
mechanism for fuzzy inference, such as to be possible to
judge about the financial state of an enterprise. Therefore,
the necessary stage of analysis is the creating of a system
of rules [11].

A simple way to build a rule base is a full enumeration
method, which will be used to solve the assigned problem.

Rules are given for each level of the system. An
example of a decision rule would take the next expression:
IF quantitative indicators of FSE are high AND qualitative
parameters of FSE are middle OR quantitative indicators of
FSE are high AND qualitative parameters of FSE are high,
THEN the company's financial state is good.

The mathematical form of writing of a given decision
rule using the membership functions is represented as:

W’ = (X) - M) v i ) - ki (Xs),

where Y (X,,Xs) — membership function of input
variables vector (X,,Xs) to the output variable Y;

ni(x ;) — parameter membership function X to fuzzy

term a;.

Both criteria X, and X5, which represent the complex
values of the specified groups of indicators, are presented
in the form of mathematical dependencies on input
variables [3].

The mathematical form of writing of the decision rule
for determining the level H of the quantitative assessment
of the FSE X, will take the form:

p (X, X)) = (X)) - () - M (X)) X
X WX, v (X)) - M (X)) - p (X3) X
X WX, v i (X)) - 1 (XR) - T (X3) X
x uM(X,).

Next, we need to represent a relation for calculation
of each of the generalized indicators of groups of influence
factors X3, ... ,.X,.

On the example of a group of factors affecting the
liquidity of an enterprise X;, we can present the rule for
determining the generalized indicator of liquidity at le-
vel H.

This rule on natural language will be next: IF current
liquidity ratio is high AND absolute liquidity ratio is high
OR current liquidity ratio is middle AND absolute liquidity
ratio is high, THEN the generalized liquidity ratio is high.

Next fuzzy logic equation will correspond to previous
linguistic statement:

p.H(xl,xz) = HH(x1) : HH (x2) v HM(xl) ) HH(xz)-

The entire knowledge base is formed using the
available data in this way, and a system of fuzzy logic
equations will derive from it.

Algorithm for solving the problem. Fuzzy inference
is the obtaining of a conclusion in the form of a fuzzy set
corresponding to the current values of the inputs, using a
fuzzy knowledge base and fuzzy operations [12]. The final
result of the fuzzy inference is the precise value of the
variable Y, obtained from the initially defined precise
values x; (i = 1,10).

It is proposed to use one of the most common logical
inference algorithms in fuzzy systems — the Mamdani
algorithm for solving the problem.

The Mamdani fuzzy inference
implemented by the following steps [12].

At the first step, the predicate rule base is formed in
the subject area, for example, using the full enumeration
method; next action is checking the input variables: if the
variables are precise sets, then go to the next step, which is
called the fuzziness introduction stage — fuzzification [12].

In the second step, the fuzzification procedure is
performed: each value of a separate input variable is
associated with the value of the membership function of the
corresponding term of the input linguistic variable [12]:

algorithm is

”'1 (x)su2 (x)’ ’I"l‘n(x)’

where  p;(x), ...,u,(x) — membership functions for
variable x;

The third step is the aggregation of prerequisites in
fuzzy production rules. Paired fuzzy logic operations are
used to find the degree of truth of the conditions of each of
the rules of fuzzy products [12]:

o = min{l’-A11 (1) 5Ha,, (22D, s May, (x‘;l)} >

oy = min{uAn(x{)aquz (x3), - ’qun(xrrl)}ﬂ

Uy = min{uAml (xlr)auAmz (Xé), ’uAmn (xrll)} 5

where m — number of variables;

n —number of rules in the base.

The fourth step is the activation procedure — finding
the truncated membership function for the output variable,
which is made according to the formulas [12]:

Hp! = min{o‘bHBl (Y)} )

Hgy = minfeg,pug, (N},
Wp!, = min{“maHBm(Y)}~

The fifth step is the procedure of accumulating or
combining the found truncated functions in order to obtain
the final fuzzy set for the output variable and the resulting
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membership function, which is performed according to the
formula [12]:

g (V) = max{iug; (V) by (V). o igy, (V)]

The sixth and final step is defuzzification, or bringing
to precision. Most often, the Mamdani model uses
defuzzification by the centroid method, when a precise
value of the output variable is defined as the center of
gravity for the curve:

Yy = Xie1 Yingr (Y)
Y ke ()

where n —the number of single-point fuzzy sets, each of
which characterizes a single value of the considered output
linguistic variable;

Y’ —financial condition of the company [12].

Thus, having a rule base and using the algorithm
above, we can get the result of a fuzzy inference,
represented by the output parameter of a given model,
namely, the financial condition of the company.

Numerical research. The process of solving the
problem of diagnosing the financial state of 1T-company
can be illustrated using the MATLAB package.

Table 1 shows the values of the financial indicators of
the studied company, obtained on the basis of the reporting
forms of the company's financial activities (balance sheet)
over the past few years.

Table 2 shows the trapezoidal numbers characterizing
the corresponding membership functions for each indicator
Xi.

Membership functions were built for the linguistic
variable "Indicator" with the help of the MATLAB
environment. An example of building the membership

ISSN 2079-0023 (print), ISSN 2410-2857 (online)
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Figure 2 — Graphs of the membership functions of the
linguistic variable "Indicator"” for the parameter x;

The membership functions of the linguistic variable
"Indicator" is constructed for the remaining parameters x;
by the similar way.

Then, a rule base is created for each level of the
system using data and MATLAB tools: first for
determining the generalized indicators X, ...,X,,Xs, then
for obtaining the complex criterion X, and finally for
determining the output parameter Y — the financial state of
the company. As a result, the rule base will contain 135
rules.

Examples of the first two and the last two rules, which
were formed in MATLAB, are given below.

Rules formed in MATLAB:

1. If (x1is Low) and (x2 is Low) then (X1 is Low);

2. If (x1 is Low) and (x2 is Middle) then (X1 is

134. If (X0 is High) and (X5 is Low) then (Y is
Normal);

135. If (X0 is Low) and (X5 is High) then (Y is Bad).

We can illustrate the obtaining of a generalized

functions of _the Iinggistig variable "Indicator" for the ::ﬂ;:S:Tt])émér&dieani%L:slén(gFigt.h;)- Mamdani - algorithm,
parameter x; is shown in Figure 2.
Table 1 — Values of the selected financial indicators of the company
Indicator / Year X1 Xy X3 X4 X5 X X7 Xg Xg X190
2018 12.6 8.82 0.4 0.31 0.26 0.13 0.7 3.8 8.5 9
2017 3.92 0.89 0.29 0.58 0.48 0.57 3.23 4.95 7.5 7.9
2016 2.6 0.52 0.33 0.48 0.17 0.46 2.73 4.38 55 7.6
2015 1.7 0.03 0.53 0.67 0.19 0.15 1.67 4.25 4.9 3.6
Table 2 — T-numbers for the values of the linguistic variable "Indicator"
Value / Indicator Low Middle High
X1 [01152] [1.752 2.5 2.75] [2.753 4 0]
Xo [00.10.150.2] [0.20.250.50.75] [0.7 0.9 w0 0]
X3 [00.10.250.3] [0.250.30.50.6] [050.7511]
Xy [00.20.40.5] [0.450.50.6 0.7] [0.650.751 1]
X5 [00.10.150.2] [0.20.30.40.5] [0.40.51 0]
Xe [00.10.150.25] [0.20.30.40.5] [0.450.51 «]
Xy [005152] [23557.5] [7 810 0]
Xg [023.545] [44.678.5] [8.59 10 oo]
Xg [0135] [45578.5] [891010]
X10 [0134] [3.7557 8] [7.5810 10]
X, i=05 [01225] [2533.54] [4 4.254.75 5]
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Figure 3 — Obtaining a generalized liquidity ratio X; (for 2018)

Figure 3 shows the result of accumulation, i.e.
obtaining the final fuzzy set for the output variable X, and
also shows the result of defuzzification using the centroid
method.

Thus, it is clear that the generalized liquidity ratio is
high. We obtain the remaining generalized indicators
X1, ... ,X4, X5 and X, by the similar way (Table 3).

Table 3 — Generalized indicators of the company and X,

- <

Figure 4 — Graphs of the membership functions of the linguistic
variable "The financial condition of the company"
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Figure 5 — Determination of the financial state Y (for 2018)

Figure 5 shows the result of the accumulation process
— obtaining the final fuzzy set for the output variable Y, and
also shows the result of defuzzification by the centroid
method.

After completing all the above steps, we got the
conclusion that the company's financial state is normal.

Table 4 shows the results of the research, which
reflect the state of the company over the past few years.

Table 4 — The financial state of the company, obtained as a the
result of research

Year Value State
2018 3.25 Normal
2017 45 Good
2016 3.25 Normal
2015 1.33 Bad

Year G_ene_rallzed Value Description
indicator
X, 4.5 High
X, 1.36 Low
X3 3.25 Middle
2018 X, 1.33 Low
Xs 4.5 High
Xo 3.25 Middle
X, 4.5 High
X, 2.56 Middle
X3 4.12 High
2017 X, 3.05 Middle
Xs 4.24 High
Xy 4.5 High
X, 2.75 Middle
X, 2.47 Middle
X3 1.77 Low
2016 X, 2.61 Middle
Xs 3.58 Middle
X 3.25 Middle
X, 1.29 Low
X, 3.54 Middle
X3 1.27 Low
2015 X, 1.3 Low
Xs 2.87 Middle
Xy 1.35 Low

Next, we need to build membership functions for the
linguistic variable "The financial condition of the
company." The graphs of the membership functions for the
linguistic variable "The financial condition of the
company" are shown in Figure 4.

We can get the output parameter Y — the financial
condition of the company using the Mamdani algorithm
and having data of input parameters (quantitative — a
complex indicator X, and qualitative — a generalized
indicator Xz) (Fig. 5).

Investigate the change of membership functions
depending on changes in the values of input parameters.

To do this, we change the parameters x;,x, (leaving
the remaining values of the financial indicators for 2018)
affecting the generalized liquidity ratio, investigate the
changes in the value of the generalized indicator X,, the
complex indicator Xyand the financial condition Y. The
results are presented in table 5.

Similarly, we change the parameters xs,x,, affecting
the generalized profitability index, investigate the changes
in the value of the generalized indicator X5, the complex
indicator X, and the financial condition Y. The results are
presented in table 6.

Next, we change the parameters xq,x;4, investigate
the changes in the value of the generalized quality indicator
X5, and the financial state Y. The results are presented in
table 7.
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Table 5 — Changes in values X;,X,,Y

Indicator Generalized Description Complex Description Financial Description
x, X, indicator X; P indicator X, P state Y P
2018 | 12.6 | 8.82 45 High 3.25 Middle 3.25 Normal
2017 | 3.92 | 0.89 45 High 3.25 Middle 3.25 Normal
2016 | 2.6 0.52 2.75 Middle 131 Low 1.36 Bad
2015 | 17 0.03 1.29 Low 1.36 Low 1.36 Bad
Table 6 — Changes in values X3,X,.Y
Indicator Generalized - Complex - Financial -
- ” indicator X Description indicator X, Description state Y Description
2018 | 0.26 | 0.13 3.25 Middle 3.25 Middle 3.25 Normal
2017 | 048 | 0.57 4.12 High 3.25 Middle 3.25 Normal
2016 | 0.17 | 0.46 1.77 Low 1.36 Low 1.36 Bad
2015 | 0.19 | 0.15 1.27 Low 1.36 Low 1.36 Bad
Table 7 — Changes in values Xs,Y
Indicator L L . . L
Generalized indicator X5 Description Financial state Y Description
X9 X10
2018 8.5 9 45 High 3.25 Normal
2017 7.5 79 4.24 High 3.25 Normal
2016 55 7.6 3.58 Low 3.25 Normal
2015 4.9 3.6 2.87 Low 3.25 Normal

Conclusions. After analyzing the problem and the
relevance of the research problem, the statement of the
problem was formulated. The existing approaches for
solving the problem of diagnosing financial states were
considered during the research. As a result of the review,
and to illustrate the example, the authors suggested using
an approach based on the use of a fuzzy logic apparatus,
namely, production models with the Mamdani fuzzy
inference algorithm.

To determine the financial state were selected 10 input
parameters. The criteria by which the state is assessed were
quantitative and qualitative indicators of company's acti-
vity. The presented mathematical model allows to take into
consideration both quantitative and qualitative indicators
and also allow to analyze financial groups of indicators
(liquidity, financial stability, profitability and business
activity), and assess the level of managerial skills.

The implementation of research results can help speed
up the diagnosis of the financial state of the enterprise and
make a right management decision based on the results of
diagnosis in time.
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