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Po3rnsinyTo 3HauymicTs anajisy (iHaHCOBOIO CTaHY Oprasisamiii y cyyacHiii puHKoBiii
€KOHOMIilli, OCKIIbKH caMe 3aBAAKH LHOMY IpolecYy OTPUMYETbCH BaXKJIUBA YaCTHHA
iHpopmanii 1 NPUHHATTS yNPaBJIHCHKUX pillleHb KepiBHUKAMU MiANPHEMCTB, Ta B AKii
3anikaBJjieHi Maiiske Bci cy0' €KTH PUHKOBHMX BIIHOCHH: BJIACHUKH, aKUioHepH, 0aHKHU Ta iHmIi
KPeIuTOpHU, iHBeCTOpH, ayIUTOPH, MOCTAYAIBLHUKH Ta MOKYNI, CTPpaxoBi KoMmaHii Ta iHuIi.
AKIEHTOBAHO YBary Ha Te, 0 OJHUM i3 Cy4acHHX i MepCHEeKTHBHHUX HANPSAMIB HAYKOBHX
AOCTiIKeHb Yy raiay3i aHanidy, NpPOrHo3yBaHHSl Ta MO/EJIOBAHHS EKOHOMIYHMX SIBHII i
npoueciB € Heuirka Jjorika. He4yiTko-MHOXXMHHI MoJesi Mal0Th MOMKJIMBICTL MeHeIKepaMm
pi3HOro piBH{ i BIaCHHKaM MiANPHEMCTB PUHMATH eKOHOMIYHO O0IPYHTOBaHI pillIeHHS.

CdopmoBano Ha ocHOBi AaHux ¢iHaHCOBOI 3BiTHOCTI miAmMpueMcTBa, a came OyXraj-
TepchbKOro Ganancy i 3BiTy mpo ¢iHaHCOBi pe3yJbTaTH MOKA3HUKH, 10 XapaKTepu3ylTh ¢i-
HAHCOBHIi CTaH MIANPHEMCTBA, a caMe, MOKA3HMK “(iHAHCOBOI He3aJMeKHOCTI , “IMIBHIAKOL
JgiksigHocti’, “mMapxki BasoBoro npudyTky” i “penradesabnocri aktuis” (ROA). Ilo6yroBano
Ta OOIPYHTOBAHO TePM-MHOKMHHU i (PyHKIIl HAJIESKHOCTI /151 KOXKHOI 3MiHHOI 3 MeTOI0 OTpPHU-
MAHHSI HEYiTKHUX 3HAaYeHb, HEOOXiTHUX s MOAAJIBIIOTO AHANI3y (PiHAHCOBOrO CTAHy Hmil-
NPUEMCTBA, BU3HAYEHO MHOKMHY NPaBHJ aHATI3y CTaHy HMiINpPHEMCTB. 3a JOMOMOIOI0 IO-
OynoBaHol HediTkoi MojJesi ouiHeHO MoTouHHUiII (iHAHCOBHMI CTaH MiANMPUEMCTBA 3 BUKO-
pUCTaHHSM MeToay ¢(opMyBaHHA JIOriYHOro BHCHOBKY Mamaani. 3a nomomMororo odpanux
NMOKA3HMKIB Ta MHOXXWHM c()OPMOBAHUX NPABUJ OTPUMAHO JOTiYHMII BHCHOBOK, SIKMil €
3HAYEeHHSIM BUXiIHOI 3MIHHO1, 110 XapaKTepu3y€e NOTOYHUIi (piHAHCOBHIA CTaH opraHizamii.

KarouoBi ciaoBa: (iHaHCOBMII CTaH MiANPUEMCTBA, HEYITKA JIOriKa, MHOXHHA MpaBUI,
JIOTIYHUM BUCHOBOK, JIIHIBICTHYHI 3MIHHI.

.M. Klymchuk
National Technical University of Ukraine “Kyiv Polytechnic Institute”

EVALUATION OF FINANCIAL CONDITION
OF ENTERPRISESUSING FUZZY LOGIC

a Klymchuk 1.M., 2014

The importance of financial analysis of enterprises in the modern market economy is
considered in this article. As a result of this process we receive an important piece of
information for decision making by enterprise managers. Almost all subjects of market
relations. owners, shareholders, banks and other lenders, investors, auditors, suppliers and
buyers, insurance companies and others are interested in this information. One of the current
and future directions of research in analysis, forecasting and modelling of economic
phenomena and processes is fuzzy logic. Fuzzy multiple-models enable managers at various
levels and business owner s make economically sound decisions.

On the basis of the financial statements, such as balance sheet and income statement
indicators which characterize the financial condition were formed, namely, the rate of
“financial independence’, “quick ratio”, “gross profit margin” and “return on assets” (ROA).
Term-sets and member ship functions wer e constructed for each variable to obtain fuzzy values
necessary for further analysis of the financial condition of the company, the set of rules of
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enterprise analysis were defined. The current financial condition of the enterprise was
estimated using the constructed fuzzy model that implements Mamdani’'s fuzzy inference
method. With the selected parameters and set of rules the logical conclusion was formed,
which is the value of the output variable that characterizes the current financial condition of
theenterprise.

Key words: financial condition of enterprise, fuzzy logic, set of rules, logical implication,
linguistic variables.

Formulation of the problem. To improve the quality of decision-making at production enterprises
it's needed to perform analysis of their current financial condition based on statistical data and using
modern methods of mathematical modelling. The transition from financial analysis to statistical analysis
begins with the computation of an infinite number of parameters that do not express anything and have
outdated names.. Thereby, we need a complex assessment of the financial condition of enterprises based on
statistical datain order to improve the quality of forecasts of financial processes and management decisions
made on their basis. Today there is a wide range of methods for assessing the financial condition using
regression models and methods of data mining, one of which is fuzzy logic.

Analysis of recent research and publications. Fuzzy logic is one of the modern and promising
areas of research in analysis, forecasting and modelling of economic phenomena and processes. Fuzzy
models make it possible to managers of various levels and business owners to make economically
reasonable decisions. Since the humber of variables are unavailable for accurate measurement, in their
evaluation appears an inevitable subjective component, which can be presented as fuzzy estimates like
“poor”, “good”, “critical”, “watch”, “standard”, “unlikely “etc. Something appears that is scientifically
described as a linguistic variable with its term-set of values and the relationship of quantitative value of
some factor with its qualitative linguistic description is given by the so-called membership functions of
fuzzy sets of values of the factor [1, 2].

1. Duetothe possibility of forming logic inference using appropriate models, fuzzy logic is used to
solve many practical problems and to obtain high quality results in the form of models, forecasts or final
decisions[1, 2, 3].

Entire article. 1. To consider principles of use of fuzzy logic to solve the problem of assessment of
the financial condition of enterprises. 2. To provide an example of applying the described fuzzy method
based on of statistical data on the activities of existing enterprise.

The main material of research

Application of the theory of fuzzy logic. The most striking feature of human intelligence is the
ability to make the right decisions in conditions of incomplete and fuzzy information. Building a model
close to human thinking and their use in computer systems today represents one of the most important
problems of science.

The main task of modern information technology financial management is accurate and timely
submission of the required number of information professionals and managers to analyze and make informed
decisions. Fuzzy description of the structure of the model appears in the corporate communications expert
with uncertainty, which arises in the classification of indicators. For example, an expert cannot clearly
distinguish between “high” and “maximum” likelihood, or if you want to spend the border between medium
and low setting. In such cases, the application of fuzzy descriptions means the following:

— expert fixes rate and its quantitative carrier;

— the sdected media expert builds linguistic variable with its term-set of values, for example, the
variable“leve indicator X” may beaterm-set values: “very low”, “low”, “medium”, “high” and “very high”;

— then, the value of each linguistic variable (which by its construction is a fuzzy set of values in
the interval (0, 1) (the field values of the level of management), in correspondence of the management
function of a particular fuzzy set [2].
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Experience in financial modeling systems using fuzzy set-descriptions can identify a number of
advantages in using these formalisms in problems of financial management, including:

fuzzy sets perfectly describe the subjective activity of decision making people. Uncertainty in
expert evaluation of membership function can be modeled, which acts as a carrier acceptable set of values
of the analyzed area. In addition, the decision maker has an opportunity to quantitative interpretation,
originally formed qualitatively, in terms of natural language;

fuzzy numbers (variety of fuzzy sets) are ideal for planning parameters at the time when their
futureisrelated to the difficulty score (it is blurred, there is little probability study). Thus, all the scenarios
in this or other indicators can be summarized in one combined scenario in the form of triangular numbers,
where there are three terms : the smallest possible, most expected and the maximum possible value of the
index. Thus the weight of the individual scenarios in the structure of the consolidated scenario formalized
as atriangular membership function of fuzzy set parameter “approximately equal average*;

Researcher of the financial system may be formalized within the same mode as the economic
features of the object, and cognitive features associated with this object manager and business analyst,
generating an expert model of the structure of a generalized financial model. Thus, there is a platform for
integration is fundamentally heterogeneous knowledge within a quantitative financial models;

it is possible to get a completely new class of complex financial analysis, based on the
integration of a number of individual financial ratios into a single comprehensive indicator of the financial
condition of the economic entity [2].

Mamdani algorithm to form alogical implication
1. Introduction of fuzziness to describe the variables in the form of fuzzy sets:
A, (%) Ay (%), B1iWe), Ba(yol. Ci(Z), Gylz).
2. Formulation of rules, namely a model of the processin the form of sets of rules:
IIy:Axkmox € Ayiv e Biotoz e (g;
[Iy:Axmox € Ayiy € Botoz € G,
Information provided in the form of statements containing the conjunction and implication.
Thefinal result —the logical conclusion formed by disunction of the results. So you need to build a
fuzzy answer as the relative values of the characteristic features:

Mz EMBED Equation3 B8 (Z) = A1 (xg)aBy (yg)nCq(z)vAg(xg)aBy(yp)naCy(z), (1)
then go to the definition. Consider the sequence: thefirst half of the rules can be represented as
Ay (2 InBy (yo) =2 2
Ay (x)nBs yg) =5, 3
The second half as:
oy A Cyiz)
o Calz),

where (%, ¥o) — specific input variables.
3. Logical conclusion: find the level of “cut-off” for the preconditions of each rule (using
transaction level):
oy = Ay (%p)aBy(¥0) (@)
wy= Ay (Hp)aBa(¥o), (5)
Where with* U is designated minimum logical operation (min).
Then there are “truncated” membership function:
C'y = foxg alyiz)) (6)
€'y = (o aCylz)) (7)
4. Composition. Active association found truncated functions using real MAXIMUM (max,
denoted hereinafter as “ U"), that leads to obtain the result of fuzzy subsets for the variable out of the
membership function:

o

ma =C(2)=C/(2 UC;(2) = (1, UC,(2)) Uk, UC,(2)) (8)
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5. Tobring “clarity” will apply the following tsentroyidnyy method:
c‘;m o (2)dz

Ty ©
oné (2)

So, due to the described mathematical tools we can mathematically describe the essential quality
indicators (" good”, “critical”, “bad”, and so on.). With “fuzzy” type variable, with some distribution
function and then use them as accurate. This theory was founded over half a century ago in fundamental
studies Lotfi Zadeh [3].

Description of input fuzzy model to deter mine the financial condition of the company
To solve this problem we introduce the following linguistic variables evaluating financial condition
of enterprise:
Ovwn funds
1. Thefactor “financial independence’ = Borrowed funds (20)
Measures the level of funds of enterprise.

Cash + Securities + Receivables
2. Thefactor “quick ratio” Current liabilities (11)
Ability to pay its current liabilities using most liquid assets. The most valuable indicator of liquidity,
because it does not take into account reserves.
Gross profit

. . = —— % 100%
3. Ratio of “gross margin” Net zales (12)

It shows how much of the company’s profits remaining after payment of wages, raw materials and so
on.
_ Grossprofit + Interest expense
4. Factor “return on assets’ (ROA) Total assets (13)
This indicator shows how profitable a company is relative to its assets.

5. Starting the resulting variable is the assessment of the financial condition of the company, which
isthe basis for further decision.

Method of constructing a fuzzy model to deter mine the financial condition of the company

When building a fuzzy model for analyzing the financial condition of the company can be divided
into several stages.

1. Choice of indicators. To build a model for determining the financial condition of the company
will form a set of key indicators to assess this condition and provide them with the ratios for calculations.
A similar set of indicators and setting the values of these parametersis an option, since it creates an expert
for each company taking into account the specifics of the company and the economic situation of the
country.

2. Constructing member ship functions
1) Thefactor “financial independence”
The coefficient ranges from O to 4.

— Membership function (FN) coefficient “financial independence’ to terms“bad” (triangular form):

2.5 Aamo 0 =d = 0.4

(d) = | 1, axmo d = 0.4
K Cl1.8—2zd akmoe 0.4 =d = 0.9;
' 0, Aagmo d = 0.9, (14)
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— FI coefficient “financial independence” to terms“good” (triangular form):
I.z1.25r:1— 0.875, axmpe 0.7 =d =X 1.5;
(@ = 1, Ao d = 1.5;
HE =1 4-2d4,  mxmo 15<d <2
. 0, Agmo d =2,

— FI coefficient “financial independence” to terms “very good” (triangular form):

125d— 2125,  skmo 17 =d < 2.5
(d) = i 1, Ao d = 2.5;
=1 225054,  axmo 25<d < 45;
. 0, Agmo d = 4.5,

poor good very good

Y5 .

: A\

0 0.5 1 15 2 25 3 35 4 45
input variable Financial independence

Fig. 1. Thefirst variable —the factor of “ financial independence” :
Tl - {H poorH , “ gOOdH , “ Very gow” }

2) Thefactor “quick ratio”
The coefficient ranges from O to 4.
— FI coefficient “quick ratio” toterms“poor” :
2.5d, axmo 0 =d < 0.4,

1, akmo d = 0.4
1. 8—2d, Ao 0.4 = d = 0.9

0, Agmo d = 0.9,
— FI coefficient “quick ratio” toterms“good” :
1 25d — 0.875, axmo 0.7 =d =< 1.5;
1, Ao d = 1.5:

u(d) = 4

W) = | 4-2d, Axwmo 15<d<2
' q, AKmo d= 2.
poor gDDd VEery gu:n:rd I
1t
| \/\/ \
I:I 1 1 1 I 1
0 0.5 1 15 2 25 45

input wariable Quick ratio

Fig. 2. The second variable —factor “ quick ratio” —
T2 ={" poor”, “good”, “ very good” }
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— FI coefficient “quick ratio” to terms “very good” :

¢1.25d — 2.125,
[

| 1,
II 2.25 —0.54,
\ 0,

pld) = -

3) Ratio of “gross margin”
The coefficient ranges from 0 to 45 (%).
— FI coefficient “gross margin” to terms “poor” :

agmo 1.7 = d <= 2.5;
Agmo d = 2.5;
agmp 2.5 <d < 45;
Ao d = 4.5,

Akmo 0 =d =< 6;
AKmO d = 6;
AKmpo 6 <d < 12;

Akmo d=12.

akmp 10 =d < 1&;
Ao d = 16;
A 16 =< d < 22;

| 0.17d
| 1,
ud) = |z2—0.17d,
\ 0,
— FI coefficient “financial independence’ to terms “good” :
0.17d — 1.67,
1,
WA =193¢67 0174,
0,

Axmo d = 22.

— FI coefficient “financial independence” to terms “very good” :

S1d - 2, Aaxmo 20 = d < 30;
(@) = _|| 1, axmo d = 30;
YT 13 -007d  axmo 30 <d <45
N 0, Armo d = 45,
| poor good very good
5F -
I:I 1 IA_‘ 1 I’rX“.II 1 1 1 1
0 5 10 15 20 25 30 35 40 45

input variable Gross margin -

Fig. 3. Thethird variable —

ratio “ grossmargin”

—T3={" poor”, “good”, “very good” }

4) Factor “return on assets’ (ROA)
The coefficient ranges from 0 to 15 (%).
— FI coefficient “ROA” to terms “poor” :

( 0.67d, agmpo 0 =d<= 1.5
(D = | 1, akmpo d = 1.5
H |2-067d,  sEmo 15<d<3;
- o, Aagmp d= 3.
— FI coefficient “ROA” to terms “good” :
0.5d -1, AKmo 2 =d = 4
'd]=-| 1, Axmo d = 4;
3 12.33-0.33d, axmo 4<d<7,
. 0, Akmo d= 7,
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— FI coefficient “ROA” to terms “very good” :
0.2d -1, Agmo 5= d=< 10
ud = I. 1, Agmo d = 10;
13—0.24, agmo 10 < d < 15:
- . 0, Agmo d = 15, (25)
Asthe term-set of the output linguistic variable “financial state’ use plural T5={" critical”, “poor”,
“average’, “good”, “excellent” }.

' poor gocd very good
05 4
0 . -
0 3 10 15
input variable = Return on assets
Fig. 4. Thefourth variable —rate “ return on assets’ (ROA) —
T4 - {H poor “ , “ gOOdH , " Very gow” }
critical ' ' ' ' ' ' ' ' I
poar average good excellent
|
n
0.5 4
0 1 ] = 1 1 1 1 1 1 1
0 1 2 3 - 5 6 7 & 9 10

output variable "Financial__condition™
Fig. 5. Output variable “ financial position”

The method of Mamdani as a method of forming a fuzzy output that provides acceptable accuracy
estimates.

3. Formation sets of rules

Total generated 25 rules. Here are some of them, for example.
1. If theratio of “financial independence’” — bad; factor “quick ratio” — bad; factor “gross margin” — bad,;
factor “return on assets’ — bad, then condition — critical.
2. If theratio of “financial independence” — good; factor “quick ratio” — bad; factor “gross margin” —
bad; factor “return on assets” — bad, then condition — critical.
6. Factor “financial independence” — bad; factor “quick ratio” — good; factor “gross margin” — bad; factor
“return on assets’ — the good, the condition — poor.
7. If the ratio of “financial independence” — good; factor “quick ratio” — bad; factor “gross margin” —
good; factor “return on assets’” — bad, the condition — poor.
11. If theratio of “financial independence” — bad; factor “quick ratio” — good; factor “gross margin” —
good; factor “return on assets’” — good, the condition — average.
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12. If theratio of “financial independence’ — good; factor “quick ratio” — good; factor “gross margin” —
good; factor “return on assets” — bad, the condition — average.

15. Factor “financial independence” — good; factor “quick ratio” — good; factor “gross margin” — good,;
factor “return on assets’” — a very good, condition — good.

16. If the ratio of “financial independence” — very good; factor “quick ratio” — good; factor “gross
margin” — good; factor “return on assets’ — good, the condition — good.

21. If theratio of “financial independence’ — very good; factor “quick ratio” — very good; factor “gross
margin” — very good; factor “return on assets’ — good, the condition — excellent.

25. If theratio of “financial independence’ — very good; factor “quick ratio” — very good; factor “gross
margin” — very good; factor “return on assets’ — a very good, condition — excellent.

Theresultsare

For example, set the following values of the input variables:

1) Thefactor “financial independence” = 2.5 (" very good”).

2) Thefactor “quick ratio” =1.52 (" good”).

3) Ratio of “gross margin” = 15.5 (" good”).

4) Factor “return on assets’” = 4.35 (" good”).

As aresult, thefinancial evaluation of enterprise takes the value=7 (" good”), rule Ne 16.
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Fig. 6 Results of the review after the implementation of the rules of procedure of the fuzzy conclusion

Conclusions. Accordingly, based fuzzy model which has high accuracy that leads to its successful
use in practice to assess the financial condition of the enterprise and an opportunity to get more accurate
results compared with traditional analytical (regression) models.

In further studies to improve the accuracy of output results need to consider additional parameters
that affect the assessment of the financial condition of the enterprise and expand the set of rules depending
on the sector of the enterprise. Also, it is advisable to build an information system to support decision
making based on the set of complementary models for solving problems of this class.
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