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Po3rasinyTo 3HauyllicTh aHaJi3y (PpiHAHCOBOro cTaHy opraHizauiii y cyyacHiii puHkoBiii
€KOHOMIIli, OCKITbKH caMe 3aBASKH LBLOMY IpOIECY OTPHUMYETHCSI BaXKJIHUBA YACTHHA
iHpopmanii 11 NpUAHATTS yNpaBJdiHCBKHUX pilleHb KepiBHUKAMHM NiANPHEMCTB, Ta B sIKiil
3anikaBJieHi Maiizke BCi Cy0' €KTH PUHKOBHMX BiTHOCHH: BJIACHUKH, aKLiOHepH, 0aHKHU Ta iHuIi
KPeauTOpH, iHBECTOPH, ayAUTOPH, MOCTAYAJIBHUKHA TAa MOKYNIi, CTPAX0Bi KOMNAaHIi Ta iHIIi.
AKIEHTOBAHO YBary Ha Te, 10 OJHHUM i3 CyYaCHHUX i MEePCNEKTHBHUX HANMPSAMIB HAYKOBHX
JOCTiIKeHb y Tajy3i aHajdidy, NMPOrHO3yBaHHSI TAa MOJEJTIOBAHHS €KOHOMIYHHUX SIBHII |
npoueciB € Heuitka Jorika. He4iTko-MHOXKHHHI Mojedi AalOTh MOKJIHUBICTH MeHeaKepam
pi3HOro piBHS i BJaCHMKAaM MNiANPHEMCTB NPUITMATH €KOHOMIYHO OOIPYHTOBAHI pillleHHS .

CdopmoBaHo Ha ocHOBi JaHUX ¢iHaHCOBOT 3BITHOCTI miampuemcTBa, a came OyxraJ-
TepchbKOro 6anancy i 3BiTy npo ¢giHaHCOBi pe3yIbTaTH MOKAa3HUKH, L0 XapaKTepu3ywTh ¢i-
HAHCOBMI1 CTaH MIANPHEMCTBA, a caMe, NMOKA3HHMK “(iHAHCOBOI He3ajexHocTi’, “MBHAKOT
aikBianocti’, “map:ki BagoBoro npudyrky” i “penradenbnocri aktusis” (ROA). Ilo6ynosano
Ta OOIPYHTOBAHO TePM-MHOKHMHHU i (PYHKLII HANEIKHOCTI AJIs1 KOKHOI 3MiHHOT 3 METOI0 OTpH-
MaHHSl HeYiTKHX 3HaYeHb, HEOOXiIHMX AJsl MOJAJBILIOr0 AHAJI3y (iHAHCOBOro cTaHy mia-
NMPUEMCTBA, BU3HAYEHO MHOKHHY NMPAaBWJ aHAJNI3Yy CTAHY NiANPHEMCTB. 3a J0MOMOIOK IO-
Oya1oBaHOI HeuiTkOi Mojeni OUWiHEHO MOTOYHMII (piHaHCOBUII cTaH MiANpPUHEMCTBA 3 BHUKO-
pucTaHHSIM MeToay (opMyBaHHS JIOTIYHOro BHCHOBKY Mamaadi. 3a gomomMorow oopaHux
NMOKA3HUKIB Ta MHOXXUHH C()OpPMOBAHHUX NPABUJI OTPHUMAHO JIOTiYHHII BHCHOBOK, sIKMii €
3HAYeHHSIM BHXIIHOT 3MIHHOT, 10 XapaKTepU3y€ MOTOYHMIT (piHAHCOBUII cTaH opraHizaiii.

KuawouoBi caoBa: (iHaHCOBMII CTaH MigNPUEMCTBA, HEYIiTKa JIOTiKa, MHOXHHA TpPaBUII,
JIOTiYHUI BUCHOBOK, JIIHTBiICTHMYHI 3MiHHI.
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EVALUATION OF FINANCIAL CONDITION
OF ENTERPRISESUSING FUZZY LOGIC

a Klymchuk .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 were constructed for each variable to obtain fuzzy values
necessary for further analysis of the financial condition of the company, the set of rules of

13



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
the enterprise.

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 number 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. Dueto the 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 maost important
problems of science.

The main task of modern information technology financial management is accurate and timey
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 “level indicator X” may be aterm-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 valuesin
the interval (O, 1) (the field values of the level of management), in correspondence of the management
function of aparticular 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 modeed, 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
futureis related to the difficulty score (it is blurred, there s 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 model 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, thereis 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:
Ay (%) A213). By (¥l B2lwg). Gy l2). Gy(2).
2. Formulation of rules, namely amodel of the process in the form of sets of rules:
IMy:Akmox £ Ajiw 2 Botoz e 5
[I:fAxkmox € Ayi v = Boroz & Ca,
Information provided in the form of statements containing the conjunction and implication.
Thefinal result — the logical conclusion formed by disjunction of the results. So you need to build a
fuzzy answer as the rdative values of the characteristic features:

Hz EMBED Equation3£z2(2) = A1 (x)aBy(yg)nC. (Z}vAg(xg)aBg(yp)aCy(z), (1)
then go to the definition. Consider the sequence: thefirst half of the rules can be represented as
Ay (HKpeBy (yp) =054 (2)
Ay (xgInBylyg) =g, ©)
The second half as:
g nCl2)
oo n Calzl,

where (%p. ¥, — specific input variables.
3. Logical conclusion: find the level of “cut-off” for the preconditions of each rule (using
transaction level):
xy= A (x)2Bylyy) (@]
%= Az (Xp)aBa ¥olh (5)
Where with* U’ is designated minimum logical operation (min).
Then there are “truncated” membership function:
C'y = loy wLqiZ)) (6)
€'y = o #Lzl2)) @)
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:

HA =C(2)=Ci () UC}(2) = (1, UC,(2) U(n, UC,(2)) (8)
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5. Tobring “clarity” will apply the following tsentroyidnyy method:
oL o (2dz
= )
el é, (2)dz
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;
Own funds
1. Thefactor “financial independence’ = Berrowed funds (10)
Measures the level of funds of enterprise.

Cash — Securities + Raceivables
2. Thefactor “quick ratio” Current liabilities (12)
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

. . = x 1004
3. Ratio of “gross margin” Net salss (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 cssets (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
is the basis for further decision.

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

When building a fuzzy mode 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 parameters is 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) The factor “financial independence”
The coefficient ranges from 0 to 4.
— Membership function (FN) coefficient “financial independence’ to terms “bad” (triangular form):

. 2.5 Ao 0 =d = 0.4

i 1, Axmo d = 0.4;

|L.8—2d akmo 04 = =< 0.9

! D, Aaxmo d = 0.9, (14)

uidl =
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— FI coefficient “financial independence”’ to terms “good” (triangular form):
«1.25¢ — 0.875, akme 0.7 =d =< 1.5;
II 1, armo d = 1.5;
|' 4 — 24, arkmeo 1.5 < d < 2;
K 0, AKmo d =2, (15)
—FI coefficient “financial independence’ to terms “very good” (triangular form):
I.zi.EEd — 2125, Axmo 1.7 =d = 4.5;

(d) = | 1. AKWO ¢ = 2.5:
WE=1 225-05¢,  axmo 25 < ¢ < 45;
. 0, axmo d = 4.5. (16)
p-D-!IJF I EE;-D-EI I ver'y:ga-u-d I I I
1 L -
15| e
I:l 1 1 1 /\I 1 1 1 1 ]
0 0.5 1 1.5 2 25 3 35 4 45

input ¥ariable Financial independence

Fig. 1. Thefirst variable —the factor of “ financial independence” :
T1={" poor”,“good”, “very good” }

2) Thefactor “quick ratio”
The coefficient ranges from 0 to 4.
— FI coefficient “quick ratio” to terms “poor” :
( 2,54, Aaxme 0 =d < 0.4
| 1, Axmo d = 0.4
I'l.S—Z:L Axmo 0.4 = d = 0.9;
- 0 Axmo d = 0.9, a7
—FI coefficient “quick ratio” to terms“good” :
I.z1.25d — D.ETE, akmo 0.7 =d < 1.5;
1, agmo d = 1.5;

uid) =~

|
W) = | 4-2d  mxme 15<d<2
L C AKmo d =2, (18)
poor gu:u:rd very gDDd
1}
| \ /\/
D 1 1
0 0.5 1 15 e

input variable {lu ||:k 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,
3 I| 1.
pd) = | 2.25-05d,

. 0

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

Akmo 1.7 = d = 2.5;
Agmo d = 2.5;
agmo 25 < d < 4.5;
ARKmWg d = 4.5,

AW 0 =d < &;

AKIO d = 6;
AKmo 6 =< d < 12;
akmo 4=12.

armo 10 =d < 1&;
axme d = 16;
sArmo le = d = 22;

0.17q
| 1.
Wd) =1, 9174
{ o
— FI coefficient “financial independence’ to terms “good” :
0.17d — 1.67,
1,
W =9367 0174
C,

AKID ¢ = 22,

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

A 1d -2, akmo 20 = d < 30
(d) = || 1, akmo d = 30;
YT 13-007d  axme 30 < d < 45
N D, AKmo d =45
] poor good very good
S R
u 1 A‘ 1 IA 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” :

( D674,

IJ' d_,: =

i
'I'z — 0.67d.
\ 0,
— FI coefficient “ROA” to terms “good” :
( 0.5d -1,
W 1,
wd = 12.33 - 0.334,
\ 0,
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axmo 0 =d =< 1.5
1, Aaxmo d = 1.5

AKmo 1.5« d =< 3;

Aaxmo d= 3.

Akmo 2 =d < &

Axmo d = 4;
agmp dod= T,
AKWD G=7.

(19)

(20)

(21)

(22)

(23)

(24)



— FI coefficient “ROA” to terms “very good” :

I.fl]. 2d—1, Axmo 5= d = 10
|.1'd:' ) 1, armo d = 10;
13—0.24, armo 10 < d = 15;
- . 0, Axmo d = 15. (25)

Asthe term-set of the output linguistic variable “financial state” useplural T5 = {” critical”, “poor”,
“average’, “good”, “excellent” }.

] poor good very good
05 i
0 - -
0 3 10 15
input wvariable  Return on assets
Fig. 4. The fourth variable —rate “ return on assets’ (ROA) —
T4 = {H pOOr “ , “ goodﬂ , “ Very gowﬂ }
critibal T T T T T T T T T |
poor average good excellent
[}
m
0.5 _
0 1 1= 1 1 1 1 1 1
0 1 2 3 4 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, sat 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, the financial 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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