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LEVEL BY FUZZY LOGIC USING

Abstract. The expediency to apply mathematic method based on fuzzy logic to evaluate enterprises competitiveness level is
regarded in the article. This approach takes into account the various qualities and types of parameters, accurately and adequately
determines the level of competitiveness with minimum time and expense. The purpose of the article is to develop mathematic
method of enterprises competitiveness evaluation based on fuzzy logic that enables to reason its actions for further improvement.
The main advantages of the method proposed by the authors are ability to analyze the influence of varied factors affecting on the
level of enterprises competitiveness; to make rational decisions based on linguistic information under conditions of incomplete
input information; clarity, transparency and possibility of automation which enable easy usage by Ukrainian enterprises.
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IAEHTUDIKALIA PIBHA KOHKYPEHTOCIMPOMO>XHOCTI

YKPAIHCbKUX NIAMPUEMCTB HA OCHOBI 3ACTOCYBAHHA METOZIB HEYITKOI JIOTIKN

AHoTaUiA. Y cTaTTi po3po6seHO MaTeMaTUYHNA METOL, OLIHKM PIBHA KOHKYPEHTOCNPOMOXHOCTI NiAnprMemMcTB Ha 6asi maTema-
TWYHOrO anapaTty HeYiTKOI noriku. Takui niaxig gonomoyke axiBLAM ypaxoByBaTh Pi3HOAKICHI TUMM NapameTpiB, a TakoX Tou-
HO i aeKBaTHO BU3HAYNTU PiBEHb KOHKYPEHTOCMPOMOXKHOCTI MiANPUEMCTBA 3 MiHIManbHUMK TUMYacoBMMK Ta (DiHAHCOBUMU BU-
TpaTtamu, Lo A03BOAUTb BXMTWN afeKBaTHI 3axoau AnA ii NiaBULLEHHS.
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MOEHTUOUKALINA YPOBHA KOHKYPEHTOCIMOCOBHOCTU .

YKPAUHCKUX KOMMAHUX HA OCHOBE NMPUMEHEHUA METOAOB HEYETKOU JIOTUKU

AHHOTauuA. B ctatbe paspaboTaH MaTeEMaTUYECKUA METO OLEHKU YPOBHA KOHKYPEHTOCMOCOOHOCTM NpeanpuAaTui Ha 6ase
MaTemMaTU4eCcKoro annapara He4YeTKON NOrMkn. Takow Noaxos NOMOXET CrneunanucTam yunTbliBaTb padHOKaYeCTBEHHbIE TUMbI
napameTpoB, a Tak>XXe TOYHO U aAeKBaTHO OMNpeaennTb YPOBEHb KOHKYPEHTOCMOCOOHOCTM NPeanpuATUA C MUHMMAIbHBIMW Bpe-

MEHHbIMU N CbI/IHaHCOBbIMI/I 3aTpaTtaMu, 4YTOo NO3BOJIUT MPUHATL aAeKBaTHble Mepbl AN1A ee NMOBbILLEeHUA.
KntouyeBble cnoBa: KOHKypeHTOCnOCO6HOCTb npeanpuAaTnA, MaTeMmatunyeckana moaesib, He4eTkanAa Jiornka.

Introduction. Under conditions of financial, industrial and
political crises, Ukrainian enterprises find difficult to improve
their competitiveness. Many estimation models of competitive-
ness are weakly-formalized and automated [1]. Differentiations
of these models do not lead to productive realization of this
process for domestic enterprises in practice.

Due to today’s quite critical economic situation, the task is
to develop general and clearly algorithmic mathematic model
for determination the level of competitiveness that can take into
account the specifics of the modern enterprise system and
shows the relationship between internal and external factors of
influence on its activities, based on a single methodological
basis.

Brief Literature Review. A significant contribution to the
development of methods of the enterprises competitiveness
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evaluating made a lot of foreign and domestic scholars, in par-
ticular: G. Azov (2007) [2] who studied the problem of the com-
petitive advantage and competitive strategy of enterprises for-
mation in the Russian economy; G. Bagiev (2009) [3] who is a
founder of the marketing research and competitive relations
method; H. Fashiev (2003) [4] who pointed out that most of the
methods for assessing the competitiveness of enterprises are
based on the analysis of the production activities factors, finan-
cial position and efficiency investments.

The study of M. Porter (1979) is very notable. The author
stated that the main source of competitive advantage is innova-
tion provided by effective methods of competitiveness analysis
and develop strategies in domestic and international markets.

Each approach of assessing the level of competitiveness
uses a specific set of tools, techniques, strategies which imp-
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rove the quality of the process, but their implementation in the
current conditions remains problematic for businesses. Unfor-
tunately, existing methods of evaluating the competitiveness of
enterprises are not strictly formalized and algorithmic, based on
a narrowly bounded set of only quantitative estimation parame-
ters which do not allow counting effects of internal and external
environments of economic entities functioning. As a result it is
practically difficult to implement them [6]. Due to lack of com-
puterized means, characterized limited information, the system
does not allow estimation of the enterprise competitiveness. All
these factors make it impossible to constructive usage and
automation of this process.

The specificity of the modern enterprise competitiveness
level assessment consists of counting not only quantitative, but
also qualitative parameters. The best device, in our view, to
solve this problem is fuzzy logic. The using of it is proven to be
particularly effective in the treatment of expertise represented in
verbal form, and obtaining accurate quantitative estimations of
their values. In addition, the usage of this tool allows to save
time costs of experts, which reduces the costs of their work,
because it does not require analysis of all possible combina-
tions of values of the subject estimated parameters to make a
decision.

The purpose of the article is to develop a mathematical
method of evaluation for the level of enterprises competitive-
ness based on fuzzy logic that enables its further improvement.

Results. The evaluation of modern enterprises competitive-
ness needs to use specific quantitative and qualitative informa-
tion for this process. The best device, according to the authors,
is the theory of fuzzy logic that gives the ability to process and
consider relevant information. This application is effective in
case of absence of clearly formalized evaluation of input para-
meters, dominated by economic experts whose conclusions are
made in verbal form [7].

These considerations allow the authors of the article to sub-
stantiate their own choice of mathematical tools for the formal-
ization of a mathematical model of competitiveness evaluation
based on fuzzy logic.

The authors compiled the implementation of EEC method
based on fuzzy logic, by performing the following steps.

Step 1 — Creating a set of input parameters for evalua-
tion the values for the aggregate functions f,.,i=1,n. In order
to correct and complete the assessment of enterprises com-
petitiveness, at the same time avoiding the criteria of co-linear-
ity duplication, and correlation the received estimates of indica-
tors, the basic aspects of business
including manufacture, financial,
human resources, image, organiza-
tional culture and management, long-
term communication relations with
suppliers, intermediaries, consumers
and other market players should be
taken into account. o

Thus, to form aggregate functions f,,i=1,8 it is necessary
to determine estimates of corresponding parameter xij subset
of set X, including: f, — function of the products sales and pro-
motion efficiency, which is based on a number of parameters,
such as: x,, - rate of return on sales, x,, — factor pack of com-
plete production, x,; - rate coefficient of efficiency of advertising
and sales promotion; f, — function of the company production
efficiency, which is based on x,, — relative index of unit costs,
X,, — relative index of assets, x,, — relative rate of return on
goods, x,, — the pack factor of production capacity; f, — human
resources function formed with x,, — rate of employee turnover,
X5, — coefficient of personnel constancy, x,, — productivity, X,, -
rate of return on personnel; f, — function of products competi-
tiveness, based on x,, — group index of economic competitive-
ness indicators, x,, — portion of returned goods, x,, — share of
products of the highest category, x,, — share of new customers;
f5 — functions of the company financial condition, based on x, -
coefficient of autonomy, x;, — solvency ratio, x5, — absolute lig-
uidity ratio, x5, — ratio of net profit; f; — function of the enterprise
organizational culture within x4, — level of organizational culture,
Xg, — availability of business objectives and strategies to

1, xela,ck
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achieve them, x, — efficiency of information system, x,, - level
of training, x4, — Index image manager; f, — external activities
function, based on x,, - level of enterprise reputation in the
market, x,, — level of competition among competing sellers,
X, — level of competition of substitutes, x., — level of suppliers
exposure, X, — level of consumers exposure; f; — management
function, based on x4, — performance management, x5, — share
of management costs, xg, — the ratio of administrative staff to
the average number of employees, x,, — economic efficiency of
management.

Step 2 — Calculating the values of functions of the esti-
mated parameters x;, i=1.n, j=1,m. After determining values
of the set of input estimate parameters, it is necessary to cal-
culate the values of membership functions. To do this, we
defined a proximity parameter values for each of the three lin-
guistic terms (t): L — low, M — medium and H - high level of this
parameter [8].

The range of values for each linguistic term is described by
the characteristic points of the irregular values c, c,, d,, d, b for
each quantitative parameter x; separately. Based on expert
knowledge, we offered for quanfitative parameters (X, X;o, X3,
Xa15 Xops X35 Xo45 Xg15 Xgp0 X335 X5 X415 X420 X430 X515 X500 X525 X545
Xg5, Xg1» Xgo» Xgg» Xga) graphics of membership functions #'(x) of
their values to t of fuzzy terms (t = 3). That is depicted in
Figure 1.

w'x) 1

0 ¢ ct i d

Fig. 1: Graphs of membership functions for quantitative parameters
Source: Created by Authors [8]

We describe these graphs corresponding to their function
from the exponential factor 1.5, which approximates them into
real functional dependencies:

¢, —a

1.5

wig-{is) xelodd

I, xe(d,b] (1.1)

[b" ]”‘ xeld,.b]

b-d,

The values of ¢, ¢,, d,, d, b for each quantitative parameter
we can determine by proceeding from the appropriate range of
changing parameters.

In general, we presented graphs of membership function
#'(x) of quality parameters (X441 Xg1» Xg20 X530 Xear Xggr X715 X705
X753, X7, X55) values by t linguistic terms in Figure 2.
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Fig. 2: Graphs of membership functions for quality parameters
Source: Created by Authors [8]
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Mathematical expressions that describe these membership
functions #(x) of qualitative parameters take the form:

Conclusions. For the first time the method of com-
petitiveness evaluation on the basis of mathematical fuzzy

logic was presented. This method takes

1, xel0;0.2} L_ xef0;05} X [0:0,8} into account different types of evaluation
uh(x)=41-x u¥(x)={ % n(x)=408" EELES (12) parameters, excluding all possible
ﬁ» X € (U I]- 1-x c(0.5:1] 1 & (0 3 il : combinations of their values duplication,
05 Lt ’ %3 and in that way reduces the cost of the
Based on the graphics of functions in Figure 2, the value of
u#'(x) is determined as follows. If the quality parameter is cha- Tab. 1: Value of membership functions for t = 3
racterized by term L — «low», then the value of membership .
function will be defined as X=0,2. H (s
In this case #03=1:1"(03=044(03=0.25 Term " (x) u (x) u* (x)
We obtained these exact values of membership functions L 1 0,4 0,25
which are based on analytical expressions of the respective M 0,625 1 0,625
functions for x = 0,2; 0,5; 0,8. H 0,25 0,4 1
The entire set of values of membership functions for t = 3 is Source: Created by Authors [8]
presented in Table 1.
of gr:etgr:ri;eDiﬁ%';%t:?isefevsesl Tab. 2: Generalizing function of competitiveness f;
by logical equations usage, )
constructed on the basis of rel- | Row number in N Level of
evant knowledge matrices. For |7 3ot ?fo‘f’at'#? Linguistic value of functions f;, i = 1,8 competitiveness y;,
more accutll'tellte valuelof einterp:ris- finictions %; s=15
es competitiveness level evalua-
tion, we applied single scale of lin- R (Al f | 6| f | 6 fo fy fs Y
guistic terms: L — low, BA - below S S B S L L L L
average, M - medium, AA - 2 [M| L | M| L L L L M yi=L
above average, H - high. 3 LM Ll L L L M L
Using agreed information pro- 2 LI H | M M| L M L L
vided by experts, we can repre- 2 |M| L | M| M | M L L M y2=BM
sent a matrix for determining 3 L] & || M L M M L
knowledge membership of each t- 1 /M| M | M| MM M M M ys=M
linguistic term for all aggregate 2 [H M LI M| M H M M
functions. 3 MM M M H M M M
Similarly, we compose a sum- 1 [M| H M H H M H H
marizing knowledge matrix for 2 [|H| H M| M H H M H ya=hAA
assess the competitiveness of 3 M M H H M H H M
enterprises. In Table 2 are deci- 1 |H| H H H H H H H
sion rules that determine the 2 [M | H H H H H H H ys=H
resultant solution - y,. 3 H H H H H H H M

Present decision rule for Source: Created by Authors [8]

determining enterprises competi-
tiveness level based on this knowledge matrix is to be
described by following logical equations: experts.

W e £ ) = (6 ) (6 ) (6, ) (£, ) (£ )= " (£ )+ ™ (F, )+ 0" (£, ) v
v () () (F ) (5 )+ (F )= " (6, )+ " (6, ) (f)v " (f,)*

e (6, )" (8 ) e (£, )= " (£ )™ (£, ) (6, )= ¥ (£, )

A (E e £ ) = (8 )% (6, )% () (F, ) (£ )% ™ (£ )% " (F, )+ 0 (£,) v
v () e (8 )% (6 )% (8, )% ! (£ )+ ™ (£ ) ¥ (€, ) » i (£) v ¥ (£, ) *

TR (59 EATR (o0 TR () BT (8 BRI () ETR () TR (19

(s B ) = () % 0 (6, )2 (6 )% (6, ) ¥ ()% (6 )+ ™ (F, )+ (£) v
vl (6 ) (8 )t (6 ) (6, ) ™ (£ )+ ' (6, )+ ™ (F, )+ (£ ) v ™ (£, )+
() (6o (6 )+ (6) e (6 )+ (£, ) (£)

u”“’(fu S )=l (6 ) (6, )™ (F, )™ (F, ) (£ )+ ™ (£, ) (F, ) (£ ) v
v ) u (f T ) ( YoM (£ )t (£, ) (F, )+ (£)v ' (£ )=

*u (f V()M (E )t (8 )+ ™ (F )= ™ (£, ) # 't (£)

(e B ) = (6 ) (6 ) (6 ) (6, ) (F e (£, )= (F, )= (F ) v
v (6 )=t (6 e ™ (6 ) (£, ) ()= (F ) o (F; ) ™ (F ) v (£, )

e (F, )t (6, ) ot (6, )+t (F )t (F )+ ™ (£, )=t (F)

Thus, the resulting s-decision of the competitiveness level
defining should be based on the dependency:

= maxh.l[(f,,‘..,fx)], S=E‘

(1.3)

(14)  tions.
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decision by saving time and unnecessary labor costs of

The proposed method of evaluation
for the enterprise competitiveness level
are based on effectiveness functions of
products sales and promotion; compa-
ny, staff, product competitiveness, fi-
nancial condition, organizational and
enterprise culture, management of the
external activities and the functioning of
a company.

In our opinion, these functions are
effective tools to describing all impor-
tant aspects of economic activity accu-
rately, eliminating duplication of individ-
ual indicators and to assess the
prospects of industry or market quickly
and efficiently.

The advantages of the method pro-
posed by the authors are:

eit allows to analyze the influence of
varied factors affecting the level of com-
petitiveness, in particular, the parame-
ters of external situation coupled with
internal activities;

e it allows to make a rational deter-
mination of enterprise competitiveness

level under incomplete input information based on linguistic
information, which significantly simplifies the process of deci-
sion making by means of mathematical and computer simula-
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In addition, important advantages of the method are its clar-
ity, transparency and possibility of automation that enables
ease of usage by domestic enterprises.
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