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Abstract—Multiple criteria decision making (MCDM) shows
signs of becoming a maturing field. There are four quite
distinct families of methods: (i) the outranking, (ii) the value
and utility theory based, (iii) the multiple objective
programming, and (iv) group decision and negotiation theory
based methods. Fuzzy MCDM has basically been developed
along the same lines, although with the help of fuzzy set theory
a number of innovations have been made possible; the most
important methods are reviewed and a nowel approach -
interdependence in MCDM - is introduced. . In this paper we
propose a model of an expert system for MCDM under
uncertainty to improve company competitiveness.

Keywords—decision making; fuzzy methods; expert system;
uncertainty;

I INTRODUCTION

Starting business, no one assumes to bring the company
into bankruptcy process, but to reach growth/development.
So, why companies bankrupt? According to the literature, it
is not possible to indicate one reason that would be
responsible for bankruptcy of a company [15, 16]. The firms
failure is a result of the whole set of factors. These factors
very often are overlapping, even with different sources of
origin- endogenous and exogenous. Nowadays, in times of
uncertainty, risks and incomplete information, the crisis
becomes a feature of modern business, not the state of
emergency. Multicriteria decision making (MCDM) has
emerged as an effective methodology due to its ability to
combine quantitative and qualitative criteria for selection of
the best alternative [17]. Concurrently, fuzzy logic is
gaining importance due to its flexibility in handling
imprecise subjective data. In the present study concepts of
fuzzy logic and MCDM are integrated and applied to a case
study for selecting the best performing of company
competence evaluation.

The principle of the mathematical model of decision-
making processes was built on the basis of fuzzy logic
approach. Main operations of fuzzy logic have been used in
the mathematical model for competitivity assessment.
Algorithm and software for assessing the impact of various
factors on competitivity and formation of the decision-
making rules have been worked out. Moreover, the
comparative analysis of the calculations, received due to the
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elaborated program, and the results of calculations using the
model based on linguistic relations was done.

The competitiveness of company involves several levels
of uncertainty and imprecision [21]. According to
Aristotelian logic, for a given proposition or state we only
have two logical values: true-false, black-white, 1-0. In real
life, things are not either black or white, but most of the
times are grey. Thus, in many practical situations, it is
convenient to consider intermediate logical values.

Language, dictionaries and the use made of it suggests
that uncertainty is the ignorance of future events, and the
risk is a direct result of this ignorance, manifested when,
once a decision or action taken, the consequences of the
latter are unknown. Ultimately, the management control in
the approach to uncertainty and risk, has not really
developed theories of its own. Most of those adopted this
discipline reflect economic references or, more
occasionally, social sciences, taken in a broad sense.

Uncertainty is now considered essential to science and
fuzzy logic is a way to model and deal with it using natural
language. We can say that fuzzy logic is a qualitative
computational approach. Fuzzy logic is a method to render
precise what is imprecise in the world of management
strategies.

This paper is organized as follows; general structure
of fuzzy logic system is introduced in section Il, design
of fuzzy control models is presented in section Il ,
model company competitiveness in section IV in the section
V are grouped the factors influencing the formation of the
competitiveness, and test system and discussion are
presented in section VI.

Il.  METHODS OF EFFECT IVE DECISION-MAKING BASED
ON FUZzY LOGIC RULES

Fuzzy logic is an attractive technique mainly in case
where target problems are difficult to model with traditional
mathematical methods, but which are easily understood by
human expert. Fuzzy logic resembles human like thinking
being, due to that efficient decision making operation can
easily done and also it is well suited for multidimensional
decision problems [4]. The rule base decision making is
achieved by fuzzy logic method in an uncertain condition.
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Presently great importance is the use of information
systems for decision-making for solving volumetric difficult
formal problems in different domains. These tasks are
characterized by:

e Absence of formal algorithms or complexity of the
decision.

e Incomplete and unclear initial information.
e Unclear goals to achieve.

Decision making in task-oriented information and
control systems is carried out in conditions of a priori
uncertainty. The result may have negative economic,
technical and social implications that are generated because
of uncertainty leads to increased risk of inefficient decision-
making. In particular, it is frequently used methods based on
fuzzy logic rules for effective decision-making in cases of
uncertainty in terms of the system. These methods are based
on fuzzy sets and linguistic variables are used and
expression [14] to describe the decision making strategies.

Methods and approaches fuzzy sets theory [12]
contribute to overcome conflicting criteria decision-making
and help to create logic controls systems. Fuzzy sets allow
you to apply linguistic description of complex processes, to
establish the relation between fuzzy concepts to predict the
behavior of the system, to form a set of alternative actions to
perform a formal description of fuzzy decision-making. An
important application of fuzzy set theory in management
tasks is the fuzzy logic controllers [8, 9], which are used in
various control systems. Instead of complex mathematical
models describing the system are integrated controllers
using knowledge of experts in structure representation is
close to verbal communication and described with linguistic
variables and fuzzy sets.

. Fuzzy MODEL

Fuzzy modeling is a new modeling paradigm, and fuzzy
models are nonlinear dynamic models. Compared with the
conventional black- box modeling techniques that can only
utilize numerical data, the uniqueness of a fuzzy modeling
approach lies in its ability to utilize both qualitative and
quantitative information. This advantage is practically
important and even crucial in many circumstances.
Qualitative information is human modeling expertise and
knowledge, which are captured and utilized in the form of
fuzzy sets, fuzzy logic and fuzzy rules.

Typically this knowledge is given by linguistic
variables, fuzzy sets are described. Linguistic variable is the
set of fuzzy variables which are intended to represent
(usually verbal) of a fuzzy number. For example, if the
linguistic variable X'is defined by some set of dimension
m qualitative characteristics A, then there is a

representation: X'= {Aj }jzl—m

Where every attribute X' = {Aj }j:Tm (in the terminology -

Term) are fuzzy sets A= {(yA(X)> |xeX|
Where p,(x)e[01] -function of linguistic variable

X' domain of X . In this interpretation of linguistic

variable X'is fuzzy way. In general, fuzzy variable is a
variable which is defined by name, domain definitions and
fuzzy set that defines this variable. It is unclear and
linguistic variables are used to describe using fuzzy set of
objects and processes, and underlying construction of fuzzy
logic controllers.

The typical structure of the fuzzy logic controller contains
the following blocks: fuzzification, defuzzification,
solutions and knowledge base (Fig.1).

» Database, rules, knowledges

}

Fuzzification bloc- Decisional bloc
introduction of —> Defuzzification bloc

fuzziness (Fuzzy logic output)

Data ) ) output
Sensors <« Controlobjets < Control devices

Z

Figure 1. Thetypical structure of fuzzy model

Each of these units performs its specific task. In
particular, the measured output control object value distinct
unit fuzzification transforms into fuzzy linguistic variables
are defined from the knowledge base. Convert fuzzy input
to control actions in general, and fuzzy unit takes decisions
by conventional rules, which are incorporated in the
knowledge base. Convert fuzzy data block decisions in a
clear logic control unit is subject defuzzification [2].

Modern methods of designing control system are based
on neuro-fuzzy approach based on the use of fuzzy sets.
Modern methods of construction of control systems based
on neuro-fuzzy approach based on the use of fuzzy sets. In
these sets of values for each output variable degree of
membership is a function (not just a point value) -
secondary membership function (MF), which is the domain
of the (primary affiliation) - is the interval [0,1] and the
range of values (secondary measure) may also belong to
[0,1].
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In practice, there are different types of membership
functions. The most common and easiest to use of them is a
triangular shape. The vertical model of fuzzy set
X" = (%, Xy, X3) With MF triangular shape has the form:

0, when X < Xg;

_ ] X=X
w(x)= Py

when X, < X < X,;
X3 — X
X3 =Xy
Where x; < X, < X5.
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Figure 2. Fuzzy setswith triangular-shaped MF

The purpose of this paper is to simulate the
competitiveness of company. Issues of competitiveness are
extremely complex and multifaceted. In a competitive
business enterprise must learn methods of competition that
correspond to the "buyer's market" and the competitiveness
of enterprises should serve as a indicator of its economic
performance [5, 6].

IV. COMPANY COMPETITIVNESS A SSASSMENT

When modeling the competitiveness of enterprises
generally use various modifications of the partial weighted
sum method of technical and economic parameters [1, 18,
19]. It is implicitly assumed that the lack of some indicators
may be offset by excess of others. Meaningful contribution
to the enterprise competitiveness contribute not only to the
quality and price of goods, but also a measure of customer
awareness, geographic and temporal shopping availability,
service level, social, economic, psychological and other
factors[24]. Put them through a vector of factors
X' ={X;i=1.N}.

When making strategic decisions managers of
convenient to use a generic parameter estimation is
competitiveness - competitiveness Y. Then using the vector
model for evaluating factors competitiveness can be
represented in the form of functional mapping:
X' ={X;}>Y,i=1LN.

Where X; - partial criteria for competitiveness; N - number
of criteria taken into account. Criteria X; describing

various aspects of the enterprise are most important to
evaluate the competitiveness of enterprises. In Fig.3 is
shown a model presented in a hierarchical tree logical
deduction, which defines the structure model for the
company.

Elements tree logical deduction and quantity in this case is
interpreted as follows [7, 10, 13]:
e Tree root - the competitiveness of enterprise Y .

e Terminal vertex- influencing factors Y;,Y,,Y; .
e No terminal vertices - a convolution factors
influencing  fy,, f,,, fy3  partial  criteria  of

competitiveness Y; . Rolls and a convolution Y, ,

fyi performed using logical deduction by fuzzy
knowledge bases.

e Arc graph, out of non terminal nodes - enlarged
influencing factors y,,...,y; - partial criteria for

competitiveness y; .

e No terminal vertices - a convolution f,q, fo, ..., f
partial indicators of competitiveness xij.

e Terminal vertex - partial indicators  of
competitiveness {xi'j [i=1...N;j=1..M,

e Where N = 7 - number of sets of indicators; M; -
number of parameters in the i-th group.

&)
)
|
.
|
|

1 1 I

Figure 3. Hierarchical model of decision

Logical deduction in (Fig.3) corresponds to a system of
relations: Y = f,(Y,,Y,,Ys).
Y11= fxl(xl,lv X125 X1,3):
Y2 = fxz(xz,la X2,25 Xz,a)

Y3 = fx3(x3,1* X3,2)
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Y4 = fx3(x4,l’x4,2)

Y5 = fxl(xs,lv X5,2: X5,3)
Yo = fx6(x6,l’x6,21x6,3)
Y7 =tz (X7,1: X7,2: X7,3)
Y, = fy1(y1v yz)

Y, = fy2(Y3:Y4:Y5)

Y; = fy3(y61 Y7)

V.  GROUPPING AND RANKING FACT ORS INFLUENCING
THE FORMATION OF THE COMPETITIVNESS

The theory of fuzzy sets serves as one of the possible
ways to formalize expert evaluations of criteria. In this case,
the integral criterion is considered as a fuzzy convolution of
partial criteria. A disadvantage of this method is associated
with the fact that, sometimes, an expert can barely evaluate
a certain partial criterion, even on a qualitative level. Note
that, in this case, it is easier for an expert to determine the
better of two variants, i.e., to perform paired comparisons
[11].

Consider the input and output parameters of all the fuzzy
subsystems in more detail. To begin with subsystems that
determine influencing factors [3].

TABLEI. FIRST SUBSYSTEM

TABLE V. FIFTH SUBSYSTEM

input parameters output parameters

xs1— risk duringtransportation

xs2— Timeliness of delivery ys — reliability of delivery

xs3 — safety of cargo

These systems belong to the traditional decision support
systems in improving competitiveness of the company [20,
21]. It should be noted that the company is not insured
against unforeseen situations in times of instability in the
country, such as revolution, which is time consuming.
Instability in the country creates pressure on the company
through additional risks, uncertainty, instability and even
interruptions in the work. Since there is a high probability
that the security state will not be able to keep the situation
under control, the company can also directly in danger, such
as property damage.

TABLE VI SIXTH SUBSYSTEM

input parameters output parameters

Xe1 — support workers trangport

(bus, minibus)

Xs2 — reduction of working hours to

workers returning home in a safetime ys — security for workers

X¢3 — moral support workers, by

taking part in the enterprise revolution

TABLE VII. SEVENTH SUBSYSTEM

input parameters output parameters

x11— quality of design decisions

input parameters output parameters

X712 — Increasing the number of

guards and watchmens y7 — protection of property from

X12 —  Quality  production y1 — quality
technologies
X13 — personnel support
TABLE I SECOND SUBSYSTEM

X72 — Financial encouraging | arbitrary

neighbors to help in protecting

company

input parameters output parameters

X221 — rank of producer

X22— promotional support Y2 —company image

%23 — level of reclamations

TABLE Il THIRD SUBSYSTEM

Later given subsystems that define consolidated factors
influence.

TABLE VIII.  EIGHTH SUBSYSTEM

input parameters output parameters

input parameters output parameters

x31— flexibility of the company ys — communicability of the

xs2 — Informativeness of the | company

company

y1— quality
Y1 — image ofthe company

y» — company image

TABLE IV. FOURTH SUBSYSTEM

TABLE IX. NINTH SUBSYSTEM

input parameters output parameters

input parameters output parameters

xa1— reliability of information ya — Informativeness of the

Xa2 —timeliness of information company

ys — communicability of the

company Y, — seriousness of the

ya — informativeness of the | company
company

ys — reliability of delivery
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TABLE X. TENTH SUBSYSTEM

input parameters output parameters

ys — security for workers

Y, — protection of property from Y3 —relatedto the ingtability

arbitrary

Subsystem determining co mpetitiveness.

TABLE XI. ELEVENTH SUBSYSTEM

input parameters output parameters

Y1 — image of the company f — company competitiveness

Y, — seriousness of the company

Y3 —related to the ingtability

VI. CREATION OF FUzzY KNOLEDGE BASES

To simulate consolidated (integrated) factors established
expert fuzzy knowledge base of Mamdani type. Antecedent
may be joined by OR; AND operators.

e For OR- max.

e For AND — min.

An example is shown in Fig. 4. Elements related parcel
fuzzy logical AND operation. The value factors are
expressed in deviations (in percent) of the average
performance of similar goods competing brands on the
market analyzed considering not covered situations in times
of instability in the country.

When describing linguistic variables defined range of
variation of their values, the number of terms (rules) and
shape membership function [22, 23]. Base rules for each
subsystem composed under the terms of the interactions
input linguistic variab les.

Fuzzy logic system makes decisions and generates output
values based on knowledge provided by the designer in the
formof if- then action rules.

An example of base rules is presented in Table (1.1-8):

values should be converted in to crisp value by using any
Defuzzification method. Defuzzification can be performed
by deriving the centre of gravity method with the help of
MATLAB.

In Fig.5.and Fig.6. are given sections of the program,
particularly in the figures, as an example, are given enlarged
factor determining the company image (y,) for inputs: (x21)
rank of producer, (x;,) promotional support ,(x,3) - level of
reclamations the data from the database fuzzy knowledge
present in the second subsystem.

Thus in figure the value of enlarged factor y, = 88.5 for
the following values of input factors (rank of producer) x,;
= 78.9, (promotional support) x,, =80.1, (reclamation level)
X23=288.6. It is found that when the influential factors on the
model have considerably high values, the company image is
relatively high. Increasing the value of these factors (xz; =
78.9,X22=12.7, X, 3= 7.83) leads to a fall enlarged factor (y,
= 13.2, Fig.5.). Therefore, to react on the competitiveness of
the company, we just need to change strategies or factors for
influencing on the optimal decision. This result indicates
adequate model system, which according to selected factors
effectively and efficiently responds to their changes.

rank-of-producer =78.8  promotional-support = 80.1 level-of-reclamations = 886 company-image = 88.5

: = =
; = =
=
5 ==
i = =
s =

il

1. If {rank-of-producer is high) and (promationak-support i high) and (level-of-reclamations is high) then (company-mage is high) (1)

2. I (rank-of-producer i high) and (promotiona-support s average) and (level-of-reclamations i high) then (company-image & high) (1)
3. If rank-of-producer is high) and (promationak-support i high) and (level-of-reclamations is average) then (company-image is average) (1)
4.If {rank-of-producer is high) and (promotionak-support i high) and (levek-of-reclamations is low) then (company-image is low) (1)

5. If {rank-of-producer is high) and (promational-support is average) and (levekof-reciamations is average) then (company-image is average) (1)
6. If(rank-of-producer i high) and (promotional-support is low) and (level-of-reclamations s high) then (company-image is average) (1)

7.If (rank-of-producer is high) and (promotional-support is average) and (levekof-reclamations is low) then (company-image is low) (1)

8. If {rank-of-producer is high) and (promationak-support is low) and (levek-of-reclamations is average) then (company-mage is average) (1)
f[rank of-producer is high) and (promotionaksupport s low) and (levekot-reclamations is low) then (company-image is low) (1)

. If (rank-of-producer is averge) and (promotional-support s high) and (levekof-reclamations is high) then (company-image is high) (1)

N
If
. If
If
5. ff

rank-of-producer is averge) and (promotionaksupport s high) and (levekof-reclamations i average) then (company-image is average) (1
1

(
( (o )
(rank-of-producer is averge) and (promotionak-support s average) and (evekof-reclamations is high) then (company-image is average) (1)
(rank-of-producer is averge) and (promotionak-support s high) and (levekof-reclamations is low) then (company-mage is average) (1)
(rank-of-producer is averge) and (promotionak-support s low) and (levekof-reclamations is high) then (company-mage is average) (1)
(rank-of-producer is averge) and (promofionaksupport s average) and (Jevekof-reclamations is low) then (company-image is low) (1
f rank-of-producer is averge) and (promofionak-suppart s low) and (levekof-reciamations is average) then (company-image s low) (1
7 If (rank-nf-nroduieer & averne) and inrmnfionalziinnnrt & Inw) and (leveknfrerlamations & Inw! then (romnanv-imane & lw' (1)

Figure 4. Base rulesfor each subsystem composed underthe terms of the
interactions input linguistic variables

)
0
)

If the values considered in the fuzzy logic sets are in
terms of degree variation then in the final output the fuzzy

gé =
2r |
Figure 5. Visualization of fuzzy logic - estimation enlarged

factor "Company Image" for given values of input factors

rank-of-producer =78.8  promotional-support = 127 level-of-reclamations = 7.83  company-image = 13.1

2 | = L ] ]
[ | [ ] [ ] [ ]

€0 3~ LN e £ P

Figure 6. Example Visualization of fuzzy system - result calculatingthe
enlarged factor "Company Image" with altered values of input factors
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CONCLUSION

The evaluation of the enterprise competitiveness based
on the hierarchical model developed involves not only the
calculation of the level of competitiveness, but also
determines the effect of this on the evaluation of the
different of inputs. This optimizes the values of input
factors.

Effective utilization of fuzzy logic in the construction of
logico-linguistic models of management requires not only
adequate static definition of fuzzy sets for the input factors,
rules of inference and aggregation, defuzzification methods
but also use the methods of in dynamic mode adaptive
improvement compared to the functions of fuzzy variables.
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