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USING FUZZY LOGIC FOR SOLUTION OF ECONOMIC TASKS:
TWO EXAMPLES OF DECISION MAKING UNDER UNCERTAINTY
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Abstract
Paper is devoted to applying the principles and approaches of fuzzy logic and fuzzy modelling
to the solution of applied economic problems in conditions of uncertainty. There are presents
the formulation and formalization of the problem, the theoretical foundation of the proposed
approach to the solutions, and the practical examples for two tasks of management and
economic decisions making.

First is construction of investment portfolio. Diversification of investment portfolio as one
of the approaches to risk management in the commercial activities in a competitive
environment has been consider. Classical approaches to portfolio management are analyzed
and practical difficulties of their application in real conditions of market uncertainty are
identified. Corresponding methodological approach described and formulation for solution in
fuzzy formulation is proposed. An example of numerical calculations in specialized software
for operations with fuzzy numbers is given. The obtained results are described and analyzed.

Second is development of coordinated assessments of alternative choices for decision
making in project management. The choice of alternative products, as part of project
management, industrial and commercial solutions, has been described and analyzed. The
necessity of the construction of generalized, mutually evaluations of projects, products or
services on the basis of opinions of consumers, customers and manufacturers, has been
justified. The use of the fuzzy sets for obtain such integrated assessments has been proposed.
Mathematical formalized statement of the problem and calculations example are given.
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1. INTRODUCTION

The aim of this paper is to propose and describe some approaches, based on fuzzy sets and
fuzzy logic methodology, for solving of decision making problems and tasks in economy and
management.

We have investigated the various tasks of decision-making in the economy in conditions
of uncertainty. But in this paper we will consider only two of them, namely decision on the
construction of investment portfolio and development of coordinated assessments of alter-
native choices for decision making in project management. Below we will detail look at each
of these tasks.
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2. USING FUZZY APPROACH FOR DECISIONS FOR CONSTRUCTION OF
INVESTMENT PORTFOLIO

As well known, the diversification of the investment portfolio can be viewed as one of the most
important ways to manage investment risks.

One of the possible solutions for this problem is the Markowitz approach (Markowitz,
1959). Although it was widely used in the practice of portfolio management, however, this ap-
proach uses a number of assumptions which don’t or bad correspond with the realities of in-
vestment processes.

2.1 Formulation of the problem and brief review of its decisions

It is obviously, that the statistical homogeneity condition cannot be practically achieved in
real economic conditions and terms. Any economic entity or process, which is studied and
analysed in the past time, and the same object at the moment - there are, in generally, two
different objects of observation and investigation. Reasons for this are that the market envi-
ronment of project had changes over time. Accordingly its market position will change.

So the risk of losses on a specific business direction will fall or rise, but the cause of these
fluctuations will actually be in the external business environment. All these facts don’t allow
speak about statistical homogeneity of the studied process.

Appeal to subjective probabilities practically not improved the situation.

If probabilistic subjective assessment made by only one expert, when risk of subjectivity
and erroneous forecast significantly increases (Kravets 1976). In fact, when expert applying
the subjective probabilities, he refuses frequency approach and puts in the concept of prob-
ability his subjective expectations, which are largely based on the history and on the past ex-
perience. At the same time due to market conditions unplayable this prehistory ceases to be
indicative and reliable for further the proved calculations and forecasting.

It is well known that the usage of correlation coefficients suggests the immutability for
character of causal relationships. However, in actual economical practice this does not take
place. Firstly, both the character and the relations themselves at the time of the study may be
not fully defined. Secondly, there is the possibility of significant changes under the action of
external forces and factors.

At the same time are known successful researches (Nowicki 2001; Nedosekin 2000) on
the application of fuzzy sets for the construction of investment portfolios.

Further we proposed solution to this problem, which can be considered as a fuzzy ana-
logue of statistical game.

For a start we will assume that there are a lot of various projects (investment projects,
food programs, securities, etc.) from which is needed to build an investment portfolio. In other
words it is necessary to properly distribute the investments in these projects.

We also assume that the information about the projects have vague, indefinite character,
and at this stage of investigations its refinement due to the several time and some material
costs. And take place the situation in which cannot be guaranteed to achieve the desired, re-
quired level of certainty.

The resulting estimates can be classified as expert and not always possible to view they in
a quantitative form. In addition, quantitative estimates have expressed enough approximate
nature. This problem formulated in fuzzy formulation can be solved in several ways (Dorokhov
and Chernov 2011). At first we propose to consider the simplest way to solve it.

2.2 Proposed approach to consideration
Let suppose there are several projects of which is assumed to form an investment portfo-
lioS = {sj Lj= 1, N}. We also assume known of estimates for possible incomes when per-

forming (implementation) of these projects:
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Suppose also that we have constructed a set of possible combinations of these yields and

there are identified expert assess of the probability of these combinations ]3’1., i=(LM),

where M is the number of considered combinations of component portfolio yields which for-
ming asetof P:

P={pi=11,} @

In other words, for the relationship P/S S| ...S, we have a matrix of probability
estimates:

5 | A - 3)

Sets (1) and (2) can be associated with linguistic assessment of their possible values.

Thus, for the possibilities for implementing of P we can consider L, =(lp :i=1,Ip),

M, = {,u,h_ (z)/z}, and respectively, for yield C we can consider: L. = {lw. j=1 JC} and

M. = {ﬂc,,-(y)/y:j =1,Jc}-
For simplicity, we assume that z €[0,1] u y €[0,1]. For variable z this condition is quite natu-

ral, since we are talking about probabilities. For variable y it belongs to the interval [0,1] indicates the
need to pass from absolute to relative scale. For the simplify the presentation let us assume that the
set L, consists of 3 elements:

Ly,=< small, medium, large >=<S, M, B> (as shown in Fig. 1, left), and correspondingly L.
consists of 5 elements:

L=< small, less than medium, medium, more than medium, large > = <S, LM, M, MM, B>
(as shown in Fig. 1, right).

Figure 1. Membership functions for linguistic probability estimates (left) and yield (right)

Al

Source: authors’ own researches
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Triangular membership functions (Fig. 1) were chosen for reasons of simplicity and only
for elementary graphical representation. Estimates presented in Fig. 1 can be constructed in
various ways. Consider some of them on the assessments yield.

The first variant is that the investor's experts indicate the boundaries of possible yield
[ymin, Ymax]. Then, within this interval we can defined subintervals, which, according to experts
opinions we can match the selected linguistic estimates, such as those indicated in Fig. 1. If
for the solution of the problem has been developed computer software and corresponding
information system, then interactively can be constructed appropriate membership functions
on the respective subintervals based on established rules (Dorokhov and Chernov 2011). They
can be defined either by an expert, or selected from a set of proposed by mentioned software
system. After that, it is converted to a relative scale.

Another variant may be illustrated by the following figure (Fig. 2).

Figure 2. Graphical method of transition from the numerical estimates of yield for com-
ponents of an investment portfolio to linguistic assessments.
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In this figure Y(s,)— is the numerical assessment of yield for i - th component of an
investment portfolio.

For each i=1,2,3,4; Y(s,) —> S, Y(s,) = LM, Y(s;) = M, Y(s,) — A - is the linguistic
evaluation for components of portfolio (thick lines shows a membership function for
Y(s,) > LM).

In general case the conversion function can also be nonlinear. As a result, the matrix (3)

will contain only the linguistic evaluations for a four component portfolio. It may be, for
example, as show follows in Table 1.
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Table 1 - The numerical example of utility matrix for a four components portfolio (the calculations are
done in an special environment for operations with fuzzy numbers and variables named Fuzicalc)
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2.3 The solving of the problem
Solution of the problem consists in determining the coefficients of proportionality for
components of the investment portfolio, can be carried out as follows. For each column

S, j=1,N can be calculated W, ; = p, AC, =min(p,,c;), i=12,.,m, i€ [l,m]. Then we
1

can find (Fig. 4): w,=J w, = mlax[vT/ij] @)

For each component of the planned investment portfolio S; can be estimated vT/j - thisis
the fuzzy set with the corresponding membership function (Fig. 3).

Figure 3. The resulting membership functions
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Aggregate of v~vj can be considered as the vector of priorities W:{Wj =L N}, by

which is possible to evaluate the distribution of funds to components of portfolio.

~

However, the direct use of the vector W is plenty difficult, so it is possible to use the
following variant. For all fuzzy sets VNV]- is calculated coordinate of the center of gravity of the

figure bounded by the membership function s (z) by the following formula:
Zﬂw/ (z,)z;
D WHES

As a result, we can get not normalized vector of priotities CG = {CG, : j=1,N}, which

may be converted into a normalized, if we calculate the values:
CGl = zcg(j; ©
. J
These values can bie considered as the coefficients of proportionality for the allocation of
funds for components of the investment portfolio.

CG ()

2.4 Account of the multiplicity of identical ratings

As obviously considered method does not account for the multiplicity of identical ratings.
However it is clear that the alternative which has a larger number of identical high ratings (of
course, if there are not losses) is more preferable than other alternatives with fewer number of
these estimates or more number of lower estimates.

Take into account this multiplicity we can as follows. After calculating the values CG;

must be determined the multiplicity of the same estimates located on the left and right of the
average estimate. Then is calculated the coefficient of multiplicity:

K=1+ kr—kp , (7)
kL + kR
where ki - is the multiplicity of the same estimates on the left of the average estimate; kr
- is the multiplicity of the same estimates on the right of the average estimate.
Taking into account multiplicity coefficient, we can to calculate the modified value as:

CG) =K*CG} . 8)
Obviously, if the prevailing right estimations, the value of CG; is shifted in this direction
and K > 1. Predominance of left estimations corresponds to the value K < 1, that defines a
corresponding shift of CG .

Table 2 shows the results of calculations for the matrix of linguistic estimates presented
in Table 1. Calculations were performed as without taking into account factor of estimates
multiplicity and well as with taking them into account. The results are quite consistent with the
character of the initial data and the estimates obtained by the relation (4) and given in Table 1
and Figure 2.

Note the effect of the multiplicity of similar estimates, which led to an increase in the
coefficient of proportionality of the third component of the investment portfolio. It also is quite
consistent with the initial data.

Research on the influence of the form of the membership function on the final results
showed that this effect takes place. However, in both cases (in the absence of accounting for
multiplicity of estimates, and when it is taken into account) changes in ownership interests in
a portfolio have not a cardinal character.
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Table no. 2 - The calculation results for the matrix of linguistic evaluations
(calculations were made in Fuzicalc environment)

P | | =<5 | | T
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Source: authors’ own researches

The disadvantage of the proposed method is the use of the operation of intersection in
the construction of fuzzy sets vT/j . It is really possible situation, when some VT/U. =, orinan

extreme case for some j-th component of portfolio all VT/U. = (J . Nevertheless, this result does

not mean that the corresponding component of the portfolio should unequivocally be deleted
from further consideration.

2.5 Definition of operation for build the shadow of fuzzy sets

To resolve this situation instead of the operations of intersection can be used other opera-
tion, proposed in (Chernov, 2007; Chernov, 2010) and defined as the shadow of a fuzzy set
Sh(Z,E). Shadow of a fuzzy set 4 to fuzzy set B must satisfy the following requirements:
Sh(Z,E) - fuzzy set; Sh(Z,Z) =4; Sh(;f,;f) = @, if at least one of the sets A or B is empty
orthe sets 4 and B are orthogonal.

The procedure for constructing the shade of a fuzzy set 4 to fuzzy set B can be defined
as follows (Fig. 4):

Sh, (4, B) = {gl i, (), 3 OV, x" = (D]},

CGluz(x)] ’
CGlu; ()]
CG[u E(x)],CG[u 2(3')] - coordinates of the centers of gravity of the figures which are

wheree f(y) = - is the projection function;

bounded by the membership functions p P (y)and p 3 (x);
¢ - is the functional which sets the way for the transformation of membership functions.
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Figure no. 4 The geometric representation of the build operation
for the fuzzy set shadow
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Next (in Fig. 5) shows the membership functions of fuzzy estimates of the probability and
the components of the investment portfolio, which were used in further calculations.

Figure 5. Geometric representation of the build operation for the fuzzy set shadow
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Source: authors’ own researches
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2.6 Calculations using the shadows of a fuzzy sets

Sequence of computations using the operations using the shade of a fuzzy set is as

follows. For each column S; ,j = I,N calculated:

where i=12,...m, i€ [l,m];

CGlLu, (x)]
FO) =t

CGlu,

- is the projection function, x € [0,1], y €[0,1];

W, =Sh (D;,¢, ;) =@l V), tz, OV, x"= fF (W]},

(9)
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CG(,uaj (%)), CG(u; (¥))- are the coordinates of the centers of gravity of the figures

which are bounded by the membership functions 1 (¥), 4 (x);

¢=min - is the used functional which give specifying transformations over the members-
hip functions.

Then is finded W, = U W, = max[vT/ij].

Results of transformations according to Table 1 and Fig. 5 with using the relations (9) are
shown in Fig. 6.

Figure 6. Membership function of resulting estimates for
investment portfolio components
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Source: authors’ own researches
Further calculations are carried out according to equations (6-8) in program tools Fuzicalc,

and it’s the results are given in Table 3.

Table 3. The calculation results for the matrix of linguistic evaluations
(calculations have been made in an environment Fuzicalc)
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2.7 Analysis of the results

Comparison of the results given in Table 2 and Table 3 shows their obvious qualitative
coincidence. The difference in the numerical values can be explained by the fact that the use
of operations Sh allows more fully take into account all aspects of decision-making situation
for investment portfolio.

The proposed method of investment portfolio formation is not only free from the short-
comings of other known methods. It also gives the opportunity (unlike other methods) to take
into account the multiplicity of identical estimates of yield component of the investment port-
folio.

Described method also allows increase the validity of the allocation of resources. In prac-
tice, this method has been successfully applied in the evaluation of the various options for por-
tfolios in a few Ukrainian commercial banks and investment funds.

3. DEVELOPMENT OF COORDINATED ASSESSMENTS OF ALTERNATIVE CHOICES FOR
DECISION MAKING IN THE PROJECT MANAGEMENT

Let us consider the second task mentioned and posed in beginning of the paper. Among the
tasks of project management a great place devoted to the analysis, optimization, designing of
rational and effective product programs.This is particularly important in a competitive market
environment in all sectors of material production and service delivery in Ukraine.

Open, globalized economy requires proper positioning of any economic entity in the
market, in particular, error-free, science-based, timely and effective range of issues, ratio of
various products - as that which is produced and planned to start of production, and the corre-
sponding analysis and the actions of competitors and of the environment (Boc et al, 2012;
Ondrus et al. 2013). A powerful tool for this purpose is a multicriteria analysis of the alternati-
ve production programs.

3.1 Approaches to building a multilateral assessments for product programs

It is clear, that the most acceptable and desirable is the situation, when the better pro-
duct programs is given thoughts, wishes and economic and social aspirations as a manufactu-
rer and designer, and consumer guides, buyer of the goods, project, services. Thus there are
multidimensional criteria for the problem of selection.

The validity of the results of solving this problem of multi-alternative choice can be
significantly enhanced if the process will be considered methodologically correct valuation and
preferences of several parties. On the one hand, there are experts, representing the interests
of firms, enterprises, and possible conflicts in their assessments are that they have different
can evaluate compliance products selected criteria, as well as in different ways can come to
the criteria and degree their importance, however, in general their actions and assessments
have the same orientation. But the situation is much more complicated, if the one or more
experts are the users or customers. Alignment of assessments with each other is pointless,
unless this desire is not wishful thinking.

Instead, mutual attitudes of users and experts representing the interests of manufactu-
rers, it is useful because it can be built together a balanced system of assessments. Then the
product that meets it, will be the best way to meet both restrictions and willingness, capacity
to manufacturer requirements and preferences of the user, that is, in general - today's
modern competitive market conditions.

The investigated problem is compounded by the fact that preferences and advantages of
the parties are likely to be fuzzy, especially when it comes to the new or significantly new pro-
ducts. In this case, it is supported by the theory of fuzzy sets which allows to achieve reasonab-
le and adequate results (Mcneil et al, 1994; Da Ruan, 2000; Bojadziev et al, 2007; Wang et al.
2007).
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3.2 Formulating the goals and description of the main research

According to the methodology of fuzzy modeling such problems can be resolved on the
basis of the composition of fuzzy criterion evaluations and heuristic reasoning as a linguistic
assessments of utility, this problem is formulated in general terms in (Efstathion 2011). The
corresponding model of the decision-making process includes: assessment alternati-
ves; formalized opinions of persons, that take part in the decision-making process; description
of the process of decision-making.

At the same time each alternative product can be described by quality criteria, the values
of which are often provided by the interviewees in fuzzy linguistic form and can be expanded
by the modifier “very”, “more or less” and so on (Dorokhov and Chernov 2011). Accordingly,
the aim of the researches is the mathematical formulation and implementation of practical
methods of obtaining coordinated assessments of alternative products, projects or production
programs using instruments of fuzzy set theory.

Look at the formulation and solution of this problem in a summarised form.

Let used N criteria as Di, i =1,N, which form space of criteria D=D1xD2x...xDn, any point of
which is specified by a set of values d = {d1, d2, ..., dn}eD, dieD;, i=1,N.
Opinions of people, that take part in the decision-making, can be interpreted as vague

subspaces space criteria D: W = F(D1)xF(D2)x...xF(Dn), where F(D;) - is fuzzy subset Di.
The fuzzy membership function for composition W can be defined as:

uw (dn) = min pw (di), i =1N, (10)

where pw (di) - is the fuzzy membership function of W by criterion D..

The usefulness of appropriate criteria can be defined as a linguistic variable whose value
is a term of fuzzy set defined on interval [0,1].

Interaction between criteria and usefulness is determined, as fuzzy relation R: d — U,
which exists on DxU. Usually R are represented in the table, which sets usefulness for different
points in the space of criterion D. Representation of the usefulness in the form of fuzzy relati-
on R allows us to determine W fuzzy subsets VcU as composition ratio:

pv(z)=max{min[pr(dn,z),uw(z)]}.

According to definition of V, each composition W can have more than one value of useful-
ness and all of them are characterized by different degree of membership.

Usefulness with the highest degree interior can be accepted as the basis for comparison
of different compositions of W.

Suppose that the decision to release a new product has been formed by two groups of
experts: the first group includes the employees of the manufacturer, and the second group
includes potential customers, buyers, users of the products.

The process of group formation is beyond the scope of our research and is not considered.
The only requirement is to provide experts assessments, which do not conflict with common
sense.

Both groups give their product evaluations, which form set of efficiency criteria and goals.

Let denote this set as: D={d; i=1,N}.For each di has been defined plural linguistic
assessments: L(d;) = {lj(di);j(di) =1,M(d;)}.
Number of linguistic estimations and its formulation depend on specific of assessments

and their criteria. If necessary, can be used logical identifiers. In the process of work with the
expert groups can build a plural linguistic assessments for usefulness, for example, as repre-

sented in Figure 7, as well as can be built heuristics of experts E1 = {¢k : k=1K}
and heuristics of consumers E2 ={e24: q=1,Q}.
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Figure 7. Sets of membership functions described the linguistic assessments for usefulness
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For example, are possible such heuristics as "fuel consumption may be slightly more if
the car will have a high permeability" or "tire noise can be quite high if provided good traction
in all weather conditions". By appropriate analysis heuristics we can determine with the
assessment of the product that best agreed with the view of both sides of the expert
evaluation. The initial, full space of efficiency D contains P; sets M(d), i =1,N.

Through further subsequent analysis of heuristics by experts it can be rejected all insig-
nificant estimations for both groups criterion for evaluating the effectiveness and continue to
get refined cut sets criteria values: D' = {di'; i =1,_N }

According to this method can be achieved reduction in evaluative expert sets that cover
the entire region of utility. After that, both groups of experts must find agree on joint, coordina-
ted assessments benefits of new joint sets. For example, can be built next Table 4.

Table 4. The general view of the data source information.

Criteria

ren Usefulness for the consumers Usefulness for the experts
D1 D> ... Dn
Set 1
Set2 Linguistic evaluations Linguistic evaluations
SetM

For greater certainty we specify further consideration of assessment, leaving abstract
form criteria. The final results can be represented in form of Table 5, where we are limited to
four criteria in abstract form.

Table 5. The linguistic assessment for usefulness of sets based on
the criteria of consumers and experts.

| Sets Criteria (its level and linguistic assessment) Usefulness Usefulness
D1 D2 Ds D4 for the consumer| for the experts

Set 1 | excellent | very high big substantial very, very high | very, very high

Set 2 | good high enough | substantial very high very high

Set 3 | excellent | acceptable | big small high enough high

Set 4 | excellent | weak big small weak the average

Set 5 | good acceptable | big small the average below average

Set 6 | good weak big small weak below average

For further consideration of practical example let consider numerical evaluations.
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3.3 Example of numerical calculations according to proposed algorithm

We will consider the case, when there are N-alternative products, P = {Pn: n = 1, N}.

For each of the criteria of effectiveness we will built corresponding fuzzy set (Di) ={an / di,
i =1,.,N}, an € [0,1], where an is the assessment of compliance with h-th product and i-crite-
ria.

For example, for some product the condition, that his assessment criterion D1 closer
to “good”, than to “great”, will be marked as: Fn (D1) = (0,3 / great, 0,7 / good). Similar ass-
essments can be built for all criteria.

For example, we will assume, that:

Fn(D2) = (0,6 / acceptable, 0,4 / weak),

Fn(D3) = (0,4 / enough, 0,6 / big),

Fn(Da) = (1 / small).

Direct multiplication for Fn(Di) with all i =1, .. ,N gives all possible combination of the
assessment product h to chosen criteria and the corresponding value of membership functi-
ons are determined by (1).

Then alternative An will gets the following values:

0,3 / (excellent, acceptable, enough, small},

0.3 / (excellent, weak, enough, small),

0.3 / (excellent, acceptable, big, small),

0.3 / (excellent, weak, big, small),

0.4 / (good, acceptable, enough, small),

0.4 / (good, weak, enough, small),

0.6 / (good, acceptable, big, small),

0.4 / (good, weak, big, small).

In further calculations, we should note and take into account the identical combinations
of estimations. Accordingly, we can to obtain estimates of the considered alternatives in view
of its usefulness to the consumer:

Ann = {0.3 / high enough; 0.3 / weak; 0.6 /average; 0.4 / weak }.

In its turn, for the experts we will have:

Ans = {0.3 /high; 0.3 /average; 0.6 /below average; 0.4 /below average}.

Linguistic assessments (linguistic evaluations), used in mathematical expressions for Ann
and Ans, are shown in the on Figure 8.

Figure no. 8 Resulting linguistic evaluation of usefulness for Ann and Ans.

Source: authors’ own researches

Let assume that the numerical values for the corresponding membership functions have
hext view:
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High enough ={0/0,0/0.1,0/0.2,0/0.3,0 /0.4,0 /0.5,0.5/0.6,1 /0.7,0 .5/0.8,0 /0.9,0 /1.0 };
Weak ={0/0,0 /0.1,0 .5/0.2,1 /0.3,0 .5/0.4,0 /0.5,0 /0.6,0 /0.7,0 /0.8,0 /0.9,0 /1.0 };
The average ={0/0,0 /0.1,0 /0.2,0 /0.3,0.5/0.4,1 /0.5,0 .5/0.6,0 /0.7,0 /0.8,0 /0.9 };
High={0/0,0 /0.1,0 /0.2,0 /0.3,0 /0.4,0 /0.5,0 /0.6,0 /0.7,0 .5/0.8,1 /0.9,1 /1.0 }.
The resulting, final evaluation on the basis of partial assessments will determine by the
minimum approach.
Then A«={[0/0, 0/0.1, 0/0.2,0/0.3,0/0.4,0/0.5, 0.3/0.6, 0.3/0.7,0.3/0.8,0/0.9,0/1.0 ];
[o/0,0/0,0.3/0.2,0.3/0.3,0.3/0.4,0/0.5,0/0.6,0/0.7,0/0.3,0/0.9,0/1.0];
[{o/0,0/0.14,0/0.2,0/0.3,0.5/04,06/0.5,05/0.6,0/0.7,0/0.8,0/0.9];
[0/0,0/0.4,04/0.2,04/0.3,04/04,0/0.5,0/0.6,0/0.7,0/0.8,0/0.9,0/1.0]}.
Using more principle of maximum we also can to obtain:
Axn={0/0,0/0.1,0.4/0.2,0.4/0.3,0.5/0.4,0.6/0.5,0.5/0.6,0.3/0.7,0.3/0.7,0.3/0.8,0/0.9,0/1.0}
Similarly, for experts:
A« ={[0/0, 0/0.1, 0/0.2,0/0.3,0/0.4,0/0.5,0/0.6,0/0.7,0.3/0.8,0.3/0.9,0.3/1.0];
[o/0,0/0.14,0/0.2,0/0.3,0.3/04,03/05,03/0.6,0/0.7,0/0.8,0/0.9,0/1.0];
[0/0,0/0.14,0.5/0.2,0.6/0.3,05/0.4,0/0.5,0/0.6,0/0.7,0/0.8,0/.9,0/1.0];
[0/0.4,0/0.14,0.4/0.2,04/0.3,0.4/04,0/0.5,0/0.6,0/0.7,0/0.8,0/0.9,0/1.0]11}.
And finally:
A«={0/0,0/0.1, 0.5/0.2, 0.6/0.3, 0.5/0.4,0.3/0.5,0.3/0.6, 0/0.7,0.3/0.8,0.3/0.9, 0.3/1.0}.
Finally, joint estimation of consumers and experts define a as crossing Lir (2) = pa3(2) A
na(z) = {0/0, 0/0.1, 0.4/0.2, 0.4/0.3, 0.5/0.4, 0.3/0.5, 0.3/0.6, 0/0.7, 0.3/0.8, 0/0.9,
0/1.0}.

3.4 The considerationof obtained results

At the next, final stage of the analysis raises the question of consistency of opinions of
customers and experts. One alternative for estimating the degree of consistency is, for
example, the Hamming distance:

S =2 Si, where Si = max [pa3(zi), pa™(zi)] - min [ua3(zi), pa™(zi)].

In case with the agreed of opinions, S — min. For our example, S = 1.7

However, the full rate of estimation the alternatives closeness by Hamming distance in
this case is quite difficult. It is unclear concerning what assess this value. More certain is the
assessment of the level of weighted power of the respective fuzzy sets. Indeed, at similar
views:

Sa® =~ Sa", where S =X S;, Si = 2 Xj/ nj 0aj ; where o, — j-a level doj = - 0-1,

Xj - is the value argument supplies, is that functionality p(xi) > o ;

n; - is the number of X;.

For considered example we will have: Sa>= 0,41, Sa" = 0.29.

The degree of the coherence of experts opinions in this case is: £ = Sa>/ Sa"= 0.29 / 0.41
= 0.7, that is, it is high enough.

We mention one conclusion that can be drawn from the obtained result. Let see Figure 9,
where are shown together graphics for evaluate of the usefulness and the resulting
membership function pr (2).

Onward we will denote the membership and useful functions as u.i(z),i=1, 2, 3, 4, 5.

Let's build a crossing of functions i uni(z) A pr(2), i=1, 2, 3, 4, 5.

Each yi can be interpreted as a fuzzy set of matches joint assessment of many consu-
mers and experts for some value of usefulness.

For comparison of yi between we can to calculate their capacity through number of ele-
ments for which p(z) > ai. In this case we will use the ratio S = n.;j Oaij , Oaji = oyi — 0L - 1y*i ,
S(yi) = Zji Sqij

In addition we will calculate the total power S(y ) = %i S(vy ).
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Figure 9. Evaluation of the usefulness and the resulting membership function
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Source: authors’ own researches

For this example we will obtain: S (low) = 0.8; S (quite low) = 2.7 ; S (average) =2.1; S
(high enough) =1.1; S (high)=0.4.

It is obvious that the most reasonable are the usefulness concept "quite low" and "avera-
ge". The weights of these evaluations Vi=S (v i) / S (y) are respectively 38% and 29.5%.
Thus, the obtaining harmonized evaluation of product in this case suggests unreasonableness
or low expediency of its production.

So, we have proposed and described (simple but enough yet reasonable by estimates
from the sidelines as producers and consumers of products or services) the algorithm based
on fuzzy multiple approaches to the treatment of consumer market preferences expressed in
linguistic form.

It allows us to capture and analyze the generalized opinion on both sides of the market
(producers and consumers) as integral indicator for usefulness of certain goods, services, and
products. This approach can be useful and quite successfully applied to develop rational man-
agement and marketing solutions in a competitive market environment.

4. CONCLUSIONS

In this paper are described, solved and analyzed two multicriteria decision making tasks with
usage fuzzy logic approach.

First task deals with decision on the construction of investment portfolio.

Diversification of the investment portfolio as one of the approaches to risk management
in the industrial and commercial activities in a competitive environment has been considered.

Classical approaches to portfolio management are analyzed and practical difficulties of
their application in real conditions of market uncertainty are identified. The corresponding the
methodological approach has been described and formulation for solution of the problem in
fuzzy formulation is proposed. An example of nhumerical calculations implemented in speciali-
zed software for operations with fuzzy numbers is given. The obtained results are described
and analyzed.

The second was development of coordinated assessments of alternative choices for deci-
sion making in project management. The problem of choice of alternative products or produc-
tion programs, as part of project management, industrial and commercial solutions, has been
described and analyzed.

The necessity of the construction of generalized, mutually evaluations of projects, pro-
ducts or services on the basis of opinions of consumers, customers and manufacturers, has
been justified.
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The use of the fuzzy sets theory for obtain such integrated assessments has been propo-
sed. Appropriate mathematical reasoning, formalized statement of the problem, the sequence
of its solutions and calculations example were given.

Summarizing the results obtained it can be stated the possibility and expediency of the
use of approaches based on fuzzy sets theory in the study of decision-making problems in the
ecohomy in the conditions of uncertainty.

The authors suggest continue these studies, in particular, for the problem of logistics and
modelling the interaction of consumers and producers of products and services in a competi-
tive market environment.
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