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The concept of fuzzy set of L. Zadeh, operations with fuzzy sets, their properties are considered.
The value of fuzzy sets for mathematical modeling of complex systems, for adequate display of
reality; generalization and development of fuzzy sets; application of the theory of fuzzy sets to
the problem of decision-making in conditions of fuzzy information, fuzzy restrictions, ambiguity by
means of solving the three practical problems: 1) problem of choosing the workplace, 2) problem
of achieving the fuzzy objective of Bellmann-Zadeh, 3) problem of the account of every possible
combination of the objective and the restrictions is also considered

At present mathematical methods of descrip-
tion and analysis of complex economic, social,
technical, ecological and other systems are ap-
plied extensively. However, the language of tra-
ditional classical mathematics, based on the the-
ory of sets and bivalent logic, is not flexible
enough for modeling really complex systems. The
fuzziness of the world surrounding us is essen-
tially reflected in mathematical models which do
not possess the property of adequacy of display
of the world, the reality and become unsuitable
for practical application. Besides it is necessary
to pay attention to another aspect of the fuzzi-
ness of the world which is inherent in thinking
and perception of a person. For mathematical
modeling of the real-life phenomena the language
of the theory of fuzzy sets of Lofty A. Zadeh is
more flexible and suitable.

L. Zadeh formulates the definition of fuzzy
set as follows: a fuzzy subset A of the univer-
sal set U is characterized by the membership

function u, :U — [01], which associates each
element y ey with the number , (u) from seg-

ment [04], describing a grade of membership
of an element u to a subset A.

Crisp sets are special cases of fuzzy sets.
For crisp sets uau)=1, if y e A, Or upu)=0,
if y ¢ A. The terms “fuzzy set” and “member-
ship function” are used as synonyms.

Fuzzy subsets with membership function,
accordingly, are referred to as meet ao ~ B, prod-

uct A, union A UB,SUM A 4B, hegation A

panp (U) = mir(ua (), gg (W)
1pg(U) = pa(u)ug (),
paop (U) = maxua (), g ()
pase () = palU)+ pg (U) - paU)ug (U),
uxU)=1- palu)
where A and B are two fuzzy subsets of the

universal set U with the membership function
palu) and ug(u) accordingly, and y eU .

The theory of fuzzy sets is the result of
finding a solution to the various applied prob-
lems concerning the theory of algorithms, artifi-
cial intelligence, the theory of decision-making,
the theory of recognition of images, etc. The
theory of fuzzy sets is the unique theory which
mathematically operates the semantics of speech.
L.Zadeh has shown how fuzzy, qualitative char-
acter of information can be used in the formal-
ized procedures of analysis.

The generalization of the device of fuzzy
sets of L. Zadeh was offered by A.l.Orlov in
1975. A.l. Orlov suggested to consider the
random set theory. It allows to include the
theory of fuzziness in probability theory. Its
application is useful in mathematical econo-
my, expert estimations, modeling the patterns
of forest fires, etc.

The problem of decision-making by means
of the theory of fuzzy sets in conditions of
fuzzy information and fuzzy restrictions is
studied. Thus it is supposed, that X is a
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universal set of alternatives which is at the
disposal of DMP (decision making person),

and B = {b;,b,,....b,} is a set of conditions
(restrictions) of performance of any opera-
tion, and X = {x4,X,...X ;| is the final set of
alternatives. We shall apply the fuzzy set

Bj constructed on the set of alternatives X,
with the membership function g, : X —[01]

to the condition bj(j =L2....,m). Fuzzy set

will be called “fuzzy restriction”. The higher
the grade of membership of alternative to
the fuzzy set of restrictions B (i.e. the more
value ), the more the degree of achievement
of this restriction in case of choosing the
alternative is.

Let’s consider the problem illustrating de-
cision-making in conditions of fuzzy restric-
tions: we have to choose one of the four
places of work, each of which is estimated
by N experts, independent and equal in rights;
the set of restrictions B contains six criteria

(attributes): B = {b;,b,,bs,b,,bs,bg}, Where
b, is an opportunity to be engaged in scien-
tific work, b, is the prospect of growth, bs
is material benefit, b, is good team, bg is
convenient location, bg is prestige; the uni-
versal set is named X = {x;,x,,x3,X4}, Where
x; is the workplace.

As a result of processing the given infor-
mation the fuzzy subsets Bj(j =L2,3,4.5,6) of
the set X with the membership function
ug, X —[01] whose values are specified in

table 1 are received, thus the fuzzy solution to
the problem of decision-making with fuzzy re-

strictions is called meet p of the fuzzy sets of
all restrictions, and the membership function of
this meet is the following:

up, (x; ) = minjug (x; ), g, (x; g, (xi )

HB, (x;i ) Hpg (xi ) HBg (x; )}

Generally the way of solving such problem
is called defuzzification and consists in the tran-
sition from fuzzy representations to the corre-
sponding precise administrative decisions. One
of the widespread ways of defuzzification is
the following:.

Qﬁgg#a(XF

= max min{#Bl(X ) pg, () g, (X )}

X eX
In our case such alternative is x5:

- in0:00.2,0
Qﬁgg#a(X) )21:\))((m|n{ 010,2,0}

and upg(x3)=02.

Mathematical analysis of any problem re-
quires considering the fuzzy objective and
the set of fuzzy restrictions, namely, every
possible combination of the objective and
the restrictions.

To find the solution to a problem it is
necessary to consider each of the six pos-
sible rearrangements which can be made with
the three numbers 1, 2, 3, meaning accord-
ingly: the number of the workplace and the
number of the worker, agreed previously. For
example, rearrangement (3, 1, 2) shall be in-
terpreted as follows: the third worker is on
the first workplace, the first worker is on
the second workplace, and the second worker
is on the third workplace. Such interpreta-
tion applies to the five remaining rearrange-
ments: (1, 2, 3), (1, 3, 2), (3, 2, 1), (2, 3,
1), (2, 1, 3). The process of a finding the

Table 1
Restrictions (attributes)

o BT e | b | be | b [ b |
X Values of membership function D
! /JBl(X) .UBZ(X) .”B3(X) /JB4(X) .uB5(X) #36(X)
X1 01 08 0,3 0 0,2 0,2 0
X2 04 0,7 01 0,6 0,9 0,9 01
X3 0,3 0,2 0,8 0,5 0,4 0,4 0,2
X4 0,5 04 0 04 0,8 0,8 0
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Table 3
X Conditions (restriction) Objective Decision
M1 M2 H33 Hc Hp = H123
X1 0,1 1 0,2 0,3 0,1
X2 0,3 0,9 0,3 0,3 0,3
X3 0,5 0,8 0,5 0,5 0,5
X4 0,6 0,7 0,7 0,4 0,4
Xg 0,7 0,7 0,8 0,1 0,1
Table 4
X 123 32 H312 H321 H231 H213
X1 0,1 0,1 0,3 0,3 0,3 0,2
Xo 0,3 0,3 0,3 0,3 0,3 0,3
X3 0,5 0,5 0,4 0,4 0,5 0,5
X4 0,4 0,4 0,4 0,4 0,4 0,4
Xsg 0,1 0,1 0,1 0,1 0,1 0,1
max 0,5 0,5 0,4 0,4 0,5 0,5

solution to a problem consists in finding the
most effective rearrangement among the six
specified. Let’s consider the example of re-
arrangement (1, 2, 3) (Table 3)

The results of the analysis of all the six
rearrangements under the specified scheme are
given in Table 4.

The results of the analysis are presented by
last line of this table. So, the solution to the
problem are the four rearrangements (1, 2, 3),
1, 3, 2), (2, 3, 1), (2, 1, 3) for which the

estimation X,= (positive efficiency) has the
greatest grade of membership*.

* See: Cofmann A. Introduction in theory of fuzzy
sets: Tr. from france. - 1., 1982; Orlov A.l. Theory of
decision-making: Study book, - T., 2006; Orlov A.l.
Mathematics of an fuzziness. - Nauka | Shizn., 1982;
Tchegodaev A.l. Mathematical methods and models
to support decision-making in conditions of ambiguity.
Monography. - Yaroslavl, 2007; Korlykhanov S.V. Fac-
tors defining enterprise activity // Vestnik of Sa-
mara State University of Economics 2008 - 8 (46).
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