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Abstract: Three approaches 1s suggested to determimng the total cost of innovative chemical enterprise in the
face of uncertainty. This approach 1s based on the discrete fuzzy numbers gives more accurate results than
approaches based on continuous fuzzy numbers solutions through a-sections and the number of L-R-type.

Uncertainty intervals for all three solutions are the same.
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INTRODUCTION

The development of fuzzy set theory, created as
extension of traditional set theory, caused by the need to
simulate such phenomena and concepts in which the
central role 1s given to the person making the
decision.

It 18 known that m a particular economic context, the
risk premium can be determined on the basis of expert
estimations. For example, the expert can make the
following statements: to a variety of projects with average
risk belong those whose risk premiums are of <8% and
projects with a risk premium of more than 16% can be
attributed to high-risk set. In the interim from 8-16%, the
project with varying degrees of certainty, may be
assigned by expert to the set with average risk and to
high-risk set. But such a situation is an irreconcilable
contradiction to the classical perception of the concept of
“multitude” according to which it 15 required to give a
definite answer about belonging to a plurality of elements
either “yes” or “no”.

Thus, the blurring of the boundaries of concepts of
human language has caused the need to explore new
Mathematical object “fuzzy set”. From the foregoing, the
elements of fuzzy sets have some common property in
varymg degrees (Castro et al., 2007, Zhou ef al.,, 2007,
Bojadziev, 1997). Therefore, a fuzzy set characterized by
this situation: it’s necessary to specify the elements that
belong to the set precisely to identify the elements which
do not clearly belong to it to identify the elements
that are included in this set with varying degrees of
affiliation.

Yet until recently, the use of fuzzy formalism in
solving economic problems was seen by economists as a
traditional newfangled extravagance. But today we can
talk about the turn in the evaluation of the scientific
situation (Beilin, 2016; Buckley, 1992, 1987).

It can be imagmed with what kand of difficulty
found a place mn the economic analysis for subjective
probabilities, founded by de Finetti, Savage, Kayburg and
others. And there is no doubt that the first attempts to
introduce a subjective probability to an economic usage
have come under fire of criticism for failing and weak
Mathematical validity. In the same way ignoram uses of
science tried to mix with the mud at the time the
research of TLotfi Zadeh. And only the practice of
using subjective probabilities in the military and
energy  applications and  the  practice  of
constructing fuzzy controllers (Mamdam, Sugeno, etc.)
and other studies (Couturier and Fioleau, 2000,
Dimitras ef al., 1999, Buckley, 1992, 1987, Dimitras ef af.,
1996) with an equally impressive output forced silence on
evil tongues.

Thus, to completely remove all doubts about the
effectiveness and correctness of the usage of fuzzy
economic models need to deploy a full-scale program of
“fuzzy” research aimed at achieving by economy of a
qualitatively new level.

MATERIALS AND METHODS

Fuzzy number 1s called normalized and convex fuzzy
set A, defined on the set of real numbers for the
membership function of which p, (x):

s max, (%)= 1, fuzzy number is normalized
oy (AxAH(1-Ax)zmin (X)), 1e(x,)), the number is
COIV eX

Example 1: We consider the linguistic variable B = * profit
ability ratio”. We choose as one of its fuzzy variable
values A = “high ratio”.

Basic variable for this fuzzy munber given by the ratio
x = profit/gross proceeds. Obviously mn this case, we have
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Fig. 1: High coefficient of profitability
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Fig. 2: Membership function of fuzzy mumber

a segment U = [0; 1], xeU. Membership function can be
represented graphically (Fig. 1) or by the equation:

2
M (%)= 2[){&] ,aSXSHTa

Fuzzy number A are convex, if its ¢ sections are
segments, i.e, for every p<y<q performed inequality
L)z 1y (A LL(g). Membership function of convex fuzzy
mumber is shown in Fig. 2. Tt should be noted that if
numbers A and B are convex, their intersection ANB 1s
convex too.

Example 2: Below are some of the most frequently used
membership functions of fuzzy numbers. Membership
function of continuous triangular fuzzy number A (when
Ss 18 a segment) shown in Fig. 3 (right) is equal to
Ma(x) = max(0,1-x-al/e) a the average value of fuzzy
number, e the magnitude of variation with respect to
a.

Such symmetrical triangular fuzzy numbers A is
convenient to denote A = (a; e, e) = (a; e). If the values of
average dispersion values a are different then the
following notation 1s mntroduced as A = (a; e, e,).

A
(a)

v

a-e, a b b+te,

Ap
®)

\As

a-¢ a ate

Fig. 3: Membership functions

Similarly, in Fig. 3a designated trapezoidal fuzzy
numbers A = (a, b; e, e,). A fuzzy number A 15 called: a
fuzzy zero ifw, (0) =maxy, (x); positive number if p, (x) =0 for
x<0; negative number if p, (x) =0 for x>0; xeS,.

For any operations © on fuzzy numbers, set discretely
1in accordance with the principle of generalization, we have
the general equation:

C=AoB ®Mc(z):§§X(“A(X) Ay (Y))

=Xy

Tt follows a special case:

C=min (A;B)<p.(z)= max (“"A(X) /\“'B(Y))

z=min(x,y)

And in the case where the continuous fuzzy numbers
are convex you can build the binary operation using a
sections of fuzzy sets. To demonstrate this approach to
the operation of addition of two triangular fuzzy
numbers:

Ha(x) = ma>{0;1 - |X;a‘ } s () —max[o;l |X‘b}

C
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Tt 15 established that:
- b
Wyon (X) = max(o; 1 M}

(d+c)

It 1s clear that a-section of convex fuzzy number 15 a
segment and 1s determined from the Eq. p, (x) = ¢, 1.e, 1if
xel,, it is sufficient to solve Eq. 1-jx-a|//d = ¢ and thereby
define the boundary of the segment A, = [a-(1-a)d,
a+(1+a)d]. In the same way can be found ¢-sections of
fuzzy mumber B:

B = [b -(1-aje; b+(1—0t)c]

and fuzzy number A+B:

(A+B) - (at+b)—(1-a)(d+e);
*l(atb)r{(1-a)(d+e)

It 1s obvious that «-sections of numbers A, B,
(A+B), are segments for which the equality A 4B, =
(A+B), 15 set. This equation combimed with a formula of
decomposition of fuzzy number (4 + By=| Ja(a + B}, , allows
you to define the desired expresfion for p,.x(x).
Established that operations of addition and multiplication:

s+  Commutative: A+B = B+A, AxB=BxA
*«  Associative: (A+BYC = A+HBHO),
=Ax(B=C)

*  Generally not distributive: Ax(B+C)oAxB+AxC

(AXB)*C

However, if the fuzzy numbers A,B, C only positive
or only negative, the distributive property holds.
Additionally, fuzzy numbers have opposite and inverse
numbers A +(-a)=0ax(1/a)21. Here, the symbols 0and
are marked fuzzy zero and fuzzy one. This fact makes it
umpossible to use the elimination method for solving
equations in which fuzzy numbers exist.

Operation on fuzzy numbers may lead to the loss of
properties of convexity and then the result can not be a
fuzzy number (Zopoumdis et af., 2001; Kaufmann and
Gupta, 1991; Dowrra and Siy, 2002; Zadeh et al, 1996;
Zadeh, 1978, 1973; Dubois and Prade, 1979, Buckley, 1992,
1987). This problem 1s recoverable if the fuzzy numbers are
presented by continuous membership functions.

Further considered single (unary) operations f on
fuzzy sets A, defined by principle of generalization.

If f: R-R, AcR, y =1 (x) then fuzzy set B = £ (A) has
membership function M:®=mmuE)  Here are some
examples of unary operations:

*  Changing the sign of a fuzzy number A, p; ) (%) = u,
(-x)

AL

Fig. 4: Fuzzy interval

»  Tuming of fuzzy number p, ' (x) = p, (x") is possible
if it is negative or positive. Otherwise A’ is not
convex

. Absolute value b ()= max (M, (x),1, (%)), ecu x > 0
O,ecux < 0

»  DExponent Wuu(y)= max u, (x)=p, (Iny).B=exp(A)
*  Multiplied by the mumber by (v)= mex p, (x)=1, (y/1)n>0

Fuzzy number L-R-type 1s defined according to
certain rules in order to reduce the amount of computation
during the operations on them. The memebership
functions of fuzzy nmumbers L-R-type defined by the
functions L (x) and R (x) (left and right branches of the
fuzzy number). These functions do not increase on [0; o]
to meet properties:

1
1+x

2

—J,L(X)—R(X)—
} L(x)=R(x)= e‘lX‘P,p>0

In general, the fuzzy numbers
determined by the membership function:

L{mx
o

b ()= R(x_m

L-R-type are

}x Lm0 >0

J,x >m,B>0

L-R fuzzy number 1s determined by three parameters
and abbreviated written as A = m,; «,, Pp If a fuzzy
number is equal to 1, not only at the point x = m but on
points of segment [m,, m,] we get the fuzzy number used
for the sumulation of a fuzzy mterval (Fig. 4):
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m, —x
Ll =, x<m,0>0
o

MA(X): L, m<£x<m,

R[X_Bmz }szz,ﬁwo

Tn general, when comparing two fuzzy numbers A and
B two situations can occur. The first one when the
mtersection of the medias of fuzzy numbers 1s blank, 1.e.,
S.M85 = @. Obviously as most of them acts the number of
which is located to the right on the abscissa, i.e.,
A=<B.

The second one when the intersection of the medias
of fuzzy numbers is not blank, i.e., S,NSz# 2. In this case,
the procedure comparing fuzzy numbers A and B 1s not as
simple as in the first case.

Tt becomes necessary to calculate the index of
ranking I(A, B) = F(A)-F(B), F-called fuzzy number
ordering function.

There is a sufficiently large number of ranking indices
(Peray, 1999, Dubois and Prade, 1980; Bart, 1993, 1991,
Maria and Kandel, 1984; Zimmerman, 2001; Trippi and Lee,
1995). We consider one of them, it is constructed as
follows:

I(A,B):T M(Am)da—TM(BQ)da

¢, the m aximum value of membershup function, A,
B,-t sections of fuzzy numbers A and B:

M(A,) =22 o) = inf (x):b(0r) = sup (x)
2 zEh, EEh,
If1 (A, B)20, then A>B.
RESULTS AND DISCUSSION

We define Total Costs (TC) of innovative chemical
enterprise “Copolymer + for the production of copelymer
product, based on the cyclic carbonate compounds and
isocyanate containing compounds (Beilin et al., 2006;
Beilin and Arkhireev, 2009, 2005, 2011a, b) if Fixed Costs
(FC) are predicted to be:

{0 08 110703 O}nﬂn. rub, a Variable Costs (VC)

16°17°18°19°20° 21° 22
{0 04 07 09 1 06 0}

897107117127 13714

using “FuzCale” tool we solve the problem (Approach 1)
Table 1:

Table 1: Fuzi calc tool

Factors _ O/1 0/2 3 0/4 0/5 0/6 o7
VCOFC 016 0.8/17 118 1/19 0.7/20 0.3/21 0/22
0/8 024 025 0726 0/27 0/28 029 0/30
0.4/9 0/25 0.4/26 0427  04/28 0.4/29 0.3/30 0/31
0.7/10 026 0.7/27 07728 0.7/29  0.7/30 0.3/31 0/32
0.9/11 027 0.828 0929 0930 0.7/31 0.3/32 0/33
112 /28 0.829 1530 1/31 0.7/32 0.3/33 0/34
0.6/13 029 0.6/30 0.6/31 0.6/32 0.6/33 0.3/34 0/35
014 0/30 031 032 0/33 0/34 0/35 0/36

0 0 0407 08 09

TC = 2425 26 27 28 129

1 1 0706030 0

30731732733734735736

Next, we express the analytical expression of fixed
costs and variable costs 1 the form of continuous fuzzy
numbers (Approach 2) and represent the solution of this
problem through ¢-sections:

1,xe [18;19] L x=12
X716 e (16,18) XT'S,xe (8:12)
B (x) = D e (X)) =
_ 14-
ETX’ xe (19:22) Tx,xe (12:14)
0, otherwise 0, otherwise

We produce the addition operation of two
continuous fuzzy numbers:

FC,=[200+16; 2230, VC, = [4a+ 8, 14-201]

As a result, we receive Tc, = Fe, +VC, = [60+24;
36-5¢], analytic expression which has the form:

1, x [30,31]
X723 e (24,30)
x)=
e 365_X, x€ (31,36)
0, otherwise
CONCLUSION

In the analysis of the approach of finding the
common costs of this innovative chemical enterprise
through fuzzy number L-R-type express how fixed costs
FC=(16,18;19;22)and variables as VC=(8; 12, 14).Then,
by adding the uncertainty intervals overall costs will
amount to: TC = (24; 30; 31; 36) which confirms the above
calculations are made on the example of discrete
(Approach 1) and continuous (Approach 2) fuzzy
numbers.
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