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Fuzzy approach to innovative programs development
in conditions of partial and full uncertainty

Vladimir CHERNOV', Oleksandr DOROKHOV?, Liudmyla DOROKHOVA®

Abstract: In the article the authors develop their research aimed at the use of fuzzy logic
and fuzzy set theory to model the solution of economic problems. In particular, there are
considered approaches to formation of innovative programs and the choice of a set of
innovative projects, and their components, under varying degrees of uncertainty. Among the
major selection criteria were identified such as financial capacity, payback period,
profitability, social significance, regulatory compliance, degree of novelty, size of the
market, opportunity of international cooperation, financing flexibility, flexibility of project
and others. Algorithms using fuzzy linguistic expert assessment of the main criteria that
characterize the innovative programs are proposed. At the same time can be taken into
account the level of competence of experts as well as the requirements of the regional
authorities and the degree of uncertainty. The proposed solutions are based on the multi-
criteria convolutions of criteria estimates, max-min approach and computational analysis of
the relations of domination. Are given examples of calculations for the pessimistic and
optimistic approaches to the solution. Also described approach of rigorous dominance,
interval dominance and not dominance in the case of considerable uncertainty, allows
establish the relative degree of efficiency and a measure of preference for several innovative
projects. The described theoretical approach can be successfully extended to other situations
need formalized solving of multicriterial choice problems on the set of alternatives in
conditions of different degrees of uncertainty in the economy.

Key-words: innovative program, economic uncertainly, fuzzy modeling, linguistic
assessment ,multi-criteria convolution, fuzzy set, multicriterial choice problem

1. Introduction

It is obvious that to achieve success within the framework of any regional
innovation program need to be considered objective conditions of implementation
for this program (Antonescu, 2008; Bobylev et al, 2008; Grillo and Landabaso,
2011). Among these basic conditions are existing regional assets; the level of
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innovation development; the level of cooperation between the innovation
participants (Radosevic, 2002; Wamser et al, 2013). Therefore projects and hence
the programs should be appropriately selected according to the conditions of
implementation (Ganter and Hecker, 2014; Benita et al, 2016). That is, they should
be well compatible with innovative potential of the region, as shown in Figure 1.
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In the process of development and implementation of regional innovation programs
need to assess all possible effects (Chernov et al, 2010; Kisiel et al, 2011).

Because the success depends on the effectiveness of all the projects included
in this program, then starter set of projects should qualify both on eligibility criteria
and on the territorial implementation of the capabilities and limitations.

2. General formulation of the problem
Suppose that there is an innovative program V ={ Vk ;k=1K}. Are considered

several innovative projects P(Vk) = {Pz ;1 = 1,_1} , competing for inclusion in the
investment program of Vk kind and are subject to multi-criteria analysis. Projects -

applicants must pass the selection under the terms of the implementation:
R,:0——C(0Q,).

It is necessary ordering of the elements of the set P(Vk) by existing systems
of qualitative and quantitative evaluation criteria C (P(Vk ))= {C (Pl),l = 1,_1}
for P(Vk )e Vk Ry PV,)——C(P(V},)) . Then the degree of preference for

innovative projects can be determined from a composite output rule:
RipoRpy,, S PV,)—=V,.
Let denote as W[Q(Vk )] the cardinality of the region's innovative capacity

assessments, which can be considered as the appropriate conditions for
implementing the program ¥, , and the cardinality of the set of project evaluations

within the framework of program ¥, through W[Q(P(Vk N].

Then, proceeding from the need to harmonize the conditions for the
realization of a particular type of innovative project with estimates of the region's
innovation potential, the decision to reject or to inclusion the project in an
innovative program will depend on the implementation of the following non-strict

inequality W[Q(Vk )] = W[Q(P(Vk )] forall P(V,)eV,.
To estimate exists a finite set of quantitative and qualitative criteria R, on
which two subsets defined: U(P)={Ug :s =18 }, that makes, for example, the

regional administration authorized agency. And because there is no universal system
of evaluation criteria, then second subset W(P)=(W, :r=1,R) proposed by
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experts. After that, from this set of experts should choose a variety of the most
important  criteria  for  the assessment of  innovative  projects

ClPw))=1CP )i =1.1f for P(V, )eV,. Denote as E={En;n=LN} a
number of experts who evaluate a set of selection criteria for innovative project.

According to problem, N experts must provide a qualitative and quantitative
estimation on § and R criteria, from which we will then select a group of more

meaningful C(V,): F;:E—£U(P)u Fy:E—£ W (P).
The expert must compare each criterion from the set with the quantitative

indicator, according to which namely it will occur the place in the system C(V)).

Then for criteria set we can set the linguistic evaluation: LU (s=1,8), whose
N

value can be variant of answers LU (g=1, GUS ), where GUS is the number of
S8

variants of estimation on U and LWr (r= I,_R) with a value LW,,Z (z=1LZ r ),

W, . . . . ..
where Z"" is the number of variants of estimation on W;.. For a description of
these assessments can be applied corresponding fuzzy sets.

Fuzzy evaluation, summarizing the experts' opinion, can be obtained as the
intersection of fuzzy sets corresponding to expert evaluations: if the level of

competence of all experts is the same:
U

- G S _ - — U
IUE(USg]: ﬂ]ILLE(ung:n’ll'n(ﬂE(ungJ;S:],S,g:],G N 5
g:
ZWF w
’UEEWrzjz ﬂ],ug(wrz):min(uﬁ[wrzn;rzl,_R,z:I,Z r,
z=

if the level of competence of all experts is various ([, coefficient of expert

competence):
U
N G N - ﬂ - ﬂ U N
,UE[” J: N ,uE(u j " = min ,uE[u ] "ls=18g=1G 5, Y p =I
sg sg S8 n
w
. z "o RV I m. N
= n: i n = = =
’UE(Wrzj ZQ]’UE(Wrz) mm‘UE(Wrz) r=tRz=12 ’,EJ'B” !
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Thus, for each set of criteria: U(P)={US :s=1S} w W(P)=(Wy :r=1R)

from the answers of U expert are formed matrixes u}v)g ” and w},)z :
Loif (ugg)e C(V)) Lif (wp)eCl)
u}; = °8 k” and w,z,)z = k.
0, in other case 0, in other case

As a result, we can introduce new quantities Xsg = > ug)g and &y = Zw,yz ,
v=I v=I
indicating the number of votes cast for the criterion ul. and Wi , against the decision

Psg =Xsg —Xgs =2Xsg —1 and Lz =Epz —Epz = 28p; — 1.
The value of membership function is defined as follows:

n S
,U(”S):Z]/ist@sg’ As 20, Z]/?,S=I,
1= S=

n R
uw,)=3yrlyz, ¥r20, Xyr=1.
i=1 r=I

Then to obtain C( Vk ) compositional deduction rule can be represented as follows:
R:Ep —C(V, ) & FjoF,—£50(7, ).
uC P, )= maxmin(uE ) B v, ).

3. Variants of solutions at various uncertainty levels

Since the selection of innovative projects carried on a competition basis, then the
selection process can be accompanied by different levels of uncertainty (Chernov et
al, 2015; Chernov et al, 2016): partial uncertainty (incompleteness of the
information associated with fuzzy preference relations) with comparison and
selection using the experts point estimates; full uncertainty, when in the initial stage
the experts set coarse or inaccurate estimation of the future system according to
characterizing its criteria, which in the process of the project realization will
gradually refined (Godoe et al, 2014; Alfaro et al, 2015). In this case, it is advisable
to use interval estimates.
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For the first case multi-criteria analysis of the of innovative projects leads to
streamline the set of elements P(Vk) according to the criteria C(Vk):

. U
RP(Vk) .P(Vk)%C(Vk).
For each set linguistic evaluations and the corresponding fuzzy sets can be
built: LP(Vk) = LP,, ;LC Z{LC , };LE = LEnp , where the fuzzy set:

U (P, ))e[0,1], and also term sets of values of linguistic variables: 7 ={T.} .

The level of estimation Pl_e P(Vk),i=1,l by criterion Cj; j=ILM
characterized by the number ,qu (P )€ [0,1]. Hence, the greater the number

uC '(Pi)’ so much the better an innovative project. On universal set P( Vk )
J

criteria Cj € C(Vk) can be represented in the form of fuzzy sets (ij in the

following way: 5}. - {UC . (Pl)/Pl M (Pz)/P2 - Mo (PI)/PI} ,
J J J

where 1 G (Pl) degree of element membership Pl ;i =1,1 to the fuzzy set C j

Then for equilibrium criteria a rule to select the best project can be written as
the intersection of the corresponding fuzzy sets.
Because the operation of intersection of fuzzy sets corresponding to the
minimum operations performed on their membership functions, we have:
" —ue fp)= fuclp) 7}
P —ﬂCjPl.—.ﬂ,quPl.—.m&ﬂCjPi i=11
j=1 j=1LM

In case of not equilibrium criteria degrees of membership for fuzzy sets are defined as:

pes M Otj 05]. L
P =uC .(P)= NuC,(R) /= min uC .(P) ;i i=11,
R £ B j=LM

where Otj is coefficient of relative importance or rank of criteria Cj and

a]+a2+...+aM=1.
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As the best is selected alternative Pz which has the highest value of membership

function:
opt M _opt
P _ﬂC (P)= UuC .(P)= max MC .(P) i=11-P =maxminuC . ( )
j=1 J jzm J Jjyi

Then, the level of non-compliance project evaluations on all criteria will be equal:

poPl —1_ poP! =1-4C (P).

The uncertainty of specified estimates can be determined as follows:

_ popt opt _ T DN s — e o
H=P* NP —ﬂCj(R)ﬂqu(IJi)—mln{ﬂCj(l’i ),ﬂCj(Pl-)}-

For comparison of fuzzy sets H ,p°P t,POp t , 1.e. for ordering projects and obtain

the best alternative, for which popt LI , H and poP t L)O , We use

the weighted power of these sets, computed on the basis of & - decompositions by

the formula: U Z_d 0: where:
i
a’Ot. i-H o-level, doc- =a;—0;_g;
Xjj - argument of membership functions is such that 4(x;; )> Q;;
nj- number of values x;; i Total power U = ZU
i
In the second case of full of uncertainty each criterion C (P(Vk )) can be specify in

the interval form, which characterizes each individual version of the project Pz ,

accordingly, C (P(Vk )) = [C (P(Vk )) C (P(Vk ) ﬂ , where C (P(Vk )) the lower

boundary of the evaluation interval, C (P(Vk)’— the upper boundary of the

interval. That is, the point estimate can be considered a special case of interval
estimates, when C (P(Vk))= C (P(Vk)"



406  Bulletin of the Transilvania University of Brasov ¢ Series V * Vol. 9 (58) No. 2 - 2016

For the system P( Vk ) can be determined the interval membership function:

ucj<e>={[ucl(1>i w7, )HuCZ(Pl-);uCZ(PZ-)}---,[uC (Byag (P )}

Comparison of pair of projects (P,,P_,)e P(Vk) by fuzzy criteria C j gives us an

estimate by intervals: lqu(Pi’Pi—l) =I:ﬂcj(}’l.,f;._l);ﬂcj(Pi,Pi_l),j = l,M:I.

The corresponding degrees of superiority are introduced by natural means:

A](PZ’PZ—1)zﬂCJ(PZ’Pl—l)_IuCJ(Pl’PZ—I)’

A](PZ’PZ—1)zﬂCJ(PZ’Pl—l)_IuCJ(Pl’PZ—I)’

>
8 Bb_ 2 n .
Then the project Pz interval preference over project Pi—l is determined by

membership functions ,u CJ (P, P_)e[-1,1], which form the evaluation matrix

for the entire set of projects H ,u’”C J(B,P)

, and are defined as follows:

tig B~k (Bl _p)
t.
J

{ﬂcj( ke (B ,1)} {ﬂcj(B,B_l);ﬂCj(E»B_l)}

©" (PR =

t.
J

zlimln{ﬂC](R’Pll)_luC](R’Pll )’ILlC](IDI’R—l)_ﬂC](I)l’IDZ—I )}5
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max{/"c]'(’?fi—l)_”cj(lji’lji—I)WCJ'(P’P"‘1)_ﬂCJ(P"’P"_1)H/j

where: ,u Cj (P, P_,)— interval domination Pl over Pi—l ;

- tj — width for the evaluation interval for j partial interval criterion.
If we introduce the ratio of the strictly interval domination De; (P,P_)), then

for j partial interval criterion we will have:

(P, (B, F, (F.,B)=

),UC] )ﬂcj

[ﬂ””c JUR e j@,fa_l)} [ﬂ””c JLAN e j<e_l,e)} .

As an addition De; (P,P_,) canbe entered u NDCj(Pi’E_l) as interval

not dominance of F; over Pi—l :

Lif pu o (PP )<O0
(P.P.)= DC] i
-1

1- P,P ) P,P

-1
#NDCJ :
)>0

Consequently, for ,UDCj(Pi,Pi_l) u ,uNDCj(Pl.,PI._I) is possible to build a
matrix of interval estimates ,uDCj (Pi’Pi—l) u ‘uNch(Pi’Pi—l) , which

include the combined sets of interval solutions.
*
If through u« D (P,P_,) denote the membership functions, which shows the

de gree of efﬁciency and  project preferences measure,  then

'UDC (P,P_)= mm'uND(j (P,P_,). And the higher 'UD( P_,), the more

preferable is considered project: if ,u D (P,P_)=1,then P is the best project, but
if 0, then it is the worst.
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Besides, projects should qualify under the terms of the implementation of innovation

project: QH ,Fg,Re,Tv :{HS =1S; Fg =1,G; Re =1LE; Ty =1Y}, where
H S,F g’R e’T v restrictions related to human resources, financial, material and

technical basis, the implementation period.
If for the innovation program V',  exists the following restrictions:

k
H F_,R _,T ,and for its may be noted the value of possible additional
v, vV, V.,V
k k k Tk
attracted funds £h,v i (pr,«f,, then for each i project planned values will be

aShPi 'Bngl ,7erPi ,a)ytpi , where as,ﬂg,}/e,a)y accordingly
V V V 14

k k k k

the degree of importance of the human resource, financial, material and technical

basis and term of implementation for this type of project, and the deviation from the

planned value ¢ (with the plus sign if more than the planned and minus

h,frt
when optimizing), hence: C. (P; )—— max,
I < S S
E aShPi X P, +§h _H(Vk)+€h,ashpi _O,Sélas =1;

S G
Elﬂgfpi ><Pl- +§fSF(Vk)+Vf’IBgfpi 20’g2:1'8g:1;

I E
2 Yel'p XF; +§rSR(Vk)+¢ra7erP ZoanIVezl;
i i =

i=1

)i Y
Ywpyty, XP. +§, <TWV, )+&, 0t 20, @, =1.
iz Y E L A =

Thus, the multi-criteria analysis of innovative projects leads to ordering elements of
sets P( Vk ) not only by already defined evaluation criteria C( Vk ), but also by the

conditions of implementation QHS,Fg,Re,Ty
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4. Formation of common criteria set

Let us assume during the formation of an innovative program of development were
presented 6 projects (and besides 2 are at an early development phase, hence they
have a high degree of uncertainty), which apply for inclusion in the investment
program. The selection is carried out according to expert estimates, whose number

in this case is five: E={E,;n =1,_5} (they have the same competences). Suppose

that the regional authorities have provided to experts set of criteria for evaluating
projects, but experts considered it not complete in this case and each of them offered
his additions. As a result, has been formed two potential sets of criteria (Ling, 2010),
from which experts are choosing more meaningful for these types of projects:

C(RP)=U®W,i=16 (Table 1).

U(FR) W(F)
1) degree of novelty 1) description of the project
2) financial capacity 2) experience of developers
3) resource intensity 3) compliance with standards
4) payback period 4) opportunity of international cooperation
5) size of the market 5) financing flexibility
6) profitability 6) flexibility of project
7) reliability 7) innovative environment
8) degree of risk 8) fields of application
9) regulatory compliance
10) social significance

(Source: own authors’ research classification)

Table 1. Criteria for evaluation of projects

Further were obtained estimates (one of three levels — low, medium, high - specified
in binary form) of each expert by each criterion for the first (Table 2) and second
sets (Table 4). After was calculated a generalization of the results as a whole for all
the experts for the first (Table 3) and second (Table 5) sets.

~

E /N | term 10

low

Nel medium
high
No2 low
medium
high

OO -
— OO~ N
OO~ W
— | o|o|I=oo] M
o= |Oo|I=o|o]| o1
el k=1 k=1 (=] feo} BN e)}
(=3 fel Pl Kl Fa ) o

el k=l k=1 k=) L] feo} B¢}
o= |o|o—=|Oo]| ©

[l k=2 k=1 Ll =] K}
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E, /Ne term 1 2 3 4 5 6 7 8 9 10
Ne3 low 0 0 0 0 0 0 0 0 0 0
medium | 0 0 0 0 1 0 1 0 1 0
high 1 1 1 1 0 1 0 1 0 1
Ne4 low 0 0 0 0 0 0 1 0 0 0
medium | 0 0 1 0 0 0 0 0 0 0
high 1 1 0 1 1 1 0 1 1 1
Ne5 low 0 0 0 0 0 0 1 0 0 0
medium | 1 0 0 0 0 0 0 1 1 0
high 0 1 1 1 1 1 0 0 0 1

(Source: own authors’ research, expert survey)
Table 2. The results of the expert survey on a set of criteria U(P)
term 1 2 3 4 5 6 7 8 9 10

low 0 0 0 0 0 0 4 0 0 0
0 0 0 0 0 0 0.8 |0 0 0
medium |2 0 3 0 2 0 1 2 4 0
0.4 0 0.6 0 0.4 0 02 |04 0.8 0
high 3 5 2 5 3 5 0 3 1 5
0.6 1 0.4 1 0.6 1 0 0.6 0.2 1

(Source: own authors’ calculations)

Table 3. Result of processing the expert opinions on the criteria U (P)

E, /No term 1 2|1 3|4 |5|6|7]|8
low 1 0O |0 |0 [0 |0 1 0
Nel medium 0 0 1 0O (0 |0 |0 1
high 0 1 0 1 1 1 0 |0
No2 low 0 0O |0 |0 [0 |0 1 0
medium 1 0 |0 1 0 |0 0 0
high 0 1 1 0 1 1 0 1
Ne3 low 1 0O |0 |0 (0 |0 |0 |O
medium 0 1 0 1 0 |0 1 0
high 0 0 1 0 1 1 0 1
Ned4 low 1 0O |0 |0 [0 |O 1 0
medium 0 1 1 1 0 |0 0 0
high 0 0 |0 |0 1 1 0 1
Ne5 low 0 1 0O (0 |0 |0 1 0
medium 1 0 |0 1 0 |0 0 1
high 0 0 1 0 1 1 0 |0

(Source: own authors’ research, expert survey)

Table 4. The results of the expert survey on a set of criteria W(P)
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term 1 2 3 4 516 |7 8
low 3 1 0 0 0 0 4 0
06 (02 |0 0 0 0 0.8 0
medium 2 2 3 4 0 0 1 3
04 (04 |06 |08 0 0 0.2 0.6
high 0 2 2 1 5 5 0 2
0 04 04 0.2 1 1 0 04

(Source: own authors’ calculations)

Table 5. Result of processing the expert opinions on the criteria W (P)

Based on the results of generalization, for evaluating six innovative projects is
possible to select the following set of criteria C;(F): financial capacity, payback

period, profitability, social significance, regulatory compliance, degree of novelty,
size of the market, opportunity of international cooperation, financing flexibility,

flexibility of project, j =1,10,i =1,6.

5. Example of numerical calculationswith lower uncertainty

We shall have deemed the following linguistic evaluations of compliance with the
criteria, shown in Table 6.

Linguistic evaluations Corresponding fuzzy numbers
very low [VL] (0.1,0.2,0.3)
low [L] (0.25,0.35,0.55)
medium [M] (0.4,0.5, 0.65)
high [H] (0.6 0.7 0.85)
very high [VH] (0.8,09,1)

(Source: own authors’ suppose based on expert survey)

Table 6. Variants of linguistic evaluations

Then, for the first four projects with greater certainty, it is possible to obtain
estimates and parameters weighting coefficients for each project, shown in Table 7.
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Projects weight Pl weight P, weight P, weigh P,
w w w t
criteria w
financial 0.1 H=0.6 |[0.12 |[M=045 |0.14 |H=0.8 |0.1 |VH=0.8

capacity C|
payback period |0.1 M=0.5 |0.13 |H=0.75 [0.15 |VL=03|0.1 (L
G
profitability C, 0.15 |VH=0.8 (02 |VH=0.85|0.13 |[VH=0.8|02 |VH=0.95

0.3

social 008 |M=0.65 |0.04 |[M=05 [0.09 |L=0.35 |0.09 M=0.6
significance C,

regulatory 008 |H=0.7 004 |H=08 |[0.06 |[H=08 |0.1 |H=0.75
compliance Cj

degree of|0.12 |M=0.65 |0.15 |H=0.8 |[0.11 |M=0.6 [0.08 |[L=0.4

novelty C

size¢. of the|0.1 L=04 0.11 |[L=04 0.04 |VH=0.80.06 |[H=0.8

market C, >

international 0.06 |L=025 [0.09 |[VH=09 |0.12 |M=05 |0.08 |[L=045
cooperation

opportunity Cg
financing 0.11 M=0.6 |0.07 |VH=0.8 [0.07 |[H=0.7 (0.12 |[H=0.75
flexibility C,
flexibility of|0.09 H=0.7 0.05 |L=035 |0.09 [VL=0.2]0.07 |[VL=0.3
project C,, 5

(Source: own authors’ research, expert survey)

Table 7. Variants of linguistic evaluations

When not equilibrium criteria of fuzzy set’s grade of membership pessimistic
(intersection), and optimistic (combination) evaluations are defined as follows:

10
B =t (B) = min[0.6"1,0.5",0.8°1%,0.65*,0.7°%,0.65"%,0.4°",0.25°*,0.6"",0.7°"| =
=l

=min[0.95;0.93;0.97;0.96;0.97;0.95;0.91;0.92;0.95;0.97] = 0.91
P =max[0.95;0.93;0.97;0.96,0.97;0.95;0.91;0.92;0.95;0.97] = 0.97
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10
P211L’S — ﬂﬂc ([;) — min[0'450.12’0'750.13,0‘850.2 ’0‘50.0470‘80,04’0'80.] 5,0‘40.] ]’0'90.09’0'80,07 ,03 50.05] —
=1

=min[0.91,0.96;0.97;0.97;0,99;0.97;0.90;0.99;0.98,0.95] = 0.90
P =max[0.91;0.96,0.97;0.97;0,99;0.97;0.90;0.99;0.98,0.95] = 0.99

10
})31)&? — ﬂﬂcj (P3) — min[O'SO.14’0.30.1550‘80.13’0'350.09’0‘80.06,0'60.11’0.850.04,0.50.12’0'70.07 ’0'250.09]:
Jj=1

=min[0.97;0.83;0.97;0,90,0.98;0.94;0.98;0.92;0.97;0.88] = 0.83
P =max[0.97;0.83;0.97;0,90,0.98;0.94;0.98;0.92;0.97;0.88] = 0.98

10
B =(\e, (B) = min[0.8°1,0.3",0.95°2,0.6°%,0.75"1 ,0.4°% 0.8°% 0.45°% 0.75%12,0.3" | =

j=l
=min[0.98;0.89;0.99;0.95;0.97;0.93;0.99;0,93;0.96;0.91] = 0.89
P =max[0.98;0.89;0.99;0.95;0.97;0.93;0.99;0,93;0.96;0.91] = 0.99

Then the level of non-compliance for project evaluations on all criteria will be
equal:

P” =1-P" =1-0.93=0.07; P” =1- P =1-0.99 = 0.01;
P” =1-P" =1-0.98=0.02; P” =1-P" =1-0.99=0.01.

Most often for selecting the best alternative by multiple criteria used max-min

optimum

approach, where: P = max min ,qu (Pz ) .

So, finally we will have:

‘¢ ¢, ¢ ¢ C C, C, C C C,]min
0.95 0.93 097 096 097 095 091 092 095 0.97]0.91
0.91 0.96 097 0.97 099 097 090 099 0.98 0.95[0.90
0.97 0.83 097 090 098 094 098 092 0.97 0.88]0.83
1098 0.89 099 095 097 093 099 093 096 0.91]0.89

.1:0 1.:0 I\TU »—-NU

Poptimum — 091

Thus, according to the pessimistic and optimistic estimates and the method of max-
min convolution projects by preferability can be ordered as follows:



414  Bulletin of the Transilvania University of Brasov ¢ Series V * Vol. 9 (58) No. 2 - 2016

pes pes pes pes
1) B <P <P’ <B™,;

opt opt opt _ popt
2) B < P < B = P
3) })30ptimum _<})40ptimum < })nptimum2 < })loptimum.

6. Example of numerical calculationswith greater uncertainty

As noted above in the formation of an innovative program six projects were
presented, but two of which are at an early stage of development. The latter have a
high degree of uncertainty and their criteria better to set in the interval form,
characterizing each separate variant of project.

Evaluation of these projects is carried out according to three criteria: financial
capacity, payback period, profitability (see Table 8).

projects Projects Projects Width of the evaluation
L R P, interval ¢
criteria
financial capacity C, [40; 75] [45; 65] 100
payback period C, [3:6] [4;5] 10
profitability C, [120; 145] [125;140] 150

(Source: own authors’ research, expert survey)

Table 8. Variants of linguistic evaluations

In order to establish the dominance interval of F, above P, by partial integral
criterion we define the membership function as follows:

e pyte B B R) _[#e Py ER) | o pya B

4 t
_ mivlut, (B )~ 4t (B BYotte, (B B~ (B Byt (BB~ e (B Bt (B P) — e (B )|
tl
[40;75]—[45;65] _ [min [40 — 45,75 — 65];max [40 — 45,75 — 65]]
- 100 - 100
[3;6]-[4;5] _[min[3—4;6—5];max[3—4;6-5]]
0 10

= [_090550)1] '

=[-0,1,0,1]

H"Cy(R,B) =
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[120;145]—[125; 140] [min[120—-125;145—-140]; max[120—125;145— 140]]
150 150

H'C(R,B)=

=[-0.03,0.03]

Further, to determine the strictly interval dominance 4,C;(F,,F_,) is possible to

apply the following formula:

UpC (PP = pC (BB ="' C (P, B) =

[’”C (BB "C (PP, )}—[#’”CJ-(B_I,E);M”CJ-(B_],13)},
hence:

1,C, (P, P,)=[0.05;0.1]—-[0.1;0.05] = [min {~0.05 — (=0.1);0.1— 0.05}
max {— 0.05 — (—0.1);0.1— 0.05} = 0.05

1,C, (P, P,) =[~0.1;0.1]—[<0.1;0.1] = [min {~0.1 — (—0.1);0.1— 0.1};
max{—0.1—(=0.1);0.1- 0.1} = 0

1,C5 (P, P,) =[—0.03;0.03] —[—0.03;0.03] = 0

As an adjunct y DC (P,P_) we have u ND ( ,P_,) interval not dominance
P above Pi—l :
Li C (P,P <0
TupCEE )

l-u C (P,P ] C (P,P 0
UpC (BB C(BE)>

-1
The matrices of interval dominance 4"C,(B,P,), strictly interval dominance

Up,C (P, P,) and not dominance u,,C/(P,P) will have the form and results
shown in Table 9.
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H#"C(R,P) #,C (R, P) UypCi(B,P,)
P, P, P, P, P, P,
P - [-0.1; 0.05] P, - 0.05 P, - 0.95
P, | [-0.050.1] i P, | -0.05 - P, | 1 }
u"C,(P,P) UGy (R, B) UGy (R, B)
P P, P P, P, P,
P, - [-0,1;0,1] Pl - 0 P - 1
P, | [-0,1;0,1] - P, 0 - P, 1 i
#"C,(R,P) HpC (5. 7) #pCy(B,PB)
P, P, P, P, P, P,
P, - [-0.03;003] | [P - 0 Pl - 1
P, | [-0.03; 0.03] - P 0 - Pyl 1 -

(Source: own authors’ calculations)

Table 9. The matrices of interval dominance

*
Value of u D (P,P_) shows degree of efficiency and measure of project
preferences. It is determined as u D Cj (B, P)=min gy Cj (P,P_)-
Accordingly, for the first project IUZCI (P)=0.95 ,LIZC2 (P)= ,uz C(P)=1,
and for the second project ﬂZCl(B) = ﬂZCz(PZ) = /UZC3(Pz) =1.

Because lu; (P,P_) shows the degree of effectiveness and measure of

projects preferences, then preference should be given to project P the better in all

criteria, being that F insignificantly, but nevertheless inferior to the second project
on the first criterion.

7. Conclusions

Thus, in the article the fuzzy approach to determine the best composition of
innovative programs in conditions of full and partial uncertainty has been
considered. Statement of a problem, combining the evaluation of innovative
potential of the region and sets of proposed innovative projects is substantiated. The
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theoretical approaches to it solution in terms of using of linguistic variables and
constructing membership functions in accordance with the theory of fuzzy sets are
described. In this are applied expert estimates with the possibility of taking into
account competence of experts.

Cases of partial and full of uncertainty were examined. In the first case, the
incompleteness of the information associated with fuzzy preference relations. Then
comparison and selection are made using experts point estimates. In the second case,
at the initial stage experts define rough or inaccurate estimates of future system by
its characterizing criteria. Then, in the process of project implementation they
gradually are clarified. In this case are used interval estimates. For both algorithms
numerical examples of calculations are presented.

At the same time proposed, described and numerically implemented the
procedure for obtaining a generalized set of project evaluation criteria. It has the
ability to integrate different weights of various criteria. As a result of calculations
built a sequence of preferences for the considered projects. Also a more preferable
set of projects for the case of strong uncertainty has been determined.

The proposed approach is quite justified mathematically and economically
meaningful. It can be successfully used in the comparison of investment projects and
opportunities. Also it can be used to solve other problems of multi-criteria selection
of a set of alternatives of different origin under conditions of varying degrees of
uncertainty, requirements and criteria.
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