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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. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Harmonization of the region's innovative potential 
with the conditions of the program implementation 

(source: own authors’ elaboration) 
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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 }K,1k;kV{V == . Are considered 

several innovative projects },1;{)( IiiPkVP == , competing for inclusion in the 

investment program of kV  kind and are subject to multi-criteria analysis. Projects - 

applicants must pass the selection under the terms of the implementation: 
( ):IP jR Q C Q⎯⎯→ . 

It is necessary ordering of the elements of the set )( kVP  by existing systems 

of qualitative and quantitative evaluation criteria ( ) { }IiiPCkVPC ,1);()( ==  

for kV)kV(P ∈ : ))(()(:)( kkVP VPCVPR
k

⎯→⎯ . Then the degree of preference for 

innovative projects can be determined from a composite output rule: 

( ) ( )
kIP P V k kR R P V Vµ µ⎯⎯→ ⎯⎯→o . 

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 kV , and the cardinality of the set of project evaluations 
within the framework of program kV  through ))](([ kVPQW .  

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 ))](([)]([ kVPQWkVQW ≥  for all kk VVP ∈)( . 

To estimate exists a finite set of quantitative and qualitative criteria ℜ , on 
which two subsets defined: }S,1s:sU{)P(U == , that makes, for example, the 
regional administration authorized agency. And because there is no universal system 
of evaluation criteria, then second subset )R,1r:rW()P(W ==  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 

( ) { }IiiPCkVPC ,1);()( ==  for kV)kV(P ∈ . Denote as }N,1n;nE{E ==  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 S  and R  criteria, from which we will then select a group of more 
meaningful  )( kVC : )P(UE:1F ⎯→⎯µ и )P(WE:2F ⎯→⎯µ . 

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 )( kVC . 

Then for criteria set we can set the linguistic evaluation: ),1( SsUL
s

= , whose 

value can be variant of answers ),1( SUGgUL
sg

= , where SUG  is the number of 

variants of estimation on SU   and ),1( RrWL
r

=  with a value ),1( rWZzzrWL = , 

where rWZ  is the number of variants of estimation on rW . 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: 

sU
G,1g,S,1s;sguE~min

U
G

1g sguE~sguE~
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===
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if the level of competence of all experts is various ( nβ  coefficient of expert 
competence): 

1
N

1n n,sU
G,1g,S,1s;n

sguE~min
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Thus, for each set of criteria: }S,1s:SU{)P(U ==  и )R,1r:rW()P(W ==  

from the answers of υ  expert are formed matrixes υsgu  and υ
rzw :  

1, ( ) ( )

0,
sg

if u C Vsg ku
in other case

υ
⎧ ∈⎪= ⎨
⎪
⎩

 and  
1, ( ) ( )

0,

if w C Vrz kwrz
in other case

υ ⎧ ∈⎪= ⎨
⎪⎩

. 

 

As a result, we can introduce new quantities ∑
=

=
N

1
sgusg

υ
υχ  and ∑

=
=

N

1
rzwrz

υ
υε , 

indicating the number of votes cast for the criterion iu  and iw , against the decision 

1sg2gssgsg −=−=℘ χχχ  and .1rz2rzrzrz −=−= εεεl  

The value of membership function is defined as follows: 
 

1
S

1s
s,0s,

n

1i
sgs)su( =∑

=
≥∑

=
℘= λλλµ , 

1
R

1r
r,0r,

n

1i
rzr)rw( =∑

=
≥∑

=
= γγγµ l . 

 
Then to obtain )kV(C  compositional deduction rule can be represented as follows:  

)kV(CnE:R → ⇔ )kV(C2F1F ⎯→⎯µo , 

( ) ))(~);(~min(max rzwEsguEiPjC µµµ = . 

 
 
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 )( kVP  according to the criteria )( kVC : 

)()(:)( kVCkVP
kVPR ⎯→⎯µ

.  

For each set linguistic evaluations and the corresponding fuzzy sets can be 

built: 
⎪⎭
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⎪
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⎧

===
npELEL

mhCLCL
ijPL

kVPL ;;)( , where the fuzzy set:  

]1,0[))(( ∈kC VPµ ,  and also term sets of values of linguistic variables: }{ iTT = . 

The level of estimation IikVPiP ,1),( =∈  by criterion M,1j;jC =  

characterized by the number ]1,0[)( ∈iPjCµ . Hence, the greater the number 

)( iP
j

Cµ , so much the better an innovative project. On universal set )kV(P  

criteria ⎟
⎠
⎞

⎜
⎝
⎛∈

k
VCjC  can be represented in the form of fuzzy sets jC~  in the 

following way: ( ) ( ) ( )
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

= IPIP
jCPP

jCPP
jCjC µµµ ...22,11

~ , 

where ( )iPCjµ  degree of element membership iP ; Ii ,1=  to the fuzzy set jC~ . 

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: 

( ) ( ) ( ) IiiPjC
MjiPjC

M

jiPjC
pes

P ,1;min
,11

=
=

=
=

== µµµ I  

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

IijPjC
Mj

jPjC
M

j
PjC

pes
P iii ,1;)(min

,1
)(

1
)( =

=
=

=
==

α
µ

α
µµ I ,  

where jα is coefficient of relative importance or rank of criteria  jC  and 

1M...21 =+++ ααα . 
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As the best is selected alternative iP  which has the highest value of membership 

function:  

IiPjC
Mj

PjC
M

j
PjC

opt
P iii ,1)(max

,1
)(

1
)( =

=
=

=
== µµµ U . ( )iPjCoptP µminmax=  

 

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

)(11 iPjCoptPoptP µ−=−= . 
 

 
The uncertainty of specified estimates can be determined as follows: 

⎭
⎬
⎫

⎩
⎨
⎧=== )(),(min)()( iPjCiPjCiPjCPjCoptPoptPH i µµµµ II . 

For comparison of fuzzy sets optP,optP,H , i.e. for ordering projects and obtain 

the best alternative, for which 1optP ⎯→⎯
µ , and 0optH P µ⎯⎯→ ,  we use 

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

the formula: id
j jn

ijx

iU α∑=  where: 

idα i -й α -level, 1iiid −−= ααα ; 

ijx - argument of membership functions is such that i)ijx( αµ ≥ ; 

jn - number of values ijx . Total power ∑=
i

iUU . 

In the second case of full of uncertainty each criterion ( ))( kVPC  can be specify in 

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

accordingly, ( ) ( ) ( )⎥⎦⎤⎢⎣
⎡= )(;)()( kVPCkVPCkVPC , where ( ))( kVPC   the lower 

boundary of the evaluation interval, ( ))( kVPC -  the upper boundary of the 

interval. That is, the point estimate can be considered a special case of interval 
estimates, when ( ) ( ))()( kVPCkVPC = . 
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For the system )kV(P  can be determined the interval membership function: 

.;,...,
2

;
2

;
1

;
1
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Comparison of pair of projects )(),( 1 kVPPP ii ∈−   by fuzzy criteria jC  gives us an 

estimate by intervals: 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=−−=− MjiPiP

jCiPiP
jCPPjC ii ,1,)1,(;)1,(),( 1 µµµ . 

The corresponding degrees of superiority are introduced by natural means: 

)1,()1,()1,( −−−=−∆ iPiP
jCiPiP

jCiPiPj µµ , 

)1,()1,()1,( −−−=−∆ iPiP
jCiPiP

jCiPiPj µµ , 

)1,()1,( −∆≥−∆ iPiPjiPiPj . 

 
Then the project iP  interval preference over project 1−iP  is determined by 

membership functions 1( , ) [ 1,1]i i
in P PjСµ − ∈ − , which form the evaluation matrix 

for the entire set of projects 1( , )in
j i iC P Pµ − ,  and are defined as follows: 

1
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jtiPiP
jСiPiP

jСiPiP
jСiPiP

jС ⎥
⎥
⎦

⎤

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

−−−−−− )1,()1,(;)1,()1,(max µµµµ
 

where: - 1( , )i i
in P PjСµ − – interval domination iP  over 1−iP ; 

- jt – width for the evaluation interval for j  partial interval criterion.  

If we introduce the ratio of the strictly interval domination ),( 1−ii PP
jСDµ , then 

for j  partial interval criterion we will have: 

=− ),( 1ii PP
jСDµ 1 1( , ) ( , )i i i i

in inP P P Pj jС Сµ µ− −− =  

1 1( , ); ( , )i i i i
in inC P P C P Pj jµ µ− −

⎡ ⎤ −⎢ ⎥⎣ ⎦
1 1( , ); ( , )i i i i

in inC P P C P Pj jµ µ− −
⎡ ⎤
⎢ ⎥⎣ ⎦

 . 

 
As an addition ),( 1−ii PP

jСDµ  can be entered ),( 1−ii PP
jСNDµ  as interval 

not dominance of iP  over 1−iP :  

1, ( , ) 0
1

( , )1
1 ( , ), ( , ) 0

1 1

if P PСD j i i
P Pj iС iND

P P if P PС СD j i i D j i i

µ
µ

µ µ

≤
−

=−
− >

− −

⎧
⎪
⎨
⎪
⎩

. 

 
Consequently, for ),( 1−ii PP

jСDµ  и ),( 1−ii PP
jСNDµ   is possible to build a 

matrix of interval estimates )1,( −iPiP
jСDµ  и )1,( −iPiP

jСNDµ , which 

include the combined sets of interval solutions. 

If through ),(*
1−ii PPDµ  denote the membership functions, which shows the 

degree of efficiency and project preferences measure, then  

),(*min),(*
11 −− = iiii PP

jСNDPP
jСD µµ . And the higher ),(*

1−ii PPDµ , the more 

preferable is considered project: if 1),(*
1 =−ii PPDµ , then iP  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: ;S,1sH{

vT,eR,gF,sHQ ==  ;G,1gF =  ;E,1eR =  }Y,1yT = , where 

vT,eR,gF,sH  restrictions related to human resources, financial, material and 

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

kVT,
kVR,

kVF,
kVH , and for its may be noted the value of possible additional 

attracted funds t,r,f,h ξϕνε , then for each i  project planned values will be 

kVi
Pty,

kVi
Pre,

kVi
Pfg,

kVi
Phs ωγβα , where y,e,g,s ωγβα  accordingly 

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 

t,r,f,h
ζ  (with the plus sign if more than the planned and minus 

when optimizing), hence: max)( ⎯→⎯iP
jCµ , 

1
1

,0,
1

)( =∑
=

≥∑
=

+≤+×
S

s s
iPhsi hkVHhiP

iPhs
I

ααεζα ; 

1
1

,0,
1

)( =∑
=

≥∑
=

+≤+×
G

g g
iPfgi fkVFfiP

iPfg
I

ββνζβ ; 

1
1

,0,
1

)( =∑
=

≥+∑
=

≤+×
E

e e
iP

reri kVRriP
iPre

I
γγϕζγ ; 

1
1

,0,
1

)( =∑
=

≥+∑
=

≤+×
Y

y y
iP

tyri kVTtiP
iPty

I
ϖωξζω . 

 
 

Thus, the multi-criteria analysis of innovative projects leads to ordering elements of 
sets )

k
V(P  not only by already defined evaluation criteria )

k
V(C , but also by the 

conditions of implementation 
yT,eR,gF,sHQ . 
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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: }5,1;{ == nnEE  (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:  

6,1,)( =⊕≡ iWUPC i  (Table 1). 
 

)( iPU  )( iPW  
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. 
 

nЕ /№ term  1 2 3 4 5 6 7 8 9 10 

low 0 0 0 0 0 0 1 0 0 0 
medium 0 0 1 0 0 0 0 1 1 0 

 
№1 

high 1 1 0 1 1 1 0 0 0 1 
low 0 0 0 0 0 0 1 0 0 0 
medium 1 0 1 0 1 0 0 0 1 0 

№2 

high 0 1 0 1 0 1 0 1 0 1 
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nЕ /№ term  1 2 3 4 5 6 7 8 9 10 

low 0 0 0 0 0 0 0 0 0 0 
medium 0 0 0 0 1 0 1 0 1 0 

№3 

high 1 1 1 1 0 1 0 1 0 1 
low 0 0 0 0 0 0 1 0 0 0 
medium 0 0 1 0 0 0 0 0 0 0 

№4 

high 1 1 0 1 1 1 0 1 1 1 
low 0 0 0 0 0 0 1 0 0 0 
medium 1 0 0 0 0 0 0 1 1 0 

№5 

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 )( iPU  
 

term 1 2 3 4 5 6 7 8 9 10 
0 0 0 0 0 0 4 0 0 0 low  
0 0 0 0 0 0 0.8 0 0 0 
2 0 3 0 2 0 1 2 4 0 medium 
0.4 0 0.6 0 0.4 0 0.2 0.4 0.8 0 
3 5 2 5 3 5 0 3 1 5 high 
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 )( iPU  
 

 

nЕ /№ term 1 2 3 4 5 6 7 8 

low 1 0 0 0 0 0 1 0 
medium 0 0 1 0 0 0 0 1 

 
№1 

high 0 1 0 1 1 1 0 0 
low 0 0 0 0 0 0 1 0 
medium 1 0 0 1 0 0 0 0 

№2 

high 0 1 1 0 1 1 0 1 
low 1 0 0 0 0 0 0 0 
medium 0 1 0 1 0 0 1 0 

№3 

high 0 0 1 0 1 1 0 1 
low 1 0 0 0 0 0 1 0 
medium 0 1 1 1 0 0 0 0 

№4 

high 0 0 0 0 1 1 0 1 
low 0 1 0 0 0 0 1 0 
medium 1 0 0 1 0 0 0 1 

№5 

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 )( iPW  
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term 1 2 3 4 5 6 7 8 
3 1 0 0 0 0 4 0 low  
0.6 0.2 0 0 0 0 0.8 0 
2 2 3 4 0 0 1 3 medium 
0.4 0.4 0.6 0.8 0 0 0.2 0.6 
0 2 2 1 5 5 0 2 high 
0 0.4 0.4 0.2 1 1 0 0.4 

                    (Source: own authors’ calculations) 
 

Table 5. Result of processing the expert opinions on the criteria )( iPW  
 
Based on the results of generalization, for evaluating six innovative projects is 
possible to select the following set of criteria ( ) :j iC P  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, 6,1,10,1 == ij . 

 
 

5. Example of numerical calculations with 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 ,0.9 , 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 
 

criteria

weight 
w  1P  weight

w  2P  weight
w  3P  weigh

t 
w  

4P  

financial 
capacity 1C  

0.1 H ≡0.6 0.12 M ≡0.45 0.14 H ≡0.8 0.1 VH ≡ 0.8 

payback period  

2C  
0.1 M ≡ 0.5 0.13 H ≡ 0.75 0.15 VL ≡0.3 0.1 L ≡0.3 

profitability 3C 0.15 VH ≡0.8 0.2 VH ≡0.85 0.13 VH ≡ 0.8 0.2 VH ≡ 0.95 

social 
significance 4C

0.08 M ≡ 0.65 0.04 M ≡0.5 0.09 L ≡0.35 0.09 M ≡0.6 

regulatory 
compliance 5C  

0.08 H ≡0.7 0.04 H ≡ 0.8 0.06 H ≡0.8 0.1 H ≡0.75 

degree of 
novelty 6C  

0.12 M ≡ 0.65 0.15 H ≡ 0.8 0.11 M ≡0.6 0.08 L ≡0.4 

size of the 
market 7C  

0.1 L ≡0.4 0.11 L ≡0.4 0.04 VH≡0.8
5 

0.06 H ≡0.8 

international 
cooperation 
opportunity 8C  

0.06 L ≡0.25 0.09 VH ≡0.9 0.12 M ≡0.5 0.08 L ≡0.45 

financing 
flexibility 9C  

0.11 M ≡ 0.6 0.07 VH ≡0.8 0.07 H ≡0.7 0.12 H ≡0.75 

flexibility of 
project 10C  

0.09 H ≡0.7 0.05 L ≡0.35 0.09 VL ≡0.2
5 

0.07 VL ≡0.3 

(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: 

 

[ ]
91.0]97.0;95.0;92.0;91.0;95.0;97.0;96.0;97.0;93.0;95.0min[

7.0,6.0,25.0,4.0,65.0,7.0,65.0,8.0,5.0,6.0min)( 09.011.006.01.012.008.008.015.01.01.0
10

1
11

==

===
=
I
j

C
pes PP

j
µ

97.0]97.0;95.0;92.0;91.0;95.0;97.0;96.0;97.0;93.0;95.0max[1 ==optP  
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[ ]
90.0]95.0,98.0;99.0;90.0;97.0;99,0;97.0;97.0;96.0;91.0min[

35.0,8.0,9.0,4.0,8.0,8.0,5.0,85.0,75.0,45.0min)( 05.007.009.011.015.004.004.02.013.012.0
10

1
22

==

===
=
I
j

C
pes PP

j
µ

99.0]95.0,98.0;99.0;90.0;97.0;99,0;97.0;97.0;96.0;91.0max[2 ==optP  
 

[ ]

98.0]88.0;97.0;92.0;98.0;94.0;98.0,90,0;97.0;83.0;97.0max[
83.0]88.0;97.0;92.0;98.0;94.0;98.0,90,0;97.0;83.0;97.0min[

25.0,7.0,5.0,85.0,6.0,8.0,35.0,8.0,3.0,8.0min)(

3

09.007.012.004.011.006.009.013.015.014.0
10

1
33

==
==

===
=

opt

j
C

pes

P

PP
jIµ

 

[ ]

99.0]91.0;96.0;93,0;99.0;93.0;97.0;95.0;99.0;89.0;98.0max[
89.0]91.0;96.0;93,0;99.0;93.0;97.0;95.0;99.0;89.0;98.0min[

3.0,75.0,45.0,8.0,4.0,75.0,6.0,95.0,3.0,8.0min)(

4

07.012.008.006.008.01.009.02.01.01.0
10

1
44

==

==

===
=

opt

j
C

pes

P

PP
jIµ

 

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

07.093.011 11 =−=−= optopt PP ; 01.099.011 22 =−=−= optopt PP ;      

02.098.011 33 =−=−= optopt PP ; 01.099.011 44 =−=−= optopt PP . 
 
Most often for selecting the best alternative by multiple criteria used max-min 

approach, where: ( )iPjCoptimumP µminmax= .  

So, finally we will have: 
 

91.0

89.0
83.0
90.0
91.0

min

91.096.093.099.093.097.095.099.089.098.0
88.097.092.098.094.098.090.097.083.097.0
95.098.099.090.097.099.097.097.096.091.0
97.095.092.091.095.097.096.097.093.095.0
10987654321

4

3

2

1

=

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

optimum

j

P

CCCCCCCCCC

P
P
P
P

R
 

Thus, according to the pessimistic and optimistic estimates and the method of max-
min convolution projects by preferability can be ordered as follows: 
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1) pespespespes PPPP 1243 ppp ; 

2) optoptoptopt PPPP 4231 =pp ; 

3) optimumoptimumoptimumoptimum PPPP
123 4 ppp . 

 
 

6. Example of numerical calculations with 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 
 
  criteria 

Projects  

1P  
Projects 

2P  
Width of the evaluation 

 interval jt  

financial capacity 1C  [40; 75] [45; 65] 100 

payback period  2C  [3;6] [4;5] 10 

profitability 3C  [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 1P  above 2P   by partial integral 
criterion we define the membership function as follows: 

 

1 1 1 11 1
1 2 1 2 1 2 1 21 2 1 2

1 1 2
1 1

( , ); ( , ) ( , ); ( , )( , ) ( , )
( , )

C C C CC Cin
P P P P P P P PP P P P

C P P
t t

µ µ µ µµ µ
µ

⎡ ⎤ ⎡ ⎤−− ⎣ ⎦ ⎣ ⎦= = =  

= [ ] [ ][ ]
1

2121212121212121 ),(),(;),(),(max;),(),(;),(),(min
11111111

t

PPPPPPPPPPPPPPPP CCCCCCCC µµµµµµµµ −−−−

]1,0;05,0[
100

]]6575;4540[max;]6575;4540[[min
100

]65;45[]75;40[ −=
−−−−

=−= . 

2 1 2

[min[3 4;6 5];max[3 4;6 5]][3;6] [4;5]( , ) [ 0,1;0,1]
10 10

inC P Pµ
− − − −−= = = −  
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3 1 2

[min[120 125;145 140];max[120 125;145 140]][120;145] [125;140]( , )
150 150

inC P Pµ
− − − −−= = =  

                 [ 0.03,0.03]= −   

Further, to determine the strictly interval dominance ),( 1−iijD PPCµ  is possible to 
apply the following formula:  

 

=− ),( 1ii PPjCDµ 1 1( , ) ( , )i i i i
in inC P P C P Pj jµ µ− −− =  

1 1( , ); ( , )i i i i
in inC P P C P Pj jµ µ− −

⎡ ⎤ −⎢ ⎥⎣ ⎦
1 1( , ); ( , )i i i i

in inC P P C P Pj jµ µ− −
⎡ ⎤
⎢ ⎥⎣ ⎦

, 

 
hence: 

 

05.0}05.01.0);1.0(05.0max{

};05.01.0);1.0(05.0{[min]05.0;1.0[]1.0;05.0[),( 211

=−−−−

−−−−=−−=PPCDµ
 

 

0}1.01.0);1.0(1.0max{

};1.01.0);1.0(1.0{[min]1.0;1.0[]1.0;1.0[),( 212

=−−−−

−−−−=−−−=PPCDµ
 

 

0]03.0;03.0[]03.0;03.0[),( 213 =−−−=PPCDµ  
 

 
As an adjunct ),( 1−ii PPjCDµ  we have ),( 1−ii PPjCNDµ  interval not dominance 

iP  above 1−iP :  

1, ( , ) 0
1

( , )1 1 ( , ), ( , ) 0
1 1

if C P P
D j i i

C P Pj i iND C P P if C P P
D j i i D j i i

µ
µ

µ µ

≤
−

=− − >
− −

⎧⎪
⎨
⎪⎩

 

 
The matrices of interval dominance 1 1 2( , )inC P Pµ , strictly interval dominance 

),( 211 PPCDµ  and not dominance ),( 211 PPCNDµ  will have the form and results 
shown in Table 9. 
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(Source: own authors’ calculations)   

Table 9. The matrices of interval dominance 
 

Value of ),(*
1−ii PPDµ  shows degree of efficiency and measure of project 

preferences. It is determined as ),(*min),(*
11 −− = iiii PPjCNDPPjCD µµ . 

Accordingly, for the first project ;95.0)( 11
* =PC
D

µ  1)()( 21
*

12
* == PCPC

DD
µµ  , 

and for the second project 1)()()( 23
*

22
*

21
* === PCPCPC

DDD
µµµ .  

Because ),(*
1−ii PPDµ  shows the degree of effectiveness and measure of 

projects preferences, then preference should be given to project 2P  the better in all 
criteria, being that 1P  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 

1 1 2( , )inC P Pµ  

 P1 P2 
P1 - [-0.1; 0.05] 
P2 [-0.05;0.1] - 

2 1 2( , )inC P Pµ  

 P1 P2 
P1 - [-0,1;0,1] 
P2 [-0,1;0,1] - 

3 1 2( , )inC P Pµ  

 P1 P2 
P1 - [-0.03; 0.03] 
P2 [-0.03; 0.03] - 

),( 211 PPCDµ  

 P1 P2 
P1 - 0.05 
P2 -0.05 - 

),( 212 PPCDµ  

 P1 P2 
P1 - 0 
P2 0 - 

),( 213 PPCDµ  

 P1 P2 
P1 - 0 
P2 0 - 

),( 211 PPCNDµ  

 P1 P2 
P1 - 0.95 
P2 1 - 

),( 212 PPCNDµ  

 P1 P2 
P1 - 1 
P2 1 - 

),( 213 PPCNDµ  

 P1 P2 
P1 - 1 
P2 1 - 



V. CHERNOV et al.: Fuzzy approach to innovative programs development  
 
 

417 

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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